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Abstract 

This publication contains the full proceedings of the Second Kenya National Seminar on 
Agroforestry, held from 7 to 16 November 1988 at ICRAF headquarters in Nairobi, Kenya, 
as a joint venture between the National Council for Science and Technology (NCST) and 
the International Council for Research in Agroforestry (ICRAF). The Seminar was the 
second major meeting of its kind in Kenya, the first one was held in 1980, to bring together 
a wide variety of professionals to highlight trends in agroforestry science and practice, 
facilitate the exchange of ideas and experience through plenary and working-group discus
sions and field tours, and set general guidelines and make specific recommendations for a 
national agroforestry research and development strategy for the next decade. 

The Seminar consisted of plenary sessions in which technical papers were presented. 
Poster sessions were also included as well as three field tours and five working-group 
meetings. The main objectives of the working-group meetings were to provide an oppor
tunity to the participants, based on their expertise and on what they gathered from the plenary 
sessions and field tours, to make specific recommendations on research strategies and 
priorities, extension strategies and packages, socioeconomic factors, education and training, 
and institutional issues in agroforestry research and development. 

The information generated at the Seminar has been provided in two publications, an 
executive summary and a complete seminar proceedings. The executive summary publica
tion contains an introduction, a list of the most important recommendations, summaries of 
15 invited papers, and a list of participants. This publication, however, of the complete 
seminar proceedings contains the executive summary as well as all technical papers 
presented in the plenary sessions. 

Resume 

Cette publication contient les actes du Second Kenya National Seminar on Agroforestry 
tenu du 7 au 16 novembre 1988 au siege de 1'ICRAF, a Nairobi, au Kenya. Organist 
conjointement par le National Council for Science and Technology (NCST) et le Conseil 
international pour la recherche en agroforesterie (ICRAF), ce seminaire faisait suite au 
premier colloque national sur l'agroforesterie qui a eu lieu en 1980. L'objectif vise* 6tait de 
r6unir des experts d'horizons divers pour traiter des tendances de la science et des pratiques 
agroforestieres, promouvoir les ^changes par le biais de stances pl£nieres, de groupes de 
travail et de visites de terrain, et formuler des recommandations pour l'eiaboration d'une 
strategic rationale de recherche et de deVeloppement en agroforesterie. 

Le programme du seminaire comprenait des stances pl6nieres avec presentation d'ex-
posls, des sessions consacrees a des presentations visuelles, trois visites de terrain, et cinq 
reunions de groupes de travail. Ces reunions ont permis aux participants d'exploiter leurs 
connaissances et les informations acquises lors des seances pMnieres pour formuler des 
recommandations sur les axes etpriorites de la recherche, les strategies de vulgarisation, les 
facteurs socio-economiques, l'education et la formation, ainsi que les aspects institutionnels 
de la recherche et du developpement en agroforesterie. . 

Deux publications officielles on ete consacrees a ce seminaire: le present resume qui 
contient une introduction, la liste des plus importantes recommandations, les resumes de 15 
exposes et la liste des participants; et les actes du seminaire, qui contiennent le present resume 
et le texte integral des exposes presentes a 1'occasion des seances pienieres. 
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FOREWORD 

This report presents an executive summary and the full 
proceedings of the Second Kenya National Seminar on Agroforestry, 
held from 7 to 16 November 1988 at the International Council for 
Research in Agroforestry (ICRAF) headquarters in Nairobi, as a joint 
venture between the National Council for Science and Technology 
(NCST) and ICRAF. The Seminar was the second major meeting of its 
kind in Kenya, the first one having been held in 1980, to bring 
together a wide variety of professionals to share practical 
experiences and disciplinary refinements and to set future national 
agroforestry development priorities and strategies. Ninety-six 
participants attended from government, nongovernment, and donor 
organizations, including nine participants from Ethiopia, Tanzania, 
and Zambia. 

The Seminar consisted of plenary sessions in which technical 
papers were presented. Poster sessions were included, as well as 
three field tours and five working-group meetings. The main themes 
of the plenary sessions included general approaches to agroforestry 
development, reviews of agroforestry research and development (R&D) 
in Kenya, extension activities, institutional issues, socioeconomic 
aspects, education and training, integrated research, agroforestry 
component R&D, and databases and seed supply. 

Along with the plenary sessions, field tours aimed at providing 
the participants with an opportunity to appreciate agricultural, 
forestry, and agroforestry developments as well as the scenic beauty 
of the countryside. A half-day tour of the ICRAF Field Station at 
Machakos and a 2-day tour to the Coast and Western Kenya were 
included. At the ICRAF Field Station, the participants observed 
agroforestry demonstrations and trials including the use of 
multipurpose trees and shrubs for agroforestry, soil conservation 
technologies, tree-establishment trails, alley cropping, and 
tree/crop interface studies and systematic tree-arrangement designs. 

Those who participated in the Western Kenya tour saw: industrial 
tree plantations on both escarpments of the Great Rift Valley; 
large-scale wheat and sheep farming around Molo; tea plantations in 
Kericho District; sugarcane growing in the Muhoroni area; rice 
growing in Ahero; women's group agroforestry projects at Got Abayo 
and Nyamninia in Siaya District; collaborative agroforestry research 
with ICRAF, the Kenya Agricultural Research Institute (KARI), and 
the Kenya Forestry Research Institute (KEFRI) at Maseno; and the 
agroforestry demonstration centre at Bukura. 

Those participants who took part in the Kenya Coast tour saw 
wildlife and range management, dryland agriculture, Kenya's dry-zone 
vegetation, coastal vegetation including mangrove forests, the 
agroforestry demonstration centre at Mtwapa, and the rehabilitation 
of land disturbed by mining for cement production at Baobab Farm. 
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The main objective of the five working groups was to provide an 
opportunity to all participants, based on their experience and on 
what they were able to gather from the plenary sessions and field 
tours, to make specific contributions on agroforestry R&D issues. 
The agenda for the working groups included research strategies and 
priorities, extension strategies and packages, socioeconomic 
factors, education and training, and institutional issues. 

To facilitate dissemination to specialized audiences, the 
information generated at the Seminar is being provided in two 
publications, an executive summary and a complete seminar 
proceedings. The executive summary contains an introduction, a list 
of the most important recommendations, and summaries of the 15 
invited papers, which formed the basis for the selection of the 
plenary session themes. The complete seminar proceedings, contains 
the executive summary and all technical papers presented in plenary 
sessions, representing some 50 presentations. A few papers not 
presented during the plenary sessions but circulated at the Seminar 
have been included in the full proceedings with the permission of 
the Editorial Advisory Committee because of their potential 
contribution to the overall objectives of the Seminar. Also, 
detailed checklists on species with agroforestry potential were 
presented but are not included in the full proceedings for reasons 
of space, however, the information is available on request from 
ICRAF. We are confident that the wealth of information generated 
from this important meeting will encourage and increase the efforts 
of those concerned with agroforestry development in Kenya. 

We would like to express our appreciation to the Seminar 
Organizing Committee, the National Steering Committee on 
Agroforestry for guiding the. planning of the Seminar, the authors of 
the technical papers, and the plenary-session and working-group 
chairpersons and rapporteurs. Appreciation is also extended to the 
participants for setting the high standards that ensured the success 
of the Seminar and the many individuals and organizations who made 
valuable contributions in one way or another. Special thanks is 
given to the Editorial Advisory Committee for prompt and efficient 
publication of the executive summary and the full proceedings, and 
to Mrs Halima Abdalla for preparing the text of both documents. 

Finally, we would like to thank the various government and 
nongovernment organizations that supported the Seminar in different 
ways. In particular we very much appreciate the strong support of 
the Ministry of Environment and Natural Resources; the Ministry of 
Research, Science and Technology; and the Ministry of Agriculture. 
Financial support for the Seminar was provided by the Government of 
Sweden, the Netherlands, Switzerland and the United States of 
America. We also wish to thank the Minister for Environment and 
Natural Resources, the Hon. J.J. Nyagah, for opening the Seminar. 

Bjorn Lundgren F.J. Wang'ati Fred Owino 
Director-General Secretary Chairman 
ICRAF NCST Seminar Organizing 

Committee 
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SUMMARY/RECOMMENDATIONS 

Introduction 

The current national strategy for land use in Kenya is sectoral 
where agriculture, livestock, and forestry are developed separately. 
This structural division is provided for by separate legal acts, and 
the policies are implemented by three government ministries: the 
Ministry of Agriculture; the Ministry of Livestock Development; and 
the Ministry of Environment and Natural Resources. High-potential 
land is limited and, therefore, if Kenya is to produce sufficient 
agricultural, livestock, and forest products, competition for land 
is to be expected given the very high population growth rate. There 
is already a trend toward forested areas being converted into crop 
and grazing lands. In view of the scarcity of suitable land for 
arable farming and livestock rearing, this trend is likely to 
continue. There is an urgent need, therefore, to develop land-use 
systems that promote conservation of the natural resources for 
sustainable development. 

Agroforestry, a new name for old practices, holds substantial 
promise for ameliorating critical development and environmental 
problems in Kenya. As a land-use system that combines the production 
of food, livestock, and forest products, preferably on the same unit 
of land on a sustained yield basis, agroforestry offers potential 
for reducing the increasing conflicts between arable farming, 
livestock keeping, and forestry interests, especially in the 
high-potential areas that are facing intense population growth. 

Agroforestry offers the possibility of household access to a 
range of forest products including food, fuelwood, building 
materials, medicine, and animal fodder, in addition to agricultural 
produce. Furthermore, it offers the capacity for sustained yield 
production of these commodities because agroforestry systems, 
properly conceived and practised, may enhance organic-matter 
production, maintain soil fertility, reduce erosion, and create a 
balanced microclimate. In selecting a management system, however, it 
is necessary to appreciate that in agroforestry we are dealing with 
a multidisciplinary field of activity involving foresters, 
agriculturalists, animal specialists, social economists, etc. 
Failure to facilitate this understanding could result in conflicts 
in agroforestry management and a hybrid of contradictory 
compromises. 

The First Kenya National Seminar on Agroforestry was held in 
November 1980 as a joint venture between ICRAF and the University of 
Nairobi. For the first time, a wide variety of professionals was 
brought together to discuss their views and experiences on 



agroforestry in Kenya. A number of measures and options were 
recommended for future guidance in agroforestry technology 
development including the early establishment of a Kenya 
Agroforestry Coordinating Committee to help promote and sustain 
agroforestry activities among all government and nongovernmental 
organizations (NGOs). At the Seminar, it was recognized that there 
was already a wide interest in agroforestry in Kenya, and much 
useful data and discussion was contributed during the 10-day 
meeting. 

The location of ICRAF headquarters in Kenya has no doubt served 
as an effective catalyst. In particular, the establishment of the 
Field Station at Machakos in 1981 and its agroforestry 
demonstrations and trials have enabled ICBAF to participate directly 
in Kenya's agroforestry development efforts. 

As a result of these efforts, Kenya has experienced a 
significant growth in agroforestry R&D during the last decade. Such 
accelerated development is also largely a result of the concerted 
efforts between and among the government ministries, research 
organizations, development agencies, and a large number of national 
and international NGOs. These collaborative efforts have, 
fortunately, been matched by Kenya's strong tradition and 
infrastructure developed around tree planting and the personal 
commitment of His Excellency, Daniel T. Arap Moi, The President of 
the Republic of Kenya, in leading the nation in an active 
tree-planting tradition. 

During this significant growth in agroforestry R&D, many 
valuable experiences and lessons have been learned. This, therefore, 
creates an urgent need to take stock of the efforts, experiences, 
and lessons learned to establish the relationships and 
responsibilities among the government, NGOs, donor agencies, and the 
farmers to facilitate the establishment of the development paths of 
agroforestry and its wide use for sustainable development in Kenya. 

It is against this background, that the Second Kenya National 
Seminar on Agroforestry was organized by NCST and ICRAF to: 
highlight trends in agroforestry science and practice; facilitate 
the exchange of ideas and experiences through plenary sessions, 
working-group discussions, and field tours; and set general 
guidelines and make specific recommendations for a national 
agroforestry R&D strategy for the next decade. 

The following is a synthesis of the main recommendations on 
research strategies and priorities, extension strategies and 
packages, socioeconomic factors, education and training, and 
institutional issues in agroforestry R&D that were presented and 
approved at the final plenary session. The institutional issues were 
seen as the main constraint limiting the full realization of the 
potential of agroforestry to increase the productivity, 
sustainability, and economic diversity of rural lands in Kenya. 
Recommendations on institutional issues were, therefore, accorded 
the highest priority requiring immediate action to harmonize and 
strengthen research and extension programmes through a 
multidisciplinary and interinstitutional approach rather than the 
current fragmented, monodisciplinary approach characterized by 
competitive, overlapping, and uncoordinated efforts. 
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RESEARCH STRATEGIES AND PRIORITIES 

The participants noted that Kenya has a good information base on 
physical features including topography, soils, climate, vegetation, 
and land-use systems; agroforestry has captured the attention and 
interest of the leaders and planners; and many developments in 
agroforestry research have occurred following the First Kenya 
National Seminar on Agroforestry held in 1980. In particular, the 
participants observed that the National Agroforestry Steering 
Committee established under the aegis of NCST is already providing 
an effective contact point for R&D, and the NCST information centre 
now has the capacity for acquiring, storing, and disseminating 
agroforestry data. Also, many agroforestry R&D and quasiresearch 
projects have proliferated in different parts of the country and are 
now generating very useful working information. Commendable progress 
has been made on land-use surveys and in the development of 
prototype agroforestry technologies for given land-use systems. 
Comparatively little research has been accorded to the 
identification of the role of agroforestry practices and systems in 
soil and water conservation, but some progress has been made in the 
documentation of descriptive information on agroforestry systems in 
Kenya; however, this area still lacks sufficient data on production 
outputs and socioeconomic parameters. Candidate multipurpose tree 
(MPT) species have been established by different governmental and 
nongovernmental organizations, and the results of field testing of a 
number of the promising species for different agroecological zones 
are becoming available. Finally, some progress has been realized in 
germplasm acquisition, methods of seed treatment, and vegetative 
propagation, but this effort requires a more concerted approach. 

Noting the growing need for information on different aspects of 
agroforestry practices and systems, the participants recognized the 
need to define research in agroforestry to embrace (a) classical, 
empirical, basic, and applied research efforts based on 
scientifically acceptable experimental designs; (b) prototype trials 
embracing evaluation of best-bets, not necessarily meeting 
statistical obligations; and (c) accumulation of observational data, 
including information drawn from field situations and experiences. 
Research on MPT species should include: (a) assessment of 
productivity, nutrient accumulation and turnover, management and 
design protocols to enhance sustainable production, and optimization 
of plant residue; and (b) documentation of germplasm evaluation 
efforts by all agencies. 

The initiative on provenance selection should be followed with 
an improvement programme of superior genotypes of both indigenous 
and exotic germplasm. Ethnobotanical surveys should be promoted to 



support the breeding of indigenous species. This programme should be 
supported by developments in biotechnologies through basic and 
adaptive research. Research on designs and management of 
agroforestry systems should be conducted to generate hard data. This 
work could be greatly facilitated by involving extension workers and 
farmers as research collaborators. 

Recommendations 

The growing threats from pests and diseases call for careful 
monitoring and identification of potential pernicious organisms 
under agroforestry systems and the development of effective 
avenues for their control. 
Soil erosion has been identified as a pressing agricultural 
problem presenting a major threat to all facets of land 
productivity in Kenya. Concerted research effort should, 
therefore, be given to the identification of the role of 
agroforestry practices and systems in erosion control and 
maintenance of soil fertility in different agroecological zones 
of Kenya. 

. In recognition of the potential of agroforestry technologies in 
supporting the production of small ruminants, including 
beekeeping and aquaculture, researchers should provide available 
information and guidelines to managers of these resources. 
Experience from the field has shown that management of resources 
in arid and semi-arid regions of Kenya presents a separate set 
of complicated problems different from those found in the high-
and medium-potential regions and should be approached 
cautiously. Some of these problems could be attributed to the 
high population changes, which are at a rate of 3.8% per year, 
and an even higher actual growth rate because of immigration 
from high- and medium-potential regions. Agroforestry R&D in 
these regions should, therefore, focus on areas of high 
population concentration. 
Investigations on lesser known products of plants including 
plant-based chemicals and oils, particularly those with 
potential for import substitution, should be promoted with full 
farmer and government participation. 

. In addition to documentation of biophysical data on different 
agroforestry systems in various agroecological zones, parallel 
economic and sociological implications should be studied to 
enable the evaluation of the practical application of 
agroforestry interventions. Projects that do not have the 
capability for data documentation, storage, analysis, and 
interpretation should be supported through the establishment of 
training to permit improved data management. 
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EXTENSION PACKAGES AND STRATEGIES 

Agroforestry Extension Packages 

The participants noted that Much information on agroforestry 
technologies and components is already available in Kenya. The Rural 
Afforestation Extension Service (RAES) has documented a number of 
useful agroforestry species. The Kenya Energy Non-Governmental 
Organization (KENGO) has done work on indigenous species through the 
Juja Project. KEFRI is screening agroforestry species in a number of 
agroclimatic zones, including on-farm trials. The Ministry of Energy 
has generated much information through its six agroforestry energy 
centres. The Ministry of Agriculture has collected useful 
information on the use of trees in soil and water conservation. KARI 
has carried out research on the establishment of fodder banks and 
silvopastoral systems. MPT species information is available from the 
Museums of Kenya. Many other small research and extension projects 
have generated applicable information in the field, although 
frequently without documentation. The Swedish International 
Development Authority (SIDA)/ICRAF Project is developing: a 
bibliography on agroforestry in Kenya; a source book on agroforestry 
practices in Kenya emphasizing basic configurations, species, 
identification, and placement by provenance, without management 
information; and selected extension materials. Based on this, the 
participants agreed that there is no need for extension to wait 
until sophisticated technology packages are developed. With minor 
modifications and adjustments, existing practices would keep the 
farmers going while the scientists conduct detailed studies to 
develop improved technologies. 

Recommendations 

Information on agroforestry technologies should be 
systematically collected from the farmers' knowledge base, 
government extension institutions, NGOs, research institutions, 
and other institutions. 
Available information on agroforestry technologies should be 
evaluated and tested with selected farmers before dissemination 
on a wider scale. 
Specific agroforestry practices and components should be 
identified for the different agroecological zones and should be 
focused on meeting farmers' needs and conditions. 
The farmers' training centres of the Ministry of Agriculture and 
secondary schools should be used not only for training in 
agroforestry but also as sites for technology demonstrations and 
evaluation. 
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Extension Strategies 

The participants noted that agroforestry development in Kenya has 
suffered because of a lack of institutional coordination in field 
extension. There has also been concern about an institutional base for 
agroforestry extension. However, efforts have been made by a few 
projects to improve local coordination. In addition, the District Focus 
for Rural Development Strategy as promoted by the Government of Kenya 
offers a potential framework for coordinated extension planning. 

The participants identified in-service training as critical for 
agroforestry extension staff. However, it was noted that the existing 
training information and materials on agroforestry in Kenya are poorly 
documented and unconsolidated. The participants further noted that much 
of agroforestry extension in Kenya in the past has been directed at 
"tree-planting" efforts generally and agreed that this approach should 
now be modified to emphasize agroforestry for a purpose with full 
participation of the farmers. 

Recommendations 

The agencies concerned should have a coordinated approach in 
agroforestry field-extension activities with planning at the 
district level. 
At this time, there is no need for specific institutionalization of 
agroforestry extension. However, the existing extension personnel 
in their respective ministries and projects could be trained in 
agroforestry through a joint in-service scheme for a more 
consolidated extension approach. Such training needs to be 
developed and implemented in collaboration with the various 
ministries and projects. 
Development of audiovisual aids as tools for agroforestry extension 
work with farmers is needed. 
Training tours for farmers should be organized on a national basis 
through agency collaboration. 
As an incentive, a reward system for the best agroforestry farmers 
should be created with careful consideration of the criteria for 
selection. 
Extension methods and materials should be developed that focus on 
agroforestry for a purpose. 
Agroforestry extension should emphasize farmer participation in 
technology adaptation and two-way communication between farmers and 
extensionists. This will require retraining of extensionists in 
communication skills and knowledge-transfer systems. 
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SOCIOECONOMIC FACTORS \ 

The participants identified five major problem areas related to 
the socioeconomic determinants of agroforestry technology 
development, transfer, and evaluation. These include farmer/ 
household/community, analysis of existing land-use systems, 
assessment of agroforestry technologies, infrastructure and support 
services for agroforestry, and economic and agricultural development 
policies. 

Farmer/Household/Community 

Considering that the main beneficiary and decision-maker in 
agroforestry technologies is the farmer/household/community, the 
participants observed that (a) agroforestry technology development 
and transfer programmes are not adequately incorporating farmer-
relevant criteria to evaluate the impact and implications of their 
work; and (b) farmer-participatory approaches are not being 
exploited in the various phases of development, i.e., problem 
identification, programme design, technology transfer, etc. 

Recommendations 

The human system should be analyzed to define real felt needs, 
decision-making, knowledge base, opportunities, perspectives, 
and meaningful criteria that define their immediate and future 
objectives. 
Current agroforestry programmes that are making substantial 
progress in this type of analysis should be evaluated 
objectively to identify and extract practical experiences on 
farmer/household analysis, farmer participatory methods, 
classification of farmers/households/communities for effective 
targeting, and programme impact on human standards and welfare. 
This analysis should be integrated with the analysis of the 
socioeconomic aspects of land-use systems, technology, 
infrastructure and support services, and policy. 

Analysis of Existing Land-Use Systems 

The participants noted that (a) resource allocation at the 
community and household levels with respect to land, labour, and 
cash inputs in alternative on-farm and off-farm activities, and 
resource rights with respect to land, trees, animals, and water, are 
not well understood; (b) management levels associated with the 
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various production systems of crop, livestock, or trees, are not 
well understood; and (c) performance (yields) in terms of meeting 
socioeconomic priorities and criteria of the household are not 
usually measured. 

Recommendation 

Governmental and nongovernmental projects should be analyzed to 
identify the extent to which they are addressing these 
socioeconomic factors in the analysis of the land-use systems. 

Assessment of Agroforestry Technologies 

Considering that technology is defined as the process where 
inputs (materials, labour, information, etc.) are managed to produce 
outputs (food, fodder, fuelwood, soil conservation, etc.), the 
participants observed that the planning of agroforestry projects is 
not appropriately addressing the socioeconomic potentials, impacts, 
and implications of improving or integrating new agroforestry 
technologies into existing land-use systems. Ongoing agroforestry 
projects are not adequately and systematically assessing the 
economic viability and social acceptability of on-farm (or on-range) 
research or extension work. 

At present, there are no training programmes that explicitly 
focus on the socioeconomic concepts and methodologies to evaluate 
agroforestry technologies and that could be used to upgrade the 
analytical skills of current project staff in this area. Also, 
without undermining the value of farmer-participatory approaches in 
technology development, agroforestry technologies are being 
recommended to and promoted with farmers without proper 
specification and validation in the farmers' environment. 

Recommendations 

The following socioeconomic criteria should be addressed in 
technology assessment: 
(a) Net returns to labour and cash resources; 
(b) Compatibility with other on-farm and off-farm activities of 
the household; 
(c) Technology effects on the reduction/increase of risk and 
uncertainty normally faced by farmers; 
(d) Technology effects on the responsibilities of household 
members with respect to resource allocation, implementing 
changes, and receiving the benefits; and 
(e) Technology effects on the goals/objectives of the household 
and their relationships in the community. 
Educational and training institutions with socioeconomic 
programmes should be reviewed to assess the appropriateness of 
their curricula for agroforestry technology evaluation. 

Infrastructure and Support for Agroforestry 

The participants recognized that infrastructure and support 
services for agroforestry are inadequate because agroforestry is 
new. Most of the current support is on an ad hoc project basis. It 
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is not clear how and by whom such infrastructure and support 
services for widescale and permanent programmes should be provided. 
Extension staff are specialists often not willing or able to address 
themselves to technical issues outside their areas of competence, 
usually commodity based. Information support (technical 
communication, farmer training, on-farm demonstration, research 
support, etc.) is nonexistent in most areas of the country. Credit 
availability is restricted by conventional policies and methods of 
lending, markets for agroforestry products are not well developed 
and promoted, and multipurpose tree seeds, seedlings, and access to 
nurseries and other sources of inputs may not be adequately 
developed. 

Recommendations 

Government policy on rural service centres should take into 
account the needs for agroforestry. 
Training of extension workers should aim at an all-round 
extension worker who can handle the multidisciplinary and 
multicommodity issues of agroforestry and land-use systems. 
Problem-identification surveys, interventions based on the D&D 
approach, participatory on-farm trials and demonstrations, and 
self-reliant strategies should be adopted, i.e., with the 
farmers being the main driving force and "actors" in these 
projects. 

. Credit for inputs should go along with the development of 
markets for products and the management of agroforestry 
according to the felt need of the farmers. 
Project design should be such that adequate technical and 
managerial skills are passed on so that by the end of the 
project local households or farmers themselves can take over the 
project effectively. 
Agroforestry development should be supported with appropriate 
technology services at rural markets and growth centres taking 
advantage of economies of scale to motivate farmers. 
There is an urgent need to analyze alternative options for 
organizing, managing, and financing infrastructure and support 

. services in ways that are sustainable and complementary with 
respect to the contribution of public, private, and other 
organizations. 

Economic and Agricultural Development Policies 

The participants recognized that the operationalization and 
implementation of policies related to agroforestry development 
present an extremely difficult task of coordination across 
government ministries and departments and other relevant NGOs. 

Recommendations 

An integrated approach to development must be reviewed with 
regard to agroforestry, especially at the level of translating 
policy into implementation. 

. Project design, evaluation, and monitoring should be related to 
government policies. These reviews should supply feedback 
information from the farmers so that government policies, 
regulations, and directives are consistent and supportive of 
agroforestry development. 
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EDUCATION AND TRAINING 

The participants noted that the National Agroforestry Technical 
Coordinating Committee (NATCC) has not yet addressed education and 
training issues; however, various institutions have introduced some 
form of agroforestry training. In some cases, such training is 
structured, whereas in others the term "agroforestry" does not even 
appear. 

The participants recognized five different levels of education 
and training: basic education (primary and secondary education), 
professional-level education and training (undergraduate and 
postgraduate), technical-assistant-level training, diploma-level 
training, and continuing education in agroforestry. The participants 
also recognized the urgent need to develop an agroforestry 
curriculum, training materials, and agroforestry trainers. 

Basic Education 

The participants noted that under the 8-4-4 curriculum, 
agroforestry could be catered for under agriculture and environment. 
It was further noted that teachers tend to teach those subjects 
where source materials are available and that there are currently no 
agroforestry textbooks. 

Recommendations 

The Kenya Institute of Education should be involved in the 
development of agroforestry curriculum through the persons in 
charge of agriculture and environment panels and by sending a 
summary of the recommendations of this seminar to the chief 
executive of that institution. 
Publication of textbooks and other materials on agroforestry 
should be promoted. 

Professional-Level Education and Training 

The participants took note of the recommendations of the 
Professional Education in Agroforestry Workshop, held from 5 to 10 
December 1982 in Nairobi, Kenya, which laid emphasis on postgraduate 
training. It was further noted that physical and human resources in 
the institutes of higher learning are not adequate for postgraduate 
training. The participants, therefore, recognized the contribution 
that ICRAF can make at this level in terms of training and research 
facilities. The tentative curriculum submitted by Moi University was 
also noted. 
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Recommendat ions 

Postgraduate training should be accorded the highest priority 
and collaborative arrangements should be made with Kenyan 
universities, ICRAF, and other external institutions to 
facilitate training at this level. 
All undergraduate training curricula in forestry, agriculture, 
and environmentally based disciplines should have strong 
components of agroforestry. 
There should be more comprehensive consultations with other 
training institutions on the curriculum proposed by Moi 
University. 

Technical-Assistant-Level Training 

The participants recognized that technical assistants are the 
staff closest to the farmers. It was further recognized that 
agroforestry training covered under extension at Londiani Training 
College was not satisfactory. 

Recommendat ion 

The existing training curricula at the respective institutions 
should be reviewed to incorporate agroforestry, 

Diploma-Level Training 

The participants agreed that the diploma programmes at various 
Kenyan institutions have identified inadequacies in the existing 
curricula for effective agroforestry implementation. 

Recommendation 
Arrangements should be made for retraining of such personnel in 
agroforestry at one institution that has sufficient disciplinary 
spread. Such training should lead to the award of a certificate 
that is recognized by government ministries. 

Continuing Education in Agroforestry 

Because agroforestry is a new discipline, the participants 
agreed that there is an urgent need for practising foresters, 
agriculturalists, and environmentally based professionals to be 
offered training in agroforestry through short-term courses. 

Recommendation 

A Kenyan university should prepare and implement short-term 
courses in agroforestry in collaboration with ICRAF. 

Curriculum Development and Training Materials 

The participants noted that because agroforestry is a new 
discipline it does not have well-developed curricula at all levels 
and that development of a curriculum requires experience and source 
materials that are not readily available in the existing 
institutions. 
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Recommendat ion 

Opportunities should be made available for Kenyan trainers to 
undertake short-term internships at ICRAF to develop training 
materials and curricula at various levels. 

Agroforestry Trainers 

In view of the recommended agroforestry training at various 
levels, the participants identified the need for the training of 
teachers in agroforestry. 

Recommendation 

Training courses of about 1-month duration should be developed 
for agroforestry teachers at all levels. 
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INSTITUTIONAL ISSUES 

The participants agreed that agroforestry has a considerable 
potential to increase the productivity, sustainability, and economic 
diversity of rural lands in Kenya. The full realization of this 
potential can only be achieved through a systematic optimization and 
integration of the tree/shrub component with the crop and livestock 
components. It was further agreed that a multidisciplinary and 
interinstitutional approach to agroforestry development stands a 
significantly higher chance of achieving rapid results than does a 
fragmented, monodisciplinary approach characterized by competitive, 
overlapping, and uncoordinated efforts by various disciplinary 
institutions. 

The participants recognized that interest in and support for 
agroforestry are greater in Kenya than in most other countries. 
Several government ministries, departments and institutions, as well 
as nongovernmental and international organizations, are either 
directly engaged in some aspect of agroforestry R&D work or in work 
that is indirectly or potentially important for such efforts. This 
considerable institutional effort is, however, basically 
monodisciplinary, fragmented, and inadequately coordinated, except 
for the growing informal contacts between professionals interested 
in agroforestry. Some recent encouraging efforts to formalize 
institutional cooperation on various aspects of agroforestry have, 
however, been identified: 
(a) A National Steering Committee on Agroforestry Research has been 
set up under NCST with all main governmental and NGO "actors" being 
members. 
(b) A Memorandum of Understanding for ministerial cooperation and 
coordination of agroforestry efforts in Kenya has been drafted but 
is still under discussion. 
(c) The six agroforestry centres developed by the now completed 
Kenya Renewable Energy Development Project under the Ministry of 
Energy have proved to be valuable extension tools for both the 
Ministry of Agriculture and the Ministry of Environment and Natural 
Resources (RAES) as well as being main suppliers of multipurpose 
tree seeds for a variety of government and NGO projects in the 
country. 
(d) A National Tree Seed Committee has been set up to coordinate 
questions related to quality control and dissemination of tree seeds 
throughout Kenya. The Committee is operating under the Permanent 
Presidential Commission on Soil Conservation and Afforestation. 
(e) The planning and implementation of the Kenya component of the 
Agroforestry Research Networks for Africa (AFRENA) for the Eastern 
African highlands is a truly interinstitutional effort involving 
NCST, KARI, KEFRI, Ministry of Agriculture, Ministry of Environment 
and Natural Resources, and ICRAF. 
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(f) The National Seminars on Agroforestry (of which this meeting is 
the second) have brought together virtually all actors on the 
agroforestry scene in Kenya to exchange views and information on the 
present experience in agroforestry, identifying gaps in 
technological know-how and formulating recommendations on how to 
proceed in developing the potential of agroforestry for national 
economic benefit. 

These institutional efforts to increase collaboration are 
commendable but far from sufficient to develop the agroforestry 
potential. Determined efforts must be made to harmonize and 
strengthen research and extension programmes in agroforestry. Only 
by doing this can we bring out the considerable strength that lies 
in the complementary institutional and disciplinary knowledge and 
experience that exists in Kenya. 

Recommendations 

A National Agroforestry Coordination Committee should be created 
at the central government policymaking level. The Committee 
should preferably be made up of permanent secretary/director-
level persons from the relevant ministries and should deal with 
issues related to: 

(a) Priorities for agroforestry development in the country; 
(b) Sharing of resources and responsibilities between 
ministries; 
(c) Analyzing the legal framework for adoption by farmers 
practising agroforestry; and 
(d) Coordination of external funding of agroforestry efforts 
and long-term institutional reforms needed to achieve permanent 
benefits from agroforestry. 

The Office of the President should be requested to facilitate 
the establishment of this committee, which would be advised on 
technical matters by the two bodies recommended in the following: 

The Technical Coordinating Committee on agroforestry established 
last year and hosted by the NCST, apart from being responsible 
for coordinating research efforts, should also advise on 
coordination of university education in agroforestry. The 
representation of the four national universities at the 
Committee should, therefore, be strengthened. 

The Technical Coordinating Committee should try to initiate 
well-conceived interinstitutional research programmes and, where 
necessary, assist in identifying internal and external funding 
resources for such programmes. 

The most urgent need today is to harmonize extension efforts in 
agroforestry; therefore, an Agroforestry Extension Task Force 
(or committee) should be set up by the National Agroforestry 
Coordination Committee with representatives from all government 
extension services involved in agroforestry today as well as one 
or two of the key NGOs. This task force would initially have 
four main areas to address: 



(a) Collate present technological knowledge on agroforestry and 
identify which technologies are ready for major extension efforts; 
(b) Develop extension packages on these technologies; 
(c) Harmonize extension efforts at local (district, division, 
location, etc.) levels and initiate a short-term training programme 
for extension personnel; and 
(d) Coordinate and improve the use of various extension facilities 
(such as the Farmers' Training Centres, the Agroforestry Centres, 
etc.) for agroforestry purposes. 

The District Focus for Rural Development, mentioned earlier, 
provides a potentially strong opportunity for adapting and 
disseminating agroforestry extension messages to local needs as 
well as an efficient mechanism for identifying local agroforestry 
potential and problems. The relevant officers on the District 
Development Committees should, therefore, be given short, joint 
training in agroforestry to enable them to operate as 
multidisciplinary teams in this respect. 



OPENING ADDRESS 

Hon. J.J. Nyagah, MP, EGH 
The Minister for Environment and Natural Resources 

It is my great pleasure to come back to ICRAF House to open yet 
another seminar on agroforestry. It is not a long time ago since I 
was here (September 1987) at the beginning of an international 
seminar on the potential of agroforestry and the opening of the new 
ICRAF Headquarters here in Gigiri. At that time, many speeches were 
made by scientists from all over the world on the potential 
contribution of agroforestry, particularly in the developing 
countries within the tropics. From the Kenyan side, we made a plea 
in our speeches for ICRAF to collaborate with developing-country 
institutions toward effective development of agroforestry discipline 
and practice. I am very happy to note that ICRAF has responded to 
our plea so soon by collaborating with our National Council for 
Science and Technology in convening the present seminar. What 
remains for me to do, at this juncture, is to convey congratulations 
from the Government of Kenya to the two institutions that have 
worked hard during the last 8 months in arranging for this seminar. 

I wish to make a few comments at the beginning of your 10 days 
of detailed discussions on a subject that is very close to my heart. 
I have had the great opportunity to serve this nation for long 
periods as Minister of Agriculture and as Minister for Environment 
and Natural Resources (also responsible for forestry development in 
the country). I have, therefore, appreciated, during the course of 
my duties, the important interfaces between agriculture and 
forestry. It is my understanding that you learned scientists refer 
to these interfaces as agroforestry. I am, therefore, very 
comfortable with the subject matter of the Seminar. 

Many public statements have been made at the highest level of 
the Government of Kenya about the importance of sound environmental 
management for present and future generations. I do not need to 
stress that agriculture will remain the backbone of this nation's 
development; however, it is equally important to recognize that the 
appropriate management of the limited forestry resources of this 
nation is a necessary condition to sustainable agricultural 
production. What I am stressing is that agriculture and forestry 
must be developed together. Although the two sectors are housed in 
different ministries of government, you the professionals and 
technicians in the field must fully appreciate the interdependence 
between agriculture and forestry. 

Allow me to make a few specific comments on the discipline and 
practice of agroforestry. I have had the opportunity to maintain 
close working relations with ICRAF during the past 10 years. During 
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this time, I have come to appreciate that agroforestry refers to the 
integration of agricultural and forestry production activities 
within the same piece of land. Looked at this way, it should become 
obvious to most of you that many Kenyans all over the country had 
been practising some form of agroforestry long before the discipline 
was born (some 15 years ago). The rapid increase in population that 
Kenya is experiencing, combined with the very limited arable land 
base, is now forcing Kenyans to combine many crops on the same piece 
of land. The severe fuelwood shortage in many parts of the country 
is forcing farmers to commit some portion of their diminishing farms 
to tree growing. Obviously, an integrated land-use strategy where 
trees on the farm will complement and supplement agroforestry 
production will prove desirable to farmers and can contribute 
substantially to social economic advancement of the rural poor. 

My Ministry, in conjunction with other government and 
nongovernment agencies, is engaged in a hot campaign for tree 
growing by the Kenyan masses. Indeed, His Excellency President 
Daniel Arap Moi is the nation's number one campaigner for tree 
growing, protection of natural resources, and sound environmental 
management. Agroforestry has a big role to play in these national 
efforts. For example, my Ministry is very concerned with the poor 
survival of trees planted on private and communal lands. Somehow, 
the common man responds very readily to our tree-planting campaign 
while, at the back of his mind, he does not accord high value to the 
planted trees vis a vis their crops and animals. Trees planted from 
year to year are left to be browsed and killed by cattle, while the 
same farmer effectively protects his maize and beans from the 
cattle. 

Hon. J.J.M. Nyagah, Minister for Environment and Natural Resources, 
addresses participants during the opening ceremony. 
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It is my belief that once the farmer adopts trees as an integral 
part of the whole farming system (i.e., adopts agroforestry 
practice) we will become more successful in our campaign for tree 
planting by the masses. 

You are, therefore, gathered here to discuss a subject that is 
critical to the present and future development of our country. I do 
hope that you will take your discussion and recommendations very 
seriously during the Seminar. We look forward to your 
recommendations and to follow up on the important elements. I 
understand that we have a few participants from neighbouring 
countries. To you, I extend a warm welcome, and I hope you will take 
time off from the Seminar to see more of our country. May I also 
recognize the presence of several donor representatives and 
encourage them to support agroforestry development at higher levels 
than they have done before. 







THE POTENTIAL OF AGROFORESTRY 

B. Lundgren, International Council for Research 
in Agroforestry (ICRAF), P.O. Box 30677, Nairobi, Kenya 

Abstract This paper offers an assessment of the 
potential of agroforestry to improve the use of agricul
tural and other lands thereby contributing to economic 
growth through increased and more sustainable food and wood 
production. The questions addressed in the paper include: 
current status in the world in general and in Kenya in 
particular; what are the present technological and 
institutional constraints?; and what lies ahead? 

It is stressed that institutional functions are 
needed for problem identification, priority setting, and 
resource allocation. Such new functions can initially be 
created without fundamental structural changes. It is 
suggested that we begin by creating inter institutional 
planning committees on land-use improvement, committees 
that will become more and more executive in setting 
priorities and allocating resources and can create 
appropriate task forces from existing disciplinary 
institutions and resources. 

This is not a scientific or a technical paper in the 
conventional sense. The aim is to share with the seminar 
participants my assessment of the potential of agroforestry to 
improve the use of agricultural and other lands, thereby 
contributing to economic growth through increased and more 
sustainable food and wood production. Where are we today, in the 
world in general and in Kenya in particular, in comparison with 
1980, the time of the first national seminar? What technological and 
institutional constraints do we face today? Where lies the way 
ahead? Those are the questions addressed by this presentation. 

AGRICULTURE TODAY AND THE ROLE OF AGROFORESTRY 

Recently, I attended the annual meeting of the Consultative 
Group on International Agricultural Research (CGIAR) in Washington-
,a meeting that brings together many of the world's international 
agricultural research leaders and all the donor agencies that 
support the International Agricultural Research Centres (IARCs). 
Two of the leading agricultural development economists today, 
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Dr John Mellor, Director-General of the International Food Policy 
Research Institute (IFPRI) in Washington, and Professor Helen Hughes 
from Australia, gave their views on the outlook for developing-
country agriculture for the 1990s. Both expressed a cautious 
optimism about the potential of agriculture to break out of the 
stagnation of the 1980s caused by increasing external debts, 
fluctuating/decreasing agricultural commodity prices on the world 
market, government policies disfavouring agricultural producers, 
natural calamities such as droughts and floods, several local wars, 
no major technological breakthroughs such as the "green revolution" 
of the 1960s and 1970s, etc. 

Their optimism was based mainly on their positive assessment of 
the growing awareness among national governments and financial and 
development agencies that agriculture and other land-based 
enterprises in most developing countries lacking mineral and oil 
resources must form the motor for economic development for decades 
to come. They pointed out that this was not only a matter of 
increasing export crop production but, much more important, a 
question of increasing internal trade and developing local 
agribusiness. The economists, however, stressed that the potential 
of the agricultural sector to act efficiently as a motor in economic 
development is dependent upon both government policy changes in 
favour of agricultural producers and the rural areas (crop prices, 
credits, infrastructure improvements, etc.) and on technological 
improvements. Because of the long-term dependence on agriculture, 
well into the next century, and because of the rapid population 
increase, the development of new and improved technologies must 
rapidly increase outputs (to feed more people and to create a 
surplus for industry and trade). These technologies must also ensure 
that the agricultural resource base, in particular, and the 
biophysical environment, in general, are not depleted so that future 
generations can continue to increase production and maximize the 
number of options on how to use the natural and environmental 
resources of soil, water, vegetation, and animals. 

It is in the light of these latter considerations that 
agroforestry becomes so eminently interesting. Its apparent 
potential to decrease erosion, add cheap farm-produced fertility to 
the soil, and ease the pressure on forests and other natural 
vegetation resources by enabling the land user to produce fodder, 
fuelwood, and building material on farm, makes agroforestry an 
obvious component in sustainable agricultural development. Several 
governments and agencies involved in the support of agricultural and 
other land-based developments are indeed strongly promoting 
agroforestry today. It is not surprising that the report "Our Common 
Future" by the U.N. Commission on Environment and Development (the 
Brundtland Commission) gave a strong endorsement of agroforestry. 

There is, however, still quite a lot of uncertainty on how to 
operationalize and develop the potential of agroforestry efficiently 
—no doubt caused by a continued confusion about what the real aim 
and potential of agroforestry are, what disciplines and institutions 
are most suited to take responsibility for it, and what resources 
are needed to develop its potential. It may be appropriate, 
therefore, to restate here what we mean by agroforestry. The formal 
definition by ICRAF reads: "Agroforestry is a collective name for 
all land-use systems and practices in which woody perennials are 
deliberately grown on the same land management unit as crops and/or 
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animals. This can be either in some form of spatial arrangement or 
in a time sequence. To qualify as agroforestry there must be both 
ecological and economic interactions between the woody and the 
nonwoody components". 

The important operational part of this definition is that we 
"deliberately mix different components to interact ecologically and 
economically". The aim of agroforestry is, thus, to optimize these 
interactions to achieve higher productivity, sustainability, and 
diversity of products from the land. 

EMERGING POTENTIAL OF AGROFORESTRY 

The 1970s saw a rapidly increasing interest in agroforestry. 
Several small research and development (R&D) projects were started 
in many tropical countries. Most of these early efforts were small 
in scope, many initiated by individual researchers or 
nongovernmental organizations (NGOs) with external funding. They 
were more often characterized by enthusiastic amateurism than by any 
objective analysis of how agroforestry technologies should be 
developed to address real problems and potentials. The biases and 
disciplinary experience of the individual scientist or development 
worker, rather than farmers' needs, determined the aims. As a 
consultant, I visited a quite famous agroforestry research project 
in an African country in 1978 where the aim was to find the best 
spacing of a number of pulp-wood species (Pinus caribaea, Gmelina 
arborea, etc.) intercropped with maize. It looked very impressive, 
until I was told that there was no pulp-industry (or plans for it) 
in the country and that the staple food of people in the zone was 
cassava and rice, not maize! 

It is not surprising that most of these early projects were 
initiated by foresters and forest ecologists. The realization among 
international foresters (e.g., in Food and Agriculture Organisation 
in the late 1960s and early 1970s) that they must bring forestry 
more actively to bear on rural development ("Forestry for People"), 
and the feeling that in the "taungya" method a technology existed 
that could be profitably disseminated outside forest reserves for 
the benefit of people, was one of the "foundation stones" in the 
emergence of agroforestry. The very word agroforestry, with its 
etymological stress on forestry, is a legacy from this period. 

For the forester, however, the tree was the primary component 
and the production of wood for timber and pulp, and, less so, but 
increasingly toward the end of the 1970s, for poles and and 
fuelwood, was the main aim of agroforestry, or at least the main 
interest of the scientists and experts. There was very little 
interest and understanding among agronomists in the forms of 
agroforestry promoted in these early days by foresters - rather, 
there was a downright hostility to the very idea of putting trees 
into crop fields. It is symptomatic that it was only when 
agronomists, in the late 1970s, started to realize the potential of 
inexpensively enhancing soil fertility by adding farm-produced tree 
litter to the soil under food crops that the agricultural potential 
of agroforestry came into focus. The complete disrespect shown to 
the trees by the agronomists, e.g., at the alley-farming trials at 
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the International Institute for Tropical Agriculture (IITA), where 
the trees were cut back several times per year to produce maximum 
foliage and minimum wood, horrified many puritan foresters. 

At about the same time, range and livestock experts realized 
the enormously important role tree and shrub fodder played in most 
African pasture and mixed crop/livestock systems, particularly for 
dry-season feeding. Work started at the International Livestock 
Centre for Africa (ILCA) to adapt the alley-farming technology to 
livestock production by changing the tree species used in the early 
soil-enhancement-only work. 

Also in the late 1970s, the potential of trees in preventing 
soil erosion by wind and water, particularly in noncommercial 
farming systems, came into the forefront of thinking among soil 
conservationists, replacing earlier emphasis on engineering 
approaches (terraces and the like). 

When the rural energy crisis became a priority problem for 
governments and development agencies some 10 years ago, wood 
production on farm, i.e., agroforestry, rapidly emerged as one of 
the main approaches to alleviate the problem. Foresters, again, took 
a lead role in this, because wood, in this case fuelwood, was the 
main product desired. 

Parallel to all the foregoing developments, the foresters, 
agronomists, social scientists, etc., who took an active interest in 
the development of new technologies, for whatever disciplinary 
purpose, based on integrating trees with crops and animals, realized 
that agroforestry was already everywhere to be seen. Farmers were, 
and had always been, using trees and shrubs for a multitude of 
purposes on their farms and grazing lands. It was only that these 
types of farming systems, vastly predominant in small-scale, 
noncommercial, upland land-use situations in most of Africa and in a 
large part of Asia and Latin America, had never been the focus of 
interest or scientific attempts of improvement by conventionally 
trained, monodisciplinary experts. Foresters, when at all they kept 
their eyes open while travelling through farming landscapes to and 
from the forests, scorned the miserable-looking trees on the farms. 

The modernly trained agronomists, likewise, only saw the trees 
as impediments to rational crop production. It is indeed 
embarrassing to our educational systems that it was only 10-15 years 
ago that experts in different fields started to ask themselves why 
farmers almost invariably mixed crops, trees, and animals in a way 
that rarely followed our textbook teaching about the "ideal" land 
use (more about this later). 

ICRAF AND AGROFORESTRY AS A DISCIPLINE 

The first time in recent decades that the actual and potential 
roles of trees in farming systems were pointed out, and that the 
wealth of traditional experience and wisdom that existed was well 
worth scientific attention, was in the J. Bene report "Trees, food, 
and people" of the mid-1970s. 

This report led to the formation of the International Council 
for Research in Agroforestry (ICRAF) in 1977. ICRAF was charged with 
the mandate to take a lead role in identifying and coordinating the 
development of the potential of agroforestry through the application 
of scientific methods. 
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It was realized early on that two major areas had to be 
addressed to develop the potential of agroforestry that we all felt 
was there but had difficulty in quantifying scientifically: 

The first was the urgent need to develop an objective, 
multidisciplinary method of analyzing problems and constraints 
in land-use systems as a basis for identifying how, and what 
type of, agroforestry could alleviate them. It was a matter of 
building on the many "farming systems" and "rapid rural 
appraisal" methods being developed at that time by many 
international agricultural research centres (IARCs) and other 
institutions and to combine these with the experience and 
knowledge of both traditional "agroforestry" farmers and of the 
disparate discipline-biased R&D work carried out in the 1970s 
and early 1980. The result of this work was the development by 
ICRAF of the diagnosis and design (D&D) methodology for 
planning agroforestry R&D programmes. It was the first, and 
still remains one of the few, genuinely interdisciplinary 
efforts in agroforestry. The method and approach now forms the 
backbone in developing the largest and most systematic research 
programme on agroforestry in Africa, the Agroforestry Research 
Networks for Africa (AFRENA) programme. Both the D&D method and 
the AFRENA programme will be presented in special papers to 
this seminar. 
The second area to be addressed by ICRAF in laying the 
foundation of the discipline of agroforestry was the question 
of what trees and shrubs to use. It was realized early on that 
the really interesting trees and shrubs for agroforestry were 
not necessarily the ones grown solely for timber production or 
for fuelwood by the forester, for soil fertility by 
agronomists, or for fodder by the livestock people, but the 
ones that could combine two or more of these and other 
roles/functions. Early work by some scientists and development 
workers on a very limited number of species, particularly 
Leucaena leucocephala, had demonstrated the potential of 
trees with multiple uses for adoption by farmers in 
agroforestry practices. The concept of the multipurpose trees 
and shrubs (MPTS) became a key focal point in ICRAF's work on 
agroforestry. 
Our knowledge of such trees was at the time, however, abysmally 

limited and, in spite of a major effort to collate information 
systematically on MPTS since 1982, we still feel that we are just 
starting to realize the immense economic potential that lies in the 
systematic development and use of promising MPTS. What I have 
described in the foregoing was more or less the situation when we 
met in November 1980 for the First Kenya National Seminar on 
Agroforestry. 

DEVELOPMENTS, 1980 TO 1988 

Since 1980, in the short period of 8 years, a truly phenomenal 
development has taken place in Kenya and elsewhere. Apart from the 
general awareness about agroforestry, which is rapidly reaching far 
outside the circle of technical people, some of the major things 
that have happened since we last met are: 

33 



The number of agroforestry R&D programmes carried out by a 
multitude of institutions (government, NGOs, universities, 
IAECs, etc.), has increased several-fold. 
As a result, our knowledge of agroforestry technologies and of 
MPTS suitable for those technologies has increased 
tremendously. The potential of agroforestry to address 
combinations of problems, e.g., fuelwood supply and soil 
fertility maintenance or erosion control and dry-season fodder, 
is no longer theory only - a growing volume of tentative and 
firm R&D results shows this, although the main information 
explosion in agroforestry is yet to come, say in 2-5 years, 
when all the projects started in the mid-1980s begin to yield 
results. 
Although many agroforestry programmes/activities are still 
carried out by monodiscipline institutions, there is an 
encouraging increase in well-conceived, multidisciplinary, and 
interinstitutional programmes based on more or less objective 
assessments of farmers' and other land-users' needs. 
Typically, the NGOs and research sectors with their often 
greater flexibility are leading this trend, whereas government 
institutions, including government and multilateral donor 
agencies, with greater disciplinary-institutional rigidity have 
more difficulties. However, the rapidly increasing interest in 
agroforestry in a multitude of government agencies in Kenya and 
the increased frequency of technical interactions (e.g., this 
seminar), make me optimistic that Kenya may well become a 
pioneer in bringing about interinstitutional programmes on 
agroforestry. 
The myth of farmers' general unwillingness to plant and care 
for trees on their land is rapidly disappearing as we realize 
that the causes for this unwillingness were (and still are 
where they exist) perfectly rational. If foresters, or any 
other development or research body, recommend farmers to plant 
trees, the uses of which do not meet any of the farmers' own 
priority needs, or where land and tree tenure make it doubtful 
whether the farmers can reap the eventual benefits of their 
tree-planting efforts, it should come as no surprise that 
farmers are not interested. If, on the other hand, trees that 
effectively meet the needs of the farmer are recommended and 
shown to work, the problem is normally to produce enough to 
meet the demand. 
Finally, since 1980, we have witnessed in Kenya a strong 
positive development of a policy environment in which the full 
potential of agroforestry can eventually be realized. Although 
policies are not yet consolidated, and several constraints 
remain to be removed (see the following), there is no doubt 
that the strong political support for tree planting, the 
development commitment to the agricultural sector, the public 
awareness, the increased technical knowledge, and the strong 
traditions of tree use on farmland that exist, will make the 
development of strong and efficient policies to promote 
agroforestry more likely in Kenya than in most other countries 
in the next few years. Hopefully, the recommendations from this 
seminar can assist the policymakers of the government in this 
process. 
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In conclusion, we have seen significant positive developments 
toward realizing the potential of agroforestry in contributing more 
fully to the agricultural and economic development of the country 
since we last met. 

REMAINING CONSTRAINTS 

What are the main constraints preventing us from fulfilling the 
promises of agroforestry today? In my view, there are two "clusters" 
of constraints/problems that need to be systematically and forceful
ly addressed, the technological and the institutional. 

The technological constraints, in spite of what I have said 
earlier on rapid, recent gains in knowledge, are still serious - we 
need much more verified and quantitatively proven technology 
information. We have but scratched the surface of the potential of 
agroforestry because of its recent emergence as a focus of 
systematic and scientific interest. 

Much more research and trials are needed on optimal 
(biophysically, socially, and economically optimal) 
combinations of woody and nonwoody components in land-use 
systems. Farmers should be brought into this process much more 
systematically than we have done in the past. This will ensure 
relevance and early adoption of our efforts much more 
efficiently than if we follow a traditional "research first -
testing with farmers later" approach. We also have to know more 
about the potential macroimpact of agroforestry, e.g., on 
environmental, macroeconomic, and other factors. 
The MPTS we are using in our R&D programmes today are very 
"primitive" in a scientific sense. Normally, they represent 
completely unknown germplasm, used for no other reason than 
that it was easily collected. Rarely have any attempts been 
made to explore systematically the genetic variation of these 
species and to collect and improve them for the particular 
purposes we want them for in agroforestry. There is absolutely 
no reason to believe that the genetic improvement and breeding 
successes in agriculture over the last 100 years, or in 
commercial forestry and horticulture over the last 50 years, 
cannot be repeated within a very short period in agroforestry. 
The technology is there, including new biotechnology; it is a 
matter for us to identify clearly what we want and for what 
purpose and then to get on with the work. The potential results 
of a few determined, well-resourced programmes on multipurpose 
tree improvement are quite mind boggling. 
In this context, I think it is appropriate to say a few words 
on the issue of "exotic" and "indigenous" trees. I find this 
whole discussion rather unfortunate, particularly when 
political/emotional overtones creep into it. Species of plants 
and animals, including man, have developed in response to the 
environment (climate, soils, etc.). There may be hundreds of 
different reasons why a plant grows, or an animal is found, 
here but not there - unsuitable environment, geographical 
isolation, competition from other species, dispersal 
mechanisms, eradication or introduction by man or through 
natural events, etc. One thing is absolutely clear, however: 
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the political boundaries of today's nation states (a fraction 
of a second in a biohistorical perspective) have absolutely 
nothing to do with whether a plant or an animal exists there or 
not! 
Another thing is equally clear: that the remarkable adaptation 
of the human species to different environments has been 
achieved by using to his or her advantage all natural resources 
possible - including large-scale movement of domesticated 
species of plants and animals both in prehistoric, historic, 
and very recent times. Indeed, the economic and nutritional 
well-being of many modern nations depends very much on such 
movements both recent and historical; maize from Mexico forms 
the staple food in East Africa; coffee from East Africa is the 
backbone of the economy in many Latin American countries, 
rubber from Brazil has made Malaysia one of the richest 
tropical countries; pines from Mexico and eucalypts from 
Australia have made many tropical countries self-sufficient in 
industrial wood; sheep from Europe/Asia was the founding 
economy of Australia and New Zealand; etc. The list could be 
made very long, 
The point I am trying to make is that in developing the 
potential of multipurpose trees for agroforestry we should not 
deny ourselves opportunities for nonscientific reasons. There 
may be as yet some little-explored species out there, both 
outside and inside the present boundaries of a particular 
country, which may prove to have a significant economic 
potential for that country. Obviously, there are risks involved 
in moving biological material to new environments, but there 
are scientific and procedural methods to control these (plant 
and animal quarantine, testing in controlled environments 
before release, etc.) 
The second, more serious constraint is institutional. The basic 

institutional structures established to deal with the use of land in 
virtually every country in the world today originate from a 
particular historic and economic period in temperate Europe and 
North America. There, in the late 19th and early 20th centuries, a 
radical modernization of agriculture and forestry became necessary 
and was made possible by rapid industrialization and urbanization. 
Government and private research and extension institutions were 
established to help ensure a growing supply of land-based raw 
material to industries, and food to the urban populations, which 
already at the turn of the century made up the majority of the total 
population. Subsistence farming rapidly disappeared as markets 
expanded, even for small-scale farmers' food crops. The growing 
national wealth from industries created a sufficient buffer against 
farmers suffering because of crop failures. 

In addition, crop production and forestry were carried out on 
different types of land, required different professional skills, had 
different market outlets and were often managed by different owners 
(farmers, governments, and private companies). It was, in this 
situation, entirely rational that agricultural, forestry, range 
management, and fisheries institutions developed independently from 
each other - in research, extension, education, and legal control. 
Furthermore, it was (and is) rational that the institutional 
mandates and aims were to maximize production of individual 
components and crops. Thus, commercially oriented monocropping 
became, and still remains, the predominant form of land use. 
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This institutional structure, with its accompanying sets of 
aims, laws, educational discipline divisions, governmental, 
ministerial, departmental, and extension set-ups, was simply 
superimposed on Africa and elsewhere by the colonial administrations 
in the early part of the century. They remain intact today, decades 
after independence. I should hasten to add here that these 
institutional set-ups and aims, and the disciplinary experts manning 
and implementing them, have achieved some remarkable successes: the 
green revolution in maize, wheat, and rice; the development of 
export crop production systems, e.g., coffee, tea, rubber, oil palm, 
etc.; the creation of very viable meat and dairy systems in 
favourable upland environments; the establishment of important 
high-intensive, man-made, industrial forest plantations, etc. Thus, 
there is certainly an important place and role for continued 
single-discipline, monocropping, and maximization-oriented, 
institutional structures as well. 

The basic and serious inadequacy of present institutions and 
disciplinary experts lies in their inability to analyze and 
efficiently contribute to the solution of problems of the small-
scale, more or less noncommercially-oriented, mixed farmers or 
pastoral land users whose aims and strategy in managing the land are 
to optimize the production of crops, wood, and animals to satisfy 
all their basic needs of food, fuel, shelter, and cash. 

Thus what we have today are institutions and experts that look 
at individual components of farming or, in a wider sense, land-use 
systems and who can give advice, sometimes backed up by legal force, 
on how to maximize production of these individual components but who 
lack understanding and expertise on how to optimize all the various 
components to the advantage of the farmer. An analogy with building 
construction can serve to underline the problem. We have excellent 
masons, carpenters, electricians, and plumbers in the form of 
agronomists, foresters, livestock experts, and agricultural 
engineers, but we lack institutions performing the all-important 
roles of the architect and the civil engineer, i.e., an integrated 
analysis of needs, the design of the solution, and the coordination 
of putting it together. 

THE WAY AHEAD 

A first step in the short and medium term will be to encourage 
and support R&D programmes strongly, the execution of which requires 
multidisciplinary competence and interinstitutional collaboration. 
Such programmes have to be based on voluntary participation by 
different institutions and on these institutions' own conviction 
that participation in them is professionally and institutionally 
relevant and rewarding. It is important that existing professional 
and bureaucratic structures and hierarchies do not appear to be 
threatened at this stage. 

If, or, I am bold enough to claim, when such programmes start 
to yield significant and positive economic, ecological, and social 
results, we can much more confidently approach policymakers with 
initiatives for further and deeper changes. What will be needed are 
new institutional functions for problem identification, priority 
setting, and resource allocation. Such new functions can initially 
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be created without fundamental structural changes. It would probably 
be best to start by creating interinstitutional planning committees 
on land-use improvement, committees that will become more and more 
executive in terms of setting priorities and allocating resources as 
experience is gained and can create appropriate task forces from 
existing disciplinary institutions and resources. There are 
encouraging signs today, not the least of which are in Kenya, that 
we are moving in the right direction. The potential is there - it is 
for us to realize it. 
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Agroforestry Diagnosis and Design: 
Methods Used in Kenya 

John B. Raintree, International Council for Research in Agroforestry 
(ICRAF), P.O. Box 30677, Nairobi, Kenya 

Abstract ICRAF's diagnosis and design (D&D) methodology 
is a family of procedures for the diagnosis of land-
management problems and potentials and the design of 
appropriate agroforestry interventions. Agroforestry D&D is 
also concerned with the growing body of substantive knowledge 
and practice on which the sequence of decisions in a D&D 
application is based. 

This paper concentrates on the procedural side of D&D and 
presents an overview of the methods applied and, in some cases, 
developed in Kenya by agroforestry researchers and 
extensionists at three different scales of analysis: micro 
(household), meso (local community/ecosystem), and macro 
(ecozone, country, region). Emphasis is placed on how the 
methods stemming from the basic D&D logic can be adapted to 
meet the needs of different users. 

Given all the different ways in which trees can be grown 
together with crops and/or animals in agroforestry systems, and the 
relative scarcity of scientifically validated information on these 
combinations, it is no small matter to decide which agroforestry 
practices are best for a given land-use situation or which 
technologies exert a priority call on scarce research resources. The 
challenge of identifying research priorities in a field as complex, 
as enthusiastically embraced, and as initially underfunded as 
agroforestry was a central preoccupation of ICRAF's early programme 
of work, resulting in the Council's Diagnosis and Design methodology 
(D&D). 

Since the beginning of systematic diagnosis and design work in 
1981, ICRAF has carried out D&D field exercises in collaboration 
with scientists and development workers in some 15 countries. Of the 
total of 60 land-use systems surveyed to date, 56 case studies have 
been preserved in written form, 45 in Africa, 4 in Asia, and 5 in 
Latin America. In this development, Kenya has played a special role 
— not only as the most convenient location for field trials of the 
early D&D methods, but as a source of active collaborators in the 
development of the approach. 
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WHAT IS D&D? 

"What is D&D?" has been asked since the beginning of ICRAF's 
work on D&D and it is still being asked today as more and more 
people come into contact with the methodology. In the first 
instance, D&D is a family of procedures for the diagnosis of land-
management problems and potentials and the design of appropriate 
agroforestry interventions. Ultimately, D&D refers also to the body 
of heuristic knowledge and practice that is called upon in making 
the sequence of decisions called forth in the application of D&D 
procedures. 

To grasp the full meaning of D&D it is important to understand 
why we speak of it as a family of procedures, rather than just a 
single procedure. When work on the D&D methodology first started at 
ICRAF there was a tendency to think of this work as leading, through 
repeated trial and user feedback, toward a single, optimized set of 
procedures. However, we soon discovered that different users had 
different needs and resources and preferred to use differently 
adapted forms of the same underlying logic. As a consequence of this 
openess to user modification and feedback, D&D has retained its 
essential flexibility and has evolved, like medical diagnosis and 
treatment, into a varied body of literature and practice (see 
Raintree, 1987a for a recent state-of-the-art review). 

The operational context in which D&D was first developed and 
applied was the need for a coherent, interdisciplinary, rapid 
appraisal methodology for use by multidisciplinary teams in 
formulating research plans for national agroforestry programmes. 
This is still the most prevalent use of the D&D methodology-within 
ICRAF's research network, but the basic framework is now used for 
other purposes outside this network by other researchers, as well as 
by extensionists and rural development workers. There has been a 
certain tendency for each set of D&D users to think of their 
particular variant of the D&D approach as the D&D methodology, but 
it is clear in a more neutral perspective that the D&D approach is 
broader and more powerful than any one of its user-specific 
variants. This is as it should be because the D&D approach is based 
on a universally applicable problem-solving logic that is grounded 
in common sense. 

BASIC LOGIC OF AGROFORESTRY D&D 

In the medical profession, where the diagnostic approach has 
reached its highest development, there is a saying that "Diagnosis 
should precede treatment." It is a common experience in all 
professions that a clear definition of a problem is often all that 
is needed to suggest the outlines of a solution. This logic is so 
fundamental to human problem-solving capabilities as to appear, like 
the human capability for language, to be almost a species 
characteristic. As such it is expressed in many forms. When applied 
systematically to the diagnosis of land-use problems and design of 
agroforestry solutions, it takes the form of the logical framework 
shown in Table 1. 
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Table 1. The Basic Logic of Agroforestry Diagnosis and Design. 

BASIC QUESTIONS KEY FACTORS TO CONSIDER 

Prediagnostic stage 

WHICH LAND-USE SYSTEM? 

HOW DOES THE SYSTEM WORK? 

Diagnostic stage 

HOW WELL DOES THE SYSTEM WORK? 

Design and evaluation stage 

HOW TO IMPROVE THE SYSTEM? 

Planning stage 

WHAT TO DO TO DEVELOP AND 
DISSEMINATE THE IMPROVED 
TECHNOLOGY? 

Implemenation stage 

HOW TO ADJUST THE PLAN OF 
ACTION TO NEW INFORMATION? 

Distinctive combinations of 
resources, technology and 
land-user objectives 

Production objectives and 
strategies, subsystems and 
components 

Problems in meeting 
objectives, causal factors, 
constraints, and intervention 
points 

Specifications for problem-
solving or performance-
enhancing interventions 

R&D needs, extension needs 

Feedback from research and 
extension trials, independent 
farmer innovations, etc. 

This logical framework is equally applicable to research and 
extension activities. If the envisaged agroforestry technologies 
already exist, the design result can be applied directly as a guide 
for agroforestry interventions by extension agents and rural 
development workers. If the envisaged technologies have not yet been 
developed or are not yet sufficiently well understood to warrant 
confidence in extending them to farmers, the design then serves as a 
basis for identifying the research gaps that need to be filled to 
develop the required technologies. What is methodologically most 
significant is the way in which D&D can be used to amplify the 
practical impact of research by relating the research objectives to 
specific development objectives. 
Because of the exigencies of the research planning process, most 

of ICRAF's D&D applications to date have been carried out within the 
time constraints of a "rapid appraisal" exercise (Chambers and 
Carruthers, 1981). Specific techniques have been developed to 
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sharpen the accuracy of such time-limited applications, but there is 
nothing within the logic of D&D to discourage longer, more thorough 
going applications if time and human resources permit. Successful 
D&D requires intelligent and flexible use and adaptation of various 
diagnosis and design procedures. 

Definition of "The System" for D&D Purposes 

The focus of D&D is the land-use system. Because different 
systems have different problems and require different solutions, D&D 
results tend to be system specific but not site specific. This is 
because the same basic land-use system may be found over a wide 
geographical area, spanning many sites. Ideally, for the best 
results, each distinct land-use system should have its own diagnosis 
and design exercise. In practice, however, depending on the purpose 
of the application, shortcuts might be taken. 

For the purposes of a D&D exercise, a land-use system is 
defined as a distinctive combination of several interrelated 
factors: the land resources exploited by a particular technology to 
meet the production objectives of a particular type of land user. 
This definition Contrasts with other commonly used definitions of 
land-use system in the emphasis it gives to the land user as part of 
the system. In a strict application of formal systems theory it is 
incorrect to leave the land user out of the definition of the system 
because a system so defined would be lacking a central control 
element. Any theoretically respectable formulation must recognize 
that land-use systems are definitely organized by human purpose. In 
purely practical terms, if the human element is left out of one's 
mental picture of "the system", it becomes all too easy to overlook 
the specific objectives around which the system is organized. Often 
the key to the accurate delineation of land-use systems for 
diagnosis and design purposes is the recognition of distinctive user 
groups (Rocheleau, 1987a). 

Basic Needs Approach 

Although there is nothing in the core logic that makes it 
obligatory, one of the most commonly employed D&D techniques is the 
use of a "basic needs approach" as the starting point for assessing 
the performance of production subsystems in meeting the objectives 
of the land user. A "production subsystem" is defined for D&D 
purposes as all resources, activities, and decisions involved in the 
production of a desired output. This output-oriented approach to the 
definition of subsystems cuts across the divisions created by 
disciplinary or structurally oriented approaches (e.g., "crop 
subsystem", "livestock subsystem", etc.) and it has the advantage of 
being consistent with many useful types of input/output analysis. 

Using the basic needs approach, rapid entry into the 
diagnostically relevant features of the system is effected through 
the use of a locally adaptable but universally applicable checklist 
of "basic needs": food, fuel, water, shelter, raw materials for 

\ 
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Table 2. Potential Roles of Trees and Shrubs in Satisfying Basic 
Human Needs 

FOOD 
1. Human food from trees (fruits, nuts, leaves, cereal substitutes, 

mushrooms, etc.) 
2. Livestock feed from trees (moving down the trophic chain) 
3. Fertilizer from trees for improving the nutritional status of 

associated food and feed crops through (a) nitrogen fixation, 
(b) access to greater volume of soil nutrients through deep-
rooting trees, (c) improved availability of nutrients associated 
with higher CEC and organic matter levels, (d) mycorrhizal 
associations 

4. Soil and water conservation effected by runoff and erosion-
controlling arrangements of trees in farming systems (indirect 
benefits through enhanced substainability of cropping systems). 

5. Microclimate amelioration associated with properly designed 
arrangements of trees (e.g., shelterbelts, dispersed shade 
trees) in crop and grazing lands (indirect production benefits) 

WATER 
1. Improvement of soil moisture retention in rainfed cropping 

systems and pastures through improved soil structure and 
microclimatic effects of trees 

2. Regulation of streamflow for reduction of flood hazard and more 
even supply of water through various watershed protection 
practices involving trees 

3. Protection of irrigation works by hedgerows of trees 
4. Improvement of drainage from waterlogged or saline soils by 

phreatophytic trees 
5. Increased biomass storage of water for animal consumption in 

forage and fodder trees 
6. Purification of drinking water 

ENERGY 
1. Firewood for direct combustion 
2. Pyrolytic conversion products (charcoal, oil, gas) 
3. Producer gas from wood or charcoal feedstocks 
4. Ethanol from fermentation of high-carbohydrate fruits 
5. Methanol from destructive distillation or catalytic synthesis 

processes using woody feedstocks 
6. Oils, latex, other combustible saps and resins 
7. Augmentation of wind power using tree arrangements to create 

venturi effects 

SHELTER 
1. Building materials for shelter construction 
2. Shade trees for humans, livestock, and shade-loving crops 
3. Windbreaks and shelterbelts for protection of settlements, 

croplands, pastures and roadways 
4. Fencing (living fences, fence posts, cut brush fences, etc.) 

RAW MATERIALS (for local industries) 
1. Wood for a variety of craft purposes 
2 Fibre for weaving industries 
3. Fruits, nuts, etc., for drying or other food-processing 

industries 
4. Tannins, essential oils, medicinal ingredients, etc. 
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CASH 
1. Direct cash benefits from sale of tree products 
2. Indirect cash benefits from productivity increases (or input 

savings) 

SAVINGS/INVESTMENT (as insurance against contigencies/for future 
goals) 
1. Addition of a savings/investment enterprise to farms lacking one 
2. Improvement of existing savings/investment enterprises (e.g., 

fooder for cattle as savings on the hoof) 

SOCIAL PRODUCTION 
1. Production of any of the foregoing goods for socially motivated 

exchange (e.g., bride price or dowry, funeral and other 
ceremonial occasions, political expenses, etc.) 

2. Increased cash for social expenses (ritual expenses, development 
levies, political contributions etc.) 

local industry, cash, savings/investment, and social production. The 
utility of this approach in identifying potential contributions of 
agroforestry to the performance of basic needs subsystems is 
demonstrated in Tables 2 and 4. 

The assumption behind this approach is that, whatever else they 
might do, land-use systems are organized to satisfy these basic 
needs. In commercially oriented systems, the strategy of the land 
user is to produce enough cash to purchase what is needed. The 
vulnerability of this strategy is that when scarcities of basic 
commodities prevail cash cannot always be readily converted into the 
needed commodities at a reasonable price. In subsistence-oriented 
systems, basic needs are satisfied more directly from the resources 
at the disposal of the land user. In any case, a separate assessment 
should be made of the performance of the land-use system in meeting 
each of these basic needs. 

As done in D&D applications, those subsystems with performance 
problems then become the focus of an in-depth trouble-shooting 
exercise to uncover the relevant causal factors, problem-generating 
syndromes and key constraints. The analysis of key constraints then 
suggests the leverage points at which specific functional 
interventions are likely to have the greatest impact on system 
performance. In the logic of D&D, the analysis of functional 
potentials then defines the core of the "specifications" for 
appropriate technologies. 

Iterative Nature of D&D 

It stands to reason that any rapid appraisal methodology used 
to initiate research or development activities must be followed by 
continued monitoring and evaluation of the situation as it develops 
over the course of the project. In the D&D framework, this internal 
monitoring and evaluation process takes the form of a reiteration of 
the basic diagnosis and design process to refine the original 

44 



diagnosis based on more in-depth information resulting from 
continuous exposure to the site and to improve the technology 
design in the light of new information from on-farm trials with 
farmers, more complex and rigidly controlled on-station experiments 
and eventual extension trials in a wider range of potential sites 
(see Fig. 1). 

Fig. 1. Feedback between components of an R&D project using 
iterative D&D for monitoring and evaluation of progress toward 
project goals. 

The iterative D&D process provides a basis for close feedback 
and complementarity between the different components of an R&D 
project. By adjusting the plan of action to new information, the D&D 
learning process becomes continuous and self-corrective. Ideally, it 
shouldn't stop until the design is well optimized and/or further 
refinements are judged not worth the additional effort. Until that 
point is reached, the D&D logic can be used to identify fresh 
opportunities for progressive refinement and adaptation of the 
experimental technologies to the needs of the client system. The 
farmers themselves are often the best source of relevant design 
improvements and, in any case, the ultimate fine tuning of the 
technology is best left to the intended beneficiaries, (see Scherr, 
1988a and 1988b for a systematic follow-up on farmer adoption and 
modification of agroforestry technologies based on an initial D&D 
analysis.) 
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VARIABLE SCALE D&D METHODS 

There are numerous ways of applying the basic D&D logic. Which 
of several variations is used depends on the purposes and resources 
of the user, the geographic scale and time frame of the application, 
and what is already known about the area. The most important 
procedural variations are those that have been developed for 
different scales of application. 

For research purposes, we isolate and simplify the phenomena we 
are studying but, in reality, we are always confronted with a 
hierarchy of systems: the plant, the plot, the farm, the local 
community or ecosystem, the regional economy, the national political 
system, the world economic order, the biosphere, etc. The hierarchy 
of natural complexity can be extended further in both directions, of 
course, but for D&D purposes it has been useful to develop methods 
for three scales of application (Table 3). 

Table 3. Variable Scale D&D Methods 

Scale Focal system or unit 

Micro Household management unit (e.g., the family farm, household 
herd, or other elementary land-management unit) (Raintree, 
1981, 1982; Raintree and Torres, 1982; Raintree and Young, 
1983; Hoekstra and Kuguru, 1983; Huxley and Wood, 1984; 
numerous AFRENA applications, CARE Kenya ) 

Meso Local community or ecosystem (e.g., a neigbourhood, 
village, or small watershed) (Rocheleau and Hoek, 1984; 
Rocheleau, 1984; Duchhart, 1988; CARE Kenya) 

Macro Region, country, ecozone (Torres, 1985; Scherr, 1987; 
Scherr in press, numerous AFRENA applications) 

Microscale D&D: Household-Level Focus 

The microscale D&D was the first of the three sets of D&D 
methods to be developed (Raintree, 1981; Raintree and Torres, 1982). 
The decision to focus the initial D&D work on the elementary land-
management unit—in most cases the "household"—was based on the 
premise that this is where most of the land-management decisions 
relevant to agroforestry are made and that it is primarily these 
decisions that must be affected if agroforestry is to have a 
significant impact on the landscape. 

The basic needs approach works best at this scale of 
application. It provides a quick means of identifying the relevant 
production subsystems within the household economy and sets the 
stage for the problem assessment and troubleshooting analyses that 
follow. Problems are identified in terms of poor performance in 
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meeting the objectives of the land user (usually "supply problems" 
in the form of seasonal or chronic shortages of desired goods, 
exorbitant labour demands for firewood or fodder collection, 
insufficient cash income, etc.). The D&D team then probes the causes 
of the identified problems with the farmer, using a troubleshooting 
logic (what is causing this problem? what is causing that? why is 
this so? why is that so?—and so on until the team feels it has got 
to the bottom of the problem). Each of the identified causal links 
in the etiology of the problem is a potential leverage point for a 
functionally appropriate agroforestry intervention (see Fig. 2). 

Fig. 2. Causal diagram showing the etiology of the low-yield 
syndrome in the Rathama farming system in Kenya (source: Raintree, 
1982) 

This approach has the advantage of clearly linking the 
diagnosis of technical subsystems to the objectives of the producer 
and of streamlining the inquiry to focus on those subsystems with 
problems and/or potentials for improvement, thus avoiding a lot of 
irrelevant information gathering. In practice, of course, the 
farmer's perceptions of problems, causal factors, and potential 
improvements are supplemented by direct field observations of the 
D&D survey team. Great emphasis is placed on open discussion with 
household members and neighbours to resolve contradictions and 
arrive at a common understanding of the situation. This then 
provides the basis for a lively discussion of agroforestry 
potentials and research needs with the farm household. Table 4 
summarizes the results of a typical household level D&D analysis. 
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Limitations of the Household Focus 

As important as the individual farm or household 
decision-making unit may be as a focal point for agroforestry D&D, 
it must also be acknowledged that the D&D procedures used at this 
scale may not provide complete coverage of all the diagnostically 
relevant factors. One very significant limitation is that the focus 
on smallholder farms and other landed production units contributes 
little to an understanding of the needs of landless rural residents 
who may not even possess a farm. 

A second limitation is that not all of the land-use problems 
experienced by people originate within a single farm, nor can they 
always be solved by action at the individual household level (e.g., 
the effects of runoff from farms in the upper watershed on erosion 
problems on farms downslope, overgrazing of the commons, land for 
the landless, etc.). Such problems may require a larger-than-farm 
approach both to the diagnosis of problem causes and to the design 
of appropriately scaled solutions. An exclusive focus on household-
level interventions may also forego important opportunities for 
"socializing" agroforestry development by taking advantage of group 
learning processes and other dynamics associated with larger scales 
of social organization. 

Another important consideration is that "the household" is not 
always a homogeneous interest group. In Africa and elsewhere, men 
and women within the same household may have very different 
production rights and responsibilities, different degrees of access 

• to or control over credit, capital inputs, labour, and 
decision-making and, therefore, very different responses to 
agroforestry opportunities. This may necessitate a special effort 
within a variable scale D&D approach to distinguish different types 
of households (e.g., women-headed households, households with a 
high dependency ratio, etc.) and different types of producers within 
a household, each of which may require specially designed 
agroforestry alternatives. Adequate attention must also be given to 
extra- household constraints and opportunities, e.g., land and 
tree-tenure regulations (Raintree, 1987), the use of off-farm 
resources, and the role of community-based groups as an alternative 
focus for agroforestry activities (Rocheleau, 1984). 

For planning purposes, the most obvious limitation of the 
household-level approach is that the scale is simply not big enough 
for large-scale agroforestry undertakings, like national or regional 
agroforestry R&D programmes. Something more is needed than just an 
aggregation of individual site results; sites must be placed within 
a regional, environmental, economic policy, and programme-planning 
context (Fig. 3). 

49 



Fig. 3. General framework for large-scale D&D applications with 
nested macrolevel prediagnostic and microlevel D&D activities 
(source: Raintree 1987a; adapted from Young 1985). 

MACROSCALE D&D: REGI0N/C0UNTRY/ECOZONE LEVEL 

The impetus to develop methods to facilitate large-scale 
applications of D&D principles has sprung mainly from the 
development of the AFRENA programme of continent-wide collaborative 
research networks in Africa. For purposes of implementing large-
scale research planning and training activities (Torres, 1985, 1986) 
in the AFRENA programme, the D&D approach shown in Fig. 3 has been 
adapted along the lines shown in Table 5. 
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Table 5 Stages in the AFRENA Research Planning Process Incorporating 
Macro and Micro Level D&D Activities (source: Scherr in press) 

Institutional arrangements 
Set up a multi-institutional National Agroforestry Committee that 
appoints a National Agroforestry Task Force to carry out planning 
activities 

Zonal description 
Delineate land area within target ecological zone 
Describe general biophysical and socioeconomic characteristics of 
target ecological zone 
Review policy factors affecting agroforestry priorities and 
programmes in the target zone 
Identify and evalutate research institutions that could participate 
in agroforesty research, and development institutions that could 
collaborate in on-farm research 

Land-use description 
Identify major land-use systems within the target zone 
Characterize land-use systems and identify key system constraints 
(complete worksheets for "Land-Use System Evaluation" and prepare 
"Land-Use System Summaries") 

Evaluation of agroforestry potentials 
Identify candidate agroforestry technologies for each system by 
"matching" technologies with system characteristics described in 
worksheets 
Carry out "macro D&D" mission with experienced ICRAF agroforesters 
to propose specific technologies and research approaches (resulting 
in a country "Blueprint for Agroforestry Research") 

Prioritization of systems and technologies for research 
Identify priority land-use systems and priority agroforestry 
interventions for national agroforestry research (priorities set by 
National Agroforestry Committee) 
Organize zonal planning workshop to identify priority land-use 
systems and agroforesty interventions for zonal research and 
possible research complementarity 

Design of specific research projects 
Prepare for "micro D&D" mission: choose research sites, collect 
background data for the sites and identify mission information 
needed for research design 
Carry out "micro D&D" mission in representative sites of the 
priority land-use systems to verify "macro D&D" hypotheses and 
finalize specifications for proposed interventions 
("Micro D&D Report") 
Organize research design workshops to develop research guidelines, 
experimental sequence, tentative research designs, and division of 
labour among research institutions ("Proposal for Agroforestry 
Research") 
Complete detailed research planning, including research designs 
assessments, administrative planning, selection of MPTs 
("Agroforestry Research Protocols") 
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The process shown in Table 5 consists basically of a 
combination of "macro" and "micro" D&D procedures. The "macro D&D" 
exercise results in a comprehensive broad-brush treatment of the 
main agroforestry-related problems and potentials in a national or 
ecozonal perspective. This has proven to be the right level of 
resolution for initial identification of national research 
priorities (which land-use systems and agroforestry technologies to 
focus on), but the formulation of more detailed research plans and 
prototype technology designs requires a "micro D&D" exercise in the 
target land-use system. 

Within the multicountry networks for each AFRENA ecozone, each 
participating country is following more or less the same procedures, 
and personnel have been made available to carry out the various 
steps and to backstop the entire effort from ICRAF headquarters. 
This has made it possible to give more specificity on the 
methodological procedures. Detailed guidelines for implementation of 
critical steps in the AFRENA research planning process have been 
produced (Scherr, 1987; Scherr in press) and others are planned. 

Using macro D&Ds to delineate broad land-use patterns and 
agroforestry potentials, supplemented by micro D&Ds to provide 
site-specific "ground truth" information and give more detail to the 
proposed agroforestry design concepts, this combination of macro and 
micro D&D methods is an effective approach for the identification of 
priorities for large-scale, technology-generating, research 
programmes. It achieves the right level of resolution for most 
research-planning purposes. By itself however, the combination of 
macro and micro D&D fails to address one of the most important 
scales of resolution for community development purposes. 

MESOSCALE D&D: COMMUNITY/WATERSHED LEVEL 

Methods for this scale of D&D have been developed and applied 
at sites in Kenya (Rocheleau, 1983a, 1983b, 1984, 1985; Rocheleau 
and Vonk, 1983; Rocheleau and Hoek, 1984; Duchhart, 1988) and India 
(ICRAF and ICAR, 1986; Rocheleau, 1987a). The most distinctive 
elements of these methods are: 

Working with larger-than-farm-scale units of landscape and 
ecosystem analysis and design, 
Identification of agroforestry opportunities through analysis 
of potential spatial and functional complementarities within 
the larger system, and 
Community group process approaches to the organization of 
agroforestry activities. 

Landscape and Ecosystem-Level Methods 

The clearest example of the first type of analysis is given in 
the case study materials from ICRAF's Kathama research site in 
Kenya. Following an initial phase of household level D&D, a 
full-scale landscape planning exercise was conducted and an 
agroforestry plan for erosion control within the watershed was 
developed (Hoek 1983) along with detailed designs for rehabilitation 
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and productive use of degraded lands between farms and other common 
access areas (Rocheleau and Hoek, 1984; Rocheleau, 1983). In a 
sample catchment area, aerial photos were analyzed to identify 
linear features of the landscape where hedgerows of multipurpose 
trees might be planted (see Fig. 4). The study concluded that if all 
of the available linear tree-planting niches (roadsides/paths, farm 
boundaries, and watercourses) were planted with the appropriate 
trees, some 50 percent of the fuelwood and 40 percent of the fodder 
requirements of households living in the catchment area could be met 
from these plantings alone, at little or no opportunity cost to 
existing agricultural land use and with significant benefits to soil 
and water conservation in the catchment area (Rocheleau and Hoek, 
1984). 

MASTER PlAN 

Fig. 4. Proposed agroforestry interventions in the Kathama Watershed 
(source: Rocheleau and Hoek 1984). 
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Another type of mesoscale D&D analysis examines differences 
between land-use systems in different landscape zones within an 
area, to determine whether opportunities exist for complementary 
production. An example of this would be the production of fuelwood 
or fodder by low-resource farmers in the upper watershed for sale to 
fuel-scarce commercial farmers in the valley bottoms (Rocheleau, 
1983a). A variation on this type of "spatial opportunity" analysis 
is used to ascertain which landscape niches on farms and within the 
general environment are used by different land users (men, women, 
farmers, herders, landless, etc.), for what purposes (cash cropping, 
subsistence cropping, grazing, gathering of natural products, etc.), 
and under what terms of access and degree of tenure security 
(Rocheleau, 1987a, Rocheleau, 1987b). This kind of analysis of user 
needs in relation to landscape opportunities requires a high degree 
of social sensitivity as well as a good eye for landscape processes, 
but it may hold greater promise for achieving equity goals in 
complex and socially stratified landscapes than simpler forms of 
diagnosis and design. 

Small-Group Processes 

At the other end of the spectrum of mesoscale methods are the 
various "group-process" approaches that seek to maximize direct 
local participation in agroforestry activities in the hope that the 
people themselves will sort out the most effective and equitable 
development of agroforestry potentials in the landscape. Insofar as 
more formal, research-oriented approaches to D&D have demonstrated 
an unfortunate but understandable tendency to simplify the landscape 
and focus on a reduced set of "priority" interventions, 
encouragement of a more participatory and opportunistic 
"do-it-yourself" approach of this type may afford the best way of 
tailoring agroforestry designs to the complexities of local land-use 
systems. 

In some cases, a group activity approach is necessitated by 
resource constraints at the farm level. For example, at the Kathama 
site in Kenya, lack of water for tree seedlings during the dry 
season was a severe constraint on household-level agroforestry 
nurseries. This impediment was overcome by the formation of 
small-scale nurseries operated by neighbourhood self-help groups and 
located near a year-round well or spring owned by one of the group 
members (Raintree and Rocheleau, 1987; Rocheleau, 1984). 

Use of group-level processes may also offer certain 
methodological advantages. For example, in D&D activities in CARE's 
Agroforestry Extension Project in Siaya District in Western Kenya, 
group interviews have been used as a basis for project planning and 
have been found to be a better way of getting at certain kinds of 
diagnostic information than individual household interviews. By 
exposing conflicting interests (e.g., men's vs. women's trees) and 
creating a forum in which different user perspectives can be aired, 
group interviews can be an effective way of stimulating lively 
discussion of land-use conflicts and agroforestry alternatives 
within the farmer's own peer group (Rocheleau, 1984). 
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It is a well-known principle of extension communication that 
discussion of new ideas within one's own peer group is an important 
component of the adoption decision process. One tactic based on this 
principle that was successfully employed in the Siaya project was to 
ask the group members to prepare themselves for the next meeting 
with the project facilitator by discussing among themselves how, 
where and which trees they might best plant on their farms 
(Rocheleau, 1984). The quality of the diagnostic information about 
the people's own assessment of agroforestry-related needs and 
potentials was found to be in some ways superior to what could be 
obtained from dialogues between farmers and researchers alone. 

If you want to know what people really think about a new 
technology, what they say about it is almost always less informative 
than what they do, One way in which the group nursery approach used 
in the Kathama and Siaya projects contributed to the improvement of 
diagnostic information was through the monitoring of which types of 
trees (fruit, fodder, fuelwood, green manure, etc.) individuals 
actually preferred to produce and take home with them from the 
nurseries (Rocheleau, personal communication). This kind of 
behavioral information can give a better reading of felt needs than 
any amount of diagnostic discussion. In responding to this kind of 
user feedback by adjusting the type of seed provided to the 
nurseries, projects using this approach demonstrate one example of 
what is meant by iterative diagnosis and design. 

The CARE Agroforestry Extension Project (AEP) in Kenya has 
found that in order to get an adequate appreciation of differences 
between different types of farms, group process techniques need to 
be supplemented by household-level D&D surveys. The combination of 
group and household-level D&D discussions, together with 
small-scale, group-operated nurseries with individually owned shares 
of the seedling produce, seems to be a highly effective formula for 
rapid growth of participation in agroforestry projects. The cost-
effectiveness of a group approach in terms of project personnel, 
together with the social efficiencies of group action, made it 
possible for the AEP to reach an impressive 10 percent of the 
population of the district with direct extension inputs by the end 
of its third year. As a benchmark indication of the potential of 
this approach it is interesting to note that in the main planting 
season of 1986, participating local nursery groups produced and 
planted out no less than 1.5 million seedlings (Remko Vonk, personal 
communication). See Buck (forthcoming) for a comprehensive and 
delightfully readable training manual on D&D and other aspects of 
the CARE approach to agroforestry extension. The D&D methodology 
continues to adapt and evolve in the hands of different user groups. 
There is little doubt that Kenyan agroforestry projects will 
continue to play an active role in this process. 
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LAND-USE SYSTEMS IN KENYA AND THEIR 
AGROFORESTBY POTENTIAL 

S. Minae, I.N. Kaaau, and B. Jasa, International Council for 
Research in Agroforestry (ICRAF), P.O. Box 30677, Nairobi, Kenya 

Abstract The role that Kenya accords agroforestry is 
best illustrated by the 15 government policy interventions 
that have had direct and positive effects on agroforestry 
development. All these were published between 1971 and 1987 
and have been interpreted into various agroforestry activities 
by government executive agencies, nongovernmental 
organizations, donors, and individual farmers. 

This development, however, has not been matched by answers 
to basic questions relating to agroforestry; for example, 
trees for what purpose, which trees, where should they be 
planted, and how should they be managed? To answer these 
questions, it is important to identify the existing land-use 
systems and their production constraints and then to derive 
from them the agroforestry potential. This is the approach 
taken in this paper. It is based on two land-use studies that 
the International Council for Research in Agroforestry (ICRAF) 
has participated in between 1987 and 1988. The first was under 
a regional agroforestry programme covering the bimodal high
lands of eastern and central Africa. The second covered the 
rest of Kenya, particularly the coastal region and the arid 
and semi-arid areas. 

The ICRAF approach of diagnosis and design (D&D) methodology 
(Raintree, 1987) was used in two land-use studies that ICRAF 
participated in between 1987 and 1988. The first one was under a 
regional agroforestry programme covering the bimodal highlands of 
eastern and central Africa (Minae and Akyeampong, 1988). The second 
study was specifically carried out to cover the rest of Kenya, 
particularly the coastal region and the arid and semi-arid areas. 
This methodology involves analyzing the land use by describing the 
main activities and components of the system in terms of 
organizational structure, farm resources, socioeconomic situation 
including the land-tenure system, and physical and environmental 
factors. The performance of each system is also analyzed in terms 
of levels of inputs, outputs, and efficiency in utilizing farm 
resources. Finally, the constraints of the system are identified, 
including production potentials not fully exploited. In so doing, 
the major causes of the constraints are also identified. 

The second phase of the analysis involves making proposals for 
agroforestry interventions by matching agroforestry technologies 
with land-use requirements. This requires identification of the 
systems' landscape niches and their present uses and the possible 
role they could play in agroforestry. The analysis then comes up 
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with possible trees species and their management for the identified 
agroforestry technologies. 

As is the case with the D&D methodology, there was extensive 
use of secondary data. Of particular relevance was the Ministry of 
Agriculture Farm Management Handbook of Kenya (Jaetzold and Schmidt, 
1982). Other invaluable documents included district and divisional 
annual reports on agriculture, livestock, and forestry (see ref.). 

Discussions were held with the district and divisional 
government officials representing land-use-oriented disciplines, 
i.e., agriculture, livestock development, and forestry. These 
officials always accompanied the survey teams on field exercises. 
Development projects, particularly those on agroforestry and tree-
planting components, were another source of information. 
Observations of the land-use systems by multidisciplinary teams, and 
discussions, were other methods of generating information. Farmers 
were interviewed to get their perspective on the performance, 
constraints, and agroforestry potentials of the systems. 

As physical and environmental characteristics are requirements 
in describing a land-use system, it was found necessary to adopt one 
of the classifications for these parameters in wide use in the 
country. The agroecological zones described in the Farm Management 
Handbook (Jaetzold and Schmidt, 1982) were utilized. A table of the 
main agroecological zones of Kenya is reproduced here for ease of 
reference (Annex 1). 

For various reasons, it was not always easy to delineate and 
designate land-use systems. The field survey was designed to be of 
short duration, but long enough to assess the major characteristics 
of the systems without necessarily covering them in totality. It 
was, therefore, not easy to come up with the exact system boundaries 
based entirely on the fieldwork. Secondary information, particularly 
that coming from district and similar reports, is based on 
administrative boundaries rather than land-use systems. The Farm 
Management Handbook delineation is based on the potential as opposed 
to what is actually on the ground. Although these two were found to 
be closely interrelated, they did not always coincide. 

A land-use system often varied from place to place. For 
example, the management aspect of the coffee-based system was 
different in the Central Highlands from that in Western Kenya. In 
some cases, such differences could mean slightly different 
agroforestry potentials. These types of variations are beyond the 
scope of this presentation and would require deeper treatment in a 
detailed study. 

The change from one system to another is usually gradual. 
Transitional systems incorporating aspects of two adjoining systems 
are often recognized. A case in point is the tea/coffee zone where 
farmers grow both crops. Such transitional systems have not been 
discussed here. 

The naming of the systems was tricky. We have based this on 
what was considered the main or important components. In most cases, 
the names coincided with those in the Farm Management Handbook. 

There are major differences between small-scale subsistence-
oriented production systems and large-scale commercial production in 
terms of farmer objectives, levels of inputs and management, and the 
ability to absorb risks. For these reasons, the two are recognized 
as separate systems despite similarities in the components. The 
focus of this presentation are the small-scale-based land-use 
systems. 
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LAND-USE SYSTEMS 

In the delineation of land-use systems for the purpose of 
identifying appropriate agroforestry technologies, the guiding 
principle is the performance of each system in its totality. Thus, 
the agroforestry potentials that determine the technology's 
function, arrangement, and management of the tree component are 
mainly determined by the existing/future land use on the basis of 
its structure and level of management. This is in turn determined by 
biophysical and socioeconomic factors. The main biophysical and 
socioeconomic factors considered in the delineation process are 
given in the following: 

(a) Biophysical factors 
- Altitude - which affects temperature, evaporation rates, and 

length of growing season and, hence, the choice of the crops 
grown. 

- Rainfall - in particular its distribution (which affects the 
choice of crops and number of cropping seasons) and also the 
problems associated with its distribution (dry-season fodder 
gaps). 

- Soil and land form - in particular the relative soil 
fertility, erodibility, and special characteristics like 
acidity. These affect the choice of land use. 

- Tree cover - in particular in relation to the availability of 
wood products, fruits and landscape protection and cover. 

(b) Socioeconomic Factors 
- Population density and structure - this affects overall land 
use and land-use intensity, and labour availability on farm. 

- Government policies as they affect the system's development. 
- Access to markets, infrastructure, and support services -

these influence the choice of crop and livestock activities. 
- Farming practices - in particular, methods of cultivation and 
use of farm inputs and implements. 

- Tenure - with regard to the planting of trees. 
Because agroforestry potentials are only known after the 

different systems are identified, the process of delineation is an 
iterative one in which initially delineated systems may be merged or 
disintegrated. 

Since the land-use analysis is made from a macro perspective, 
the identified systems are rather broad in scope, and variations 
within a system in terms of slight differences in agroforestry 
potentials do exist. Only when variations in the system are major 
have they been used. 

While the delineation of a land-use system makes use of already 
existing farming systems/ecological zones classification, the number 
of land-use systems identified is usually less because similar 
agroforestry potentials can cut across several systems and hence 
there is no need to differentiate between them. 
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It is often difficult to determine how to establish the 
boundaries of each land-use system. The approach we have used in 
ICRAF is that if there is one single feature which is significantly 
different from the point of view of the land-use system's 
characteristics, the degree of importance of a constraint or the 
potential agroforestry intervention, then it will be distinguished 
from another system with similar characteristics. Nevertheless, most 
of the systems have transitional zones as we move from one system to 
the next. Thus, there are systems which will have similar 
characteristics on the basis of (a) being in the same agroecological 
zone, (b) growing similar crops under similar management, 
(c) keeping livestock under similar management and of similar 
breeds, and 
(d) having similar constraints. 

Thus, although we distinguish them, one should also bear in 
mind their similarities when proposing agroforestry interventions. 
The following broad land-use systems were identified in Kenya. They 
are described briefly in the following discussion and in Tables 1, 
2, and 3. The areas where they are located are shown in Map 1. 

Coffee-Based System 

Location: Lower slopes of Mt. Kenya, Aberdares, and Mt. Elgon and 
highlands of Kisii and Kericho. Located in Nyeri, Muranga, 
Kirinyaga, Embu, Meru, Kiambu, Kisii, Kakamega, Bungoma, and Siaya 
districts. 

Main features: This is the most intensive system having the highest 
population density. Coffee is the most important enterprise in terms 
of cash generation and demand for farm inputs and resources. The 
main foodcrops are maize, beans, bananas and Irish potatoes. 
Livestock is an important component especially where dairy is well 
developed. Most farmers have planted fodder in small plots or in 
grass strips along contours. Fruit trees are intercropped with food 
crops. Significant numbers of farmers have planted trees for 
fuelwood/timber, poles, on small woodlots and/or boundary planting. 

Constraints: The main constraints are declining soil fertility due 
to continuous cropping; soil erosion due to cultivation on steep 
slopes is also important. The area devoted to fodder production is 
not adequate to meet feed requirements especially in the dry season. 
The demand for wood products is higher than the supply. 

Agroforestry potentials: Bearing in mind that land and labour have 
high opportunity costs, the agroforestry interventions we have 
proposed mainly focus on intensification of the system by providing 
fruits, supplementary fodder, reinforcing present efforts of soil 
conservation, and increasing on-farm wood production. 

Tea-Based System 

Location: Upper slopes of the highlands in Kiambu, Nyeri, Muranga, 
Kirinyaga, Embu, Meru in central highlands; and Kericho, Nandi, 
Kakamega, Kisii in the western highlands. 
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Main features: The land-use system has the highest capacity to 
generate cash from tea and dairy which are the main cash 
enterprises. Temperate fruits and vegetables also do well in this 
system. Maize is the main foodcrop, but due to the high altitude 
there is only one growing season per year. Soils are of volcanic 
origin and tend to be acidic. Some areas of the land-use system have 
very steep slopes and V-shaped valleys. 

Constraints: Acidic soils, low temperatures, and steep soils limit 
the number of crops that do well in the system. The steep slopes 
also lead to serious soil erosion concerns. The system has potential 
to expand dairy enterprise by increasing fodder production. 

Agroforestry potentials: The land-use system has, as in the coffee-
based system, high opportunity costs on land and labour. The low 
temperatures also reduce our choice of agroforestry technologies. 
Our emphasis for the system is therefore to intensify fruit 
production, wood products, and fencing for grazing lands. 

Pyrethrum-Potato System 

Location: This is a high-altitude system found in Nyandarua, 
Kericho, Nakuru, Uasin Gishu, Narok, Kiambu and, Meru districts. 

Main features: This is a high-altitude system where vegetables such 
as carrots, peas, cabbages, kale, Irish potatoes, and temperate 
fruits are important. Pyrethrum is produced as a cash crop. Dairy 
and sheep are important components in this system. Part of the 
system consists of new settlements from sub-division of former 
large-scale farms. Thus, farmers have introduced maize although it 
does not do well. The land-use system, especially in the Rift 
Valley, is an open-plain area with low tree population. 

Constraints: Low wood products supply and crop damage by cold, dry 
winds are the two main problems. Low growth rates due to cool 
temperatures are a constraint to agroforestry technologies. 

Agroforestry potentials: Our emphasis in this system is to intensify 
windbreaks for wind protection and provide wood products especially 
poles and fuelwood. Live fencing for grazing lands can improve dairy 
efficiency. There is room to intensify fruit production. 

Maize-Dairy System 

Location: This system is found mainly in the Rift Valley in Nandi, 
Kericho, Nakuru, Trans Nzoia, Uasin Gishu, Bungoma, and Kakamega, 
and small areas of Narok, Kajiado (Loitokitok), and W. Pokot 
districts. 

Main features: Although maize is grown throughout Kenya, in this 
system it is produced as a cash crop occupying about 60% of the crop 
land. Dairy is well integrated into the system, also as a 
commercial enterprise. A significant area of this system consists of 
small farms subdivided from former company/cooperative farms, 
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creating a peculiar problem of acute fuelwood shortage due to an 
open landscape with a few trees. Crop damage from wind is also a 
problem. 

Constraints: Low tree population in the new settled area has led to 
crop damage from wind and shortage of wood products. Small-scale 
farmers also experience fodder shortages especially during the dry 
periods. 

Agroforestry potentials: Windbreaks to provide wind protection and 
fuelwood/poles are considered a priority. Fencing to improve 
utilization of grazing lands for the larger farms is proposed while 
production of supplementary fodder is more critical for smaller 
farms. The system can be intensified by introducing fruit trees. 

Wheat-Dairy System 

Location: Laikipia, Trans Nzoia, Uasin Gishu, Meru, Narok, Nakuru, 
Baringo, Nyandarua, and Samburu districts. 

Main features: Wheat and dairy are the two commercial enterprises. 
Sheep also play an important role in the system. Most of the small-
scale farmers also grow maize (beans and peas) for subsistence 
although they do not do well. Land subdivision is still going on and 
this will reduce area under wheat significantly. 

Constraints: The main constraints of this system are crop damage 
from wind and fuelwood pole shortage. 

Agroforestry potentials: Windbreaks and small woodlots are proposed 
for fuelwood/pole production and wind protection. Live fencing for 
grazing land could improve livestock production. The system could be 
intensified by introducing fruit trees. 

Sugarcane-Based System 

Location: Lake basin plateau in Siaya, Kisii, Nandi, South Nyanza, 
Kisumu, Kakamega, Bungoma, and Busia districts. 

Main features: This system is found in western Kenya at medium 
altitudes. Production of crops except sugar is still at subsistence 
level. The land-use system has potential for intensifying livestock 
production but tsetse fly infestation is a major constraint. 

Constraints: There is a decline in food crop production due to 
continuous cropping without proper soil fertility management. 
Significant land area previously devoted to crops has now been 
converted to sugar production. Poor livestock breeds and management 
leads to low livestock performance. 

Agroforestry potentials: The main thrust for this land-use system is 
to increase food production by improving soil fertility. Livestock 
production can be intensified by introducing fodder trees and 
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improving management of grazing lands. We also propose the 
introduction of fruit trees to diversify the system. Wood 
production, especially for fuelwood, is also proposed. 

Cashewnut-Coconut System 

Location: This land-use system is found along the Coast in the 
districts of Kwale, Kilifi, Laura, and Tana River. 

Main features: This system has low cropping intensity and displays 
low levels of management. Coconut, and cashewnut are the main cash 
crops. Mangoes are also important. A few farmers grow cotton. The 
main food crops are maize, cassava, cowpeas, and some rice. There is 
still some shifting cultivation. A few of the farmers have farms in 
the livestock-cereal system for maize production. Livestock is not 
an important component except for fishing. The system is 
experiencing some population influx from the hinterland. 
Intensification of the land-use system is hindered by land tenure 
which is characterized by absentee landlords. 

Constraints: Low crop yields due to low soil fertility, high 
competition from weeds, and high incidence of pests and diseases is 
considered a priority constraint. The tree component is hampered by 
poor management and breeds. A poorly developed livestock component 
is partly due to presence of tsetse flies. Low population of trees 
has led to shortage of wood products especially poles for building. 

Agroforestry potentials: Priority should be given to improving 
livestock breeds and management of coconut and cashewnut. 
Agroforestry interventions for improving soil fertility, and 
increasing pole production and fodder for livestock are also 
proposed. 

Subsistence Food Crops System 

Location: Western Kenya in Kakamega, Busia, Bungoma, Siaya, Kisumu, 
S.Nyanza, and Kisii districts. 

Main features: The land-use system is found in the high potential 
area but due to poor infrastructure, especially access to markets, 
cash production is not yet well developed. It is found mainly in 
western Kenya in an agroecological zone with potential for 
intensifying food crops, sugar, coffee, and dairy. Both crop and 
livestock production are subsistence. The main crops currently grown 
include maize, beans, bananas, cassava, sorghum, sweet potatoes, 
millet, and other grain legumes. The majority of farmers have 
livestock but intensification is constrained by the presence of 
tsetse fly. 

Main constraints: Low crop yield was found to be the most important 
factor due to low levels of management. The system also lacks a cash 
enterprise both from the point of view of crops and livestock. 

Agroforestry potentials: Emphasis is on the introduction of 



agroforestry technologies to improve soil fertility. The production 
system can be diversified by introducing fruit trees. Livestock 
production can be intensified by introducing fodder trees especially 
to supplement young animals' feed. 

Cereal-Grain-Legumes System 

Location: Lower slopes of Mt. Kenya in Kiambu, Muranga, Kirinyaga, 
Embu, Meru, Machakos, Nyerl, Kitui, and Taita-Taveta districts. 
Lake Basin Plateau - Siaya, Kisumu, S. Nyanza, Bungoma, and Busia 
districts. 

Main features: This land-use system is found at medium altitude next 
to the coffee-based system. Production is mainly for subsistence 
although surplus food crops are sold for cash. Cotton, sunflower, 
and sisal have potential as cash crops but, due to poor marketing, 
they have not been adopted and, in the case of cotton, production 
has been dropping. Crop failure due to inadequate soil moisture in 
the short rains is a serious constraint. Many farmers from the 
coffee-based system have been moving into this area. 

Constraints: Low crop yields were also identified in this system 
caused by poor management levels and inadequate soil moisture. 
Grazing lands were found to be degraded due to overgrazing and poor 
management of grazing lands. Soil erosion is a problem in areas with 
moderate and steep slopes. There is a decline in fuelwood supply due 
to clearing of bushland for crop production. 

Agroforestry potentials: The agroforestry technologies proposed are 
to improve soil fertility, provide supplementary fodder for young 
stock and draught animals, increase fuelwood/pole supply, and 
diversify production by intensifying fruit production. 

Livestock-Cereal System 

Location: Plateau areas; in Eastern Province covering Embu, Meru, 
Machakos, Kitui, and Kajiado districts. Coastal hinterland including 
Kwale, Kilifi, Lamu, and S.E. Tana River districts. In the lakeshore 
region there is a small area in S. Nyanza district. 

Main features: Ideally only drought-tolerant crops, under dry-
farming systems should be grown in this system. But, due to 
subsistence requirements, the main food crops are still maize and 
beans. Livestock is an important component in the system but, due to 
poor land management, pasture degradation is a serious problem. 
Other crops grown in the system include pigeon peas, cowpeas, 
sorghum and millet. 

Main constraints: Soil moisture is the main constraint to crop 
production but low use of fertilizer and manure contribute to low 
crop yield. Very serious degradation of grazing land due to 
overstocking is common throughout the land-use system. There is also 
a shortage of poles and timber. 



Agroforestry potentials: Improvement of soil fertility combined with 
dry-farming methods is considered the most important intervention. 
Increasing fodder for young stock and draught animals could go a 
long way to improving both livestock and crop production. 
Technologies to improve grazing land by protecting individual fodder 
trees or conserving fodder plots are considered appropriate. We have 
also proposed technologies for increasing wood products in the 
system. Drought-resistant fruits should also be considered. 

Group Ranching System 

Location: Rift Valley areas in W. Pokot, Keiyo Marakwet, Baringo, 
Samburu, Narok, Kajiado, and Taita-Taveta districts. 

Main features: Livestock-keeping in this system is still basically 
for subsistence. Communal user rights with respect to grazing lands 
constrains grazing management and production. Crop production is not 
important although some farmers may have small food crop plots. 
Trees for browse form an important source of fodder. 

Constraints: Inadequate soil moisture is the most limiting factor. 
Land degradation and shortage of feed are two related problems which 
are complicated by the communal tenure of land use. 

Agroforestry potentials: The main thrust of the proposed agro-
forestry interventions is protection of existing vegetation by 
protecting individual useful trees or preserving fodder in protected 
plots. It is possible to plant trees but one has to bear in mind the 
tenure. Fodder trees and fruit trees can be established under such 
programmes. 

Communal Pastoralism System 

Location: Northern and North Eastern provinces including Turkana, 
Samburu, Isiolo, Marsabit, Wajir, Mandera, Garissa, Tana River and 
Lamu districts. 

Main features: This is the most extensive system in Kenya. 
Production is still subsistence; infrastructure is very poorly 
developed. Communal use rights extend over large areas, and this 
complicates tenure issues of tree planting. Water is the most 
limiting factor. 

Constraints: Fodder shortage and land degradation, especially near 
watering points and around towns, are the two major constraints. 
Present range management recommendations are hampered by tenure 
system and the agro-ecological features. 

Agroforestry potentials: Any proposal made for this land-use system 
has to bear in mind the present tenure system. Our emphasis is on 
protection of grazing lands to allow some form of rotation. This can 
only work if it is accepted communally. Individual fodder trees, 
especially along river line, can also be planted for young 
livestock. 
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Other Land-Use Systems in Kenya 

Owing to the variations of the country, as a consequence of the 
biophysical and socio-economic factors, variation in the use of land 
is high. As a consequence, there are other land-use systems we have 
identified but have not described in detail. These include: 

Irrigation-based systems: These could be organized as large-scale 
settlement operations such as Mwea-Rebere, Pekera irrigation 
schemes, etc; or they may be small-scale locally organized projects. 
Plantation systems: Tea, coffee, sugar, sisal, coconut, cashewnut, 
pineapple, and so on. 

Large-individual ranches for beef and/or dairy production. 

Large-scale mixed farming systems. 

Intensive/commercial systems of vegetables, fruits, flowers, pig 
units, and poultry units. 

Taunya (or shamba) system under government forestry lands. 

Forests and game reserves. 
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Table 1. Summary of Characteristics of Kienya Land Use Systems 
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ANALYSIS OF LAND-USE SYSTEMS AND AGROFORESTRY POTENTIAL 

Land-Use System 

From our analysis, low crop yields are the most serious 
constraint in food crops production due to continuous cropping 
without adequate soil enhancement management. In the highland zone, 
soil erosion is of major concern while in the plateau/plains areas 
inadequate soil moisture is perhaps more important. The high cost of 
farm inputs seems to be a major factor leading to low utilization of 
fertilizers and manure except in the large-scale farms. In the high-
altitude plain area (Rift Valley) crop damage from wind was 
considered important. 

Low livestock production was identified to be due to fodder 
shortage in the high population/intensive systems; in the extensive 
systems, low management levels of grazing lands leading to 
degradation was considered to be more serious. 

Fuelwood shortage is most acute in the high-population-density 
areas where farmers have already started planting trees to meet this 
demand. In the low-population-density areas bush land still exists 
but this is being; cleared at alarming rates and something should be 
done now to arrest deforestation. Demand for poles and timber is 
widespread. 

Tree planting as a whole is not fully developed. Planting of 
fruit trees was widespread but it was felt that there was room for 
intensification and improvement of tree management. Activities of 
tree planting for fuelwood were observed in the high-population 
areas but this also has potential for intensification. 

Proposed Agroforestry Interventions 

The proposed agroforestry interventions cut across land-use 
systems due to the similarities of priority constraints. 

In terms of improving food production, hedgerow intercropping 
is proposed for the land-use systems with intensive crop production 
management. In the real semi-arid conditions, hedgerow intercropping 
is not emphasized due to its potential to compete for soil moisture 
with crops and mixed intercropping was considered a better 
alternative. Enriched rotational fallow was proposed only for the 
land-use systems that have fallowing in the present land-use. 

In order tc increase fodder production, we have proposed 
intercropping fcdder trees with grass for the intensive dairy 
production system to supplement feed supply especially during the 
dry season. For the extensive livestock systems, fodder banks to 
supplement feed for calves, small stock and draught animals are 
proposed. 

Where crop damage is experienced by farmers, the common 
practice is to use dead fence to protect crops. We have proposed 
live fence which could also provide fuelwood as a by-product. For 
the land-use systems in the arid and semi-arid areas, our main 
thrust is protection of existing trees due to the problems 
anticipated in establishing young trees due to termite damage, lack 
of adequate soil moisture, and communal tenure systems. 

Communal tenure is quite a serious problem especially in the 
communal pastoralism system. In most other systems boundary 
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planting, mini-woodlots, and windbreaks are the main technologies 
proposed for increasing wood products. Fuelwood can also be produced 
in most of the technologies as a by-product. 

Although we recognize that farmers already plant fruit trees in 
most of the systems, we feel that there is potential for 
intensifying fruit production in the intensive systems as home 
gardens. Introduction of drought-resistant fruit trees, especially 
from other countries, should be considered for the land-use systems 
in the semi-arid zone. 

OTHER OBSERVATIONS 

Certain issues which cut across a number of farming systems 
cropped up. The following are some of the important ones 
encountered. 

Settlement Areas 

The settlement areas posed special problems regardless of the 
agroecological zones in which they were found. In the higher 
potential areas, settlements are based on the previously large-scale 
farms which, for reasons of management and land preparation, had 
trees removed or confined to certain areas. The incoming settlers 
find themselves in areas devoid of trees. Settlers in the previously 
ranching areas initially find themselves in a different situation. 
The first issue is to open up land for cultivation. Later, the need 
for tree products and services arise. In both situations, the 
settlers will, in most cases, have migrated from high-potential 
areas where tree planting is commonly done. It does not, therefore, 
require a lot of effort to convince them of the need to plant trees. 
In most cases, farmers have already started doing this. The problem, 
however, is similar to that encountered with the agricultural crops 
in that people tend to grow what they were used to in the previous 
system regardless of the suitability of such crops at the new sites. 
Similarly, the tree species are being planted in the wrong 
environment partly because of lack of information on suitable 
alternatives. 

Tenure Issues 

Kenya's land tenure systems are many and varied. From an 
agroforestry point of view, they range from those where an 
individual wanting to plant trees in his farm would face no problems 
at all to those where tree planting is next to impossible. The 
extreme case where tenure was found to affect agroforestry was 
observed in Loitokitok. The majority of the farmers here (well over 
90%) lease land, some for a very short periods of one year only. 
There is, therefore, no incentive for these farmers to plant trees. 
For them it is the case of the fewer trees the better. It should be 
remembered that the climate is very favourable to tree growing and 
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next door are indeed the famous Chagga homegardens (Fernandes et 
al., 1985). The differences in tree cover between the Kenyan side 
and the Tanzanian side could not be more glaring. 

Squatter farmers on the coastal strip have been able to plant 
permanent tree crops such as coconuts, cashews, mangoes and citrus. 
This is not to say there are no disputes over this (Okoth-Ogendo, 
1987). 

The issue raised here indicates that there is need to look into 
the tenure issues when promoting agroforestry in Kenya. In some 
cases, consideration of selecting tree species should go beyond what 
is environmentally suitable and answers the needs of the system. 
This tenure issue illustrates that the socioeconomic situation in 
Kenya is not homogeneous and there is need to pay attention to the 
salient features in each case. Overall policies which fail to 
recognize these varied socioeconomic features are likely to face 
difficulties in the promotion of agroforestry. 



Annex 

Regrouping of Main Agro-Ecological Zones of Kenya into Simplifed 
Agro-Economic Zones. 

TA I and II Tropical Alpine Grazing or Conservation Zone, no agr. statistics 
UHO Forest Zone, no agr. statistics 
UH1 Sheep-Dairy Zone 
UH2 and LH2 Pyrethrum Zone 
UH3 and LH3 Wheat and Barley Zone 
LH4 Ranching and Barley Zone 
LH1 Tea Zone 
UM1 Coffee-Tea-Zone 
UM 2 and 3 Coffee Zone 
UM4 Sunflower-Maize Zone or Upper Sisal Zone 1) 
UM5 Ranching and Sorghum Zone or Upper Marginal Sisal Zone 1) 
LM 1 and 2 Sugar Cane Zone (Inland) 
L2 Sugar Cane Zone (Coast) 
LM3 and 4 Cotton Zone or Middle Sisal Zone 1) 
LI (not in Kenya) 
L2 (very small in Kenya) 
L3 Coconut Zone 
L4 Cashewnut Zone or Lower Sisal Zone 1) 
L4m Coastal Cotton Subzone 
L5 and LM5 Ranching and Millet Zone or Lower and Middle Marginal Sisal Zone 
L6, LM6, UM6, 
LH5 and UH4 Ranching Zone 
L7 Nomadism Zone 

The names in the zones are those of potentially leading crops there; of course, 
they can be grown also in some other zones. 

Source: Jaetzold and Schmidt, 1982. 









AGROFORESTRY FOR DEVELOPMENT IN KENYA 

Amare Getahun, International Council for Research in Agroforestry 
(ICRAF), P.O. Box 30677, Nairobi, Kenya 

Abstract This paper covers agroforestry development in 
Kenya, which is relatively new but its growth and development 
during the last decade have been unprecedented. Such 
accelerated development is largely attributed to the concerted 
efforts between and among the Government of Kenya and the 
donor and nongovernmental communities. 

Fifteen major Government of Kenya policy interventions that 
have had a positive effect on agroforestry development in Kenya 
were enacted between 1971 and 1987. Although the necessary 
government policy instruments are in place and efforts to date 
are commendable, government-based agroforestry programmes and 
activities are, nonetheless, weak and require donor support and 
the active participation of nongovernmental organizations 
(NGOs). Fortunately, both donors and NGOs have positively 
responded and are complementing and supporting government 
efforts. 

Agroforestry developments in Kenya, especially during the 
last 10 years, are impressive and the future is bright. The 
need to consolidate efforts and institutionalize agroforestry 
is great. What is urgently needed now is to take stock of these 
efforts and the lessons learned and clearly establish 
relationships and responsibilities among and between the 
government, the NGO community, the donors, and the farmers. By 
so doing, the development paths of agroforestry and its wide 
use for sustained development will be charted and made solid. 

Agroforestry research and development in Kenya is relatively 
new but its growth and development during the last decade 
(1977-1987) has been unprecedented. Such accelerated development is 
largely attributable to the concerted efforts between and amongst 
the Government of Kenya and the donor and NGO communities. 
Agroforestry and related activities are carried out by several 
government line ministries and research organizations and by 
development agencies and a large number of national and 
international NGOs. These collaborative efforts were fortunately 
matched by a good national political climate, including the highest 
office in the Republic. 

Agroforestry research and development since 1977, and 
particularly after 1980, has mushroomed both in government and 
nongovernment organizations with financial and technical support 
from several bilateral and multilateral donor agencies. 
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According to a survey by the Ministry of Energy (E/DI 1985), by 
1985, there were 13 major national organizations and 63 others 
active in agroforestry/social forestry and general tree planting 
activities in Kenya, and this number has been on the increase. But 
despite the proliferation of organizations and activities in 
agroforestry, it is generally felt that these efforts are still 
insufficient and suffer from lack of institutionalization. There is 
also an inherent danger of duplication of efforts and even 
misdirection. 

Kenya's initial interest in agroforestry as a potential 
technology and farm practice came via biomass energy supply 
shortfalls and the observed land and environmental degradations 
resulting from deforestation to meet increasing demands for wood, 
feed, and food for a rapidly increasing population. Agroforestry, as 
a multiple land-use system, was thus thought to enable one to 
produce agricultural crops, tree products and livestock, from the 
same unit of land, thereby replacing less efficient systems of 
farming such as bush fallow/shifting cultivation and expansive 
pastoral systems. Thus, in 1981, the Ministry of Energy, in close 
collaboration with the Ministries of Agriculture, Environment and 
Natural Resources, and Land Development, and selected NGOs—Kenya 
Energy Non-Governmental Organization (KENGO)—began a national 
effort to implement a coordinated programme of agroforestry 
research, training, and extension. 

The establishment of ICRAF and its location in Kenya have had 
direct and indirect positive impact and influence on agroforestry 
developments in Kenya. The establishment and operation of its 40 ha 
agroforestry field station at Machakos and ICRAF's expanded mandate 
since 1985, which led to the establishment of its Collaborative 
Programmes Division (COLLPRO) to work with and to assist national 
efforts in agroforestry, are strongly linked to the growth of 
agroforestry in Kenya. 

The major Government of Kenya policy interventions that have a 
direct and positive effect on agroforestry development in Kenya 
include: 

(a) Forest Policy for Kenya - Sessional Paper 1, 1968 -
directed Forest Department (Ministry of Environment and 
Natural Resources) to service farm forestry activities. 

(b) The Rural Afforestation Extension Service (RAES) (1971) -
established to promote tree planting by farmers and tree 
planting generally in both public and private lands 
outside the gazetted forest reserves, and later (1974-78) 
was required to emphasize watershed protection. 

(c) The Chief's Authority Act (Chapter 128, Laws of Kenya) -
to prevent tree cutting and initiate the establishment of 
chief's nurseries, and the Presidential decree of 1980 
which required every chief to establish a tree nursery in 
his location and promoted District Development Committees 
to establish nurseries as well. 

(d) Establishment of the Permanent Presidential Commission 
for Soil Conservation and Afforestation (1981) - to 
promote tree planting to protect the environment and 
which in 1984, recognized agroforestry as a key 
instrument and has since then become a strong advocate 
for it. 



(e) Parts of the Basic Land Usage Act of 1965 were revised in 
1981 to allow land use on steep slopes as long as 
agroforestry principles were employed and this 
facilitated work in soil conservation/watershed 
management. 

(f) The creation of the Ministry of Energy and Regional 
Development (1980) - to promote tree planting as a 
renewable energy programme, especially using agroforestry 
to generate biomass energy. 

(g) Inter-Ministerial Committee on Agroforestry (Memorandum 
of Understanding, 1982) under the Ministry of Energy and 
Regional Development was instituted to coordinate and 
promote agroforestry. 

(h) Presidential Tree Fund (1985) - improved financial basis 
for Kenya African National Union's (KANU) Youth Wingers 
to be involved in tree-planting programmes. 

(i) The 8-4-4 education system (1985) - that requires schools 
to teach tree planting and/or maintain nurseries. 

(j) Sessional Paper No.l of 1986 - Economic Management for 
Renewed Growth - that recognized agroforestry as a sound 
land use and planned for 3 million ha for current 
5-year-plan period. 

(k) National Annual Tree Planting Day - in 1983 required 
government (RAES) seedling production be increased from 
60 million to 200 million annually. 

(1) Department of Personnel Management (Treasury) in mid-1986 
- instructed Ministries of Energy, Agriculture, and 
Environment and Natural Resources to develop a common 
policy and operation for agroforestry under the Ministry 
of Energy and Regional Development's leadership (July, 
1986) and increased the government's manpower in 
agroforestry. 

(m) The Kenya Forestry Research Institute (KEFRI) and the 
Kenya Agriculture Research Institute (KARI) (1986-87) 
became autonomous research institutes, thereby taking 
much of the agroforestry research responsibilities. 

(n) Ministry of Planning and National Development (1986) -
instructed the District Development Plans of the DDCs to 
include agroforestry in their plans and budgets for 
1986-89, and Ministry of Energy and Regional Development 
provided the District Energy Planning Task Force. 

(o) National Steering Committee for Agroforestry Research 
(1987) was established - chaired and coordinated by the 
National Council for Science and Technology (NCST). This 
15-member committee includes an NGO representative 
(KENGO) and KEFRI was given the lead on agroforestry 
research. 

The key government ministries in agroforestry and social 
(community) forestry are Ministries of Energy and Natural Resources, 
Energy, Agriculture, Land Development and, through such ministries, 
the Agricultural Society of Kenya (ASK), National Youth Service 
(NYS), Prisons, etc., are also active. Outside these ministries and 
their specialized departments, the government also encouraged and 
allowed the research and educational institutions to develop 
programmes in agroforestry. Those that have now initiated 



agroforestry research/training and/or extension include: 
(a) Education institutions - (The universities of Moi, 

Nairobi, Egerton, and Kenyatta). 
(b) Research agencies - (RARI, KEFRI, NCST/CSC). 
Kenya's total area stipulated to be used for agroforestry is 

estimated to be 3 million ha, largely based in the medium-to-
high-potential area (Anon. 1986) as indicated in the Sessional Paper 
No.l of 1986: Economic Management for Renewed Growth, to meet energy 
requirements and food security. The specific aim of this important 
policy is to realize planting of 100 MPTs and 10 fruit trees as a 
minimum per family on 2 million small-scale farms and over the 
planned period. Equitable and sustainable development is the 
objective of this national policy and the full participation of the 
farmers, NGOs, and DDCs is the means to achieving this objective. 

AGROFORESTRY RESEARCH AND DEVELOPMENT STAGES 

The developmental history of agroforestry in Kenya is indeed 
short and falls into two periods, namely: 

1. Traditional agroforestry in Kenya and agroforestry 
developments before 1977; and 

2. The first decade of accelerated agroforestry development: 
1987-1987. 

While both periods are important, it is the latter period that 
this Overview attempts to review. This first decade of agroforestry 
research and development in Kenya has gone through four stages, 
namely: 

Mass awareness regarding biomass energy, 
environmental degradation, and 
potential role of agroforestry; 
Agroforestry field programmes start; 
Agroforestry research, training, and 
extension activities expand; 

IV: Kenya and AFRENA. 

1979/80 - Stage I, 

1981/82 
1983/84 

Stage II 
Stage III 

1985/88 - Stage 

TRADITIONAL AGROFORESTRY SYSTEMS IN KENYA 

Kenya lies astride the Equator but dry lands dominate its 
environments accounting for no less than two-thirds of the total 
area, the high-potential areas accounting for less than one-fifth as 
shown in Fig. 1 and Table 1. Thus Kenya, though it lies in the heart 
of the tropical world, enjoys diversified and varied climates 
largely due to altitude, which in turn determines rainfall. 

The Kenyan highlands and their associated valleys and the 
humid/sub-humid coastal strip and much of the Lake Victoria Basin 
account for nearly one-fifth of the high-potential land mass and 
these areas are naturally forested and the associated traditional 
agriculture (both crop and livestock farming), under shifting 
cultivation and fallow-crop rotations could be described as 
traditional agroforestry systems of land use. But, with increasing 
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population pressure, these systems have now given way to 
sedenterized agriculture and/or plantation (cash crop) agriculture 
including forest plantations. Outside this small but economically 
important region is the large, arid and semi-arid area, making up 
much of Kenya. This zone, traditionally a pastoral system, both 
nomadic and transhumans, is also undergoing change. Where 
deforestation is not severe, the pastoral system can be described as 
a silvopastoral system of agroforestry practice. In this general 
zone, the semi-arid, including the upland savannas, are coming under 
increasing levels of intensity of agricultural and livestock 
production. Both the arid and semi-arid areas are ecologically 
easily degradable with intensive land use. 
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Ecological Zone 

1A Coastal Belt 
1 B Lake Basin 
2A Arid 
2B Semi-arid/Upland Savannah 
3A Central Highlands 
3B Kisii/Kericho/Nakuru Highlands 
3C Western Highlands 
3D Minor Highlands 

Moisture-(mm/y 

800 — 1400 
800 — 1600 
150 — 550 
450 — 900 

1000 — 2700 
1 100 — 2700 
1100 — 2700 
800 — 1200 

Fig. 1. Major environmental (ecological) zones in Kenya. 
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Using the broad definition of agroforestry systems and 
practices, the following illustrative types are still found in 
Kenya, namely: 
(1) Windbreaks/boundary planting - in both commercial and 

small-holder crop farming involving many species including 
Grevillea robusta, Eucalyptus spp., Casuarina equisetifolia, 
Cassia siamea, Acrocarpus fraxinifolius, Hakia saligna, etc., 
largely in the highlands. 

(2) Mixed intercropping and enriched fallows (trees on farms), i.e. 
Trees with crops: 
(a) Markhamia lutea, Sesbania sesban intercropping with 

maize, millet, beans and cassava in Western Kenya. 
(b) Grevillea robusta, Markhamia lutea, Cordia africana 

intercropping with food crops in Central Kenya 
highlands. 

Trees with pastures/livestock 
(c) Croton megalocarpus, Croton macrostachyus, Acacia 

abyssinica retained in pastures in the highlands. 
(d) Cashew nut (Anacardium occidentale)/dairy 

association in the Kenya Coast. 
(e) Melia volkensii in mixed farming in dry lands. 
(f) Acacia xanthoploea in dairy/beef, production systems 

in flood plains. 
(g) Acacia albida, Acacia tortilis in crop and grazing 

lands in dry areas. 

(3) Homegardens and fruit orchards -. in areas of dispersed 
homesteads, i.e., the highlands and the coastal strip. These 
are more complex and multi-strata near the homestead and less 
so in distant farms, e.g. 
(a) Mangoes, citrus, guava, papaya, etc., in dry lands, 

the Lake Victoria Basin and the coastal strip. 
(b) Avocado, plums, peaches, apples, etc., in the warm 

highlands. 

SOCIAL FORESTRY/WOODLOTS 

The reduced access to government or gazetted forests and 
natural bush for firewood and the motivation for cash needs, has 
sustained and increased the level of small farmers' planting of 
fruit trees and multipurpose trees. The active plant introduction, 
largely spearheaded by white settlers, has enabled the African 
farmer in time to have access to many new fruit and timber tree 
species as nearly all species planted are exotics or recently 
naturalized (Getahun, 1981; 1982). The following are illustrative 
examples: 
(1) The Shamba system - a form of Taungya, initiated at the turn of 

this century, where, to date 164,815 ha of industrial forest 
plantations have been established using this system in the 
Kenyan highlands (Oduol, 1986). 
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(2) Wattle plantations - both the Forest Department and the East 
African Tanning Company have established large acreages in 
Western and Central highlands. Farmers in Central highlands, 
also plant steep slopes with wattle as a source of pole, 
fuelwood, or charcoal. 

(3) Plantation crops (tea, coffee) shade trees - i.e. Grevillea 
robusta, Milletia dura, Acrocarpus fraxinifolius, etc., in the 
highlands: this system has been on the decline. 

(4) Woodlots - for the former railway steam engine, tea estates, 
tobacco farms (BAT) and mini-woodlots in high-density 
highlands, i.e., Eucalyptus spp., Cassia siamea, Casuarina 
eguisetifolia, Cupressus lusitanica, Acacia mearnsii. 

THE FIRST DECADE OF AGROFORESTRY DEVELOPMENT: 1977-1987 

The Role of IDRC and ICRAF's Establishment 

In 1977, IDRC published a report entitled, "Trees, Food and 
People and Land Management in the Tropics" which, among other 
things, recommended the "setting up of an internationally financed 
council for research in agroforestry" to administer a comprehensive 
programme leading to better land use in the tropics. This resulted 
in the establishment of ICRAF during the same year (Cummings et al., 
1984) and Nairobi was selected as its permanent headquarters in 
mid-1978. 

The establishment and location of ICRAF headquarters in Kenya 
have, no doubt, served as an effective catalyst, and subsequent 
establishment of its field station in Machakos in late 1981 and its 
limited on-farm trials and demonstrations have enabled ICRAF to 
directly participate in Kenya's agroforestry development efforts 
and, through its more recent AFRENA Zonal programme (1986), 
regionally in tropical Africa. 

Since its establishment, ICRAF has witnessed the coming of many 
agroforestry programmes and the involvement of many agencies in 
government, in the NGO community and, to a certain extent, in the 
private sector. ICRAF has participated in many of these efforts. 
The most significant events are briefly described under the 
respective agencies and are summarized in Tables 2 and 3. 
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ICRAF Helps Raise National Awareness on Agroforestry 

In late (September) 1980, ICRAF, in cooperation with and with 
the support of the Ministries of Agriculture and Livestock 
Development, Environment and Natural Resources, and the University 
of Nairobi, hosted the first National Agroforestry Seminar. For the 
first time, the seminar brought together a wide variety of 
professionals to discuss their views and experiences on agroforestry 
in Kenya. A number of measures and options were recommended for 
future guidance in agroforestry technology development including the 
early establishment of a coordinating committee in agroforestry to 
help promote and sustain agroforestry activities among all 
government and non-government organizations (Buck, 1981). 

The Seminar confirmed that there was already a wide interest in 
agroforestry in Kenya and much useful data and discussion was 
contributed during the 10-day seminar, which also allowed 
participation of experts from S. Sudan, Tanzania, Uganda, Burundi 
and Rwanda. Kenya also benefited from the international workshops on 
agroforestry that ICRAF hosted during 1979 and 1980, including the 
Workshop on International Cooperation in Agroforestry. 

Government of Kenya, Donors', and NGOs' Positive Response 

Ministry of Energy and Regional Development 
The Government of Kenya established the Ministry of Energy in 

1980 and this Ministry was later (1983) merged with the Ministry of 
Regional Development to become the Ministry of Energy and Regional 
Development, and subsequently, included the National Irrigation 
Board. The initial task of the new Ministry was to undertake a 
national survey of energy needs, emphasizing renewable energy 
resources and to draft a national policy on energy and investment 
plans for this sector. The results of the survey were published in 
1982, and the report recommended the use of agroforestry practices 
in order to increase woodfuel resources and food production as well 
as arresting environmental degradation (Beijer Institute, 1982; 
O'Keefe and Shakow, 1981); this emphasis is reflected in the Draft 
National Energy Policy. This Ministry, in collaboration with the 
Ministries of Environment and Natural Resources, Agriculture & 
Livestock Development and selected NGOs (i.e. KENGO, Maendeleo ya 
Wanawake), undertook the implementation and/or facilitation of the 
following projects, where agroforestry is a major component: 
(1) The Kenya Renewable Energy Development (KREDP) - largely under 

USAID financing, initiated in late 1981. 
(2) Kenya Woodfuel Development Project (KWDP) - largely under Dutch 

financing, initiated in early 1983. 
(3) GTZ/SEP (Special Energy Programme) - under GTZ financing, 

initiated in 1983. 
(4) The Baringo Fuel/Fodder Project - under Dutch Government and 

the World Bank financing, initiated in 1981. 
(5) Marigat Fuelwood/Afforestation and Extension Project - under 

FAO/Australia funding, and operating since 1981. 
(6) The Bura Fuelwood/Agroforestry Project - under FINNIDA/World 

Bank funding. 



(7) District Energy Planning - towards making the districts (DDC) 
capable of planning and implementing energy needs where 
agroforestry and social forestry constitute important means of 
achieving the goals. This is currently being financially and 
technically assisted by Canada (CIDA) under MOE. 

Ministry of Agriculture/Livestock Development 
This Ministry, in conjunction with the SIDA-assisted national 

soil conservation programme, has been increasing its assistance to 
farmers to adopt zero-grazing with the use of fodder/browse species, 
and the growing of fruit trees over the last decade. This Ministry 
finally created the agroforestry unit in 1983 with substantial 
budgetary allocation in 1985/86, but the unit's field programme has 
remained weak except in the production and distribution of tree 
seedlings for farmers. Its current efforts include the 
implementation of the 3 million ha agroforestry farms on 2 million 
small-scale farms. 

Ministry of Environment & Natural Resources (Forestry 
Department) 
Since 1971, this Ministry, through its Forestry Department, has 

been increasingly active in social forestry, partly because of the 
establishment of the RAES programme. The major objective of RAES is 
to create awareness of the need to plant trees for fuelwood, 
building materials, and soil and water conservation, and to 
facilitate this with the provision of technical and logistical 
assistance to schools, community groups, self-help groups and 
individual farmers. The programme reportedly operates in all 41 
districts of the Republic. The scheme was largely limited to 
community forestry activities but, in 1984, RAES accepted 
agroforestry to be within its philosophy and tradition (PPCSCA, 
Annual Report, 1984). The full potentials of the nursery programme 
by Chiefs and DDCs is yet to be realized and the Rural Tree 
Development Cooperation is assisting the Forest Department to 
achieve this. 

This Ministry's other programmes outside RAES, are listed below 
and include: 
(1) Baringo/Tugen Hills Re-afforestation Projects - funded by the 

Government of France, which started in May 1986. 
(2) Elgeyo Marakwet ASAL Afforestation Programme - a project aimed 

at species trials and planting method research for ASAL in the 
Elgeyo Marakwet District. 

(3) Embu/Meru/Isiolo (EMI) - Integrated Development Project: A 
British-Government-funded project with a forestry component 
aimed at protection of hills and catchment areas. 

(4) Establishment of Nursery Training Centres and Dryland 
Afforestation - a project funded by the Japanese International 
Cooperation Agency (JICA) for training people in tree nursery 
technology (This is currently under KEFRI, based at Muguga and 
Kitui). 

(5) Fuelwood Afforestation and Extension Project - an FAO/ 
Australian-Government-funded forestry project. Main activities 
include species trials and establishment of demonstration 
facilities and tree nurseries. 

(6) Kitui ASAL Programme - a forestry-based project funded by USAID 
and aimed at afforestation of the arid and semi-arid areas of 
Kitui District. 
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(7) Machakos Integrated Development Project - an EEC-funded project 
with a large forestry component and a full-time forest officer 
attached to it. 

(8) Magarini Settlement Scheme Forestry Project - a forestry 
project financed by the Australian Government and aimed at 
rehabilitation of the new settlement through tree planting. 

(9) Taita/Taveta District Development Programme and South Nyanza 
District Afforestation Programme - DANIDA-assisted programmes 
where the S. Nyanza programme has an agroforestry component. 

(10) Turkana Rural Development Project - a project supported by 
NORAD, whose activities include species trials, ASAL 
afforestation activities in the area. 

(11) Lake Kenyatta and Hindi Settlement Scheme Agroforestry Project 
- under German financial/technical assistance. 

(12) Ihe Euphorbia Project - Belgian assistance, later included 
work on Prosopis spp, currently inactive. 

Research Institutions: KARI and KEFRI 
KARI (Agriculture) and KEFRI (Forestry) have recently (1986) 

been created as autonomous research institutions of the government. 
Both institutes include agroforestry research, and KEFRI has already 
established field trials at Muguga and elsewhere (Machakos, Kibwezi, 
Gede, Siaya, etc.). Donor support (i.e., World Bank, USAID, SIDA, 
CIDA, etc.) is expected to be good. These institutions collaborate 
with ICRAF vis a vis the AFRENA programme, as well as with CARE in 
W. Kenya. 

Institutions of Higher Learning: Moi University, University of 
Nairobi, and Egerton University 
These institutions have agroforestry research and limited 

training and extension activities in agroforestry. Of these, Egerton 
University has a more developed programme of agroforestry. 

Other GOK Institutions: National Youth Service, GK Prisons, 
FTCs 
The NYS (e.g., Yatta) and GK Prisons (e.g., Mombasa, Kitui, 

etc.) are currently active in agroforestry species trials, seed 
production, and zero-grazing activities. These programmes are likely 
to increase with more technical support from parent Ministries as 
well as from KEFRI and KARI. The programmes are effective tools in 
training large numbers of Kenyans from all parts of the Republic. 
More than 10 FTCs are currently active in agroforestry activities. 

The list of donors and NGOs involved in agroforestry is long. 
Both of these effectively supplement the government's financial and 
field staff deficiency. Their involvement in agroforestry has 
largely come via their concern for environmental protection and 
biomass energy supply and demand management. More recently, however, 
both recognized agroforestry as meriting support in its own right. 

The agroforestry field programmes where donors and NGOs 
participate with the government are summarized in Tables 4 and 5. 
These programmes vary greatly in size and intensity within the 
respective districts or agro-ecological regions. 

The Kenyan Farmer and the Kenya National Farmers Union (KNFU) 
Kenya farmers, especially women and youth, hold a special place 

in the short history of agroforestry development. In general, Kenya 
farmers, especially in the highlands, have been quick to 
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accept and adopt new crops and practices as long as there is a good 
market for the product such as the growing of bixa, pyrethrum, or 
avocado fruit. Farmers' adherence to row-planting and the active 
tradition of tree/shrub boundary planting as well as tree planting 
for soil conservation have no doubt, made the acceptance of 
agroforestry, as a farm practice, easy and possible. Indeed, the 
introduction of new species is quickly accepted by farmers to the 
extent that 75 to 100% of the trees planted by farmers annually are 
exotics. Recent arrival species post-1980 that are already popular 
include: Calliandra calothyrsus, Sesbania grandiflora, Leucaena 
hybrids, Gliricidia sepium, Mimosa scabrella, Flemingia congesta, 
etc. This phenomenon has prompted the government to increase its 
campaign in favour of planting more indigenous species but their 
gradual replacement by introduced species still continues unabated 
(Table 6). Clear-felling for agriculture is, however, the principal 
cause of this genetical erosion of indigenous trees and shrubs. 
Educational and research institutions have unfortunately also 
excluded indigenous trees from their curricula and research agendas. 

More recently, KNFU, in collaboration with Rotary International 
(Sweden), has initiated assistance to farmers for tree planting in 
Western Kenya and has completed a book, Tree growing and use for a 
better future. In August 1987, KNFU, in collaboration with ICRAF, 
hosted a two-day agroforestry workshop for the Africa Farmers 
Organization and IFAD. In the process, KNFU has been more educated 
on agroforestry and its motivation improved, and its service to 
farmers towards the rapid adoption of agroforestry will undoubtedly 
increase. 
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A LOOK INTO THE FUTURE 

There is both room for concern and optimism for the continued 
and potential use of agroforestry for development. The concern is 
from the uncoordinated nature of agroforestry development and the 
lack of designated institutions such as ICRAF. 

The problem of institutionalization of agroforestry within the 
government, at present, is very problematic. The government's 
attention and interest in agroforestry for development has initially 
come via the energy and environmental degradation issue and it is no 
accident that the current government 5-year development plan calls 
for the development of 3 million ha of agroforestry farms in the 
country and its directive to the DDCs to include agroforestry 
developments in their district development plans and development 
portfolios. 

On the one hand, the development of agroforestry programmes in 
the research (KARI, KEFRI, NCST) and educational (Nairobi, Moi, 
Egerton, Kenyatta) institutions, has been slow and trained manpower 
development in agroforestry will continue to suffer if corrective 
measures are not taken. On the other hand, the housing of the 
initial development programmes of agroforestry in the young Ministry 
of Energy may have facilitated development. It still has to be 
resolved which government ministry should be the national host or 
coordinating body for agroforestry. This is shown in the fact that 
some of the agroforestry projects are under the auspices of Ministry 
of Natural Resources (i.e., CARE-Kenya, DANIDA, World Bank, 
FAO/UNDP, SWISS, etc.), and some under the Ministry of Agriculture 
and Ministry of Energy and Regional Development. The issue of the 
designated ministry for agroforestry, and of the college faculties 
and research institutes affects development policies and 
investments, but implementation at the local and district level is 
not a major problem as the policy of District Focus for Rural 
Development can be and should be used. 

The key and active institutions in government, however, need to 
be given assigned leadership and thus mandated to coordinate a 
specific activity and/or geographical focus. These activities 
include: 

(1) Tree seed services; 
(2) Research/technology generation; 
(3) Training and information management; 
(4) Rural extension and technical services. 
There is a need to sincerely assess where agroforestry is now 

and to sharpen its focus. Both the Ministry of Energy and Regional 
Development and the Ministry of Agriculture, including KARI, have 
had multi-donor consultative meetings and studies to increase 
support for agroforestry and agricultural research in general. ICRAF 
has also completed a survey of agroforestry research and needs in 
the Kenyan and other East African highlands as part of its regional 
AFRENA programme and a Macro D&D exercise for Kenya. SIDA and NORAD 
have also carried out a needs assessment of NGOs in agroforestry, 
which has resulted in increased support to KENGO. Both the World 
Bank and USAID have shown policy emphasis and shift towards 
agroforestry's role in tropical environmental management and both 
have recently conducted field assessment studies. The ICRAF 10th 
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Anniversary Agroforestry for Development Conference has raised 
Kenya's and the world's interest in agroforestry. All these are 
positive developments and need to be consolidated into short-term 
and long-term agreed programmes, and responsibilities shared. 

The current gaps in agroforestry tree seed services, formal 
training, and agroforestry technology packaging need to be 
reinforced. The need for an agroforestry source book of information 
for use by development experts for training/education, based on 
agroforestry research, development and extension in Kenya, is also 
urgent. 
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ICRAF'S FIELD STATION AT MACHAKOS* 

N.R. RAO, International Council for Research in Agroforestry 
ICRAF), P.O. Box 30677, Nairobi, Kenya 

Abstract The paper summarizes the results of some on
going activities at the ICRAF field station in Machakos. 
Of several multipurpose trees and shrubs established and 
monitored, Grevillea robusta is the fastest growing 
species in this semi-arid highland area. Other promising 
species include Sesbania grandiflora, Cassia siamea, 
Leucaena leucocephala, L. diversifolia, L. shanoni, 
Gliricidia sepium, Faidherbia albida, and Faidherbia saligna. 
Food crops can successfully be grown under some MPTS such 
as Faidherbia albida without any special management, but an 
appropriate pruning regime is required with others such as 
the leucaenas. Sesbania sesban and S. macrantha are fast-
growing, high N2-fixing multipurpose shrubs with high 
biomass yield, which can be employed in short rotations for 
soil fertility improvement or for fodder. Trees can be 
established in the dry season, when there is normally no 
labour constraint, with small quantities of supplemental 
water (1 to 2i/2 litres at biweekly intervals) by sub
surface application through a PVC tube inserted into the 
soil near the tree base. Tree establishment and early 
growth can beimproved substantially by planting tree 
seedlings in open pits with small microcatchments around 
the base. .Application of clipped sheep wool with glue is 
effective in minimising the damage to the seedlings from 
small ruminants. Hedgerow intercropping can be practised 
in the semi-arid plateaus for sustained crop yields and to 
check soil erosion. Geometric designs (e.g., 'Y' or 'star' 
shape) are space efficient and facilitate studying the 
tree/crop interface and orientation effects as the basic 
information required for developing any zonal agroforestry 
systems. For soil conservation, trees can be added to 
conventional structures, to make productive use of the land 
that these occupy, and can directly control erosion as 
contour-aligned hedgerows. 

aSeveral staff members of ICRAF's Research Development Division 
have been involved in the Field Station activities. They are 
P.K.R. Nair and P. Wood (former staff), P.A. Huxley, A. Young, 
P.G. von Carlowitz, T. Darnhofer, E. Akunda, B. Jama, P. Kiepe, 
G. Wolf, A. Pinney, D. Wambuguh, D. Gatama, P. Oduol, and 
P.N.W. Kurira. A. Young has provided material for the section 
on agroforestry for soil conservation. The draft has benefited 
from the comments of J.H. Roger and P.A. Huxley. 
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ICRAF established a 40-ha field station in 1981 near Machakos 
town in Machakos district. The station is neither equipped nor has 
it the mandate to conduct technology-generating research for the 
area, but is primarily meant to be a demonstration site to assist 
ICRAF in promoting agroforestry (Nair, 1987). It is intended to 

1. Demonstrate: 
(a) multipurpose trees and shrubs relevant to agroforestry; 
(b) selected agroforestry practices and techniques; 
(c) experimental problems and approaches to agroforestry 

research; 
2. Develop innovative methodologies and field designs for AF 

research; and 
3. Provide training facilities. 

The station is bordered by the Maruba river and the fields of 
the Farmer's Training Centre and the National Dryland Farming 
Research Station (NDFRS), Katumani. The area receives an annual 
rainfall of 716 mm, most of which is in two distinct periods, viz. 
the long rains (March 20-May 31, 265 mm) and the short rains 
(October 20-December 20, 245 mm). The site lies 1560 m above sea 
level and, with an evaporative demand of 1800 mm/year, is 
characterized by sub-humid to semi-arid climate. The soils according 
to the Kenya and FAO classification system are Luvisols, including 
the ferric and eutric forms (Order-Alfisols, sub-order-Ustalfs in 
the US soil taxonomy). Only about a third of the area has good land 
with l-to-5% slopes and medium-to-deep profile, friable and 
well-drained soils where most of the current field activities are 
confined. 

In view of the limited land and staff resources, early 
activities were restricted to demonstrations of MPTS and some 
agroforestry practices, and only more recently has the site been 
used to carry out a few actual trials and generate data sets. 
However, the various activities undertaken so far have generated 
useful information, both qualitative and quantitative. This paper 
summarises the results of practical importance having potential 
applicability to similar other semi-arid plateaus and transition 
areas to sub-humid climates, which cover about one-third of Kenya 
(Braun, 1981). 

Multipurpose Trees and Shrubs (MPTS) 

MPTS are integral components of all agroforestry systems and 
every agroforestry research programme is concerned with collection, 
introduction and evaluation of MPTS for identifying suitable species 
for different systems. MPTS have been established and monitored in 
three different plots. 

(a) Macroplots: Five species (Leucaena cv.k-8, Peru, Balanitis 
aegyptiaca, Prosopis juliflora, and Faidherbia albida) 
established in 1981/82 are currently on ground. These were 
planted on large plots in 5 to 8 rows at progressively varying 
distances. The two leucaena varieties have variable spacings of 
2, 3, and 4 m between plants within the row, but others are at 
a uniform spacing of 4 or 5m along the rows. Some rows of 
leucaena plots have been pruned regularly to 50 and 100 cm 
height with prunings incorporated in the soil. 
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Microplot:s: About 60 species were established in small plots 
each having 6-15 trees at 4 m x 5 m uniform placement. 

The trees have been monitored periodically for growth and 
phenology. A comparison of annual bole volume increment of 
six-year-old trees (Fig. 1) revealed that of all the MPTS 
examined at Machakos, Grevillea robusta is the fastest 
growing species closely followed by Sesbania grandiflora. 
However, Sesbania showed mortality from the second year 
onwards leaving only 74% of the initial stand surviving at the 
end of six years. This was replaced by Gliricidia sepium, 
which appears to be well adapted to Machakos conditions. Among 
other species, Cassia siamea, Leucaena leucocephala, 
Faidherbin albida, Faidherbia saligna and Casuarina were 
found to be promising, but with only one-sixth to one-third the 
growth rate of Grevillea. The phenological behaviour of 
Faidherbin albida was different from its standard pattern in 
that, except for once in a dry year (1987), it has not shed its 
leaves so far during the rainy seasons. All the Leucaena 
provenances have been observed to produce pods profusely and 
behave as deciduous trees in the dry season. The prolific pod 
bearing behaviour is a disadvantage in that 1) it restricts the 
growth of economical plant parts and 2) there is the danger of 
Leucaena becoming a weed from pod shattering. However, it has 
not assumed, so far, the proportion of a weed due to good crop 
management practices followed in these plots and the prolonged 
dry period when pod shattering generally occurs in this 
climate. Eetailed phenology results were reported by Huxley et 
al. (1987). 

Both the macro- and micro-plots have been intercropped with 
beans in the short rains and maize in the long rains. Only 
maize has been fertilized, with 40 kg N and 40 kg P20s/ha. 
Unpruned Leucaena was so competitive with the annual crops 
that only one-half to one-quarter of the yields under control 
were obtained from these plots (Table 1). However, periodical 

Table 1: Aniual Crop Yields Under Three Different Multipurpose Trees 
in Macro-Plots at Machakos. 

F - Failed due to severe drought. 
a - Leucaena was pruned regularly to 0.5 m height. 
b - Yield from the Balanitis macro-plot where the tree was too 

small to affect crop yield. 
(Source: ICRAF, Unpublished data) 
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Fig. 1. Annual bole volume increment of different MPTS at ICRAF's Field Station at Machakos 
(measurements taken around 6 years) (source: B. Jama, unpublished datai 



(c) 

pruning to 0.5 m height was the most appropriate management 
practice for this MPT which not only allowed normal crop 
yields, but also avoided the problem of seed production. Crop 
yields associated with Faidherbia albida were as high as 
those under control in the early years, and were depressed only 
slightly in the later years. This suggests that this tree 
species is least competitive with the associated crops. 
Prosopis jul.iflora was intermediate between Faidherbia and 
unpruned Leucaena in its competitive effects and permitted 
the production of half as much yield as in control plots. These 
macro-plots proved extremely successful in demonstrating the 
potential of combining trees and crops and that additional tree 
products (fuel, fodder) can be obtained with some or no 
sacrifice in crop yields. 
Trials: A tr:.al with 18 Central American hardwood species, 
received fron the Commonwealth Forestry Research Institute, 
U.K. was established in November 1984 in a randomized block 
layout. Eacli plot was planted with six trees in 2 m x 2 m 
placement and replicated thrice. Maize was sown adjacent to 
trees in one replicate in 90 cm rows for preliminary evaluation 
of the competitive effects of trees. Growth measurements at the 
end of 31/2 years have identified Leucaena leucocephala, L. 
diversifolia, L. Shinoni, Parkinsonia aculeata, and 
Gliricidia sepium as some of the fast-growing species 
requiring further examination in semi-arid climates (Fig. 2). 

Fig. 2. Mean diameters and heights of trees measured at 31/2 years 
(source: P. Oduol, unplished data). 
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Maize yield estimates were variable because of the use of a 
single replicate, but generally, the trees that produced good 
growth were nore competitive and suppressed maize yield more 
than the short and bushy species, indicating the need for 
developing appropriate cutting/pruning management practices for 
such trees to be used in agroforestry systems. 

d) Sesbania trials: Sesbanias are native species commonly grown by 
farmers in Kenya on field bunds or distributed sparsely in crop 
lands. Sesbania sesban and Sesbania macrantha are being 
evaluated at different between-row and within-row spacings. 
Both species have been observed to be fast growing and well 
adapted to t'tie dry conditions of Machakos, producing large 
quantities of biomass by seven months (Table 2). Biomass 
production increased linearly with plant population up to 
40,000 plants/ha. Though both species seemed to perform equally 
well, the small-sized and less-branching S. sesban gave 
higher yield than S. macrantha at higher populations while 
the bigger-sized and more-branching S. macrantha produced 
higher biomass than S. sesban at lower populations. 
Rectangular planting was better than square planting. 

Table 2. Dry Weight of above-ground biomass yied of Sesbania 
macrantha and S. sesban as affected by different plant 

populations at 7 months' stage (1987). 

a Plant population per ha 
(source: P. Oduol, unpublished data) 
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A major limitation of these species is that stand mortality is 
common after one year in semi-arid climates which is further 
aggravated by higher population and moisture stress. The mortality 
can be reduced to some extent by pruning the plants to an 
appropriate size before the dry period sets in. Mortality by the end 
of the 18-month period in our studies was to an extent of 40% in S. 
sesban and 33% in S. aacrantha. The stand loss on average was 23% 
in 10000 plants/ha as compared to 45% in 40000 plants/ha, while 
there was practically no mortality when the plants were pruned to 
0.5 or 1.0 m. This limitation together with their lower coppicing 
ability restricts the potential of these species for hedgerow 
intercropping, particularly in semi-arid climates. Nevertheless, 
their fast growth, high biomass production, and prolific nodulation 
make them appropriate for inclusion in short rotations, improved 
fallows and for fodder banks. 

Tree Establishment Trials 
a) Off-season tree planting:. Generally, the optimum period 

(October/November) for tree planting in semi-arid climates is 
also the period when agricultural operations are at peak. 
Consequently, tree planting gets neglected or relegated to 
second priority, often resulting in poor seedling survival. A 
trial was set up at the end of the 1985 short rains to examine 
the scope of establishing trees in the dry period, when usually 
there is no labour constraint, with small quantities of 
supplemental water. Three tree species Grevillea robusta, 
Casuarina equisetifolia, and Mangifera indica, were tried 
with four levels of water (1, 1.5, 2.0 and 2.5 litres) applied 
surface or sub-surface. Water in this latter treatment was 
applied at 40 cm depth to reduce evaporation loss through a PVC 
tube inserted into the ground near the tree base. The frequency 
of irrigation was at biweekly intervals during the dry periods 
until February 1987 when it was changed to weekly intervals due 
to increased size of the trees. 

There was 100% establishment in all the three species with 
both methods of irrigation. There was no effect of different 
quantities of water suggesting that trees could be established 
in the dry season with as little water as 1 litre per tree. 
This much quantity of water is easily affordable to most 
farmers to plant some fruit, timber or fuelwood trees in home 
gardens. In the early years characterized by below-normal 
rainfall, the subsurface method was superior to the surface 
application but the differences had disappeared following a 
good rainy season by the end of the third year. 

b) Sunken vs normal planting: Moisture is a major limiting factor 
for successful establishment and early growth of trees in 
semi-arid tropics characterized by short rainy seasons and 
prolonged dry periods. Seedling survival on sloping lands is 
further jeopardized by rain water run-off. Preliminary 
observations indicated that seedlings of a number of tree 
species planted in open pits (sunken planting) had the best 
rates of survival and vigour. During the first 10 months after 
planting, Prosopis alba plants in sunken planting methods 
grew almost twice as tall and Faidherbia mellifera plants 
thrice as tall as those in conventional planting methods. 
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Improved seedling establishment in open pits could be due to 
increased water availability, reduced wind speed, and reduced 
evaporation as the pits might act as litter traps. 

A further replicated trial was initiated in April 1987 with 
Leucaena as the test species. Normal planting was done in 
40 x 40 x 40 cm pits which were filled back to level at 
planting by nixing soil with one shovel of manure. In the case 
of sunken planting, 60 x 60 x 60 cm pits were dug and trees 
planted at 45 cm depth using part of top soil mixed with a 
shovel of manure. Micro-catchments were made above the planting 
hole (Fig. 3). 

3. Illustration of sunken and normal planting. 

Measurements taken as of February 1988 indicated that stand 
mortality in sunken planting was only half as much and the 
plants grew twice as tall as in level planting (Table 3). 
Sunken planting is very appropriate for establishing fruit 
trees and tree planting in limited numbers on deep soils (e.g., 
sandy loams to loamy sands) but not on shallow, sandy podsolic 
soils, and on clay soils prone to waterlogging. 
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Table 3. Differences in the Performance of Seedlings as a Function 
of Different Planting Techniques as of February 1988. 

Attribute Level planting 
(LP) 

Sunken 
planting (SP) 

% Improvement 
of SP over LP 

Mortalitya 27 
Height growth (cm) 32 
Top die-backa 5 
Silting (cm) n.a 

13 
70 
2 
1.5 

52 
54 
60 
n.a 

a Measured in total population. 
n.a. Not applicable. 
(Source: P.G. von Carlowitz and G. V. Wolf, Unpublished data) 

(c) Protection against browsing: Free-grazing livestock (e.g., 
goats) and small game (e.g., dik dik, hares) cause severe 
damage to the young and establishing tree seedlings by browsing 
the shoots. There is a great need to identify locally 
available materials suitable for protecting the tree seedlings 
against such early damage. Four materials, namely, sisal fibre, 
fibres from Kapok pods, extract of Solanum incanum, and 
clipped and fluffed-up sheep wool, were compared for their 
protection of young Leucaena leucocephala seedlings against 
browsing of goats. With the exception of the fluid Solarium 
extract (which was mixed with ground gum exudates from 
Faidherbia xanthophloea), all other repellants were applied 
with the help of glue (which can be substituted with gum arabic 
or extract from Euphorbia spp.). A week before the start of 
the trial, the grass on the experimental area was mowed and 
removed to eliminate alternative feed sources for goats during 
the trial. Scores were made on the degree of browsing and 
seedling mortality due to browsing at specified time intervals. 

Preliminary results showed that clipped wool was the most 
effective repellent (Fig. 4), which was followed by Kapok 
fibre. Only 21% of the sheep-wool-treated shoots were destroyed 
by browsing as compared to the corresponding figure of 67% with 
Kapok fibre or 100% with other treatments. Considering that the 
browsing pressure on the experimental plot was roughly six 
times that normally encountered in field conditions, even the 
browse-retarding effect of Solarium juice deserves further 
attention. Sisal fibre also delayed the attack on terminal 
shoots by goats but was found to be too heavy to apply around 
the shoots. The goats also quickly learned how to pull it off 
the plants. These materials will be further evaluated under 
on-farm conditions. 
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Fig. 4. The projective effect of different repellents against browse 
damage to terminal shoots (% of total number of plants in each 
treatment) (source: P.G. von Carlowitz and G.V. Wolf, unpublished 
data). 

Experimental Designs 
A key issue for both design and management of any agroforestry 

system is to have an understanding of the interactions between the 
tree and the crop species when grown together in resource sharing 
situations at the tree/crop interface. This is possible by in-situ 
observations of existing situations or by studying specially planted 
experimental lay-outs. Efforts have been made at ICRAF to develop 
space-efficient designs to study tree/crop interface effects, and 
one such lay-out established in 1984 involved planting of three 
conjoint arms at 120° orientation (a 'Y' design, Fig. 5). Each arm 
consisted of a closely planted strip of tree (Cassia siamea) and 
annual crop (maize) parallel to it on either side. The three arms 
were intended to measure the effect of orientation. The trees were 
allowed to grow normally and the cropped area was treated as tilled 
vs nontilled, but the trees can be managed differently (e.g., hedge, 
pollarded, pruned, etc.) and different management options can be 
imposed on the cropped area (mulch vs no mulch, fertilizer vs no 
fertilizer, etc.)- The arms could be instrumented and sampled as 
transects across their width to measure light interception, water 
use, rainfall distribution, and soil and microclimate changes. 
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Fig. 5. Layout of Cassia siamea/maize 120° Y design (adapted 
from Huxley, 1983).. 

As a further development, the arms in another trial were 
planted in all the four major directions separated from one another 
and replicated twice (Fig. 6), However, the same could be planted 
compactly in a 'sts.r' form and replicated (ICRISAT, 1987). In our 
trial established in 1987, each arm had three rows of Grevillea 
robusta managed as a high hedge and cropped with 12 rows of maize 
on either side. Maize control and hedge control (obtained by leaving 
some length of hedgie without maize) were included to facilitate 
estimation of the competitive effects of one crop over the other. 

Preliminary analyses of results from Cassia/maize indicated 
that orientation effects were not great and the tree/crop interface 
effects were distinctly different between seasons. In the cropped 
area, three distinct sections could be identified: the area of crop 
under the influence of trees, the area outside of the crop under the 
influence of edge effects, and the intervening area that was not 
influenced by either of the two interfaces (Fig. 7). The size of 
these sections would help determine the spatial arrangement for the 
tree and crop components in designing an agroforestry system. These 
and other systematic designs (Huxley, 1985) might help in the early 
stages of a research programme for preliminary understanding of the 
tree/crop interactions expending limited experimental resources, 
which may form the basis for developing detailed experiments later. 
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Fig. 6. Field layout of geometric 45° design to study tree/crop 
interface and orientation effects in all directions (2 
replications). 
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4.5 

Fig. 7. Maize cob weight at different distances from the tree 
measured on both sides of the 3 arms. The general pattern on yields 
was represented by the solid line (source: P.A. Huxley et al., 
unpublished data). 

Hedgerow Intercropping 
Hedgerow intercropping (also known as alley cropping) is being 

researched throughout the tropical world as a means of achieving 
sustained crop production. A demonstration-cum-trial was initiated 
at Machakos in October/November 1984 in large field-size plots to 
show how this sytem is practised and to explore the effect of some 
variables. Three tree species (Cassia siamea, Gliricidia sepium, 
and Leucaena leucocephala) were planted at between-row spacings 
(alley widths) of 3, 4, 5, and 6 m using a constant (50 cm) 
within-row spacing. The alley widths of 3 to 6 m were arranged 
systematically and there were 4 alleys for each width. Trees were 
cut at 30, 60, and 90 cm heights at variable frequencies, the alleys 
being 10 m long for each cutting height. The prunings were 
incorporated in the alleys where annual crops were grown. After an 
initial crop of cowpea in 1985, maize and cowpea were grown 
regularly in the long and short rains respectively. The emphasis 
being on demonstration of the system, maize was fertilized uniformly 
at 40 kg N and 40 kg P205/ha. 

The results could not be analyzed statistically (except for 
cutting height which was randomized) due to non-replication and 
non-randomization. Gliricidia planted through cuttings did not 
establish well and required gap filling, resulting in delayed 
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pruning and only half as much biomass production as from the other 
species in the early years. But all three were equally productive in 
the later years with over 2 t/ha/year of dry biomass yield (Table 
4). 

Table 4. Effect of Species and Alley Width on Hedge Biomass and Maize 
Yields in Hedgerow Intercropping at Machakos. 

Year Species Alley width (m) 

Gliricidia Cassia Leucaena 
sepiurn siamea leucocephala 

Hedge biomass (Dry wt. kg/ha) 

1986 
1987 
1988a 

1986 
1987 
1988 

1480 
2225 
1680 

Maize 

1865 
890 
2600 

3185 
2310 
1425 

Yield (kg/ha) 

1895 
830 
2915 

3700 
2105 
1915 

1545 
260 
2575 

2675 
2055 
1625 

1470 
420 
2350 

3210 
2315 
1620 

1710 
590 
2625 

2575 
2100 
1675 

1995 
770 
2820 

2690 
2385 
1775 

1900 
860 
2995 

a Yield measured up to May 1988. 
(Source: B. Jama, Unpublished data) 

However, Leucaena was more competitive with the annual crops than 
others, particularly in the dry year of 1987. Biomass from hedges 
increased significantly with higher cutting heights, but this was 
found to be courterproductive as the crop yields were decreased 
significantly, probably as a consequence of increased competition 
for moisture (Fig. 8). Hence, a lower cutting height (around 30 cm) 
that does not drastically affect the hedge yield but allows higher 
crop yields should be recommended. 

Maize yields increased with increasing alley width, reflecting 
greater proportional area allocated to the crop in wider alleys. The 
hedges in closer alleys might have also been competitive for 
moisture with arnual crops. Though this is expected in the limited 
moisture conditions of semi-arid tropics, the results of alley width 
in this trial need to be considered carefully because of the 
systematic arrargement of alley spacing coinciding with slopes and 
possibly fertility gradient. Maize yields averaged 2 t/ha in 1986 
and 3 t/ha in 1S88 under 30 cm cutting height. It was only in 1987, 
when rainfall was half of the normal, that maize and cowpea yields 
were low (Fig. 8). 
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Fig. 8. Effect of cutting height on the performance of the hedge and 
the annual crops; (source: B. Jama, unpublished data). 
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The trial has shown that alley cropping can work under the 
semi-arid conditions of Machakos with even Gliricidia and 
Leucaena which hitherto have been considered suitable only for 
humid, high rainfall conditions. Plant management is the most 
important aspect for the success of alley cropping in semi-arid 
climates. But what has not been clear is the appropriate alley 
width, whether the system is self sustaining or needs to be 
supplemented with fertilizers, and if so, by how much? 

Leucaena was free from pests and diseases, but Cassia was 
infested frequently by powdery mildew, and Gliricidia was 
similarly infested by scale insects and aphids. This points out the 
need for close watch on pests and diseases when these tree crops are 
planted extensively. 

Agroforestry for Soil Conservation 
There is much sloping land on the Field Station, giving ample 

opportunity for studies on soil conservation. Four sets of 
demonstration plots were established in 1984, on a slope of 10° 
(18%). In 1988 these were substantially modified and partly 
converted to trials, with measurements of runoff and soil loss. It 
is too early to assess results from this change, and the following 
summary reports only the experience from qualitative assessment of 
the demonstration plots. 

Three of the demonstrations are adaptations of conventional 
methods of soil conservation, the trees having supplementary 
functions of production and stabilization. In the fourth, hedgerow 
intercropping, the tree component itself is the means of checking 
runoff and erosion. 

(a) Trees on grass strips: Erosion control is provided by the 
grass, with the trees having a supplementary productive 
function. Both Panicum maximum and P. coloratum have formed 
dense grass barriers, their success in checking soil movement 
being shown by the formation of natural terraces, with risers 
already 30-50 cm high. Growth of the trees was not so 
successful: of 6 species planted, 3 died; those surviving are 
Grevillea robusta, Cassia siamea and Leucaena. The growth 
of these was highly variable, due to moisture competition from 
the grass. Where this technique is used, grass should be hoed 
away from around young trees until they are well established. 

(b) Trees on terraces: Terraces were constructed by mechanical 
means, with grass planted to stabilize them. Three species of 
trees were added, partly on the top and partly at the base of 
the risers. There is no clear difference in growth between 
these two sites for trees. 

(c) Trees on ditch-and-bank structures: The Kenyan "fanya juu" 
method, in which the ditch is downslope of the bank, was 
adapted to agroforestry by adding fruit trees. Because of the 
dry climate, these were planted in the ditches as a form of 
sunken planting. Citrus, guava, avocado, and banana have shown 
vigorous growth, only mulberry being less successful. 

(d) Hedgerow intercropping: Barrier hedges of Leucaena, parallel 
to the contours spaced at 4-metre intervals, have become 
excellently established. Although sown only as single rows, 
with 25 cm between plants, they appear to form a substantial 
barrier to soil movement, and have led to incipient terracing. 
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During this early period, the prunings were laid against the 
upslope side of the hedgerows to increase their effectiveness 
as barriers, although the alternative of spreading prunings 
across the alleys is now being tried. On qualitative 
inspection, this technique appears both practicable and 
effective in controlling erosion and, to study this further, 
the area with its established hedges has been converted into 
plots for erosion measurement. 

In summary, the demonstrations have shown that, where trees are 
added to conservation works for purposes of production, it is not 
enough simply to plant and leave them; attention must be given to 
their establishment and early growth. The apparent success of 
hedgerow intercropping on land of substantial slope raises an 
exciting prospect, calling for quantitative data from trials. A 
recent summary of agroforestry for soil conservation pointed to the 
contrast between the high apparent potential and the paucity of 
experimental data (Young, 1989). It is hoped that the present trials 
will contribute, through data and testing of the experimental 
methods, to the fulfilment of this need and thereby to the efficient 
design of agroforestry systems for soil conservation. 
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TRENDS IN FOOD PRODUCTION UNDER THE 
TAUNGYA SYSTEM 

C.R.J. Nyaga, Forest Department Headquarters, Ministry of 
Environment and Natural Resources, P.O. Box 30513, Nairobi, Kenya 

The shamba system type of taungya practised in Kenya 
since the 1910s contributed significantly to food 
production and industrial wood development. It however 
encouraged forest squatters who have threatened an otherwise 
appropriate system which provided enormous benefits for the 
forest administration and its employees. 

In 1975 the government did away with the resident 
labourers' rules that employed workers contractually and 
absorbed them (labourers) in the country's civil service. 
Hitherto freely allocated forest lands had to be rented and 
this attracted nongovernment employees to the list of 
cultivators. 

Nongovernment employees failed to protect young forest 
crops the way government employees did and this led to 
outlawing of shamba rents. The Forest Department hopes to 
reintroduce a revised Taungya system which protects it from the 
danger of squatters and nongovernment employees who have no 
obligations to tending tree seedlings. 

The "taungya" system, known in Kenya as the shamba system, was 
started in the early 1910s when renting forest land for cultivation 
and eventual tree planting was introduced. The practice remained on 
a small scale until the 1920s with the establishment of large-scale 
plantations, particularly of Eucalyptus species, to provide 
fuelwood. The practice increased gradually with the introduction of 
the Forest Resident Workmen Rules and reached a peak in the 1970s 
with the World Bank loan for the establishment of softwood 
plantations and when the Forest Department planting programme 
increased to 6500 ha/year. 

Today's 165,000 ha of plantations have been established, mostly 
under the same system, with an annual average planting programme of 
6,500 ha. 

The main food crops grown in the forest under the taungya 
system are maize, beans, potatoes, and vegetables of different types 
depending on the availability of the market. The amount of food 
crops produced has been increasing along with the planting 
programme. However, the virgin forest land cleared for the first 
time was very fertile and production was higher than the second 
rotation under exotic softwood. It is estimated that forest land 
would produce about 7000 kg/ha of potatoes annually and about 1800 
kg/ha of maize and beans. The crops grown under the taungya system 
did not only provide the workers with enough food but they had quite 
a surplus, which contributed greatly to their cash income. 
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In the 1950s the Forest Workmen Welfare Fund was established. The 
original source of the fund was a small tax charged against the 
crops sold by the workers. The funds from this source were quite 
considerable and were used in establishing welfare facilities at the 
forest stations such as schools, shops, social halls, and 
dispensaries. 

The taungya system has undergone many changes in Kenya, along 
with changing trends in food production under the same system. It 
started at the turn of the century through to the introduction of 
resident workmen who worked for the government for only 9 months in 
a year and concentrated the rest of their time on their shambas. 
During this period, in 1975, all the forest resident workers were 
brought into the civil service cadre. Even with the change in cadre, 
renting forest land for cultivation continued at the same pace. 

The main factor that will now adversely affect the taungya 
system is the limited availability of land for planting resulting 
from a shift in policy whereby the Forest Department is not opening 
up any more new land for afforestation. This has drastically reduced 
the amount of available land. Because the demand for forest land for 
cultivation continued to be high, this has adversely affected the 
establishment of tree seedling in some areas, especially where 
workers other than the forest workers were involved. It has been 
reported that, in some cases, the very farmers who are supposed to 
weed and tend the seedlings with their crops actually kill the 
seedlings so that they can continue cultivation on the same piece of 
land for a longer period. This situation casts doubt on whether 
taungya systems should continue or not. It is important to note here 
that the taungya system encouraged development of squatters in the 
forests, especially where the resident workers retired in the forest 
land. These workers and other workers from outside the Forest 
Department did not have any interest in establishing the forest 
plantations. They did little to encourage the survival of the forest 
seedlings among their crops. As the number of farmers.'in the forest 
estates increased, the shifting cultivation was affected because no 
new land was opened for afforestation. This encouraged the forest 
farmers to continue cultivation on the same piece of land for a 
longer period and, therefore, only a few forest seedlings were 
allowed to survive. 

However, the Forest Department with its workers has a 
responsibility to establish forest plantations where annual 
clearfelling is done. Trying to establish forest plantations outside 
the shamba system has had some bad effects on the crop because the 
young seedlings are killed by excessive weeds and other pests and 
animals. This has meant continuous replanting or beating up on the 
same area for several years, which tends to reduce our annual 
planting programme. We now have a backlog of forest planting in many 
large-scale, forest-plantation districts. 

Trends in the recent past have shown successful efforts by the 
government in eradicating squatters in the forest lands. Also, no 
permanent agriculture is allowed in the forest land and the leasing 
of the forest land for cultivation by people outside the Forest 
Department is no longer allowed. If the permanent forest residents 
or forest squatters are eradicated and outside leaseholders banned, 
the taungya system using Forest Department workers will ensure 
successful forest tree plantations where clearfelling is done. 
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It is important here to look at the taungya system as a forest 
plantation management tool or practice without which the survival 
rate of the forest seedlings will be poor. The taungya system should 
be operated by forest employees to ensure that successful forest 
plantations are established. Food production should also not take 
preference over the conservation of the remaining limited forest 
cover. 
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AGROFORESTRY APPROACHES TO THE SUPPLY OF 
FUELWOOD FOR TOBACCO CURING 

C.W. Gaitho, BAT Kenya Limited P.O. Box 30000, Nairobi, Kenya 

Abstract Tobacco growing in Kenya was initiated by 
the British America Tobacco Company (BAT) in the late 1930s, 
and in the early 1950s production was only 10X of Kenya's 
requirements and the rest, i.e., 90%, was met by Uganda and 
Tanzania. At present, the country is self-sufficient in flue-
and fire-cured production. 

At the early stage of tobacco growing, fuelwood for 
tobacco curing was obtained from the indigenous woodlots. 
This exploitation led to the shortage of fuelwood in the 
tobacco-growing areas. 

The company realized this situation and in 1974 
initiated an on-farm tree planting programmes by 
tobacco-growing farmers. Realizing also that on-farm tree 
growing falls within the scope of agroforestry, the company, 
in conjunction with ICRAF, in 1982 organised a national 
seminar in agroforestry. Some of the recommendations have 
been adopted in the company's tree-planting programme. 

The company has also endeavoured, through independent 
appraisal exercises, to assess the success of this 
programme. The appraisal results have indicated that the 
programme is a success and that agroforestry approaches can 
be used to produce fuelwood for tobacco curing. 

Tobacco growing in Kenya was initiated by BAT in the late 1930s 
in Kitui and Sagana as an activity for small-scale growers. Later, 
in the early 1950s, the crop was introduced in Embu. At that time, 
production was only 10% of Kenya's requirements, and the main 
tobacco requirements, i.e. 90%, were met by Uganda and Tanzania. 

In 1974, BAT made a policy decision to boost tobacco growing in 
Kenya to make the country self-sufficient in flue- and fire-cured 
tobacco. Four areas were identified as suitable for tobacco 
expansion: Meru in Eastern Kenya, Migori and Kuria in Nyanza, and a 
belt in Bungoma-Busia in Western Kenya. 

Before 1974, tobacco grown in Kenya for sale to BAT averaged 
about 100 t/year. Since 1974, production has expanded considerably 
to the extent that the country is now self-sufficient in flue- and 
fire-cured production. This year, 1988, we expect a production of 
6138 t flue- and 1900 t of fire-cured tobacco, respectively. Burley, 
i.e., air-cured tobacco, production is estimated at 140 t. 
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Three types of tobacco of the species Nicotiana tabacum are 
grown in Kenya: flue cured, fire cured, and burley. Apart from 
varietal differences, the main differences are the ways in which the 
tobacco is cured or dried. Flue-cured tobacco is traditionally cured 
by passing heat through a system of flue pipes in a curing barn, 
which in turn heats the air around the pipes. The furnace is located 
outside the barn. The resultant product after curing is bright-
coloured tobacco. In Kenya, this tobacco is cured in a barn using 
fuelwood. 

Fire-cured tobacco is cured by smoking the leaf through smokey 
fires lighted in pits dug inside the barn. This results in a 
dark-coloured tobacco, and its processing requires less fuelwood 
than flue-cured tobacco. Burley tobacco, because it is air cured, 
has no fuelwood requirements. 

TREE PLANTING 

When BAT Kenya embarked on the tobacco-expansion programme in 
the early 1970s, the areas considered for expansion were included 
not only for their suitability for tobacco growing but also because 
of the availability of an indigenous tree population. The areas had 
to have enough trees to provide curing fuelwood for a minimum period 
of 7 years. Further, farmers allowed to grow tobacco had to have 
enough trees on their farms to provide curing fuelwood for the same 
period. When the company started encouraging large-scale tobacco 
growing, the issue of fuelwood requirements for tobacco curing 
featured prominently, and, in 1974, the company initiated a farm 
woodlot development programme in tobacco-growing zones, specifically 
for tobacco curing. 

The strategy involved setting tree-planting targets for each 
farmer and providing material inputs (seeds, seedlings, and 
equipment) and on-farm technical supervision. Farmers who used the 
flue-curing method were required to plant 1000 Eucalyptus trees 
per annum until they achieved a target of 3000 surviving trees. 
Fire-curing tobacco farmers were required to plant 300 Markhamia 
platycalyx trees per annum to reach a minimum of 1000 surviving 
trees. 

To assist the farmers, the company established nine tree 
nurseries within the tobacco-growing areas and employed a forester 
(silviculturist) and several nursery workers. Also, realizing that 
on-farm tree growing falls within the scope of agroforestry and 
community forestry, in 1982 the Company organized a national seminar 
and consultation on agroforestry in conjunction with the Nairobi-
based International Council for Research in Agroforestry (ICRAF). 
Some of the recommendations from this workshop have been adopted in 
the company's tree-planting programme. 

Although the company's efforts in promoting on-farm tree 
woodlots in tobacco-growing zones are already making many tobacco 
growers self-sufficient in fuelwood requirements, the company has 
endeavoured (through independent appraisal exercises) to confirm 
that its farm woodlot development project is realistic given the 
present and projected future tobacco production levels. To this end, 
in 1983, the company requested the Department of Forestry (then at 
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the University of Nairobi) to carry out a comprehensive appraisal of 
this development programme. The appraisal concentrated on tree 
survival rates and on supply/demand projections to the year 2000. 
Results showed that the company tobacco farmers had established 2143 
ha of woodlots (spacing 2 x 2 m): Eastern Kenya, 500; Western Kenya 
732; and South Nyanza, 911. These figures represent the actual areas 
of surviving trees. The survival rates at that time were: Eastern 
Kenya, 31; Western Kenya, 48; and South Nyanza, 35. 

In 1986, the company once again requested the Department of 
Forestry (Moi University) to undertake a further appraisal, this 
time giving more emphasis to woodlot-management aspects including 
recommendations on appropriate species for the various ecozones. On 
the assumption of the recommended spacing of 2 x 2 m (2500 
trees/ha), overall it was estimated that some 5400 ha had been 
established by the company's tobacco farmers. This hectarage is 
equivalent to 13.5 x 106 surviving trees. It was found that the 
tree survival rate had markedly improved in all areas over the 1983 
appraisal with the following results: Eastern Kenya, 56; Western 
Kenya, 68; and South Nyanza, 65. This improvement in survival rate 
could be attributed to improved woodlot management and protection in 
those areas. Additional tree plantings were carried out in 1987 and 
1988. Statistics for these 2 years of planting are being compiled. 

The 5400 ha of existing woodlots are slightly in excess of the 
national requirement for tobacco curing, which stands at 5000 ha 
phased over 5-year rotations. But there are large differences from 
one leaf area to another, thus although the national area planted in 
trees for tobacco curing seems adequate, there may be localized 
shortfalls. The company, however, is undertaking large- and 
medium-scale plantation establishments that are concentrated in the 
eastern zone and, to a much smaller extent, in Western Kenya. These 
make up an additional area of about 100 ha. 

Efforts have been made by BAT (Kenya) in promoting tree 
planting in private (non-tobacco farmers) and institutional lands 
(mainly schools and other public land). Because many non-tobacco 
farmers also obtain tree seedlings from BAT central nurseries, in 
the eastern zone there is a high demand for seedlings, mainly 
Cassia siamea and Grevillea robusta, so much so that the company 
cannot cope with the demand. Many schools, market centres, and other 
public-amenity sites also receive supplies of seedlings from the 
company. 

APPROACHES 

Species Selection 

At the onset of the tree-planting programme, the company 
encouraged farmers using the flue-cured method to grow mainly 
Eucalyptus spp., whereas those using the fire-curing method were 
encouraged to grow Markhamia platycalyx. Eucalyptus spp. suited 
various climatic and soil conditions and was generally fast-growing 
if planted in the right places. Markhamia platycalyx, although not 
as fast-growing as Eucalyptus spp., produces an odourless smoke, 
which is a requirement for any woodfuel used for smoking fire-cured 
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tobacco. Eucalyptus spp. cannot be used for smoking fire-cured 
tobacco because of its odour. Although Eucalyptus spp. is doing 
well in the western zone, it has not been successful in the eastern 
zone because of its susceptibility to drought and termite attack. 

On the basis of the growth and survival rates and the farmers' 
species preferences, the following tree species have been encouraged 
in the two different zones: 

Eastern Kenya: Cassia siamea, Grevillea robusta, Leucaena 
lecocephala, and to a very small extent Terminalia brownii 
and Markbamia platycalyx (lutea); and 
Western Kenya: Eucalyptus saligna, Markbamia platycalyx, 
Cassia siamea, Grevillea robusta, and to a small extent 
Gmelina arborea. 
At the earlier stages of its afforestation programme, BAT 

(Kenya) attempted to promote some agroforestry species. With advice 
from ICRAF in 1982, the company arranged for farmers to be supplied 
with such multipurpose tree species as Leucaena leucocephala, 
Prosopis spp., and Cassia siamea, etc. Tobacco farmers showed 
great enthusiasm for these species in the initial stages; however, 
as they observed the subsequent inferior performance of such species 
as the dwarf Leucaena leucocephala and Prosopis pallida, some 
farmers reverted to species whose growth performance they were more 
certain of. 

Other species being promoted are Azadirachta indica, Acacia 
albida, Cordia abyssinica, Terminalia brownii, Sesbania sesban, 
Albizia spp., Gmelina arborea, and other agroforestry species. 
Coppicing and fast-growing tree species as well as certain 
agroforestry species are preferred by the tobacco farmers in 
general, and BAT (Kenya) is playing its part in promoting such 
species and agroforestry practices in tobacco-growing zones. 

Nurseries 

The company ensures that all tobacco farmers are provided with 
the necessary material inputs, such as tree seed, polythene tubes, 
etc., and technical advice and supervision. 

Every farmer using the flue-cured method is now required to 
raise 300 tree seedlings/year, whereas those using the fire-cured 
method are required to raise 200 tree seedlings. These seedlings are 
raised at the farmers' nursery sites together with tobacco 
seedlings. The farmers are targeted to raise 3.1 x 106 seedlings/ 
year. Some 11,000 farmers are now engaged in tobacco growing through 
BAT (Kenya). 

As mentioned earlier, the company has nine major tree nurseries 
and four smaller ones. These nurseries are spread out in all areas 
where the company has tobacco farmers and produce some 2.3 x 106 

tree seedlings annually. Overall, a total of 5.4 x 106 seedlings 
are produced by both the company and its tobacco farmers annually. 

Planting and Tending 

Farmers are involved in preparing the sites for planting, which 
includes bush clearing, ploughing, and pitting. The recommended 
spacing is 2 x 2 m, but this spacing is becoming difficult to 
achieve as plots allocated for tree planting are getting smaller and 



smaller because of the competition arising from the need to plant 
food crops. The sites recommended for tree planting are farmlands 
that are at present unused, e.g., marginal land where little or no 
production has taken place because of rockiness, erosion, 
shallowness etc; on farms, fields, and homesteads; and along far* 
boundaries as well as terrace risers. Row planting is recommended, 
but in some areas, such as very deep steep slopes, the alternate 
row-planting method is preferred. In dry areas, water-harvesting 
methods, such as microwater catchments, are adopted. 

Weeding is carried out during the first 2 years to protect the 
trees from competing vegetation. The woodlots, especially the young 
trees, must also be protected from damage by domestic and wild 
animals. Damage by seasonal fires is rare on farms but common on 
public lands and where the company has leased land from county 
councils. Fire lines or fire breaks are used as fire-preventive 
measures on those sites. Intercropping with food crops is carried 
out during the first 2-3 years where trees have been planted in 
blocks. Otherwise, intercropping is carried out through the seasons. 

Harvesting 

In all areas, a large percentage of farmers use trees from 
woodlots for tobacco curing and as a building material on their 
homesteads. Some use their woodlots for other purposes in addition 
to curing tobacco, e.g., as a source of income through the sale of 
poles and, most important, as fuelwood for cooking. 

The size to which the trees are permitted to grow before 
felling depends mainly on the end use of the products, available 
equipment, and the economics of the operations. It is important to 
note that under small-scale farm conditions, tree-harvesting labour 
requirements increase significantly above a certain farm size 
because of the lack of appropriate mechanization. Furthermore, for 
fuelwood for curing tobacco, small pieces of wood are essential to 
fit the limited capacity of the furnaces. Small-diameter trees are, 
therefore, preferred, and trees in most of the tobacco-growing areas 
reach the right size in 4-5 years, so felling plans for woodlots are 
drawn accordingly. Thinning schedules for the closely spaced trees 
in woodlots are carried out at an earlier stage by removing every 
other row when they attain a utilizable size, e.g., as sticks for 
stringing tobacco. 

The recommended harvesting system for woodlots in blocks is in 
coups that can coppice as even-aged units. Selective harvesting is 
discouraged because it results in uneven-aged stands that are 
impossible to evaluate in terms of survival and will not achieve 
optimal growth as these fast-growing species tend to be shade 
intolerant. On farmlands, selective harvesting is encouraged. The 
company provides some tree-harvesting tools such as bow saws and the 
treatment of subsequent coppice rotations is by selectively removing 
weak coppices and leaving two to three only. 

FUELWOOD DEMAND AND SUPPLY 

The 1983 tree-appraisal exercise was performed in an effort to 



develop tree-planting and harvesting schedules. These schedules were 
drawn on the following assumptions: 
(a) Afforested hectares will stay at 720 per annua with a survival 

rate of about 40%; 
(b) The first woodlot crops will be harvested after 6 years; and 
(c) Coppice crops will be harvested every 5 years thereafter. 

On the basis of the foregoing schedule and assuming a mean 
annual increment of 20 m3/ha per year in the first-rotation 
woodlots and 24 m3/ha per year in coppice-rotation woodlots, 
fuelwood energy (for tobacco curing) supply and demand was estimated 
to balance in 1996. Until the establishment of that balance, it was 
estimated there would be a supply deficit of 1.9 x 106 t of 
fuelwood. 

The 1986 appraisal results, however, showed that first the 
marked improvement in tree survival percentages should substantially 
reduce the fuelwood energy deficits estimated in the 1983 report. 
The second trend is the increased afforestation rate above that 
targeted in the 1983 report from 720 ha/year to around 1500 ha/year 
at present. The third trend is the increasing energy efficiency in 
tobacco curing. For example, the energy balance projection in the 
1983 report assumed specific fuelwood consumption (SFC) of 12 kg of 
wood/kg of flue-cured tobacco. Because of the great increase in 
efficiency realized with the Malakisi Mark III furnace with specific 
fuelwood consumption of 6 kg wood/kg tobacco cured, the estimated 
deficit has been reduced significantly. 

The reasonable wood volume from a 4-5-year-old tree in a 
tobacco-growing area is 0.108 m3. Using the estimated volume of a 
5-year-old tree and the equivalent of 600 kg to 1 m3 of dry wood, 
i.e., 10 trees at about 60 kg/tree, with improved furnaces at an SFC 
of 6 kg wood/kg tobacco cured, 1 tree can cure 10 kg of tobacco. 
Thus, for every 600 kg of tobacco produced by a farmer growing 
tobacco on 0.5 ha of land, about 60 trees must be cut. Assuming a 
50% tree survival rate, a farmer producing 600 kg of tobacco/year 
must plant 120 trees/year for 5 years. Even if allowance is made for 
wastage during removal, use of wet wood, and furnace inefficiencies, 
it is reasonable that such a farmer would plant 200 trees/year for 5 
years. With good coppicing and woodlot management a farmer with 3000 
trees evenly distributed in five age groups should far exceed the 
curing requirements. This number of trees can be accommodated using 
the agroforestry systems mentioned earlier. 

FUTURE PLANS 

To meet the requirements of various environments and different 
farmers as outlined earlier, the company will diversify and use 
several fast-growing tree species with an agroforestry aspect. Some 
of the tree species to be included are Gmelina arborea, Albizia 
spp., Calliandra calothyrsus, Acacia holoselicea, Mimosea 
scabrella, and many others. Demonstration/research plots will be 
set up in different ecological zones of the tobacco-growing areas. 

BAT (Kenya) will continue to provide incentives for woodlot 
development by tobacco farmers as this system has proved appropriate 
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in that it does not lead to overdependence in the long run. The 
coapany will also continue to seek ways and means of reducing 
fuelwood consuaption by tobacco farmers, e.g., through the use of 
improved furnaces, aaxiaua barn insulation, use of properly dried 
wood, etc. Finally, the coapany will continue to liaise with other 
organizations in promoting tree planting and agroforestry. 
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SESSION 3 





PRODUCTION OF MULTIPURPOSE TREES AND SHRUBS 
FOR SOIL AND WATER CONSERVATION 

Loice A. Omoro and Paul llg, Ministry of Agriculture, Soil and Hater 
Conservation Branch P.O. Box 30028, Nairobi, Kenya 

Abstract The reduction of tree cover due to human 
settlement and agricultural activities has led to severe 
land degradation and soil erosion in Kenya. In 1974, a pilot 
project was started in an attempt to arrest the situation. 
The project has been expanded on a nationwide scale. It is 
administered by the Soil and Water Conservation Branch of 
the Ministry of Agriculture, and a nursery component forms 
part of this project to produce and distribute fruit and 
forest/fodder tree seedlings. The seedlings produced in 
these nurseries are distributed at subsidized prices to 
farmers involved in soil conservation. The nurseries are 
managed by technical assistants under the supervision of 
the district soil conservation officers. Inputs not locally 
available are provided through the Ministry of Agriculture, 
Soil and Water Conservation Branch headquarters in Nairobi, 
which coordinates the nursery programme. 

The Branch has realized that the output of seedlings is 
far below the demand, and, for that reason, the policy has 
been modified as follows: 
(a) The nurseries will act as training rather than 
production centres; 
(b) Groups involved in seedling production will obtain 
limited financial assistance; and 
(c) Groups and individuals running nurseries will be 
assisted in terms of training. 

It is expected that when the changes are fully executed, 
the total number of seedlings produced will be higher than 
at present, and more people outside the Ministry will be 
involved. Also, in an attempt to strengthen the biological 
measures in soil conservation and promote agroforestry, the 
Branch intends to launch an extension package for 
agroforestry to be incorporated in the project. 

Natural tree cover has been diminishing over the years due to 
human activities of settlement and agriculture. This has gradually 
led to land degradation by soil erosion, depicted by the thinning of 
the top soil and incidences of decline in crop yields. 

Counter measures to stop erosion are as old as agricultural 
development in this country. Before 1960, the activities of soil 
conservation were mainly physical (broad- or narrow-based terraces, 
cut-off drains, etc.) in large-scale farms using capital-intensive 
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methods involving the use of heavy machinery. After independence, 
most of the large-scale farms were fragmented into smaller units for 
settlement, and the terraces that had been constructed were not 
maintained or were even destroyed in some cases. This, together with 
intensive land use, led to severe soil erosion. 

Because of this evident soil erosion, the Ministry of 
Agriculture saw the need for a project specifically aimed at 
combating this problem just as it had addressed itself to projects 
related to coffee, tea, and dairy and cotton development. In 1974, a 
project was started in four districts on a pilot basis, where simple 
and cheap, but labour-intensive methods were developed for use in 
the small-scale farms. The incorporation of biological measures was 
also considered necessary. These measures included tree-planting in 
various sections of the farm and in highly denuded areas. The trees, 
however, were to be multipurpose and, from the Ministry's point of 
view, species that would be able to complement the soil conservation 
efforts and also be able to coexist with the crops that the farmers 
grow. 

Among the major reasons why trees were incorporated was the 
realization that erosion control and fertility maintenance are 
important aspects in soil conservation. This necessitated the 
incorporation of trees because their canopies are able to reduce 
raindrop impact, therefore protecting the soil from splash erosion. 
The ground litter is also known to enhance water percolation into 
the ground and hence reduce runoff and rill erosion. It was also 
expected that roots of trees planted along the terrace edges and 
embankments would bind soil together, which would enhance terrace 
stability. 

Through tree planting, the farmers are expected to obtain 
wood-related products and outputs that include: 
(a) Fuelwood for the farmers' domestic use, thus constituting a 
saving to the household; 
(b) Timber for construction and building purposes; and 
(c) Fruits to raise nutrition standards and provide a source of 
extra cash income. 

To encourage the farmers to construct the necessary structures, 
tree seedlings were offered as incentives. This was expected to be 
an attraction since benefits of trees can be easily perceived as 
opposed to those of terraces which would come indirectly in terms of 
increased yield, etc. 

Although the seedlings were initially distributed free of 
charge, the government decided to supply the seedlings at subsidized 
prices to ensure that the farmers took care of the seedlings. The 
prices were very low when compared to those charged by contemporary 
nurseries or even private farmers where prices ranged from 5 to 25 
Ksh for fodder/forest trees and from 5 to 25 Ksh for fruit trees. 

The prices charged in the Ministry's nurseries are: Ksh 7.50 
for budded/grafted seedlings of improved fruit tree varieties, Ksh 
1.00 for seed-propagated fruit tree seedlings, Ksh 5.00 for 100 
seedlings of indigenous forest/fodder trees, and Ksh 7.50 for 100 
seedlings of exotic forest/fodder trees. In 1977, the project 
expanded to 35 districts and a nursery component was introduced to 
provide the seedlings that were to be planted by the farmers. 
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OBJECTIVES AND GOALS 

The main objective of establishment of the- nurseries was to 
raise tree seedling and distribute seedlings at very subsidized 
prices to the farmers who carry out prescribed soil conservation 
measures, especially those undertaking construction of terraces. The 
goals set were to produce 300,000 assorted fruit trees annually and 
to produce 3.0 million assorted forest/fodder trees annually. In 
1981, the Ministry, in collaboration with the Prison Department of 
the Ministry of Home Affairs, established 11 more nurseries in their 
compounds. More seedlings could now be produced as the number of 
seedlings available from the Ministry nurseries were insufficient. 

COOPERATION WITH GOVERNMENT OF KENYA PRISON NURSERIES 

The prison farm section should annually produce the following 
seedlings for farmers undertaking soil conservation: 10,Q00 citrus, 
mainly Washington navel; 3000 avocado-fuerte; and 10,000 assorted 
fruit trees, loquats, guavas, strawberry guavas, and custard apples. 

At present, there are only 10 soil conservation nurseries 
within the Government of Kenya prisons: Kamiti Medium Security, 
Shikusa, Kiambu, Mwea, Kisii, Ngeria, Nyeri, Kisumu, and Kitui, 
Naivasha Government of Kenya Prison. Within the agreement, the Soil 
and Water Conservation Branch provides inputs like seeds, polybags, 
and chemicals, whereas the government prisons provide the labour and 
the land. 

The seedlings are distributed by the district agricultural 
officer within the area in which the prison farm falls, and the 
farmers pay for the seedlings in the same manner as they do for 
seedlings from the Ministry's nurseries. The output from these 
nurseries is high and the cost per seedling from the government 
prisons is lower than for seedlings from a nursery under the 
Ministry of Agriculture. 

ORGANIZATION AND MANAGEMENT OF THE NURSERIES 

The Ministry of Agriculture, through the Soil and Water 
Conservation Branch, coordinates 35 nurseries all over the country. 
The nurseries are managed by technical assistants on a full-time 
basis and they are backed by a limited number of casual workers 
throughout the year. The technical assistants are trained in general 
agriculture and either have specialized training from the Thika 
Horticultural Research Station or have been trained at the annual 
nursery management courses organized by the Ministry's Soil and 
Water Conservation Branch. 
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OPERATIONS 

Production 

Of the three major activities carried out by the Ministry to 
promote multipurpose trees, production is the major activity for 
which the nurseries were established and the technical staff are 
directly involved in this operation. The emphasis at the beginning 
was to concentrate on the production of high-quality fruit trees; 
however, over time, it was realized that the farmers have other 
wood-related needs, and, for reasons mentioned earlier, 
forest/fodder trees were incorporated. 

Production has steadily increased over the years but has never 
reached the annual production targets. For quite some time the 
targets have staggered between 150,000 and 300,000 for fruit trees 
and 1.2 and 3 million for forest/fodder trees. The number produced 
has never been adequate for the farmers, particularly for fruit 
trees, which the Ministry is expected to supply in sufficient 
numbers. 

The reasons for the failure to reach the targets set for fruit 
trees are that the vegetative propagation that is normally done is 
very specialized. Many factors contribute to the success or failure 
of taking of the budded or grafted materials. These factors vary 
from availability of the right vegetative materials to adequate 
specialization of the person undertaking the propagation. See 
Figures 1 and 2 for the production figures since 1980 for various 
seedlings. 

Fig. 1 Production of Seedlings 1981-88 
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Fig. 2. Accumulated seedling production in Soil and Water 
Conservation Branch nurseries, 1980-88 ('000) 

The varieties of fruit trees propagated include citrus, 
mangoes, avocados, and pawpaws with citrus surpassing the rest in 
demand. Attempts have been made to introduce other varieties, 
especially for areas that are affected with the citrus greening 
disease (Alt. 1500 m a.s.l), those introduced species include white 
Sapota and sweet and soursops, but these are not yet accepted by the 
farmers because they do not like to take risks on new ventures. 
Extension, however, is being intensified to help the farmers 
understand and accept the new fruits as they are introduced. In very 
high-altitude areas, temperate fruits have been introduced, 
including pears, peaches, and plums and the farmers have readily 
accepted them. 

As with fruit trees, the production of forest/fodder trees is 
diversified. In the past, Eucalyptus species and Cupressus 
lusitanica were in highest demand by the farmers, mostly for 
fencing purposes and woodlots, dominating the nurseries. The 
situation has since changed and Grevillia robusta has now become 
most popular almost all over the country where it grows well. 
Indigenous tree species are also found in the nurseries: Crpton 
spp., Cordia abyssinica, Markhamia lutea, and Sesbania sesban 
among other local species. Unfortunately, the demand has been low, 
but with the recent campaigns on indigenous trees, there has been an 
increased awareness; among farmers. 

In contrast to the propagation of fruit trees, it is easier to 
propagate forest/fodder trees because they do not require special 
propagation techniques as has been mentioned earlier, which accounts 
for the higher number of forest/fodder trees produced. 
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Training 

In 1986, the Ministry introduced a training component for 
agricultural staff, personnel from other ministries, farmers' 
groups, and individuals who in one way or another are engaged in 
tree-planting activities. The main idea is to impart technical 
skills regarding plant propagation, especially the more complicated 
types like budding and grafting for fruit trees but also general 
nursery management. It is expected that, after training, the 
participants would produce high-quality seedlings from their 
respective nurseries with the consequence that general production of 
seedlings is increased. 

Table 1. Number of Nursery Attendants Trained Since 1986 

MOA =MINISTRY OF AGRICULTURE 
MIN.=MINISTRIES 
IND.=INDIVIDUAL 

Provision of inputs 

The Ministry's intention is to encourage tree-planting 
exercises, therefore material as well as technical support is 
provided where there is need. The recipients include schools, 
groups, and, in very special circumstances, individuals. The 
material assistance is in the form of seeds and equipment. The 
Ministry operates a small seed unit capable of storing small 
quantities of seeds that are purchased from various seed collectors. 
These seeds are kept for a very short time only to supply schools, 
individuals, and groups who need them to raise their own seedlings. 
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The Ministry also assists in procuring seeds from other ministries, 
notably the Ministry of Energy and KEFRI to supply to the same group 
of recipients. The Ministry also purchases and supplies certain 
nursery equipment, which is difficult to obtain locally, such as 
secateurs, budding and grafting knives, and polybags. 

CONSTRAINTS 

Selection of Species 

The Ministry has been faced with the problem of finding out 
what species the farmers prefer. A recent survey carried out in five 
high-potential areas indicates the preference for fruit trees (Fig. 
3). This will guile the Ministry on which species to concentrate on 
in future. Problens have been encountered when introducing new 
varieties of fruit trees especially in very high altitude areas, 
where citrus greening is rampant. The farmers tend to prefer citrus 
in spite of the disease incidences. In the survey, 73% of the 
farmers interviewed lived in areas higher than 1500 m a.s.l 

Fig. 3. Mean preference for fruit tree species. 

Technical Problems 

The Ministry has not yet developed an extension package for 
agroforestry, therefore, our extension staff find it difficult to 
advise farmers effectively on issues that affect forest/fodder tree 
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This also falls short of the required number that would satisfy the 
2.5 million farmers who need to carry out soil conservation 
measures, giving an average distribution of 0.9 seedlings per 
farmer. 

As a result of this supply shortage, the Ministry intends to 
work with farmers' groups and restrict the number of nurseries to 
one per district. These will be termed central nurseries whose major 
functions will include: 

(a) Training and extension centres rather than production 
centres; 
(b) Provision of scions, budding material, and cuttings to the 
groups; 
(c) Demonstration plots on fruit tree management and 
agroforestry practices. 
Every district is required to select 10 organized farmers' 

groups that are already engaged in nursery activities to be assisted 
by the Ministry. The selected groups will obtain technical support 
from the Ministry and limited material support to the value of up to 
KSh 50 per group. It is expected that the groups will collect seeds 
locally. Only when they are not able to obtain certain species will 
the Branch headquarters assist. 

Plan of operation for agroforestry 

The Ministry is planning to prepare a plan of operation for 
agroforestry, where the Ministry, in collaboration with other 
agencies engaged in the field of agroforestry, will design a 
technical package on the subject for integration within the existing 
National Extension Programme. It is expected that this will 
facilitate close monitoring of tree planting within the farms just 
as is possible with other agricultural activities. 
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EFFECTIVE FOREST EXTENSION IN SUPPORT 
OF AGROFORESTRY DEVELOPMENT 

B. G. Wamugunda, Assistant Director of Forestry (RAES), P.O. Box 
30513, Nairobi, Kenya 

Abstract There is a problem with extension of 
agroforestry techniques because although the Rural 
Afforestation Extension Scheme (RAES) of the Ministry of 
Environment and Natural Resources' Forest Department is 
mandated to extend agroforestry, it lacks the quality of 
staff required for the job. Many government and non
governmental organizations (NGOs) conduct some extension 
work but they do so in a haphazard and uncoordinated manner 
leading to mere tree-planting "songs" without purposeful 
agroforestry. 

Deployment of diploma forestry graduates in all divisions 
in the country is improving the situation, but the men and 
women are handicapped by lack of extension training, 
transport services, and operating funds because forestry 
activities are still tied to traditional forestry practices. 
Consequently, many trees are planted but few survive or 
meet the needs of agroforestry, particularly in the semi-
arid areas. Nontheless, many donor agents continue to pour 
funds and effort into agroforestry. 

While agroforestry is now a household name, no one has 
fully taken the responsibility for its extension. Doubts have 
been expressed as to whether foresters are the most 
appropriate people to take such responsibility, but the RAES 
can claim a lead in this area although it requires 
strengthening in staffing with men and women of other 
disciplines such as sociology and anthropology, and people 
with a vocation for extension and rural development. 

Financial support that goes beyond forestry but 
encompasses the many facets of the rural economy is also 
required. 

ICRAF has not in the past involved itself in agroforestry 
extension per se, although some aspects of its research bear a 
fairly thin division between research and extension. Many observers 
of ICRAF's activities, however, have felt that failure to delve into 
extension issues has contributed to the present difficulties 
agroforestry science faces when it reaches an implementation stage. 
In forestry circles in Kenya, an "ivory tower" label for ICRAF has 
rightly or wrongly been applied. ICRAF has often explained that its 
mandate rested with research in agroforestry; consequently, matters 
related to passing on research findings have rested elsewhere. 
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Many governmental and nongovernmental bodies have been involved 
in agroforestry extension in Kenya and, compared to other regions in 
Africa, relatively more work is done in agroforestry here in Kenya 
(Reshid, 1987), Kenya Renewable Energy Development Programme 
(KREDP), Kenya Woodfuel Development Programme (KWDP), Kenya 
Agricultural Research Institute (KARI), and RAES are some of the 
government institutions associated with agroforestry extension. The 
nongovernmental agencies include KENGO, CARE Kenya, the Green Beit 
Movement, Action Aid, etc. 

Difficulties have arisen in agroforestry extension work and the 
RAES sees the following as the roots of the problems. In 1971, RAES 
was established. Its mandate was to promote tree planting outside 
the gazetted forest reserves, be it as tree planting on individual 
farms or as local woodlands. RAES was placed under a Conservator of 
Forests (answerable to the Chief Conservator of Forests) . The 
Conservator of Forests was assisted by four graduate (B.Sc.) 
Assistant Conservators in charge of operations, planning and 
Evaluation, Training, and Media and Communications and by one 
diploma-level forester. Recently, an Assistant Chief Conservator of 
Forests (renamed Assistant Director of Forestry) is taking charge of 
RAES. In the field, RAES staff consisted initially of 39 District 
Forest Extension Officers (DFEOs) assigned to the 39 nonurban 
districts. The DFEOs were placed under the authority of the District 
Forest Officers (DFOs). 

Until about 1986, the basic field structure of RAES was a 
network of tree nurseries with the aim of establishing one RAES 
nursery in each division (220 in total). By late 1987, about 170 
such nurseries had been established. In theory, these nurseries were 
supposed to supply a wide variety of seedlings to meet the 
population's need for poles, timber, fuelwood, fodder, and other 
products. In practice, many nurseries are still almost 
indistinguishable from the plantation development nurseries with 
their emphasis on "industrial" species (pines, cypress, etc.). Thus, 
until recently, RAES did not really operate as an extension service. 
It concentrated on producing seedlings in the nurseries whether or 
not these seedlings were appropriate or in demand. The pressure to 
produce seedlings was increased with the 1984-88 National 
Development Plan, which incorporated a 1983 "Policy Statement" to 
the effect that the country should be producing 200 million 
seedlings annually (it was never made clear what the RAES 
contribution should be). 

As described in the following, the emphasis on seedlings 
persists, and the RAES "yardstick of performance" has essentially 
been in the number of seedlings produced. 

True extension work by RAES has been handicapped by a number of 
factors. Its staff has consisted mainly of conventional (industrial 
plantation and forest management) foresters, many of whom resented 
being posted to RAES. Until recently, an assignment to RAES was 
indeed seen almost as punishment. Effective extension work was also 
prevented by lack of adequate transport and operation funds. Staff 
also lacked policy guidelines as well as technical packages. In 17 
years, RAES has never produced one Technical Note for its field 
staff. Even with the best of intentions, there was little that RAES 
could do by way of extension with only one extension officer per 
district. 
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Political support of rural afforestation has, however, been 
strong from the start—at least at the level of rhetoric and broad 
initiatives. BAES was indeed established at the instigation of Mzee 
Jomo Kenyatta, First President of Kenya. H.E. President Daniel arap 
Moi has consistently promoted rural tree planting (most visibly 
during the Annual Tree Planting Day), especially in conjunction with 
soil conservation. 

In January 1982, a Permanent Presidential Commission on Soil 
Conservation and Afforestation was established to review, 
coordinate, and monitor interministerial efforts in these fields. 
Political support has, however, tended to take the form of more 
nurseries run by more organizations in response to real or alleged 
unsatisfied demands for seedlings by the population in general and 
self-help groups. Thus, these are now the so-called Chief's 
Nurseries (theoretically, one in each location to make nurseries 
more accessible to the people), District Development Committee (DDC) 
nurseries (in line with the District Focus for Rural Development), 
and KANU (ruling party) nurseries. To these and the Forest 
Department nurseries must be added the nurseries run by the Ministry 
of Agriculture, Ministry of Energy and Regional Development, 
Government of Kenya Prisons, and innumerable institutions, self-help 
groups, and private individuals. This network of tree nurseries is 
at once an asset and a liability to Kenya's rural afforestation 
programme. The liability stems from the duplication of effort and 
the focus on seedlings as the most important aspect of rural 
afforestation; it has detracted from the extension effort and from 
purposeful tree planting. 

In 1985-86, however, substantial improvement of the field 
activities of RAES occurred with the deployment of the first 
diploma-level Divisional Forest Extension Officers. This deployment 
was foreseen under the Fifth Development Plan (1984-88). About half 
of the divisions (i.e., 160 out of a total of 220) have been 
assigned an extension forester. Most of these young officers are in 
the field without offices (some have at least a desk at Divisional 
Headquarters) or transport, but they are usually enthusiastic about 
their jobs. They have received at least the rudiments of extension 
work (especially those who graduate from Egerton University), which 
means that they are able to use their time effectively despite their 
handicaps. They suffer mainly from lack of or poor support from the 
DFEOs, many of whom are totally unqualified for the management and 
leadership tasks they should be performing at the district level 
(Zimmerman, 1987). 

NONGOVERNMENTAL INITIATIVES 

As indicated in the preceding overview of governmental 
initiatives, NGOs and private individuals play a role in Kenya's 
rural afforestation programme. Indeed, one of the basic strengths of 
this programme is the willingness (and skill) of large sections of 
the population to undertake tree-planting. Surveys in some of the 
humid, high-potential areas of Kenya have shown that more than half 
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of the farmers have engaged in some form of rural tree planting. 
Another important strength in Kenya is the proliferation of 
self-help groups, especially women groups, interested and active in 
tree planting. These groups have served to increase the 
effectiveness by creating a multiplier effect of the official 
(mainly RAES) forestry extension. Most of these groups also come 
under national umbrella organizations (Maendeleo Ya Wanawake, Green 
Belt Movement, National Council of Women, Kenya Freedom from Hunger 
Campaign, etc.), which facilitate donor support. 

On the debit side, the nongovernmental initiatives suffer from 
poorly coordinated efforts, lack of continuity, and, all too often, 
from "tokenism". Tokenism refers to ritualistic ceremonial 
activities, such as the opening of tree nurseries and spotty tree 
planting, that never lead to sustained production of tree products, 
especially of fuelwood. Hundreds of local group nurseries are opened 
and abandoned each year. Many plantations never survive past the 
seedling stage and, even if they reach maturity, they do not begin 
to meet local needs. 

On individual farms, a great deal of ritualistic tree planting 
also takes place, usually in response to local political pressure. 
The mortality rates of trees planted in response to propaganda 
rather than genuinely felt needs are very high. A more important 
problem is" gender conflict, as men (who generally own the land) may 
not allow women to plant trees for fear that trees can be used to 
establish the customary claim to the land. More often, men are 
interested in planting trees only for timber (for its own use or for 
cash sales), regardless of the local scarcity of firewood. Women 
are, of course, responsible for collecting firewood. In some areas, 
women ingeniously get around this problem by planting "nontrees" 
like sesban among crops, thereby securing a supply of firewood among 
other benefits. In general, few farmers plant enough trees to 
satisfy all their needs, even if they have the necessary land. 

This means that the residual demand must be satisfied from 
somewhere else, thereby reducing woodstocks elsewhere. There is, 
therefore, a great need in Kenya to focus rural afforestation 
efforts to address and solve problems. In turn, this means setting 
qualitative and quantitative targets based on surveys of supply and 
demand, most likely at the district level. 

It is mainly in semi-arid areas that nongovernmental 
initiatives are inadequate. These are areas that are now receiving 
the demographic overflow from the densely populated high-potential 
areas. Relatively few trees are planted in these areas as much 
natural bush remains as a source of wood because land may not yet be 
adjudicated (title of ownership not yet awarded) and because it is 
technically difficult to grow trees (drought, termites, free-ranging 
cattle, etc.). 

DONOR ASSISTANCE IN RURAL AFFORESTATION 

In the districts, RAES is usually strengthened whenever donors 
implement direct rural afforestation projects because RAES is 
normally the cooperating agency. Strengthening takes the form of 
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transport, supplemental operating funds, in-service training, and 
technical inputs (new species, better seed, extension materials, 
etc. ) 

In late 198T, RAES benefited from rural afforestation projects 
in Turkana (NORAD); Baringo (FAO Australia); Embu, Meru, Isiolo 
(ODA); South Nyanza (DANIDA), (CARE Kenya); Taita Taveta (DANIDA); 
Siaya (CARE Kenya), Kisumu (CARE Kenya barely started); Garissa 
(FINNIDA, mainly technical inputs and almost no extension support); 
Kakamega (Dutch Beijer Institute); and Kisii (Dutch Beijer 
Institute); to name the major ones. Until recently, RAES was also 
supported by EDF/EEC in Machakos. 

There are other locations where RAES has profited from 
externally assisted projects as, for example, the many church-funded 
projects. At the moment, however, it is mainly NORAD, DANIDA, and 
ODA that are systematically strengthening RAES at the district scale 
through training, better management, transport, operating funds, and 
technical inputs. 

As far as RAES is concerned, the presence of these projects 
greatly facilitates its task in the particular districts. In 
practical terms, this means better distribution and use of materials 
made available from Nairobi (e.g., extension and nursery materials), 
less pressure on conducting in-service training organized from 
Nairobi, more purposeful extension (as projects have specific 
objectives), and better technical inputs. 

Agroforestry has become a household name in Kenya now. A lot of 
information/research findings are flowing from all over the 
developing world. However, the problem of introducing these and 
extending them to the farmers and the public continues because, in 
spite of its "popularity", no one has as yet taken the agroforestry 
extension bull by the horns. All there is are disjointed 
sub-departments within the government and NGOs labelling themselves 
as agroforestry units. Agroforestry extension still lacks technical 
support, especially at the district level. It suffers from lack of 
district planning and the target setting needed to focus rural 
afforestation efforts. 

Lundgren (1987) thinks that the problem lies with the need for 
"consolidation, coordination of efforts, institutionalization of 
agroforestry in government and nongovernmental organizations (NGO) 
community so that people/groups/organizations work together more 
effectively, identify gaps that need filling for rationalization of 
donor support." 

The question of whether foresters are the best people to do 
this has been asked often. Douglas (1985) casts doubts that "It is 
extremely doubtful that traditionally trained foresters are the best 
people to manage such schemes. The technical forestry content of 
rural forestry encompassing agroforestry techniques and based 
largely on the production of basic fuel, fodder and simple 
structural outputs is actually fairly limited. Practitioners need to 
know a good deal more about the agricultural options to accompany 
tree planting, the traditional land uses and their bases, and the 
socio-economic characteristics of the area (in particular the rural 
hierarchies and their degree of economic control) than they do about 
forestry. Such knowledge may be acquired by a forester, but often 
rural forestry development schemes proceed from the assumption that 
foresters already possess it. Most do not. Moreover, most foresters 
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come from backgrounds, social and professional, which ill equip them 
to make the transition to these forms of land-use management easily, 
especially in those cases where foresters have regard (by themselves 
and the community at large) as having primarily a policing role in 
the forest. That historical inheritance must represent severe 
disadvantage to any forester attempting to make transition." 

EXTENSION SERVICES ASSESSMENT 

A few points need to be raised before one gives up on the 
present agroforestry extension weaknesses of the Forest Department 
(RAES) 
(a) RAES remains the government agency specifically devoted to 

rural afforestation extension, as its name implies. 
(b) RAES is part of the Forest Department that, again for all its 

weaknesses, remains the main depository of tree-growing skills 
in the country. 

(c) RAES remains by far the biggest producer of seedlings for rural 
tree planting in the country (the Forestry Department's 
industrial nurseries are the biggest producers of other tree 
seedlings, many of which are also planted on farms). 

(d) NGOs may come and go, and other ministries may increase or 
decrease their tree-planting programmes, but RAES should be 
seen as the permanent backbone of the national rural 
afforestation effort. 

(e) In the last 2 years, RAES has made considerable progress toward 
becoming a competent forestry-extension service; it has now 
become the main source of tree-planting instructional 
materials, at least so long as donor support is maintained. 

(f) RAES does benefit from the widespread infrastructure of the 
Forest Department (offices, nurseries, forest station, etc.) a 
new extension service in some other ministry could not rely on 
this infrastructure. 

(g) Once all the divisional extension foresters are deployed 
(1989-90), RAES will field a staff of about 250 officers who 
(provided they are well trained, motivated, and supported) will 
be adequate to motivate, guide, and advise the many other 
organizations and individuals engaged in rural tree planting. 
Nonetheless, all biological and socio-economic constraints 

affecting agroforestry cannot be fully handled by a purely 
"forestry" team. The people require what Swaminathan (1987) calls 
"packages of technology"; services and government policies involving 
seeds, seedlings, fertilizers, credit, information, management 
practices, costs and benefits, markets, land reform, food scarcity, 
etc., so that the people can gain from the myriad types of 
silvopastoral, silvihorticultural, agrosilvicultural, and other 
systems of land management. These require economists, social 
scientists, environmentalists, and horticulturalists besides 
silvicultural and agronomic scientists. Creation of such 
interdisciplinary teams that cut across conventional institutional 
areas and draw upon several disciplines in the social, production, 
and environmental sector (Lundgren, 1987) may solve many of the 
current problems. 
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"Back to the land" used to be a catchy slogan in the '60s and 
'70s. "Rural development" must now take over with the government 
fully committed to "this in policy and legislative measures. It is 
recommended, therefore, that: 
(a) A forest-extension service that be established is not merely 
labelled as such, but is operational and designs and implements 
natural forestry extension and education programmes. These 
programmes must be at the grassroots level and they must train 
village leaders and reach the local people. The staff must be 
sufficient, well trained, good technicians, and good teachers with 
ability to communicate with the local people. 
(b) The service should be made up of foresters and others whose 
focus is on people to advise, train, motivate, and organize them. It 
should also provide guidance and technical advice at the local 
community level and promote self-reliant local organizations. 
(c) The team should consist of men and women trained in 
communications, rural sociology, and anthropology. People who 
appreciate rural life and rural people who are willing to walk long 
distances, like to communicate, to promote and to organize and are 
willing to listen, learn, and be patient. 
(d) In addition, a number of incentives are required for extension 
officers. They require in-service training, better career prospects, 
regular supervision to guard against isolation, better salaries, 
transportation, tools and equipment, audio-visual communications, 
etc • | etc • 

(e) The rural people must be given subsidies, cost-sharing, food 
for work, credit inputs, and many other means to promote 
participation. Support may include numerous aspects that have little 
to do with forestry but that respond to urgent local needs, 
contribute to self-reliance and to rural development. 

Consequently, a generous fund is a must to ensure the success 
of the strategy for effective forest extension in support of 
agroforestry development. In this way, extension will cease being 
resented as mere "punishment posts, with virtually no facilities and 
no opportunities for illegal salary supplements" (Byron, 1985). 
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POTENTIAL AGROFORESTRY MODELS: CARE-KENYA'S 
AGROFORESTRY EXTENSION PROJECT 

Pascal Otieno, ANSM, CARE-Kenya, P.O. Box 526, Homa Bay, Kenya 

Abstract Africa's increasing population has dictated 
that food production has to be stepped up to cope with the 
situation. Food production has been on the decline for quite 
some time due to a variety of reasons but the principal 
cause has perhaps been deteriorating soil fertility, as a 
result of deforestation, that has caused much soil erosion. 
For a piece of land to support good agriculture, proper 
landuse is important and this can only be possible through 
corrective measures that will address issues that 
concern the need, urgency, and importance of restoring 
soil fertility. 

The time has therefore come when agronomists, 
botanists, conservationists, economists, and indeed 
planners have to come up with ways and means through 
which remedial measures can be taken in order to arrest the 
already deteriorating situation before it is too late. 

In Kenya, for example, the problem has been realized and 
everything possible is being done to introduce agroforestry 
systems, measures that, if successful, would ensure maximum 
landuse to boost food production. Local scientists 
are working round the clock to design simple, innovative 
agroforestry systems that farmers would adopt for food 
production and also to enhance fuelwood production for 
needed energy, and products such as building poles, fodder, 
and shelter and selected tree species for the protection of 
water catchment areas. 

The final goal of the CARE Kenya Agroforestry Extension Project 
is to improve the well-being of the participating rural communities 
in the project area which at the moment covers Siaya and South 
Nyanza districts, but it is hoped that the project will eventually 
cover more districts in Western Kenya. The Project intends to do ail 
it can to bring about increased productivity of the land in terms of 
yields, fuelwood production, fodder supply, building poles, and 
other related tree-based products. 

To achieve the long-term goal, the following measurable/ 
verifiable intermediate goals have been identified: 
(a) The adoption of appropriate agroforestry interventions by 75% 
of the participating farmers and schools; 
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(b) The existence of an appropriate participatory agroforestry 
extension system sufficient to provide the services needed; and 
(c) Increased information about agroforestry techniques, methods 
of extension, and factors affecting adoption of agroforestry 
practices by project participants. 

BACKGROUND 

CARE-Kenya got involved in the agroforestry activities way back 
in 1982 when, for the first time, it funded the Kenya Agroforestry 
Tree Seed Book by providing technical support through ICRAF. The 
project was aimed at addressing the issue of NGO's access to tree 
seed and formulating strategies for overcoming perceived shortfalls 
and in that way, CARE developed working relationships with other 
NGO's involved in agroforestry activities. CARE-Kenya's Agroforestry 
Extension Project is, therefore, an outgrowth of this collaboration. 

The Agroforestry Extension Project was field based in Siaya 
from January 1984 and was extended to South Nyanza in November 1985. 

The criteria for selecting both Siaya and South Nyanza 
districts were: 
(a) The two districts among others in Western Kenya had been 

identified by Beijer Institute/Ministry of Energy Studies of 
1980-1982 as having major domestic fuelwood problems. 

(b) Both Siaya and South Nyanza districts were among the ten 
districts in which CARE-Kenya was already working through other 
development programmes. 

(c) There was already some on-going tree-planting activities by the 
Forestry Department coupled with the fact that the local DDC's 
were in full support of tree-planting campaigns, i.e., 
awareness creation, and this made it feasible to get things 
started. At the moment, the project works with 213 women groups 
and 196 schools in Siaya, and 100 women groups and 98 schools 
in South Nyanza. 
So far, the number of trees planted has grown from 30,000 in 

1984 to 3,784,000 in 1988. 
The entire Project staff is composed of: 1 sector head, 1 

assistant sector head, 2 training officers for Siaya and South 
Nyanza districts, 9 field officers, 29 extension workers for the two 
districts, 1 research officer from KEFRI, and 6 research assistants. 

FUTURE PLANS 

The Project now intends to concentrate on documenting the 
relevant/qualitative data to be able to assess the level of impact 
being made. More attention will be focussed on tree management. 

The Project will continue to spend more time improving the 
quality of extension services offered by its extension staff. Other 
activities that will continue will be training programme for the 
extension staff, women groups, school teachers, community leaders, 
and the government extension staff. 
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The Project will then assess its success in the two districts 
before expanding to another district. 

INSTITUTIONAL LINKS 

For the Agroforestry Extension Project to succeed, there is 
need for it to be linked not only to the government system, but also 
to the relevant NGOs. Currently the project has collaborative links 
with KEFRI (research activities), ICRAF (research activities), 
Forestry Department (Extension), Agricultural Department 
(Extension), DANIDA (in South Nyanza). 

Plans are underway to strengthen collaborative linkages with 
more organizations engaged in agroforestry and related activities 
notably KENGO, KWDP, and others. 

INTERVENTIONS 

On the question of technical intervention, in the Project has 
ensured that there is an in-built flexibility in which all the 
interventions are first discussed with the farmers, and farmers' 
ideas/knowledge form part of the interventions introduced. 

Experience has shown that with the right approach, farmers' 
input plays an important role in some of the interventions that 
could be introduced, especially when a farmer feels that he is to be 
a part and parcel of decision-making process over the trees on 
his/her shamba. 

Currently being promoted are interventions such as alley 
cropping systems, border planting, woodlots, wind breaks, fodder 
banks, fruit orchards, and living fences. 

On-Farm Research 

Under the CARE-KEFRI collaborative agreement, there are six 
research plots situated in different agroclimatic zones in Siaya 
District in which alley cropping, woodlots, living fences, and 
windbreaks are being experimented. 

The species used for the research plots are Leucaena (for 
alley cropping), Gliricidia (for alley cropping), Calliandra 
(for alley cropping), Markhamia (for alley cropping), Eucalyptus 
saligna (for woodlots/windbreaks), Casuarina (for windbreaks), 
Cassia siamea (for windbreaks), and Grevellia (for windbreaks). 
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KENGO'S ROLE IN ON-FARM FORESTRY AND 
WOODFUEL CONSERVATION IN KENYA 

A. Awori, Kenya Energy and Environment Organisation (KENGO), P.O. 
Box 48197, Nairobi, Kenya 

Abstract Since inception in 1981, KENGO has played a 
multi-faceted role in promoting community on-farm forestry 
in Kenya. It has performed a supportive function to grassroot 
forestry/land-use initiatives; a catalystic function in the 
area of wood energy technology development, indigenous-tree 
promotion; a coordinating and linkage role; a pioneering 
role in the development of educational materials on tree 
production and management; and a technical capability 
building role through its training programmes. 

Questions as to why KENGO has played such diverse roles 
have always been raised. The answer lies in the KENGO 
constitution which stipulates KENGO's objects as: 
(a) To promote the use of new and renewable sources of 
energy and related technologies. 
(b) To promote research, development, and training in 
technologies related to the use and renewable sources of 
energy and environment conservation. 
(c) To promote agroforestry and afforestation at community 
level. 
(d) To disseminate information about activities on 
environment and renewable sources of energy. 

KENGO should be regarded as a national membership 
resource organisation in the area of renewable energy 
and environment. 

In prioritizing areas of action, KENGO has placed 
emphasis on issues of resource scarcity emanating from 
environmental degradation in rural areas. Henceforth, a 
two-pronged approach has been devised to address causes 
of environmental degradation while directly seeking ways of 
alleviating the impact of resource scarcity caused by 
degraded environment. 

By promoting woodfueld conservation and alternatives to 
woodfuel, KENGO seeks to reduce the negative impact caused 
by lack of domestic energy resources in rural households. 
To deal with causes of environmental degradation, KENGO 
promotes better land use methods, re-vegetation, proper 
soil and water management, and conservation of natural 
habitats. 

KENGO promotes applied research work to seek and find 
solutions to basic human resource needs where appropriate 
solutions do not exist. We develop improved wood energy 
stoves to deal with woodfuel scarcity. We research on 
indigenous tree species to promote conservation, management 



and sustainable exploitation of our own natural resources. 
It should be emphasized that KENGO does not promote research 
for academic reasons. 

On-farm forestry in this context refers to ail activities 
comprising the production, propagation, management, utilization, and 
conservation of trees and forests on farm land. On-farm forestry in 
KENGO's view does not simply imply tree planting, but ail those 
activities that employ the use of land for forestry or 
forestry-related resources. The tree, being the principal element in 
this system, is regarded as a resource base for various products and 
outputs. 

By adopting this broad conceptual view, KENGO has avoided 
falling into the "species package" approach that promotes specific 
pre-selected tree species to the detriment of other equally 
resource-rich species. Every tree is a resource in its own right. 
How it is managed and exploited are situation- and user-dependent 
factors. 

It is the user, not the technocrat, who determines how and for 
what purpose a particular tree should be exploited. A particular 
tree could be exploited for timber in situation A, for fruits in 
situation B, for mulch in situation C, for medicine in situation D, 
for fiber in situation E, and for soil stabilization in situation F, 
all depending on the most pertinent locally defined needs of the 
user. "Rubber stamping" trees as fuelwood, timber, or agroforestry 
species biases and narrows down their potential range of 
exploitation. 

By concentrating on a few choice species, the so-called 
"well-known" forestry or agroforestry species, forestry programmes 
could cause very serious genetic depletion of indigenous tree 
species with undiscovered potential. This is as grave a danger as 
desertification. In Kenya, until recently, both plantation and 
community forestry programmes promoted no more than a dozen tree 
species over the past three decades. What happens to the untried 900 
indigenous species? Unless studied and promoted, chances of their 
unnoticed extinction are pretty high, given the rate of agricultural 
encroachment into natural forest zones. 

The tree as a resource needs to be properly studied, conserved, 
managed, and reproduced within the farm forestry framework. In 
situations of complete depletion, fresh planting should be promoted, 
but in places like arid lands, where stubs of drought-resistant 
natural species exist, conservation and proper management techniques 
should be developed. 

DEVELOPMENT AND DIFFUSION OF INNOVATIONS IN FORESTRY AND WOOD 
ENERGY CONSERVATION 

For the past six years, KENGO has been striving to evolve an 
'intelligent' flexible system for the development and delivery of 
new innovations in on-farm forestry and woodfuel conservation and 
natural resources management to rural farmers. 
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The system incorporates elements of applied field research, 
technology development, data collection and processing, educational 
material development, public education, training, and technical 
assistance. 

Indigenous Trees Research 

By working with and utilizing indigenous knowledge hand 
experience of different Kenyan ethnic people, KENGO has been able to 
collect valuable data on the utilization and management of trees in 
traditional land-use systems in the semi-arid zones of Kenya. 

Information on the nutritional, socio-cultural, ecological, 
commercial, medicinal, and other utility values like woodfuel and 
fodder has been obtained through a series of field surveys over the 
past five years. This experience has led KENGO to the conclusion 
that until carefully studied, no single tree species should be 
disregarded. A shrub with no timber value could have immense 
nutritional potential. A survey of the nutritional potential of 
trees in two districts of the country revealed that more than 60 
species are locally used as sources of edible fruit. 

KENGO has collected and documented information on 180 
indigenous tree species in the arid and semi-arid zones of the 
country. 

Jointly with the Jomo Kenyatta University College of 
Agriculture and Technology, KENGO has established a pilot project to 
carry out several basic trials and experiments on dryland indigenous 
tree species of Kenya. 

The project is carrying out trials on seed germination, growth 
performance, nursery performance, planting techniques , and 
vegetative propagation. The project, which is on a 10-hectare site, 
also acts as a demonstration and training facility for community 
extension officers. 

To date, seed-germination trials have been carried out and 
results attained for more than 30 indigenous tree species. The 
preliminary findings of the project were submitted to inter-agency 
review session convened by KENGO in August 1988. The technical 
review session was attended by participants from the Kenya Forestry 
Development Programme, Kenya Woodfuel Development Programme, the 
Ministry of Energy, National Environment Secretariat, National 
Herbarium, and Forestry Seed Bank. 

Woodfuel Conservation 

In the area of woodfuel conservation, KENGO, in cooperation 
with a number of local institutions, has been active in the design 
and development of more efficient woodfuel utilization technologies 
since 1982. 

Through consistent laboratory and field testing work, two 
models of improved cooking stoves for domestic use have been 
developed. The highly successful models; the Kenya Ceramic Jiko 
(KCJ), a charcoal, stove, and Kuni Mbili, a firewood stove, are 
widely adopted and manufactured by local artisans in different parts 
of the country. A recent impact assessment study of the KCJ 
estimates that 160,000 stoves are produced annually. The stove has 
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an efficiency of 35% and actual charcoal savings of up to 50% 
compared to the traditional metal stove. 

KENGO has just completed the design and development of a new 
ceramic woodstove for large institutions especially schools, 
prisons, and rural hospitals. This follows a study sponsored by the 
International Development Research Centre (IDRC) in 1985. The stove, 
which is currently being laboratory tested at Kenyatta University, 
will be launched for mass production in 1989. A study on wood energy 
use in Kenya's institutions observed that one large institution 
consumed an average of tonnes of wood annually. 

Public Education 

One of KENGO's most effective strategies for diffusion of 
technical findings and creating awareness is its public education 
programme. The programme consists of: Radio programmes, seminars, 
and workshops. 

Educational Material Development 
KENGO's modest but growing publications unit has to date 

produced 15 publications on different topics in the area of woodfuel 
conservation, tree production, seed treatment, and general 
information. The unit also produces a newsletter—KENGO NEWS—and 
will launch a popular street journal in February 1989. 

Radio Programme 
In 1989, KENGO, jointly with the voice of Kenya, initiated a 

radio programme aimed at educating the public on production, 
management, and conservation of indigenous trees. The programme "Our 
Trees" has been broadcast in Kiswahili, English, and other local 
languages. 

To improve the quality of production, KENGO has acquired 
equipment that will enable in-house production of the programme. 
About 36 programmes are ready for broadcasting in the first half of 
1989. 

Seminars and Workshops 
Seminars and workshops have been organized by KENGO to achieve 

certain objectives especially: policy awareness, coordination and 
exchange of experiences, and as catalysts for action in natural 
resource management and conservation. 

Training 

Since 1982, KENGO, in cooperation with other agencies, 
organized training workshops on community forestry and woodfuei 
conservation at district and community levels. District-level 
workshops have been organized in Kitui, Kisii, S. Nyanza, Nakuru, 
Busia, Laikipia, Taita Taveta, Kajiado, and Kakamega. 

The district workshops in most instances have been forerunners 
to community forestry programmes in the various districts. The 
workshops have been instrumental in catalyzing activity in districts 
where little activity at community level was hitherto evident. Good 
examples are Laikipia, S. Nyanza, Nakuru, and Busia districts. 
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To enhance technical capabilities of member NGOs, KENGO 
organized training courses in specific areas of on-farm forestry and 
woodfuel conservation. One of the most significant was a course on 
Tree Seed Collection and Treatment held in 1986 for NGO extension 
workers. 

Just concluded in October 1988 was a one-month course on 
community forestry and woodfuel conservation for member NGO 
extension workers. The intensive hands-on course was unique in that 
the participants were attached to ongoing field projects for two 
weeks as part of their training. 

An estimated 1,200 NGO extension personnel have been through 
various training programmes organized by KENGO since 1982. 

Extension and Technical Assistance 

Over the past 10 years, a lot of work has gone into resolving 
technical problems and evolving new techniques in forestry land-use 
systems, but very little consideration has been given to refining 
extension methodologies. 

In Kenya, several programmes have concentrated on species 
research, planting techniques, tree management techniques, seed 
handling, intercropping systems, and other research station based 
activities. Very few institutions have given serious consideration 
to better extension systems. 

Forestry extension has been relegated to mass tree planting 
campaigns. Who plants what, where, how, and for what purpose is 
nobody's concern. This problem is made acute by the apparent lack of 
a coherent forestry extension policy and philosophy. 

It should be emphasized that extension in forestry is not 
merely encouraging people to plant new trees, but it also entails 
managing existing forestry resources in relation to the farmers' 
needs and the productivity of the land. The extension agent should 
sensitize the farmer to utilize and manage more efficiently 
resources that already exist prior to introducing more trees on the 
land. Communities or individual farmers who are blessed with natural 
stands of indigenous vegetation should be encouraged and taught how 
to manage and exploit them on a sustainable basis. 

Unless the land owner is convinced that there is value in what 
already exists, it will be neglected or destroyed. In Kenya, it is 
common for people to neglect and destroy existing natural tree cover 
only to plant new ones later. 

Proper forestry extension requires well trained and motivated 
field agents backed by adequate resource support, proper technical 
supervision, and professional guidance. An extension system should 
be intelligent, receptive, and flexible. Extension systems based on 
rigid pre-set guidelines from the headquarters are likely to fail. 

The extension agent should be resourceful enough to analyse 
situations and make enlightened decisions in the field without undue 
restrictions. The extension officer should not only be able to 
instruct, but primarily be willing to learn from new situations, 
collect valuable data, and observe and note unique occurrences. 
Unless a system is designed to effectively receive, analyze, and 
respond to feed-back from the field, it does not qualify as an 
extension system. 
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Field Extension 

To keep in line with the government's district-focus policy, 
the KENGO field extension programme is focussed toward particular 
districts in the country. Districts in which the programme has 
carried out activities include: Nakuru, Busia, S. Nyanza, Ritui, 
Kajiado, Kisii, Kakamega, Bungoma, Nachakos, and Taita Taveta. 

The district-based strategy has the following components: 
(a) A needs and resource analysis survey in the target district, 
(b) An assessment of institutional and technical capabilities 
within the district, 
(c) A district planning/training workshop on community forestry and 
woodfuel conservation, 
(d) Community training/awareness barazas, 
(e) Technical assistance to community projects, and 
(f) Monitoring of progress. 

Baseline/Resource Assessment Survey 

Before any community level activities can be effected within a 
specific district, certain basic data is sought on the situation on 
the ground. 

The survey tries to seek data and information on demographic 
patterns, land tenure, land-use practices, natural resources, 
institutional capabilities, socio-cultural attributes, access to 
resources by\ women and peasant farmers, forestry cover, soil 
quality, and climatic patterns of the district. 

The baseline surveys are a crucial tool for determining 
strategies to apply at community level. 

The information and data gained from the surveys serves as the 
principle base for discussion during the District Planning Sessions 
that follow immediately after (see below). 

District Planning/Training Workshop 

The district workshop serves multiple purposes. It is utilized 
as a session for policy sensitization, coordination and 
harmonization, review of the situation, planning for future 
interventions, and technical training. 

The typical workshop lasts for seven days with the first two 
days being devoted to policy issues and matters affecting community 
afforestation programmes in the district. The remaining days are 
utilized to impart basic on-farm forestry/land-use techniques to 
participants. 

These workshops have proved to be a critical value as entry 
points into the district. Through the workshops, the KENGO extension 
programme is able to create bonds with the various institutions and 
NGOs working in a particular district. 

Probably the most important function the district workshop 
serves is that of linkage creation between the administration, 
technical departments, and community groups in the district. In 
several instances, these sectors meet for the first time to a common 
issue during such workshops. Participants comprise of, district 
heads, extension officers, community groups, school teachers, women 
group leaders, and local churches. 
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Technical Assistance to Community Projects 

As follow-up to the District Training Workshop and the baseline 
survey previously described, KENGO initiates a long-term process of 
direct assistance to community projects. The assistance package 
includes: training, material inputs, and professional advice. 

KENGO has avoided initiating projects in districts that are 
considered better off based on any one or a combination of the above 
factors. For example, Siaya, Kakamega, Kisii, and Meru have not 
received much attention due to the existence of major forestry 
programmes being carried by agencies more resourceful than KENGO. 
The same and only exceptional case is where member organizations are 
found in such a district, then only do they (members) receive 
support from KENGO. 

In assisting community groups and projects, emphasis is placed 
on raising their capability level in terms of technical know-how and 
basic inputs. KENGO works toward creating self-reliance in technical 
and other resource needs. Intensive, practical training courses have 
proved to be of immense value to NGO extension workers. 

While KENGO has not had a sustained presence in the districts, 
a long-term district-by-district programme is being developed. With 
support from the Swedish International Development Agency and NORAD, 
we have completed planning and preparation for sustained community 
level presence in Kitui, Nakuru, and Busia. The programme for Kitui 
has just been approved by the District Executive Committee. Similar 
packages are being developed for Laikipia, South Nyanza, and Kajiado 
districts. 

CONCLUSION 

In conclusion, we recommend that: 
(a) A country-wide study should be undertaken to assess the impact 
of community afforestation projects and initiatives in Kenya. 
(b) A comprehensive policy on rural afforestation should be 
developed taking into consideration factors such as: 

- Legislation on land use, 
- Land use and tree tenure, 
- Women's access to land and tree resources, 
- Potential of secondary forestry products, 
- Fuelwood availability, and 
- Subsidies to farmers to conserve natural resources. 

(c) Technical findings and data from various forestry/land-use 
programmes should be stored in centralized data bases at the 
Forestry Department. 
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EVALUATING ON-FARM AGROFORESTRY SYSTEMS 
FOR EXTENSION AND RESEARCH 

Sara J. Scherr, International Council for Research in Agroforestry, 
P.O. BOX 30677, Nairobi, Kenya 

Abstract Experimentation on research stations is only 
one of the tools which can be used to evaluate and develop 
improved agroforestry systems. There are also a wide range 
of other tools which can be used to evaluate agroforestry 
systems that are established in the rural landscape, 
although at this time the methodologies for doing so are 
not well developed. This paper briefly describes the new 
Programme for On-Farm Agroforestry Research and Extension 
that has been set up at ICRAF to improve such methods for 
use by both agroforestry researchers and extensionists. 
Examples are taken from two on-going projects: a review of 
technology monitoring and evaluation methods being used in 
agroforestry field research and extension projects world
wide, including on-site visits to projects in Kenya; and a 
collaborative project with the CARE-Kenya Agroforestry 
Extension Project to explore and test tools for extension-
based agroforestry evaluation. 

Scientific evaluation of agroforestry systems is still in its 
infancy. Most of the agroforestry technologies now being 
rediscovered or introduced have hardly been studied: for example, 
mixed intercropping of multipurpose trees and shrubs (MPTS) with 
crops or grasses, live fencing, muitistrata homegardens or tree 
plots, MPT fodder banks, multipurpose hedgerows, managed woody 
fallows, or alley-cropping. We all find ourselves in a situation of 
too little knowledge—about MPT species behaviour, cross-species 
interactions, growth rates, and bioeconomic performance of systems. 
Answers to these questions are being actively pursued on a number of 
fronts, from many different disciplines, and across a spectrum from 
highly sophisticated microbiological research to farmer-back-to-
farmer field extension projects. 

From a development perspective, the objective of these 
investigations is the generation of validated extension 
recommendations for specific agroforestry technologies for rural 
land users. Such recommendations would specify: uses and functions 
of the technology, site suitability, MPT and other components, 
spacing, management guidelines for woody and nonwoody species, 
expected performance, and input requirements. Table 1 presents a 
summary of the kinds of information which are needed. 

164 



Table 1. Specifying an Agroforestry Technology 

FOB WHAT SITES IS IT APPROPRIATE? 
- What kinds of soils, rainfall, slope? 
- For what size and type of farm, in what landscape niche? 

FOR WHAT FUNCTIONS IS IT INTENDED? 
- What can farmers use it for? 
- What are the trade-offs between functions? 

WHICH SPECIES/VARIETIES ARE RECOMMENDED? 
- Which multipurpose trees and shrubs? which varieties? 
- Which associated crops or livestock species can be used? 

WHICH ARRANGEMENTS ARE RECOMMENDED? 
- How many of each component, in what configuration and 
spacing? 

- What kinds of tree or crop rotations can be used over 
time? 

WHAT MANAGEMENT PRACTICES ARE RECOMMENDED? 
- How and when should trees be established? 
- How and when should trees be trained, pruned, pollarded, 
etc.? 

- How should associated crops be managed? 
- How and when should different tree products be harvested? 
- How and when should trees be removed/replaced? 

WHAT TECHNOLOGY PERFORMANCE CAN BE EXPECTED? 
- What yields of tree products can be expected and when? 
- What yields of associated crops can be expected? 
- What service functions will be performed (e.g., erosion 
control)? 

- What economic returns can be expected? How do risks 
change? 

WHAT INPUTS ARE REQUIRED? 
- How much planting material, labour, cash, land is needed? 
- What management skills are needed? 
- What infrastructure is needed for inputs, training, or 
marketing? 



Figure 1 shows the main sources of information which can be used to 
develop such guidelines. One of the major approaches for such 
investigations is experimental research carried out on research 
plots under controlled conditions, be it on stations or in fenced 
areas in the rural landscape. The big advantage of this type of 
research is that, by carefully controlling certain factors, 
confident analysis can be made about the- effects of other factors on 
plant growth and system performance. For example, the effect of a 
range of tree populations on total wood and crop yields can be 
evaluated in a systematically designed plot. The disadvantages of 
this type of research are that it is generally costly, requires 
scientifically trained personnel, requires a long research period to 
get to the stage where trees are mature, provides information on a 
relatively limited number of factors, and may not always be reliably 
extrapolated to conditions on farmers' fields. The common 
site-specific nature of tree and systems performance means that 
on-station experimental research needs to be integrated with a 
larger programme of agroforestry technology generation or 
improvement. 

An equally promising source of information on agroforestry is 
bioeconomic evaluation of farmer-established or farmer-managed 
agroforestry systems, and field experimentation in collaboration 
with farmers on their own fields. Research has been carried out for 
some time by botanists, ecologists, and others on a few types of 
naturally occurring or modified agroforestry systems (notably 
silvopastoral systems and multistrata rainforest systems), usually 
to evaluate species composition and arrangements, or environmental 
resource use. But similar evaluations of farmer-established or 
intensively managed agroforestry systems have been unusual outside 
certain commercial systems such as coffee grown under shade trees or 
pastures under coconut groves. 

Descriptions of existing agroforestry systems in the scientific 
literature are—with a few outstanding exceptions—largely devoid of 
information on system performance, such as tree or crop yields, 
effectiveness in service functions (such as erosion control), or 
economic returns, and only superficially describe systems of 
management used for trees and associated crops or pastures. To the 
extent that such information is collected, there is little 
standardization, so that it is very difficult to make comparisons 
across systems. These problems are illustrated both in ICRAF's 
Multipurpose Tree and Shrub Database, and in the Agroforestry 
Systems Inventory (AFSI) (von Carlowitz, 1987). 

Some of the many agroforestry extension, research, and 
development projects which have been established in the past 15 
years have also tried to supplement their information base, and 
improve their technology recommendations by systematically 
evaluating farmers' own systems and new agroforestry interventions 
introduced under farmer conditions. The lack of established 
methodologies for doing this has led, on the one hand, to 
difficulties in interpreting and extrapolating information beyond 
the project site, and on the other, many of the evaluations which 
have been made have methodological problems which make the results 
somewhat unreliable. Most field people working on these studies are 
fairly isolated, and get few opportunities to see similar work being 
carried out by others, or to exchange ideas on improved approaches. 
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Given the limited resources available to the formal research sector 
for agroforestry research, it is essential that the agroforestry 
development community be provided with the methods and tools to 
supplement, complement, and effectively link with national research 
efforts (Raintree and Hoskins, 1988). The development of a better 
set of methods for on-farm agroforestry evaluation will require 
exchange of substantive and methodological ideas between many 
disciplines: forestry, agronomy, range management, ecology, piant 
science, horticulture, rural development, and anthropology. 

ICRAF'S PROGRAMME FOR ON-FARM RESEARCH AND EXTENSION 

In response to this need for methods for on-farm evaluation of 
agroforestry systems—and particularly expressed demand from the 
agroforestry development community—ICRAF formally set up in early 
1988 a new Programme for On-Farm Research and Extension in its 
Research Development Division. This Programme emerged from earlier 
on-farm research at ICRAF in Kenya: the Mazingira Institute plots, 
the Kathama research site, the on-farm trials at the Kenya Drylands 
Agroforestry Project, etc. Work is now expanding to include three 
major research thrusts, involving more staff and resources: 
(a) Development of guidelines and resource materials for 

researchers and extensionists to design and test agroforestry 
technologies; 

(b) Development and testing of methods and guidelines for on-farm 
research, including: experimentation in agroforestry, on-farm 
surveys, applied ecological research, and technology monitoring 
and evaluation tools and systems for agroforestry projects; and 

(c) Examination of key policy issues and policy research methods 
for agroforestry extension and development (limited as yet, but 
to be expanded as the Programme develops), (Table 2.). 
This paper briefly describes two projects which are fully 

operational, and already have preliminary results: our review of 
technology monitoring and evaluation methods being used in 
agroforestry projects worldwide, with site visits to Kenyan 
projects; and our on-going collaboration with the CARE-Kenya 
Agroforestry Extension Project to develop improved agroforestry 
extension recommendations and to test alternative methods of on-farm 
technology evaluation. We hope these projects will be of use to the 
Kenyan agroforestry research and development community, and that 
they will help stimulate greater involvement by ail of you in field 
evaluation of agroforestry systems. 
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Table '2. ICRAF'S Programme for On-Farm Research and Extension 

AGROFORESTRY SYSTEMS DESIGN AND TESTING METHODOLOGIES 
- Guidelines and resource materials 
- ICRAF-CARE/Kenya Project 

ON-FARM RESEARCH METHODS 
- Guidelines, reviews, methods 
- On-farm experimental methods 
- On-farm survey methods 
- Monitoring and evaluation of agroforestry projects 
- Workshop on on-farm agroforestry research methods 

AGROFORESTRY EXTENSION AND DEVELOPMENT 
- Institutional organization of agroforestry research and 
extension 

- Policy issues for agroforestry development 

ICRAF'S REVIEW OF AGROFORESTRY TECHNOLOGY MONITORING AND EVALUATION 
METHODS 

ICRAF is involved in a number of complementary activities 
involving research on technology monitoring and evaluation methods 
for agroforestry field projects. One of these is in technical 
backstopping and collaboration with the CARE International/FAO/Ford 
Agroforestry Monitoring and Evaluation Project (AFMEMP) in its work 
on evaluating and improving the Monitoring and Evaluation (M&E) 
systems of 6 agroforestry extension projects in Kenya, Rwanda, and 
Sudan. These activities are explained in Buck, et al. (1988). ICRAF 
papers prepared for AFMEMP covered topics such as baseline surveys 
(Mueller, 1988a). information management systems (Raintree, 1988a), 
and technology M&E tools (Scherr, 1988b). A second activity is the 
"Information Management Project" coordinated by John Raintree. Its 
emphasis is on development of computerized and paper systems for 
managing information collected on technology and extensipn in 
agroforestry field projects (for example, Gibson and Mueller, 1987). 

A third activity is a review of technology M&E methods being 
used in agroforestry field projects around the world, by Sara Scherr 
and Eva Mueller (1988). In the course of this review, about 160 
projects have been contacted by mail world-wide, of which 75 have so 
far responded. In addition, site visits have been carried out to 8 
Kenyan agroforestry projects for a more detailed look at how 
technology M&E systems have been operating (Mueller 1988c). An 
annotated bibliography is being compiled of papers describing 
project M&E methods and results, from the ICRAF library and from 
direct requests to a network of nearly 400 professional contacts on 
a database. This bibliography so far contains 189 references which 
have been screened for their direct relevance to applied 
agroforestry field M&E. 
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Three ma: n types of agroforestry M&E are used in 
agroforestry projects, determined in part by the stage of the 
project cycle. These are described below, with the types of 
variables which may be analyzed: 
(a) Project planning and design, including farming systems' 

description, problem identification and needs assessment, 
description of traditional agroforestry and tree planting 
practices, assessment of attitudes towards tree-planting, and 
biophysical site description; 

(b) Technology testing, evaluation and adaptation, including 
species performance comparison, tree growth rates and growth 
characteristics, tree survival, response to treatments (e.g., 
pruning), spatial configurations of planted trees, tree 
management and utilization, and farmer opinion about 
suitability, performance, and cost effectiveness; 

(c) Technology impact, including agroforestry plot productivity 
(soil fertility/erosion, number/type of farm products, 
crop/tree yields), environmental impact, socioeconomic impact 
on householcs or communities, extent of tree growing and farmer 
adoption of agroforestry technologies, and patterns of 
diffusion. 
The methods of data collection vary and may include a 

combination of workshops or meetings, farmer interviews, field 
observations, experiments, measurements taken in farmers' fields, 
secondary data collection, and visual aids (e.g., sketches, maps, 
photographs). The methods may be formal or informal, and require 
different levels of technical expertise (Scherr, 1988b). 

A preliminary analysis has been carried out for 41 agroforestry 
extension projects, looking at which agroforestry technologies are 
being monitored and evaluated, and which methods are being used for 
M&E (Mueller 1988b). The agroforestry technologies being evaluated 
were: non-specific "tree-planting" (37 % ) ; contour planting (33 % ) ; 
boundary planting (30 % ) ; on-farm woodlots (23 % ) ; live fences 
(21 % ) ; alley-cropping (12 % ) ; windbreaks, homestead planting, and 
silvo-pastoral systems (9 % each); and tree/crop intercropping and 
fodder banks (7 % each). 

For these projects, the most common M&E methods used (i.e., 
noted by at least 10 % of the projects) are summarized in Table 3. 
Different types of planning surveys and site assessments were 
relatively common; the case material from the Review should provide 
the basis for development of guidelines for effective design of M&E 
tools for these activities. M&E tools for technology evaluation and 
adaptation were much more common than we had expected. Though 
serious methodological problems were common with the tools being 
used, the case material should help to identify effective approaches 
as well as key areas where new research and standardization of 
methods are needed. It is evident, even from this small sample, that 
the many methodological difficulties of evaluating agroforestry 
project impact have meant that impact evaluations are not commonly 
done. Since such assessments are becoming increasingly necessary to 
justify further agroforestry investment, both by donors and national 
agencies, it would appear that the development of suitable methods 
may be a research priority for ICRAF. 
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Table 3. Monitoring and Evaluation Methods used in 41 Agroforestry 
Projects 

PROJECT PLANNING AND DESIGN 
- Surveys of traditional AF practices (27%) 
- Problem identification and needs surveys (20%) 
- Farm sketches or photos for site assessment (15%) 
- Farmer meetings/workshops (15%) 
- On-site data collection (10%) 

TECHNOLOGY TESTING, EVALUATION AND ADAPTATION 
- Assessment of farmer-adopted technology designs (49%) 
- Assessment of early tree survival (39%) 
- Tree nursiery records (37%) 
- Surveys of farmer trial adoption (22%) 
- Farmer meetings/workshops (20%) 
- Assess tree performance beyond establishment phase (15%) 
- On-farm, farmer-controlled research plots (15%) 
- Research plots (12%) 
- Farmer-controlled on-farm trials (12%) 
- Technology evaluation by farmers (10%) 
- Demonstration plots (10%) 
- Researcher-controlled on-farm trials (10 %) 

IMPACT EVALUATION: 
- Socioeconomic impact surveys (22%) 
- Demonstration/on-farm/research plots (12%) 

Source: Adapted from Eva Mueller, Technology evaluation in 
agroforestry extension projects: an overview. Paper 
presented at ICRAF-CARE Training Workshop on Improving 
Technology Recommendations: Research for Agroforestry 
Extension Projects, August 23-26, 1988. Nairobi, Kenya. 
ICRAF. Draft. Table 3. pp. 5-6. 

ICRAF-CARE/KENYA PROJECT 

Complementing this general review is a joint project of ICRAF 
and CARE International to improve extension recommendations for the 
CARE Agroforestry Extension Project (AEP) in western Kenya, by 
developing and testing appropriate methods of on-farm technology 
monitoring and evaluation and information. 

AEP is implemented by CARE, under the Kenya Ministry of 
Environment and Natural Resources, Forest Department in Siaya and 
South Nyanza districts. AEP has worked directly with several 
thousand farmers;, organized in community groups, as well as several 
hundred primary schools, under an unusually wide range of 
agroecological conditions from Zone I to Zone IV. The major land-use 
problems are low crop yields on low fertility soils, soil erosion on 
sloping lands, few sources of on-farm cash income, fuelwood 
shortages, seasonal nutritional problems, and damage to crops and 
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building by heavy winds off Lake Victoria (Nyanza). The main 
agroforestry interventions adopted by farmers have been 
alley-cropping, tree borders in cropland, windbreaks, fruit trees in 
cropland and orchards, home compound tree-planting, mini-woodlots, 
and live fencing (Leteipan, 1988; Vonk, 1986). 

When AEP was first established in 1983-84, there was very 
little locally validated scientific information on many of these 
agroforestry systems. The project's initial technical 
recommendations were thus relatively limited, mainly to the 
identification of species appropriate for different uses and niches 
and general guidance on spacing. Farmers were encouraged to design 
agroforestry plots to meet their own requirements. Now that 
thousands of agroforestry plots have been successfully established 
on farms, there is a growing demand for more specific technical 
support from extension agents on tree management. To the extent that 
management affects tree and crop yields, such advice could have a 
major impact on the returns which farmers get from their 
agroforestry investments. The project is now in a position to 
develop improved technical recommendations, which could be shared 
confidently with other extension services in the zone. 

There are two main sources of improved recommendations. One is 
the early results of formal research carried out in the zone during 
the past few years on selected interventions—by KEFR1 in the 
KEFRI-CARE research plots, by the Kenya Renewable Energy Development 
Programme (KREDP), and by the Small Ruminant CRSP project in Maseno 
and Siaya. These will be supplemented in the next few years by 
research carried out by the KEFRI/KARI/ICRAF AFRENA project based at 
Maseno. The other source is evaluation of the last four years' 
experience with agroforestry systems on farmers' fields, both from 
earlier M&E studies (e.g., Nyamai, 1988; Kibet, 1988; Amwatta, 1988; 
Davis-Case, 1988), and from on-farm technology evaluation. 

With technical support from ICRAF and KEFRI, AEP is testing a 
number of different tools for technology evaluation, three of which 
will be discussed here for illustration. 

Extension Staff Workshops on Technology Recommendations 

A series of mini workshops were held with extension staff in 
1987 and 1988 to review the progress of the project since 1985 in 
developing technical recommendations. A systematic format was 
established for organizing species selection, arrangements, and 
management information for 6 major interventions, for different site 
conditions and farmer objectives. The workshops confirmed 
significant advances in adaptation of technology design in terms of 
species and arrangements, but serious gaps were identified in 
recommendations for management and performance expectations with 
alley-cropping and non-forestry species in other interventions 
(Scherr, 1988c). The documentation of changes in recommendations and 
the identification of key information gaps can help the project both 
to develop activities to fill those gaps and to formalize the 
process of constant improvement in technical recommendations which 
should be an objective of every agroforestry project. Table 4 
summarizes the recommendations from the mini workshops. 
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Formal Survey of Alley-Cropping and Tree Border Plot Design 

The workshops revealed a lack of consensus by extension staff 
about how farmers were currently managing their trees—surely the 
starting point to developing improved management recommendations. In 
response, ICRAF helped AEP to develop a formal questionnaire for 
farmers to get this information. In May 1988, the survey was 
implemented in Siaya District by AEP extension staff with a random 
sample stratified by ecozone of all Siaya farmers who had received 
direct extension assistance from AEP for at least a year. All 
alley-cropping plots and tree borders in cropland on 126 sampled 
farms were involved (including those which were poorly established). 
Detailed information on farmer objectives, sites, species, tree 
spacing, plot size, establishment practices, management practices, 
and qualitative indications of outputs and inputs from the system 
was collected from one randomly selected plot per farm (Scherr, 
1988f; Scherr, Oduol and Rogers, 1988a). 

This survey identified the patterns of trial alley-cropping and 
tree border adoption and management in Siaya District. Some findings 
have clear extension implications: for example, nearly a third of 
all farmers with alley-cropping plots had not yet cut back their 
trees, even though crop yield improvement was identified as their 
priority objective. Other findings have clear research implications: 
for example, the time at which trees are cut back at the beginning 
of the cropping season ranges from 2 months prior to planting to a 
month after planting. Farmers need to know how the time of cutting 
affects yields. From ICRAF's perspective, the survey experience has 
led to important methodological advances in on-farm agroforestry 
survey design, implementation, and analysis which are being written 
up to benefit other agroforestry projects (Scherr, 1988a; Scherr, 
Oduol and Rogers, 1988b) (See Tables 5 and 6). 



Table 5. Frequency of Agroforestry Technologies Recorded on 18 Siaya 
Farms 

No. of 
Records 

Intercropping with MPTS for fertility in field crops 
Leucaena 14 
Sesbania 5 
(managed as a fallow) (4) 

Intercropping with MPTS for fertility in coffee 
Leucaena 2 
Sesbania 3 

22 

Boundary plantings 
Tree linus/boundary/windbreaks 
Traditional shrub boundary/live fence 

(Euphorbia, sisal, Lantana) 
New shrub fence (Tavetia, Parkinsonia, 

Aberracaffra) 

Homegardens or intensive multistrata crop fields 
Multistruta 
Horaegarden trees & vegetables 

47 
21 

16 

10 

1 
4 

Woodlots 

Fruit orchards 
with MPTS for fertility 
without MPTS for fertility 

3 
4 

Intercropping of non-fertility MPTS in cropland 
In lines on/around bunds 
In lines not on bunds 
Mixed or scattered, fruit trees 
Mixed or scattered, non-fruit trees 

22 
5 
6 
7(+ both) 
4 

Large scale 
Scattered or loosely planted trees in home compound 

Miscellaneous 
Gully reclamation 
Tree clusters in home compound 
Fodder bank 
Trees on pastures 
Fish pond feed 
Leaf litter for compost 
Live staking 
Passion fruit/Albizia/beekeeping 

1 
2 
1 
2 
1 
2 
1 
1 

11 

139 records 

Source: Scherr, E.. J. (1988a) 
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Table 6. Selected Design Factors Identified from CARE Survey of 
Farmers' Alley-Cropping Plots 

Households in survey = 126; households with alley-cropping = 70(56%) 

PRINCIPAL MPT SPECIES (from 79 censused plots) 
Leucaena leucocephala (81% of plots Calliandra calothyrsus (4%) 
Markhamia lutea (6%) Sesbania sesban (4%) 
Erythrina ab., Cassia siamea, Sesbania bispinosa, Cajanus ca.jan (1% 
each) 

PRIORITY USE OF MPTs (from 58 selected plots) 
Soil fertility improvement (67%) Building poles (7%) 
Fuelwood (12%) Fodder (3%) 
Erosion control (10%) 

BETWEEN-ROW SPACING (from 54 selected plots) 
2 meters or less (21%) Mean spacing: All Siaya - 4.7 meters 
2.1-4.0 meters (40%) High rainfall zone - 3.7 meters 
4.1-6.0 meters (27%) Medium rainfall zone - 4.8 meters 
7.0 meters or more (13%) Low rainfall zone - 5.4 meters 

TREE POPULATION PER HECTARE (From 47 selected plots) 
2000 trees/hectare or less (53% of plots) 
2001-4000 trees/hectare (26%) 
4001 trees/hectare or more (21%) 

HEDGEROWS CUT BACK (from 58 selected plots) 
Siaya District (56% of all plots cut back) 
High rainfall zone (60%) 
Medium rainfall zone (36%) 
Low rainfall zone (40%) 

HEIGHT OF CUTTING (of 32 plots where trees cut back) 
Below 20 cm (38% of plots 50-79 cm (34%) 
21-49 cm (25%) 100 cm (3%) 

Source: Summarized from Scherr, Oduol, Roger (1988a) 

On-Farm Yield Assessment of Alley-Cropping Plots 

It is very difficult to obtain reliable information on 
agroforestry plot performance through farmer survey methods. Rather, 
it is necessary physically to measure yields in the field. Commonly, 
yield measurements taken on research stations are an unreliable 
guide to yields which will actually be obtained under farm 
conditions. ICRAF has been working with AEP to develop and test 
simple methods of yield assessment in existing alley-cropping plots. 
A brief field activity was organized with AEP extension and KEFRI 
research staff, with the objective of demonstrating and getting 
extension feedback on some methods for taking yield assessments of 
tree products and crops which are being developed at ICRAF (Wolf, 
1988; Jama, 1988a). On a preliminary basis, to further improve our 
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methods, crop yields were taken on 10 farmers' alley-cropping plots 
during the long rains of 1988 (Oduoi, 1988). It is hoped that more 
such studies can be implemented in the coming year (See Table 7). 

Other studies have been undertaken in collaboration with CARE, 
including an informal agroforestry product market survey in Siaya 
(Akunda and Oduol, 1987), an exploratory survey to document basic 
agroforestry plot information on farm; on-farm crop evaluations 
(Akunda, 1988; Akunda and Oduoi, 1988), and extension staff training 
(Scherr, 1988d). Proposed activities for 1989 include some on-farm 
agroforestry system trials, economic evaluation of agroforestry 
systems, on-farm yield assessments, and the development, with 
AFMEMP, of an information management system for integrated 
monitoring and evaluation (Raintree, 1988a). 

CONCLUSION 

A number of other ICRAF activities related to on-farm 
agroforestry research have begun. A pilot workshop on "Improving 
Technology Recommendations: Research in Agroforestry Extension 
Projects" was held in August 1988 with senior field staff from CARE, 
RAES, and the Ministry of Agriculture working in Siaya and South 
Nyanza (Beniest, 1988). Papers were presented on on-farm experiments 
(Avila, 1988b; Raintree, 1988b), using on-station research (Nyamai, 
1988a; Getahun and Jama, 1988), farmer participation in technology 
M&E (Ngugi, 1988), using farm surveys (Scherr, 1988e), and M&E 
methods (Mueller, 1988b). A visit was made to ICRAF's Machakos Field 
Station to see research trials of special interest to extensionists. 
A small programme of on-farm research trials is being developed in 
conjunction with the Field Station at Machakos (von Carlowitz, 
1988b; Jama, 1988b; 1988c); as well as on-station testing of 
ecological research methods (Huxley and Mead, 1988). On-farm 
alley-cropping systems trials are being carried out in Kakuyuni with 
the Kenya Drylands Agroforestry Project (Hoekstra, 1988a). Kathama 
on-farm trials continue to be monitored. And work is being initiated 
on agroforestry technology transfer (Minae 1988). 

We hope that these research activities will generate methods 
and materials which can be used by a whole range of agroforestry 
research and development programmes in Kenya. We look forward to 
your collaboration in reaching this goal, by sharing with us your 
own experiences and methods in on-farm technology evaluation, and 
perhaps in testing some of our approaches in your projects. 
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Farmer 

Kinifred Okinyo 

Monica Oketch 

william Onyiego 

Alfred Oduor 

Songa Horoko 

Joseph Onyango 

Oduol 

Ayub Otieno 

Ann Odhiaabo Ouda 

Plista Hensonga 

Honica Otieno 

Ann Ogwayo 

Jempher Omako 

Source: Oduol, P.A. 

District. I 

Table 7. Plot Data froi Selected Alley-Cropping Plots in Siaya District 

Division No. of 

Alleys 

Bor< 

lore 

Bora 

Bore 

Ukwa la 

Ukwala 

ukwala 

Yale 

Yale 

Yala 

Yale 

4 

6 

4 

4 

4 

6 

8 Stag

gered 

4 

4 

4 

3 

Alleys 
Width 

4l 

5l 

5i 

4l 

41 

41 

3m 

41 

61 

5m 

Type of Crops in 

Alleys 

Maize 

Fallow 

Haize 

Haize t Beans 

Haize 

maize + Beans 

Leucaena + 

Calliandra Trees 

in alleys 

Haize + Beans 

Haize ( Beans 

Haize 

Haize » Beans 

Haize Leucaena 

and Calliandra in 

alleys 

Hanageient Status of 
Alleys 

Left for poles 

Pole sized alleys 

Pole size alleys 

(Harvested area: 

25 sq. i) 

Cut back at 0.5a. 

(Harvested area: 

24 sq. i) 

Pole size 

Cut height 0.75a 

Harvested area:25sq.a 

Cut back at 0.5a 

Cut back 0.5a 
Harvested area 20 sq.m 

Cut back alleys 

Unaanaged alley 

Pole sized alleys 

No. of 

Crops 

-

-

Harvest

ed. 13kg 

of aane 

stocks 

58 cobs 

" 

72 cobs 

-

8 cobs 

I 

-

-

Height 

-

-

5kg 

13.5kg 

-

7.25kg 

• 

-

Reaarks 

Poor aaize crop -
planting 

Good alleys if 

cut back 

Crops greatly 

suppressed. Only 

harvested stalks 

Faraer had 

harvested the 

control plot 

Very dis

organized, scat

tered planting 

Haize destroyed 

by rains. 

Good alleys 

Faraers harvested 

aaize and let 

goats graze 

Very well aanaqed 
alleys but no 
control plot, 
eaten by faraer 

Haize planted 

late - No harvest 

anticipated 

Farmer had eaten 

soae maize 

Late planting of 

aaize and scat

tered trees in 

alleys 

. 1988 - Preluinarv Atteipts to Assess Crop Yields in Alley-Cropping Systems, CARE Kenya Project, Siaya 

CRAF/CARE Project Report No. 14, Nairobi, October 1988. 
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PLANS TO MEET NATIONAL SEED 
DEMAND FOR AGROFORESTRY 

Alice Kaudia, Kenya Forestry Research Institute, P.O. Box 20412, 
Nairobi 

Abstract Local germplasm availability has been a major 
hinderance to the development efforts of rural development 
projects with focus on tree planting. 

In the case of exotic species, importation has been done 
for initial introduction. This paper describes develop
ments that have taken place in this area over the years and 
emphasizes the importance of inter-agency/institution col
laboration towards determination of local self-sufficiency 
in availability of quality germplasm. The efforts of a lead 
institution in this endeavour—the Kenya Forestry Research 
Institute (Forest Seed Centre) are described. 

Kenya's rapid demorgraphic developments with consequent 
increased pressure on land resource base have necessitated 
intensification and diversification of land use particularly for 
agricultural production with a broad objective of self-sufficiency 
in tree products, derivative services, and food supplies. This has 
led to the development of traditional practices such as tending of 
trees in homesteads, farm hedges, etc., into scientific desciplines 
such as agroforestry. 

In discussing the topic "Plans to Meet National Seed Demand for 
Agroforestry" this paper will define agroforestry systems as 
land-use systems in which woody perennials (trees and shrubs) are 
grown on the same land-unit as agricultural crops and/or animals, 
either in a spatial arrangement or a time sequence, and in which 
there are both ecological and economic interactions between the 
tree/shrub component and the other components (Lundgren, 1982, 
modified by Young, 1984). Tree seed demand discussion will, 
therefore, envelope demand for seeds of tree species usable in 
various agroforestry systems such as siiviculturai, 
agrisilvicuitural, siivipastorai, and agrisiivipastorai systems. In 
the refinement of the defination into the systems, it is noteworthy 
that the indispensable component is the woody perennial (Torres, 
1985). The paper outlines the Kenya scenario of tree planting 
involvements, a Drief history on past efforts towards meeting tree 
seed demand, the present state, the future plans toward the 
objective with reference to strategic approaches by Kenya Forestry 
Research Institute (KEFR1) through its National Tree Seed Centre, 
and finally, the latter's scope in meeting this objective function. 
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TREE PLANTING INVOLVEMENTS IN KENYA 

In Kenya today, there are at least 46 concerns working on tree 
planting and related activities (Mathu, 1985). These include 
government ministries such as the ministries of Environment and 
Natural Resources, Energy, and Agriculture; parastatal organizations 
like KEFRI and the Kenya Posts and Telecommunications; development 
authorities; nongovernmental organizations, etc. Activities of these 
concerns have had a bias towards nonindustrial forestry with a focus 
on forestry for and by the people as a rural development strategy. A 
common approach to this development strategy has been taking 
forestry to the people through improving the accessibility of 
seedling sources. This has led to the establishment of many tree 
nurseries under different names, such as Chief's nurseries, Kanu 
nurseries, women groups, and primary school nurseries. Others are 
district and divisional nurseries of the Ministry of Environment and 
Natural Resources, the Ministry of Energy, the Ministry of 
Agriculture, and the Prisons Department. Eminating from the high 
level of awareness by the public on the role of trees in 
environmental conservation and protection, coupled by great efforts 
by all concerned in promoting tree planting, the potential demand 
for tree seeds in Kenya has been increasing at a relatively high 
rate particularly for species whose attributes have become well 
known such as Grevillea robusta, Calliandra calothyrsus, Leucaena 
leucocephala, and Sesbania sesban, to mention but a few. 

In the past (as early as 1907) it was the government policy for 
the Forest Department to encourage tree planting on farms by making 
available tree seed and young transplants to settler farmers, either 
free or at low prices (Odera, 1984). A central seed store and a 
sales office were established to further this policy. In these early 
days, demand for seed was mainly for plantation programmes of the 
principal soft woods and these were, Cupressus lusitanica, Pinus 
patula, and Pinus radiata. 

The seeds were largely imported and little attention was paid 
to the establishment of seed sources for indigenous trees and other 
"minor" species. 

Registered seed areas were first established in 1934, and these 
were prompted by the eventual low quality of imported seed which 
often got delivered without adequate information of provenances and 
source definitions. By 1971, much had been achieved in efforts 
toward establishing local tree seed sources through research 
programmes on provenance and progeny tests, and the establishment of 
tree improvement and clonial seed orchards. The efforts by the then 
Forest Research Department went along way in establishing reliable 
sources of quality seed for the country's industrial plantation 
programmes, but not for the social forestry programmes that 
mushroomed after the Energy Conference of 1981 which led to the 
creation of the Ministry of Energy and other related projects. 

Tree Seed Demand Development 

Data on trends in tree seed demand computed by government 
departments that have been major local seed sources (Forest 
Department, 1902: todate and Ministry of Energy, 1982-1986/87) are 
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shown in tables 1, 2 (Jestaedt, 1986), and 3 (Kaudia and Macklin, 
1986). 

Table 1 shows the results of an enquiry by the Kenya Forestry 
Tree Seed Centre in 1986. The enquiry was launched to determine the 
annual seed requirement by the Forest Department and other agencies 
concerned with tree planting outside gazetted forests. Table 2 and 3 
depict the general supply and demand situation from two major 
programmes - the KEFRI Seed Centre and Ministry of Energy. The 
latter had established itself as a major local source for 
agroforestry tree seeds handling about 74 species (1983-1986) 
(Kaudia and Macklin, 1986). 

Table 1. Approximate Annual Seed Requirements for Important 
Tree Species Needed for Planting Programmes Between 1982 

and 1985. 

Species No. of seedlings Quantity of 
(millions) required seed(kg) 

Cupressus lusitanica 45.0 
Cupressus pyramidalis 11.2 
Pinus patula 22.0 
Eucalyptus saligna/grandis 28.0 
Eucalyptus camaldulensis 15,0 
Eucalyptus maculata 10.0 
Eucalyptus panicuiata 7.5 
Grevillea robusta 15.0 
Aberia caffra 8.0 
Prosopis juliflora 2.5 
Schinus molle 2.0 
Acacia aibida 1.5 
Acacia tortilis 1.5 
Acacia melanoxylor 0.5 
Casuarina equisetifolia 1.5 
Casuarina cunninghamiana 1.5 
Cassia siamea 1.2 
Cassia spectabiiis 0.7 
Callitris hungelii 1.0 
Juniperus procera 0.5 
Croton megalocarpts 0.5 
Vitex keniensis 0.3 
Maesopis eminii 0.3 
Azadirachta indica 0.7 
Cailistemon spp. 0.2 
Marcharium tipu 0.5 
Parkinsonia aculeata 0.3 
Jacaranda mimosifciia 0.3 
Araucaria columnar is 0.02 
Araucaria cunninghamii 0.3 
Species of minor importance 30.5 

1200 
50 
420 
450 
125 
250 
200 
400 
400 
50 
150 
120 
100 
25 
20 
50 
150 
150 
150 
50 

1200 
4500 
3500 
600 
50 
100 
25 
50 
50 
750 
2500 

200.0 17835 
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Table 2. Seeds Collected and Distributed 1982 - 1986 
KREDP (MOE). 

Year Seeds Seeds contributed (kg) Total 
collected within to other Distributed 
(kg) KRDP agencies 

1982 
1983 
1984 
1985 
1986 (thru' 

July) 

482 
2,673 
3,500 
4,498 

3,993 

417 
1,823 
2,300 
1,848 

1,200 

65 
850 

1,200 
2,650 

1,672 

482 
2,673 
3,500 
4,498 

2,875 

Data from tables 2 and 3 have been used to draw Fig 1. which 
depicts trends in tree seed demand between 1977 and 1988. The demand 
is derived from the records on seeds distributed, on the assumption 
that distribution was on requests by receipients. 

Between 1977 and 1981, the major source of germplasm was the 
Forest Department; it mainly dealt with industrial forestry species. 

Table 3. Seed Receipt and Despatch at Kenya Forestry Seed 
Centre 1977 - 1988 (in kg) 

Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
(1-7) 

Quanti ty 
Received 

559 
664 
1796 
1567 
1397 
2145 
1220 
1618 
1838 
3945 
5592 
3913 

Quantity 
Dispatched 

912 
900 
979 
1302 
1761 
1501 
1268 
1112 
1941 
3400 
3693 

(-) No data were available on distributed seeds for that 
year. 

In 1980 and 1981, two events took place which largely increased 
the public awareness of environmental issues relating to land use in 
forestry for rural development. These were the ICRAF First National 
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Seminar in Agroforestry (1980) and the United Nations International 
Conference on New and Renewable Sources of Energy. These events not 
only increased the awareness of the need for the need of tree 
planting on farns, rangelands, and by roadsides, but also broadened 
the species base. 

The Ministry of Energy's seed programme, which started in 1982, 
had an accelerated demand development due to the change in focus 
from industrial tree species to other woody perrenials. 

Generally, it can be observed that the strength of Kenya's seed 
programmes has teen increasing over the years. As recent as 1980, it 
was observed that the country could meet it's seed demand for 
plantation programmes. The demand for many species grown outside 
forest reserves and, particularly marginal land species could not, 
however, be met through local collections (Konuche, 1980). Konuche, 
in his paper "Trees and Seed Availability in Kenya (1980)", 
indicated that seeds of only 4 out of 30 potential candidate species 
for marginal land afforestation could be obtained locally. 

Major programmes with tree planting components have tried to 
promote a wide range of agroforestry species; for example, the Rural 
Afforestation Extension Service (RAES) the Ministry of Environment 
and Natural Resources, compiled a checklist of 80 indigenous, and 86 
exotic species of interest for rural tree planting 
(Zimmermann, 1986). The Kenya Woodfuel Development Programme (KWDP) 
has extensively promoted species like Calliandra calothyrsus, 
Mimosa scabrells, Leucaena spp, Grevillea robusta and Sesbania 
sesban without excluding any other species that seem promising. And 
this applies to most of its programmes. Although general demand is 
difficult to estimate, the relative demand for popular species like 
Grevillea robusta and Calliandra calothyrsus us evidenced by the 
high prices charged on per kilogram weight of the species: 
Grevillea robusta 160/= per kg and Calliandra calothyrsus (400/= 
per kg) as compared to the average 30/= per kg for Acacia spp 
(MOE, 1986). 

Lack of reliable local sources of quality tree seeds has in the 
recent past led to independent efforts by various programmes to 
establish seed sources such as seed stands, seed units, and "seed 
orchards" in public lands, schools, willing farmers' fields, and on 
selected natural open range. Most of these programmes have also 
introduced a commercial component and have been buying from 
individuals at independently determined prices. 

Efforts have been made at the national level to coordinate the 
activities of these agencies with the specific objective of 
establishing source-defined, quality tree seeds to meet the demand. 

STRATEGIES FOR MEETING TREE SEED DEMAND 

A National Forestry Seed Management Committee was set in July 
1987 under the auspices of the Permanent Presidential Commission on 
Soil Conservation and Afforestation. At its last meeting in April 
1987, this Committee endorsed KEFRI as the main agency to control 
quality of forestry seeds nationally. This arrangement would in 
principal facilitate coordination of procurement of quality tree 
seeds. 
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The Kenya Forestry Seed Centre 

The Kenya Forestry Seed Centre was set up in 1985. The original 
facilities under the silviculture division were enlarged and 
modernized with financial and technical support from the Federal 
Republic of Germany. 

The Centre's main objective are: 
(i) Identification of appropriate seed sources; 
(ii) Collection and supply of forestry and agroforestry 

species; 
(iii) Routine testing of seed quality; 
(iv) Research on various aspects of tree seeds including, 

phenology, collection methods, testing, pre-treatment, 
and storage requirements; and 

(v) Initiation of a computerized seed-recording and 
information-retrieval system. 

Decentralization of sources and centralization of quality 
control approach have been adopted. Six collection centres based on 
ecological distribution have, therefore, been set up as follows: 

Collection Centre Districts covered 

Gede 

Kibwezi 

Nyeri 

Londiani 

Kakamega 

Kitale 

The centres' operati 
ensure a sustainable supp 

Kwale, Lamu, Tana 
River, Mandera, 
Wajir, and Mombasa. 
Kajiado, Kitui, 
Machakos, and Taita 
Taveta. 
Embu, Isiolo, Meru, 
Kirinyaga, Laikipia, 
Marsabit, Muranga, 
Nyeri and Samburu. 
Baringo, Kericho, 
Nakuru, Narok, 
Nyandarua, and Uasin 
Gishu. 
Busia, Homa Bay, 
Kakamega, Kisii, 
Nandi and Siaya. 
Bungoma, Elgeyo 
Marakwet, Trans 
Nzoia, Turkana, and W. 
Pokot 

onal procedures are objectively set to 
ly of seeds to meet the current and fu 

demands for tree seeds in Kenya. 
Arrangements, have been made for careful selection of seed 

sources, development of appropriate collection and handling 
procedures, and suitable storage conditions with "adequate" storage 
capacity. 

Seed sources 

Seed sources; for plantation forestry have been identified and 
classification of the sources has been done as tabulated below, with 
the principal objective of assurance of eventual quality. 
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Seed source Specifications 

General collection Collection from already 
existing forest stands or open 
range from at least 25 mother 
trees spaced 50 metres apart 
to ensure retention of genetic 
variation 

Selected seed stands Planted stands of timber 
species exhibiting superior 
growth and quality 

Selected single trees Mixed natural forests and 
planted stands for timber at 
least 25-30 per provenance 
selected according to end use 
in the case of indigenous spp 
and semi-arid land species 

Seed orchard Selected plus trees 

To date 42 new seed stands have been selected (1985-1988) with 
a total of 456.3 ha comprising five exotics: Eucalyptus saligna, 
Gmelina arborea, Grevillea robusta, Pinus caribaea, and Pinus 
patula and seven indigenous species namely: Brochlaema Prunus 
Africana, Juniperus spp, Procera Maesopis eminii, and Polysias 
kikuyuenis. The latter stands of indigenous species were 
recommended for protection to the Forest Department (Rode, 1988). 

Selection of indigenous trees has been difficult because of 
their locational spread. Attempts have, however, been made on 
climatic and soil imaging during selection. Seed production areas of 
about 2 ha each have been established for agroforestry species whose 
seeds are difficult to procure locally such as Calliandra 
calothursus, Albizia faclcataria, Gliricidia sepium and Prosopis 
chilensis. 

Seed Collection and Handling 

From the established seed sources, the centres' seed 
collectors, through coordination by the scientific staff, collect 
seeds according to established procedures. The post-harvest handling 
of the collected seeds has been identified to be crucial. This is 
the stage when nisidentification, loss of viability, general damage 
and spoilage can occur. The collected seeds are, therefore, 
immediately labelled, packed into Hessian sacks, and transported to 
the processing site. In the out-stations, preliminary processing is 
done mainly. The final processing is done at the Central Station. 
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Proper storage is an intergral part of the strategy towards 
establishing sustainable supplies of quality seed. The Institute has 
therefore constructed stores in the six out-stations where mainly 
seeds storable at room temperatures +24°C-+28°C are held. 

Seeds of low longevity, such as, Grevillea robusta, Aberria 
caffra, Vitex kiniensis, Azandirachta indica, etc., are shipped to 
the Central Unit after collection and preliminary processing. 

At the Central Seed Centre, storage facilities have been 
constructed with room temperature storage and 4 cold rooms with 
total capacity of 120 m3 . The cold rooms are set at between 3 °C 
and -18 °C. It has been found that most seeds can store well at 
+3 °C for about 0-5 years except for Acacias which store for as 
long as 15 years. Investigations on storage requirements for various 
seeds are continuing with a view to categorizing the species 
appropriately. 

Meeting National Seed Demand 

Practices in agroforestry systems, especially in small-scale 
farming with the specific spartial arrangements and tree spacing, 
greatly increase seed requirements. At the present levels of 
operations, the centre would, to a large extent, meet the local seed 
demand for selected agroforestry species such as Acacia spp, 
Leucaena leucocephala, Sesbania sesban, and other profolic 
seeders. 

At present, the centre has 7,800 kg of seeds of 217 species. 
Tree seed collection and handling are expensive undertakings, and a 
projection into the next decade would require: 
(i) Agencies involved in tree planting narrow the base of species 

and prioritize species promotion; 
(ii) Training on seed collection and handling on collaborative 

basis so that the agencies involved in tree planting programmes 
would be able to collect their own quality seed as and when 
required; and 
(iii) Establishment of appropriate storage facilities at the 
collection points should be considered. However, in the case of cold 
rooms, the costs of setting-up and maintenance should be well 
weighed before undertaking. 

With proper coordination, the country could be self-sufficient 
in tree seeds and even venture into the export market especially for 
agroforestry species with short physiological life cycles. 

187 



PARTICIPATORY MONITORING AND EVALUATION IN 
AGROFORESTRY EXTENSION 

Louise E. Buck, Centre for Soils Research, Jalan Juanda 98, P.O. 
Box 256, Bogor, Indonesia 

Abstract This paper briefly introduces the concept of 
participatory monitoring and evaluation (PM&E) in 
agroforestry extension. It describes the purpose and 
methods of CARE and FAO/SIDA's Agroforestry Monitoring and 
Evaluation Methodology Program (AFMEMP), including some key 
findings to date. The paper also indicates future 
directions for participatory monitoring and evaluation in 
AFMEMP projects. 

It is increasingly apparent that much of the most advanced, 
induced agroforestry development stems from NGO-facilitated 
extension project activity. Although the agroforestry research 
community is making important gains in knowledge about the viability 
and performance of agroforestry systems, the extension mode of 
trying and testing agroforestry interventions for adaptability and 
productivity is outpacing the work of researchers in terms of 
magnitude and diversity of experience. 

Because growth potential for the field of agroforestry through 
extension activity is high, expectations for learning from extension 
projects also are high. On the other hand, extension projects are 
fragile, facing uncertain futures regarding continuity of funding as 
well as long-term sustainability of development processes they set 
in motion. If agroforestry benefits and knowledge are to be realized 
through extension activity, priority must be given to ensuring the 
longevity of these initiatives. Strengthening of local institutional 
capacity to manage agroforestry activities on a sustainable basis 
thus should become a key objective of these projects. 

The need for information to provide a knowledge base for 
effective decision-making by local managers of agroforestry activity 
requires substantial improvement in project monitoring and 
evaluation systems. At present the limited recorded project 
information available is a function primarily of external 
evaluations. This approach, of using outside 'experts' to assess and 
judge project progress and impact, diminishes the most significant 
learning value of evaluation—the generation and use of project 
information by principle participants, especially the farmers. 

Participatory monitoring and evaluation overcomes this 
limitation. It is an approach and a variety of methodologies which 
produce the type and quality of information needed to plan and adapt 
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agroforestry activities and interventions conducive to local 
systems of management and based on local criteria for success. 
"Participatory" implies shared involvement and responsibility for 
information generation and use by a project's major actors, but must 
include the farmer as the key land use decision-maker. 

More specifically, participatory monitoring and evaluation in 
agroforestry extension, if developed and used effectively, should 
serve the following purposes: 
(a) Enhance learning from extension activity about the social 
processes, biophysical conditions and technical inputs required for 
successful agroforestry; 
(b) Improve project and local management capability through 
provision of relevant and timely information for decision-making; 
(c) Help in identifying and reducing the risk which "untested" or 
"imported" agroforestry technologies present to local populations; 
(d) Lend credibility to organizations attempting to assist "grass
roots" agroforestry development based on improved accountability for 
resources used; 
(e) Reduce pressure on projects to adopt an output or target focus, 
and encourage a developmental change orientation; 
(f) Reduce reliance on experts from outside the project setting to 
evaluate project success based on a fixed-point snapshot, but, 
rather, encourage an iterative process of project assessment; 
(g) Promote reliance on evaluation criteria generated internally 
which are specific to the perceived needs of the project 
participants; 
(h) Develop measures compatible with local needs and capabilities 
so information gathered is relevant to sustainable management by the 
local community; 
(i) Develop evaluation instruments which are not disruptive to the 
daily functioning of participants or process of community 
involvement itself; and 
(j) Detect the key qualities of sustainability, assuming evaluation 
is integrated into the project and reiterated periodically. 

In summary, the value of participatory monitoring and 
evaluation in agroforestry extension is to provide key information 
for decision-making, first and foremost by local people who practice 
agroforestry and, secondly, to donors, senior managers, and 
agroforestry experts who support and guide its development. 
Participatory monitoring and evaluation has substantial potential 
for improving the quality of agroforestry programming. How may this 
potential be realized? 

WHAT IS AFMEMP? 

AFMEMP is a 3-year case study and workshop research and 
training activity that aims to improve monitoring and evaluation 
methodology for agroforestry extension projects in Eastern Africa. 
The programme is designed and managed by CARE through its Regional 
Technical Advisory office in Nairobi in collaboration with 
FAO/SIDA's Forest, Trees and People (FTP) programme in Rome. AFMEMP 
is supported by The Ford Foundation through its Rural Poverty and 
Resources Program for Eastern and Southern Africa. 
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Six projects are directly involved in AFMEMP research and 
training activities, two each in Kenya, Sudan, and Rwanda. The 
Kenyan programmes are the Agroforestry Extension Project (AEP) of 
CARE International in Kenya and the Saradidi Rural Health Project 
(SRHP) of the Church of the Province of Kenya, Diocese of Maseno 
West and project area villages. The Rwandese programmes are Gituza 
Forestry Project (GFP) of CARE International in Rwanda, and Projet 
d'Intensification Agro-Silvo-Pastorale (PIASP) which is ran by the 
German State of Baden-Wuertemberg, Heidelberg University and 
Rwanda's Mugusa Commune. The Sudanese projects are the Kordofan 
Agroforestry Extension Project (KAEP) of CARE International in Sudan 
and Central the Forestry Administration of Sudan and the Shendi 
Village Extension Scheme (SVES) of SOS-Sahel International and 
Central Forestry Administration of Sudan. 

In addition, collaborating national agencies in the three 
countries, that is, the Kenya Forest Department's Rural 
Afforestation Extension Service and Kenya Forestry Research 
Institute, Sudan's Central Forestry Administration and Kordofan 
Regional Forestry Department, and Rwanda's Forest Department 
(Director General of Forests) are involved in AFMEMP activities. 

ICRAF also collaborates with AFMEMP through its technology 
impact assessment support to CARE's Agroforestry Extension Project 
in Siaya and as invited advisors to AFMEMP workshops. 

PURPOSE 

AFMEMP's principal goal is to develop and disseminate an innovative 
evaluation approach and selection of methodologies for agroforestry 
extension projects, which provide: 
(a) Evaluation criteria focussed on learning and adaptive processes 

and 
(b) Evaluation indicators for which data can be efficiently 

developed by extension staff and participants. 
More specifically the Program aims to: 

(a) Improve the Linkage between extension and research by 
demonstrating how the technology testing and adoption process works 
in various socio-ecological and project contexts; 
(b) Go beyond traditional objective measures of agroforestry 
project success such as numbers of trees, hectares planted, cost per 
seedling, etc., to examine adoption and sustainability indicators, 
including farmer and community participation; 
(c) Identify an evaluation methodology framework which represents 
direct linkages between technology testing, adoption and final 
effect, and which recognizes the importance of farmer participation 
in agroforestry technology generation as well as adoption and use. 

In summary, AFMEMP seeks to generate monitoring and evaluation 
guidelines and methods which will aid in implementation of 
sustainable development activities, measure relevant effects, and 
document developmental processes. 

METHODOLOGY 

The methods used by AFMEMP to meet its goals aim to intensively 
examine 6 agroforestry extension projects in Eastern Africa to 
assess strengths and weaknesses of their current monitoring and 
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evaluation practices. This experience is presented in case studies 
of each project which describe the socio-ecological context, 
objectives, activities, and other conditions relevant to their 
monitoring and evaluation practices. 

The case studies provide a basis for comparing experience 
across projects to identify common characteristics and issues 
affecting monitoring and evaluation. Case studies also provide the 
basis for recommending and testing improvements that are more 
responsive to the foregoing criteria. 

Workshops are used as fora to review and share study findings 
and to consider methodology improvements. Country-specific workshops 
are held to bring together the two projects in Kenya, Rwanda, and 
Sudan for these purposes. Regional workshops are held to bring 
together people from the six participating AFMEMP projects, 
representatives of Forest, Trees and People (FTP) supported projects 
in Eastern Africa, and individuals selected for their expertise in 
participatory agroforestry and rural development to discuss needs 
and means for methodology improvement. 

In addition to the workshops, the AFMEMP Research Coordinator 
visits each AFMEMP project to guide the identification, development 
and use of improved monitoring and evaluation methods and document 
this experience. The Research Coordinator is assisted in this effort 
by part-time local research assistants. 

A literature review for participatory monitoring and evaluation 
for agroforestry extension is on-going simultaneously. Titles that 
are likely to be of interest and value to AFMEMP projects as they 
pursue improved practices are selected and annotated. 

Project Selection 

CARE-Kenya's Agroforestry Extension Project (AEP) in Siaya 
District was identified during AFMEMP's planning stage as a focal 
point in the Program's learning process. AEP was uniquely designed 
as an agroforestry technology generation project. Success would 
depend on intensive interaction between project-trained and paid 
extension staff and farmers to design, monitor, and evaluate a range 
of agroforestry interventions for their local adaptability based on 
specified establishment, productivity, and sustainability criteria. 
The design of this technology generation process was strongly 
influenced by ICRAF's Diagnostic and Design (D&D) methodology, 
adapted by AEP for extension purposes. 

A system of monitoring and evaluation of tools to guide this 
process was incorporated into the project during its early stages 
with the intent to modify them to meet changing needs. This 
learning-focussed, extension approach was complemented by a more 
formal research component in which the Kenya Forestry Research 
Institute (KEFRI), together with senior project staff would 
establish researcher-managed experimental and demonstration trials 
for the most promising interventions. AFMEMP hoped to assess AEP's 
experience with participatory monitoring and evaluation of 
agroforestry technologies and help judge its potential utility to 
other projects. 
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The choice of AEP in the design of AFMEMP was complemented by 
Saradidi Rural Health Care Project, also in Siaya. This project is 
of smaller scale, implemented by an indigenous NGO and does not rely 
on expatriate staff or a high level of technical assistance input. 
Neither does it rely on project-paid extension staff to promote 
project interventions. Instead, it depends on self-motivated farmer 
leaders to become demonstration farmers and to actively share their 
experience with neighbours. The project borrows ideas about 
agroforestry nurseries and on-farm interventions from AEP, whose 
extension workers regularly come into contact with it. 

In Rwanda and Sudan, this pattern of project selection was 
repeated. A CARE project, representing the relatively large-scale 
international PVO-managed intervention with a comparatively 
ambitious monitoring and evaluation component, was paired with a 
more "grassroots" based project. Grassroots projects generally have 
less well developed monitoring and evaluation systems, but perhaps 
more participatory development approaches. 

Among CARE's projects in the region, those selected represent a 
range of agroclimatic zones and associated land-use problems, 
collaborative arrangements with host government agencies, and 
extension training and management systems. It was hoped that such 
ranges of experience would provide a rich diversity of case study 
material from which to draw ideas about participatory monitoring and 
evaluation. 

PROGRESS AND FINDINGS 

This brief paper does not provide space to examine project- or 
system-specific AFMEMP findings. Nor is experience to date 
sufficient to draw concrete conclusions about methodology 
improvement. Rather, some highlights from the collective body of 
AFMEMP experience are presented. Elaborate details on these and 
other AFMEMP findings are being documented in the form of case study 
workshop, and follow-up reports (Buck, 1988). 

Problems and Constraints 

AFMEMP's case study research found out that most projects 
experience significant constraints in meeting their own and external 
expectations for effective monitoring and evaluation. Most often, 
monitoring and evaluation is viewed as a burden which, in many 
cases, managers attempt to absorb rather than pass on to their busy 
extension staff. 

Factors that affect project ability to produce the consistent 
and reliable information needed for decision-making by various 
collaborators and participants were identified for consideration at 
the workshops. Strategies for addressing them were explored. 
Follow-up project visits by the AFMEMP Research Coordinator will 
provide more specific guidance for overcoming some of the 
constraints identified below. 

Information Overload 
Monitoring and evaluation systems are often "information 

heavy", particularly with recording and reporting responsibilities 
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to headquarter agencies. Projects are concerned about the time and 
effort expended on such activities as they often are seen to provide 
little direct benefit to staff and participants. 

When project staff view the purpose of information primarily 
for accountability to higher authorities, they may be reluctant to 
provide it. This attitude negatively affects information quality as 
well as the learning value of the information generating activity. 
Furthermore, such responsibilities often require excessive staff and 
management time, which diminishes interest in generating information 
for other users. 

Projects that suffer from information overload often have 
relied heavily on surveys to obtain data about baseline conditions, 
progress, and impact. In general, projects understand that surveys 
are too complex and costly to justify their routine implementation, 
yet they are compelled to conduct them. "Questionnaire fatigue" is a 
symptom of this syndrome, wherein staff and farmers are aware of too 
many questions, yet too few answers in return. To prevent intrusion 
on farmers or wasting of their time, staff may resort to filling in 
questionnaires or other data forms without reference to the farmer 
or other data source. 

Another symptom of the "survey syndrome" is oversampling, thus 
generating more data than needed for project purposes. Projects 
often are not aware of the substantial learning value of simply 
being present in the region. This can be used to limit dependence on 
lengthy, formal surveys provided staff members are trained to 
observe, question, and document in the course of their routine 
extension activities. 

Information overload stems also from 'over-designed' M&E 
systems which specify too many variables to measure given the staff 
time, methods, and other resources available. Project choices 
between extension vs. monitoring and evaluation activity naturally 
and nearly always favour the former. Projects have not begun to 
fully exploit monitoring and evaluation tools which facilitate both 
objectives simultaneously. 

Static vs. Dynamic Systems 
Project monitoring and evaluation requirements often specify a 

similar set of information to be collected and reported throughout 
an extended period, or even a project lifetime. Commonly, a single 
set of activity outputs and effects is projected at the time of 
project design, and not modified until there is an external 
evaluation. Projects struggle to decide whether or not to report on 
factors not directly relevant to protect activity at the time. Lack 
of involvement by project implementors in specifying information 
needs at different periods throughout the project cycle contributes 
to the collection of irrelevant and/or insufficient data. 

The dynamic nature of projects requires a dynamic information 
system, whose data requirements change depending on whether activity 
is focussed on entry, establishment, on-going management, or 
withdrawal phases of a project cycle. The matter is complicated by 
the fact that these activities may be on-going simultaneously within 
a project region. It is further complicated by the wide range of 
indicators to be tracked, to account for both technical and 
human/organizational development aspects of a programme. 
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When the project and its redesign, based on feedback from 
monitoring and evaluation, become, at least, partially the 
responsibility of project implementors (management, staff, 
communities/farmers), associated information requirements to guide 
and measure this process become more readily apparent. The issue of 
information relevance throughout progressive project phases is 
greatly diminished. 

"Targetitis" 
Projects often fall into the trap of limiting their information 

and reporting to outputs achieved (or targets reached) such as trees 
planted, meetings attended, or farmers involved, at the expense of 
examining the change processes such outputs or planning targets 
contribute to. Known in the CARE jargon as "targetitis", this 
syndrome distorts understanding of the project role in development 
and limits the focus on the ultimate goals of agroforestry extension 
projects; to improve the land and knowledge base of local people as 
a means of improving their general welfare. 

"Targetitis" may also lead to falsification of information due 
to staff reward systems for "meeting targets". Such information is 
not useful for effective project decision-making purposes. 

To overcome "targetitis" staff must be trained to understand 
causal linkages between project activities and objectives. They, in 
turn, must help farmers understand this process, so that they can 
manage it. When this understanding is reached, targets will be seen 
simply as means to a goal and evaluation events that judge and 
document the actual change process will take on the significance 
they deserve. Indicators of change and tools to measure it will be 
easier to identify and use. 

Fear of the Truth 
Related to "targetitis" is a "fear of the truth" which many 

projects experience, especially those burdened with ambitious output 
targets and externally designed monitoring and evaluation systems. 
Staff fear the wrath of their superiors if disappointingly "low" 
participation, production, survival, adoption, or other progress 
indicators are believed to affect their performance appraisals. 

Staff also fear disappointing and losing the interest of 
farmers through identification of problems concerning the viability 
of agroforestry interventions. When staff and farmers are genuine 
partners in development and are given responsibility for developing 
activity targets and technology generation objectives, monitoring 
and evaluation becomes part of an internal learning process rather 
than an external reward/punishment structure. Project information is 
likely to be more correct and relevant. 

Participation: farmer as partner or source of cheap labour? 
Different interpretations of the word participation cause 

confusion between internal and external evaluation, and the role of 
staff and farmers. With a few exceptions, most AFMEMP projects 
appear not to treat the farmer as a genuine partner in 
decision-making about agroforestry objectives and techniques. More 
often, he or she is viewed as a recipient of project advice and as a 
source of inexpensive labour for meeting project objectives. 

This normally is not a conscious or desired approach to 
communities, but a state which prevails due to insufficient 
understanding and skill about how to achieve a more participatory 
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relationship. Projects need to recognize how their philosophy, 
structure, and management style affect their ability to treat 
farmers as partners in development, and thus in evaluation. 

In addition, a number of monitoring and evaluation tools have 
been developed and/or applied through AFMEMP which both assess 
project participation and promote participation in evaluation. These 
are of significant interest to most projects. Regular use and 
further development of these should positively affect the quality of 
project participation and the utility of information about it. 

Information Continuity and Comparability 
AFMEMP's project monitoring and evaluation records often 

indicate sporadic collection of information, which bears little 
direct relationship to information collected at other times for 
similar purposes. A variety of tools may be used to obtain related 
but incomparable types of information. Insufficient attention is 
paid to designing monitoring and evaluation activities as part of a 
system whose indicators and means of measurement generate comparable 
data. This compromises the purpose of evaluation (comparing 
conditions before and after, or with and without the intervention), 
and results in inefficient use of resources. 

The problem is addressed, in part, by making better use of 
project planning meetings for evaluation purposes. Improving the 
organization, facilitation, and documentation of regular staff 
meetings can make an enormous contribution to establishing a 
continuous and reliable evaluation record, assuming critical 
thinking is encouraged by project management. Staff can be trained 
to play similar roles at farmers' meetings. These techniques can be 
complemented by a regular, systematic, yet simple, field staff 
reporting system. 

Confidence Levels 
Often the key factor distinguishing information needed by 

different users or decision-makers is its degree of reliability. The 
content of information needed by different project collaborators or 
"stakeholders" is usually similar. In deciding how much projects 
should invest in information-collection methods that ensure an 
adequate level of accuracy, it is necessary to ask, what does the 
particular user need to know to be convinced? 

The AFMEMP experience indicates that the research community has 
the highest demands for information among key collaborators, 
followed by implementing agency headquarters. These groups require a 
larger number of variables to be quantified than other project 
decision- makers, and a higher degree of certainty about its 
reliability. 

Headquarter expectations may be made more compatible with those 
of project management provided the former were convinced about the 
viability of more qualitative data, based on staff and farmer 
judgement. Scientific researchers also stand to be "re-educated" 
about the value of more qualitative data, but in addition should be 
responsible for extra costs (in staff time, vehicle use, computers, 
etc.) involved in obtaining more robust data than more central 
project actors (farmers, staff, and enlightened management) require. 

Feedback and Timeliness of Information for Decision-Making 
Of all the project monitoring and evaluation weaknesses and 

constraints identified through AFMEMP case study and workshop 
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activities, most prevalent is the issue of information feedback. 
Related to this is the timing of information availability. 

From the staff and the farmer points of view, there is deep 
disappointment when the results of a data-collection activity are 
not shared. These feelings negatively affect later efforts to obtain 
information, and probably attitudes toward the project in general. 
Provision of timely feedback, on the other hand, can produce 
extremely positive effects. It recognizes the staff member or farmer 
not only as a valued provider of information, but also as a 
respected decision-maker who needs and uses it. More consistent 
feedback of information is a simple and potentially highly rewarding 
improvement most projects could make in their monitoring and 
evaluation systems. 

Improving Planning 

The starting point for improving extension project monitoring 
and evaluation systems is at the planning stage. The most consistent 
recommendation to date is that all project participants, including 
management, government agency collaborators, staff, and farmers be 
involved in planning monitoring and evaluation systems from the 
beginning and periodically throughout the project. 

As obvious as this recommendation is, projects at present do 
not practise it. Monitoring and evaluation requirements are almost 
universally prescribed, or believed by projects to be prescribed by 
planners responsible to implementing agency headquarters or donors. 
This is done at the project proposal stage and normally not modified 
until there is an external review of the project some years later. 

AFMEMP suggests the following basic steps be followed in 
planning participatory monitoring and evaluation systems: 
1. Identify a project cycle which describes key phases in the 
project's intervention process, major activities in each phase, and 
how the activities relate to project objectives; 
2. Identify actors involved in respective phases; who is primarily 
involved and responsible? Ensure their inclusion in subsequent steps 
in the planning process; 
3. Identify key information needed by respective actors to assess 
project performance during each phase; what will different 
participants need to know to be convinced that the activity is 
successful and contributing toward overall project objectives, and 
that objectives are being met? These become our indicators. 

Look for overlapping information requirements among actors. 
Then attempt to establish priorities for what information is 
"essential", "necessary", and "nice" to have. Allocate project 
resources to information collection accordingly; and 
4. Identify tools, or means of measuring your desired progress and 
impact indicators to obtain the information needed. 

The foregoing is an iterative process. It is undertaken first 
during project conception or design for an overview of project 
information needs and general idea about when and how to satisfy 
them. It is repeated as often as necessary, but certainly as the 
project enters each new phase of the cycle. Later iterations will 
include a different balance of inputs by different project actors, 
particularly for Step 3 on information needs and indicators. 



Improving Indicators 

As indicated above, the secret to generating good indicators of 
project progress and impact for participatory monitoring and 
evaluation is simply to ask the question; "What will respective 
actors need to know at key steps along the development path (stages 
within the project cycle) to be convinced of progress or impact? 
For example, during a project's "on-going management" phase 
following planning and establishment of agroforestry interventions 
we might ask: "Now that farmers have selected and planted promising 
tree species in agroforestry configurations, what do they need to 
know to be convinced that these interventions are likely to be 
productive and therefore worth managing according to extension 
worker advice?" 

Thus, we contact farmers to learn what they need to know, for 
example, the likelihood that the tree will survive and grow, and 
what other farmers who have tried the intervention think of it. We 
will also ask: "What do project staff need to know to be convinced 
that farmers will continue to invest time and energy in the 
intervention?" 

We find that staff need to know that farmers are convinced or 
satisfied about the progress achieved so far. Thus, we need to know 
the farmer's level of tolerance for tree mortality (would he be 
satisfied if 25 % of his newly planted trees lived or would it 
require 75 % for him to be convinced of progress and thus the 
utility of continued participation?) And we need to know the farmer 
is satisfied with the opinions of other farmers. (Does he have 
access to opinions from informed, experienced farmers?) 

The case for participatory monitoring and evaluation is that 
once respect for farmer judgement is accepted throughout the project 
hierarchy, the information required to convince him of progress 
should also convince others. Farmer-identified problems or 
satisfaction levels become the primary criteria upon which to judge 
progress and success. 

This does not to ignore the importance of adoption or coverage 
indicators which must be assessed in the aggregate. But the 
principle of relying on the judgement of those most familiar with 
the project environment to establish acceptable values for such 
indicators remains the same. For this type of information, for 
example, field staff might be polled regarding, the proportions of 
different categories of farmers that would need to be participating 
in planning, establishment, management/use, and/or expansion 
activities (at a certain stage) to convince them (the field staff) 
that sufficient progress toward meeting project objectives were 
being achieved. 

Improving Tools 

Tools, or means and methods for measuring project progress and 
impact indicators, can be improved by broadening the choice to 
include qualitatively oriented techniques over more conventional 
quantitative, survey-type instruments. Perhaps the most neglected, 
yet potentially the most powerful, participatory monitoring and 
evaluation tool is the participant meeting where informed, focussed, 
collective judgement is sought. Farmers, field staff, managers, 
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agency collaborators, technical advisors, and headquarter groups 
each are project experts with knowledge to be tapped. As with any 
expert input, the utility of this knowledge is dependent on having 
well-defined and well understood tasks as well as a receptive 
audience. 

Skills, methods, and materials are needed which can facilitate 
effective communication and understanding among different levels in 
a project hierarchy. Most fundamental and neglected in this regard 
is the communication gap between farmers and field staff. 
Appropriate "development communication" tools have the potential to 
vastly improve the use of farmer expertise and judgement in 
evaluating (as well as promoting) agroforestry development (Buck, 
1988a). 

More obvious than the extension staff-farmer gap is the 
distorted communication link between extension project and research 
personnel. Such substantially different approaches and jargon are 
used that, often, attempts to incorporate research activity into an 
extension project result in frustration and even alienation for both 
parties to the detriment of the programme. 

There is scope for addressing this problem through the use of 
modified data collection and reporting tools which serve the 
objectives of both groups. Particularly encouraging in this regard 
has been ICRAF-initiated discussion at AFMEMP workshops to the 
effect that, for agroforestry research to remain relevant to the 
majority of induced agroforestry development in progress, the 
researchers need to modify research approaches and tools to become 
more compatible with extension project needs for information 
(Raintree and Hoskins, 1988; Raintree, 1988; Scherr, 1988). 

To hint at the types of tools that might be usefully employed 
in participatory monitoring and evaluation, the following is a list 
of several that have been tried and/or discussed during AFMEMP 
workshops. There are many others, including a variety of more 
conventional survey evaluation tools. 
(a) Visual landscape analysis 
(b) Participation measurement scale 
(c) Organizational capacity checklist 
(d) Staff and farmer training needs assessment 
(e) On-farm research (limited sample) 
(f) A/F design follow-up forms (limited sample, case study 

approach) 
(g) Baseline snap-shots (limited variable, on-going) 
(h) Focus groups 
(i) Farmer meetings 
(j) Staff meetings 
(k) Focus area/farm mapping 
(1) SWOT (Strengths, weaknesses, opportunities, threats) 
(m) Rapid Rural Appraisal 
(n) Nursery Activity Calendars 

The selection, development, and use of tools that encourage 
participation (of the decision-making type) in evaluation can be 
highly motivating and rewarding to extension staff and probably to 
farmers as well as researchers. Again, however, effective staff 
training is required which encourages critical problem-solving, 
including observation, organization, and documentation skills, as 
well as creativity. Staff appraisal systems must reward these skills 
and characteristics. 



FUTURE DIRECTIONS 

AFMEMP is at present at the stage of project-specific 
application and testing of potential methodology improvements 
identified from research and training activities to date. Each 
project will attempt to implement selected new tools or approaches 
based on methodology-improvement objectives identified at the first 
regional workshop. 

AFMEMP has begun to appreciate, however, difficulties projects 
face in modifying their monitoring and evaluation practices, 
mid-project. As reiterated throughout this paper, monitoring and 
evaluation is wedded to a project philosophy and an approach which 
influence how farmers and local communities are viewed, how staff 
are trained and rewarded, and how information is used to serve 
project purposes. These critical factors, combined with the 
practical difficulties of developing and using alternative 
indicators, tools, and information once a process is in motion, 
require a cautious, if not a conservative, view toward the degree of 
change that can be expected in the monitoring and evaluation systems 
of AFMEMP's agroforestry extension projects. 

It is possible, thus, that the learning value of AFMEMP may be 
more significant for projects-to-be than current projects. On the 
other hand, enthusiasm in workshop fora about participatory 
monitoring and evaluation concepts and techniques, the potential for 
extended life cycles and opportunities that external evaluations 
provide for modifying project orientations may point to other 
directions. The next regional workshop will provide a forum to 
assess the type and extent of change that AFMEMP projects have 
managed in their information systems, to bring about and, hopefully, 
what effect of this change are. 
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AGROFORESTRY: INSTITUTIONAL ARRANGEMENTS 

F.J. Wang'ati and B.F. Makau, National Council for Science and 
Technology, P.O. Box 30623, Nairobi; Ministry of Planning and 

National Development, P.O. Box 30005, Nairobi, respectively 

Abstract In view of the large number of scientific 
disciplines involved in agroforestry, successful research 
and extension programmes will depend very much on co
operation and collaboration among the scientists, 
government institutions, and other organizations involved 
in this activity. The establishment of the National Steering 
Committee and the Technical Coordinating Committee for agro-
forestry in Kenya is considered a useful starting point 
and the National Council for Science and Technology (NCST) 
could help to ensure continuity and effectiveness of these 
committees. 

Attention is drawn to the potential conflicts in agro-
forestry research activities under the Kenya Agricultural 
Research Institute (KARI), the newly created Kenya Forestry 
Research Institute (KEFRI), and projects with research 
components under other ministries. It is suggested that 
institutional mechanisms be sought to overcome this problem 
and that an agroforestry research fund located and operated 
centrally under the NCST could help to foster collaboration 
between scientists. Agroforestry extension activities will 
definitely need strong financial support from government 
ministries and nongovernmental organizations and should 
also be built into donor-funded development projects. 

Traditional African agricultural practices recognized the 
benefits of retaining certain woody species of trees suitably spaced 
among cultivated crops. The value of shade and fodder trees on 
grazing land was also recognized and appropriate steps taken to 
conserve them. To the traditional African farmer, therefore, 
agroforestry was taken for granted in general farm management and 
worked reasonably well where pressure on land for cultivation was 
not too great. As cultivation became more intensive and labour 
shortage necessitated the use of tractors, however, trees on 
farmland became more of a nuisance. Of late, the shortage of 
fuelwood as communal woodlots have disappeared has aroused greater 
interest in agroforestry. There is also increasing awareness of the 
value of fruit trees and shelterbelts, but the selection of 
multipurpose tree species that would create minimum competition 
with crops and pastures in intensive agricultural systems calls for 
a more systematic scientific endeavour and more refined management 
systems. This, to the authors, is the basic challenge of 
agroforestry today. 
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COORDINATING MECHANISMS 

The scientific research and practice of agroforestry requires 
an unusually large number of disciplines ranging from soil science, 
plant-water relations, and agronomy to silviculture, tree breeding, 
livestock production, and wood utilization. Integration of these 
disciplines in the common objective of agroforestry is, however, 
made even more difficult by an education system that emphasizes 
specialization and the strong separation of administrative 
responsibilities in the public service. Therefore, a decision that 
is made routinely by a well-informed farmer at the farm level 
becomes an issue involving several governmental institutions and 
ministries if it is to be recommended and promoted beyond the 
individual farm. No wonder the farmer can be so confused by 
conflicting but well-intentioned advice from a whole range of 
extension officers that he may choose to ignore the advice 
altogether. 

It is in response to this problem and a genuine desire to 
overcome it that a draft Memorandum of Understanding for 
agroforestry development was drawn up between the ministries of 
Agriculture, Livestock Development, Environment and Natural 
Resources, and Energy, Research, Science and Technology in August 
1987. The Memorandum recognizes the roles, contribution, and 
responsibilities of the various ministries in promoting the practice 
of agroforestry and provides for the establishment of an 
Interministerial Agroforestry Steering Committee at the level of 
Permanent Secretaries supported by an Agroforestry Technical 
Coordination Committee. Considering the interdisciplinary nature of 
the subject, it was decided that the National Council for Science 
and Technology should host the Technical Coordination Committee and 
provide chairmanship. The Coordination Committee has so far been 
involved in the planning and organization of the Second National 
Seminar on Agroforestry. The Committee will continue to undertake 
similar activities and long-term planning, including assessment of 
infrastructure and resource needs. 

EVOLUTION OF INSTITUTIONAL ARRANGEMENTS 

Development and Extension 

The Ministry of Agriculture provides overall policy guidance 
and extension services in the development of agriculture including 
crop production and land and soil management. The Ministry of 
Livestock Development provides corresponding services in livestock 
production including veterinary services and bee keeping. The 
Ministry of Environment and Natural Resources is responsible for 
gazetted forests, which provide the bulk of timber and fuelwood, and 
is increasingly providing seedlings and technical advice to farmers 
for the establishment of woodlots and shelter belts and the 
provision of shade on farms. The Ministry of Energy provides 
technical guidance on energy-saving practices especially increased 
efficiency in the use of fuelwood, charcoal, and other farm 
by-products. This Ministry has also embarked on demonstrations and 



provision of materials for enhancing on-farm fuelwood production. 
The Department of Resources Survey and Remote Sensing of the 

Ministry of Planning and National Development provides valuable 
information on the suitability of various areas for agroforestry 
practices and helps to monitor the large-scale changes in vegetation 
cover and biomass. The Permanent Presidential Commission on Soil 
Conservation and Afforestation has provided a vital service in the 
integration of various disciplines and the government's effort in 
soil and water conservation. The Commission's role in educating the 
public on the value of trees in soil and water conservation has 
created a high level of awareness and demand for agroforestry 
practices. 

There are also a large number of national NGOs that, by 
promoting self-help activities at the village level, have 
facilitated and encouraged the reintroduction of tree species in 
farms as well as the more economical use of fuelwood. Agroforestry 
efforts at the national level have further benefited from locally 
based international organizations such as the United Nations 
Environmental Programme (UNEP), the United Nations Centre for Human 
Settlement (HABITAT), and international NGOs. 

Research 

Kenya has had a long history of research in the fields of 
agriculture, livestock development, and forestry dating back to 
1910. National efforts were also effectively supplemented by 
regional research under the East African Community in 1977. 
Important breakthroughs were made in the form of higher yielding 
crop varieties as well as the introduction and successful adaptation 
of exotic tree species that have made a major contribution to the 
economy. Unfortunately, the complementary roles of woody and non-
woody plant species in agriculture were largely overlooked in the 
interest of pure crop agriculture and specialized forestry. During 
the '50s the worldwide scientific interest in the role of 
evapotranspiration in the water balance of water catchment areas 
reached East Africa. Multidisciplinary research teams were set up 
under the East African Agriculture and Forestry Research 
Organization (EAAFRO) to look into the effect of land use on water 
yield of catchment areas in Kenya, Uganda, and Tanzania. The 
research teams were supported by interministerial committees in each 
country that served to ensure the interest and cooperation of 
departments responsible for agriculture, forestry, wildlife, water 
development, and even public administration. One of the outcomes of 
these experiments was to demonstrate the influence of various types 
of vegetation cover on water balance and the different water-use 
patterns of annual crops, and woody species. The stage was, 
therefore, set for new research strategies based on agroforestry and 
local interest was finally galvanized by the establishment of ICRAF 
in Nairobi. 

With the collapse of the East African Community, a new 
initiative was taken to reorganize agriculture, forestry, and 
research at the national level under the Kenya Agricultural Research 
Institute (KARI). This coincided with the expansion of the Mandate 
of the Forest Department to cover forestry activities outside 
gazetted forests and to develop forestry extension services. 



Agroforestry research programmes were initiated at KARI but were 
transferred to the Kenya Forestry Research Institute (KEFRI). One of 
the consequences of separating forestry from agriculture research 
will be the increased difficulty of organizing muitidisciplinary 
teams of researchers unless each of the institutes decides to hire 
forestry or agricultural specialists, as the case may be. The 
National Council for Science and Technology (NCST) provides a joint 
forum for agriculturalists, foresters, and livestock researchers to 
review and advise on appropriate research strategies. It is possible 
that in future the Council Committee will be the most practical base 
for mounting muitidisciplinary agroforestry research teams, an issue 
that this seminar can usefully discuss. 

Although the role of ICRAF is both international and regional, 
the Council has endeavoured to work with national institutions in 
promoting agroforestry research through training and the 
Agroforestry Research Network for Africa (AFRENA). The National 
Agroforestry Technical Coordination Committee operating under NCST 
should be able to ensure both realistic research focus and the 
long-term commitment necessary to sustain the experiments under 
AFRENA in Kenya. It is, however, important that such projects, even 
if they are strongly supported initially from external sources, 
should be part and parcel of national research programmes and 
priorities so that the necessary resources can be committed to see 
them through. 

RESOURCES FOR AGROFORESTRY RESEARCH AND DEVELOPMENT 

Manpower 

As mentioned in the foregoing, agroforestry is not a scientific 
discipline but the integration of various biophysical and 
technological concepts to optimize sustained productivity from a 
given piece of land at economic cost. It is not, therefore, 
realistic to call on universities and other higher education 
institutions to produce agroforesters; nevertheless, it is 
imperative that the concept be introduced and taught as widely as 
possible so that graduates are aware of the benefits of 
collaboration between various disciplines. 

Current efforts to include environmental education, especially 
in the teaching of biological sciences, is a valuable beginning but 
needs to be extended to the students of physical and chemical 
sciences. The resulting graduates will then be well prepared to 
study agroforestry concepts at the postgraduate level and to take an 
interest in development and refinement of the research methodologies 
required to resolve the numerous interactions in agroforestry. 
Unfortunately, this is only a long-term strategy. In the short term, 
and to meet the needs of research and extension services, short, 
intensive courses should be organized during which scientists and 
technicians from various relevant disciplines are taught the basic 
concepts and exposed to results of research and new concepts in 
experimental design. Such courses could be organized jointly by the 
agricultural and forestry research institutes with the technical 
support and participation of ICRAF. The Technical Coordinating 



Committee operating under NCST should be able to provide the 
organizational framework for such courses. 

Financial Resources 

During the next few years, at least, the bulk of financial 
resources for agroforestry research and extension will have to come 
from governmental sources. It is, however, essential that as the 
concepts are better appreciated other sources be developed to 
sustain momentum and extensive adoption. Commodity-oriented 
parastatals and private companies such as the East African Tanning 
Extract Company (EATEC), the Agricultural Development Corporation 
(ADC), the regional development authorities, and the large array of 
NGOs operating with the farmers, should now consider it one of their 
highest priorities to adopt agroforestry approaches and practices in 
their resource allocation at the farm level and to consider 
supporting specific agroforestry projects in research institutes. 

A special research fund could also be established under the 
NCST to support small teams of scientists who may not easily 
integrate into large national projects. It is, however, emphasized 
that, in view of the long-term nature of agroforestry projects, 
scientists in universities should team up as much as possible with 
governmental research institutions to ensure continuity of resources 
and other logistical support. 

The role of governmental extension services in promoting the 
adoption of agroforestry practices is crucial and will provide the 
demand and momentum for research and development. Many farmers may, 
however, not be in a position initially to provide certain inputs, 
e.g., seedlings of suitable tree species. It is, therefore, 
important for the government ministries concerned to build into 
their budgets special financial provisions through which they can 
provide farmers with material support. 

The other important source of resources is the international 
donor community which supports numerous development activities in 
Kenya. If specific provisions for support of agroforestry activities 
are included in each of these projects—even if they are concerned 
with building roads or water projects—a great deal would be 
achieved in ensuring sustainability of those projects. 

CONCLUSION 

In this paper, institutional arrangements have been 
highlighted—both existing and potential—that are necessary for the 
successful development and adoption of agroforestry practices for 
sustainable agricultural, livestock, forestry, and energy production 
in Kenya bearing in mind the urgent need to conserve a productive 
neutral environment. The main conclusion is, however, that 
interdisciplinary cooperation and collaboration are imperative. 
Certain institutional arrangements proposed in this paper could 
provide the necessary framework for this cooperation and enhanced 
efficiency through the reduction or avoidance of bureaucracy, but 
success of all these arrangements will depend on the degree of 



commitment and acceptance that the practice of agroforestry is no 
longer one of the options but an essential feature for future 
development strategies. Education and sensitization of the public to 
this need will remain a matter of high priority. 
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NATIONAL STRATEGY FOR CONSOLIDATING FARM-LEVEL 
MULTIAGENCY AND MULTIDISCIPLINARY EFFORTS 

J.J. Gichuki and S.N.J. Njoroge, Permanent Presidential Commission 
on Soil Conservation and Afforestation, P.O. Box 30510, Nairobi, 

Kenya 

Abstract In this paper the broad terms of reference and 
specific functions of the Permanent Presidential Commission 
on Soil Conservation and Afforestation (PPCSCA) have been 
highlighted as they relate to agroforestry and other 
activities on environmental protection and conservation. 
The paper emphasizes the need for coordination of 
multidisciplinary and multiagency efforts at the national 
and farm levels. It highlights the strategies required and 
mentions associated issues to be tackled to enhance the 
coordination and development of projects and activities with 
reference to agroforestry. Some of the issues relate to 
transfer of technology and research and the land-use and 
socio-economic fields. 

The Permanent Presidential Commission on Soil Conservation and 
Afforestation was established by H.E. The President Hon. Daniel T. 
Arap Moi on 21 January 1981. The Commission has the roles of 
coordinating, promoting, monitoring, and evaluating activities that 
bear on soil and water conservation and afforestation and it makes 
appropriate recommendations to the Government of Kenya. 

The Commission has been associated with agroforestry-related 
activities since the introduction of the science and especially 
after the International Conference on New and Renewable Sources of 
Energy held here in Nairobi in July 1981. The Commission has 
followed with keen interest the implementation of research 
programmes at various agroforestry centres by the Ministry of Energy 
and the development of an agroforestry branch for extension in the 
Ministry of Agriculture. In addition to this, the recent 
developments of agroforestry and social forestry projects in the 
Ministry of Environment and Natural Resources and the activities of 
the International Council for Research in Agroforestry (ICRAF) in 
its field stations are very familiar to most of us. In addition, 
most officers participated in the First National Seminar on 
Agroforestry held in November 1980. The interactions of the 
Commission officials and various agencies at its headquarters and at 
the farm level have been frequent and useful. 

The Commission, which consists of a chairman and 10 
commissioners representing all the provinces of the country and a 
chief executive with a core of specialists in relevant disciplines, 
has an annual budget in excess of £200,000. Plans are under way to 
expand and enhance the inspectorate, supervisory, and advisory 
services of the Commission to cover adequately its specific 



functions with the overall objective of enhancing environmental 
protection and conservation. 

NEED FOR COORDINATION 

The strategy of strengthening or promoting multidisciplinary 
efforts at the farm level varies from one situation to the other. 
This is because in the field there are various actors and agencies 
or their representatives who have different interests, objectives, 
and approaches to their projects and use diverse standards of 
measure of success or failure. These multiple standards may not 
necessarily meet the needs of the beneficiaries but are aimed at 
other targets. 

When many agencies are involved in disseminating information of 
diverse objectives and to recipient groups of different levels of 
literacy, it becomes necessary to find a means of coordinating their 
activities. This is especially so when one is dealing with millions 
of farmers with diverse interests, variable land sizes, and 
different financial capacities. To make these efforts at the farm 
level secure sustainable productivity is a difficult task indeed. 
Coordinating the activities involving multiagencies must be done 
through creating standards and goals in terms of the management of 
these various activities or projects. It aims at coordinating the 
development of appropriate policies and possible approaches toward 
the implementation of such policies to achieve the set objectives 
for the welfare of the beneficiaries. The strategies of implementing 
such project proposals should, therefore, aim at coherence right 
from planning the operations to the implementation and evaluation of 
the impacts and benefits. 

The coordination role can be effective if it is carried to 
promote positive attitudes toward developments. This can be achieved 
through sound advisory services with full backup support from the 
research and training institutions that deal with the subject 
matter. The coordination of planning exercises on the farms and the 
complementary research stations' programmes or experiments on the 
farms are very important as they tend to set the standards to be 
achieved by all and elaborate on the recommendations to be 
implemented. 

The following sections detail the activities being carried out 
at the national level to facilitate the consolidation of multiagency 
and multidisciplinary efforts at the farm level on agroforestry. 

TRAINING AND COORDINATION 

Extension agents, leaders, and farmers are trained and educated 
on the agroforestry techniques through seminars, workshops, public 
barazas, and on farm visits. This training permits the extension 
agents to gain the knowledge they need to pass on to the farmers. 

In colleges and schools, agroforestry, although not covered 
separately, is covered broadly in an agricultural course. This is, 
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however, not adequate and efforts should be made to include 
agroforestry in the syllabii of college and schools for it to 
receive the emphasis that it deserves. 

The government departments and nongovernmental organizations 
(NGOs) dealing with agroforestry require proper coordination. This 
will facilitate determining the appropriate messages to send the 
farmers. One government department should be responsible for the 
coordination. The Forest Department in the Ministry of Environment 
and Natural Resources has the mandate of coordination of 
agroforestry and should liaise closely with the Ministry of 
Agriculture, which has extension agents up to sublocational level 
that can be used to pass on messages to farmers through their normal 
extension and training programme. Liaising with national institut
ions that have the forum for creating awareness, such as the 
Permanent Presidential Commission on Soil Conservation and 
Afforestation, is essential to create more awareness of how to 
inform farmers effectively. 

The appointment of a District Officer in charge of the 
environmental activities will further strengthen the coordination 
role that is required, especially in the activities of 
nongovernmental organizations. This officer should be fully utilized 
especially in creating more awareness among the farmers on the need 
and importance of agroforestry and, in particular, its role in 
environmental conservation and the provision of food, fuelwood, 
timber, and other building materials. 

TECHNOLOGY TRANSFER AND CONSERVATION 

Research is essential for the development and sustainance of 
any science. Agroforestry, being a science by its own right, 
requires coordination, development, and implementation of research 
findings at the farm level. This calls for research to be done both 
at research institutions and at the farm level. At research 
institutions, research should be both basic and adoptive. Basic 
research would involve agronomy, breeding, and the selection of 
appropriate tree species, whereas adoptive research should involve 
agronomy and selection and management of appropriate tree species 
for agroforestry. At the farm level, trials and selection of tree 
species assists in further refining research. It is important that 
the farmers' experiences in agroforestry, which have been gained 
over time, are considered during the research design and trials. 

The Kenya Forestry Research Institute (KEFRI) has the mandate 
in forestry and agroforestry. This is the institution that should 
draw up the research programme on agroforestry for the country. It 
should also implement the programme to come up with recommendations 
that the extension agents can pass on to the farmers for 
implementation at the farm level. 

The application of appropriate low-capital input technology in 
agroforestry is also essential. This requires the development of 
simple techniques of raising tree seedlings with minimal cost but 
with a high survival rate. It will ensure that farmers will be able 
to raise agroforestry tree species in their farms with the minimal 
expense but with the highest survival rate. 



The benefits that can be derived from soil and water 
conservation in an agroforestry land-use system are essential to the 
farmers. The nutrient cycling and soil improvement that result from 
multipurpose trees are important to soil structure stabilization and 
improved crop growth. The leguminous trees assist in supplementing 
conventional soil and water conservation (physical soil/water 
conservation) techniques, especially in small-scale farms as they 
add nitrogen to the soil. 

Agroforestry tree species have a potential role to play in 
environmental conservation when established by taking into 
consideration soil and water conservation. Hence, at the farm level, 
the tree species to be recommended have to satisfy the foregoing 
criteria on soil and water conservation. 

SOCIO-ECONOMIC ASPECTS OF AGROFORESTRY 

Different communities in the country have different social 
customs associated with the planting and use of trees. In some 
communities women cannot plant trees because the act establishes 
ownership of land. In other communities, once a tree is planted 
regardless of who plants it, it belongs to the man, and the woman 
cannot use the trees without his authority. These social customs 
tend to discourage women from planting trees, although they are 
responsible for fuelwood, which is much needed in the rural areas 
for cooking and warming houses. In some communities, men never plant 
trees and do not care how the woman obtains fuelwood and building 
materials, although the woman is expected to find both. 

An agroforestry system may require changes in labour and 
management throughout the various phases of its development and 
maintenance. This may interfere with the labour profile at the farm 
level and, hence, demand an immediate change in labour allocations 
to different enterprises in the farm. The change in labour may 
affect either the food crop or cash crop and, in both cases, the 
farmer may not like such an agroforestry system as it would 
interfere with his family's survival. Hence, there is need to study 
and establish an agroforestry system that is compatible with the 
farmer's labour needs for his family's survival, otherwise the 
farmer will not accept that agroforestry system. 

Some incentives should be developed to encourage agroforestry 
practices in land use. Such incentives may include provision of tree 
seedlings close to farms and at subsidized prices, the free supply 
of seeds to capable farmers, educational tours for farmers, 
provision of certificates, and other appropriate awards to farmers 
with appropriate agroforestry systems in their farms. 

LAND-USE PLANNING/LEGISLATION 

The development and eventual establishment of a land-use policy 
in the country is essential to the country's wish to conserve the 
environment. Such a policy will enhance the desire of planners to 



use each and every inch of land appropriately. It will create an 
environment conducive to the production and provision of adequate 
food, much needed renewable energy, wood and wood products, and, in 
general, create an atmosphere of collective responsibility in 
environmental conservation for ourselves and for the future 
generations. 

A land-use policy would, henceforth, require proper and 
appropriate planning for maximum production per unit land. An 
agroforestry system that maximizes land utilization for maximum 
production with appropriate technology will be easily adopted by the 
farming community that is already sensitized to the need and 
importance of environmental protection and conservation. 

Efforts should also be made to effect legislation that will 
broaden and secure the potential for the development of 
agroforestry. Such legislation would encourage communities and 
individuals to be actively involved in environmental protection. 
This would also encourage planting trees in appropriate areas on 
farms and on community land in general. Here, the agroforestry 
systems acceptable to the community would be supported by such 
legislation. 

The protection of certain tree species by law, and especially 
those trees that are suitable for agroforestry systems, would 
encourage more farmers to plant such trees in their farms and also 
protect the trees when new land is opened up for agriculture. 









AGROFORESTRY: A TOOL FOR SOCIOECONOMIC 
ADVANCEMENT OF THE RURAL PEOPLE 

Stephen G. Mbogoh, Department of Agricultural Economics, University 
of Nairobi, P.O.Box 29053, Nairobi, Kenya 

Abstract Agroforestry can contribute significantly to 
rural development. The practice of agroforestry makes 
trees part and parcel of the total farming systems. 
Traditionally, agriculture has been associated with the 
following roles in the process of economic development: 
provision of food for both rural and urban people, release 
of labour for the growing industrial sector, provision of 
capital and raw materials for industrial development, 
creation of markets for off-farm inputs and consumer goods, 
and provision of export earnings. 

Of course the process of agricultural production itself 
absorbs rural labour and any improvements in agricultural 
productivity will directly contribute to rural development, 
i.e., the advancement of the welfare of the rural people. 
Agroforestry will enhance soil productivity and 
sustainability of land-use systems, and generally 
contribute to environmental protection. Hence, agro
forestry will enhance agricultural productivity and enable 
the agriculture sector to play a greater role in the 
process of rural development. 

The trees and shrubs produced under agroforestry systems 
are multipurpose, and they may provide or be an important 
source of (a) food for human beings, (b) fodder for live
stock production, (c) building material for human and other 
shelters, (d) fibres, (e) fuelwood, and (f) chemical 
extractives with medicinal and industrial value. Further, 
trees and shrubs may play a service function, e.g., in 
soil conservation and microclimate amelioration, soil-
nitrogen fixation, and provision of shade. All these 
functions and attributes of agroforestry have socio
economic benefits and, thus, directly or indirectly 
contribute to rural development. In any case, the practice 
of agroforestry has employment-creation effects because 
agroforestry is labour intensive. 

The main thrust of this presentation is that agroforestry can 
play a major role in the advancement of the welfare of the rural 
people, thus contributing to what is usually described as rural 
development. This theme of the presentation necessarily makes it 
dependent on the review and analysis of available materials or 



evidence. An example drawn from experiences with planning for rural 
development in Kenya is used to illustrate some of the salient 
points raised in the presentation. 

Agroforestry has been defined as a collective name for land-use 
systems and technologies in which woody perennials (trees, shrubs, 
palms, bamboos, etc.) are deliberately combined on the same land 
management unit with herbaceous crops and/or animals, either in some 
form of spatial arrangement or temporal sequence (Raintree, 1987). 
Gholz (1987) notes that the foregoing definition of agroforestry has 
the word "deliberately" as a key word that automatically eliminates 
many naturally or casually occurring mixes of trees, crops, and/or 
animals from the current concept of agroforestry. 

Agroforestry has been associated with various, but not 
necessarily mutually exclusive, attributes: 

(a) Productivity and sustainability of land-use and production 
systems (Vergara, N.T. in Gholz (1987), pp. 7-20 and 
Raintree, J.B. (1987), p.3.); 

(b) Soil productivity and soil conservation (Nair, P.K.R. in 
Gholz (1987), pp. 21-30 and Young, A. in Agroforestry 
Systems, Vol. 5, No.3 (1987), pp.277-291); 

(c) Soil fertility and possibilities for soil nitrogen 
fixation (Brewster, J.L. in Gholz (1987), pp.31-46 and 
Altieri, M.A. et al. in Gholz (1987), pp. 89-110). 

The foregoing attributes of agroforestry arise from the 
expected beneficial effects of agroforestry in enhancing soil 
fertility and environmental protection. For this reason, 
agroforestry has also come to be associated with a possibility of 
improving food security and the potential to overcome many problems 
of seasonality of food availability by greatly extending the season 
when green fodder and food supplies are available (Hoskins, M.W. in 
Steppler and Nair (1987), pp. 192-203; Swaminathan, M.S. in Steppler 
and Nair (1987), pp. 25-41). 

The significance of the various attributes associated with 
agroforestry cannot be overemphasized in the face of increasing 
human and livestock populations in many parts of the developing 
world that can only be sustained through better management of the 
natural resources, including forests and land itself. There is ample 
evidence that there is growing landlessness among many rural 
populations over much of the developing world (Fortmann and Riddell, 
1985). Yet there has been a growing regression of tropical forests 
and increasing rates of desertification in many of the countries in 
the developing world. Hence, the scope of trees and shrubs that can 
be produced under agroforestry systems in meeting man's needs for 
trees and their associated products, and in enhancing and sustaining 
soil productivity, is becoming increasingly recognized (Burley, 
1985). 

ROLE OF AGROFORESTRY IN RURAL DEVELOPMENT 

The word "tree" is a key work in agroforestry. Fortmann and 
Riddell (1985) note that trees can be categorized on the basis of 
their origin (whether wild or planted), the degree of 

218 



commercialization (whether subsistence or commercial oriented) of 
the encompassing economic system, and the functions that they play. 
Agroforestry, by and large, leads to a situation in which trees 
become an integral part of the farming system. Under such a system, 
trees will be valued primarily because of the functions or the role 
they play within the given total farming system. The preceding 
section of this presentation has already outlined the main 
attributes of agroforestry and attempted to show why these 
attributes are important. The focus in this section will be the role 
of agroforestry in the process of economic growth and the 
development of any country. However, some experiences with planning 
in Kenya are given for illustration purposes. 

Trees may play one or more of the following functions in any 
economic system: 

(a) They may be a source of food for human beings; 
(b) They may provide fodder for livestock production; 
(c) They may provide fuelwood for the rural and, sometimes, 

the urban people; 
(d) They may provide building material for human and other 

shelters; 
(e) They may be an important source of fibre; 
(f) They may be useful because of their medicinal properties; 
(g) They might provide some other useful products, such as 

latex, and 
(h) They may even play a service function, e.g., soil 

conservation and microclimate amelioration, soil 
nitrogen-fixation, provision of shade, etc. 

Generally speaking, it is hard to work in the open fields in 
hot weather, and there is need for shade in and around fields in dry 
zones. Hence, shade provision alone, which will be associated with 
agroforestry, has socioeconomic benefits as it improves the working 
conditions of the farmers in dry zones and this raises their 
productivity (von Maydeli H.J., in Steppler and Nair (1987), pp. 
89-116). In any case, any of the functions that trees can play may 
be expected to contribute directly to the welfare of the rural 
people and the economic system in general. However, the actual 
nature of the contribution will depend on the types of trees and 
shrubs adopted in the local or prevailing agroforestry production 
systems. 

In a discussion of the role of forestry in rural development, 
Steinlin (1979) noted that forestry has ordinarily been associated 
with timber production. However, he also noted that forestry has a 
role to play in contributing to food and nutrition of both human 
beings and livestock. Finally, he noted that the combination of 
perennial trees and shrubs with ephemeral food plants in one and the 
same area has come to constitute the concept of agroforestry, with a 
changed emphasis on man-made rather than natural forests. 
Nevertheless, timber production still can be enhanced through 
agroforestry production systems. With dwindling energy resources of 
the nonrenewable nature, agroforestry may be expected to play an 
even bigger role in the provision of fuelwood for the rural people 
and most of the urban poor in future. 

As Relwani (1987) observes, energy resources from fossil fuels 
and electric and nuclear power are limited for most rural 
communities, whereas contributions of wind, solar, and biogas 
alternatives are almost negligible. This factor singles out the 
importances of fuelwood in meeting the energy requirements of the 
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vast majority of the rural and urban poor, notwithstanding the fact 
that wood has several alternative uses. 

Over and above the role of agroforestry (or trees in general) 
in contributing to energy requirements (fuelwood), one could argue 
that the other main contribution of agroforestry to rural 
development will emanate from its role in the enhancement of soil 
productivity and the sustainability of the rural agricultural 
production systems. This implies that the role of agroforestry and 
that of enhanced agricultural production in rural development can be 
viewed as being synonymous. 

Traditionally, agriculture has been associated with the 
following roles in the process of economic growth (see, for 
instance, Johnston, B.F. and J.W. Mellor, 1961): 

(a) Provision of food for both rural and urban people; 
(b) Release of labour (as agricultural productivity is raised) 

for the growing industrial sector; 
(c) Provision of capital and raw materials for industrial 

development; 
(d) Creation of markets for off-farm inputs and consumer 

goods; and 
(e) Provision of (the much needed) export earnings. 
In a nutshell, there is need to enhance agricultural 

productivity if agriculture is to improve or even maintain its level 
of contribution in the process of economic growth of any country. 
This observation is particularly relevant when one notes that there 
has continued to be an upward pressure in population growth and the 
associated increase in demand for food, employment, and other basic 
needs in most developing countries. Agroforestry may be expected to 
enhance the achievement of increased agricultural productivity. In 
any case, agroforestry tends to be labour intensive if proper 
management practices are followed and this has employment-creation 
effects (von Maydell, H.J., in Steppler and Nair (1987), pp. 
89-116). However, whether agroforestry production practices will 
lead to increased employment or not will depend on the nature of 
production systems involved. 

The goals for the agricultural sector in Kenya for the next one 
or so decades clearly demonstrate what role the improvements in 
agricultural productivity can play. For instance, taking 1985 as a 
planning base year in Kenya, with a base population of about 20 
million people, the agricultural sector in Kenya is expected to be 
able to achieve the following by year 2000: 

(a) Provide food security for a population of nearly 35 
million; 

(b) Generate farm family incomes that grow by at least 5% per 
annum; 

(c) Absorb new farm workers at the rate of over 3% per annum, 
with rising productivity; 

(d) Supply export crops and other products to ensure a 150% 
increase in export earnings; 

(e) Stimulate the growth of productive off-farm activities in 
the rural areas and ensure that off-farm jobs can grow at 
an annual rate of between 3.5% and 5.0%. 

The foregoing stated goals are consistent with the quantitative 
targets for the economic system in Kenya by the year 2000 (see 
Sessional Paper No. 1 of 1986 on Economic Management and Renewed_ 
Growth (in Kenya), and it is clearly recognized that these goals 
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will be achieved only if: 
(a) Farmers will adopt better agronomic practices and other 

technologies; 
(b) Research to generate new technologies for agricultural 

development in enhanced; and 
(c) Production patterns are diversified in order to produce 

high-value commodities that are also labour intensive, 
e.g., tea, coffee, and many horticultural commodities. 

Hence, the strategies for achieving the goals set for the 
agricultural sector in Kenya by year 2000 basically call for 
improvements in the efficiency of agricultural production in the 
country. 

Focusing on the strategies that Kenya expects to enable it 
achieve the target economic goals by year 2000, one notices that 
they revolve around enhancing productivity and sustaining the 
productive ecosystems. One can argue, therefore, that agroforestry, 
through its expected contribution in enhancing productivity and the 
sustainability of agroecosystems, can play a major role in the 
process of economic development of any country whose economy is 
agriculturally based. 

The foregoing illustration does not in any way underrate the 
direct contribution of agroforestry in the provision of food and 
nutrition for both human beings and livestock. Many trees and shrubs 
grown under agroforestry systems will produce fruits and nuts, 
vegetables, shoots, and leaves, etc., which have food and 
nutritional value for both humans and livestock. Many trees and 
shrubs are, thus, said to be multipurpose, and agroforestry enables 
man to exploit such trees and shrubs (J. Burley in Steppler and Nair 
(1987), pp. 273-288). 

SUMMARY AND CONCLUSIONS 

Traditionally, forestry has been associated with the provision 
of timber, building materials, and fuelwood. Agroforestry practices 
that promote the production of fast-growing tree species can still 
provide the same needs as the natural forests of the tropics. 

Agroforestry has the added beneficial effects of enhancing soil 
productivity, sustainability of land-use systems, and environmental 
protection. As such, the promotion of the production of multipurpose 
trees and shrubs under agroforestry production systems has several 
benefits (J. Burley, op. cit.; and J.E.M. Arnold in Steppler and 
Nair (1987), pp. 173-190). These benefits can be described as being 
socioeconomic and they apply to the rural people and the economy as 
a whole. Apart from the environmental protection and it's related 
benefits, the products from the trees and shrubs (such as Wood, 
energy, chemical extractives, leaf products, fruit and seed 
products, and flower and root products) are all contributions to the 
basic needs of man and constitute the capital of agroforestry. Other 
direct and indirect socioeconomic benefits include amenity and 
tourism, employment generation (especially for the landless rural 
people), income generation (including foreign exchange), import 
substitution (hence, foreign exchange saving), and diversified 
production that reduces risks and leads to improved human and 
livestock nutrition and health. 
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There is little doubt, therefore, that agroforestry can be an 
effective tool for the advancement of the welfare of the rural 
people. What is needed is to devise and promote appropriate and 
tenable agroforestry production systems that fit the socioeconomic 
milieu of the target groups. 
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APPROPRIATE INCENTIVES FOR AGROFORESTRY 
PRODUCTION SYSTEMS 

W. Oluoch-Kosura, Department of Agricultural Economics, University 
of Nairobi, P.O. Box 29053, Nairobi, Kenya 

Abstract An agroforestry production system is basically 
a land-use strategy that integrates agricultural and 
forest production under a common management. In a situation 
where population pressure is high and arable land is 
diminishing, agroforestry should, if properly conceived and 
applied, offer opportunity for a sustainable production 
system. This is because of its ability to minimize the 
conflict between agriculture and forestry through providing 
food, fuelwood, timber, fodder, and other basic needs as 
well as facilitating the conservation of the environment. 

In an effort to achieve a desirable level of development in a 
country, our aim should be to improve the quality of life of its 
people, especially the poor and those living on the margin of 
subsistence. These people are often forced by economic need to 
damage the natural resource base on which they and others depend for 
survival. Technology generated by agroforestry research can arrest 
the potential damage. This paper aims at highlighting the incentives 
that should be in place to enhance the adoption of appropriate 
agroforestry production systems. The incentives include improved 
technologies capable of increasing the system's output and 
therefore, farm incomes, improved infrastructure, appropriate land-
tenure arrangements, reduction of drudgery, and increased awareness. 

PRODUCTION SYSTEMS 

Before examining the incentives facilitating the adoption of 
specific agroforestry production systems, it is worthwhile to 
consider the major factors that influence the systems. These factors 
can be divided into two broad categories of natural and 
institutional factors. 

The natural factors include the biological and physical 
relationships that are normally relatively difficult to predict and 
influence by man. The factors, however, can be amenable to change 
through systematic and sustained research efforts over the long run. 
The institutional factors that are equally important as natural 
factors are normally established by man to meet specific conditions. 
They can, therefore, be modified or easily manipulated by man. The 
institutional factors include social, economic, political, and legal 
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systems. They can be endogenous factors whose influence emanates 
from within the specific location where the practice of agroforestry 
is carried out. Such endogenous factors largely include social and 
cultural factors, although other inherent factors could be 
identified. The exogenous factors, which influence the production 
system from without, are largely economic, legal, and political. 

It is in the institutional arrangement of the production system 
that we have most scope for identifying incentives for adopting 
emerging appropriate agroforestry technologies. Because the value of 
any new technology is closely related to its ability to suit or 
adapt to socioeconomic, cultural, and physical conditions, the 
incentive structure must also be related to these conditions. 

ESTABLISHING SUITABLE PRODUCTION SYSTEMS 

For the agroforestry production system to qualify as 
appropriate, some of the conditions that must be fulfilled include: 
(a) The local resources should be considered before identifying 
necessary external assistance for the system. 
(b) The identified needs of the community must be considered. (These 
needs may be one or a combination of many items like food, shelter, 
energy, water, etc. Technology is considered useful when it serves 
the community needs). 
(c) To ensure stability, the production system should be able to 
conserve the environment, especially under the strain of increasing 
population pressure. 
(d) The role of various groups in the community must be recognized. 
If men, women, and children have specific roles in society, 
introducing a new technology that undermines the traditional 
structure and form of organization is bound to fail. For example, if 
women are traditionally involved in the task of collecting and using 
firewood, they must be involved in the planning and implementation 
of technologies meant to increase fuelwood supply. They should be 
consulted about the suitable types of fuelwood trees for the area. 
Similarly, informal lending arrangements in a community could be 
helpful in facilitating credit where no formal institutions exist. 
(e) The policy environment, i.e., the role of both local and central 
governments, must be considered. The market structure, prices, and 
legal conditions for ownership and utilization of assets, research, 
and extension arrangements are all influenced by government policy. 

To understand the operations of the foregoing factors in a 
particular production environment, a series or concurrent surveys 
need to be undertaken. These surveys are crucial before setting up 
or introducing a new agroforestry production system. The surveys 
that can be undertaken include: 
(a) A needs assessment survey. 
(b) A survey to establish the resource base of the community, 
including land, labour, and capital, and the problems associated 
with the utilization of the resources. The entrepreneural ability of 
the members of the community must also be identified because this 
influences the intensity with which the existing resources are 
exploited. 
(c) A survey to establish the existing production system or 
enterprise mix. 
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(d) A survey to establish the socio-cultural situation of the 
community. 
(e) A survey to establish the awareness and attitude of the 
community about the anticipated agroforestry system. 

INCENTIVES ASSOCIATED WITH ADOPTION 

A desirable result of an agroforestry production system would 
be to raise both the income from the production activity and the 
quality of life. Farm incomes result from the marketing of 
agroforestry product if a saleable surplus is realized. Therefore, 
incentives consist of initiatives that: 
(a) Increase the output of the system, 
(b) Raise the prices of the saleable products, 
(c) Improve the infrastructure to facilitate the movement of the 
saleable agroforestry products to areas where they are needed. 
(d) Improve the availability of inputs to the production system when 
needed, 
(e) Encourage land tenancy ensuring investment on the land, 
(f) Reduce drudgery, and 
(g) Increase awareness of the community. 

Technical Considerations 

The problems that concern farmers in agroforestry systems are 
those that tend to reduce yields and, therefore, need to be 
addressed by research. These problems are: 
(a) Shading of underneath crops by tree crowns. This can lower 
yields and quality of the associated crops. 
(b) Competition between trees and agricultural crops. The crops 
compete for nutrients, water, and space and this can reduce 
production of either or both crops. 
(c) Tree harvesting may cause mechanical damage to associated crops. 
Appropriate tree-crop associations are desirable to minimize the 
damage. 
(d) Fungal and bacterial diseases may be associated with particular 
systems because of increased moisture below the trees, hence 
reducing yields. 
(e) In some systems where trees are harvested and removed, the 
nutrients stored in the tree are essentially lost and ways of their 
replacement must be made known to the farmers. 
(f) Some agroforestry production systems may promote the existence 
of particular pests that may eventually reduce the yield of one or 
more of the crops. 

Governmental Policies 

The Government of Kenya has made a commitment to promote 
agroforestry production systems (Kenya Government, 1986), and the 
other incentives that relate to government intervention and include 
various measures are: product and input price policies, land 



policies, credit policies, research policies, extension and 
education, and market and infrastructural development. 

The choice of enterprise the farmers adopt is largely dictated 
by the relative price of the products. The prices of the 
corresponding inputs also influence the level of inputs applied and, 
therefore, output expected. It is, therefore, necessary for these 
prices to reflect the need to promote agroforestry production 
systems. As we have alluded to earlier, agroforestry systems offer 
substantial opportunities to conserve the environment and supply 
basic needs. 

Land security is associated with more permanent investments by 
the users. Because agroforestry practices incorporate trees in 
production, there is a need for land-tenure arrangements that confer 
security on the users. Registration and provision of land titles is 
one way users can be assured of ownership and investment. Associated 
with a land-tenure policy would be the possibility that with a title 
deed the user could provide the title as a collateral for credit 
with which to improve the production system. 

The credit policies need to take into account that not many 
farmers have titles to pledge for production loans. Therefore, an 
arrangement where property other than land title deeds serves as 
collateral should be in place. One possibility is to work through 
cooperatives or village groups where the leaders will be held 
responsible for defaulting and group assets can, therefore, be 
pledged. At the same time, interest rates on agroforestry production 
loans should not be so high as to discourage the potential 
beneficiaries. Research on agroforestry production systems, 
therefore, needs to be intensified to help solve the problems that 
emerge as farmers try to adopt the various production technologies. 

Extension and education are crucial. Many farmers may lack 
knowledge about what trees to interplant with crops, how to care for 
them, and even the best uses for them. This information can be 
relayed through extension workers or education of the farmers. 
Timing of various operations is also critical for the agroforestry 
system and this needs to be made known to the farmers. 
Marketing of outputs and inputs is essential. In this, the 
government has a vital role to improve the roads (including the 
rural access roads) to facilitate transportation. At the same time, 
tree nurseries meant for agroforestry should be close to those who 
make use of them. If the nurseries are far away, farmers will have 
difficulty in finding seedlings. Multipurpose trees, such as fruit 
trees, should be encouraged. To the extend that the drudgery of 
collecting fuelwood from distant places to the homestead can be 
reduced, this should act as an incentive to farmers if suitable 
quick-growing species can be introduced in nearby nurseries. 
Fuelwood availability through an agroforestry production system can 
be an important incentive in itself. Food may be available but the 
fuelwood to cook it could be completely lacking. Recently, for 
instance, I witnessed the plight of a mother in Vihiga, Kakamega 
District, who was trying to explain to her hungry children that she 
could feed them if only she could get firewood to roast the green 
maize. 
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CONCLUSION 

The objective of agroforestry is to initiate sustainable 
land-management strategies that increase the overall yields of the 
land and can also be compatible with the environment and local 
cultural practices. In this paper I have discussed the technical and 
socioeconomic factors that need to be considered for an agroforestry 
production system to be successful. The technical factors should be 
tackled by the agroforestry researchers. The exogenous factors are 
largely controlled by government policy and include land-use policy 
and prices that create an environment for investment decision
making. The endogenous factors are largely social and cultural but 
are important in so far as they reflect the preferences of 
individuals in the community and, therefore, the choice of what to 
produce and how to produce it given the resource base. Those 
generating the various technologies, therefore, need to work very 
closely with the local communities to identify exactly what kind of 
incentives the particular community could respond to when adopting 
the technology. 
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GENDER DIVISION OF WORK, RESOURCES, AND REWARDS 
IN AGROFORESTRY SYSTEMS 

Dianne E. Rocheleau, Ford Foundation, P.O. Box 41081, Nairobi, 
Kenya 

Abstract This paper presents a case for reorienting 
the focus on "women's roles" in agroforestry to allow for a 
broader treatment of the gender division of resources, 
knowledge, rights, and responsibilities in agroforestry 
systems. The field of agroforestry research and extension 
in Kenya has advanced considerably over the last decade in 
terms of the incorporation of women as participants. 
However, much of the work on women on agroforestry in Kenya 
has emphasized women's labour contributions with less 
attention to women's interests and a neglect by both 
agroforestry and women's projects of the relationships of 
complementarity and conflict between men's and women's 
roles and priorities in agroforestry land-use systems. A 
selected review of experience in Kenya is complemented by 
a summary of the specific case of Kathama in Machakos 
District, Kenya. The experience in this rural community 
demonstrates the importance of recognizing and incorporat
ing gender divisions in the process of agroforestry 
innovation in both traditional and experimental systems. 

The interests of both women and men in agroforestry 
projects and practices can best be served by the adoption 
of a user-focused approach to technology design and land-use 
planning, with special attention to the gender division of 
resources, knowledge, work, and benefits. Once the existing 
gender division of land use is understood, then fieldworkers 
and policymakers alike may build upon this to reinforce 
complementarity, resolved conflicts, and restore the 
balance between the rights and responsibilities shared 
between men and women in traditional, evolving, or 
experimental agroforestry systems. Such an explicit and 
creative treatment of the gender division of land use in 
agroforestry systems would serve the objectives of 
environmental sustainability, social equity, and economic 
productivity from the individual to national level. 

Over the last decade, the international research community has 
focussed much attention on the "role of women" in agriculture and 
resource management. The field of agroforestry is no exception, and 
here in Kenya, rural research and development specialities have 
emphasized the role of women as consumers of fuelwood and as 
participants in tree planting on farms. However, as both 
agroforestry programs and rural women's programs mature with 



experience, we have discovered that women's participation in the 
development, refinement and extension of agroforestry practices must 
be treated within the broader framework of multiple land user 
groups, where gender often figures prominently as a major criteria 
for subdivision. While women's specific roles may vary from one 
district to another, the division of roles by gender is almost 
always present. In contrast to a focus on women's roles, analysis of 
gender divisions also implies a much broader treatment of the way 
that men and women divide (and share) work, space, natural 
resources, knowledge, responsibility, authority, and the fruits of 
their work (Rocheleau, 1987a). 

THE PAST DECADE: WOMEN'S ROLES AND THE POWER OF POPULAR IMAGES 

The "women's roles" approach has emphasized the work that women 
already do and how they might constitute a valuable source of labour 
for agroforestry development efforts. There are several pitfalls 
inherent in this approach, including the temptation of using women's 
labour to get a community job done and calling it a women's project. 
In such cases participation is often confused with "participatory 
exploitation", where by sheer force of women's numbers and presence 
we sometimes forget about whose interests are being served by whose 
labour. 

While there is a growing body of serious scholarship and 
development work devoted to the role of rural women in agroforestry 
and related fields (Hoskins, 1982; Fortmann and Rocheleau, 1985; 
Williams, 1983; Owasu-Bempah, 1987), popular images of "women's 
roles" have probably wielded a stronger (if sometimes unconscious) 
influence on the planning and implementation of agroforestry 
research and development projects. Perhaps the most striking images 
engendered by the popular notions of women's roles are those of 
women as victims, villains, and fixers in the process of 
environmental degradation and the related decline in agricultural 
yields (Rocheleau, 1985a). A brief sketch of these images will serve 
to map out the territory into which we have ventured as 
agroforesters, and perhaps to defuse some of the myths which have 
influenced our work in the past decade. 

Victims 

Magazines, newspapers, films, and scholarly journals are 
replete with images of Kenyan women carrying heavy loads of fuelwood 
across devastated landscapes. Such imagery on women-as-victims 
reflects the approach of some relief, environmental, and women's 
organizations to women and agroforestry. It also reflects part of 
the reality of some women's lives (Rocheleau, 1985a). Yet victims 
are powerless and in need of rescue, which begets a condescending 
and charitable approach to technology development and promotes a 
sense that any agroforestry intervention would be a help, and that 
there is no opportunity cost for new agroforestry systems. A few 
days spent in the company of the poorest rural women in every 
district of Kenya would demonstrate that, to the contrary, those 
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who suffer most also work long and hard just to get by. They can ill 
afford to divert their already overextended labour and land to 
anything less than a real improvement in the form of increased 
yields, greater diversity and value of products, or a reduction in 
labour requirements. 

Villains 

Kenyan rural women are also often portrayed, directly and 
indirectly, as villains of sorts, and causes of deforestation and 
"overpopulation". Women (as farmers, fuelwood cutters, and 
consumers, as forest "invaders", as mothers) are seen as acting 
against the national and global environment, and they become 
"targets" for environmental education and regulatory action. Often 
such programmes (international, national, and NGO alike) emphasize 
negative goals: stopping cultivation of marginal land, prohibiting 
women's access to forest products, changing traditional methods of 
firewood use, and limiting family size. Agroforestry, at least, 
offers a positive alternative, although it may be imposed 
uncritically on "wrongdoers" as a fixed technology package to right 
past wrongs, with little attention to the costs and benefits for 
rural women. This image highlights apparent conflicts of interest 
between poor rural women and the larger society, with the assumption 
that the latter will prevail by regulating and educating the former 
(Rocheleau, 1985a). 

Fixers 

Agroforestry research and development organizations have also 
recognized, rightly so, the potential of women-as-resources, and as 
fixers of agricultural and resource management problems. However, in 
many cases, this has translated into a narrow focus on women as free 
(or cheap) labour to work on agroforestry projects in the community 
interest. Participation often becomes confused with mobilization of 
muscle. While women's labour may be legitimately mobilized in the 
interest of the larger community, as parts of the whole they deserve 
a voice in the decisions, a part of the benefits, and a 
proportionate share of the work. However reasonable the latter may 
seem, the image of rural women as a vast, untapped labour force with 
low opportunity cost, prevails in many organizations concerned with 
agroforestry research and development. 

Another version of the women-as-fixers image is the vision of 
individual women and women's groups as acting in a vacuum to serve 
their own interests. Some women's programmes and agencies treat 
women as exclusive clients in separate agroforestry projects. The 
tendency is to treat all women as part of a monolithic group, with 
the same problems, potentials, and priorities. While they have much 
in common, wealthy and poor women (or largeholders, smallholders, 
and the landless) face problems of different magnitudes, with 
distinct constraints and priorities for action. They often pursue 
different pathways to agroforestry development because of the 
difference in resources controlled by each group (Fortmann and 
Rocheleau, 1985). Yet many women's projects overlook these divisions 
and stress the identity of women as a group. The potential for 



sharing the workload by mobilizing benefiting men and children is 
usually lost in such endeavours. Moreover, exclusion of men may even 
alienate them to the extent that they oppose the projects. This 
approach is based on the image of women as lone actors operating in 
isolation from men and children in the larger community, all sharing 
similar conditions as individuals and all poised to "fix" their own 
problems by seeking (separately) the same route to agroforestry 
development as that taken by men. 

WOMEN AND MEN AS LAND USERS 

Woven betwixt and between these images is the very complex 
reality inhabited by rural women. Beyond the images and realities of 
women's work lies a largely unmapped terrain of women's places, 
women's production spaces within men's property, and women's plants, 
as well as their knowledge about the use and management of these 
resources and their terms of access (Rocheleau and Fortmann, 1988a). 
As land users in systems characterized by multiple uses of resources 
(Table 1) and a multiplicity of user groups (Table 2), women may 
experience conflict, complementarity or a coincidence of land use 
interests with men as a group. These relationships will certainly be 
imbedded in a larger web of conflict, complementarity and 
coincidence of interests between a diversity of land user groups, 
many of them with overlapping membership (Rocheleau, 1987b). The 
relative importance of gender will vary from place to place, but 
throughout Kenya, it constitutes a major differentiating factor 
between rural people with respect to labour, skill, knowledge, 
responsibility, authority, use of land and resources, terms of 
access and control of resources, and use and control of products, 
all of which are relevant to agroforestry research and development. 
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Table 1. Multiple Uses of Agroforestry Technologies: Types of Costs 
and Benefits 

Cash income (through production and service roles) 

Employment 
Sale of products 
Reduced spending on formerly purchased items 
Direct exchange of products for other goods 

Food supply 

Increased supply 
total annual supply 
seasonal distribution 

Improved quality 
nutrition 
preference 
ease of processing/preparation 

Energy supply 

For cooking/home heat/amenity uses 
Increased supply 
Improved quality 
Ease of access/gathering time 
Cost savings (less purchased) 

Shelter/Infrastructure 

Building materials 
reduced cost 
available for own use 

Shade 
Protection from wind 
Protection from animals (fencing) 
Definition of boundaries (fencing or markers) 

Savings and investments (S/I) 

Existing form S/I more secure 
Existing form more profitable 
New form S/I 

Raw materials for crafts/cottage industry for home use or for 
sale 

Improved supply of currently used material 
Secure future supply of currently used material 
New material supply for same activity 
New material supply for new activity 
New use of existing stock of material 



Table 1. (Continued) 

Social production 

Improve existing source of funds, goods, services used to meet 
social obligations 
Introduces new source of support for social obligations 

Labour profile 

Timing/distribution improved 
Amount reduced 
Returns to labour increased 

Land utilization 

Total output increased 
Type of output improved 

re: priorities of user(s) 
re: range of needs addressed 

Distribution and products/benefits 
Sustainability of use 

Soil (water, fertility, erosion by wind/water) 
Vegetation (amount of cover, quality, regeneration) 

Water balance 

Net yield to dam or water source (stored or flowing) 
Amount stored in soil profile 
Amount available for plant growth 
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Table 2. Subdivision of Land User Groups 

Land Users ... by activity 

A. Producers 
Gatherers 
Hunters 
Herders 
Farmers 

Large 
Small 

B. Processors 
C. Market vendors 
D. Consumers 

Land Users ... by rights of access and ownership (applies to trees 
and/or land) 

A. Owner (State, Group, Individual; de jure or de facto) 
B. Tenant (Rent paid) 
C. User by permission or exchange agreement 

Continuous 
Regular • 
Occasional 

D. Squatters, "Poachers" (illegal users, occupants) 

Land Users ... by management unit/unit of analysis 

A. Individuals or household sub-groups 
Men, women, children; age group members 

B. Households 
Managed by men, women; small/large 
young/old; rich/poor 

C. Communities and community groups 
Families, clans, self-help groups 

D. Companies or cooperatives 
E. Administrative units 

States, districts, villages, etc. 
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GENDER DIVISION OF LAND USE 

Several researchers have documented the gender division of 
labour, knowledge, space, plants, products, and control over all of 
these aspects within the context of various agroforestry projects in 
Kenya (Feldstein et al., 1988; Thrupp, 1984; Hoagland, 1986; 
Chavangi, 1987; Chavangi, 1984; Rocheleau and Fortmann, 1988a; Pope, 
1985). The experience of projects across several ethnic groups, 
ecozones, and land-use systems indicates that the relative 
importance of these divisions may vary but the gender division of 
land use always depends on some combination of access to resources, 
knowledge, work, and consequent production of goods and/or 
services. A review of the gender division of each of these aspects 
of land use in Kenya demonstrates the relevance of these divisions 
for the design of agroforestry projects and agroforestry practices. 

Access to Resources 

Gender-based differences in land tenure and use rights often 
constitute a major constraint for women's participation in 
agroforestry programmes and certainly determine the legal context 
for control of agroforestry systems. Men's and women's access to 
land and plant resources may, for example, be divided overall by 
degree of control, as between rights of ownership and rights of use 
(Rocheleau, 1987c). Just as important for the design and management 
of agroforestry systems are the less formal, practical gender 
divisions of access to land and plants. Men's and women's access to 
the same space and the same plants may be divided by types of use 
(as in grazing versus fuelwood harvesting) or by quality of use 
(consumptive versus renewable use). The rights of access may be 
divided by place (by landscape feature, land use type or plot type), 
by plant species, or by specific parts and products of plants. In 
some cases, men and women share access to the same space and plants 
at different times, usually on a seasonal basis. This often occurs 
when one group raises crops and the other manages livestock that 
graze or browse fallow cropland or when one group gathers or manages 
plants in fallow croplands. 

In addition to the statutory law governing land ownership and 
land tenure reform, the courts normally defer to customary law (by 
ethnic group) in matters of marriage and family, including household 
division of land rights (Okoth-Ogendo, 1981; Pala Okeyo, 1980; 
Haugerud, 1983; Hunt, 1984). Consequently, the gender division of 
land use rights and the terms of access to land and related 
resources varies substantially between ethnic groups in Kenya. For 
example, in Siaya District trees on household land are considered to 
be the property of the head man, regardless of who plants or tends 
them. The renewable products of a fruit tree planted and tended by a 
woman from his household might be considered her crop, while the 
right to dispose of the tree rests with the man (CARE AF team, pers. 
comm.). By contrast, Moslem women on the Kenyan coast can inherit 
trees (coconuts and cashews) that are located on the property of 
male relatives. In such cases the women own the trees as well as the 
harvested crop, and men's use of the land must not interfere with 
the profitable management of the trees (Fortmann, 1985). 
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In Kakamega District men own both land and trees and women 
depend, in large part, on by-products of men's timber and fencing 
trees for their fuelwood supply and are not able to plant and manage 
trees on their husbands' or male relatives' property (Chavangi, 
1984). However, researchers from Kenya Woodfuel Development Project 
have learned that women in Kakamega District do plant, manage, and 
harvest Sesbania sesban (a shrub) to produce fuelwood and to 
improve soil fertility for the crops they raise on their husband's 
croplands (Chavangi, 1987). In this case, the gender division of 
access and control over woody plants is based upon species, 
reflecting size at maturity, and potential use of the plant. The 
identification of "trees" as a men's domain is connected to the 
commercial value of timber and to men's traditional responsibilities 
for construction and fencing uses of wood. In contrast, shrubs and 
small trees such as Sesbania sesban may be considered women's 
plants, particularly where they are connected with food production 
and fuelwood, and there is no obvious opportunity cost for men. 

Wherever men own both land and trees, women's use rights are 
usually limited to the renewable use of trees, that is, to the 
non-consumptive use which requires only the harvest of deadwood, 
trimmings, fruits, leaves, or coppice regrowth and does not involve 
harvesting of the entire tree. However, men's ownership rights 
usually extend to the rights to dispose of trees, which may pre-empt 
women's continued access to tree products. In such cases the gender 
division of resources within households resembles the relationship 
which often prevails between land owners and other land users such 
as farm workers, gatherers, tenant farmers, or herders (Rocheleau 
and Fortmann, 1988b). 

Knowledge 

As in the case of access to resources, gender division of 
knowledge may be based on particular places whether by ecozone or by 
type of land use . Men's and women's knowledge may also be divided 
by plant species, plant products, particular uses of plants or 
particular activities. Gender-specific knowledge about the existing 
ecosystem and land-use practice, as well as distinct skills for 
innovation and criteria for evaluation can substantially strengthen 
agroforestry research and development efforts. 

For example, men's and women's distinct knowledge of particular 
environments, plant species, their ecology, and their uses can be 
invaluable for identifying candidate species for agroforestry 
systems (Rocheleau, 1987a). Ethnobotanical research in several 
districts of Kenya has uncovered a rich store of indigenous 
knowledge and practice concerning the use and management of food and 
medicinal plants, with gender-specific use and knowledge of 
particular plants and source areas. One study in Machakos District 
found that men were knowledgeable about wild roots found in open 
savannahs, since they used to rely on these as food sources while 
herding livestock over long distances. Women knew more about wild 
leafy vegetables in woodlands, croplands, and along streambanks and 
they also had a fairly broad knowledge of common medicinal herbs 
readily available in surrounding landscape (Rocheleau et al., 1985, 
1988; Wachira, 1986). This is consistent with their traditional 
responsibility for household food supply and health care. Both men 
and women herbalists (specialists) in the same area demonstrated a 
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wide knowledge of medicinal plants in diverse environments, but 
their lists of plants and-their uses were quite distinct. 
Even in cases where men's and women's roles are changing, the 
traditional gender division of knowledge my persist for some time, 
reflecting the previous division of responsibilities and separate 
transmission of skills and information to young men and women. 

Work 

While the gender division of labour has featured more 
prominently in agroforestry research and development within the 
"women's roles" programme, it represents only one part of the gender 
division of work in land use systems. Men and women may divide work 
by task, by specific activities, by place of work, or by end 
product, based upon responsibilities to provide the household with 
particular goods and services. The division of tasks and activities 
is now well known and accepted, and in Sub-Saharan Africa it is 
widely recognized that women provide 46% of the total agricultural 
labour and a larger proportion of the labour for food production 
(Fortmann and Rocheleau, 1985; Bryson, 1981). In Kenya, men and 
women often specialize in complementary tasks at the same site, such 
as land clearing (men), ploughing (men), weeding (women), harvesting 
(women), food processing (women), fuelwood gathering (women), and 
charcoal production (men). There is also an increasing tendency for 
men to manage cash crops and commercial enterprises and for women to 
manage subsistence production to meet household needs. However, 
women often also work as unpaid household labour on men's cash 
crops. Even where men and women both grow the same crops on 
different plots, women may manage their own plots (as in Siaya 
District) but also provide labour to their husband's or 
fathers-in-law's plot. Moreover, with the migration of large numbers 
of men to cities in search of employment, a new spatial division of 
labour is emerging between men and women, which has led many rural 
women to assume tasks (from physical labour to management) formerly 
identified as men's work. 

The gender division of responsibility as providers is a major 
determinant of men's and women's allocation of labour by task and 
place. Within most rural land-use systems in Kenya, women 
concentrate much of their work in or near the home, reflecting their 
responsibilities for child care, food processing and preparation, 
and home management, all of which are tied to the home. Most Kenyan 
women are also responsible for providing the household with water 
and fuelwood which may require frequent travel to collection points 
well beyond the boundaries of their own landholdings and may involve 
shared use of public, common, or private lands. Moreover, as men 
enter into cash cropping and/or wage labour, women's 
responsibilities to provide all of the food, unpaid household labour 
for cash crops, and community labour for public works take them 
increasingly into croplands and public places owned and controlled 
by men. For purposes of agroforestry design, this information is 
necessary in order to understand: (1) the existing demands on men's 
and women's labour, (2) the areas where they are each most able to 
control the use and products of their labour, and (3) their 
responsibilities as providers which determine, in part, the 
allocation of their time and effort. 



Rewards 

Perhaps least understood by agroforestry planners and most 
crucial to agroforestry practitioners is the distribution of 
benefits from existing and proposed land-use systems. The gender 
division of products and services must provide enough incentives for 
both men and women to collaborate in a given agroforestry practice 
or at least to allow and support each other's separate pursuits. As 
with resources, the gender distribution of products and services 
involves access, use and responsibility, as well as control. 

Men and women may harvest and use completely different products 
from agroforestry systems, as in the case of women obtaining 
fuelwood and men timber from the same tree, or women getting sisal 
fibre and men livestock fodder from two tree species in the same 
living fence. Men and women may also harvest the same raw material 
and make different uses of it, as in the case of fruits which can be 
processed for human consumption or fed raw to livestock. In other 
cases, men may own and control a single product but allow women some 
access to a portion of the harvest; for instance, a man might own 
and control the cash crop harvest from citrus trees, but would allow 
women of the same household to keep part of the harvest for home 
use. In another situation, women might harvest fuelwood from 
cropland trees which also fix nitrogen for men's crops; one receives 
a product and the other a service. It may also suffice that one 
receives a product or service and the other loses nothing (land, 
labour, products, services). However, it is crucial that both men 
and women are aware of the nature and distribution of benefits and 
costs in any new agroforestry system and that they agree on terms 
for sharing the expected products and services. 

COMPLEMENTARITY, CONFLICT, AND COINCIDENCE OF INTERESTS 

The gender division of resources, knowledge, work and the 
products thereof may reflect conflict, complementarity or 
coincidence of men's and women's interests in rural land-use 
systems. This is more than a point of academic interest; it is the 
driving force behind the current gender division of land use in any 
given place. For purposes of project and technology design, it is 
crucial to know whether the various user groups and their uses of 
land and resources are compatible and mutually beneficial, 
conditionally compatible, or mutually exclusive (Rocheleau, 1987b). 
This applies to gender division of land use at household as well as 
community level. 

For example, the same division of land resources and products 
might result from a prior conflict over men's and women's use of the 
same place, or from their respective complementary interests in 
different products and plants with very distinct environmental 
requirements. In other cases, the apparent sharing of the same 
places, plants, activities, and products by men and women might 
actually reflect a competitive situation which favours men as land 
owners. Whatever the case, it is important to understand the reason 
for the gender allocation of labour, responsibility, and control. If 
the current situation represents a lop-sided accommodation of 
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conflict at one group's expense, then new agroforestry technologies 
might focus on restoring the balance between men's and women's 
rights, responsibilities, and benefits (FAO, 1987). If, however, 
there is open and unresolved conflict between men's and women's uses 
of a given plant, then it may be best to separate their land use in 
space, in time, or by plant species. The compatibility of the uses 
as well as the users themselves will determine whether new 
agroforestry practices should provide for parallel, joint, or 
interlocking use (Table 3) of the same places, plants and products 
by men and women (Rocheleau, 1987b). 

APPLICATIONS TO DESIGN OF AGROFORESTRY PROJECTS AND PRACTICES 

Given that gender is the major criterion that differentiates 
land user groups in Kenya, how can agroforesters describe, analyze, 
and incorporate the gender division of land use in the practical 
business of project planning and technology design? First, 
agroforestry planners and fieldworkers (researchers, extensionists 
and project managers) with a variety of professional backgrounds can 
learn to see gender and other divisions of land users and uses in 
the field. In part, this consists of learning to disaggregate 
different groups' uses of resources by place, by plant or animal 
species, and by products and to distinguish between contributions, 
(labour inputs) responsibilities, access and control. Agroforesters 
can also help to recognize conflict, complementarity, and 
coincidence of interests among land user groups in a given place. 
Given a basic understanding of the way that men and women divide 
(and share) land use, fieldworkers and planners can also learn to 
adapt technology design to fit situations of conflict, 
complementarity, and coincidences of interests between men and women 
and their respective uses of land, plants, and products. 



Table 3. Agroforestry Technology Options for Multiple Users 

Parallel technologies (in separate spaces) 

If uses mutually exclusive 
(example: if harvesting fuelwood precludes fruit 
production) 

If users not compatible (on equitable basis) 
(example: if owner denies access to timber trees for 
fuelwood pruning by gatherers) 

Interlocking technologies 

If uses or users are conditionally compatible 
(example: Same space or plants, different timing of 
access; Same space, different plants; Same plants, 
different products) 

Fully shared, joint technologies 

Compatible (Mutual effect neutral) 
(example: two users harvest same product from boundary 
fence; plenty surplus, fence secure, no 
competition/conflict) 

Compatible and mutually beneficial 
(example: complementary types of labour, share harvest 
of same product) 

A HYPOTHETICAL EXAMPLE OP PRACTICAL APPLICATION 

This skill need not be mystified and cloaked in special jargon; 
to the contrary, it is well within reach of any fair-minded, 
inquisitive, and practical planner or fieldworker. As a hypothetical 
example, a fuelwood energy project in a pastoral land-use system in 
Northern Kenya might well identify women as the major gatherers and 
users of fuelwood. Project staff might them conclude (too hastily) 
that women in settled communities should produce their own fuelwood 
on small plots near the home or in community woodlots. However, an 
analysis of the gender division of labour and use of space and 
resources would provide information about men's use of the same 
source areas and even some of the same trees species for fencing 
materials (for homesteads and corrals) and for grazing their 
livestock. In some pastoral areas, the fencing alone consumes three 
to ten times the annual volume of fuelwood harvested (Baumer, pers. 
comm.). In such cases the introduction of living fences established 
by men might well do more for women's fuelwood supply than a new 
woodlot, simply by reducing the competition for existing wood in the 
surrounding rangeland. Moreover, in some cases, the living fences 
themselves might also produce small stickwood to supplement the 
household fuelwood supply. The overall effect of living fences on 
the environmental quality of the rangeland and the fodder supply 
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would also be far more beneficial to men than the establishment of 
woodlots for fuel. 

THE KATHAMA PROJECT AS A CASE IN POINT 

Even where fieldworkers fail to see and understand the gender 
division of land use at the outset, they may learn through 
experience and critical evaluation of the community's response to 
new practices. The case of the Kathama project in Mbuini Location, 
Machakos District, (Vonk, 1983; Raintree and Rocheleau, 1987) 
illustrates how researchers' gender bias (first toward men, and 
later toward women) was corrected by the community itself to conform 
to the gender division of land use and the changing relationships of 
conflict, complementarity, and coincidence of interest between men 
and women at household and community level. 

While the original project focussed the diagnosis of farm 
problems and the design of agroforestry practices on male headed 
households, and conducted most farm trials with men farmers, the 
suggested agroforestry practice for the cropland, alley cropping, 
actually responded primarily to women's problems with fuelwood and 
food crop production. Men's interests in timber and poles for 
construction or for sale were not addressed. Thus some men trimmed 
the alley cropping trees (Leucaena leucocephala and Cassia 
siamea) to produce poles rather than mulch and fuelwood, while 
others allowed periodic controlled browsing of the hedgerow trees by 
goats. The result was that neither men nor women obtained what they 
could have from the new practice. 

Eventually, left to their own devises, men in Kathama planted 
lines of Grevillea robusta in the cropland for poles, women 
planted fruit trees on the home compounds, and both men and women 
planted fruit trees along terrace edges in the cropland. Women chose 
to use existing leaf biomass from living fences and dispersed trees 
to combine with manure for fertilizing croplands. They also found 
the hedgerows to be no more productive than their existing rows of 
pigeon peas (Cajanus cajan), which also produce food and leaf 
fodder. Both men and women also began to plant their respective 
trees and shrubs (poles and fodder for men and fibre and fuelwood 
for women) along boundary lines in living fences and on degraded 
patches of grazing land (J. Kyengo, pers. comm.). Both of these 
sites are controlled by men but their use by women does not 
represent a substantial opportunity cost to men, and some women's 
trees help to reinforce the fencing and boundary values of interest 
to men as property owners (Rocheleau and Fortmann, 1988b). 

Similar cases of project gender bias and correction arose with 
respect to tree nurseries at Kathama. Men were initially encouraged 
to establish their own nurseries for their own trees, while women's 
role in providing water for the seedlings was overlooked, resulting 
in the failure of the individual nurseries without any access to 
water (Rocheleau, 1985b). The second phase of the project focussed 
on women groups rather than individual farms and men as heads of 
households. However, women's subsequent involvement in group 
nurseries was found to depend upon men's permission to use land and 
water resources at wealthy members' homes and some women groups also 
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enlisted the help of specific men for their specialized knowledge of 
tree propagation techniques. Moreover, the exclusive participation 
of women in some group nurseries resulted in production of a mix of 
trees which did not include men's priorities for timber, poles and 
fodder. Eventually private nurseries and some groups responded by 
including more timber and fodder trees in their stock and were able 
to combine production of trees for home use with sale of 
commercially valuable "men's trees" (J. Kyengo, pers. comm.). A 
similar phenomenon has been reported for the CARE Kenya Siaya 
Agroforestry Project (Vonk, 1986; S. Hoagland, Pers. comm.). 

The sketch map (Figure 1) that follows is a product of 
hindsight, but might well have focussed the Kathama project's 
separate and combined activities with men and women more efficiently 
from the beginning. Some of the obvious conclusions to be drawn from 
these illustrations include: (1) women's and men's respective 
interests in experimenting with agroforestry in home gardens and 
small blocks of grazing land; (2) men's and women's shared interest 
in living fences and their desire for different products from these 
features; (3) women's reliance upon and men's control of water 
sources and water management; (4) women's reliance on off-farm, 
shared lands to meet their household responsibilities as providers 
of food, water, and fuelwood; (5) the opportunity for combining 
men's and women's complementary skills, experience, access to 
resources, and responsibilities in nursery establishment, plant 
propagation, and choice of species; and (6) the opportunities for 
design of agroforestry practices with closely interlocking use of 
the same space by men and women, based on complementarity of skills, 
interests and responsibilities. 

WIDER UTILITY OF LAND-USER MAPS 

Similar divisions of interest and opportunity for agroforestry 
development between any land user groups could be depicted by 
mapping their respective uses, labour inputs, responsibilities, and 
control of places, resources, and products. For example, in the case 
of Kathama, it would also be advisable to map and diagram the 
division of interests and opportunities at community level by 
socioeconomic class, by size and value of landholding, and by 
household composition (woman-headed, man-headed, or woman-managed 
with absentee man head of household). While the form and method of 
mapping may vary dramatically, the graphic illustration of division 
and sharing of resources, knowledge, work, and products can help 
fieldworkers to comprehend existing systems of land use and to 
design realistic and equitable improvements in partnership with 
rural land users. 
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Fig . 1. Gender d i v i s i o n of control , r e s p o n s i b i l i t y and labour by 
space , by p l a n t and by p l a n t p roducts in Kathaaa, Machakos D i s t r i c t , 
Kenya (Excerpted from Bocheleau, 1987b). 
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IMPLICATIONS FOR RESOURCE MANAGEMENT AND AGRICULTURAL POLICY 

How can national and district level policy promote agroforestry 
practices which foster complementarity or resolve conflicts in the 
gender division of land use? Perhaps the most feasible and practical 
contribution would be to encourage planners and fieldworkers to 
adopt a flexible, user-focussed approach, as detailed above and in 
other prior discussions of a land use perspective in agroforestry 
(Rocheleau et al., 1989; Rocheleau, 1987b) and rapid appraisal 
methods (Raintree, 1987; Buck, 1988). In particular, national and 
district level research and extension agencies can place greater 
emphasis on multiple use of land and trees; renewable versus 
consumptive use of trees; and access and use rights (as opposed to 
simple ownership, exclusive use rights, single purpose production 
systems, and consumptive use of trees). Such a shift in 
administrative and training priorities in agricultural, forestry, 
and resource management agencies could create scope for 
experimentation and creative precedents by interested planners and 
fieldworkers in specific sites or programmes. Employment of both 
women and men as planners, researchers, extensionists, and 
paraprofessional field staff could also help to promote more 
equitable participation of men and women in agroforestry projects 
and practices. 

However, these measures would not suffice without broader 
changes in the legal and administrative framework governing the 
gender division of rights and responsibilities in rural land use and 
production systems. Equitable agroforestry development will require 
fundamental, conceptual, and procedural changes in the way that 
national and district agencies deal with the gender division of 
resources, knowledge, work, and benefits of traditional and 
experimental systems of agroforestry. Policy interventions on the 
five key points listed below could create a more hospitable 
environment for equitable agroforestry projects and practices: 

(1) A broader approach to legislation and procedural 
regulations that define people's access to land and plants, so as to 
accommodate multiple uses and multiple users, including women's use 
and access rights which are nested within property controlled by 
male relatives, community groups, or local officials; 

(2) The legal and administrative recognition of gathering as a 
valid use of land, particularly in fragile or unique environments, 
where carefully controlled rights of access could serve gatherers 
(often women), the community at large, and national interests in 
environmental conservation; 

(3) The promotion of men's and women's complementary 
involvement in and control of processing and marketing of specific 
products of agroforestry systems, or conversely, development of 
agroforestry systems that include a mix of separate products, 
processing or marketing activities already controlled by men and 
women, respectively; 

(4) The revision and formal recognition of customary law with 
respect to men's and women's rights of use and access to land, 
plants, and products, to restore the balance between rights and 
responsibilities under changing conditions of land use and family 
structure; 
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(5) The involvement of women s organizations and popular 
religious organizations with strong representation of women in the 
formulation and enforcement of codes or project contracts that 
protect both men's and women's rights to land and trees and their 
products. 

Another alternative approach would be to focus on property 
ownership and to promote women's rights to co-sign title deeds. 
However, this would still not address the issues of multiple and 
overlapping use of land and other resources by a number of users, 
many of whom are not even from the same household as the landowner. 
The fact remains that, at present, most rural women in Kenya are 
dependent upon residual adherence to former customary law governing 
women's rights of use and access to land and resources controlled by 
men for specific purposes related to women's responsibilities 
(Okoth-Ogendo, 1981; Pala Okeyo, 1980; Rocheleau, 1987c). 
Agroforestry affects this and is affected by it because most new 
agroforestry practices will either strengthen or displace men's and 
women's respective current uses of particular plants and places. 
And new plants and places allocated to women may also be displaced 
later unless their rights of use and access within men's property 
are recognized and upheld by projects or local authorities. 

The interests of both women and men in agroforestry projects 
and practices can best be served by the adoption of a user-focussed 
approach to technology design and land use planning with special 
attention to the gender division of resources, knowledge, work, and 
benefits. Once the existing gender division of land use is 
understood, then fieldworkers and policymakers alike may build upon 
this to reinforce complementarity, resolve conflicts, and restore 
the balance between the rights and responsibilities shared between 
men and women in traditional, evolving, or experimental agroforestry 
systems. Such an explicit and creative treatment of the gender 
division of land use in agroforestry systems would serve the 
objectives of environmental sustainability, social equity, and 
economic productivity from individual to national level. 



TREES, PEOPLE, AND THE DRY LANDS: 
THE ROLE OF LOCAL KNOWLEDGE 

Edmund G.C.Barrow, Turkana Rural Development Programme, P.O.Box 175, 
Lodwar, Kenya 

Abstract The importance of traditional knowledge as a 
tool in development—its relevance to the change process and 
as to why it has not been fully utilized in the past is 
discussed in broad terms—Pokot and Turkana transhumance 
silvopastoral systems are discussed in a broad land 
management perspective, and then as they relate to individual 
tree species and their utilization and management. These are 
then briefly compared to the Sukuma (in Tanzania) 
agrosilvopastoral system. In all cases, the people of the 
area display a rich and detailed local knowledge base as it 
relates to the environment and ecology. This comprises a 
detailed ethnobotanical knowledge as it relates to species 
utilization and their management, which is then related to 
broad land-management systems that (especially in Pokot and 
Turkana) are environmentally sound, ecologically viable, and 
culturally acceptable. This is then related to traditional 
conservatism and constraints pertaining to such lands. 

Owing to the realization that the traditional base is not 
perfect, ways are discussed as to how the people and the 
knowledge base can be brought into the focus of development 
and change, particularly in the silvopastoral context. This 
is based on a participatory sharing extension approach that 
identifies potentials and constraints in the traditional 
base combined with problem identification and solution 
finding. The example of the Turkana Rural Development 
Programme's forestry sector is used to show how this can 
be achieved (or at least partly so) in a large district 
such as Turkana whose people are mobile and widely spaced. 
It is discussed in terms of extension approaches used, 
feedback from such work, and the impact of the work to date. 
It is also shown that such work can fit into current 
development thinking as a means of relating the local 
knowledge base to the present day. 

The conclusion challenges researchers and developers 
alike, to give a real and meaningful emphasis to the 
traditional database by relating their work to it and keeping 
the focus of such work on the people who live in these areas. 
Such pastoral people do not compartmentalize their lives 
into discrete boxes as research and development tend to do. 
This is not possible in the arid and semi-arid lands, and 
especially in relation to silvopastoralism. The threads are 
too interlinked. The basis for change and improvement lies 



with making the people of the area the focus. They must be 
given the responsibility for their environment through the 
use of traditional knowledge as a foundation stone for 
sustainable real development. 

Famine, drought, and relief aid, in that seemingly perpetual cycle 
of hardship and suffering, now appear to be commonplace in the arid 
and semi-arid lands of many parts of the world. We are continually 
reminded of this by the media all over the world. As a result, vast 
amounts of funds, resources, and expertise have gone into relief and 
development work in these drought-prone areas to try to relieve the 
suffering, develop and promote sustainable development, and improve 
the lifestyles of the people in these areas. 

Yet what is the result? It is commonly acknowledged that since 
the United Nations Conference on Desertification (1977), little has 
really changed for the better, and where there has been success, it 
has often been limited in size and scope. A plan of action conceived 
by the United Nations Environment Programme and drawn up at the 1977 
Conference has led to some slight, mainly local, gains. Progress on 
the plan has been hampered by lack of financial support from the 
international community, by inadequacies of the regional 
organizations established to respond to the regional nature of the 
problem, and by the lack of involvement of grassroot communities 
(World Commission on Environment and Development, 1987) 

Why, with our knowledge and experience, do we still have such a 
situation in 1988? Indeed, many say it is getting worse. Surely the 
basic technical knowledge exists by now to try and help resolve some 
of these problems in the dry lands. There has been a lot of research 
and development work over the past decade and more to try and find 
these solutions. 

Then, where has the process gone wrong? Unfortunately, research 
institutions, development agencies, and government bodies tend to 
ignore or, at best, assume the most important and vital variable to 
the development of the arid and semi-arid lands, namely, the people 
who live there. Such people have often lived and indeed thrived in 
such seemingly inhospitable climates for generations. 

This importance of traditional knowledge is given added impetus 
by the World Commission on Environment and Development (1987, 
114-115): 

"The isolation of many such (indigenous) people has meant the 
preservation of a traditional way of life in close harmony with 
the natural environment. Their very survival has depended on 
their ecological awareness and adaptation." 

"These communities are the repositories of vast accumulations 
of traditional knowledge and experience. Their disappearance is 
a loss for the larger society, which could learn a great deal 
from their traditional skills in sustainably managing very 
complex ecological systems. It is a terrible irony that as 
formal development reaches more deeply into rain forests, 
deserts and other isolated environments, it tends to destroy 
the only cultures that have proved able to thrive in these 
environments." 
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The traditionally held attitude to the people who live in these 
dry lands is that they are "backward", "primitive", "nomadic", and 
"conservative". Such people are often minorities and relatively 
powerless in the political structure and, therefore, have very 
little real say in policy issues that govern the dry areas. Then, 
because they are "backward", development is planned for them, and 
implemented for them usually by outsiders who are not familiar with 
the area. As Chambers (1983, p.100) points out: 

"One may wonder how much goes unknown because of unseeing eyes, 
unhearing ears, professional conditioning, and the biases of 
rural development tourism. Neither rural people nor outside 
scientists can know in advance what the others know. It is by 
talking, travelling, asking, listening, observing, and doing 
things together that they can most effectively learn from one 
another" 
The fact that we, who are working with development (from Aid 

agencies, Government bodies, Research institutions, etc.), tend to 
call such people who live in the arid and semi-arid lands "backward 
and conservative" as well as being allegedly against development, 
only serves to show our ignorance of their lifestyles, of the 
reasons for their lifestyles, and of the methods by which they 
manage their resources. 

What has this argument got to do with agroforestry, research, 
and trees? Everything, if we are to look at the issues in a holistic 
approach, nothing, if it perpetuates the often held, current, 
paternalistic attitudes towards local knowledge, especially as it 
affects the dry lands. 

You might well ask, "What do such people know about their 
resource? How can such knowledge be incorporated into a current 1988 
development framework in, for example, Kenya?" There is already 
ample evidence across the Sahel that many different tree species in 
different farming and grazing systems have been deliberately managed 
and protected by the local people as part of the way of using the 
land (Weber and Hoskins, 1983). This paper is going to try to 
address some of these issues as they relate to trees in the dry 
lands, and de facto to agroforestry, silvopastoraiism, and social 
forestry in such areas with particular reference to East Africa. 

WOODY VEGETATION IN THE DRY LANDS 

Broad Land Management Strategies in the Arid and Semi-Arid Lands as 
they relate to Siivopastoralism 

In the pastoral lands, people have survived and continue to do 
so because they have developed, over often long periods of time, 
land and resource-management strategies in keeping with their 
culture and environment. Many of the iand-managment strategies 
relate to trees as an important constituent of that resource, in 
that they are a very important browse resource (as weii as for other 
uses). This can then be related to East Africa in, for example, the 
Pokot, Maasai, Turkana, and other pastoral groups. 



As pastoralists, the Pokot have tried to exploit their 
environment to the optimum, getting most out of it in terms of 
livestock production, yet not destroying the rangelands in the 
process. Though stock tend to move seasonally, goats, sheep, and 
camels usually forage in the vicinity of the homestead. Cattle are 
grazed near the homestead in the wet season, as it starts to get 
drier, stock gradually move toward the hills where they graze during 
the dry season (Barrow, 1980, 1985) with distances varying from 5 to 
15 km or more depending on water and forage availability and stock 
type (Tanaka 1981). This system makes optimal use of the flush of 
annual grass and herbs in the lowlands and gives the grass on the 
hills (with a higher percentage of perennials) a chance to set seed. 

Within the broad grazing pattern, the people, under the 
auspices of the eiders, set aside varying amounts of reserved 
grazing. This usually takes the form of hills reserved and guarded 
and may cover many thousands of hectares. The reserved grazing is 
used at the discretion of the elders during the dry season or 
drought years (Barrow, 1985). Schneider (1959) identifies a similar 
system in West Pokot. This pattern of transhumance and reserved 
grazing may be locally modified to fit with the water distribution, 
topography, and tsetse fly distribution. 

The Turkana, on the other hand, live in a much drier land and 
their grazing and land resource-mangement strategies are far more 
extensive. The Turkana system of rangeland management is much the 
same as the Pokot one except that it is on a larger scale with 
distances travelled being much greater. Livestock (particularly 
cattle) are grazed in the lowlands after the rains to make use of 
the annual flush of grass, which may only last for a few months. 
Then, the stock will gradually move to the West and to the hills to 
make use of the dry season grazing areas. 

There are several characteristics of the Turkana pastoral 
system which are related directly to drought resistance (Ellis et 
al., 1987) and inversely to famine susceptability, and include the 
following: 
(a) Availability of large diverse ranges; 
(b) Access to productive dry season ranges, including trees; 
(c) High mobility and low-to-moderate stocking rates; and 
(d) High-to-moderate stock units per person. 

Usually, the herding unit follows roughly the same annual 
movement, but it also retains a relationship with the people who 
control the area and may want or need to use an alternative route. 
These are important factors in maintaining flexibility in grazing to 
cope with the different risks of disease, raiding, and drought 
(Broch-Due and Storas, 1981; see also Guliver, 1955). 

The Turkana have two forms of traditional reserved fodder 
areas. One, "Epaka", was introduced in the colonial era and is now 
well established in the grazing patterns, while the system of 
"Amaire" reflects the traditional method of "Epaka". Now, both terms 
are nearly synonymous (Barrow, 1986). These systems of reserved 
grazing are similar to the Pokot ones where usually large hill areas 
were reserved and grazed in times of drought. 

It is this power over ownership of water and fodder that is 
central to Turkana (and indeed Pokot, though it is not so felt there 
because it is wetter) pastoralism. This is particularly critical in 
the dry plains areas and the herd owners depend, in the dry season, 



on the pods from Acacia tortilis stands along the major water 
courses to provide fodder for their animals (Hogg, 1986). Here, 
family ownership of such important resources is more clearly 
defined, particularly with relation to the riverine vegetation of 
the main river courses. 

These communal land-management practises are also found in more 
settled agropastoral communities. For instance, in the Shinyanga 
region of Tanzania, the Sukuma people, who are agropastoralists, are 
settled in terms of agriculture, but practise an extensive form of 
livestock keeping. Of particular importance is the Sukmuma practice 
of making "ngitiri" (grazing reserves). This practice is known all 
over the region. Though not practised in all villages, it is 
culturally a well established concept. Everybody knows what a 
"ngitiri" is and what it entails. In order to have access to pasture 
during the dry season, areas within the village borders are closed 
in the beginning of the wet season. In the dry season, when pasture 
is becoming scarce, the "ngitiri" is opened up for grazing (Barrow 
et al., 1988). 

Thus, broad, resource-management systems, on the one hand, are 
a means of managing the rangelands on a sustainable basis, but they 
also form part of a complex silvopastoral system. These 
silvopastoral systems make optimal use of the vegetation resource, 
both in time and space, through a basically transhumance system of 
wet and dry season grazing area combined with the setting aside of 
specific, dry-season, grazing reserve areas. Diverse livestock 
species (grazers and browsers) are kept to make optimal use of the 
different forms of the vegetation (woody species, herbs, and 
grasses). Such a silvopastoral system is made more complex by a 
variety of social controls concerned with sharing, flexibility, and 
mobility. 

Such complex broad silvopastoral systems have worked in the 
past, yet now they are under threat from primarily, externally 
driven interventions (e.g., settlements, irrigation schemes, health 
and education facilities). Many such interventions are not only 
desirable but essential. Therefore, it is necessary to adapt such 
silvopastoral systems to changing times, and this presupposes an 
understanding of those systems, their potentials and constraints, as 
well as the means to incorporate and change them to fit into current 
development practices and aspirations. Otherwise, this wealth of 
local knowledge that exists about ecological relationships between 
plant life and human activities and about local tree species which 
complement each other in a farm or rangeland landscape could be 
irreversibly lost (Weber and Hoskins, 1983). 

WOODY SPECIES UTILIZATION AND MANAGEMENT 

Because of the relative importance of trees and the woody 
resource in the dry lands, people living in such lands often possess 
a very detailed and extensive knowledge about trees and bushes. Such 
knowledge also exists in the high potential areas, but is often not 
as extensive, since dependence on it is not so great. 
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This knowledge reflects the lifestyles and the extent of their 
dependence on the woody vegetation. Such knowledge expands into many 
fields and can include fodder values for stock (at dry, wet, and 
drought times, together with quality of fodder); human food values; 
values as they pertain to building timber, fuel, timber for making 
utensils and tools; medicinal values for both people and stock 
together with cultural methods of water purification; and cultural 
values (shade and ceremonial and sacred values). 

The Pokot people's knowledge of their flora is almost totally 
related to the value they attach to the plants as sources of food 
for their livestock and for people and of medicine, and building 
materials. Tanaka (1981) found that, out of 307 plant species, 61 
(20%) were used for food and 118 (39%) for medicine. Their knowledge 
is particularly well developed with relation to animal fodder where 
they can recognize species that will promote milk and meat 
production, dry and wet season fodder, and fodder for the different 
stock species and ages (Barrow, 1985). Such knowledge is vital to 
the successful herding of livestock particularly in the dry season. 

The Pokot attach great value to trees and will rarely cut down 
a valuable tree. Trees are used on a sustained, conserved basis for 
a variety of uses, including fodder and food, medicines, building 
materials, fuel, fencing material, household implements, as well as 
acting as central meeting points for the elders and providing shade. 
During the dry season, some trees will be pollarded for their 
browse, e.g., Balanites aegyptiacia and Dobera glabra (Barrow, 
1985); pods will be harvested for livestock feed from other trees, 
e.g., Acacia tovtilis and Acacia albida. The only woody species 
that are actually cut back are the less useful bush species, e.g., 
Acacia reficiens and Acacia brevispica, which are used for 
fencing the homestead and livestock kraals (Barrow, 1985). This 
cutting back of such bush, woody species often serves to encourage a 
better regrowth of ground cover of perennial grass. 

Like the Pckot, the Turkana have a very well developed 
traditional knowledge of their flora and its uses (Morgan, 1980). 
Within this woocy species are especially valued trees. Indeed, the 
woody vegetatior of the the District constitutes the most valuable 
resource that the District has. The data for Turkana is summarized 
in Table 1. 

Table 1. Turkana. Utilization of Tree Species (after Morgan, 1980) 

% of Total Species 

43 
8 
13 
11 
20 
37 
32 
32 
23 

Type and use 

Total number of species identified 
Utilization recorded 
Human use for food 
Human use for medicine 
Human use, other 
Pastoral use, cattle 
Pastoral use, goats 
Pastoral use, sheep 
Pastoral use, camels 
Pastoral use, donkeys 

Numbers 

512 
222 
43 
67 
56 
102 
187 
164 
163 
120 
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Trees are vital to the Turkana way of life. Dry timber is used 
for fuel. Building material is selectively cut from different trees 
(e.g., Cordia sinensis and Hyphaena coriacea). Household 
utensils are made from tree produce. Small branches are cut in the 
long, dry season to feed livestock and pods and fruits of certain 
trees are harvested and collected for fodder for livestock and food 
for people. Many medicinal uses of trees have been identified and 
some of these have recognized clinical properties (see Lindsay and 
Hepper, 1978). Traditionally, the Turkana attach a lot of value to 
tree species they regard as important. The important trees are not 
cut down because of their relevance to the people and livestock, 
while the less important trees and bushes may be cut without 
permission from the elders (See Table 2). 

Table 2. Turkana Identified Important And Not So Important Trees 

Important Tree species Less important Tree Species 

Acacia tortilis Cadaba rotundifolia 
Cordia sinensis Acacia Senegal 
Zizyphus mauritiana Acacia reficiens 
Acacia albida Acacia nubica 
Tamarindus indica Grewia spp. 
Salvadora persica Cassia spp. 
Ficus sycamorus Abutilon hirtum 
Ficus populifolia Acacia paolii 
Dobera glabra Euphorbia cuneata 
Hyphaena coriacea Commiphora trothae 
Balanites pedicellaris Acacia mellifera 
Berchemia discolor 
Balanites orbicularis 
Diospyros scabra 
Boscia coriacea 
Delonix elata 

This importance of the woody vegetation is verified by 
Ecosystems (1985, 3-4): 

"In 23% of the District woody vegetation virtually is confined 
to riparian strips. These areas coincide with the driest 
eastern parts of Turkana and dry season grass cover was found 
to fall consistently along a gradient of increasing importance 
in the riparian component....Despite the acute shortage of 
grass, areas of exclusively riparian woody vegetation supported 
over 30% of all livestock in the District during the dry 
season, underlining their extreme importance as a dry season 
forage resource." 
However the Turkana have developed the management of their 

trees a step further, especially in the drier parts where the 
vegetation resource is more critical. Within the "Ere" (or wet 
season grazing area), the herd owner will have an "Ekwar" which 
literally means "beside the river" (Barrow, 1987a). Given the vital 
importance that the riverine woodland plays in the District, the 
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"Ekwar" is an integral and vital part of the "Ere" and so in 
livestock management. In the dry season, it is often the access to 
fruit and fodder trees that restricts movement. So, in the dry 
season "the livestock and herd owner will be found in his "Ekwar" 
unless all the stock have to go to the wetter hill areas in the 
west. Certain important trees, e.g., Acacia tortilis, Hyphaena 
coriacea, Cordia sinensis, Zizyphus mauritiana, Dobera glabra, and 
Acacia albida, are particularly protected by custom (Barrow, 
1987a; Soper, 1984). 

The system of "Ekwar" is stronger in the drier, central part of 
the district. However, results from a survey carried out on "Ekwar" 
(Barrow, 1987a) indicate that people are based in their "Ekwar" (and 
consequently their "Ere") for much longer periods of time than 
planners associate with pastoral peoples. Usually, at least one 
generation has stayed in their own "Ekwar" and their father will 
have, in many cases, been buried there. This indicates time spans in 
excess of 50 years, which strengthens the idea that the Turkana do 
have a permanent base, and have individual tenure and usufruct 
rights to important trees. 

But "Ekwar" ownership is not definite; rather it is based on 
the owner's ability to use his "Ekwar" over time and his social 
network to support his "Ekwar" rights (Storas, 1987). These social 
relationships are the basis for the Turkana land management 
(grazing, "Ekwar" ownership, and browse utilization). However, there 
are often confrontations in such systems since rights are not often 
clear-cut. These confrontations are usually brought before the 
elders for settlement (Storas, 1987). 

Wet season usage of the "Ekwar" is not considered as important 
as the dry season usage, and not all respondents indicated any uses 
for the "Ekwar" during the wet season. However, 66% of respondents 
identified the wet season flush of annual herbs and grasses as 
important, while 50% identified rainfed (or river flood) sorghum 
gardens as important. Seventeen per cent emphasized the importance 
of wild fruit collection during the wet season. 

It is in the dry season that the "Ekwar" is very important, 
particularly in the provision of livestock food from tree species. 
The overwhelming importance of Acacia tortilis (62% of 
respondents) has to be noted, followed by Salvadora persica (36%), 
Cordia sinensis (37%), Hyphaena coriacea (31%), and Zizyphus 
mauritiana being considered important by 17% of respondents 
(Barrow, 1987a). In general terms, food for stock (78%), and food 
for people (56%) were the most important nonspecific, dry season 
uses of "Ekwar". However, the importance of shade (22%) and the use 
of "Ekwar" for producing fuel (charcoal, fuelwood: 18%) should be 
noted. 

Likewise, the Sukuma in Shinyanga possess a vast fund of 
traditional knowledge concerning various species of trees and plants 
and of their use and value for building, poles, rope, wooden 
utensils, handles for hoes, medicine, etc., as they all require 
different trees or shrubs. However, in the past, too little 
attention has been paid in village tree-planting programmes to the 
use of trees in the local society (Barrow et al., 1988). Malcolm 
(1953) lists 16 indigenous trees and their various uses. However, 
this list could be much longer given these people's rich knowledge 
about various species. 



These examples show that trees play integral roles in 
traditional rural life. Burley (in Eckholm et al., 1984, p.47) 
observed that: 

"All detailed studies of uses and perceptions of trees by rural 
people show that there is an extensive ethnobotanical 
knowledge, with a keen appreciation of species' properties, and 
that trees are used for a wide variety of purposes..." 
This can be shown by the role of the Gum Arabic tree Acacia 

Senegal which grows extensively in semi-arid Africa and fills many 
roles in the community (Eckhom et al., 1984). Most trees grow from 
naturally established seedlings, but they are carefully tended by 
local farmers and play an important role in restoring soil fertility 
during the fallow period of the traditional shifting 
cultivation system. The gum tapped during the dry season is sold and 
has been traded for over 4,000 years. It is a major export crop of 
Sudan. In addition to restoring soils and providing income, the Gum 
Arabic tree provides protein-rich foliage and pods for livestock. 
The seeds are dried and eaten as food. The hardwood is used for 
agricultural implements as well as for firewood and charcoal. A 
strong fibre can be obtained from the tree's long surface roots. 

The Sudan Gum Arabic example is also important in terms of 
traditional land tenure, which differs for different types of 
produce from the land. The herders graze and browse their stock on 
the land; local farmers collect dead timber for fuel; merchants may 
purchase gum-collection rights from the tree owner, while the land 
itself may be communal (Fortman and Riddel, 1985). 

It is with reference to woodland management that Ellis et al. 
(1984) found that there was no evidence of deforestation or other 
environmental misuse in South Turkana in the recent past, because 
the people of the area have adapted their lifestyles to the dynamics 
of the ecosystem by raising livestock which take advantage of the 
extant woody forage, and by maintaining highly mobile and dispersed 
exploitation patterns and by conservation and selective use of tree 
species. 

The role of trees in dry land silvopastoral systems is directly 
linked to the people. The woody vegetation survives better, for 
longer periods, and often yields more at critical times of the year, 
i.e., during the dry season while retaining fodder quality. This is 
why many pastoral peoples have developed a complex and detailed 
local technical knowledge base for such woody species. This relates 
to the actual uses of the trees; to their management, both on an 
individual basis and within the context of broad resource 
management. This is then related to broad social strategies of 
usufruct rights, flexibility, and mobility of management that such 
pastoral people possess. 

USE OF LOCAL TECHNICAL KNOWLEDGE 

First and foremost, it must be recognized that there are 
potentials and constraints in the traditional utilization of the 
knowledge resource. Many of the potential uses in relation to trees 
have been discussed in the preceding sections. 
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Many of these well developed, traditional land-management 
systems are in danger of breaking down because they have not taken 
into account the speed of modern interventions. Likewise, planners 
and implementors of development programmes do not take into account 
the real needs and aspirations of such people. In this respect, the 
negative factors are often related to interference in the 
traditional management system from outside without trying to adapt 
the system to the new changes. 

The perception is that in many pastoral areas, all land and 
resources are common property. The "Tragedy of the Commons" (Hardin, 
1968) argument holds that there is a basic conflict between 
individual and family ownership of livestock and the communal 
ownership of pasture. The individual pastoralist has few incentives 
to conserve communal grazing by reducing the size of his herd 
because he has no guarantee that others will do the same. This 
argument has been criticised by different quarters (Storas, 1987). 
While the latter part of the argument may be true, the Pokot, 
Turkana, and Sukuma examples indicate that the resources are, by no 
means, communally owned and indeed conservation is actively 
practised (e.g., in the "Ekwar" reserved grazing areas). In this 
respect, many pastoral communities have proved to be viable in spite 
of the pessimistic conclusion of the argument of the "Tragedy of the 
Commons. 

The population of many pastoral areas is on the increase 
(though not as fast as the national average of Kenya). This is 
related to the provision of better health services and food 
security. While it is imperative that health conditions should be 
improved, this fact has not yet been incorporated into traditional 
land-management strategies. However, this interference with the 
natural population controls (drought, famine, and disease) has 
affected the overall human ecology, since in such an environment, 
the ecology and vegetation are already used to near their maximum 
subsistence potential. 

The increased use of veterinary drugs has, to a great degree, 
removed livestock disease as a constraint to production. If this is 
not balanced with an increased productivity of the rangeland or 
offtake, then there is likely to be an increased grazing pressure on 
the land which may lead to an increase in soil erosion. This is an 
example of an external (though important) interference in the system 
with no compensating measures. Improvement in water supplies that 
should take into account grazing patterns and, in particular, the 
dry-season grazing areas that may be opened up to grazing with no in 
built controls to conserve the grazing. 

The concentration of people in settlements, and famine and 
feeding camps has taken people essentially out of the pastoral 
sector and concentrated them in small areas. This has resulted in 
serious localized depletion of the vegetation and an increase in 
soil erosion, e.g., around irrigation schemes and settlements. The 
overuse of the vegetation is very obvious even if the people only 
have very few stock, and the restricted range of movement further 
strains the .vegetation resource and is exacerbated by the emphasis 
on small stock. The growth of settlements and irrigation schemes 
results in an intensification of land use and the collapse of the 
traditional controls. This policy of converting a flexible land-use 
system into a static one is promoting environmental degradation in 
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such areas and ignoring traditional user rights. In this respect, 
rangeland areas are gradually being turned into agricultural land 
for crop production, often due to population pressure. In a dry 
area, crop production is more risky than livestock enterprises. This 
is aggravated by the fact that methods of agricultural production 
are not suited to the climate. 

The authority of elders, who are traditionally responsible for 
livestock and resource management, is gradually being eroded by the 
education of the youth and the authority of government officials. 
Likewise, the present education system, while preparing the youth 
for life in modern Kenya to a certain degree, gives them very little 
opportunity to learn and improve the ways of land management in such 
dry areas. Such people are often no longer capable of fitting back 
into the pastoral system. This also relates to rulers governing the 
use of natural resources, including land and trees, as they are part 
of an encompassing network of rights and obligations, which are 
important in times of need in providing individual security. Such 
systems are adaptable in the long term, but if external 
interventions do not take them into account they are more likely to 
fail (Fortman and Riddel, 1985). 

Development strategies are primarily orientated towards the 
more easily definable and countable projects, e.g., health 
facilities constructed, veterinary vaccinations carried out, school 
enrollment, land put under irrigation, trees planted, food for work 
completed, water structures installed, and so on. Such development 
inputs tend to offer alternatives to pastoralism (e.g., irrigated 
agriculture and fishing) rather than (or at the same time) 
strengthening the pastoral set up to produce more for the local and 
national economy in terms of livestock sold. Yet nowhere in this 
shopping list is the prime target seriously tackled, that of range 
and woodland management and utilization combined with the people who 
actually live and manage such lands. Both of these form the basis 
for livestock production and offtake in the dry areas. It is in 
these areas that the traditional knowledge base is strongest as it 
relates to trees. 

But do such constraints give implementors the right to discard 
and ignore the positive factors that exist in the indigenous 
knowledge base? The fact that complex, flexible, and interdependent 
management strategies exist and are used successfully is surely the 
basic building block on which sustainable development should be 
based. 

We must realize, and at present we do not, the value of 
existing land-management strategies as a basis for long-term 
development (Barrow, 1988a). Unless the rangelands are managed and 
conserved, the existing development initiatives into such dry areas 
will only exacerbate the problem and cause increased levels of soil 
erosion and hardships and, therefore, famine relief dependency. The 
traditional values,roles that trees play, and people's ownership 
rights to trees must not only be realized but respected and used by 
research (e.g., agroforestry, forestry, range management, etc.) as 
well as by planners and implementors of development programmes. 
However, it must be noted that local technical knowledge systems are 
strongest when the knowledge is continually in use by the people 
both as a management tool and in their every day lives. Therefore, 
related but new ideas may not be so easily incorporated. Table 3 
below contains some of these sources. 
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Table 3. Some Sources of Traditional Knowledge in Pastoral Societies 

High level of Indigenous Low level of Indigenous 
Technical Knowledge Technical Knowledge 

Use of species for food for Tree planting 
people and stock Crop growing, e.g., irrigation 

Use of species for medicine Water development, e.g., pumps 
for people and stock Curative medicine 

Land-management systems Range re-seeding, improvement 
Reserved grazing Veterinary medicines 
Livestock herding/breeding 
Livestock disease control 
Traditional water/salt points 
Traditional land tenure 
Rainfed agriculture where applicable 
Tree values, management, utilization 
Medicinal values, practices 

In the high potential areas of Kenya, such traditional rights 
are taken into account during demarcation. Why are they essentially 
ignored in the drier areas? Many of the existing group ranches in 
Maasai land and other areas are not based on either ecologically or 
sociologically viable grazing units (see the extensive literature on 
these ranches). As a result, such ranches are in a precarious state 
now, and their ecology is at risk. 

In realizing the importance and need for sustainable use of the 
grazing lands, both as an ecological imperative and for production, 
the traditional knowledge base should be used as a building block to 
development not a hindrance. As such, traditional knowledge is often 
labelled. After all, people inhabiting the dry lands have survived 
and thrived in these areas for hundreds of years. 

It is true that these traditional land-use systems are not 
perfect. Given current trends in population growth and health, 
veterinary, and other services, there is need to adapt such 
traditional systems to current times, not necessarily to replace 
them. But we should use the traditional base as a starting point to 
realistically incorporate such factors as increases in population 
and improved health and feeding facilities. This is particularly so 
where such a knowledge base is strong, e.g., in the use of trees, 
plants for fodder, fuel, medicine, etc., the broad land-management 
strategies associated with them. 

HOW CAN SUCH LOCAL TECHNICAL KNOWLEDGE BE USED 

Pastoral people are not locked into a destructive land-
livestock relationship. Nor are they romantic independents, living 
in perfect harmony with nature. The pastoralists are highly skilled 
and knowledgeable herdsmen, with a long tradition of making the best 
of a tough environment. Many are able to adapt quickly to changing 
circumstances. Neither are pastoralists always adversaries of 
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farmers. In fact, across Africa many pastoralists exist in symbiotic 
harmony with settled farmers (Timberlake, 1985). 

As a starting point, flexibility and mobility of livestock 
grazing and herding must be recognized as the priority both in space 
and time. Without such flexibility and mobility the risks increase. 
This flexibility in the system of pasture rights is typical of the 
Turkana (Storas, 1987). This is very visible in the settlement areas 
where settlement is the direct cause of over utilization of the 
woody resource primarily for fuel and building timber, not fodder. 
While in the purely pastoral areas, e.g., in Pokot and Turkana, 
there is no such over utilization. This situation is often 
aggravated by the setting up of large feeding camps in times of 
famine, which is administratively easier but ecologically 
disastrous. 

Traditional grazing associations (e.g., the "Adakar" in Turkana 
and "Kokwo" in Pokot) could be the basis for rational rangeland 
development. Their security of tenure should be increased. Such 
tenure should be based on existing grazing patterns which 
incorporate both wet and dry season grazing areas combined with 
substantial areas of reserved grazing. Individual tenure should be 
recognized, particularly as it relates to the ownership of riverine 
woodland and tress (e.g., in the Turkana "Ekwar"). This will help 
ensure its conservation, and so is important in riverine protection. 
This is given emphasis by the World Commission on Environment and 
Development (1987, p. 142): 

"The traditional rights of subsistence farmers, particularly 
shifting cultivators, pastoralists and Nomads, must therefore 
be protected from encroachments. Land tenure rights and 
communal rights in particular must be respected. When their 
traditional practices threaten the resource base, their rights 
may have to be curtailed, but only when alternatives have been 
provided." 
Using this as a basis, improvements can be made, for instance, 

improving the browse regime by discrete plantings, particularly in 
the existing settled areas to ensure both a browse and fuel supply 
for the people associated with the settlements. Watering points, 
health facilities, and education facilities can then be orientated 
around the grazing system. Only if people's needs and priorities are 
put first will true popular support and participation be secured, 
and without this there can be no long-term sustainability of 
initiatives beyond the project cycle. What is needed is the 
development of grassroot institutional structures with the 
flexibility to be able to devise and implement management strategies 
to solve such problems as may arise in the future without external 
assistance (Leach and Mearns, 1988). 

Extension and education play a vital role in this. On the one 
hand, such work will help planners and implementors understand the 
existing system and so form a vital link to see in what ways such 
systems can be adapted for the better. Currently, the role of 
extension is strongly supported in policy documents, yet physical 
and logistic support in their work is often very weak. This greatly 
reduces their efficiency. The formal education sector does not take 
into account the needs of the dry areas (yet 75% of Kenya is arid or 
semi-arid). As a result, the educated youth in such dry areas are 
often no longer equipped to live and work in the pastoral sector. 
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This must change with a more realistic incorporation of dry area 
topics into the syllabus (Barrow, 1987b). Likewise, development and 
governmental agencies need to insert a basis for true grassroot 
development since such community participation in rural development 
is so badly needed in Africa (Timberlake, 1985). 

Figure 1 attempts to show the role of practical participatory 
extension in the integration of learning about the traditional 
system (values, uses, management methods, problems) and integrating 
this with the means to improve it (tree planting; protection of 
young, naturally growing seedlings; more efficient utilization; 
appropriate alternatives). This two-way information flow does 
however demand qualified and motivated staff to be able to deal with 
such situations in a mature and sensitive fashion. 
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The introduction of District Focus in Kenya couid help achieve 
such objectives as planning becomes a district priority (Republic of 
Kenya, 1987). Therefore, district needs and aspirations are more 
likely to be taken into account. It is encouraging that this 
bottom-up approach is gaining increased recognition, but there is 
still a long way to go in this process. Local problems and issues 
are being identified, diagnosed, and remedied by or with the local 
people and their holistic view of the situation (Leach and Mearns, 
1988). So if there is a problem, for example, the shortage of 
fuelwood, then the priority given to it and the readiness to act in 
order to remedy it must be identified by the people concerned (Leach 
and Mearns, 1988). There are a number of important positive reasons 
for incorporating the local people in project planning and 
technology development processes (Falconer, 1987). These include: 
(a) Building on and preserving indigenous skills and knowledge 
rather than causing their extinction; 
(b) Giving people control over, and involvement in, the process of 
change in their lives; 
(c) Giving people a better understanding of the technology and 
management practices; and 
(d) Ensuring that the innovation of a programme is appropriate and 
meets the people's needs (Falconer, 1987). 

Though tree planting and rural afforestation are the visible 
aspects of social forestry in dry areas that deal with existing 
problems of tree depletion in and around the settlement areas, the 
real work must centre around the conservation and sustained 
management of the existing resources together with planted trees and 
this has to be based on the people's intimate knowledge and values 
concerning trees and the woody resources. Therefore, extension 
approaches should be designed to try and utilize this knowledge as a 
basis for a rational forestry policy in such dry areas. 

Likewise, issues such as woodfuel supply and building timber 
must be seen in the context of multipurpose woody biomass management 
and its underlying socioeconomic context. Here, successful 
interventions can range from assistance to enhance traditional 
methods of land and woody biomass management to direct support of 
tree growing by providing cash incentives, etc. (Leach and Mearns, 
1988). 

Such an approach is being attempted in Turkana District through 
support to the Forestry Department from the Turkana Rural 
Development Programme (NORAD funded). Since 1985, the Forestry 
Department has conducted seven district-wide training courses on 
woodland management. These courses are based on the Turkana people's 
own inherent knowledge about woody resource management combined with 
trying to make the people aware of some of the problems that are 
facing the woody resource. The series of courses has been attended 
by nearly all chiefs, assistant chiefs, local politicians, 
locational elders, extension agents from other ministries, and 
nongovernmental organizations (NGOs) comprising over 250 people 
(Edt. Barrow, various course reports 1986, 1987). 

The design of these courses has been one of participatory 
discussions centred around the discussion of various topics 
including: 
(a) Government and traditional rules affecting trees and tree 
values, 



(b) Fuelwood and charcoal production, 
(c) Timber for building and other uses, 
(d) Clearing of woodland for various uses, 
(e) Tree planting and management, and 
(f) Bole of extension. 

These courses were followed by a series of divisional courses 
to make the material more division specific. These courses 
incorporated many of those who attended the District Series as well 
as other leaders from the area (a total attendance of about 300 
people). The project is currently in the second phase of this 
work—a series of locational and sub-locational three-day seminars. 
To date over 60 such seminars have been conducted at locational 
level with an attendance of over 2,000 people. 

Many interesting facets about how the people care for and 
maintain their trees emerged from these courses ranging from family 
ownership of riverine woodland to ah intricate knowledge concerning 
the uses of trees. The lack of regeneration of young trees in the 
wooded areas was identified and possible solutions suggested by the 
leaders. It is this sort of extension approach that makes the people 
more responsible, for their own future and development, and in being 
responsible more active in carrying out their own recommendations in 
practical terms. 

A recent Forestry Sector Review in Turkana (Gram et al», 1986) 
noted: 

"that the Forestry Department has put considerable effort into 
the organization and running of training courses on woody 
resource management for Chiefs and other local leaders. Such 
leaders, undoubtedly, represent the best target group on which 
to concentrate initial extension efforts. Experience from these 
courses has indicated that the participants have valuable ideas 
and experience which should be used in the development of 
forestry activities in the district. During the field visits 
the Review Mission saw examples of the effect of these courses 
in the interest created among local leaders". 
Already, results are visible in that more people are planting 

trees around their homes without any form of payment. Schools are 
actively involved in tree planting. There is a much greater respect 
for the protection of young naturally growing trees and, as a 
result, many of these young trees are growing rapidly. Much of this 
is taking place in and around the settlement areas which is where 
the major problems are. 

An extension impact survey (Barrow, 1988b) was carried out 
between October 1987 and April 1988 to assess the impact of the 
Forestry Department's Extension programme in the district. Seventy 
six per cent of the respondents had some form of extension contact 
during the past year. Chiefs, assistant chiefs and eiders (57% and 
55% respectively) account for the main source of extension contact 
with tree planting, protection, and conservation, and the value of 
trees as a source of food being the most important topic discussed, 
Sixty six per cent of the respondents had between one and four 
extension contacts during the year and most of these contacts took 
place in the form of a meeting ("Baraza"- 69%) while individual and 
home discussions accounted for 54% and 24% respectively. Most 
respondents did something as a result of the extension contact, 
primarily telling other people and planting trees. The majority of 
respondents felt that further extension work would be useful. These 
preliminary results would indicate that the series of training 
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courses and seminars that the Forestry Department has conducted 
since 1984/85 are having a significant impact in the field in terms 
of awareness about forestry and actual action. 

Gradually, the Forestry Department is attaining a realistic 
policy to the problems related to the arid and semi-arid lands 
forestry issues in a district like Turkana and this could be adapted 
to other pastoral areas. Such an approach is based on participatory 
extension work with different target groups (this also includes 
input into the inservice teacher training courses in the district, 
which have resulted in the production of a forestry handbook for 
teachers in Turkana District (Barrow, 1988, in print) to make people 
aware that forestry is not something that is the responsibility of 
the Forestry Department alone, rather, it is the responsibility of 
everyone in the District. In areas of tree depletion (e.g., settled 
areas) the Department and other groups have been involved in 
tree-planting projects which are increasingly becoming successful. 
However, people must in future take the overriding responsibility 
for ensuring that they have enough building timber, fuel, and food 
for themselves and their livestock through their own tree planting 
and management of their own forest resources. The Forest Department 
cannot do this for them; at the end of the day, it can only help the 
people of the district in achieving this goal. 

One thing of importance that has emerged is that forestry and 
silvopastoralism in the arid and semi-arid lands (e.g., Turkana) 
affects people in many and diverse ways and crosses many 
disciplines, for example, livestock and range management, medicinal 
uses (Veterinary and human health), nutrition for both people and 
stock, water utilization, building materials (utensils and tools). 
Therefore, it is important to look at silvopastoralism in the dry 
lands in totality and not as components. The components are 
important entities, but it is the whole system that makes up the 
management base for the resource and so its success or failure in 
current day development. 

There is now extensive literature on the importance of taking 
indigenous technical knowledge as a starting point in rural 
development, and on the need for farmer participatory research as a 
basis for appropriate interventions. Indigenous technical knowledge 
requires a social context for its successful implementation. One 
condition which is a prerequisite for the development and 
dissemination of indigenous technical knowledge is community 
stability (Farrington and Martin, 1987). This may be disrupted, 
firstly, by the penetration of a cash economy, which often leads to 
sacrifice of the common good for short-term individual gain. 
Secondly, population pressure on resources and incipient land 
degradation may exceed the capacity of local institutions to mediate 
the process of environmental change through the vehicles of 
indigenous technical knowledge. (Leach and Nearns, 1988) 

CONCLUSION 

Local knowledge can be successfully incorporated into the 
development and change processes, but cases of such incorporation 
are often isolated. However, to incorporate the use of local 



knowledge does not require radical changes in development, it 
relates more to a change in attitude of those concerned with such 
change, both in research and development. 

Why then do we have to re-invent the wheel? Why can't planners, 
researchers, and implementors of development use the traditional 
knowledge base as a building stone for improving the lives of the 
people in pastoral areas? Examples all over Africa show failures of 
development projects to grasp the problems of the arid and semi-arid 
lands in a realistic fashion. I am sure that much of the 
desertification and increase in soil erosion in the arid and 
semi-arid lands of Africa are manmade problems as a result of 
various interventions (some often with good development intentions) 
as a direct or indirect consequence of some form of development. 

Development projects tend to compartmentalize life in arid and 
semi-arid areas and also the process. This cannot be done, the 
threads are too interlinked. Likewise, if development schemes took 
into consideration the traditional ways of regulating the use of 
resources, the risk of ecological damage could be reduced (Storas, 
1987). Yet if we realize this and use the traditional management 
system as a base, then pastoral areas will be able to significantly 
increase their productivity and contribution to both the local and 
national economy and yet retain ecological stability. With the 
District Focus in Kenya, this emphasis can now be made. In so 
conserving and managing the vegetation on a sustained basis, the 
quality of the land will be improved and also the ever-present 
threat of desertification will be retarded. 

Leach and Mearns (1988, p. 79) pointed out that: 
"A major constraint to the implementation of effective agro-
forestry is the way in which institutional and disciplinary 
boundaries dissect rural livelihood systems. This vertical 
segmentation governs ail aspects of land development (research, 
training, extension, land legislation, administration, and 
allocation of funds). Within each bounded discipline 
(agriculture, forestry, livestock management) interventions 
have traditionally been geared towards single outputs. This is 
inimical to the principles of agroforestry systems." 
Development planners often quote traditional conservatism as 

one of the major stumbling blocks to the successful implementation 
of development project. While it is certainly true that traditional 
societies like the Pokot and Turkana are weary of change and slow to 
involve themselves fully, this is a natural reaction to innovation, 
especially if it involves a radical change. People will only 
incorporate innovations into their lifestyles that they fully 
understand and see their real value. There are always going to be 
constraints to development. Therefore, planners and implementors 
should be optimistic and work on the advantageous factors to design 
and implement development projects. One of the strongest 
advantageous factors in pastoral areas is the traditional knowledge 
of the people. Unless properly utilized, his knowledge is in danger 
of being lost. 

Yet pastoral societies, where people live in fragile and 
vulnerable ecosystems, have adapted extremely well to the harsh 
environment. Why have they survived? They have over time gathered a 
vast repetoire of local knowledge about their resource base, its 
weaknesses and strengths and its utilization. This was a form of 
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farmer (pastoralist) participatory research before any such research 
existed. It is a very complex system based on a whole range of 
survival and insurance measures that help mitigate against the 
inevitable hard times (due to drought, disease, etc.). Such 
management systems centred around resource utilization on a 
sustainable basis, ranging from strategies for individual species 
(for food, fodder, medicine, building timber, fuel, etc.) to broader 
rangeland-management strategies. Coughenour et al. strongly question 
the relationship between pastoral biology and environmental 
degradation. They noted that the Ngisonyoka group of South Turkana 
are more oriented toward biomass maintenance rather than production. 
In South Turkana, pastoralism offers a net of energy flow pathways 
that are more appropriate for survival in a harsh and unpredictable 
environment (Coughenour et al., 1985). This is reflected in the 
people's attitudes to such management, in terms of flexibility and 
mobility, in stock sharing and risk avoidance, and in terms of 
conserving the vegetation resource for difficult times. Basically, 
this is a traditionally developed insurance policy that many 
insurance companies would be proud of given the pre-requisites and 
constraints pertaining to the traditional management base. 

Research appears to be primarily more interested in numbers, 
not the quality of life, in hard, quantifiable data about growth 
rates, offtakes, and production, not about flexibility and mobility. 
The reason for this is simple: the very context of natural resource 
research does not, nor often cannot, quantify in numbers such 
abstract issues as flexibility, sharing, mobility, and other such 
vague and relative (though vital) qualities, as they relate to 
resource management, trees, and livestock. 

Yet, now we are in the strange position where research, 
development agencies, and governments blame those very same people 
for destroying that resource base, blaming them for desertification, 
land degradation, etc. This implies an attitude that such pastoral 
peoples are fools. That they are not: otherwise why would they have 
survived and thrived for so long? They do not needlessly destroy the 
very resource base that their life is based and depends on without 
good cause. It is true that the vegetation and land are being 
degraded in many places (in Turkana less so than most), yet, the 
people are realistic and rational. So why is there this paradox? 

These issues concerning local technical knowledge are 
fundamental issues that research (in its broadest sense both 
sociological and scientific) has not adequately addressed or covered 
in a meaningful development form. For example, preference is given 
to quantifying the rate of destruction, not to the real reason as to 
why the resource is being destroyed, to quantifying the dynamics of 
a silvopastoral system without relating it to people through the 
need for flexibility, mobility, and sharing. 

Having a good understanding of the traditional knowledge system 
can help in a wide range of development issues, but will be 
particularly important where the knowledge is richest. In pastoral 
areas, this centres around livestock and livestock management, and 
so will help in the fields of grazing management, fodder production 
and value, and livestock diseases (and possible cures using 
traditional medicine). It has been shown how relatively easy it is 
to initiate long-term improvements in fodder production using 
traditional, reserved grazing areas as a base, and the value of 
trees in such a system. 
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Many pastoral societies are at a turning point in their 
life-styles; the livestock sector at a watershed. The processes 
cannot continue as they were; more realistic and rational 
development strategies need to be used, based on the needs and 
values of the people to help them lead a more self-sustaining, 
independent, safer life. Many simple improvements and changes can 
and are being made that will help lead to a safer life for the 
people. Yet, much still needs to be done to realize this. The future 
of the area centres on range management and livestock sector and, de 
facto, to silvopastoralism. All other aspects of development must 
realize this. At present many do not. Development strategies in dry 
lands cannot be copied from the high potential areas, the 
differences are too great. The traditional livestock and resource 
knowledge must be utilized as the basis for improvement through 
learning, awareness, and extension. This takes time and effort on 
the part of the implementing agencies, as well as a change in 
thinking for many. But, if the people living in these areas do not 
see the need for change and improvement in their lifestyles, then 
real change will not take place. Development in the arid and 
semi-arid areas more than anywhere else does not depend on 
techniques and infrastructures: it is about people and how they 
manage their lives and their lands. Development agencies have a very 
important role to play in this catalysis—to make people aware of 
their responsibilities and how to improve and change their own 
lifestyles so that the land, with its limited resources, will 
continue to sustain them. 
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LAND-TENURE AND LAND-USE LEGISLATION 
ISSUES IN AGROFORESTRY DEVELOPMENT 

Arthur Okoth-Owiro, Faculty of Law, University of Nairobi, P.O. Box 
30197, Nairobi, Kenya 

Abstract In this paper, land tenure, land use, and 
land-use legislation are defined. Their place in a system 
of laws is also considered. They are then discussed as 
issues in agroforestry. The discussion identifies the 
problem areas posed by each and suggests the appropriate 
responses within a context of legislative arrangements. The 
major conclusion reached is that there are more problems 
posed by enforcement issues than by either tenure or land 
use in agroforestry development in Kenya. 

Specifically, the purpose of this presentation is to 
discuss the role of land tenure, land use, and land-use 
legislation in agroforestry development in Kenya by 
(a) conceptualizing land tenure and land use in the context 
of Kenya legal"s system and (b) raising and discussing 
issues of land tenure and land use that are relevant for 
agroforestry development in Kenya. 

SOME ISSUES OF THEORY 

Land Tenure 

Land tenure, together with the doctrine of estate, is the 
proper starting point for a full understanding of the idea of 
property in land as it evolved in western jurisprudence (Gray, 
1987). Land tenure refers to the possession or holding of the many 
rights associated with each parcel of land (Rindell, 1987). These 
rights are commonly referred to as a "bundle" that, in accordance 
with property theory, can be broken up, redivided, transferred, or 
transmitted at the absolute discretion of the holder(s). Not all the 
rights comprising the "bundle" must be held by the same, single 
legal person at any given time; on the contrary, they have never 
been held by a single legal person at any given point in time. This 
is because the society ("community", "state", or "collectivity") has 
always retained some interest in the same parcel of land over which 
the individual legal entity ("family", "clan", or "individual") also 
holds some exclusive rights. 

An alternative modern way of rendering the same proposition is. 
to suggest that, as part of the tenurial arrangements in society, 
the state holds superior rights of ownership and control over all 
land within its jurisdiction. This is the juridical basis for the 
exercises of police power and eminent domain (Mann, 1959). 
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The practical operation of any system of land tenure is 
dependent upon the historical and cultural circumstances within 
which the given community has evolved, and the legal and 
philosophical content of that community's conception of land. There 
are societies in which land is taken to mean not only the physical 
solum, but also all the things that are attached to it. In other 
societies, various natural objects, e.g., trees and artificial 
structures, e.g., buildings, are legally severed from the conception 
of what land means (Fortmann, 1987). But to whichever society one is 
referring, the fact of possession of rights over land means that the 
possessor (or holder) is able to participate in determining the use 
to which the given parcel of land is to be put. This is the critical 
link between tenure and land use. 

Land Use 

Land use, in a very broad sense, is the function of land as 
determined by natural conditions and human settlement (FAO, 1975). 
When natural conditions determine land use, the same may still be 
protected by legal entity that possesses relevant rights over the 
land. For example, the state may declare an area of land to be a 
forest area or a nature reserve, in the same manner in which 
individual landholders may reserve part of their land for grazing. 
In this sense, natural conditions and human settlement interact in 
determining land use. Nor can human settlement be said to have an 
inherent capacity to dictate land use. But, at least, it can be said 
that human settlement necessarily brings with it certain rights of 
access and of use that in turn entitle the holder of these rights to 
the freedom of determining land use. 

The point to stress here is that the interaction between tenure 
and land use is the central problematique area. Land tenure rules 
emphasize man versus man issues; the regulation of competing 
interests in the use of land. On the other hand, land use emphasizes 
man versus environment issues; the regulation of the use of land to 
conform with acceptable methods of husbandry and conservation. It is 
the holder or tenural rights who can ensure that the objectives of 
land use are realized. This is the same as saying that the 
determination of the function to which land is put is an exercise of 
legal rights over the given parcel of land; land-use decision-making 
is a tenure issue. Legislation can be used to ensure that defined 
objectives of land use are respected by holders of tenural rights. 

Land-use legislation 

Land-use legislation is legislation that is designed to provide 
a framework for determining the function(s) of land. Land-use 
legislation, like other laws, must be constructed on a foundation of 
certain jurisprudential assumptions that, in many modern societies, 
will already have found articulation in some constitutional 
document. By the time land-use legislation is being considered, such 
issues as the legal character of state power, the place of personal 
choice and freedom in society, the role of rights in the process of 
production, and the idealogical content of political organization 
will usually have been thrashed out and articulated in law. A 
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complete picture of the role of land-use legislation can only emerge 
if this jurisprudential foundation is understood. 

Whenever legislation is introduced with the intention of using 
it to implement policy, such legislation must be well suited to the 
task it is intended to fulfill. Expressed differently, such 
legislation must be appropriate. Two sets of considerations 
determine this appropriateness. First, the legislation must be 
suited to the particular circumstances of the country. Here, the 
relevant considerations are levels of sophistication of the 
population and the decision-making organs of society, the ruling 
political idealogy, the historical context within which laws and 
institutions were nurtured, etc. For example, if legislation is 
introduced on the premise of popular participation in 
decision-making in a society in which the population is accustomed 
to authoritarianism, they are not likely to benefit fully from such 
law. Similarly, if legislation is premised on information and 
contribution of a literate public, then a largely illiterate 
population cannot operationalize it. 

Second, the drafting of the legislation must reflect a 
scientific use of the law. Decisions have to be made between 
substantive legislation (i.e., one in which the policy principles, 
standards, and procedures are all written in law) and enabling 
legislation (i.e, one in which only a legitimate framework of 
decision-making is provided). Similarly, choices have to be made 
regarding the "sanction element" of the law. The law provides a 
great variety of methods for achieving the ends of legislation. 
These include punishment, civil remedy, licence, incentives, and 
publicity (Swan, 1976), which method best suits the requirements of 
a particular piece of legislation is a scientific question that if 
answered irrationally, could hinder the attainment of proper ends of 
the law. 

If land-use legislation is to be considered specifically, an 
appropriate scheme of such legislation ought to facilitate at least 
four things: rational choice of land use in situations of competing 
interests, combination of more than one use whenever necessary, 
public participation in the decision-making process, and state 
supervision of the process of choice and process of use to which the 
land is put. As one form of land use, agroforestry development 
should then be implementable within the framework of an appropriate 
scheme of land-use legislation. 

Agroforestry Development 

Agroforestry has been defined as any land-use system that 
combines trees, crops, and/or animals in an interactive manner 
either simultaneously or sequentially in the same unit of land 
(UNEP, 1986). Its development requires and involves some adjustment 
in existing land-use practices. This process of adjustment may be 
voluntary change on the part of land owners or a requirement of 
policy at a national or regional level. In either event, there is a 
possibility that existing tenure arrangements could hamper the 
successful realization of agroforestry development objectives. If an 
appropriate scheme of land-use legislation is already in place, then 
agroforestry development ought to be implementable without any 
drastic changes, as soon as a policy decision to that effect is 
reached, or subject to any problem of a tenurial character. 



But in the event of an appropriate scheme of land-use 
legislation not having been developed, then, in addition to problems 
posed by existing systems of tenure, acceptable methods have to be 
found of incorporating agroforestry development objectives into 
land-use legislation. How this is to be done depends on what already 
exists on the ground. In the case of Kenya, the rest of this paper 
will now examine the tenure systems that exist, the land-use laws 
that have been promulgated, and how well suited these are for 
purposes of agroforestry development. 

LAND TENURE ISSUES 

Systems of Land Tenure 

There are two systems of land tenure in operation in Kenya 
(Kibwana, 1988; Okoth-Ogendo, 1976). One is based on the English 
property law, and its statutory embodiment is the Registered Land 
Act as supplemented by the Indian Transfer of Property Act and the 
Registration of Titles Act. The essential characteristic of this 
system of tenure is that it confers titles and rights on 
individuals. "Legal" persons own land as individuals and are subject 
to superior rights inherent in the state, they regard their parcels 
as any other commodity that can be bought, sold, leased, or 
transmitted. 

The individual title, and the freedom of transaction and 
disposition of land that goes with it, can, and does lead to 
overparcellation, overexploitation of the land, and landlessness 
(James, 1971; Swynnerton, 1955). Moreover, to the extent that 
English law conceives of land as including things that are attached 
to it, individual tenure means that the owner also requires the 
legal right to do as he pleases with the things growing on the land, 
including trees. 

The other system of tenure is based on precolonial, indigenous 
property arrangements in Kenya. It is regularly referred to as the 
customary or communal land tenure. This system of tenure operates in 
two categories of land areas. The first are trust lands that are 
former "Native Reserves" where land has not yet been adjudicated and 
consolidated. The second are those areas in which the Land (Group 
Representatives) Act is in operation. These are areas in which the 
individual title is an unsuitable arrangement owing to prevailing 
land-use practices and cultural considerations (Godana, 1976). The 
full legal content of communal land tenure is very complex. Two 
essentials spell the core of this system of tenure. First is equal 
access to land for sustenance by all members of a given community 
(Elias, 1956). Second is the jurisprudential and economic fact that 
land is not a commodity. 

Communal land tenure has its many recorded problems of land 
management (Okoth-Ogendo, 1976; Kibwana, 1988). Individual tenure is 
associated with security of possession, with the idea of land as a 
commodity, and a general socioeconomic environment conducive to 
investment and development of the land. On the other hand, communal 
tenure is said to discourage individual initiative to invest in the 
land and to manage it properly. Studies focussing on land management 
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under systems of communal tenure are rare, and, so far, no claims 
have been made to the effect that communal tenure necessarily leads 
to poor conservation. Perceived benefits of economic maximization 
were confused with long-term objectives of conservation. Communal 
tenure was condemned for being inimical to the former, and it was 
assumed that this necessarily meant that it was inimical to the 
latter. 

The Tenure Issues 

There are four main tenure issues in agroforestry development 
in Kenya. The first is that tenure can 'obstruct tree planting. As a 
proposition, this ought to happen when there is insecurity 
(Okoth-Ogendo, 1987), when there is pressure on the land, when there 
is communal tenure, and when ownership does not carry a duty to 
develop the land. All these situations obtain in Kenya today. 
Solutions must be found for them before meaningful agroforestry 
programmes can succeed. 

The second is that tenure inhibits the fixing of 
responsibilities for the planting of trees and other things growing 
on the land. This situation obtains because, even though the formal 
legal position is that two systems of tenure exist in Kenya, at a 
practical level there is a great deal of confusion as to which one 
to apply, and greater confusion still as to the legal 
responsibilities that go with tenurial rights. The result is mutual 
abstention. Those with individual titles do not necessarily assume 
responsibility for fixtures on land; those under communal tenure 
assume that these are outside their scope of duty in enjoying 
access. 

This situation can be resolved by separating access rights from 
control rights over land (Okoth-Ogendo, 1987) and, consequently, 
treating the latter as incidents of sovereignity. In practice, this 
would be attempting to erect a separate system of tenure for trees, 
which has not been done yet in Kenya. 

The third is that, although tenurial rights can be qualified 
and are subject to overriding state rights over land, it is not 
always clear how much of that qualification can be introduced with 
the object of requiring landowners to practice agroforestry. 

Here is a tenurial issue that in practice poses itself as 
either a role of the state in land matters questions, or a land-use 
legislation issue. It is easiest to resolve the problem by positing 
theory that the state can compel landowners to practise agroforestry 
as an incidence of control of land and then examine the practical 
circumstances of a given locality with a view to deciding how this 
is to be done. Apart from it not having been done so clearly in 
Kenya, there is the related issue of how well aware the landowners 
are that the state can do any/ of these things. 

LAND-USE LEGISLATION ISSUES 

Background 

Land-use legislation in both colonial and postcolonial Kenya 
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has been enacted on the unarticulated premise that aspects of land 
use are independent of one another (Okoth-Ogendo, 1986). Hence 
aspects of land use in Kenya are today regulated by separate legal 
frameworks, e.g., the Agriculture Act for agriculture, the Forests 
Act for forestry, the Mines Act for minerals, and the Water Act for 
water resources. This legislative scenario is a reflection of policy 
on land use which started by emphasizing resource exploitation and 
then moved gradually to reflect resource management. Neither 
strategy required an inter-landuse linkage in management, and so 
allowed for separate regulation. It was only after 1970 that 
conservation of resources - the thesis of "sustainable use" - was 
articulated in policy (Kenya, 1974), and by this time the greater 
part of the legal framework was firmly in place. 

Conservation is the basis upon which notions of holistic 
management and interrelationships in land use are developed. If it 
was a post-1970 development in Kenya, pre-1970 legislation could not 
seriously reflect it. 

Current Land-Use Legislation 

Four characteristics typify existing land-use legislation in 
Kenya (Okoth-Ogendo, 1988). First, the legislation, as a rule, is 
enabling legislation that confers legitimate authority on public 
servants to make binding legal decisions on the basis of broad, 
discretionary power, e.g., the Land Planning Act, the Local 
Government Act, the Agriculture Act, etc. 

Second, every piece of legislation is, as a general rule, 
independent of every other piece, and, with the exception of the 
Agriculture Act, no provision has been made for intersectoral 
coordination or cross application. This is the case even though the 
Land Planning Act purports to be an umbrella planning stature 
(Menezes, 1968). 

Third, responsibility for land use decision-making is 
fragmented, and is currently exercised by more than twenty 
government departments and related public institutions. Finally, all 
legislation without exception rely on punishment and the licence as 
the primary methods for securing compliance with the requirements of 
the law. 

These characteristics are largely negative. But there is the 
positive side—that the legislation is enabling in character. This 
makes most laws adaptable to changing policy situations. 

The Issues 

The real question to be posed here is this: To what extent can 
Kenya's current land-use legislation be used to implement an 
agroforestry development strategy? There are two basic ways of 
arriving at agroforestry: integrating trees into farming systems or 
farmers into forests (Raintree, 1987). Another way of posing the 
issue is: Can Kenya's land-use legislation be used to accomplish 
either or both of these, and Can the legislation deal with problems 
and difficulties that are bound to arise? 
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To answer these questions, it is useful to explain at the 
outset that the Agriculture Act holds the greatest promise as an 
agroforestry legal framework. This is because the Act contains an 
exhaustive range of enabling powers for supervising land use for 
purposes of agricultural production (sections 64-74) at the same 
time providing a framework for the development of forests in 
agricultural land (sections 48-62). Thus, if agroforestry 
development is interpreted purely as a land-use conservation 
requirement, the Act can be used to facilitate the integration of 
trees into farming systems in Kenya. An attempt to integrate farmers 
into forests is, however, not easy under the present scheme of 
legislation because the Agriculture Act cannot facilitate it, and 
the Forests Act defines forests in a manner that excludes other 
forms of land use, including agriculture. An alternative legal 
framework needs to be developed for this purpose. 

Even assuming that the Agriculture Act can provide a legitimate 
starting point, it must be realized that the potential for 
generating problems is not matched by the potential for provision of 
possible solutions in the current scheme of legislation. Three 
problem areas may be identified: 

(a) The current scheme of legislation does not provide for 
rational selection of land-use priorities or conflict resolution in 
cases of competing demands on the same parcel of land; Partly 
because of this, 

(b) The legislation does not provide for a systematic curb on 
encroachment of agricultural land or forest land through expansion 
of other land-use activities. The best illustration is the continued 
expansion of urban settlement areas at the expense of forest and 
agricultural land; and 

(c) The legislation does not provide a clear framework for 
compelling or persuading occupiers to practise agroforestry. The 
Agriculture Act could be used to force occupiers to practise it, but 
since this is not the best way of converting populations to superior 
land-use techniques, a more culturally acceptable method of 
integration is required. 

COMMENTS AND CONCLUSIONS 

It is not easy to separate land-use legislation issues from 
tenure issues in agroforestry development. Indeed, it sometimes 
makes sense to think of land-use legislation as a strategy for 
articulating the solutions to land tenure issues. Be that as it may, 
both systems of tenure that are prevalent in contemporary Kenya— 
individual and communal—generate problems for agroforestry. At the 
same time, the existing legislation on land use also poses some 
difficulties for agroforestry development. 

It may well be a more appropriate approach to think of "legal 
issues" in agroforestry development and attempt to resolve them as 
such. If the issues are posed in this context, then problems of 
policy articulation and implementation, and especially problems of 
using the law as a means of requiring agroforestry development, are 
likely to be more directly important than issues of tenure and 
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land-use legislation. The presentation is, therefore, firmly rooted 
in the belief that, in spite of existing problems, the germ already 
exists in Kenya's tenurial arrangements and land-use legislation 
that can grow into a comprehensive legal framework for agroforestry 
development. 
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AGROFORESTRY IN ARID LANDS: 
RANGE AND CATCHMENT MANAGEMENT 

J.H. van Doorne, Kerio Valley Development, Authority, P.O. Box 2660, 
Eldoret, Kenya 

Abstract This paper addresses the issue of 
agroforestry in arid lands from the planning perspective by 
stressing the crucial importance of trees for the dominant 
economic sector, i.e., animal husbandry. It takes into 
account the intersectoral linkages among crop cultivation, 
pastoralism, and the natural environment; and the 
intraregional linkages between the semi-arid plains and the 
catchment areas on higher ground. 

It is then argued that for conservation and 
rehabilitation of tree resources to be effective, they 
should be integrated with the agricultural utilization of 
the land. This then raises the issue of the role of the 
land users—the farmers and the pastoralists—in the 
implementation of interventions and the utilization and 
maintenance of facilities and other improvements. This is a 
particular issue because of the communal ownership of the 
land, the nomadic lifestyle, and the generally very low level 
of development in the arid lands. 

The economy of the range lands depends heavily on the 
condition of the catchment areas, which are increasingly 
cleared of their natural vegetation and then used for 
cultivation—but only for the short time it takes for 
erosion to destroy their potential. Is there a technical 
solution to the problem of having the land used for 
agriculture without endangering its catchment function, a 
solution that is also economically viable and socially 
feasible? 

The term agroforestry implies the integration of the 
'cultivation' of trees into or as part of agricultural activity. In 
the semi-arid lands, agriculture is, by and large, a matter of 
animal husbandry, and the value of trees lies in the fodder they 
provide, in particular, during the dry season. Details on useful 
species and nutritional analysis will, no doubt, be dealt with in 
several other papers during the seminar. The aim of this paper is to 
consider the more general environmental and economic conditions 
prevailing in the arid lands. This information will then bear on the 
approach to agroforestry: the care, use, and, where necessary, the 
rehabilitation of tree vegetation. 

This paper is submitted by a regional development authority, 
the Kerio Valley Development Authority (KVDA). Its region covers the 
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districts of Turkana, West Pokot, Elgeyo-Marakwet, Baringo, and 
parts of Laikipia, Samburu, and Marsabit. The boundaries of regional 
authorities in Kenya are designed to encompass the whole of a 
drainage basin. In the case of KVDA, it includes all that area 
draining into Lake Turkana by way of the three major rivers: 
Turkwel, coming from Mt Elgon (called Suam in the upper reaches); 
Kerio, rising northeast of Nakuru; and Suguta, which skirts the 
Laikipia and Samburu escarpments. The region also includes the 
catchments of Lake Baringo and Lake Bogoria. 

By its designation and delimitation, the functions of a 
regional authority are already focused on water management. The 
districts mentioned are an indication, to those who know Kenya, of 
the general aridity of the region. Water management then concerns 
water as a very scarce resource in matters of coordination of use 
for alternative purposes, efficiency of water use, storage of water, 
and conservation, e.g., rehabilitation of catchments. The unique 
feature of the escarpments of the Great Rift Valley adds the 
potential for hydropower generation. KVDA, as the regional 
authority, is charged with the responsibility to plan and coordinate 
development projects, in particular those that utilize water and 
soil resources, and with the implementation of major infrastructural 
projects that will improve or facilitate the use of these resources. 

The arid conditions dictate a very extensive use of most the 
region as rangeland by nomadic pastoralists. The combined vegetation 
and water resources are so scarce that, within walking distance from 
any particular point, they get exhausted within a couple of weeks, 
compelling the herd to move to another temporary location. It 
requires all the ingenuity of the stock owners to organize the 
resource locations into a sequence that will see them through to the 
next wet season that may be 8 or 20 months or even longer away. 

The land is communally held usually by a section of an ethnic 
group. Every stockholding unit—a head of household with one or more 
wives and sons and other male relatives as herders—is free to move 
within this range but restrained by the same principle of utilizing 
particular parts of the range at the right time in the seasonal 
cycle so as not to be left without fodder before the next wet season 
starts. 

On the higher ground with better rainfall, people move less, 
are rather semisedentary, i.e., they have a permanent home with only 
parts of the household and herd out on the range. Most of this land, 
classified as subhumid to semi-arid, has been or is being 
adjudicated, but to groups or clans, not individuals. Extensive 
herding continues, but small portions of the range are turned into 
farms, often near a stream or well. This development is, of course, 
highly detrimental for pastoralism in general because the 
individualized locations are of crucial value for the whole 
community during the dry season. 

At high altitudes, land is divided into small holdings, but the 
total area so used is only a very small portion of the region. For 
water management, these areas are, however, very important as 
catchments, feeding the rivers that carry water into the arid lands. 
From this point of view, the continuing clearing of these lands for 
crop production is a serious threat to the pastoral economy. 
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CONSERVATION AND REHABILITATION ISSUES 

The implication of nomadic pastoralism is that any part of the 
rangeland is effectively occupied and utilized for only a part of 
the year. Regrowth of the vegetation depends entirely on room for 
natural regeneration in the annual rotational cycle. Densely 
forested areas are only occupied in the dry season, and wet season 
forage is found in the plains, mainly annual grasses. Following a 
drought when stock numbers are down, young trees in various parts of 
the range may have a couple of years before livestock will get to 
them. 

There is no evidence that this system of utilization caused any 
lasting or progressive damage to the rangeland or its vegetation. 
The range, however, may have less trees than otherwise would be the 
case. Along the boundary between Turkana, Baringo, and West Pokot, 
in an area long unused because of insecurity, grazing potential has 
been reduced by an estimated 50% because grass was crowded out by an 
increased tree cover. 

Actual damage to natural vegetation in the rangeland is found 
around the settlements now springing up, settlements not dependent 
on, or created as a result of development in the livestock sector, 
but administrative centres, famine relief centres, and irrigation 
settlements. The residents of these centres, although not dependent 
on the livestock economy, need building material and firewood, and 
they try their hand at dry farming for which they clear the 
vegetation in the vicinity. In addition to that, the services 
normally concentrated in such centres—health, veterinary, shops, 
public transport—tend to attract the stock owners who then stay 
closer and move less than they otherwise would have done and their 
animals then contribute to the general devastation. This only 
confirms what the nomadic mode of life already implied: that the 
scarce natural resources simply cannot sustain permanent settlement. 
Special and deliberate care is needed to preserve and rehabilitate 
the natural environment of these settlements. This is one target 
area for planned action. 

The rangelands, especially the dry-season grazing and browsing 
areas in the riparian vegetation, are heavily dependent on the 
aquifers fed by the major rivers Turkwel, Kerio, and Suguta (all 
seasonal) in the rangelands. It is the catchments of these rivers 
that come under increasing demographic pressure, not because their 
potential is high, it is truly marginal, but they have to absorb the 
overflow from the medium- and high-potential areas. The "new" 
occupants of these areas tend to see water that passes by in streams 
and rivers as wasted, not concerned or ignorant of this water's 
life-sustaining importance for the pastoral economy. Catchments are 
then cleared of their natural vegetation and, in combination with 
the usually rugged nature of the terrain, erosion is an instant and 
virtually uncontrollable danger. This development, of course, also 
endangers the riverbank vegetation in the drylands in as much as it 
reduces flow. This is the second target area for action. 

The worst environmental degradation in the region, however, is 
found in the subhumid to semi-arid zone, mostly on the foothills of 
hills and on the escarpments. In the semi-arid range, livestock dies 
back when demand outstrips fodder availability, and this reduction 
then creates a breather for the vegetation. When fodder runs out in 
the subhumid zone, stock is withdrawn to higher ground actually not 
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far away, to descend again once the first blade of grass appears 
after the onset of the rains; in this way the vegetation never gets 
a chance to regenerate. Although the small stock may be the 
particular culprit at this stage, most of this land was originally 
under forest but cleared at a time that settlement and crop 
cultivation were considered to be indispensable steps toward 
development even if the land was not particularly suitable for the 
purpose. This is a case of recent, man-made erosion and the 
regeneration of vegetation cannot succeed without rehabilitation of 
the soils. Because of the prevailing more sedentary lifestyle, the 
land is more identified with particular groups of people and that 
opens prospects for rehabilitative management, although the 
experience with group ranches has not been very encouraging. This is 
a third area for remedial action. 

DEVELOPMENT 

A rather different issue is the productivity of the semi-arid 
rangelands. The vegetation there has established itself over 
centuries in relation to its use for nomadic pastoralism. There is 
plenty of evidence that this habitat can easily be interfered with 
to its detriment but cannot at all be easily improved. It would be 
of enormous importance for the future of these lands and the social 
status of the inhabitants if by the introduction of new vegetation 
species or varieties, or by a change in management of the range or 
any combination of these, the productivity of the vegetation arid, 
therefore, of livestock could be improved. As an illustration, there 
is some prospect that an increase and improvement of camel stock, in 
the past blocked by disease problems but now no longer so with the 
use of modern veterinary care, will help to achieve such a break 
from the traditional system. 

To date, the issue of development seems to attract less 
attention than the activities designed to prevent or limit damage to 
vegetation, for instance, in the catchments and around settlements, 
yet pastoralism in the drylands is probably the single most 
important instance of agroforestry in our national economy. This in 
itself should be sufficient reason for a development initiative 
irrespective of the need for remedial action in response to negative 
developments. But then the two issues are not unrelated. 
Conservation will always remain an embattled item in the budget 
unless and until the importance of the resources to be preserved is 
perceived in the context of development. 

The call for a developmental initiative, however, immediately 
raises a fundamental problem: the issue of economic development in 
low-potential areas. It makes good sense to concentrate development 
efforts in areas of better potential because of better and quicker 
returns on investment. That one can now afford to turn to 
development in low-potential areas is only made possible by the 
success of that policy, but now, nevertheless, it is becoming 
apparent that the lagging behind in development of low-potential 
areas can become a drag on the national economy by the recurrent 
need for relief and the steady stream of migrants from these areas 
to the urban fringe settlements. 
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Although the need for development may be clear, the method to 
achieve this is not: low potential remains low potential and 
approaches that have proved successful in areas of better potential 
may not be so in arid land; the sorry tale of the irrigation 
projects is a warning to all. We are too used (or is it addicted) to 
the model of achieving growth by making it heavily dependent on 
external inputs—material, machinery, expertise—and this always on 
the premise that the cost of these inputs can be recovered through 
market sales. The snag is that the returns on the extra inputs may 
be rather low and the overheads of cash crops too high, to offset 
the costs of the inputs. Moreover, the subsistence situation is 
often so precarious that increased productivity will go into 
consumption rather than repayment of credits and loans. If, on top 
of that, inputs like machinery or management replace labour for whom 
there is no alternative employment, and the project consumes a 
disproportionate share of resources, e.g., water, and so deprives 
other people living outside the project of their livelihood, then 
such development obviously creates many more problems than it can 
solve. 

Under the given conditions, the overriding concern should be to 
occupy local labour and to use the resources they own more 
productively so that the people may lay claim to the greater share 
of the productivity increase and so earn the improvement of their 
standard of living rather than remain dependent for that improvement 
on aid or subsidies of whatever kind. Somehow this must be achieved 
through the development of the economic system, but not necessarily 
maximal production, if that is to be achieved with external inputs, 
or by priority for cash crops that can be marketed from these areas 
only at inordinate cost because of the inevitable transport over 
long distance. In this connection, it might well be noted that, for 
the same reason, limited availability of services and similarly 
hampered retail of consumables will reduce the people's willingness 
to think in terms of cash. Concerning pastoralists, their reluctance 
to sell animals is referred to as the "cattle complex" but, in so 
far as this attitude survives today, it may have more to do with an 
imperfect market condition than with tradition. An optimum must be 
found whereby improvement of consumption can keep pace with the 
improvement of productivity, and it should be accepted that a much 
needed improvement of subsistence in terms of quantity is also 
development even if this does not go together with a significant 
increase of market produce. 

In the highlands catchments, the need for erosion control and 
preservation of the storage function calls for a new look at the 
possibilities to achieve this with crop cultivation or alternatively 
with a combination of forestry and animal husbandry. Conservation 
here is also a coordinative problem as the land users may have to 
forego a gain to save others, the pastoralists, a cost. This will 
inevitably affect the economics of living in these areas; unless 
trees assume a clear economic value almost irrespective of the 
conservation function, the land users are not likely to plant and 
protect them. 

The same can be said of trees in the rangelands although there 
they always have had the obvious function of supplying fodder. Even 
so, as Barrow (1988) explains in "Trees and Pastoralists: The Case 
of the Pokot and Turkana", an appreciation of use still does not 
necessarily mean care and protection, possibly because under nomadic 
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pastoralism the vegetation survived through natural regeneration or 
because the cost of clearing trees was not felt initially. But 
whatever the reason, it is clear that conservation and 
rehabilitation have to be integrated with use of the rangeland if 
intervention is to have any lasting effect. 

STRATEGY 

In view of the limitations dictated by environmental conditions 
in the arid lands, an approach to development whereby an impact is 
created by massive external inputs and the local residents have, at 
best, the de facto role of employees, is economically not viable nor 
is it likely to generate any benefit for the population as a whole. 
Instead, this approach has created small islands of privilege that 
cannot survive without support. 

On the other hand, involvement of the local people, with their 
resources, in development makes them, so to speak, shareholders and 
the more they contribute, the more they can benefit. This also leads 
to a more dynamic interpretation of conservation: it should be built 
into the system of economic exploitation so that the users have an 
interest in preserving and improving the productive potential. 

In the traditional systems, the element of conservation was 
built in, although the people were not consciously aware of it. The 
newly evolving conditions, access roads, service centres, and rising 
consumptive expectations, demand adjustments in these systems and, 
instead of leaving the process to take its course by trial and error 
and all the damage that goes with it, a strategy should be devised 
to maximize benefit and minimize cost. 

Given the vast expanse of land, communal ownership, and nomadic 
movement, it is impossible to conceive of this adaptation as an 
organized activity under formal authority, apart from the fact that 
we do not even have a clear picture of the adaptation required. The 
pastoral economy is a system of many still unknown and, if known, 
uncontrollable variables. Therefore, any action of whatever nature 
has a chance of success only if made or adopted as an integral part 
of the method of utilization of the range practised by the residents 
on their own initiative and responsibility. In this sense, the local 
people will have to be the implementors and, as said earlier, their 
benefit can only be commensurate with their contribution. What is it 
that they can contribute? 

The pastoralists have an unsurpassed understanding of their 
environment, the fodder and water resources, and what rain or lack 
of rain does to their availability for many months to come. This is 
matched by their insight into the qualities and limitations of the 
various species of livestock, leading to definite ideas as to the 
preferable composition of the family herd in terms of species, age, 
and sex; where each category can best be kept for grazing or 
browsing at what time of the year or season. Livestock diseases have 
no secrets for them as to symptoms and to some extent their 
etiology, i.e., whether contagious or water borne, etc. What they 
lack is remedial knowledge, and veterinary medicine is one of the 
innovations readily accepted by the stock owners even if they have 
to pay for them. 
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The home of the head of the stock-owning units is in fact like 
a nerve centre where information concerning parts of the family herd 
and the condition of the range far and wide comes together and 
decisions are made. There is evidently a considerable management 
capacity required to keep the pastoral economy working as it does, 
and that implies a great deal of flexibility including willingness 
to adopt innovations like veterinary services, to allocate some 
manpower to other even unconventional occupations as a way to spread 
risk, etc. Involvement of the stock owners will bring this capacity 
into the development process. It will also motivate them to bring 
this expertise to bear on suggested innovations to assess 
applicability and viability. 

In the more subhumid range with its semisedentary population, 
the range territories are much smaller. With better potential, but 
more widespread erosion, the focus should be on range c.q. 
vegetation management. Some work has been done to identify the locus 
of control and the nature of leadership as associated with specific 
parts of the range. The challenge is to mobilize this social 
organization for the purpose of development and not disqualify it by 
the use of overpowering resources. Traditionally, it concerned 
management of existing resources. For rehabilitation, more active 
intervention is required and that must begin with some definition by 
the land users of the problems they are experiencing and of the 
options for action for which they to some extent depend on expert 
advice from outside. On the other hand, the same outside factor has 
in various ways undermined traditional authority and social 
cohesion. For the outside concern and local need to be integrated 
into effective intervention, a mode of understanding and cooperation 
has to develop between users, the administration, and professionals. 
This understanding cannot be assumed, but a range-development 
programme can be a vehicle toward that goal. There is a film in 
which a nomadic herdsman describes project developers and 
administrators as additional environmental hazards pastoralists 
nowadays have to cope with. Genuine communication is not created out 
of the blue but develops around a common concern and a functional 
response—functional in particular to the users of the land. 
Reference can be made to the Fuel and Fodder Project in Baringo; and 
water-harvesting and extension programmes in Turkana. 

Technological and economic development cannot proceed 
separately leave alone ahead of the general developmental process 
whereby ethnic diversity evolves toward modern nationhood. Each 
technical expert is part and parcel of that general process by 
virtue of her or his presence in the rural communities. I wish they 
were more aware and trained to handle this aspect of their work. 

The catchments have a more modern-minded population; their very 
presence in often previously closed areas is evidence of this. But, 
they are also desperate to have a place to live and have to earn 
their income from a usually very small plot. Conservationists tend 
to tell them what not to do but not what they could do to increase 
their income. One cannot expect them to tend their land as if it 
were a forest reserve. What should or could they do other than 
clearing for cultivation? Here it seems technical and economic 
questions are the bottleneck. 
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CONCLUSION 

This paper makes a case for development that starts from an 
existing situation using local resources and manpower. Whereby 
external resources are only used to facilitate this approach. 
Participation by the local population can be far more than an 
expedient to save on costs. The reality in rural areas is that they 
are the ultimate implementors of development and they carry all the 
risk just like any other entrepreneur. They must develop ideas and 
skills themselves as they interact with their changing environment. 

This is definitely not a call to declare the pastoral system 
sacrosanct. The traditional land-use systems are not as effective as 
they used to be and consumptive expectations are rising. Its 
persistence is, however, not a matter of stubborn conservatism but a 
testimony to its functionality, adaptability, and internal balance. 
Ignoring traditional knowledge and skills will render the people 
incapable of participating, making them dependent on continuous 
assistance. On the other hand, incorporation of this resource (as it 
evolves) into planned development will enable the arid lands and 
their people to play their part in the modern economy on their own 
strength and share in the process of national development. 
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EDUCATION AND TRAINING FOR AGROFORESTRY 
DEVELOPMENT: A CASE STUDY OF KENYA 

Ester Zulberti, International Council for Research in Agroforestry 
(ICRAF), P.O. Box 30677, Nairobi, Kenya 

ABSTRACT Research results in agroforestry are scarce if 
compared to those available for cash and food crops. Land-use 
circumstances under which existing agroforestry technologies 
are applied and the interactions between system components 
are not, in most cases, properly understood. The research 
constraint is further aggravated by a shortage of trained 
and experienced professionals with the knowledge and skills 
to integrate several disciplines that together must be 
combined in researching, planning, and managing agro
forestry. 

Agroforestry education and training have been 
constrained by the lack of validated scientific information 
and methods, rigid institutional structures, lack of 
appropriate training materials, inadequately prepared 
lecturers and trainers, and a lack of awareness about the 
potentials of agroforestry in policymakers and planners. 

A brief review of the present state of agroforestry 
education and training programmes, in general, is presented 
in the first part of this paper. Information is mainly 
presented from English-speaking countries. This is followed 
by a section on agroforestry education and training in Kenya 
and the present and future possible directions. 

The number of national and international research institutions, 
development and donor agencies, NGOs and other organizations that 
have taken up agroforestry or agroforestry-related activities has 
increased rapidly over the last few years. Validated scientific 
information on agroforestry, however, is still scarce if compared to 
research results and methods available for cash and food crops. 
Furthermore, land-use circumstances under which existing 
agroforestry technologies are applied and the interactions between 
system components are not, in most cases, properly understood. 

The research constraint is further aggravated by a shortage of 
trained and experienced professionals with knowledge and skills to 
integrate several disciplines which tpgether must be combined in 
researching, planning, and managing agroforestry, affecting 
agroforestry development (Contant, 1980; Huxley, 1980). 

The development and implementation of agroforestry education 
and training programmes have been impaired by several factors: rigid 
institutional structures, in the case of research and development, 
have not allowed for programmes spanning various disciplines; lack 
of validated scientific information on agroforestry technologies in 
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tropical and subtropical (developing) countries; lack of appropriate 
instructional materials; inadequately prepared lecturers and 
trainers; and lack of awareness about the potentials of agroforestry 
in policymakers and planners (Zulberti, 1987), 

In summary, agroforestry research and development is 
constrained by the lack of trained professionals and rigid 
institutional structures, while at the same time, the training of 
professionals in agroforestry is equally constrained by insufficient 
information from research programmes and rigid institutional 
structures. Yet, agroforestry is fast becoming incorporated in 
education and training programmes as an experimental science which 
can be taught. The paradox presents, no doubt, an interesting 
challenge for scientists, educators, and policymakers interested in 
agroforestry developments. 

A distinction between the terms "education" and "training" is 
appropriate at this stage. Education refers to broader, longer term 
studies to achieve a higher academic qualification. Training refers 
to relatively short-term, in-service study to achieve a higher level 
of technical knowledge and/or skills. 

Agroforestry in Degree Programmes 

In response to the need for information on agroforestry in 
existing education programmes at the undergraduate and postgraduate 
levels, ICRAF conducted, in 1987, a survey of educational 
institutions in English-speaking countries. Over 60 institutions 
were contacted in Africa, Australia, Europe, India, and North 
America. Information was requested on degree programmes in which 
agroforestry or agroforestry-related subject matter had been 
incorporated in the academic syllabus. Also, we wanted to know 
whether agroforestry research was ongoing or planned. 

Information received from 43 institutions complemented that 
which was already available to ICRAF. It also showed that the 
systematic gathering and updating of information on "where" and 
"how" agroforestry is incorporated in existing programmes worldwide, 
is a task that requires larger human and financial resources than 
are at present available in a single institution like ICRAF. 

A summary of institutions where agroforestry or related areas 
have been incorporated in degree programmes is presented in the 
annex together with information on the institutional arrangement 
adopted, e.g., faculty, department, or programme. 

Today agroforestry or related subject matter has been 
incorporated in teaching and research programmes at an unprecedented 
level. Agroforestry is found as option for specialization in the 
last year(s) of B.Sc. or diploma programmes; in courses and special 
seminars in undergraduate and postgraduate programmes; full 
programmes in agroforestry are being formulated at B.Sc. and M.Sc. 
levels and implementation has started already in a quite a few 
institutions; there are many students choosing agroforestry-oriented 
research projects for their dissertations. The list can go on. 

Some difficulties were encountered in trying to analyze the 
survey information. These were related to the fact that, in general, 
programme descriptions or standard lists of course offerings do not 
reflect the scope and methods used in teaching agroforestry. 

First of all, agroforestry is seldom called "agroforestry". 
Subject matter in agroforestry or related areas can be found, may be 
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rightly so, under programmes in forestry, environmental studies, 
natural resources, resource and conservation, forestry and range 
management, rural agricultural development, environmental forestry, 
horticulture and forestry, agriculture and forestry, and so on. The 
institutional "niches" given to agroforestry are almost as varied as 
the number of institutions themselves. Common approaches are neither 
probably feasible nor promoted at this time; however, going the 
opposite way does not facilitate the systematic gathering and 
analysis of information on this subject. Are there better ways to 
go about assessing the extent to which agroforestry is incorporated 
in existing programmes and to identify teaching methodologies used? 

Second, a good setting for higher degree training in 
agroforestry aspects requires well-equipped and well-staffed, 
combined faculties of agriculture, forestry, and others. Above all, 
it requires a strong faculty commitment to a farming systems 
approach and the concomitant interdepartmental cooperation in 
teaching and research. Are these elements present in existing 
programmes where agroforestry has been incorporated? 

Third, agroforestry research projects that meet the 
requirements of postgraduate students have to be completed in 9 
months or up to 2 years. This kind of project is difficult to design 
except when it is a constituent part of research programmes of 
greater amplitude and of an interdisciplinary nature. Such 
programmes have to be conducted by a team of permanent staff of the 
institution who at the same time act as joint supervisors for the 
student projects. How are universities that have incorporated 
agroforestry in the academic syllabus dealing with the research part 
of the programme? 

Taking into consideration the questions above, there are 
several points that can be made on the present state of agroforestry 
education at degree level with a certain degree of certainty: 
(a) Traditional forestry programmes seem to be broadening the scope 
of the discipline. Although still concerned, as they probably 
should, with the protection and/or exploitation of natural and 
planted tree communities, programmes are showing a gradual move 
towards "forestry and natural resources", "forestry and resource 
management", "environmental forestry", "horticulture and forestry", 
etc. The trend, one hopes, can be in recognition that a new kind of 
tree specialist is needed, trained to think in terms of integrated 
land-use systems (rather than in terms of forests); 
(b) Agroforestry is finding a proper "niche" in agriculture. 
Agriculturists have always considered trees as crops but there has 
been a long time neglect, which is changing now in the right 
direction, to recognize trees as soil improvers and soil protectors; 
producers of fodder, food and fruit; and as producers of wood for 
fuel, building, fencing, and other domestic and commercial purposes; 
(c) The term "agroforester" is one which, as yet, not many 
professional bodies dealing with land-use research, development, or 
teaching, officially recognize. The role of the agroforester, 
however, as a professional "integrator" in multidisciplinary 
research and development projects where the tree plays a major role, 
is becoming clearer; 
(d) Full programmes in agroforestry are being developed at 
undergraduate (the University of the Philippines in Los Banos), 
postgraduate M.Sc. (University College of North Wales in Bangor), 
and diploma (University of Science and Technology in Kumasi) 

287 



programmes. Six years ago they were only found in nondegree training 
programmes (Zulberti, 1987). They provide valuable information from 
where to learn and gather experience; 
(e) Institutional structures are being created to allow for 
education programmes with course-work and research projects cutting 
across several disciplines. Examples are presented in the annex. 

All in all, progress is being made, in some areas faster than 
in others, towards the incorporation of agroforestry in education 
degree programmes. The major constraints are being addressed in one 
way or another. The critical issue, I believe, is not so much the 
identification of recipes to teach agroforestry at degree level—as 
programmes will have to respond to different training needs and 
country conditions—but to understand the rationale of approaches 
already developed by different institutions. If experiences, 
positive or otherwise, are shared, chances are that we will be in a 
better position to identify paths which are cost effective and can 
better respond to human resource development needs in developing and 
developed countries. 

Agroforestry in Nondegree Training Programmes 

Short-term training leading to the upgrading of professional 
knowledge and skills in agroforestry has seen in the last few years 
an upsurge of activities equal, if not larger, to that in education. 
And, like in education, keeping updated records on courses, 
workshops, conferences, etc., organized at the national, regional, 
or international level is no small task. 

ICRAF keeps an inventory of short-term, in-service courses 
organized on a regular basis, e.g., annually, where agroforestry is 
either the main topic or just a theme in a larger programme. A 
summary of information on in-service courses offered in 1988 which 
are also expected to be held in 1989 and, probably, onwards is in 
the annex. 

The assessment of effectiveness and efficiency of all courses 
available at present on agroforestry is beyond the scope of this 
paper. There are, however, some important issues related to 
agroforestry training that need attention: 
(a) Commodity-based, on-farm research is inadequately addressed for 
the needs of the national agricultural research systems (NARS) and 
requires a holistic approach that goes beyond the mandates of 
commodity institutions, national and international alike. The 
diversity of approaches and methods offered in training has had a 
negative impact on both the process and the credibility of 
'institutions involved. Institutions can coordinate on-farm research 
activities with the participation of those working in the same 
geographical regions. To initiate, plan, and coordinate this effort, 
lead institutions need to be identified. 
(b) Disciplinary-oriented topics which cut across the research of 
many national institutions or international centers can be addressed 
collaboratively by those which have ongoing programmes and therefore 
the comparative advantage to do so. At the international level, such 
courses are, at present, already being offered: agroforestry by 
ICRAF, agroclimatology by ICRISAT, educational technology by IRRI, 
and fertilizers by IFDC. An inventory of such like courses is needed 
at the national, regional, and international level. 
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(c) In some countries, national agricultural universities are part 
of the NARS while in others they are not. Approaches are to be 
explored to evolve linkages with universities and national, 
regional, and international institutions, including agreements for 
thesis research, contracted research at the universities, faculty 
participation in training events, etc. 
(d) In the absence of staff trained in agroforestry, the 
organization of short-term in-service training is of importance, 
particularly for teaching staff and research workers but also for 
policymakers, planners, and higher administrators. Few national 
institutions, however, have the required combination of resources, 
e.g., human, training materials, research projects, etc. to teach 
agroforestry. Collaborative activities can be identified which can 
be jointly addressed by national, regional and international 
institutions. 
(e) The materials needed for teaching agroforestry must cover both 
principles and practices. There is no lack of written matter from 
all the important scientific subject areas to underpin the 
theoretical foundations for understanding and evaluating 
agroforestry land-use systems and practices. The task of 
interpretation and selection is, however, harder in some areas 
(socioeconomics, crop physiology) than in others (soil science). 
Qualified groups of specialists are needed to prepare digests of 
information within each discipline (Zulberti ed., 1987). ICRAF has 
made a significant contribution, e.g., the Agroforestry Systems 
Descriptions series, the Agroforestry Systems journal, development 
of training materials for ICRAF's organized courses, etc. The need 
for training materials in agroforestry worldwide, however, far 
exceeds resources at present available to the Council. Recently, a 
specific Agroforestry Training Materials project proposal was 
submitted for donor support. 

AGROFORESTRY EDUCATION AND TRAINING IN KENYA 
PRESENT STATE AND POSSIBLE FUTURE DIRECTIONS 

Agroforestry in Degree Programmes 

There is no university in Kenya at present offering degree 
programmes in agroforestry. Agroforestry subject matter and 
agroforestry research are, however, present in one way or another in 
undergraduate and postgraduate programmes at Egerton University, 
the University of Nairobi, and Kenyatta University. At Moi 
University, plans are underway to start in the near future 
agroforestry undergraduate and postgraduate programmes (Owino and 
Sang, 1988). Efforts have also been made to include environmental 
issues in education programmes, e.g., biological sciences (Wangati 
and Makau, 1988). 

A proposal for a 5-year postgraduate fellowship programme in 
agroforestry was submitted for donor support in 1988 by ICRAF to 
train human resources from collaborative national institutions under 
the Agroforestry Research Networks for Africa (AFRENA) in Eastern 
Africa. Kenya participates in this network together with Burundi, 
Rwanda, and Uganda. The programme will allow, if funded, a 
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three-person multidisciplinary team from each country to undertake 
postgraduate studies at the M.Sc. level. Although course-work may 
initially have to be done abroad, thesis research is to be 
undertaken "in-region". 

A similar programme is already under implementation in AFRENA 
Southern Africa (Malawi, Tanzania, and Zambia) where the first batch 
of national scientists started course-work in 1988 at the University 
of Florida and Michigan State University in the USA and McGill 
University in Canada. 

The survey of existing postgraduate programmes in 
English-speaking countries mentioned above, was conducted by ICRAF 
in 1987 in response to human resource development in AFRENA. 

There are several advantages in training researchers from 
developing countries in overseas universities: there is greater 
scope for specialization; courses are programmed and advertised well 
in advance; students are more likely to complete course-work on 
time; most courses are well established and have excellent resource 
facilities; and students are able to work with experienced, 
full-time professors. There are, however, also a number of 
disadvantages. First, there is the problem that unless the syllabi 
can be tailored to the conditions that prevail in the region, 
courses may not be relevant. Second, it is important that the M.Sc. 
as well as the Ph.D. dissertations are on topics of direct concern 
to countries: this means that fieldwork must be undertaken in the 
region. Finally, there is the cost factor. It has been estimated 
that the annual cost for M.Sc courses in Europe or North America is 
more than three times the equivalent figure for universities in the 
region (Council for Science and Technology of Kenya and 
International Service for National Agricultural Research, 1982). 

Having said this, it should be mentioned that ICRAF is prepared 
to technically backstop initiatives for the establishment of a 
postgraduate programme in agroforestry in East Africa (the 
Agroforestry Postgraduate Programme for Africa,) in partnership with 
an African university and implemented with the participation of one 
or more educational institutions overseas, ICRAF and other IARCs or 
regional centers. Agroforestry in technical training programmes 
agriculture and forestry training is available in Kenya at two 
levels of formal technical training: diploma level and certificate 
level. 

Agroforestry in Technical Programmes 

Diploma-level institutions, Jomo Kenyatta University College of 
Agriculture and Technology and Londiani Forestry College, produce 
staff for a variety of higher technical functions in the 
agricultural and forestry sectors as well as teachers for 
certificate-level agricultural and forestry schools. Certificate 
-level institutions, such as Embu Agricultural Institute, Bukura 
Agricultural Institute, Ahiti Animal Husbandry College, and again 
Londiani College, produce the extension agents at district and 
village level, as well as teachers for farmers' training centres. 

In contrast with university education, where the principal 
objective is to train students in conceptual thinking, training at 
the middle level is aimed at imparting technical knowledge and 
information. For agroforestry, this means that a considerable body 
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of proven and locally adapted methods and techniques for integrated 
systems involving trees or bushes must be available before technical 
training can be undertaken. This stage has not been reached yet, 
perhaps with the exception of developments at the CARE/Kenya project 
in Siaya and South Nyanza districts (Scherr, 1988). 

An important start can be made by developing a special unit or 
half-unit course in agroforestry, to explain and demonstrate the 
various ways in which trees can contribute to soil improvement, 
water conservation, food, fodder, and wood supply, etc., with 
practical examples of successful agroforestry practices. There are 
materials already developed for the CARE/Kenya project that could 
provide a good starting point. 

Some of the best staffed and equipped diploma-level 
agricultural colleges could also carry out agroforestry field trials 
and conduct farm surveys to identify the use of trees in rural 
communities. 

Agroforestry in Short, In-Service Courses 

The need of short, intensive courses has already been advocated 
in the present seminar (Wangati and Nakau, Getahun, Owino and Sang) 
for in-service training of staff of various categories: university 
teachers and research scientists; policymakers, planners and senior 
administrators; teaching staff of higher technical colleges, 
agriculture and forestry officers, extension officers, etc. 

Short agroforestry courses of a general nature are the most 
easily designed. They are, perhaps, the necessary precursors to more 
specialized ones at undergraduate and postgraduate levels, 
considering that those teaching these courses will themselves have 
to learn by experience (Contant, 1980). In Kenya, such courses could 
be organized jointly by the agricultural and forestry research 
institutes with the technical support of different branches from the 
ministries of Agriculture, Livestock Development, Environment and 
Natural Resources, Energy, Research, Science and Technology, and the 
participation of Centres like ICRAF, CYMMIT, and others. A lead 
institution should, however, assume the main coordinating 
responsibility. 

ICRAF launched, in 1983, a series of international 3-week 
courses on Agroforestry Research for Development: concepts, 
practices and methods. The courses aim to strengthen the capability 
of research scientists in developing countries to initiate and 
implement agroforestry research leading to the generation of 
technologies that are both suited to local conditions and adoptable 
by farmers. The programme focus is on the ICRAF-developed Diagnostic 
and Design (D&D) methodology to undertake interdisciplinary 
identification of land-use problems and potentials and establish 
priorities for research, development and testing of sound 
agroforestry. 

To date, 10 international courses have been organized. Six of 
them took place in Kenya. Over 250 research scientists from national 
institutions in Africa, Asia and the Pacific, and Latin America and 
the Caribbean regions have attended these international courses. 
Kenyan participants (total 29) are the largest number of researchers 
trained from a single country. 
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One of these training courses was organized in November 1987 in 
Kenya for national task forces from national institutions in the 
AFRENA (East Africa). Practical field exercises were then conducted 
in Embu District. 

Other Training Activities in AFRENA (East Africa) 

An integrated "research" and "training" approach has been 
followed in the AFRENA (East Africa) as a more effective way to 
support agroforestry research networking and strengthening of 
national research capabilities. Short, in-service courses and 
postgraduate education activities were previously mentioned. 
Workshops, residential training, and field trips complement the 
above. 

Creating opportunities for interaction among the different 
parties connected with agroforestry research is an important element 
in developing research capability. A total of five technical 
workshops were organized in 1987-1988 at different stages of the 
planning, formulation, and implementation of agroforestry research 
in the network. Three workshops were organized in Kenya and the rest 
in Burundi and Rwanda. A field trip to different experimental sites 
in Kenya was arranged immediately after the last Kenya workshop in 
September 1988. 

A 6 month on-the-job training course was offered in 1987 to the 
leaders of the national task forces from each AFRENA country. 
Candidates from Burundi, Kenya, Rwanda, and Uganda joined an ICRAF 
multidisciplinary team in conducting several land-use identification 
exercises leading to the formulation of agroforestry research. 

Final Remarks 

The effect of agroforestry education and training programmes in 
human resource development will ultimately be seen in what national 
research and development institutions in Kenya accomplish in the 
generation and adoption of appropriate agroforestry technology. 

A number of efforts have already been made. There is, however, 
a great deal that national institutions can do to stimulate the 
desired re-orientation and integration of teaching and research in 
agriculture and forestry. Interdisciplinary and interinstitutional 
collaboration is required "to keep a balanced concern for the 
protection of natural resources on the one hand and the pressing 
needs of the rural people on the other" (Contant, 1980). 

Kenyan institutions have benefited, and will continue to do so, 
by participating in ICRAF-organized training programmes and having, 
in general, access to specialized agroforestry information, 
documentation, and materials. ICRAF has also benefited greatly from 
this close association and interaction with national research, 
development as well as teaching institutions in Kenya, particularly, 
as it was previously mentioned (Kamau, 1988), in the testing and 
refinement of research methodologies and training approaches. We 
hope that this collaboration will generate methods and materials of 
use by agroforestry education and training programmes particularly 
in Kenya, but also in agroforestry education and institutions 
worldwide. 
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ANNEX 

AGROFORESTRY IN DEGREE PROGRAMMES* 

A. Agroforestry, or elements of agroforestry, are at present found 
in the following undergraduate B.Sc. or Diploma programmes: 

Forestry - Australian National University (Australia), 
University of Guelph (Canada), University of Toronto (Canada), Moi 
University (Kenya), Egerton University (Kenya), Gadjah Mada 
University (Indonesia), University of the Philippines at Los Banos 
(Philippines), University of British Columbia (Canada); 

Forestry and Resource Management - University of California 
in Berkeley (USA), University of Ibadan (Nigeria); 

.Forestry and Natural Resources - Edinburgh University (UK); 

.Social Forestry- Institute Pertanian Bogor (Indonesia), 
University Pertanian Malaysia (Malaysia); 

.Forest and Wood Sciences - Colorado State University (USA); 

.Agriculture and Forestry - Escuela de Ciencias Ambientales 
(Costa Rica), Universidad Nacional Heradia (Costa Rica), Instituto 
Tecnologico Cartago (Costa Rica), Facultad de Agronomia (El 
Salvador), Universidad de San Carlos (Guatemala), Universidad 
Saldivar (Guatemala), Facultad de Agronomia y de Ciencias Forestales 
(Honduras), Universidad Autonoma (Mexico), Colegio Superior de 
Agricultura Tropical (Mexico), University of Aberdeen (UK); 

.Management Development Programme for Africa - Silsoe College 
(UK); 

. Veterinary Medicine and Animal Science - University 
Pertanian Malaysia (Malaysia); 

.Biology - Wau Ecology Institute (Papua New Guinea), 
Universidad Centro Americana (Nicaragua); 

.Botany and Horticulture - University of Hawaii (USA); 

.Agroforestry - Memorial State University (Philippines), 
University College of North Wales in Bangor (UK); 

.Natural Sciences - Facultad de Cienceas Ambientales 
(Guatemala). 

*Full addresses of institutions are available at ICRAF on request. 



B. Agroforestry, or elements of agroforestry, are found in 
postgraduate M.Sc, or Diploma programmes as follows: 

.Forestry- Australian National University (Australia), 
University of Melbourne (Australia), Facultade de Ciencias Agrarias 
do Para (Brazil), Universidade Federal Rural de Pernambuco (Brazil), 
Universidad de Santiago (Chile), Universidad de Caldas (Colombia), 
University of New Brunswick (Canada), Moi University (Kenya), 
University of Canterbury (New Zealand), University of Technology 
(Papua New Guinea), Kasetsart University (Thailand), Universidad 
Agraria La Molina (Peru), Michigan State University (USA), Oregon 
State University (USA), University of Illinois (USA), Texas A&I 
University (USA); 

.Forest Management - Ibadan University (Nigeria); 

.Forestry and Environmental Studies - Yale University (USA); 

.Forestry and Natural Resources - Colorado State University 
(USA); 

.Forestry and Resource Management - University of California 
in Berkeley (USA); 

.Tropical Forestry- Wageningen Agricultural University (The 
Netherlands); 

.Forestry and Range Management - Washington State University 
(USA); 

.Forestry for Rural Development - International Institute for 
Aerospace Survey and Earth Sciences (ITC) and the International 
Agricultural Centre (IAC) (The Netherlands); 

.Community Forestry in Rural Development - same as for 
Forestry and Rural Development;; 

.Social Forestry- University Pertanian Malaysia (Malaysia), 
University of Reading (UK), Oxford University (UK); 

.Environmental Forestry - University College of North Wales 
in Bangor (UK); 

.Environmental Studies - University of the Philippines at Los 
Banos (Philippines), University of East Anglia (UK); 

.Horticulture and Forestry - University of Horticulture and 
Forestry in Solan (India); 

.Agriculture and Forestry - University of Aberdeen (UK) 

.Agricultural Development - Technical University of Berlin 
(Germany); 

.Agriculture - University of Maine (USA); 
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.Agricultural Sciences and Natural Resources - Universidad de 
Costa Rica/Centro Agronomico Tropical de Investigacion y Ensenanza 
(CATIE) (Costa Rica); 

.Renewable Natural Resources - University of Science and 
Technology in Kumasi (Ghana); 

.Management Development Programme for Africa - Silsoe College 
(UK). 

B. Agroforestry in Nondegree Training Programmes (see Table 1) 
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SOME EXAMPLES OF INSTITUTIONAL STRUCTURES CREATED TO ALLOW FOR 
EDUCATIONAL PROGRAMMES SPANNING MANY DISCIPLINES 

(1) The University of Alberta has a unique Faculty of Agriculture 
and Forestry in Canada, where two land-based disciplines are both 
taught as Faculty programmes and share some of the common basic 
subjects. Although the Faculty offers no formal course in 
agroforestry as such, it is able to provide synthesis courses in 
this subject through directed studies and research work. 

(2) The University College of North Wales (UK) formed the School of 
Agricultural and Forest Sciences with a land-management bias. In 
addition, the Centre for Arid Zone Studies was created within the 
framework of the School to deal with problems of land use in 
difficult environment in the semi-arid and arid tropics. A 3-year 
B.Sc. degree programme in agroforestry is offered. At the 
postgraduate level, there is no specialized formal agroforestry 
teaching, but there are research opportunities. 

(3) The University of Melbourne is at present the only one in 
Australia in which both agriculture and forestry are represented. 
Research in agroforestry has been proceeding for some time. Having 
developed a strong research base, the Faculty has now moved to 
develop graduate training in agroforestry. A course-work programme 
cutting across disciplines has been developed with particular 
strengths in agroforestry. Students who achieve a satisfactory 
result in the postgraduate diploma course-work can transfer to 
complete a Master's degree by research (in 2 years). 

(4) Also in Australia, the Department of Forestry at the Australian 
National University, will merge with the Department of Geography in 
1989 to become the School of Resources and Environmental Management 
where postgraduate (and undergraduate) courses in agroforestry will 
continue to be taught. Agroforestry research is actively pursued by 
the Forestry Department and the Centre for Forestry in Rural 
Development in Australia, Africa, Asia, and the Pacific. 

(5) The Centre for Semi-Arid Forest Resources at the Caesar Kleberg 
Wildlife Research Institute of Texas A&I University in the US 
conducts research leading to the improvement of valuable plants for 
arid and semi-arid regions. Information obtained from these studies 
is being applied in the development of international agroforestry 
programmes. Even though no formal agroforestry courses are 
available, M.Sc. degrees are offered by the Department of 
Agriculture with thesis research in agroforestry. 

(6) The International School of Forestry and Natural Resources at 
Colorado State University in USA offers non-degree and degree 
programmes at M.Sc. and Ph.D. levels in forestry where course-work 
include forestry, horticulture, and agronomy as well as specialized 
courses in agroforestry. 



(7) The Yale Tropical Resources Institute (TRI), created in 1984, 
provides a focus for tropical resources studies and training at Yale 
University in the US. TRI has a broad-based curriculum in tropical 
natural resources research and management. Courses in tropical 
forestry typically include tropical economic botany, tropical 
ecology, rural development sociology, and tropical natural history. 
Students have access to classes in the departments of Anthropology, 
Economics, Political Science, Sociology, the School of Organization 
and Management, and others. ICRAF is a member of TRI's Advisory 
Group. 

(8) At the University of Florida, the School of Forest Resources 
and Conservation is a unit of the College of Agriculture. The 
primary objective of the School's three departments—Forestry, 
Wildlife and Range Sciences, and Fisheries and Aquaculture—is to 
provide professional education in the areas of forestry, wildlife 
ecology, and resource conservation. An agroforestry course started 
for the first time in January 1988. In addition to this course, UF 
offers courses in Farming Systems Research/Extension, Food in 
Africa, Tropical Forestry, and other issues related to agricultural 
development and natural resource management where agroforestry 
elements are included. 

(9) At the University of Ibadan in Nigeria, the Faculty of 
Agriculture and Forestry offers agroforestry at the undergraduate 
level in the Department of Forest Resources Management as a 3 unit 
course during the fourth year which is also a practical year. In 
addition, introduction to land-use planning is taught in the third 
year and multiple land-use is offered in the fifth year. The 
Department of Forest Resources Management has been involved in 
agroforestry research for some time. 

(10) The Institute of Renewable Natural Resources at the University 
of Science and Technology in Kumasi was established in 1982 to 
promote the proper management and utilization of forests, savannahs, 
wildlife, freshwater fisheries, and watersheds through teaching, 
research, and extension. Four Departments, representing the areas 
mentioned above, have been involved in offering courses leading to 
B.Sc, Diploma, and M.Sc. in "renewable natural resources" and "wood 
technology and industrial management". Courses are designed to train 
graduates in a multiple-use management approach based on the 
ecosystem concept "to plan for the whole rather than any one 
particular resource and be able to discuss intelligently with and 
seek advice from other specialists" (Asare, 1984). Agrosilvopastoral 
research integrating tree crop, food crop, and small ruminants have 
been conducted. A postgraduate diploma course in agroforestry 
started in 1988, 
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CURRICULUM DEVELOPMENT FOR UNDERGRADUATE AND POSTGRADUATE 
TRAINING IN AGROFORESTRY 

F. Owino and F.K. Sang, International Council for Research in 
Agroforestry (ICRAF), P.O. Box 30677, Nairobi, Kenya, and Moi 

University, Eldoret, Kenya, respectively 

Abstract Although the practice of agroforestry dates 
back perhaps to the origins of agriculture, the development 
of the discipline of agroforestry has only been realized 
in the last 20 years. It is not surprising, therefore, that 
very few training institutions (including universities) 
have started training programmes around this discipline. 
In its present stage of development, the discipline of 
agroforestry is far broader than a simple combination of 
agriculture and forestry disciplines. It should, therefore, 
not be assumed that the existing curricula for agriculture 
and forestry training at universities provide sufficient 
bases for effective training. 

Only a few institutions across the globe have developed 
specific agroforestry training programmes at the 
undergraduate and postgraduate levels to date. Notable 
among these are the University of the Philippines at Los 
Banos for undergraduate training and the Centro Agronomico 
Tropical de Investigacion y Ensenanza (CATIE, Turrialba, 
Costa Rica) for postgraduate training. Besides these full 
degree programmes, many universities are already offering 
agroforestry courses as components of other degree 
programmes or as short courses at both the undergraduate 
and postgraduate levels. 

Focusing on the Kenyan scene, several papers presented 
at this seminar have underscored the great potential role 
agroforestry will play in the country's development. 
Arrangements for appropriate manpower training at 
professional and technical levels are a prerequisite for 
effective implementation of agroforestry activities in the 
country. This paper discusses arrangements for agroforestry 
training at the professional level. 

Professional training in agriculture in Kenya started with the 
establishment of the Faculty of Agriculture at the University of 
Nairobi in 1970. This faculty at present comprises seven teaching 
departments: Agricultural Economics, Agricultural Engineering, 
Animal Production, Crop Production, Food Science and Technology, 
Soil Science, and Range Management. The faculty offers training 
towards the following academic awards: B.Sc. (Agriculture), B.Sc. 
(Agricultural Engineering), B.Sc. (Food Science and Technology), and 
B.Sc. (Range Management). The faculty also benefits from teaching 
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inputs from other faculties at the university notably the Faculty of 
Science, the Faculty of Law, and the Faculty of Engineering. 

The Faculty of Agriculture of the University of Nairobi offers 
postgraduate training at diploma, M.Sc, and Ph.D. levels. The M.Sc. 
programmes comprise one year of course-work and a further year of 
thesis research. The faculty at present offers M.Sc.-level training 
in agronomy, agricultural economics, plant breeding, plant 
pathology, soil science, and animal production. The Ph.D. degree is 
obtained through thesis research. 

Egerton University started professional agricultural training 
in 1987, offering undergraduate programmes in general agriculture 
and in such specialized areas as horticulture, agricultural 
education, and agricultural engineering. This university has not yet 
developed postgraduate training programmes. 

Professional training in forestry in Kenya started with the 
establishment of the Department of Forestry within the Faculty of 
Agriculture of the University of Nairobi in 1977. This department 
was transferred to Moi University in 1984 and expanded into the 
Faculty of Forest Resources and Wildlife Management. This faculty 
offers training towards the following academic awards: B.Sc. 
(forestry), B.Sc. (wildlife management), and B.Sc. (wood 
technology). Moi University has recently completed planning for the 
start of M.Sc. programmes in a range of forestry sub-disciplines and 
will soon offer training at that level. 

CURRICULUM DEVELOPMENT FOR UNDERGRADUATE STUDENTS 

In curriculum design, the general and specific goals of the 
training programme must be clearly defined. The general goal of 
professional training in agroforestry is the production of personnel 
with proven proficiency to use a set of technical solutions 
involving trees, crops, and animals in order to answer a range of 
technical and non-technical problems (Stocking, 1987). Such problems 
could be related to sustainability of land productivity, soil 
erosion, rural poverty, etc. The specific objectives of the training 
programme should be the production of personnel with sufficient 
planning skills, supervisory skills, management skills, technical 
know-how and links with the community for effective implementation 
of agroforestry activities. 

The educational model on which the curriculum is based is 
presented in Figure 1. It is important to stress that any curriculum 
should respond to changes in times and circumstances. However, such 
necessary changes should await proper evaluation after the graduates 
have been tested for sufficient periods in the field. Such 
curriculum evaluation should apply the criteria of appropriateness, 
effectiveness, and efficiency. 
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Table 1. Core Courses 

Year I 

History 
English language 
Technical writing 
Communication skills 
Mathematics 
Biology 
Geography 
General science 
Rural sociology and community 
development 
Economics I (nicro) 

Year III 

Ecology 
Soil science 
Principles of land use planning 
Principles of silviculture 
Plant taxonomy and dendrology 
Forestry economics I (micro) 

Crops product on 
Animal production 

Surveying aer:.al survey 
(Remote sensing) 

for Agroforestry Training 

Year II 

- Plant morphology 
- Plant physiology 
- Chemistry 
- Chemistry 
- Statistics 

- Applied biology 
- Physical geography 
- Plant Taxonomy and 
- dendrology 
- Economics II (macro) 

Year IV 

- Farm management ] management of 
- Forest management] rural enterprises 
- Economics II (macro) 
- Integrated land use planning 

- Extension and mass communications 
- Methods 
- Utilization of tree 
products 

- Project exercise 
- Practice of agroforestry 
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The list of core courses recommended for professional training 
in agroforestry is presented in Table 1. The recommendations are 
based on a 4-year degree programme according to the 8-4-4 system of 
education currently being implemented. It should be clear from the 
mixture and sequence of recommended courses that professional 
training in agroforestry cannot be achieved through a simple 
combination of existing agriculture and forestry courses. Neither 
will agroforestry option courses in the final year of agriculture or 
forestry training be sufficient. 

CURRICULUM DEVELOPMENT FOR POSTGRADUATE STUDENTS 

It is desirable that both the M.Sc- and Ph.D.-level programmes 
have strong course-work components. The core courses should be the 
same as recommended for Year III and Year IV (see Table 1) but at 
advanced levels. In addition to the courses listed, courses in 
research methodology and statistics should be offered at these 
levels. 

Postgraduate training should be implemented within the country 
or within the region except in situations where staff expertise and 
facilities are only obtainable elsewhere. 

SHORT COURSES FOR CONTINUING EDUCATION 

There is an urgent need for universities offering forestry and 
agriculture training to arrange for short courses to retrain 
practising foresters and agriculturists on the concepts and 
practices of agroforestry. Such courses should be short in duration 
(3-4 weeks) and held at regular intervals. 

Agroforestry, being a very young discipline, poses peculiar 
challenges with respect to training. No national institution 
currently has the required staff and teaching materials for 
agroforestry short courses. It is, therefore, suggested that a 
collaborative project between ICRAF and an appropriate Kenyan 
university be formulated towards the immediate start of frequent 
short courses in agroforestry. It is further suggested that, 
developing directly from this collaborative project on agroforestry 
training, a solid base be established for an agroforestry 
postgraduate training programme for Kenya. 

NONCURRICULUM ISSUES IN PROFESSIONAL AGROFORESTRY TRAINING 

There are many important factors which influence the 
effectiveness of a training programme besides an appropriate 
curriculum. Under the embracing term "ethos", are such factors as 
the students' commitment to excellence in academic and practical 
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work, professional ethics, and good behaviour. Of even greater 
importance is the uncertain employment prospects for the 
agroforestry graduate (Burley, 1987). Career opportunities should be 
clearly identified and established by national development planners 
before the start of undergraduate training programmes. 



AGROFORESTRY DEVELOPMENT AND 
THE FIELD FORESTER 

E.N. Nuchiri and E.N. Kibuka, Kenya Forestry College, P.O. Box 8, 
Londiani, Kenya 

Abstract The first part of this paper gives a brief 
history of the Kenya Forestry College, Londiani; the second 
deals with agroforestry courses taught in the college, and the 
third covers a tour made by the authors to find out what is 
really happening in the field. 

The Kenya Forestry College was founded in 1957. It had a 
major role of training forest rangers who were expected to 
work in forest stations under foresters. The training was, 
therefore, geared to running a forest estate. The foresters' 
course was offered in Egerton College as from 1962-1968. 

In 1969, the college started a certificate course which 
invited applicants with similar qualifications to the 
diploma course. These certificate students used to undergo 
2-year certificate training, work in the field for 3 years, 
and then sit for promotion exams after which successful 
candidates underwent a 1-year course and graduated as 
foresters. 

The agroforestry course was introduced in 1975 and was 
covered under the extension programme. This was due to growing 
needs brought about by the Rural Afforestation and Extension 
Scheme (RAES) which had been started in 1971. In 1982, the 
college started a 3-year diploma training course. The 
recommitted bunch of students went through by 1986. During 
the same period the college was training in-service students 
who were taking one year. The college has expanded tremendously 
with a capacity of 200 students and a staff of 18 
instructors. 

The main objective of the agroforestry course at the Kenya 
Forestry College is to introduce to students the elements of 
discipline. The material covered is divided into the following 
topics: 
(a) Introduction to agroforestry 

(i) Definition of agroforestry, 
(ii) Reasons for its increasing importance, 
(iii) Advantages and disadvantages, 
(iv) Benefits of studying traditional usage, 
(v) Classification systems by crop components, 
(vi) Relationships of trees with agriculture and rural 

development, and 
(vii) Citing examples of successful agroforestry interventions. 

306 



(b) Ecological concepts 
(i) Trees as a means to increase biotic stability by 

diversification as opposed to monoculture, 
(ii) Trees and energy flow, 
(iii) Trees and biogeochemical properties—nutrients 

cycling, mycorrhizal effects, etc., and 
(iv) Trees and soil structure, soil surface, water and 

saline pools, microclimate, etc. 
(c) Agroforestry systems 

(i) Agrisilviculture 
(ii) Silvipasture 
(iii) Aboriculture 
(iv) Multiproduct forestry 

Besides introducing the students to the elements of 
agroforestry, the following are also covered: 

CHOICE OF SPECIES 
(a) Identify the objectives for which the selected 

species is meant to meet and the type of land available, 
(b) Species that are climate matching, 
(c) Also selected species are those that: 

(i) Are currently in use or have potential for future. 
(ii) Species with product characteristics appropriate to 

the local needs, i.e., conform with peoples' culture 
e.g., Miraa in Meru, and Coconut tree in Mombasa. 

(iii) Species that satisfy objectives of management 
- Microclimate 
- Nutrient cycling 
- Windbreaks 
- Ornaments 
- Shade 

(iv) Silviculture and management of mixture of tree 
species. 

(v) Economic of multicrop systems. 
(d) Species for difficult sites should be covered, e.g., those 

for 
(i) Arid zones, 
(ii) Alkaline and saline soils, 
(iii) Swamps, 
(iv) Areas subject to heavy precipitation, and 
(v) Industrial water and degraded lands. 

(e) Other species to be covered are species that: 
(i) Have little or no significant shade effect on crops, 
(ii) Can conveniently be planted on strips of land, i.e., 

- roadsides, 
- riverbanks, 
- areas marginal for crop production, and 
- eroded or rocky areas. 

(f) Fast-growing tree species which produce quick 
returns. 

(g) Multipurpose tree species which provide other 
benefits as well as wood. 

(h) Also the Wananchi should be given a chance to 
choose the species they require most. 



Agroforestry plots that were established in the college this 
year (1988) carried the following species: 
1st Plot - Juniperus procera, 
2nd Plot - Fagara macrophylla, 
3rd Plot - Polycius kikuyuensis, 
4th Plot - Prunus africana, 
5th Plot - Cordia abyssinica, 
6th Plot - Croton megalocarpus, and 
7th Plot - Casuarina equisetifolia 

The crops incorporated in the plots mentioned above are peas, 
potatoes, beans, cabbages, and onions. Currently, these plots are 
under the care of college subordinate staff and the plots are 
carefully monitored by college staff for better data collection. 
Calliandra calothyrsus failed due to waterlogging. 

In preparation of the paper mentioned above, it was planned 
that visits be made to the: Kisii, South Nyanza, Kisumu, Siaya, and 
Baringo districts. However, up to the date of writing this paper, 
visits had only been made to Kisii, and South Nyanza districts. 
Again, in the course of the visits it was found that problems 
affecting the foresters were more or less the same from district to 
district. More visits will be paid to other districts to assess the 
extent of agroforestry practices initiated by foresters trained in 
this College. 

Two administrative divisions in Kisii district were visited 
where foresters from this college were met. According to the 
information gathered from the District Forest Officer, there were 7 
tree nurseries in 6 divisions. Irianyi and Borabu divisions were 
visited. In Irianyi division the nursery can raise up to 77,000 
seedlings. Amongst the species grown here are Markhamia platycalyx, 
Maesopsis eminii, Sesbania sesban, Croton megalocarpus, Grevillea 
robusta, Calliandra calothyrsus, Eucalyptus cameldulensis, and 
Eucalyptus saligna. The factors determining the species of the 
seedlings to be raised by the forester are the suitability of the 
species and the availability of the species in question. Farmers in 
Kisii district too have special preference for Eucalyptus spp. 

Other institutions and people in this division concerned with 
raising of seedlings are schools and chiefs. At present there are 7 
tree nurseries in schools 4 which are active. There are only 2 
chief's nurseries. As far as extension work is concerned, the 
forester visits schools and takes advantage of provincial 
administration barazas. The forester claims that one major handicap 
to his extension activities is means of transport. Where the 
forester is able to reach the people, he guides them on which sites 
are best for various species. 

In Borabu division, the nursery is located near Kijauri 
shopping centred The stock at the time of our visit was 48,000 
seedlings and the nursery has a work force of 8 subordinate staff. 
The soil for raising seedlings is locally collected around the 
nursery. Among the seedlings raised are Grevillea robusta, 
Cuppressus lusitanica, Abberia caffra, Eucalyptus camaldulensis, 
and Eucalyptus saligna. There is a very high demand for seedlings 
in this division. A tree nursery has also been started at Manyenya 
primary school which we also visited. 

The major handicap to the forester in this division is the 
means of transport. Although he has a Motorbike, his funds are 
limited and he lives at Keroka market which is quite far from his 
area of operation. The forester also lacks necessary nursery tools 
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and equipment to help him carry out his job. The forester has been 
able to supply seedlings needed for live hedges and has also given 
technical advice on trees which can be intercropped with 
agricultural crops. 

As concerns South Nyanza district, the District Forest Officer, 
the District Forest Extension Officer and representatives of DANIDA 
have the following explanation on forest activities. The district 
which occupies 48% of Nyanza Province has 9 divisions. The 
afforestation activities going on here are under RAES and local 
afforestation schemes. The local afforestation scheme deals with 
afforestation of hill tops and is under three forest stations which 
are Wire, Migori, and Lambwe. 

RAES deals with all the divisions. There is a high demand for 
seedlings in Homa Bay. Other institutions which are concerned with 
raising of seedlings are women groups which, as per early 1988, had 
37 active tree nurseries. However, these groups are not very 
consistent because when other domestic duties increase, the women 
groups abandon the tree nurseries. CARE Kenya is also operating in 4 
divisions. A few primary schools and the two teacher training 
colleges have established tree nurseries. 

Contrary to the major transport problem which Kisii district 
faces, it was found that through the help of the DANIDA Forest 
Department Project this is no longer a problem. Motorbikes are 
provided and bicycles are also provided to the extension workers. 
Various equipments needed in the nurseries and also for planting are 
available. 

CONCLUSION 

Lack of working facilities and equipment is contributing to 
failure of the forester to provide services and goods needed by the 
public. It would be of great importance to organize vocational 
courses where different foresters from different parts of the 
country can meet and exchange ideas on how they are carrying out 
their work in their localities. In such a forum, more experienced 
officers will also be able to share the experiences with newly 
recruited officers. In order to improve the agroforestry course 
offered at the college, the following are recommended: 
1. Establishment of agroforestry experimental plots. 
2. Reviewing present extension course with a view of giving 

agroforestry more time. 
3. Development of staff who have more training in relevant, 

supporting courses to agroforestry. 
4. Getting feedback from graduates who are in the field. 



TRAINING IN AGROFORESTRY 
AT EGERTON UNIVERSITY 

P.M. Makenzi, Dept. of Natural Resources, Egerton University, P.O. 
Box 536, Njoro, Kenya 

Abstract Training in agroforestry has received very 
little attention from most institutions despite its 
increasingly recognized importance. Although agroforestry 
related land-use systems have been practised for a long 
time, as a discipline, agroforestry was recognized not long 
time ago. This is the reason why most of the institutions 
have not as yet adopted it in their training programmes. 

Currently, the Government of Kenya is putting a lot of 
emphasis on agroforestry as one of the best approaches for 
reducing deforestation and environmental degradation. 

This paper gives an analysis of agroforestry training 
as is currently being offered in Egerton University and 
its development up to the graduate level. The paper is 
divided into three parts, the introduction gives an 
emphasis on wood energy crisis as one of the issues playing 
an important role in the adoption of agroforestry practice. 
The second part gives a brief history of Egerton University, 
giving some of the developments which make it suitable for 
training in agroforestry. The third part dwells on the 
tentative curriculum development for agroforestry training 
at graduate level. 

One of the courses of deforestation, among others, is the wood 
energy crisis as a result of population explosion; a state of 
affairs which has put the arable land under agricultural use. High 
demands for wood energy have become a major contributory factor 
towards the desertification threat to many developing countries. 

In Kenya, wood energy provides more than 70% of the country's 
energy needs; 90% of Kenyans depend on wood energy for their 
household needs. Currently, Kenya is faced with woodfuel 
demand/supply imbalance of increasing proportion. Though it is clear 
that, as socioeconomic development proceeds, some household's tend to 
switch to other energy forms, i.e., paraffin, liquified petroleum 
gas (Lp.g.) or electricity for cooking, due to economic constraints 
and cultural preferences, wood will still continue to play an 
important role in national energy economy for many years into the 
future. 

A woodfuel energy survey done in January 1988 by P.M. Makenzi 
(for the Ministry of Energy) in Kisii district revealed the 
following facts: 
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(a) That all the charcoal used in the urban areas in the 
district is imported from other districts, 

(b) That most households in Gusii have now resulted to using 
crop residues like maize cobs, tea and coffee prunings, 
maize stalks, and mauritiaus thorns for cooking due to 
lack of proper firewood, 

(c) That most families have resulted to skipping midday meals 
due to lack of firewood for cooking, and 

(d) That cases related to trespass are increasing in law 
courts due to people looking for firewood in their 
neighbours' farms or destroying fences (hedges) for 
firewood. 

This is just an example of one district in Kenya, and the same 
case or worse still could be in some other districts in the country. 

It is estimated that by the year 2000, the potential supply of 
wood will be 16.5 million tonnes while the demand will be 54.5 
million. At present, the woodfuel demand is 20.5 million tonnes 
while the supply is 14 million tonnes leaving a deficiency of 6.5 
million tonnes (Daily Nation, 5th March 1987). 

Generally, many people in the developing countries are 
currently faced with a growing crisis of energy scarcity. Depletion 
of domestic wood resources and other energy supplies is making the 
crisis even worse. Hence, the importance of agroforestry practices. 

In most parts of the country farmers cannot afford to have 
woodlots in their farms because of shortage of land, for, as 
families continue to expand, the available land continues to be 
sub-divided to members of the family who mainly utilize it for 
cultivation of agricultural crops, food being their first priority. 
The issue of trees comes second in their farm planning. This is 
where agroforestry becomes very handy; suitable agroforestry tree 
species have got to be recommended to farmers for interplanting in 
their farms; this goes together with proper management of such 
trees. Teaching of proper technical management of agroforestry 
systems will be of paramount importance so that farmers do not 
regret later for having had trees in their farms. 

Currently, Kenya and many other nations are faced with a big 
problem of lack of properly qualified personnel to administer proper 
agroforestry advise to farmers and other institutions. 

EGERTON UNIVERSITY 

In recognition of the above problems, Egerton University has 
currently introduced agroforestry as one of the service courses to 
be taught to diploma and B.Sc. degree,students. The university has 
already developed a teaching, agroforestry tree nursery, and 
research/demonstration plots for agroforestry. The course outline 
for agroforestry consists of 30 hours of lectures and 15 hours of 
practical work (Table 1). 



Table 1. Current Agroforestry Course Outline 

TOPIC NO. OF LECTURES PERIOD IN 
HOURS 

1. Conceptual background of agroforestry 
- Definition of agroforestry 

Agroforestry systems classification 
- Agrosilvicultural systems 
- Agropastoral systems 
- Agrosilvopastoral systems 
- Agrosilviaquacultural systems 
- Aquasilvicultural systems 

Land-use systems related to agroforestry 
- Shifting cultivation 
- The taungya systems 
- Alley cropping 
- Plantation forestry 
- Multiple cropping, etc. 

4. Desirable characteristics of 
agroforestry tree species 
- Examples of MPTS suitable for 
agroforestry. 

Elementary seed procurement and tree 
nursery management 

Agroforestry management techniques 
- Silvicultural manipulation of tree 
component in agroforestry. 
(-Beeting, brashing, thinning, 
pruning, lopping, polarding and 
coppicing). 

7. Environmental factors in agroforestry 
development. 
- Agroecological zonification 
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Table 1 continued 

TOPIC NO. OF LECTURES PERIOD IN 
HOURS 

8. Agroforestry and energy 
- Fuelwood/woodfuel 
- Biogas/zero grazing 
- Agroforestry/Energy Centres-

(Ministry of Energy-Kenya) programmes 

9. Social-Economic factors in agroforestry 
- Economic concepts in agroforestry 

10. Diagnosis of problems and prescription 
of agroforestry solutions. 

11. Design & analysis of agroforestry 
experiments 

TOTAL 15 30 

PRACTICALS NO HOURS 

1. Introduction to nursery Mgt. and 
identification of agroforestry tree 
species in the nursery 

2. 

3. 

Siting of seedbeds and seed sowing 

Filling of tubes and pricking out 

1 

1 

21 

2 

Agroforestry management (in the 
University agroforestry demonstration 
plots) 

5. Seed collection and identification 

6. Outside visits 

TOTAL 7 15 



History 

Egerton University was started as a farmers' training college 
in 1939 after Lord Egerton of Tatton donated 400 hectares of his 
farm for training farmers in short, practical courses in general 
agriculture. In 1952, the status of the college was up-graded to a 
two-year, diploma-awarding institution in agricultural sciences, 
this was to run alongside the one-year certificate courses. 

Following the up-grading, the scope of the training programme 
was increased, making it more comprehensive in order to meet the 
challenges of the rapidly developing agriculture. Thus in 1962, 
diploma courses in animal husbandry and forestry were introduced. 

Throughout the 60s and the 70s, the college has been expanding 
rapidly in terms of facilities and services to meet the increasing 
demands for qualified and competent agricultural personnel for Kenya 
and other African states. At present, the college offers 16 diploma 
programmes and 7 degree programmes plus the proposed B.Sc. degree in 
agroforestry. 

The Egerton College ordinance specified that the college should 
function as a self-governing institution or parastatal organization 
which is the case up to now. 

Objectives 

The main objectives of Egerton University are: 
i) To provide students with basic physical, biological and 

social sciences as they apply to agriculture; 
ii) To provide educational opportunities to students in 

agricultural and related fields so that they can acquire 
practical skills that will make them be gainfully employed; 

iii) To contribute significantly and effectively generate and 
disseminate scientific knowledge necessary for development 
of agriculture; 

iv) To develop and motivate institutional staff with respect to 
teaching research, agricultural management and 
administrative skills,and 

v) To develop ah attitude of critical and analytical minds out 
of her students to enable them become more responsible 
members of their homes community and the country at large. 

Curriculum Development 

Egerton University has recognized the need to develop an 
agroforestry curriculum. Successful completion of the proposed 
curriculum will lead to a Bachelor of science degree in 
agroforestry. 

Agroforestry curriculum is to be designed to combine a broad 
education in liberal arts, physical, mathematical, and biological 
sciences needed in the management of agroforestry and 
biomass/woodfuel energy resources. The core curriculum will allow 
for emphasis in 4 areas of specialization; agrosilviculture, 
agroforestry management, management of agropastoral systems and of 
agrosilviaqua-cultural systems. 

Qualified agroforesters will have a broad spectrum of 
employment possibilities. They may be engaged as managers in the 

314 



agroforestry/energy centres in the country and as administrators and 
extension coordinators in agriculture and forest departments. 
Because of the nature of their education, agroforesters of 
professional standing will also find employment in various 
government, nongovernmental, international, and private agencies. 
Those earning advanced degrees will find employment in academic and 
research work, both in public and private sectors. The curriculum 
will also be designed to provide the necessary prerequisites for 
those students who might desire postgraduate training in 
agroforestry. 

The major departments which will participate in the 
agroforestry programme are: Crop Science, Animal Science, 
Natural Resources (Forestry and Range Management), and Agricultural 
Education and Extension. 

Agroforestry-related courses offered by other departments are 
shown in Table 2; the subject syllabus in agroforestry for a 3-year 
degree course is shown in Table 3. 

The college farms, ranches, the agroforestry 
research/demonstration plots, and visits to other places of 
agroforestry interest will offer practical training to supplement 
the lectures. 
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Table 2. Agroforestry-Related Courses Offered by Other Departments 

BIOLOGY 

101 Botany 
102 Plant taxonomy 
111 General zoology 
121 Ecology 
251 Genetics 
261 Entomology 
303 Plant pathology 
481 Environmental sciences 

PHYSICAL SCIENCES 

111 General physics 
121 General mathematics 
201 Inorganic chemistry 
203 Organic chemistry 
301 Biochemistry 

SOIL SCIENCES 

101 General soil sciences 
301 Soil fertility and plant nutrition 

AGRICULTURAL EDUCATION 

101 Communication 
213 Sociology 
241 Principles of agricultural extension 

AGRICULTURAL ENGINEERING 

111 Introduction to technical drawing 
131 Tractor servicing operation and maintenance 
224 Surveying and photogrammetry 
252 Principles of irrigation 
322 Farm structures 
451 Soil and water conservation 

ECONOMICS 

213 Introduction to economics 
242 Records and accounts 
313 Principles of farm management 
322 Agroforestry products marketing 
433 National policies 
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CROP SCIENCES 

213 Crop protection 
215 Plant breeding 
216 Horticulture plants identification 
221 Plant propagation 
341 General perennial crops 
351 Pasture and fodder crops 
421 Seed science and technology 
422 Nursery management 
471 Research projects 
472 Seminars 
473 Outside visits 
474 Field attachment 

ANIMAL SCIENCES 

101 Introduction to animal science 
356 Bee keeping (apiary) 
361 Wildlife production 
362 Fish farming (aquasilviculture) 
474 Research methodology 

NATURAL RESOURCES 

101 Introduction to forestry 
201 Principles of range management 
321 Dendrology 
322 Forestry nanagement 
324 Silviculture 
401 Agrosilviculture 
405 Introduction to agroforestry systems 
464 Principles of agroforestry management 



Table 3: Agroforestry Subject Syllabus for a 3-year Degree Course 

SUBJECT NO. OF 
LECTURES 

PRACTICALS TOTAL 

YEAR 1 

1st Semester 

Botany 
Ecology 
General zoology 
Inorganic chemistry 
General mathematics 
General physics 
General soil science 
Genetics 
Introduction to tech. drawing 

30 
30 
30 
30 
30 
30 
20 
30 
20 

20 
-

20 
20 
-

20 
20 
20 
20 

50 
30 
50 
50 
30 
50 
40 
50 
40 

250 140 390 

2nd Semester 

Entomology 
Organic chemistry 
Sociology 
Plant taxonomy 
Introduction to economics 
Crop protection 
Soil fertility & plant nutrition 
Introduction to animal science 
Hort. plants identification 
Introduction to Forestry 

20 
30 
30 
30 
20 
40 
20 
20 
-

30 

240 

20 
20 
-
-
-

20 
20 
-

40 
-

120 

40 
50 
30 
30 
20 
60 
40 
20 
40 
30 

360 
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and application of green manure from prunings increase maize yield 
by up to 100% (Vergara, 1982; Alferax, 1980; Nyamai, 1988). But, 
obviously, no single tree can cope with the range of variation of 
sites, management purposes, and ecological and environmental 
considerations. It is generally agreed that a good agroforestry 
tree/shrub should possess the following qualities: ease of 
establishment, good survival, rapid growth with a high yield of 
biomass, nitrogen-fixing capability, vigorous regrowth when cut or 
pollarded, efficiency of recycling of nutrients favourable canopy, 
and development of a deep rooting system that possesses no 
competition with the arable crops. Admittedly, the performance of 
very few such MPTS has been evaluated in the range of sites with 
agroforestry potential. On-going research and development programmes 
have hitherto remained restricted to very few species including 
Acacia spp., Albizia spp., Calliandra calothyrsus, Erythrina 
spp., Leucaena leucocephala, Gliricidia sepium, Mimosa scabrella, 
Sesbania spp., Cassia siamea, Prosopis spp., and Grevillea 
robusta. Some indigenous trees, such as Makhamia lutea, and 
Croton megalocarpus, are also being promoted in local programmes. 

Species and provenance studies on various sites stand to 
generate a wealth of knowledge on tree performance under different 
conditions and management systems. It is envisaged that this 
initiative will provide a range of proven woody species for 
incorporating in the farming systems and given ecozones and land-use 
types. 

There is, therefore, an urgent need for conducting systematic 
species and provenance selection and recruitment, including 
indigenous and exotic germplasm in different sites and management 
systems. Urgent studies should be undertaken to compare the 
productivity of candidate woody species and arable crops within and 
between sites in order to establish a better appreciation of their 
resource use capabilities. 

Genetic improvements of utility MPTS is the next step. This 
should focus on achieving increased biomass yield per unit land and 
labour, disease and pest resistance, selection of species and 
provenances of high calorific value for fuelwood species, site 
adaptability, particularly for the harsh ASALs combining drought 
resistance with fast tree growth. 

Given time, selection and breeding programmes can greatly 
improve the variety and quality of the planting stock available. 
Dramatic yield increases can often be achieved, in some cases by 
several hundred per cent. The tree-improvement programme of softwood 
plantation species in Kenya has boosted yield by 30-40X through 
first generation tree improvement effort. 

The work on browse woody plants must strive to investigate the 
nutritive quality of candidate fodder and browse woody plants. 

Seed Acquisition and Distribution 

The question of seed availability can also pose a number of 
problems. The supply of high quality seeds currently obtainable at 
the national seed centre and on the world market is restricted to a 
relatively small number of species. There is an urgent need to 
develop seed stands and clonal seed orchards of proven agroforestry 



trees, through selection and recruitment of indigenous candidate 
agroforestry trees/shrubs species. Systematic introduction of plant 
germplasm of proven species from suitable sources and tested under 
the species and provenance selection already discussed and 
supplemented by this effort can quickly lead to a productive clonal 
orchard programme. This initiative should be accorded the highest 
priority to build national capabilities for providing improved seed 
of authenticated origin and pedigree. Supportive studies should 
examine avenues for improving seed germination for seed with 
germination problems, and mass propagation techniques for key MPTS. 

ESTABLISHMENT METHODS 

Agroforestry intervention will only win the day with farmers 
when it becomes possible to obtain tree/shrub seeds from an open 
market and to raise these with the same simplicity as raising other 
farm crops, such as maize, cabbages, and potatoes. 

The research initiative should, therefore, develop and evaluate 
low-cost, do-it-yourself packages for raising trees and shrubs for 
agroforestry interventions. Direct seeding has been proposed for 
some species and should be explored. 

The cultivation of woody plants in ASALs and areas with 
difficult edaphic conditions call for specialized adjustments which 
must be taken under a parallel or a supportive programme. Priority 
studies in this field include, inter alia, (a) choice of 
appropriate species, (b) special planting-out techniques, (c) 
irrigation options, and (d) protection of the crop. 

Well planned and executed studies can provide a database with 
space for accurate thumb-printing of species and provenances for 
given sites, soil conditions, and farmer management imperatives. 

Assessment should cover crop productivity, morphological 
characters and canopy structures, changes in soil nutrients and 
physical structures under different MPTS and other treatments, and 
comparative water and soil conservation efficiencies of different 
crop, spatial arrangements, soil chemicals and physical changes, 
coppicing ability, and tree crop interaction. 

CROP DESIGNS AND MANAGEMENT PROTOCOLS 

As already discussed, there is convincing evidence that mixing 
trees and crops can offer a greater opportunity for the short-term 
environmental benefits both aerial and edaphic. Past initiative has 
concentrated on alley-cropping studies, and very little 
consideration has been accorded other technologies. It is imperative 
that promising accessions should be tested under different crop 
designs already discussed according to farmers needs and 
preferences. Hedgerow intercropping can certainly be seen as a 
potential alternative to shifting cultivation or taungya 
cultivation, functioning mainly as a soil-fertility restorer. But 
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this initiative should be extended to other spatial arrangements and 
crop designs, particularly those already accepted and adopted by the 
farmers. 

I have already expressed some reservation about the 
shortcomings of alley-cropping as a universal intervention in 
solving poor crop production among the small-scale farmers. A survey 
should be carried out to document existing popular forms of 
agroforestry systems by ecozones and farming systems. Scientific 
studies should focus on improving the designs and management 
protocols of systems already adopted by the people. The evidence 
already presented shows that these include: different forms of 
intercropping, scattered agroforestry forestry trees in the 
croplands or pastures, multistrata homegardens, stabilization of 
contour bands and terraces, intensive woodlots or fodder banks, farm 
boundaries and surrounds, roadside plantations, shelterbelts and 
windbreaks, and stabilization of river banks and canals. 

Supportive studies should investigate 
(a) Understanding the heterogenity of crops and the range and 

scope of ecological and economic interaction between component 
species over time and space, including competitive and 
non-competitive possible ecological separations in root 
distribution, etc., and symbiotic associations, toxic, and possible 
allelopathic influences; 

(b) Optimal spacement between the component crops; 
(c) Physical parameters including crop water use; 
(d) Microclimatic influences; 
(e) Nutritional changes; 
(f) Productivity of food and wood crops under different 

technologies, nutrient turnover and recycling, total nutrient pools 
by MPTS, and crop designs, etc.; 

(g) Exploring opportunities for using strategic biotechnologies 
such as mass propagation techniques for key MPTS, development of 
cultures of productive provenances of symbiotic micro-organisms and 
appropriate methods for inoculating selected microsymbionts into 
associated MPTS and agronomic manipulation for improving crop 
performance. 

(h) Development of management protocols, including harvesting 
of the woody biomass; cutting frequencies and coppicing regimes; 
physiological changes associated with lopping, pollarding, and 
subsequent regrowth; and time and method of applying prunings; 

(i) Development of avenues for protection from pest and 
diseases; and 

(j) Development of nondestructive utilization, supported by 
studies on the utilization of minor tree/shrub products including 
wood chemistry and plant extractives, etc.; the valorization and 
torification of wood, including conversion of wood into charcoal, 
paying attention to efficiencies and development of cheap methods of 
conversion with high efficiencies using cost-effective, appropriate 
technologies. 

SOCIOECONOMIC STUDIES 

Socioeconomic research has hitherto received virtually no more 
than passing attention in the agroforestry research agenda. But, 

331 



undoubtedly, it holds the key to greater understanding of the role 
and place of trees/shrubs in the farming systems and the development 
of a positive strategy for effecting unimpeded adoption of 
agroforestry technologies. The following are some of the important 
critical issues that need to be tackled in order to tailor the 
agroforestry promotion policies—the development of technical R&D 
programmes and the training of promoters—in an effective manner: 
(a) Economic efficiency of agroforestry systems by ecozone; (b) 
Organizations, including the structures of the self-help groups; (c) 
Land use and available management packages; (d) Land tenure, 
including landlessness; (e) Labour profiles, including age and 
gender factors; and (f) Products. 

Socioeconomic studies should be carried out in conjunction 
with the technical investigations already discussed in a well 
designed network plan. The following areas are particularly 
important and merit urgent consideration: 

(i) Documentation and analysis of values which reflect actual 
costs and inputs and benefits to the farmer in operational on-farm 
agroforestry practice; 

(ii) Identifying critical points for intervention where 
integration of trees/shrubs in the farming systems stands to raise 
overall farm productivity; 
(iii) Developing market outlets for tree crops from farms, pricing 

policy of wood products, and stimulating the development of 
wood-based industries in the rural areas; 

(iv) Exploring possible application of incentives for tree growing 
in farms, particularly in critical sites, such as catchment forests 
and water ways, etc.; 

(v) Developing a policy framework embracing farm forestry and a 
basis for productive development of agroforestry systems; 

(vi) Identification of barriers to diffusion of agroforestry 
extension initiatives and innovation of agroforestry technologies; 
(vii) Documenting economic rates of return of agroforestry projects 

by ecozones and crop systems; 
(viii) Policy and legal issues; 
(ix) Documenting the traditional values of trees and shrubs, 

including sociocultural values, herbal and folk medicines among 
different communities. 

These studies would provide a better understanding of the 
extent to which specific socioeconomic environments facilitate or 
constrain given agroforestry technologies. 

CONCLUSIONS 

The scope for tackling the problems of land use through 
agroforestry interventions in Kenya is promising and is superior to 
individual production by subsectors of components. But, its 
prospects, opportunities, and limitations must be recognized and 
stated to our planners and leaders. 

Agroforestry technologies have in the past been popularized as 
presenting excellent opportunities for such low-input, socioeconomic 
situations in satisfying the primary needs of the farmers (Nair, 
1984). Admittedly, this approach cannot meet the needs and 
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aspirations of a growing population that aspires to produce goods 
and services for domestic and industrial consumption and for local 
and export trade. The R&D agenda in agroforestry must, therefore, 
incorporate both low-input and high-input, high-technology options 
that would enable our people to fulfill both their basic needs and 
to rise above the poverty line. 

It is evident from this discussion that the outstanding and 
unresolved issues in the agroforestry agenda are many and varied. 
The research programme calls for a four- to five-fold increase in 
resources by the national agencies mandated to undertake scientific 
research in agroforestry systems. A national systematic approach 
would be best realized through an ecozone focus, with a clear bias 
for the high-potential land areas facing serious population 
pressures and the ecologically fragile semi-arid and arid lands 
areas. The planning and conducting of the research and development 
programmes should in turn have a multidisciplinary dimension in an 
interinstitutional setting. 

It is imperative that the development of agroforestry 
technologies should follow user perspectives. This can be 
effectively achieved through conducting a national survey of 
existing agroforestry systems and indigenous technologies already 
adapted by farmers. The scientific research programme would 
subsequently concentrate on developing technological packages that 
respond directly to particular needs and constraints facing farmers 
and other land-use agencies in given sites, ecozones, and 
socioeconomic environments. But this must be supported by basic, 
innovative R&D programmes that are tuned to support commercial 
farming for small-, middle-, and large-scale farmers. I am convinced 
that with this background, our researchers, working together with 
the extension agents and the farmers, can promptly develop 
technically feasible and economically viable packages for improving 
and sustaining increased food and wood productivity for all future 
domestic and industrial use. 



COLLABORATION IN AGROFORESTRY 
RESEARCH PLANNING AND IMPLEMENTATION 

Daniel 0. Nyaaai, Kenya Forestry Research Institute (KEFRI), P.O. 
Box 20412, Nairobi, Kenya 

Abstract An analysis of the present major constraints 
to collaboration in agroforestry research planning and 
implementation was undertaken. Several fundamental 
institutional structural changes have been proposed to 
address the observed constraints. The principal solutions 
suggested concern major policy considerations. These 
include institutional developments and establishment of 
inter institutional coordination machinery as well as 
structural reorganization of the existing institutions 
involved with land use. Personnel training and development 
is observed to be of crucial importance in advancing the 
objectives of this collaboration. The establishment of 
global databases and information centres is viewed as an 
important element in speeding up the collaboration process 
with respect to information dissemination and sharing of 
experiences. Special emphasis is also placed on the 
formation of national or regional steering committees, or 
both, for joint projects and project management/ 
implementation committees together with the participation 
of donor organizations recognizing their significant role in 
furthering collaboration in agroforestry. 

Preparation of a detailed research design, action plan, 
annual work plan, and the convening of regular workshops 
are all instrumental in planning and implementation and for 
information exchange and sharing of experiences. Finally, 
the relevance of the Agroforestry Research Networks for Africa 
(AFRENA) model to the proposed strategies in this article is 
examined. 

Agroforestry research is multidisciplinary in nature. Its 
approach to land use, therefore, requires the combined use of 
resources available in relevant institutions, most often from the 
forestry- and agriculture-based sectors. In most countries, and 
Kenya is no exception, the planning and subsequent implementation of 
such a research programme faces enormous constraints. In my view, 
the main constraints to the development of agroforestry as a science 
are of an institutional nature. These are closely related to the 
rigid disciplinary segmentation that characterizes institutions 
(national and international) involved in the area of land use. As 
yet, there are limited signs of this situation changing for the 
better, although the recent formations of institutional structures, 
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such as the Kenya National Steering Committee on Agroforestry 
Research and Development, the Agroforestry Research Networks for 
Africa (AFRENA), and regional steering committees, are all positive 
signs of thinking and shift in priority. Now, however, it is more 
urgent than ever that these institutional questions are addressed by 
the highest possible authorities at both national and international 
levels. In the absence of immediate development of effective and 
relevant institutional arrangements for planning and implementation 
of agroforestry research programmes, the risk is great that the 
potential of agroforestry as a land-use system will never be fully 
realized. 

This paper discusses the opportunities and strategies for 
developing and popularizing an institutional, collaboration/ 
networking, operational model in agroforestry research planning and 
implementation. 

PROPOSED COMPONENT STRATEGIES 

The success of an agroforestry research planning and 
implementation programme will greatly depend upon the establishment 
of coordination machinery. For such cooperation to become 
functional, institutional "niches" must be developed that advance 
this objective within the country and among the international 
communities as well as between countries and regional agencies. As I 
have already pointed out, agroforestry research requires the 
formation of structures that promote joint efforts by institutions 
from the agricultural and forestry sectors (consideration should be 
given to socioeconomic policy/law and planning sectors also) for 
integrated planning analysis and pursuit of common goals. As part of 
network development, planning leading to research implementation 
will be undertaken through increased mobilization, promotion, 
organization, and information gathering. 

It is proposed here that, to meet such a goal, the formation of 
a national/regional committee with representation from government 
organizations or nongovernmental organizations (NGOs) from both 
agriculture and forestry sectors dealing with research, extension, 
development, and training is extremely necessary. This technical 
group will undertake the responsibility for analyzing prevailing 
land-use systems to assist in decision-making when setting up and 
implementing an agroforestry research plan, coordination of funds 
from various sources, and to promote/encourage complementary and 
collaborative research projects implemented by member institutions. 

The AFRENA networking operational model, among Eastern and 
Southern Africa countries falling within major ecological zones, is 
one such good example of research collaboration. This networking 
approach is achieved through zonal/regional meetings composed of 
representatives from the different national committees that will 
persue the development of a zonal programme for collaboration on 
agroforestry research. Networking at the level of national 
institutions, however, should also be facilitated because it will 
enhance the exchange of information, strengthening the sharing of 
experiences and development processes fundamental to achieving 
material capability for agroforestry research and development. 
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These objectives can best be met by creating effective communication 
channels among institutions. 

REORGANIZATION OF INSTITUTIONAL STRUCTURES 

The present institutional structures established to deal with 
land were copied from industrialized Europe and North America. 
There, crop production and industrial wood production are mostly 
carried out separately on different lands, require different 
professional skills, have different aims, and, very often, are 
managed differently. It was rational, therefore, that agricultural 
and forestry institutions develop independently of each other. 

As a result of these separate institutional developments, there 
are today different laws and policies governing agricultural and 
forest land use concerning separate training, education, and 
research institutions. Land users (mostly farmers and private 
companies) are advised through separate extension services. For 
instance, in Kenya, agriculture and forestry normally fall under 
different ministries, the exception being the recent ministerial 
reorganization where agriculture and forestry research 
organizations/institutions now fall under the same ministry. Very 
often they belong to separate departments. 

Although we appreciate that the single-discipline approach to 
land use through concentration of research and development efforts 
on particular commodities, technologies, and practices has resulted 
in remarkable success stories in tropical countries (developing 
countries) during this century, there are, quite obviously, many 
aspects of land use that are not successful. Food production per 
capita has been decreasing in most of Africa over the last 25 years; 
man-made desertification is spreading at an alarming rate (FAO, 
1974; World Bank, 1978; Nyamai, 1987). Erosion and land degradation 
have also increased. It is generally agreed, however, that there is 
no single cause, but rather a complex interaction among several 
factors. 

Many people have asserted that a significant contributor to the 
failure to solve many important land-use problems is the 
inappropriateness of conventional discipline-oriented institutions 
for indentifying and addressing land-use problems in most tropical 
and subtropical countries. This mostly applies to the nature of the 
farming systems, which is predominantly subsistence or mixed arable 
subsistence/cash farming and pastoral systems in these regions. 

The significant factor relating to the general inadequacy of 
conventional discipline-oriented institutions lies in the failure to 
acknowledge and understand the interrelationships between the 
production, environmental, and social sectors and how they affect 
each other. 

Lundgren (1987) noted that the objectives, infrastructure, 
rationale, and philosophy of these institutions, as well as the 
training of their experts, are geared to the maximization of 
individual components, e.g., food crops, cash crops, livestock, and 
trees. There is little room to think that the land user needs to use 
the same scarce resources to produce the other commodities and 
services. 
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It is true that a major impediment to collaborative research in 
agroforestry is this lack of understanding of the complexities of 
many land-use systems, which stems from the very foundation of 
conventional institutions. Unless this gap is overcome, there will 
be many failures and frustrations in trying to undertake a joint 
collaborative research planning and implementation in agroforestry 
aimed at solving a particular land-use problem. With the exception 
of the International Council for Research in Agroforestry (ICRAF), 
perhaps, no institution exists today that can claim to have both the 
mandate and the competence to identify solutions to land-use 
problems based on an interdisciplinary analysis of interactive 
constraints and potentials within land-use systems and at the same 
time provide adequate resources in a way that will cut across 
institutional boundaries to implement such solutions. 

However, some positive signs of collaborative approaches and 
awareness to institutional constraints to real problem solving are 
beginning to be seen. A report by the World Commission on 
Environment and Development (1987) observed that the existing 
land-use institutions exhibit a tendency to be independent, 
fragmented, and concentrate on narrow mandates with closed decision 
processes that contrast sharply with the required integrated and 
interdependent nature of the new changes in land use today (see also 
Burley (1987) on research needed for exploitation of MPTS 
potential). 

To realize the benefit of institutional collaboration in 
agroforestry research planning and implementation, the 
single-discipline institutions must respond positively to changes in 
technology and land use. They should undertake critical analysis of 
the adequacy of existing institutions in addressing the totality of 
land-use problems and contributing to their solutions by adopting 
sound practices. The ICRAF (1987) report on phase II of the Lake 
Basin River Catchment Development project proposed that agriculture 
and forestry activities relating to conservation of watersheds need 
a designated team to handle the coordination and management aspects. 
The Lake Basin Development Authority was proposed to assist in the 
coordination and strengthening of the efforts of the various 
extension services in agriculture and forestry, which at present 
tend to work quite separately from each other and from the education 
and training organizations (see also the report on agroforestry 
"blueprint" for Kenya by Minae and Akyeampong (1988), and the Lake 
Basin Development Authority (1987) report on an integrated master 
plan). 

As a long-term solution, the existing institutional structures 
should encourage collaborative programmes that cut across 
disciplinary boundaries and address concrete land-use problems. 
These must be encouraged and given more support at both national and 
international agencies such as donors, UN bodies, and international 
agricultural/forestry research centres. More urgently needed are new 
institutional functions for problem identification, priority 
setting, and resource allocation, without necessarily making 
fundamental structural changes. Such new functions can be created 
within or between existing land-use ministries and departments or 
independent bodies within existing institutions subordinate to them. 

In this respect, I strongly subscribe to a proposal made by 
Lundgren (1987) that it would probably be best to start with 
creating interinstitutional committees for planning but that would 
become more and more executive as experience is gained. Depending on 



the problem to be addressed, these committees can then create task 
forces of existing disciplinary institutions and resources. 

These may seem very fundamental changes but they will require 
fundamental rethinking among disciplinary scientists, institutions 
and decision-makers. The sooner this problem is addressed, the 
faster can some of the key land-use problems of the world be solved. 

The widely adopted design and diagnosis (D&D) methodology of 
ICRAF as described by Raintree (1987) advocates an assemblage of a 
multidisciplinary team of experts and scientists, representing all 
the relevant disciplines necessary to study all aspects of a 
land-use system. The team objectively analyses the methodology of 
identifying problems in land-use (farming) systems and the 
potentials for their solutions that are not restricted to 
agroforestry solutions (see Fig. 1 for the proposed step approach 
for collaboration). This model advocates that the scientific team 
studies the complex interactions of the components in a particular 
farming system and diagnoses the casual mechanisms behind the 
problems. From this diagnosis, technologies with the potential to 
solve the problems are developed. It is only at this stage when the 
role of different disciplinary sectors and institutions in 
developing these technologies can be defined. 

Bringing everyone together in such a step by step procedure is 
no easy task. Lundgren (1987) has pointed out the difficulties in 
putting the D&D methodology into practice in collaborative research 
programmes with national and international institutions. Most of the 
problems he observed are related to the compartmentalization of 
conventional disciplinary institutions and professions, direct 
mistrust and lack of appreciation of each other's expertise, and the 
difficulty in arriving at decisions about resource allocation in 
programmes involving different institutions from different 
ministries. 
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Assembling of multidisciplinary scientists and inter 
institutional team (key resource persons) including the farmer 

Identification of land-use problems and needs 

Ex ante analysis of the land-use constraints 

Developmert of research design/research agenda based on the 
land-use constraints 

Formulation: 1. Implementation of plan 
2. Action plan 

Identification of host institution/lead institution 

"Institutional niche" 

PROPOSED IMPORTANT STRATEGIES FOR AGROFORESTRY COLLABORATION 
PROGRAMME IMPLEMENTATION 

- Institutional development and establishment of 
coordination machinery. 

- Reorganization of existing institutional structures. 

- Personnel development (Institutional strengthening). 

- Setting up of global databases and information centres on 
agroforestry. 

- Popularize agroforestry information/application of effective 
communication skills. 

- Formulation of national/regional steering committees, 
project management and implementation committees. 

- Preparation of an annual work plan and convening regular 
workshops. 

- Comparative assessment of the applicability of other 
relevant organizational collaborative models, e.g., AFRENA. 

Fig. 1: Step Approach for Collaboration in Agroforestry 
Research Planning and Implementation. 



COMMITTEE DEVELOPMENT 

National/regional steering committees, project management/ 
implementation committees, and donor organizations in management are 
the highest decision-making bodies. They represent the respective 
governments in cases where there are joint projects involving more 
than one country, e.g., the AFRENA programme. The formation of these 
committees is vital for the smooth-running, general management, 
implementation, and providing general directions and decision-makers 
for the project. National steering committees necessarily deal with 
project administration and policy guidance as well as soliciting 
funds. 

The national steering committee, in Kenya's case, is formed 
under the auspices of the National Council for Science and 
Technology. The coordination secretariat is normally provided by the 
respective national councils for science and technology as is the 
case in Kenya or any other such councils as the case may be. In 
these forums, outstanding issues affecting the day-to-day 
management, implementation, and financial management of the project 
are discussed. These committees approve and sanction research 
proposals, annual workplans, budgetary matters, and are responsible 
for monitoring and evaluation among other duties. They also approve 
the participation of other interested organizations (international 
organizations, NGOs operating in the country, etc.) on agroforestry 
collaborative research programmes. 

In the case of Kenya, the National Steering Committee on 
Agroforestry is represented by various institutions and government 
ministries and departments and they are each represented by 
institutional heads, heads of departments, etc., as applicable. 
Currently, the institutions/ministries represented are: Ministry of 
Agriculture; Ministry of Energy and Regional Development; Ministry 
of Livestock Development; Ministry of Research, Science and 
Technology; Ministry of Environment and Natural Resources; Kenya 
Forestry Research Institute (KEFRI); Kenya Agricultural Research 
Institute (KARI); National Council for Science and Technology; Moi 
University, Forestry Department; University of Nairobi, Faculty of 
Agriculture; Egerton University; Permanent Presidential Commission 
on Soil Conservation and Afforestation; Kenya Energy and 
Environmental Organisations (KENGO); Ministry of Planning and 
Regional Development; Department of Resource Surveys and Remote 
Sensing; and ICRAF has recently been proposed to sit as an observer. 

Invitation to donors funding agroforestry projects for 
membership into these committees is yet another positive approach in 
creating a good climate for collaboration. Their participation and 
contribution in the management aspects makes them part of the 
decision-making process. The objectives of the national steering 
committees will only be achieved with full cooperation and 
participation of all parties involved. In the case of Kenya, the 
response by members has been good, although KARI is yet to show more 
commitment in this committee than it has demonstrated particularly 
in AFRENA collaborative research. So far, KEFRI has taken the lead 
in agroforestry research collaboration and implementation and has 
tirelessly provided national coordination especially in the Eastern 
AFRENA project involving ICRAF, Kenya, Uganda, Burundi, and Rwanda 
without which the collaboration with Kenya would have suffered 
severely. 



DEVELOPMENT OF RESOURCE PERSONS 

The development of an appropriate scientific group is part of 
the institutional development process aimed at playing a catalytic 
role in institutional/intercountry collaboration in agroforestry 
research. This can be achieved through coordinated and systematic 
training of national cadres leading to the design and implementation 
of agroforestry research. It should be emphasized that in entering 
into a cooperative agreement with donors, training of host-country 
personnel should be given a high priority. 

It is not within the mandate of this paper to prescribe the 
training content and its details, however, it should be mentioned 
that training on research planning and implementation and on 
experimental methods and field research techniques should be key 
areas. An ICRAF (1986) unsolicited research proposal for the Eastern 
and Central Africa AFRENA project presented to USAID/S&T/FENR 
proposed at least four training modules on key topics that I think 
are very relevant training strategies for collaboration: 
(a) Multipurpose tree species selection for improved seed/plant 

material production, 
(b) Land-use problem diagnosis and analysis of agroforestry 

applications, 
(c) Agroforestry research priority identification and experimental 

design, and 
(d) Case study application of analytical tools at a real problem 

site. 
It would be pretentious at the present level of knowledge to 

propose an ideal training structure. Far from that, no such an ideal 
institution will exist in the immediate future because of the 
differences in conditions, policies, economies, and institutional 
mandates, etc. General ideas on direction may, however, be a useful 
starting point. At this stage, it is important to emphasize that 
training in agroforestry as a science should aim at cutting across 
conventional institutional areas and drawing upon several 
disciplines in the social, production, and environmental sectors to 
maximize its potential for improving land use. 

GLOBAL DATABASES AND INFORMATION CENTRES 

Since the creation of computerized databases, particularly 
those at ICRAF, on MPTS for general information, a lot of use has 
been made of these resources. Required MPT species information 
generated from research and implementation would best be managed and 
made available to the users through an efficient information 
management system. Global database awareness is gaining momentum, 
with most projects currently proposing this under their cooperative 
agreement with donors. However, the efficient use of these 
information resources would be dependent on whether these databases 
are compatible as this will allow coordination, standardized 
descriptors, and software interchangeability. 

The implementation committee is to undertake the preparation of 
research designs, action plans, and annual workplans, and propose 



regular workshops to coyer the project period. The action plan will 
describe the existing or proposed role of each national/ 
international institution and the donors involved. The action plan 
will also examine the relationship between activities funded by the 
donors with the collaborating institutions (both national and 
international) with existing proposed activities and will also 
indicate what actions are proposed for involving other international 
agricultural/forestry research centres in the agroforestry research 
network. A detailed workplan should be prepared each year describing 
the activities proposed for the year. This workplan should include a 
statement on commitments made or anticipated by national/ 
international institutions for participation during the year. 

Convening regular national, international, or regional 
workshops as the case may be (priorities identification workshops) 
with the participation of all technical groups in the network to 
discuss a wide range of issues is necessary. Under the guidance of a 
lead international institution (ICRAF in this case), matters such as 
country-specific, land-use system analysis will be discussed and 
common problems and proposed agroforestry interventions will be 
identified and prioritized. In this forum, research priorities will 
be determined on the basis of their importance at the national level 
and their regional significance and complementarity. The end result 
will be an ecozone-wide (regional) action plan. 

RELEVANCE OF AFRENA 

ICRAF, in consultation with a number of African countries, has 
developed a model for interinstitutional collaboration at the 
national and regional levels. Most of the problems discussed in the 
preceding chapters have been solved through this approach, although 
it is still too early to determine the success of this 
collaboration. ICRAF has played a key role in coordinating the 
programme by identifying and bringing together national forestry, 
agriculture, and other relevant institutions to work together in 
analyzing land-use problems, designing research programmes to solve 
them, and defining the exact role of each institution through 
negotiations and consultative processes in the implementation of 
such programmes. Participation in these activities has been 
essentially voluntary, although many institutions have been 
encouraged to join. This approach has been stimulating 
professionally and has encouraged interaction with complementary 
disciplines. 

Under this cooperative agreement, research is planned and 
implemented through an interinstitutional collaborative research 
network involving institutions grouped on a regional or ecozone 
basis. ICRAF has played a leading role in initiating the network and 
provides technical backstopping as well as orientation, assembling 
systematic documentation on agroforestry systems world wide and 
providing training. The approach is designed to strengthen 
agroforestry research capabilities of the participating forestry and 
agricultural institutions. Furthermore, it does not threaten 
existing institutional power structures. The AFRENA model has 
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undoubtedly yielded technically sound collaborative results across 
disciplinary boundaries from such semi formal programmes. Its 
successes and failures will be useful starting points for future 
improvements in order to realize its potential. The next step will 
involve more appropriate institutional functions and structures for 
addressing the problems of the small-scale subsistence farmers and 
land users in the tropics and subtropics. 

CONCLUSION 

A number of fundamental changes have been proposed. They 
represent my personal opinion, which is based on my experience of 
several years in agroforestry research and development. I realize 
how difficult it is to achieve an ideal organization composed of a 
multidisciplinary collection of scientists coupled with 
interinstitutional approaches and integrated thinking conducive to 
collaboration in agroforestry research planning and implementation. 

It must be emphasized, however, that the outstanding problems 
have been more to do with rigid, single-disciplinary institutional 
approaches than any other factor. The changes suggested here will 
require fundamental rethinking from disciplinary scientists, 
institutions, and decision-makers. An adoption of multidisciplinary, 
interinstitutional approaches to collaboration in agroforestry 
research planning and implementation is strongly emphasized. More 
specifically, emphasis must be placed on a clear definition of 
institutional functions without making a lot of fundamental changes 
in the existing institutional structures. These functions can be 
built up within the existing institutions, ministries, departments, 
or independent bodies of the existing institutions or departments. 
It is, however, suggested that, for the moment, it would be better 
to start by creating interinstitutional committees for planning and 
implementation and later strengthen them so that they become more 
and more executive as they grow to form appropriate task forces 
drawn from existing disciplinary institutions. 

While it is generally agreed that interinstitutional 
collaboration holds great promise in solving major land-use 
problems, care must be taken not to put too many institutions 
together making them unmanageable because of their diversified 
interests and objectives. 



ICRAF'S COLLABORATIVE RESEARCH AND DEVELOPMENT 
ACTIVITIES IN KENYA 

I.N. Kaaau and R.B. Scott, International Council for Research in 
Agroforestry (ICRAF), P.O. Box 30677, Nairobi, Kenya 

Abstract ICRAF's major collaborative approach in 
tropical Africa is through the Agroforestry Research 
Networks for Africa (AFRENA). There are four such 
networks based of four broadly homogeneous ecozones. 
AFRENA focuses on the strengthening of national institutions 
in developing their capacity to plan, design, and implement 
agroforestry research. The major underlying strategy is to 
work alongside national teams operating within their 
respective institutions and thereby identify and promote 
across-country collaboration and complementarity in areas 
of mutual interest. National teams share primary 
responsibility for achievements gained. The major decisions 
regarding the direction of research are made or approved 
by the participating countries. 

The major collaborative programme with Kenya falls under 
the Bimodal Highlands AFRENA Programme which also covers 
Uganda, Rwanda, and Burundi. The Kenyan research component 
of the zonal programme has been initiated at Maseno, while the 
location-specific project is planned for the coffee-based 
system in the central highlands. The ICRAF-Kenya collaboration 
is not limited to the AFRENA programme only. ICRAF has 
contributed in training Kenyans and in providing 
information and technical support to projects. Benefits 
have been mutual as ICRAF has utilized Kenyan facilities in 
training and in developing methodologies. 

The International Council for Research in Agroforestry (ICRAF) 
was established in 1977. The mandate of the Council is to initiate, 
stimulate, and support research leading to more sustainable and 
productive land use in developing countries through better 
integration or better management of trees in land-use systems. 

The major goal of ICRAF's Collaborative Programmes Division 
(COLLPRO) is to develop ecologically and socioeconomically viable 
land-use systems for increased and sustainable productivity while 
conserving and improving the natural resource base of small-scale 
farmers. 

The objectives of COLLPRO are to: 
1. Collaborate with national institutions in generating 

agroforestry technologies, specifically in relation to: 
- Screening multipurpose trees (MPTs) as components for 

specific landscape niches and roles (i.e., soil 
fertility, livestock fodder, fuelwood, etc.) identified 
as high priority in target land-use systems. 
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- Evaluating improved management regimes (i.e., spatial 
arrangements, establishment, fertilizations, harvesting 
frequencies, and techniques, etc.) in tree-crop, 
tree-pasture, and other mixed systems. 

- Designing, testing, and disseminating prototype systems 
and technologies to enhance the farmer's expected 
performance of existing land-use systems. 

2. Strengthen national institutions in developing their 
capability to: 
- Analyse existing land-use systems in order to define 

production constraints in relation to agroforestry 
potentials. 

- Assess technical and socioeconomic feasibility of 
agroforestry technical components for immediate 
application in those land-use systems. 

- Design, implement, and evaluate on-station and on-farm 
research programmes to develop, adapt, and/or test 
appropriate agroforestry systems and technologies. 

- Disseminate information on agroforestry nationally and to 
promote agroforestry systems and practices as tools for 
national development. 

- Plan, implement, and evaluate training and education 
programmes to support agroforestry research and 
development. 

Kenya and ICRAF have enjoyed a special relationship since the 
latter was set up. This can, in part, be attributed to the location 
of ICRAF in Nairobi and partly to Kenya's enthusiasm in tree 
planting, and, indeed, agroforestry, which has often necessitated 
some form of input from ICRAF. The reverse is also true. 
Agroforestry activities in Kenya have had and continue to have an 
impact on ICRAF's programmes be it in methodology or training 
activities. 

The ICRAF-Kenya cooperation takes different forms, for example, 
information exchange, consultancies, field visits, training, and 
collaborative research. This paper will highlight those activities 
which fall under the COLLPRO. Even here, emphasis will be laid on 
the collaborative activities under the Bimodal Highlands Programme 
which is currently accorded high priority from ICRAF's point of 
view. Brief mention will be made of the other collaborative 
activities as they are subject of other presentations at this 
seminar. These include the Dryland Agroforestry Research Project 
(Machakos), the Macro Diagnostic and Design Survey, Agroforestry for 
Development (Kenya) Project, and training and education activities. 

COLLABORATION THROUGH AFRENA 

Mechanism of Collaboration 

ICRAF's External Review Panel (1984) recommended that ICRAF 
must increase collaborative research to generate appropriate 
agroforestry technologies and to strengthen national institutional 
capability to formulate and implement agroforestry research 
programmes. 



The approach adopted to fulfil this recommendation starts off 
by diagnosing land-use systems and by identifying those constraints 
which can be addressed by agroforestry. In this way, it is felt that 
research will be focused on specific identified constraints. ICRAF 
has developed a diagnostic and design (D&D) methodology (Raintree, 
1987) which, among other things, is applied in collaborative 
programmes with national institutions. The multidisciplinary nature 
of agroforestry is recognized in the diagnosis of the systems and in 
the design of the experiments by involving scientists and experts 
representing the relevant disciplines deemed necessary to study all 
aspects of the land-use system. This means that instead of 
individual experts standing outside the land-use system and 
observing their own disciplinary components of the system, the whole 
team, without any preconceived ideas, can diagnose the problems. 
From this diagnosis, technologies with a potential for solving the 
problems are designed. It is only at this stage that the role of 
different disciplinary sectors and institutions in developing these 
technologies can be defined. 

The major underlying strategy to realize the objective of 
supporting national capability is to work alongside national teams 
of scientists operating within their respective institutions, and 
thereby identify and promote across-country collaboration and 
complementarity in areas of mutual interest. The ICRAF support 
consists of assistance to analyze, plan, design, implement, monitor, 
and evaluate agroforestry research for which national teams share 
primary responsibility for the achievements gained. In addition, 
ICRAF provides regular, ongoing support in the form of training on 
analysis of land-use systems, identification of constraints and 
agroforestry technology potential, experimental design, data 
collection and analysis, and evaluation of results. 

The conceptual framework under which ICRAF operates in Africa 
was summarized by Torres (1986). It is considered that inter-
disciplinarity is crucial in building the agroforestry body of 
knowledge, and it would be facilitated by reducing the number of 
variables affecting the technology-generating process. It would, 
therefore, be advantageous to keep this in mind and organize 
research activities around physically homogeneous ecozones. The 
ecozone focus would also enhance the probability of transferring 
biological components of technologies and facilitating the use of 
research resources, in similar agroecological zones. Four broadly 
homogeneous ecozones have been distinguished in Sub-Saharan Africa 
(Fig. 1). 

As similar ecological zones tend to be found in several 
neighbouring countries, national agroforestry projects can benefit 
greatly from regional collaboration. The sharing among countries of 
information and experiences on previous and present research 
activities is essential. Therefore, the concept of a zonal programme 
based on an ecological zone complements the promotion and 
strengthening of national agroforestry research projects. 

The mechanism utilized by ICRAF to facilitate agroforestry 
research in an ecozone is referred to as a regional network. Four 
such networks for Africa are recognized, based on four 
agroecological zones (Fig. 1). 
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Fig. 1. AFRENA ecological zones. 

347 



Two types of activities are developed in each network. The 
first type, the zonal programme, focuses on the ecozone and is drawn 
up after comparing the outcomes of the macro D&D of the 
participating countries. The programme is planned and implemented to 
address a set of specific problems and agroforestry potentials 
common in the ecozone. The national project, on the other hand, is 
planned and implemented to address location-specific constraints 
resulting from detailed analysis (micro D&D) of prioritized land-use 
system(s). The zonal network approach facilitates inter-country 
association and complementarity. It also provides a mechanism for 
ICRAF to plan and provide effective scientific and technical support 
to the institutions in each country participating in research 
programmes with national and/or zonal objectives and priorities. In 
effect, ICRAF and its collaborators achieve a comprehensive, solid, 
research focus and a more efficient use of scarce research 
resources. 

Agroforestry suffers from lack of an institutional niche. This 
poses major difficulties when it comes to decision-making and the 
overall responsibilities when activities cut across the more 
readily recognized, discipline-oriented institutions. The AFRENA 
approach seeks to overcome this constraint through coordinated 
research planning institutionalized through a national steering 
committee (NSC) in each collaborating country. The composition of 
the NSC varies but is normally composed of policy-makers and senior 
representatives of a range of research and development institutions 
with an interest in agroforestry. At the ecozone level, the roles of 
policy-making, planning, and review are undertaken by a regional 
steering committee (RSC). The specific functions of the RSC are to 
review and discuss: 

(a) Research priorities, plans, and budget; 
(b) Regional training and education programmes; 
(c) Technical inputs from ICRAF and other international 

agricultural research centres (IARCs) or specialized 
institutes; and, 

(d) Applicability of research results to countries outside 
the network but within the ecozone. 

The NSC undertakes similar responsibilities at the country 
level. 

ICRAF maintains that the major decisions regarding the 
direction of research have to be made or approved by the 
participating countries. This is ensured by involving the countries 
from the beginning. A multidisciplinary, multi-institutional 
national task force works with ICRAF's assistance in identifying the 
land-use systems with their constraints and potential agroforestry 
interventions. The outcome of such land-use studies is used by the 
NSC and RSC in selecting priority land-use systems and agroforestry 
practices for research. 

In the process of the institutionalization of agroforestry 
research at the national level, ICRAF has encountered some 
difficulties and complexities. Some of the major issues that have 
been raised include: 

(a) Secondment of national staff to agroforestry projects, 
especially in cases where a national agroforestry 
programme has not been established; 

(b) Continuity of staff assigned to agroforestry research; 
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(c) Management and administration of inter institutional 
projects; 

(d) Authorship and publication of data and results; 
(e) Relationships between national projects and zonal 

programmes; and 
(f) Resource variations between countries participating in 

the same network. 
Despite these difficulties, ICRAF has witnessed a tremendous 

commitment by national programmes to the concept of agroforestry and 
the implementation of agroforestry research in situations of scarce 
national resources. The benefits achieved thus far have been mutual: 
COLLPRO could not have achieved as much without the collaboration 
and commitment of national programmes—and national programmes could 
not have achieved as much without the collaboration and commitment 
of ICRAF (Scott, 1988). 

The Bimodal Highlands Network 

In the context of the AFRENA networks, Kenya falls under the 
bimodal highlands of Eastern and Central Africa. The network 
currently involves four countries: Kenya, Uganda, Rwanda, and 
Burundi. Future plans include extending the network to cover eastern 
Zaire and the highlands of Ethiopia. 

In delineating the highlands, the following broad criteria were 
used (Minae and Akyeampong, 1988): 

(a) Bimodal rainfall pattern with an average annual 
precipitation of more than 1,000 mm, and, 

(b) An altitude ranging from 1,000 to 2,500 m. 
Figure. 2 shows the areas covered by the network. It could be 

argued, and rightly so, that some of the areas covered do not 
exhibit typical bimodal patterns of rainfall (Fig. 3). In most 
cases, however, two rainfall peaks are distinguished and have 
implications on growth patterns and planting seasons. The altitude 
range falls below what is commonly referred to as typical highlands 
in Kenya. The demarcation is justified on a regional basis in that 
the normally accepted 1500 m lower limit would have left out a large 
part of Uganda. Cognizance was, however, taken over the diversity in 
the delineated area and the zonal research programme, as shown in 
the following, takes into account the various altitude ranges. 

Activities in Kenya under the Bimodal Highlands AFRENA were 
initiated in early 1987 when a multidisciplinary team of ICRAF and 
national scientists embarked on a macro D&D exercise under the 
financial sponsorship of USAID. The outcome of the exercise is a 
"blueprint" for agroforestry in the highland zone of Kenya (Minae 
and Akyeampong, 1988) that, among other things: 

(a) Describes pertinent development policies for the ecozone; 
(b) Examines existing production systems in terms of their 

objectives, structure, and function, assessing the most 
relevant factors affecting their productivity and 
sustainability; 

(c) Evaluates the potential of existing and/or notional 
agroforestry technologies to overcome diagnosed 
constraints and/or to meet potentials; 
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Fig. 3. Monthly rainfall totals for stations in Burundi, Kenya, 
Rwanda, and Uganda (30-year averages) (source: Hoekstra, 1988). 

Based on : FAO 1984 Agrocliinatical Data for Africa vol.2 
Source : Hoekstra, 1988 



(d) Relates anticipated results of agroforestry interventions 
to selected development objectives as a means to 
establish priorities for technology development; 

(e) Appraises research infrastructure and ongoing 
agroforestry activities; 

(f) Identifies institutional responsibilities in an 
agroforestry research plan for the zone; and 

(g) Establishes priorities for agroforestry research on the 
basis of technological priorities arrived at and ongoing 
activities. 

The blueprints of the participating countries were the basis on 
which the zonal research programme was approved by an ad hoc 
steering committee at a meeting held in Bujumbura (Burundi) 15-16 
July 1987. It was agreed at the meeting that the zonal project would 
concentrate on research dealing with the development of appropriate 
multipurpose trees (MPTs) and management technologies addressing 
soil fertility and soil-erosion problems in food crop plots. Fodder, 
fuelwood, and staking materials could be possible by-products 
depending on the land-use systems' requirements. In order to achieve 
research complementarity, Rwanda would, in the first instance, 
concentrate on the development of such technologies 
for the highest altitude range (2000-2500 m), Burundi for medium 
altitude zone (1500-2000 m) and Kenya for the lowest altitude range 
(1000-1500 m). A summary of ongoing and proposed experiments for the 
period up to April 1989 is given in Table 1. 

ICRAF's main contact in Kenya with respect to the AFRENA 
programme is the National Agroforestry Technical Coordination 
Committee which is set up under the National Council for Science and 
Technology (NCST). The Kenya Forestry Research Institute (KEFRI) was 
identified as the lead institution in research collaboration in the 
zonal research programme. KEFRI has made land available for 
experimentation at Maseno, and a team of Kenya and ICRAF scientists 
is conducting on-station research. 

The Kenya blueprint was further utilized by the National 
Agroforestry Steering Committee to identify a land-use system to be 
the focus of the national research project. The system selected is 
the high-input, coffee-based system of the Central Highlands of 
Kenya. 

Following this decision, a micro D&D was conducted at Embu 
towards the erd of 1987. The outcome of this exercise is a document 
(Minae, 1988) which gives: background information on the 
coffee-based system, constraints, possible agroforestry 
technologies, technology design and evaluation, and research design. 

In the zonal programme, ICRAF assumes a coordinating role 
between countries and manages the funds, whereas the national 
project is the; responsibility of the national institutions. ICRAF 
will assist in providing technical support at a level to be agreed 
upon by ICRAF and the Kenyan institutions involved. 
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Table 1. Ongoing and Proposed Experiments in the Bimodal Highlands 
Programme 

COUNTRY/SITE TYPE OF EXPERIMENT 

Rwanda/Rwerere i) 
ii) 

iii) 

iv) 

MPT screening (2000-2500 m range). 
Fodder production potential of different 
MPTs and gross combinations on the field 
bunds. 
Effect of Leucaena leucocephala and 
Sesbania sesban mulch with different 
levels of fertilizer application on the 
yield of wheat. 
Effects of different lopping management 
of S. sesban hedge on biomass 
production. MPT screening of MPTs for 
alley-cropping system. 

Burundi/Gitega, i) 
Karuzi ii) 

iii) 

iv) 

MPT screening (1500-2000 m range) 
MPT screening for alley-cropping systems. 
Effect of varying levels of nitrogen 
applied through tree mulch and fertilizer 
on the yield of maize and sorghum grown 
in the Leucaena alleys. 
Fodder production potential of the 
different arrangements of trees and 
napier grass on the field bunds. 

Kenya/Maseno i) MPT screening (1000-1500 m range) 
ii) Species screening for alley cropping 

system 
iii) Fodder production potential of different 

MPTs and grass combinations on the field 
bunds. 

iv) Effects of Leucaena mulch and 
fertilizer application on the production 
from maize and maize + beans systems. 

v) Effect of different cutting heights of 
L. leucocephala on the biomass 
production in a Leucaena/'maize alley 
system. 

Uganda/Kampala, i) 
Kabale ii) 

iii) 

Screening MPTs for upperstorey planting. 
Effect of spacing and understorey 
variations on the performance of 
Grevillea robusta as an upperstorey 
tree. 
MPT screening. 
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OTHER COLLABORATIVE ACTIVITIES 

Dryland Agroforestry Research Project Machakos (Kakuyuni) 

This project is conducted by KEFRI, Kenya Agricultural Research 
Institute (KARI), and Machakos Integrated Development Project (MIDP) 
and funded by the International Development Research Centre (IDRC) 
and the Kenya Government. The project was initiated in September 
1983. ICRAF has from the on-set been associated with the project, 
mainly providing technical backstopping. During the first phase, 
which ended in 1987, the main research area included: (a) alley 
cropping trials using L. leucocephala and Cassia siamea and (b) 
grazing-land trials where Prosopis juliflora and Zyzyphus 
Mauritania were found to be most promising for fencing, while 
Balanites aegyptiaca and Acacia tortilis showed the most 
promising rehabilitation potential. The results of the experiments 
are summarized in a series of research notes, and reports with a few 
more are awaited. Another output of the first phase was substantial 
distribution of seedlings (including fruit trees) to farmers. 

During the first phase of the project, collaboration was 
initiated with a project, Traditional Techniques for Microclimatic 
Improvements (TTMI), at the University of Nairobi. Under the 
auspicies of TTMI, three M.Sc. and one Ph.D. students from the 
University are presently conducting their thesis field research on 
the on-station trials of this project. 

In the second phase of this project, ICRAF, in close 
consultation with KEFRI, continues to assist the project staff with 
experiment design, monitoring, and data analysis. 

Macro D&D, Kenya 

As has been stated the macro D&D conducted under the Bimodal 
Highlands AFRENA Programme covered only limited parts of the 
country. ICRAF and the NCST agreed that it would be desirable to 
present to the 2nd Kenya National Seminar on Agroforestry a wider 
picture of agroforestry potentials covering most of the country. 

A macro D&D exercise was conducted in June and July 1988 
covering the coastal zone (Kilifi, Kwale, and Taita Taveta) and the 
semi-arid to arid areas (Baringo, Laikipia, Isiolo, Samburu, 
Kajiado, and some parts of Machakos). A consolidated view of the 
land-use systems and their agroforestry potentials has been 
presented to this seminar (S. Minae). 

Agroforestry for Development (Kenya) Project 

ICRAF, with financial assistance from SIDA, has initiated a 
two-year project whose objective is to assess all the major 
agroforestry projects and efforts in Kenya during the last decade 
and synthesize the relevant information into: 

(a) An agroforestry source book; 
(b) An annotated agroforestry bibliography; and 
(c) Agroforestry bulletins and field guide manuals for 

training and extension. 
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The work involves close consultation with the Kenya Government 
ministries, research institutions (i.e., KARI, KEFRI), universities 
(Nairobi, Moi, and Egerton), as well as selected national and 
international NGOs (e.g., CARE-International, Catholic Relief 
Services (CRS), World Vision International (WVI), Kenya Energy and 
Environmental Organisations (KENGO). The major outcome so far will 
be presented to the Workshop (Amare Getahun). 

Training Activities 

ICRAF's involvement in education and training has already been 
discussed in thus Seminar (E. Zulberti). To recap here, the major 
training activities include those falling under the Bimodal 
Highlands AFRENA Programme, attendance to agroforestry courses held 
at ICRAF, and fellowships for on-the-job training. A total of 29 
Kenyans have attended the three-week training courses, while 5 more 
have benefited from the six-month, on-the-job training programme. 
These do not include the Kenyans who have gained agroforestry 
knowledge through working in close collaboration with ICRAF 
scientists, for example, the members of the National Task Force who 
were involved in conducting the macro D&D. 

Provision of training materials has been another area of 
collaboration in training and education. Every participant of the 
ICRAF training courses takes with him/her a set of materials, some 
of which, we are reliably informed, are used in training more 
Kenyans. Training materials have also been sent directly to the 
universities (Egerton, Moi, and Nairobi). 

ICRAF'S GAIN FROM COLLABORATIVE ACTIVITIES WITH KENYA 

The collaboration between ICRAF and Kenya has not been one 
sided. ICRAF recognizes that without the goodwill from Kenya, most 
of what has been achieved, particularly in the refinement of 
methodologies, would have been very difficult. More specifically, 
ICRAF has benefited from the collaboration in the area of training 
and research. 

All the training courses held at ICRAF have a component of 
field D&D exercises. The collaborative sites at Kakuyuni and Embu 
have been used for this purpose. The Ministry of Energy's 
agroforestry sites at Mtwapa and Jamhuri Park are popular visit 
sites of training course participants. The shamba system at Kinale 
Forest and traditional agroforestry around Kiambu district have also 
been utilized for training purposes. 

It is expected that results gained from the experimental sites 
will be used for across-country, across-zonal, and across-continent 
comparisons which ICRAF and others can use to address global 
problems. 
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CONCLUSION 

Naturally, ICRAF's collaboration with KENYA is at a higher and 
a more intense level than with any other country. It is expected 
that collaboration will continue to grow as the planned research and 
training activities continue to expand and the general interest in 
agroforestry increases. 

It is our hope ICRAF's other collaborative activities in Africa 
and in other regions, such as South and South-East Asia, will have a 
positive impact on the Kenyan agroforestry scene. Other countries 
will, in return, benefit from agroforestry research and practices in 
Kenya as Kenyan sites will continue to be used for training and 
demonstration purposes. ICRAF intends to continue to play a major 
leading role in agroforestry development globally, and it is our 
expectation that Kenyan researchers, scientists, and development 
experts will be able to benefit directly by ICRAF's presence in 
Kenya. 
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MULTIPLE CROPPING AND AGROFORESTRY 
SYSTEM PRODUCTION STRATEGIES 

F.M. Odok, Ministry of Agriculture, P.O. Box 30028, Nairobi, Kenya 

Abstract For the immediate future and in the long run, 
agriculture will remain the leading sector in Kenya's 
economic development. The potential exists for the expansion 
of food crops to feed the rapidly growing population, cash 
crops for both the export and local manufacturing sector, 
and woodfuel for domestic energy requirements, through 
increased productivity by the small scale-farmers 
(Odok, 1985). These farmers commonly practise multiple 
cropping and agroforestry systems of production. However, 
this potential can only be realized through appropriate 
policies and strategies that are geared towards the 
majority of the farmers. The policies and strategies 
should include land-tenure systems, intensified and 
appropriate research, adequate provision of credit and farm 
inputs, favourable farm-gate prices for the major products, 
improvements in marketing arrangements for farm inputs and 
commodities, prompt payments to farmers, and properly 
organized and managed extension services. 

Multiple cropping and agroforestry systems have been practised 
in the tropical countries for a long time. The subsistence peasant 
farmers practised shifting cultivation as well as the growing of two 
or more crops at the same time. They were relying on their 
indigenous technical knowledge (ITK) and vast experience to choose 
the crop combinations. Their strategy was to take advantage in 
optimizing production while conserving the soil resources. During 
the bush clearing for cultivated agriculture, some trees and bushes 
were selectively left or planted on land where crops were grown or 
animals grazed. These trees or shrubs provided fruits for human 
consumption, shade for animals during sunny days, or environmental 
protective mechanisms. 

Agroforestry, although appearing to be a new concept, is an old 
phenomenon. It, arguably, covers all systems where trees are 
deliberately left or planted on land where crops are grown or 
animals grazed. It includes practices such as shifting cultivation, 
the growing of shade trees in cash crops like coffee, the use of 
living fences to contain or exclude animals, as windbreaks and for 
alley cropping, and the intercropping and mixed cropping of 
agricultural crops and trees, e.g., maize and leguminous Leucaena 
spp. 

Multiple cropping and agroforestry systems are closely related. 
It should be noted that commonly in alley farming, the crops are 
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grown in alleys formed by rows of fast-growing trees. The Kenya 
Woodfuel Development Programme and Agroforestry Centre in Kisii 
District provide ample insights. The trees, Leucaena spp., can be 
pruned at frequent intervals during the cropping season to prevent 
shading of the agricultural crop, such as maize, etc. The foliage is 
fed to livestock or incorporated directly into the soil or applied 
to the surface as mulch. The stems provide the farmers with woodfuel 
for domestic use. 

The other forms of multiple cropping, namely intercropping and 
mixed cropping, are commonly practised by the majority of the 
smallholders whose production system dominates most of the tropical 
countries. Intercropping and mixed cropping may involve the growing 
of two or more crops on a single piece of land at the same or 
different times of the season. In Kenya, 90% of maize and beans are 
produced by the small-scale farmers with less than 5 ha. These 
staple food crops in Kenya are interplanted except for the few-
large-scale farmers who plant pure stands of maize. 

But what are the merits and demerits of the multiple cropping 
and agroforestry systems of production? The possible answers will 
emerge from the various papers presented by different individuals or 
organizations. The final conclusions and recommendations will even 
be more concrete. 

ADVANTAGES 

The main advantages of multiple cropping and agroforestry 
systems can only be obtained in a situation where the productivity 
of a unit of land is higher if the crops are grown in a mixture than 
if they are grown in single stands (Buck, 1980). First, Odurukwe 
(1985) notes that mixed and relay cropping give more effective 
utilization of the land than other systems. He attributes the gains 
over sole cropping to better light and nutrient utilization because 
of the different canopy structures and nutritional requirements of 
the mixture. 

Second, multiple cropping, such as alley farming, has a 
significant potential for maintaining soil fertility under 
continuous cropping. The substantial quantities of organic matter 
and minerals in the tree foliage can improve the soil structure and 
nutrients for the other crops. Leguminous trees such as Leucaena 
spp. can improve soil fertility more directly by nitrogen fixation. 
Sumberg (1985) suggests that, to be useful for alley farming, a tree 
species must be easy to establish and quick to regrow after pruning. 

Another advantage is based on risk management. The multiple 
cropping has the potential capacity to minimize the degree of risks 
as a result of natural and or economic hazards. Agricultural 
production is one of the most risky businesses. It is susceptible to 
the vagaries of outbreaks of pests and diseases, unfavourable 
climatic and environmental conditions, and management practices. 
Fortunately, different crops or trees have tolerance abilities for 
pests and diseases, soil conditions, water regime, etc. This means 
that, in a multiple cropping system, some crops may be affected 
whereas the others escape the unfavourable conditions. 

Furthermore, a mixture of trees and annual crops of different 
heights provides a more complete ground cover, which helps protect 
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the soil from erosion and makes maximum use of available sunlight. 
For cash crops, such as coffee, the tree helps to moderate extremes 
of temperature by preventing rapid head loss from the soil at night 
and protecting crops from excessive heat during the day. In 
addition, many annual crops require protection against windstorms, 
which cause tremendous damage when the crops lodge on the ground. 
The Eucalyptus spp. drain the swampy areas for productive 
agriculture. 

The list of advantages of the systems is bound to be longer 
than noted in this paper. At the same time, there may be a number of 
constraints or disadvantages that will come out of this seminar. 

PRODUCTION STRATEGIES 

The current and projected trends amplify that agriculture is 
and will remain the mainstay of the Kenyan economy for a long time. 
Agriculture accounts for 30% of the gross domestic product (GDP). 
More than 80% of Kenya's rapidly increasing population of more than 
22 million people (1988) lives in rural areas where agriculture and 
agro-based industries provide 70% of the nation's work force. 

On the other hand, the amount of available land for agriculture 
is threatened by the rapid population pressure. The former mixed 
large farms are being subdivided into smaller units for settlement. 
Kenya's food security remains a major objective of the government. 
But the population of Kenya will rise to almost 35 million by the 
end of the century and yet meet its food requirements from domestic 
production. This may become increasingly difficult to achieve in the 
face of rapid population growth and a fixed supply of land. Of 
Kenya's 44.6 million hectares of land, only about 8.6 million 
hectares are medium- to high-potential agricultural land. Of this, 
about 60% or 5.2 million hectares are devoted to agriculture. The 
remaining 40% is used for extensive grazing, forest, and national 
parks. Almost a half (about 47%) of the land devoted to agriculture 
is used for dairying, 23% for maize and bean production and 30% for 
export, industrial, and horticultural crops. 

Given the very limited land for both agricultural and forestry 
production, the land production strategy should aim at: 
(a) Ensuring an acceptable minimum level of food security for the 

entire Kenyan population; and 
(b) Maximizing the contribution of the productive sector to the 

rate of national economic growth. 
To achieve these goals the following production strategies can 

be pursued. 
First, the arable land, and to some extent the rangeland in the 

semi-arid areas, would be efficiently utilized and developed to meet 
national food needs while making a growing contribution to foreign 
exchange earnings. Soil and water conservation should be stressed. 
Already new techniques, such as construction of cut-off drains, 
bench terraces, cultivation along contour lines, improved physical 
farm layouts, as well as the new techniques of agroforestry, have 
been developed for farmers' use. The planting materials along the 
soil conservation structures should be made readily available. Due 



to the fragility of their ecological balance, special attention is 
to be given to development policies in arid and semi-arid areas to 
enhance and facilitate land use in these areas. 

Second, since food security is a paramount objective of the 
government, the strategy is to ensure that an adequate supply of 
nutritionally balanced food is available in all parts of the 
country. The strategy should be based on the optimal allocation of 
resources between production for domestic, export, and import 
markets. Although food security may mean different things to 
different people, for the majority of the nation's population, food 
seciwity is the ability to purchase foodstuff when needed. It is, 
therefore, important to increase food production in all areas of the 
country, including drought-resistant crops such as sorghum and 
millet in the dryland areas. 

Third, the availability of suitable, high-yielding seeds and 
planting materials is crucial to the majority of the farmers. There 
is a major need to develop a seed or seedling supply system that 
will guarantee that the planting materials of high genetic potential 
are available at all times, including periods of drought. Seed 
supply tends to be at its most vulnerable stage in the year after a 
drought, yet this is when the demand for seeds/seedlings tends to be 
at its highest. The rapid adoption of hybrid maize seed has made a 
major contribution to Kenyan agricultural growth since independence. 

Furthermore, research programmes have been initiated to develop 
appropriate technologies for use by the farm families. In Kenya, 
positive steps to rationalize the national research programme have 
been taken through the establishment of the Ministry of Research, 
Science and Technology. Once this is implemented, it will enhance 
integration, coordination, and implementation of research programmes 
related to the productive sector. Farming systems research should, 
however, receive top priority as the basic strategy for developing 
and testing improved technologies in practical farming situations 
with the participation of farmers. Although the national research 
Centres (NRCs) cover technology generation for priority commodities, 
the regional research centres should tackle regional problems of 
production systems through multidisciplinary efforts. The regional 
research centres would provide farming systems, research teams and 
intensive interaction of research, extension, and farmers in the 
problem-solving tempo. 

At the same time, increasing national agricultural production 
must rely principally on intensifying land use through switching 
land to high-value crops and through increasing the yields of the 
crops planted. Both means of intensification will require an 
increase in the fertilizers employed per hectare. To encourage and 
permit the necessary increase in fertilizer use, sufficient 
fertilizer of the correct types must be available within Kenya's 
boundaries at the right time for farmers to purchase at outlets 
close to their farms and at the least cost possible. 

It is equally important to encourage farmers to adopt improved 
farming practices by more effective and confident extension services 
coupled with farmers' education and provision of other incentives. 
In both agriculture and forest disciplines, there exist modern 
methods of increasing productivity, such as scientific innovations, 
in areas of genetic quality improvement, land preparation methods, 
appropriate technologies for farm operations, including pest and 
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disease control, better harvesting and storage methods, and better 
use of agricultural by-products. Fortunately, Kenya has a large 
number of highly qualified and technically trained extension 
personnel in the public and private sectors that, through 
motivation, are capable of successfully implementing appropriate 
strategies for increased agriculture and forestry production. 

The functions and activities of the entire extension service 
may require harmonization and complementarity to avoid duplication 
and conflicts. In fact, Kenya has a well-developed extension 
service, one of the best in Africa (Leonard et al., 1982). Its 
performance is well above average for the continent, and there is 
evidence that it is improving. 









ANIMAL HUSBANDRY IN AGROFORESTRY PRODUCTION SYSTEMS 

Albert E.O. Chabeda, Ministry of Livestock Development, P.O. Box 
34188, Nairobi, Kenya 

Abstract Agriculture plays a very important role in 
the economy of Kenya, contributing between 35 and 40% of the 
gross domestic product (GDP). In 1984, its share of the 
total GDP was about 30%. The livestock subsector is 
estimated to contribute 30% of the total gross marketed 
value of agricultural production and is, therefore, an 
important sector in the national economy. Of the 8.6 
million ha available for arable agriculture in the 
high-potential areas, 5.2 million are under crop and milk 
production, with 47% of this land estimated to be directly 
under dairy production (Sessional Paper No. 1, 1986). 
Although there are no precise figures given for land under 
meat production, it is estimated that about 33 million ha 
are under some form of extensive grazing, forming the basis 
of red meat production for the country. In addition, the 
agriculture and livestock sector accounts for more 
than 70% of the total foreign exchange earnings, financing 
about 55% of the total import bill. 

Kenya, located on the eastern seaboard of Africa, covers a 
total area of 580,000 km2, with great contrasts in topography, 
climate, and soils. Out of the total land area, about 80% is arid 
and semi-arid and only 20% is of high and medium potential for 
agricultural and livestock production. Furthermore, it is estimated 
that of its 22 million people, 80-85% live in the rural areas. The 
central factor, therefore, in Kenya's agriculture is the scarcity of 
productive land. Milk, maize and beans, root crops, sorghum, and 
millets account for 84% of the farmed land but produce only 43% of 
the total value of all other commodities. Coffee, tea, and 
vegetables produce 37% of the total value using only 5% of the land. 

LAND RESOURCES 

The current livestock (ruminant) production systems are largely 
dependent on natural grasslands (beef) and/or planted fodders and 
improved pastures in the intensive systems mainly oriented toward 
milk production on small-scale farms. The major part of these 
grasslands are found in the rangelands covering about 80% 
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of Kenya. Earlier studies have estimated that in 1975 there was 
about 50.4 million ha of land available for grazing. However, with 
the increasing demand on agricultural cropland, and with the 
extension of small-scale irrigation schemes into the rangelands, 
about 1.6 million ha will be converted to crop farming leaving about 
48.8 million ha as available grazing land. The distribution of the 
available land and the future projection are indicated in Table 1. 

Table 1. Amount of Available Grazing Land (Million hectares) and its 
Carrying Capacity (Million Livestock Units) Per Zone 1975 and 1990 

ZONES 1975 1990 

II High Potential 
III Moderate Potential 
IV Low Potential 
V Fair Rangeland 

VI Poor Rangeland 

Mil. Ha. Mil. L.U. Mil. Ha. Mil. L.U, 

2.0 
4.0 
5.4 

26.0 
13.0 

3.8 
4.0 
1.4 
2.2 
0.4 

1.6 
3.0 
5.2 

26.0 
13.0 

3.0 
3.0 
1.4 
2.2 
0.4 

50.4 11.8 48.8 10.0 

Divided into 6 ecological zones, the net loss of available 
grazing lands resulting from the encroachment by crops will be 20% 
from ecological sone II, (high potential), 33% in zone III, and 4% 
in ecological zone IV. However, this reduced carrying capacity 
resulting from the crop encroachment can be partially compensated 
for by the application of more intensive production systems such as 
zero-grazing. In ecozones II and III, the actual reduction in 
livestock production is likely to be 20% rather than 15% implied by 
the percentage decrease in both land available and livestock units. 
The proportions of planted fodders and improved pastures, though on 
the increase, are still very low and accounted for 128,612 and 
159,030 ha in 1935 and 1986, respectively (1986 Annual Report, 
Ministry of Livestock Development). 

LIVESTOCK POPULATION 

The estimated livestock populations for cattle, sheep, poultry, 
and camels are presented in table 2 . In terms of livestock units, 
cattle are by far the most predominant. Sheep and goats, though 
constantly outnunbering the cattle over this period, represent only 
19.8% livestock units (LU) while camels represent 5.7%. 
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Table 2. Estnated Population of Cattle, Sheep, Goats, Caiels, and Poultry 1978-1986 in '000' 

TYPE 1978 1981 1982 1983 1984 1985 1986 

CATTLE 
DAIRY 1127 1466 1807.6 2219.5 2040.7 2278.1 2306.27 
IKPROVED BEEP 660 486 521.7 374.2 
ZEBO 8460 7844 8210.7 8301.7 7682.2 8035.3 8191 

TOTAL 

SEEEP 
HAIR SHEEP 
WO0L SHEEP 

TOTAL 

GOATS 
KEAT GOATS 
DAIRY 

TOTAL 

TOTAL SHOATS 

CAMELS 
POULTRY 

10,247 

6000 
500 

6500 

8500 
2 

8502 

15,052 

607 
16,780 

9,796 

4980 
629 

5609 

6996 
7 

7003 

12,611 

638 
16,370 

10,539.5 

5574.5 
564.52 

6139 

7203.26 
7.49 

7210.0 

13,349.4 

825.4 
19,725 

10,895.4 

5988.2 
599.9 

6588.2 

7763.9 
11.8 

7775.2 

14,363.4 

774.4 
19,661 

9,722.9 

5598.2 
550.86 

6419.1 

6826.93 
27.45 

6854.4 

13,273.5 

-

10,313.4 

5728.8 
714.52 

6441.3 

7180.26 
24.77 

7205.04 

13,(46.3 

547.5 
14,330 

10,497.28 

5252.3 
(80.33 

5932.64 

8104.9 
26.85 

8131.75 

14,0(3.6 

647 
14,114 

Source: Ministry of Livestock. Development - Animal Production Division - Annual Reports 

The importance and contribution of the livestock species in the 
various agroecological zones, however, vary considerably, with sheep 
and goats taking the greater share of importance in the arid and 
semi-arid areas of the country. Table 3 shows the distribution of 
sheep and goats by agroecological zone while Table 4 shows the 
pattern of cattls ownership in 1983 by farm holdings. 

On a regional basis, the Rift Valley, Eastern, and Nyanza 
provinces account for over 65% of the beef herd while the Rift 
Valley and Central Provinces account for about 85% of the entire 
improved dairy herd. The majority distribution of sheep and goats is 
(53%) in the Rift Valley Province; 18.2% Eastern, Coast, Nyanza, and 
North Eastern each with about 7%. 
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ZONE 

Table 3.Approximate Distribution of Sheep and Goats by Agroecological 
Zones 1983 (000) 

HAIR SHEEP WOOL SHEEP MEAT GOATS DAIRY GOATS % TOTAL % AREA IN ZONE 

I & II 
III 
IV 
V 
VI 

757 
1380 
1490 
1891 
470 

600 800 
1400 
2314 
2500 
750 

11.28 15 
19 
26 
31 
9 

10 
9 
9 
52 
20 

TOTAL 5988 600 7764 11.28 100 100 

Table 4. 1983—Number and % of Cattle on farms (in millions) 

Cattle Type Small Farms Large Farms Pastoralists Kenya Total 

Zebu 
Grade Beef 
Cross Breed Dairy 
Grade Dairy 

4.0 (48) 
0.04 (11) 
0.8 (89) 
1.1 (85) 

1.5 
.29 

0.1 
0.2 

(18) 
(28) 
(11) 
(15) 

2.8 (34) 
0.04 (11) 

8.3 (100) 
0.37 (100) 
0.9 (100) 
1.3 (100) 

1) Grade Beef - crosses between local and exotic beef grades. 
2) Cross-bred Dairy - contain less than 75% exotic genotype. 
3) Grade Dairy - contain more than 75% exotic genotype. 
4) Small farms are holdings of less than 20 hectares. 
5) Large farms are holdings of more than 20 hectares. 

Source: Ministry of Agriculture and Livestock Development (1983) 
Farm Management Hardbook Vol.IV. 



Livestock may play various roles in different societies and 
circumstances. Livestock production is characterized by the 
livestock type and livestock products. The major functions include 
the provision of milk, meat, hides and skins, wool and other fibres. 
Livestock also provide manure which enhances crop production. 
Livestock can also be used as a means of transport and traction for 
assets/securities in sociocultural functions. The various roles 
played by livestock will depend on the species, the production 
systems, and the level of technological development of the society 
(Jahnke, 1982). 

MAJOR LIVESTOCK PRODUCTION SYSTEMS 

Small Holder Zero-Grazing Systems 

Zero-grazing is the most intensive livestock production system 
in practice, involving the cut-and-carry method. This is found in 
most of the central and eastern highlands; Western, Nyanza, and 
parts of Eastern and Coast provinces in agroecological I—II and III. 
It is characterized by the coffee/tea/potato zones. 

This sector has slowly been transformed from a traditional 
subsistence-oriented sector into a commercialized system. In 1981, 
the sector produced 75% of the total milk output 65% of the total 
beef, 30-35% sheep and goats and a substantial amount of eggs and 
chicken. The major constraint in ruminant livestock production is 
the quantity and quality of available feed. The average land per 
capita for 1982 estimates from 2 of the highly populated districts, 
Kakamega and Kiambu is 0.26 and 0.21 ha, respectively. There is, 
therefore, a severe competition for available land for food and feed 
crops (Said, 1986; 1986b). Substantial feeds are also derived from 
farm by-products (Stotz, 1983; Kivelenge et al., 1983) with type and 
availability depending on region and crop patterns. Several pasture 
grasses, fodders and fodder shrubs, and legumes have been 
recommended (Chabeda et al., 1983) for pure stands or intercropping 
to increase utilization and improve soil nitrogen status (Table 5). 
This system is characterized by ownership of one to two dairy 
livestock units. 

The Semi-Zero Grazing Systems 

This system of production is more prevalent where population 
pressure is medium to high with higher land ratios per household or 
per capita. Individual land holdings vary from 5 to 15 ha. The 
predominant method in use is natural grazing and/or with limited 
planted fodders and pastures. In some areas such as Nyandarua, oats, 
kales, and turnips are planted for forage conservation. 

These areas are closely linked to the settlement schemes. 
Substantial beef, sheep, and goat meat are provided here. 
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Large-Scale Mixed Farming 

These are commercially well-equipped farm lands using modern 
technology. Improved dairy herds grazed on improved pastures, are 
common, with fodder conservation and supplementary feeds used to 
varying degrees. A substantial amount of the commercial milk in 
Kenya is derived from this sector as the level of management is 
usually high with average yields of 3000 kg per lactation. Pasture-
legume mixtures are also found here. Hay and purchased feeds are 
commonly used. 

Commercial Farms and Ranches 

Commercial farms and ranches specialize in beef, sheep, and 
goat meat production and are to be found in the medium to low 
rainfall zones. They consist of company, individual, and commercial 
ranches. Some commercial ranches are privately owned and occupy only 
a small percentage of the total rangelands. Company ranches belong 
to a group of shareholders with collectively owned assets. 
Individual, company, and commercial ranches apply improved livestock 
production methods and technologies and constitute an important 
source of commercial beef, mutton, and goat meat. 

Cooperative Society Ranches 

The cooperative society ranches are jointly owned by members of 
cooperative societies and are usually communally farmed. The best 
examples are found in Machakos, Nakuru, and Laikipia districts. 
Members of the society live off the ranch and engage a ranch manager 
to manage all the enterprises of the ranch. Members pay for the 
communal facilities, e.g., water and dipping fees, etc. on a per 
head basis. 

Traditional Livestock Pastoral Systems 

This is the most prevalent method of beef, mutton, and goat 
meat production. The major breeds of cattle and goats include the 
Zebu, Red Masai, East African goat, Galla, and Somali sheep. 
Production per animal is low. Group ranches are included,here as 
well. Some of the group ranches, however, are rapidly undergoing 
sub-division because of the conflict of interest among their 
members. Membership in the groups was based on traditional land 
rights. However, the livestock is managed collectively in the ranch, 
while retaining individual ownership. 

Semi-Arid Mixed Farming 

The dryland areas where mixed farming is practised fall under 
agroecological IV and V with an annual rainfall of 500-800 mm, 
equally divided into 2 seasons. This zone is estimated to cover 
342,000 km2 or 59% of Kenya's total land. 
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Table 5. Pasture Species Adapted for Various Ecological Zones of Kenya 

Z0I1 ALTITUDE ASNUAL EA1SFALL GRASSES PASTURE SPECIES RECOMKESDED 
LEGUHES/PODDER TREES 

HOT AHD KET 
COASTAL 
STRIP e.g. 
[iale 

0-1501. 
0-S00ft. 

1000-127011. 
40-50 ins. 

1. Panicui laiiiui 
(Likoni Guinea grass 

2. Panicui laiiiui 
(Kakueni Guinea) 

1. Siratro (P. atropurpureui) 
2. Glycine wightii 
3. Leucaena ieucocephala 
4. Atripei, sp. 
5. Prosopis juiiflora 

2. DRY COASTAL 
HINTERLAND 
e .g . Taveta 

150-900m 
500-3O0ft. 

635-1999i. 
25-40 ins. 

1. Kakueni Guinea 
2. Ceicims ciliaris 

(Buffel grass) 

1. 
2. 
3. 
4. 

1. 
2. 
3. 
4. 
5. 

Glycine wightii 
Stylo (Stylos&nthes) guyanensis 
Leucaena Ieucocephala 
Atripei, sp. 

Stylo 
Glycine vightii 
Leucaena Ieucocephala 
Atripei sp. 
Prosopis jiliflora 

3. DRY MEDIUM 
ALTITUDE 
e.g. Katumani 

900-1580m 
30OO-6500ft 

635-lOOOm 
25-40 ins. 

1. Kakueni Guinea Grass 
2. Rhodes grass (Pokot) 

4. SET KEDIUK 900-1980i 
e.g. Eibu 

0-2540II 1. Rhodes grass 
2. Handi Setaria Grass 

1. Desiodiui uncinatui 
2. Desiodiui intortui 
3. Leucaena ieucocephala 
4. Stylosanthes guyanensis 

5. DRY HIGH 
ALTITUDE 
e.g. Eldoret 

1980-2450i. 635-100011. 1. Xasaba Rhodes grass 
2. Pokot Rhodes grass 

1. Kenya white clover 
2. Louisiana white clover 

6. KET HIGH 
ALTITUDE 
e.g. Kafiiba 

1980-2450i 1000-24=540n 1. Kikuyu grass 
2. Nandi Setaria grass 

1. Louisiana white clover 
2. Kenya white clover 

WET SUB-
ALP 18E 
e.g. Kolo 

2450-30601 1000-2540ii 1. Kikuyu grass 
2. Rye grass 
3. Cocksfoot 

Louisiana white clover 
Sibterannean clover 
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These dryland areas have traditionally been considered best 
suited to extensive grazing for livestock. Though limited rainfall 
is a constraint, far more serious is its erratic pattern. Feed 
availability during the dry seasons and/or droughts is also one of 
the major constraints to livestock productivity. The availability of 
feed in both quality and quantity is, therefore, a pre-requisite for 
increased production of livestock and livestock products. Rukandema, 
et al. (1983) showed that livestock is a major source of on-farm 
cash income for small-scale farmers of this area with over 60% of 
the total on-farm income being derived from the sale of livestock. 
Chabeda (1980b) tested and evaluated 18 fodder shrubs in an animal 
preference trials for suitability in various ecological zones using 
cattle, sheep, and goats, at Katumani. 

LIVESTOCK MANAGEMENT SYSTEMS AND HUSBANDRY 

Livestock management and husbandry are pre-supposed two 
inter-related aspects, viz, the balance of available feed resource 
vis a vis the livestock numbers. The type of management system will, 
therefore, heavily depend on the production practices adopted, the 
type of feed resources in use, the envisaged livestock enterprises, 
e.g., intensive dairy farming or extensive beef farming, the 
breeding programmes, calf-rearing methods, animal health care, 
pasture management, and rotational grazing versus non-rotational 
grazing all being important aspects of management. 

FUTURE PROSPECTS FOR INTEGRATION OF LIVESTOCK INTO 
SILVOPASTORAL SYSTEMS 

Fodder shrubs and tree legumes used for livestock production 
are becoming increasingly important in recent years (McKell et al., 
1972; McKell, 1975 and 1976; Sunberg, 1984; Ibrahim and Chabeda, 
1981) and have been variously evaluated for cattle, sheep and goats, 
because of the beneficial effects accrued to the associated plants 
and animals. The advantages of shrubs, trees, and legumes include 
their multipurpose uses for fuel, building, and shelter; their 
perennial and, deep-rooting habits, and the high dietary quality 
(Tothill, 1987). Because of their low palatability, they act as 
fodder banks or natural deferred grazing systems of utilization 
during the critical feed-deficit period when both the quantity and 
quality are limiting factors. Studies have also shown that fodder 
tree and shrubs increase the nitrogen status in the soil and are 
widely used in soil conservation and land rehabilitation, including 
in saline areas. The high crude protein, mineral content, especially 
phosphorous, and vitamins are essential for efficient reproduction 
and fertility cycle in most livestock. However, despite the many 
attributes, only recently has attention been given to the use of 
fodder trees and shrubs, probably due to the limited information on 
their management (El-Shorbagy, 1985). 
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Though several fodder trees and shrubs have been tested and 
evaluated in Kenya (Chabeda, 1980; 1981), the information is still 
scanty and unquantified. The author attempts to suggest some 
feasible approaches to be developed in the various agroecological 
zones based on production systems in practice. 

CONCLUSIONS AND RECOMMENDATIONS 

Fodder shrubs and legume trees can play an important role in 
the alleviation of feed constraints in the various agroecological 
zones of Kenya. The diversity of trees available and the varied 
livestock production systems encountered present a complex 
combination of factors which need comprehensive study and 
evaluation. However, there is some useful information available, 
which can be quantified, for the future development of an integrated 
systems approach. The recommendations, presented in this paper for a 
better understanding of livestock integration with agroforestry 
practices can be further refined and improved upon. For example, the 
establishment methods for various trees and shrubs species and their 
subsequent management pose challenges in some of the production 
systems described. 
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SOIL EROSION AND THE ROLE OF AGROFORESTRY PRACTICES 
IN SOIL CONSERVATION 

A.M. Kilewe, Kenya Agricultural Research Institute (KARI), P.O. Box 
30148, Nairobi, Kenya 

Abstract Soil erosion has been identified as a 
pressing agricultural problem presenting a major threat to 
all facets of land productivity in Kenya. Quantitative 
documentation of the extent, causes, and impact of soil 
erosion, however, is almost nonexistent. This paper, 
therefore, discusses the major processes and causes of soil 
erosion with special emphasis on the role of agroforestry 
practices in soil conservation. In doing so, a broader 
interpretation of soil conservation, implying not only soil 
erosion control but also maintenance and improvement of 
soil fertility, was used. The need for special research 
efforts to determine (a) how the loss of soil productivity 
changes as erosion progresses, (b) how soil productivity 
varies over time under a given land use, (c) the process 
whereby soil productivity declines, (d) the rehabilitation 
requirements of eroded lands, and (e) the role of 
agroforestry practices and systems in erosion control 
and maintenance of soil fertility is emphasized. 

The population of Kenya is expected to increase from about 15 
million in 1979 to about 30 million in the year 2000 if the present 
rate of about 3.8% does not change. Kenya's food production must, 
therefore, increase at the same rate or faster to maintain the same 
food supply/population ratio we have today. At the same time, when 
increased food production is needed, thousands of hectares of land 
are being subjected to major soil erosion losses. This combination 
of events leads to the conclusion that losses in soil productivity 
due to erosion will not permit maintenance of the current levels of 
agricultural production unless drastic measures are taken to combat 
soil erosion. 

Each year thousands of hectares undergo land-use changes in 
Kenya. Forests and grasslands are continuously being converted to 
agricultural and pastoral use, and rural lands are becoming 
urbanized. Each change in land use that alters the ground cover or 
degrades the land is a potential catalyst for increasing soil 
erosion. These changing lands are the sources of large quantities of 
sediments that pollute streams, fill reservoirs, and contribute dust 
to the atmosphere. 

Given the present status of the human-environment relationship 
in Kenya, and if the current erosional trends continue, management 
of the physical landscape will require increasingly restrictive 

374 



alternatives. Already land resources in some parts of Kenya have 
been abused to such a degree as to severely limit their options for 
future productive use. This has had serious implications on the 
quality of life in Kenya. If left unchecked, it would threaten the 
basic elements of life by decreasing the ability of Kenya's land 
resources to produce the food supply that Kenyans expect and by 
causing the quality of water and air to deteriorate. 

The increasing population pressures are responsible for the 
ever-increasing deforestation as more land is sought for cultivation 
or fuelwood. Such unmanaged expansions are not only depleting the 
forests as valuable watersheds and fuel reservoirs, but are also 
gradually eliminating the most effective protection against water 
erosion on steep slopes. The threat to forest lands is accentuated 
by the growing need of subsistence farmers to expand the land under 
crops. In so doing, the farmers are no longer solely motivated by 
the need to meet their increasing demand for food. Recent 
socioeconomic trends show an increasing desire on the part of the 
small-scale farmers to receive cash from sales of their products. 
Where forest lands are np longer usable or available, the cropping 
cycles are extended at the expense of beneficial fallow periods, 
leading to depletion of nutrients, poor crop stands, and serious 
soil erosion. 

The economic and social costs of soil erosion are enormous and 
widespread. If natural resources are continually managed as they are 
at present, these costs may be expected to be compounded 
progressively. Lower agricultural productivity, resulting from soil 
misuse, will lead to a scarcity of low-cost food. The scarcity of 
low-cost food will in turn lead to further misuse of already 
cultivated land and the exploitation of other land that is even more 
vulnerable to erosion. The implication of this is of utmost gravity 
and points to an urgent need to develop a land-use system that 
combines production of food, livestock, and forest products, 
preferably on the same unit of land on a sustained yield basis. 

PROCESSES OF SOIL EROSION 

Raindrop Erosion 

Raindrop erosion is soil splash from the impact of water drops 
directly on soil particles or on thin water surfaces. Although the 
impact on water in shallow streams may not splash soil, it does 
cause turbulence, providing a greater sediment-carrying capacity. 

The erosive capacity of a falling mass of water depends on the 
energy per unit area of the individual drop. The kinetic energy of 
the falling drop determines the force of the blow that must be 
absorbed at each point of impact, whereas the horizontal area of the 
drop determines the amount of soil that must sustain that blow. It 
is the application of this energy in the form of raindrop impact 
that accounts for the greatest part of the dispersion of soil 
particles. 

The transfer of raindrop kinetic energy to the soil 
particles has two effects. First, it provides a consolidating force, 
compacting the soil. This leads to the formation of a surface crust 



usually only a few millimetres thick, which results from the 
clogging of the pores (Young, 1972; Farmer, 1973; Yariv, 1976). 
Second, it impacts a velocity to some of the soil particles, 
launching them into the air. On landing, they transfer their own 
downward kinetic energy to other particles and the jumping process 
is repeated. 

In general, the falling raindrops break down soil aggregates, 
detach and transport soil particles, and cause sealing and 
compacting of the soil surface. This reduces the ability of the soil 
to absorb water and increases surface runoff and, hence, soil 
erosion. 

Interrill Erosion 

Interrill erosion is more or less the even removal of a thin 
layer of soil from a given area of sloping land. It is a rather 
inconspicuous type of erosion because the total amount of soil 
removed in any storm is usually small. Interrill erosion removes the 
lighter soil particles, organic matter, and soluble nutrients from 
the land and is, thus, a serious detriment to the maintenance of 
soil fertility and productivity. Because interrill erosion occurs 
rather uniformly over the slope, it may go unnoticed until most of 
the productive topsoil has been removed. For this reason, interrill 
erosion must be considered as most serious form of soil erosion. 

Rill Erosion 

Rill erosion refers to the removal of soil by water from small, 
but well-defined channels or streamlets when there is a 
concentration of overland flow. Conventionally, rill erosion occurs 
when those channels have become sufficiently large and stable enough 
to be readily seen. Rills are small enough to be easily removed by 
normal tillage operations. Although rill erosion is often over
looked, it is a form of erosion in which most soil erosion occurs. 
Detachability and transportability in rill erosion are more serious 
than in interrill erosion because of the higher runoff velocities 
that are involved. In rill erosion, detachment takes place primarily 
through the energy of flowing water and not through raindrop impact 
as in the case of interrill erosion. 

Rill erosion is most severe when intense storms occur on soils 
with high runoff characteristics and where the topsoil erodes 
easily. Rill erosion removes some topsoil, but, once the rills are 
formed, much of the cutting is downward and may extend into the 
subsoil. As expected from the greater erosive power of concentrated 
flow, rill erosion may account for the removal of sediment from 
sloping land. Mutchler and Young (1975) showed that over 80% of 
sediment is transported in rills. Part of this material is derived 
from the interrill areas and is moved into rills by overland flow 
and rainsplash. Foster and Meyer (1975) estimated that up to 87% of 
sediment transported by rills may be derived in this way. 

Gully Erosion 

Gully erosion is channel erosion that cuts so deeply into the 

376 



soil that the ground cannot be smoothed out by ordinary tillage 
tools. It occurs either where runoff from a slope increases 
sufficiently in volume or velocity to cut deep incisions or where 
the concentrated water flows long enough in the same channel to 
develop deep incisions. Gullies may develop from rill that are 
allowed to go unchecked, or tunnel collapse, or landslides (Berry, 
1970; Heede, 1976). 

Four stages of gully development are generally recognized: 
channel erosion by downward scour of the topsoil, upstream movement 
of gully and an increase in width and depth, healing stage with 
vegetation beginning to grow in the channel, and stabilization of 
the gully. The healing stage is a necessary prelude to stabilization 
as one stage grades into another. During the two latter stages, the 
gully head of the watershed and the rate of runoff into the gully 
head decreases because the drainage area is reduced. 

Although policymakers are generally more impressed by the 
spectacular forms and stark realities of gully and tunnel erosion, 
it is the less visible forms of erosion, such as splash, interill, 
and rill erosion, that cause the greatest cumulative damage, 
particularly to the agricultural land. The latter are widespread in 
area and occur continuously. Fortunately, they are also the most 
amenable to preventive and control measures. 

Streambank Erosion 

Raindrop, interill, rill, and gully erosion are active only 
during or immediately after rainstorms. Erosion along the banks of 
perennial streams occurs both during and between rainstorms. 
Although the actual area damaged by streambank erosion is small 
compared to the area affected by the other types of water erosion, 
it is very important because bottomland soils damaged by this type 
of erosion are usually more productive than any other soils in the 
area. The soil picked up by streams is carried completely away, with 
little or no chance for deposition close to the original site. 
Streambank erosion is usually most intense along the long shore 
(outside) of bends. Inside river meanders can be very intensively 
scoured during severe floods. Bank erosion often damages or destroys 
the approaches to bridges and culverts. Stream bed erosion also 
causes bridge failure by removing materials that serve as footings. 
Streambank and bed erosion can be accentuated by removing sediments 
from the streams, either through the use of conservation measures on 
the uplands or through catching the upstream sediments in reservoirs 
or other traps. 

Wind Erosion 

Wind erosion is the process of detachment, transportation, and 
deposition of soil material by wind action. Although generally 
believed to be applicable only in arid and semi-arid areas, soil 
erosion by wind may occur whenever soil vegetative and climatic 
conditions are conducive. These conditions include: (a) loose, 
finely divided, and dry soils; (b) smooth and bare soil surfaces; 
(c) sufficiently large fields; and (d) sufficiently strong wind to 
initiate soil movement. By the same token, wind erosion may be 



curtailed or eliminated whenever (a) the soil is compacted, kept 
moist, or made up of stable aggregates or clods large enough to 
resist the force of the wind; (b) the soil surface is roughened or 
covered by vegetation or vegetative residue; and (c) the wind near 
the ground is somewhat reduced. Although wind erosion has been 
active to some degree in prehistoric times, it has become much more 
active and more destructive because of human activity. 

CAUSES OF SOIL EROSION 

It has long been realized that for soil erosion to take place, 
two distinct processes must be set in motion. Firstly, the action of 
water should separate detachable particles from the soil mass. 
Secondly, the detached particles, should be transported from their 
point of origin to a new destination. 

The rainfall must be of sufficient intensity and duration to 
cause detachment and produce runoff. The soil must be susceptible to 
particle or aggregate detachment, and the topography must have 
sufficient slope steepness and length to allow particle migration 
with runoff. These basic requirements are clearly modified by the 
absence, presence, and nature of vegetative cover as well as the 
prevailing cultural practices. 

The main causes of soil erosion, therefore, stem from 
indiscriminate human interference in the natural ecological balance, 
from abuse and mismanagement of the soil and water resources, and 
from trying to farm land beyond its capability. Under natural 
conditions, the character of land from place to place is stabilized 
according to its geology, topography, soil and climate, its 
hydrology and the microclimate it creates, and the plant and animal 
communities it supports. In man's efforts to feed himself and his 
animals and to make a profit from the land, he has introduced 
unstable changes to the ecological system. This has been done 
through ignorance of the consequences or as a result of his 
indifference in favour of short-term gains. Examples of this 
interference include indiscriminate clearing of forests, incorrect 
or excessive cultivation, continual burning, persistent overstocking 
and grazing by livestock, badly designed roads, and surface mining 
of quarries. Some of the major causes of soil erosion and land 
degradation in Kenya, therefore, include arable farming, 
overgrazing, human population pressure, destruction of vegetation, 
shifting cultivation, land ownership and tenure, peoples' attitudes, 
shortage of trained staff, and the lack of quantitative data. 

IMPACT OF SOIL EROSION 

The documentation of the causes of soil erosion is often 
inseparable from the documentation of their impact. However, 
quantitative determination of the impact of soil erosion in Kenya is 
sketchy. Judgement of the severity of different forms of erosion has 
remained subjective and mostly dependent on how visible the problem 
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is. The little and scattered information available indicates that 
accelerated land degradation through soil erosion is a problem of a 
serious magnitude with a multitude of detrimental impacts. The major 
impacts of soil erosion include changes in farm productivity, damage 
through uncontrolled runoff and flooding, siltation of water 
reservoirs, water and air pollution, and environmental alteration at 
sediment destinations such as ocean, lakes, or estuaries. Although 
environmental considerations are greatly emphasized in the developed 
countries, the impact of erosion on soil productivity at present 
more important to Kenya. 

Soil productivity has been defined as the capacity of soil, in 
its normal environment, to produce a particular plant or sequence of 
plants under specified management system (Soil Science Society of 
America, 1975). However, the relationship between erosion and soil 
productivity has not been defined for the major soil types in Kenya. 
The only quantification of the soil erosion problem in Kenya has 
been measurements of total soil loss in tonnes per hectare. While 
useful in gaining a partial overview of the severity and extent of 
soil erosion, these figures say nothing about the impact of erosion 
and soil productivity. They cannot answer such burning questions as: 
(a) Is, for example, 10 tonnes of soil loss per hectare serious? May 
be on one soil but not another. If so should resources be 
concentrated in some places than in others? (b) What is the crop 
yield reduction if erosion is allowed to progress? Can this be 
expressed in monetary terms, so that erosion is measured as a cost 
varying according to farming practices? (c) What factors cause 
productivity decline when erosion occurs? Is it the loss, of plants 
or the reduction of the water-holding capacity of the soil? Is it 
the loss of plant nutrients or the resulting nutrients imbalance? Is 
it the reduction in rooting depth or degradation of the soil 
structure? (d) Can soil conservation recoup the decline in soil 
productivity? Are some techniques of soil conservation more 
effective than others? 

There is, therefore, an urgent need to study the relationship 
between erosion and soil productivity to facilitate methodical 
decisionmaking in planning development strategies and selecting 
appropriate land-use and management practices that are concerned 
with the care and maintenance of soil resources that underpin much 
of the Kenya'a agricultural productivity. 

AGROFORESTRY PRACTICES FOR SOIL CONSERVATION 

The aim of soil conservation is to obtain the maximum 
sustainable level of production from a given area of land while 
maintaining soil loss below the threshold level, which, 
theoretically, permits the natural rate of soil formation to keep 
pace with the rate of soil erosion. In Kenya, conservation efforts 
have emphasized control of runoff and erosion rather than the whole 
soil and crop management programme for a farm or watershed. This 
approach is too limited because accelerated runoff and erosion are 
the result of the way the soil is managed. From the discussion of 
the processes and causes of soil erosion, it follows that the 
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strategies for soiL conservation must be based on covering the soil 
to protect it from raindrop impact, to increase the infiltration 
capacity of the soil to reduce runoff, to improve the aggregate 
stability of the soil, and to increase the surface roughness in 
order to reduce the velocity of runoff. 

This broader interpretation of soil conservation, implying not 
only soil erosion control but also maintenance and improvement of 
soil fertility, holds the key to the success of agroforestry 
practices. Young (1986) defined an agroforestry practice as a type 
of arrangement of agroforestry components (trees, crops, pastures, 
and livestock) in space and time. It is more generalized than an 
agroforestry system that is a specific local example of a practice 
characterized by plant species, management, environment, and social 
and economic functioning. Table 1 gives the practices based on the 
highest level of components present, followed by spatial and 
temporal arrangement with a more detailed spatial arrangement and 
functions at the lowest level. 

Table 1. Agroforestry Practices 

Level one 

Components present 

Mainly agrosylvi-
cultural (trees and 
crops) 

Level Two 

Spatial and teaporal 
arrangements 

(a) Rotational 
(b) Spatial nixed 

Level Three 

Detailed spatial arrangements 
and functions 

(i) Planted tree fallow 
(ii) Taunga 
(i) Trees on cropland 
(ii) Plantation crop combinat 

(c) Spatial zoned 

- with upper storey 
- with lower storey 
- with herbaceous crops 

(iii) Tree gardens 
- multistorey tree gardens 
- home gardens 

(i) Alley cropping 
(ii) Boundary planting 

(iii) Trees for soil conservation 
- barrier hedges 
- on grass barrier strips 
- on bunds, etc. 
- on terraces 

(iv) Windbreaks and shelterbelts 
(v) Bioaass transfer 

Mainly or partly 
sylvopastoral (trees 
with pasture and live
stock) 

Trees components 
predominant 

Other components 
present and special 
aspects 

(a) Spatial mixed 

(b) Spatial zoned 

(i) Trees on rangeland or 
pastures 

(ii) Plantation crops with 
pastures 

(i) Live fences 
- mainly barrier function 
- multipurpose 

(ii) Fodder banks 
(i) Woodlots with multi

purpose management 
(ii) Reclamation forestry 

leading to producion 
- on eroded land 
- on salinized land 
- on moving sands 

(i) Apiculture with forestry 
(ii) Aquaforestry (trees with 

fisheries) 

(iii) Trees in water management 
(iv) Irrigated agroforestry 

Source: Young, 1986. 
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Erosion Control Measures 

Water erosion on cultivated and grazing lands results froa the 
impact of energy from falling raindrop and surface runoff. The 
energy exerted by the falling raindrop is applied slantingly or 
vertically from above, whereas that of surface runoff is applied 
parallel to the surface. Because the falling raindrop applies its 
energy from above, erosion control measures that are needed are 
entirely different from those needed to combat the erosive forces of 
runoff water. Measures aimed at controlling the effects of the 
falling raindrop must be designed to intercept and de-energize the 
raindrop before it strikes the ground. Those aimed at controlling 
surface runoff must, however, be designed to prevent the 
concentration and retard the movement of flowing water over the 
ground. There are many ways to classify erosion control measures but 
for the purpose of this paper the primary breakdown of erosion 
control practices used in Kenya fall under agronomic and structural 
measures. 

Agronomic Measures 
The agronomic methods of erosion control are based on the role 

of the plant cover in absorbing raindrop impact energy, absorbing 
runoff scour forces, reducing the quantity or rate of runoff, 
slowing runoff velocities, improving soil characteristics that 
resist erosion, and preventing massive soil movement. Because of 
differences in their density and morphology, plants differ in their 
effectiveness in protecting the soil from erosion. Generally, row 
crops are the least effective and cause the more serious erosion 
problems. This is because of the high percentage of bare ground, 
particularly in the early stages of crop growth, and the need to 
prepare a seed bed. Some of the main agronomic measures include crop 
rotation, strip cropping, multiple cropping, continuous cropping, 
and mulch farming. In designing an erosion-control strategy that is 
based on agronomic measures, erosion-prone crops must be combined 
with protection-effective agroforestry practices, such as zonal 
agroforestry, in a logical cropping pattern. 

Zonal agroforestry practices are those practices in which 
trees, including any kind of perennial woody species, are 
geometrically arranged in strips or plots interspersed with 
agricultural crops including grasses (ICRAF, 1986). The main zonal 
practices that can be used together with agronomic erosion control 
measures include barrier hedges and alley cropping. The barrier 
hedges are single or multiple lines of shrubs, closely spaced and 
planted along the contour to produce a runoff barrier. Their 
efficiency is much enhanced when prunings, necessary for control of 
shading, are placed on the ground surface in the cropped areas 
between. Barrier hedges derive their effectiveness to control 
erosion by runoff water from (a) the slowing down of runoff water 
flowing through the dense-growing barrier and the accumulated 
litter, (b) the soil cover provided by the prunings particularly in 
the early part of the season when crop cover is very low, (c) the 
increased infiltration of soil under the barrier and litter that 
reduces the total runoff, (d) the natural development of the 
barriers into terraces through accumulation of soil on the upper 
sides of the hedges, and (e) the associated improvement to soil 
fertility produced through the decay of shrub prunings. 



Alley cropping, on the other hand, consists of strips of woody 
perennials, with or without grass beneath. The tree rows, with their 
associated ground vegetation and litter, exert a barrier effect, and 
the prunings can be placed on the cropped alleys as soil cover. 
Alley cropping appears to have a high potential for erosion control. 
However, apart from the many problems of design and management 
inherent in alley cropping, particularly related to interactions at 
the tree/crop interface, its use on sloping land for erosion control 
raises the question of spacing of tree rows. 

In working with barrier hedges and alley cropping, certain 
guiding principles must be kept in mind (a) the barrier hedges and 
the tree rows must be made to fit into the farm management, (b) they 
must be related to the other management practices needed on the 
farm, (c) they must be used as a means of increasing the 
effectiveness of the rotation in controlling erosion, (d) the 
barrier hedges and tree rows should be laid out as nearly to the 
contour as possible, (e) consideration should be given to the degree 
of erosion and the percentage slope, and (f) the ultimate objectives 
for their use should be to keep the soil intact, improve soil 
fertility, and produce the greatest possible economic return to the 
farmer. 

Structural Measures 
The structural techniques for controlling of soil erosion 

involve soil and land manipulation, either manually or by machinery, 
and the use of various fabricated structures. Above certain limits, 
particularly those related to topography, the agronomic methods of 
erosion control may not be effective on their own. 

When deciding what conservation measures to employ, however, 
preferences should always be given to agronomic treatments because 
structural measures are costly to instal, maintain, and ineffective 
on their own because they cannot prevent detachment of soil 
particles. Their main role should, therefore, be to supplement 
agronomic measures to control the flow of any excess water. The 
limits that necessitate supplementary structural erosion control 
measures are generally dictated by prevailing slope and land use. In 
spite of the disadvantages mentioned earlier, structural measures 
are the most widely used form of soil and water conservation in 
Kenya. The main structural measures used include (a) cutoff drains 
to protect the cropland from flowing water, (b) a system of graded 
terraces to protect the cropland itself, (c) waterways to discharge 
runoff from the cutoff drains and terraces safely down the slope to 
the nearest watercourse, and (d) gully control structures. 

There is still relatively little information available that 
deals with the effective combination of agroforestry practices and 
structural erosion control measures. However, there is a substantial 
amount of circumstantial evidence supporting the practice of 
planting trees on the embarkments of cutoff drains, terrace risers, 
along waterways, or along the stream banks of a water course. The 
functions of such trees include (a) stabilization of the structures 
through rooting systems, (b) provision of limited soil cover with 
fertility improvement to adjacent cropland, (c) making productive 
use of land devoted to the structures, and (d) prevention of people 
and cattle from using the embarkments of cutoff drains and terrace 
risers as footpaths. 



Gullies present special problems because they occur on steep 
slopes, and even brief peak flows can cause serious daaage. Gully 
erosion is difficult to reverse once it has started, and it can 
quickly destroy valuable agricultural land. To prevent the formation 
of gullies along waterways, the banks should be lined with trees and 
shrubs. Trees, shrubs, and other vegetation should also be 
established within the gullies to control further erosion and to 
help rebuild the soil layers that have been removed. Improperly 
placed trees can, however, have the undesired effect of narrowing 
the channel and increasing the speed of stream flow. Permanent 
vegetation, especially shrubs and trees, can also help stabilize 
structural-protection materials, such as large rocks, positioned 
along banks or at the bottom of the channel, wire mesh boxes filled 
with rocks (gabions), or bales of straw or branches staked in place 
to reduce water velocities. 

Maintenance of Soil Fertility 

The objectives of any sound soil management are to maintain the 
fertility and structure of the soil. Highly fertile soils result in 
high crop yields, good plant cover, and, hence, minimize the erosive 
effect of raindrops, runoff, and wind. Fertile soils have a suitable 
structure that does not break down under cultivation and a high 
infiltration capacity. The most practical way of achieving and 
maintaining a fertile soil is to apply organic matter. This improves 
the cohesiveness of the soil, increases its water-retention 
capacity, and promotes a stable aggregate structure. The organic 
material may be added as green manures, litter, straw, or as a 
manure that has already undergone a high degree of fermentation. 

The tree components in agroforestry systems possess a capacity 
to improve soil fertility, whereas the crop components tend to 
decrease it. This can be inferred from the high fertility of soils 
under natural forests, the restoration of fertility under fallow in 
shifting cultivation, and the effectiveness of reclamation forestry. 
There is, therefore, a potential for designing agroforestry systems 
so that the effects of the tree and crop components balance each 
other to maintain soil fertility. Young (1987) discussed several 
agroforestry practices for which there is a substantial and proven 
capacity for the tree component to augment soil fertility. These 
include alley cropping, tree gardens, plantation crop combinations, 
windbreaks, biomass transfer, controlled or planted fallow, trees on 
cropland, and trees and shrubs on pastures. For any projected 
intervention of agroforestry into an existing land-use system, 
especially from a soil fertility aspect, consideration must be given 
to the parts of the trees and crops that are to be harvested and 
those that are to be returned to the soil. The system should also be 
well managed, both in terms of maintenance and flexible adaptation 
especially if failing performance indicates a need for change. Table 
2 gives the known or possible effects of trees on soils. 
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Table 2. Processes by which Trees Maintain or Improve Soils 

Process Mechanism 

(a) Processes that augment additions 
to the soil 

(b) Processes that reduce losses 
from soil 

(c) Improvement of soil physical 
properties 

(d) Processes that affect the 
quality of plant residue and 
the timing of their transfer to 
the soil 

- Photosynthetic fixation of carbon and 
its transfer via litter and root decay 
to soil humus; 

- Nitrogen fixation; 
- Nutrient retrieval from deeper soil 
horizons; 

- Providing favourable conditions for 
input of nutrients by rainfall and dust. 

- Control of erosion; 
- Root uptake of nutrients that would 
otherwise have been lost through 
leaching; 

- Soil under trees tends to have 
favourable structural stability and 
water-holding capacity, as a result of 
organic matter maintenance and the 
growth and decay of root systems; 

- Provision of a range of qualities of 
plant litter, woody and herbaceous; 

- Growth-promoting substances in the 
rhizosphere; 

- The potential, through management of 
pruning, to control the timing of 
nutrient release from the decay of 
litter; 

- Effects of shading on microclimate, and 
thereby on the rate of litter decay. 

RESEARCH NEEDS 

Although soil erosion has been identified as a pressing 
agricultural problem presenting a major threat to all facets of land 
productivity in Kenya, quantitative documentation of the extent, 
causes, and impact of soil erosion is almost nonexistent. The 
available knowledge allows erosion and conservation workers in Kenya 
to make some qualitative assessments of the extent and forms of soil 
erosion, appropriate estimates of various causative parameters, 
crude evaluations of the various effects, and selected prescriptions 
of appropriate control measures. 

The absence of necessary baseline data has curtailed the 
development of soil-conservation practices applicable to the 
different igroecological regions of Kenya, prevented objective 
evaluation and adaptability of models and conservation experiences 
developed elsewhere, and hindered the evaluation and determination 
of rehabilitation requirements of eroded lands to restore their 
capacity to support alternative food crops or other desired 

384 



vegetation. The task given to Kenya's scientists and research 
institutions should, therefore, be threefold: the highly erodible or 
susceptible soils must be protected to prevent accelerated erosion, 
the potentially productive soils must be properly conserved to 
sustain their fertility, and the eroded soils must be rehabilitated 
while averting their further degradation. 

In meeting this challenge, special research effort should be 
given to determine (a) how loss of soil productivity changes as 
erosion progresses, (b) how soil productivity varies over time under 
a given land use, (c) the process whereby soil productivity 
declines, (d) the rehabilitation requirements of eroded lands, and 
(e) the role of agroforestry practices and systems in erosion 
control and maintenance of soil fertility. 

The International Council for Research in Agroforestry (ICRAF), 
whose mandate is to stimulate, initiate, and support research for 
the development of sustainable and productive land-use systems in 
the developing world, based on the integration of woody perennials 
with crops and/or animals, has a considerable potential role to play 
in setting this type of research in motion through its Research 
Development Division. Although ICRAF was not set up as an institute 
to generate, through field research, locally adapted agroforestry 
technologies or systems, it has the professional competence to deal 
with practically all aspects of land development and could, 
therefore, assist local research institutions in planning, research 
design, and prioritization of research needs in agroforestry on an 
agroecological basis. 
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BEEKEEPING STRATEGIES IN VARIOUS 
ECOZONES OF KENYA 

S.M. Kagio and A.W. Muriithi, Beekeeping Branch, Ministry of 
Livestock Development, P.O. Box 34188, Nairobi, Kenya 

Abstract Kenya has diverse ecological zones ranging 
from very humid to very arid zones. These zones have 
varying beekeeping potential most of which is unexploited. 
Honey bees do not compete with other livestock for food as 
they forage on nectar and pollen which would otherwise go 
to waste. The bees convert the nectar into honey which is a 
food and source of extra income for the farmer. Due to 
their large numbers and foraging behaviour, honey bees are 
the most reliable pollinators of entomophilous plants. Honey 
bees can be used for the adequate pollination of fruit 
and oil-seed crops. The highest potential is in the 
semi-arid lands due to high species diversity and lack of 
other agricultural practices. To maintain and increase the 
present beekeeping potentials in the various ecozones, the 
planting of multipurpose trees that are prolific nectar/ 
pollen producers should be encouraged. To fully develop the 
beekeeping industry different strategies should be adopted 
in each ecozone as highlighted in this paper. 

Beekeeping in Kenya has been practised for a long time and is 
an important source of cash income in the marginal lands (Kagatiira, 
1984). The country's production potential is estimated at between 
80,000 and 100,000 tons of honey and 8,000 to 10,000 tons of 
beeswax annually. Honey production increased from 7,000 tons in 1972 
to 34,000 tons in 1987. Beeswax production increased from 700 tons 
to 3,6000 tons in 1987 (Gatere et al., 1986; Ministry of Agriculture 
and Land Development, 1987). This honey and beeswax are produced 
from an estimated 2 million traditional hives and 50,000 modern, 
Kenya top bar hives. Besides producing honey, beeswax, and other 
hive products, bees play a major role in the pollination of crops. 
If quantified, the value of increased crop yield due to honey bee 
pollination far exceeds the combined value of other hive products 
(Free and William, 1987; USDA, 1968). 

Ecologically, Kenya can be divided into 7 agroecological zones. 
These zones are classified on the basis of rainfall and temperature. 
This method of zoning provides a relatively simple tool for 
assessing areas suitable for various land-use systems (Braun, 1980). 

It is the aim of the Beekeeping Branch to develop, through 
research, training, and extension, beekeeping activities in ail the 
ecozones of Kenya. 
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STRATEGIES FOR DIFFERENT ECOZONES 

Ecozones I and II 

These are humid and very humid ecozones with an evaporation 
ratio of above 65%, and are classified as high to very high 
agricultural potential areas. Such areas are suitable for cash crops 
such as coffee, pyrethrum, and tea. 

Due to these high-income, agricultural enterprises, farmers are 
not very keen on beekeeping. The strategy is, therefore, to 
encourage farmers to keep bees for pollination purposes and use the 
resultant hive products for domestic consumption. It has been 
established that with the aid of honey bee pollination, the yield of 
coffee can be increased by 54% (Raw and Free, 1977), and that of 
sunflower by 16% (Falaleev et al., 1976). 

Ecozones III and IV 

These are the sub-humid ecozones, with evaporation between 
40-60% and classified as medium to medium, high agricultural 
potential. Such areas have cash crops like coffee (under 
irrigation), cotton, citrus, and sisal. These zones also have a good 
stand of natural vegetation such as Croton megalocarpus Hutch., 
Acacia drepanolobium Hams ex Sjostedt., Acacia xanthophloea 
Benth., and Acacia hockii De Wild. This is an area where 
beekeeping can be practised on a small scale basis. Supplementary 
planting of multipurpose plants is recommended to increase nectar 
and pollen sources. Such plants include Grevillea robusta, 
Calliandra calothyrsus, Leucaena leucocephala, and Acacia albida, 
Dale. 

Ecozone V 

This is the semi-arid area where the evaporation ratio is 
between 25 and 40%, and is classified as a marginal agricultural 
potential area. The vegetation here is predominantly leguminosae 
with the genus Acacia outstanding. 

Other genera of importance in this zone include Afzelia, 
Jubernadia, Albizzia, Bauhinii, and Trifolium. The following 
plant families are important in these areas as sources of nectar and 
pollen:-
(a) Laliatae, e.g., genera Leonitis, Menta and Osmum 
(b) Compositae, e.g., genera Vernonia and Aspilia 
(c) Completaceae, e.g., genera Completion and Taminaria 
(d) Malvaceae, e.g., genera Hibiscus and Albutiron. 

The high species diversity in this zone makes it the area with 
the highest beekeeping potential in the country. Most efforts to 
develop commercial beekeeping are emphasized here, as other 
agricultural enterprises are not favoured by climatic conditions. 
Already, honey is a major source of income in this area. To develop 
beekeeping in this area, the following strategies are recommended: 
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(a) Intensified Extension in Beekeeping 
Since most farmers still practise traditional beekeeping, 

extension work on modern beekeeping technology should be 
intensified, especially to improve on colony management, stocking of 
empty hives, and proper harvesting and handling of hive products. 
Farmers should be encouraged to diversify in order to produce other 
hive products, e.g., pollen and propolis. 
(b) Organized Marketing Channels 

To achieve an organized marketing system, the formation of 
beekeeping cooperatives is encouraged. This will prevent the farmers 
from being exploited by middlemen. Collecting centres will be 
established at strategic points, where honey will be collected, 
weighed, and graded and then taken to a central refinery for 
processing and packaging for eventual sale to internal and external 
markets. 
(c) Supply of Beekeeping Equipment 

To fully exploit the beekeeping potential in this zone, 
beekeeping equipment, e.g., hives and protective kits, should be 
readily available to the farmers. This can be achieved by 
establishing wood workshops at strategic points in these areas to 
produce equipment and teach farmers how to handle them. 

Zone VI and VII 

These are the arid and very arid zones with an evaporation 
ratio below 25% and described as low to very low agricultural 
potential areas. Lack of permanent sources of water is the greatest 
factor limiting beekeeping as an enterprise here. These areas cover 
most of north and northeastern parts of the country. The vegetation 
is mainly Acacia, ranging from trees to short bushes with 
virtually no ground cover. The most important species include: 
Acacia busser Hams ex Sjostedt., Acacia edgeworthii T. Anders, 
Acacia mellifera Vahl (Benth.), Acacia Senegal L. (Willd.), and 
Acacia seyal Del. In this ecozone, beekeeping is encouraged along 
permanent water sources, e.g., Tana River Basin, Uaso Nyiro, and 
Daua river basin. Where irrigation is being carried out, bees can 
benefit from the nectar sources besides aiding pollination. 

CONCLUSION 

Beekeeping can be introduced harmoniously into agroforestry 
systems. Most of the recommended agroforestry trees are prolific 
nectar/pollen producers. The bees will benefit from the nectar from 
these trees and the farmer will realize higher yields due to honey 
bee pollination. To avoid provoking the bees, the hives should be 
kept some distance from the agroforestry plot, as bees can cover an 
area of about 3 km from the hive. While selecting multipurpose trees 
for agroforestry, one of the factors to consider should be 
nectar/pollen production. Active research programmes should be 
initiated to provide continuous information on bee-plant 
interactions supplemented by studies on bee breeding, bee behaviour, 
and other aspects of apiculture. 

388 



WOODY VEGETATION MANAGEMENT 
FOR LIVESTOCK PRODUCTION 

Salim B. Shaabani, A.M. Chege, and Dierk Walther, Range Management 
Division, Ministry of Livestock Development, P.O. Box 34188 
Nairobi, and German Agricultural Team, P.O. Box 47051, Nairobi, 

Kenya, respectively 

Abstract The contribution of woody vegetation to 
livestock production in the arid and semi-arid zones is 
gaining considerable attention. This is the result of the 
intensification of livestock activities in the arid zones. 
Browse plants contribute proteins, minerals, and vitamins 
to the diets of livestock, especially during the dry season 
when the nutritional quality of grasses is very low. This 
enables the livestock to survive under the strain of 
drought conditions with minimal losses. 

A lot of data is available on the chemical composition 
of most woody vegetation, but data on their production, 
real nutritive values, utilization by livestock, and their 
reaction to management methods and treatment is either 
lacking or very limited. There is a need to quantify these 
so that the potential contribution of woody vegetation can 
be fully appreciated. 

With the rapid rate of population increase in Kenya, most of 
the higher potential lands of zones III and IV of the 6 designated 
agroecological land zones (Pratt et al., 1966) are being withdrawn 
from livestock production towards crop production to feed the 
growing population. This situation has led to the intensification of 
livestock production activities in the arid and semi-arid zones. 

The ecology of the arid zones supports both the annual and 
perennial grasses in addition to various species of woody 
vegetation; as the perennial grasses experience heavy use, they give 
way to annual grasses and woody vegetation. There are many species 
of woody vegetation in the arid and semi-arid areas because the 
woody vegetation can withstand arid conditions better than grasses 
(Ali et al., 1986). 

Browse trees and shrubs are important because they provide 
protein, vitamins, and frequently mineral elements that are lacking 
in grassland pastures to both browsers like camels and goats, and 
during the dry season, to grazers like cattle and sheep. The herds 
are able to survive critical periods of shortfalls or prolonged 
droughts with minimal losses. 

MANAGEMENT OF BROWSE PLANTS 

In the pastoral land-use strategy, very little effort is put 



into the management of browse plants, despite the fact that browse 
contributes substantially to the diets of camels and goats, which 
are browsers, and to cattle and sheep, which although they are 
grazers, also eat substantial amounts of browse in the dry season. 
This is mainly due to the nature of land ownership in most of the 
arid areas. The land is collectively owned and, as such, leads to 
opportunistic exploitation of available resources. There are no 
deliberate efforts specifically directed toward management of woody 
vegetation and any management of browse comes as a result of animal 
management by the pastoralists. 

Trees, for example, are pollarded by pastoralists to feed 
goats, which cannot browse after the plants reach a certain height. 
This is done mainly during the dry season, a tree may be pollarded 
after every few years. This leads to the development of a crown of 
small branches that will produce relatively large amounts of browse 
directly available to the animals. If further browsing induces a 
proliferation of shoots from the root stock, it will be of an added 
advantage. 

Woody vegetation is used for construction of night bomas for 
livestock. The commonly used species include Acacia, nubica, 
Commiphora spp., etc. Evergreen plants are not used for this 
purpose. This, in addition to cutting trees for fuel-wood, thins the 
woody stands and improves the accessibility of browse plants to the 
animals and improves the growth of evergreen plants, which are very 
important forage sources in the dry season. Excessive cutting of 
trees may diminish certain species. 

Traditional dry-season grazing areas are normally areas with 
certain amounts of browse plants, especially evergreen, that provide 
some green forage to both browsers and grazers. In the rainy season, 
the animals are moved from these areas to predominantly grass areas. 
This gives a chance for seedling establishment, especially for the 
evergreen species, e.g., Balanites aegyptiaca, Salvadora persica, 
Dobera glabra, etc. 

Seasonal burning by pastoralists to reduce tick infestation in 
the pastures also reduces the density of woody vegetation improving 
the accessibility of browse plants. Burning also results in 
sprouting below the browse line. Burning may diminish certain 
species of woody vegetation as well. Pastoralists protect certain 
plants, e.g., Acacia tortilis, for shade, which is of benefit to 
both human and livestock. These trees become important sources of 
pods that the animals can feed on especially during the dry season 
or the pods can be harvested for storage. The foregoing are some of 
the management aspects of woody vegetation that are a result of 
livestock management. As mentioned earlier, there are no deliberate 
efforts for management of woody vegetation for livestock production, 
such as planting of woody plant seedlings. 

RESEARCH NEEDED 

A lot of research has been done on various aspects of browse 
plants regarding livestock production, but most of this information 
is sporadic, partial, scattered, and often qualitative (Houerou, 
1980). The two main aspects, nutrition and production, need to be 
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researched to provide data for effective management of woody 
vegetation for livestock management. 

Nutritional Aspects 

A lot of work has been done on the nutritional quality of 
browse especially for wildlife (Dougal et al., 1964; Wilson, 1977; 
Brinkman and De Leeuw, 1975; Dougal and Bogdan, 1958; Lawton, 1968; 
Wilson and Bredon, 1963). This has shown that browse plants are 
higher in nutritional quality than grasses both in the dry and wet 
seasons. Browse has proved very useful in maintaining livestock 
during the dry season when the quality of grasses is low. Studies 
have shown that most of the browse plants contain tannins and other 
alkaloids that may inhibit digestion of browse by microflora (Barry 
and Duncan, 1984; McLeod, 1974; Reed, 1984). There is a need to 
study this aspect for various browse species so that the nutritional 
contribution of these species can be quantified. The Range 
Management Handbook (under preparation by German Agricultural Team 
(GAT) and, the Ministry of Livestock Development, Range Management 
Division) will include a list of various browse species identified 
by the pastoralists as useful browse in arid zones. There is a need 
to study the tannin content of these browse species to establish 
their usefulness in terms of livestock nutrition. 

Browse Production 

For management purposes, an estimate is required of browse 
available to livestock per given area per season or year to be able 
to budget for the contribution of browse in the total budget of 
livestock nutrition. There are various problems in estimating the 
amount of browse available: different livestock species can harvest 
browse only below a certain level, goats can only harvest browse 
below 1.5 m in height, cattle can browse up to 1.5 m, whereas camels 
can harvest browse up to 3 m. 

Estimation of available browse, therefore, will be influenced 
by the species of livestock in the area. Because different animals 
are able to utilize forage to different heights, maximum utilization 
of browse will be attained by a mixture of various livestock 
species. The next problem is associated with the browse plants. The 
arid areas are covered by various species of woody vegetation and 
some species will produce leaves in one season, whereas others are 
evergreen, so estimating browse production will differ among various 
species and in different seasons. Livestock not only browses leaves 
and twigs, but also eat flowers, fruits, and pods. All these need to 
be quantified in an estimate. 

Some attempts have been made for an estimation of browse 
production using regresion techniques and other methods (Bile, 1980; 
Attiwill, 1986; Schuster, 1965; Pellew, 1980; Shaabani, 1985; Ogden, 
1973). The major shortcomings of these methods is that they are 
either area specific, animal specific, or browse-species specific 
and they cannot be applied in a broad area. There is need a to 
develop a technique that can be used broadly in the arid and 
semi-arid areas of Kenya. 
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RECOMMENDATIONS 

There is a lot of information on browse species used both by 
domestic and wild angulate, their palatability, chemical 
composition, and their theoretical feed values for different types 
of livestock, but information about their productivity, real 
nutritive value, utilization by animals, and reaction to various 
management methods is either very scanty, or missing for many 
species in the arid and semi-arid regions of Kenya. So there is a 
need to study various aspects of browse plants including the 
following. 

Productivity 

As mentioned earlier, there is a need to develop techniques for 
estimating the amount of browse available to livestock to enable the 
pastoralists and ranchers to manage the available resources 
effectively. Some methods have been developed to estimate available 
browse, but those have various limitations. A simple technique must 
be developed that can be broadly applicable to arid and semi-arid 
areas of Kenya. 

Management of Browse 

There is no management policy for browse adapted by ranchers or 
pastoralists. This may be due to lack of information on how various 
woody species react to different treatment. Pastoralists cut the 
branches of browse plants to ensure animals have access to the 
browse. There is a need to identify which species react favourably 
to cutting, i.e., those that will be able to sprout back in the next 
season and make more browse available to livestock, but some species 
may die if cut below certain heights. There is also a need to find 
out which species can be managed for browse, pods, fruits, or mixed 
leaf, fruit, and pods. 

Establishment Methods 

Most of the tree nurseries in the country concentrate on 
planting exotic species that require constant attention, like 
frequent watering. Most of these are not browsed by livestock, so 
their establishment is mainly concentrated in the homesteads where 
they can be watered frequently and protected from browsers. There 
are some attempts to propagate indigenous trees, but these are 
mainly for timber production and environmental protection. Efforts 
should be made to identify both indigenous and exotic plants that 
are easy to establish, can withstand aridity, are preferred by 
livestock, can produce wood for either timber or fuel, and can be 
used for propagation in the arid areas. 

Fencing 

A lot of woody species are cut frequently for construction of 
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night bomas for livestock. These bomas have to be frequently 
maintained because the wood is subject to termite infestation. 

This means frequent cutting of trees which poses a danger of 
depleting certain woody species. There is a need to identify species 
which can be used to construct live fences, which will reduce the 
need for frequent wood cutting for fencing purposes. Some species of 
Commiphora and Euphorbia have proved very promising in the arid 
areas. 

Criteria for Selection 

For a woody species to be of importance for livestock 
management, it should qualify in these four areas: 
(a) The species must be able to produce a certain amount of useable 
leaf and twigs, pods or fruits, or a combination of these. 
(b) The species must be preferred by all or certain browsers. The 
species which are not preferred or eaten by livestock will be of 
minimal importance. 
(c) The species must be nutritious and digestible by the livestock. 
Some species may have a high nutritional value but they may not be 
digestible by the livestock due to a presence of tannins or other 
digestibility inhibitors. 
(d) The species must be ecologically adapted to arid environments 
and must be able to generate naturally. 

CONCLUSIONS 

Woody vegetation plays a very important role in livestock 
management in the arid and semi arid zones; browse fills the 
nutritional gap, especially in the dry season when the nutritive 
quality of grass is very low or the availability of grass is 
inadequate for supplying the nutritional demand of the livestock. 

Adequate information about browse species used by both 
livestock and wildlife, their ecology, distribution, and chemical 
composition is available, but information on their biology and 
productivity, their real nutritive value, their utilization by 
livestock and their reaction to management practices is either 
scanty or missing for most of the woody species in the arid and 
semi-arid areas. There is a need to study these aspects so that the 
potential of woody vegetation in livestock management can be 
effectively quantified, are management policy for woody vegetation 
can be established especially in the arid areas. 

Some common browse species used by livestock in arid and 
semi-arid zones include: 

Trees and Shrubs 
Acacia spp. 

Commiphora spp. 

Maerua spp. 

Leaves, pods, and flowers are 
commonly eaten by camels, goats, 
sheep, and cattle. 

Only the leaves are eaten by goats 
and camels. Occasionally by cattle. 

Leaves and shoots are eaten by 
sheep, goats, camels, and cattle. 
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Cadaba spp. 

Boscia spp. 

Grewia spp. 

Salvadora persica 

Cordia spp. 

Balanites aegyptiaca 

Dwarf Shrubs 
Indigofera spp. 

Barleria spp. 

Heliogropium spp. 
Duosperma erimophilium 

Sericocomopsis spp. 

The animals will either 
and pods or they will pick 1 
occasionally, the herdsmen w 
browse. Pods and fruits are 
vigorously and the animals p 

Shoots and leaves eaten by sheep, 
goats and camels* 

The leaves are eaten by cattle, 
sheep, goats, and camels. 

Leaves and fruits are eaten by 
cattle, sheep, goats and camels. 

Leaves are eaten by cattle, sheep, 
and camels. 

The leaves are eaten mainly by 
goats and camels. 

The leaves are eaten mainly by 
camels and goats, occasionally by 
cattle. The fruits are eaten mainly 
by goats and camels. 

Leaves are eaten by goats and 
camels and occasionally by cattle. 

Leaves are eaten mainly by goats 
and camels. 

Leaves eaten by goats and camels. 
Leaves eaten by sheep, goats, 
camels, and occasionally by cattle. 

The leaves are eaten mainly by 
camels and goats and occasionally 
by cattle. 

browse the plants directly for leaves 
itter, fruits, or pods on the ground, 
ill cut branches so that goats can 
mainly harvested by shaking the plants 
ick these on the ground. 
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APPROPRIATE VEGETATION MANAGEMENT FOR MARINE AND INLAND 
FISHERY DEVELOPMENT 

N. Odero and John G. Mukinya, Fisheries Department, Ministry of 
Regional Development, P.O. Box 58187, Nairobi, Kenya 

Abstract Agroforestry is a broad term for any land-use 
system that combines flora and fauna in an interactive 
manner either simultaneously or sequentially on the same 
unit of land. It is, therefore, critical to embark on 
agroforestry projects in a well thought out manner, keeping 
all the various interrelationships in mind during planning, 
implementation, and management phases. 

Agroforestry practices aerate the soil through tree root 
action, prevent soil erosion by providing vegetative cover, 
enhance nutrient cycling and economy, increase 
permeability and water-holding capacity, and trap, with 
deep roots, nutrients otherwise lost by leaching. Trees 
positively affect the broader environment by alimentation 
of the water table and natural overflow channels by internal 
drainage of excess waters and a reduction in the rate of 
siltation to major water reservoirs. 

The major fisheries potential associated with vegetation 
include lake edges, floating plant communities, lakeside 
and seasonal swamps, ponds and dams, and coastal and marine 
habitats, in particular, mangrove forests and coral gardens. 
Major plant species in these habitats are given preference. 

Current management programmes in these ecosystems are 
highlighted. Future management measures geared to 
sustainable development for both fisheries and agroforestry 
activities are proposed. They range from maintenance of 
ecological niches and biotypes, minimization of surface 
water flow erosion and other damages, effluents, and 
improvement of land productivity. 

The productivity of marine and inland water resources is 
generally controlled by the supply of nutrients to the sunlit 
surface waters. Production is high in areas where the upwelling of 
nutrient-rich bottom waters occurs or in areas shallow enough for 
bottom waters to be mixed with the surface waters by winds, waves, 
or tides. On the other hand, fisheries resources are vulnerable to 
pollution, although some fish are more easily affected than others. 
Anadromous fish, which come into rivers to spawn and those that rear 
their young in estuaries such as oysters and clams, are the most 
vulnerable. Pollutants, such as pesticides and urban, agricultural, 
and industrial wastes, can be disastrous to fisheries activities. 

The sustained economic and social development of a growing 
population requires an ever-expanding utilization of natural 
resources and the environment. The biophysical world serves as the 
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biological life-support system of society and provides space, a flow 
of materials and energy, and a medium for the disposal of wastes. 
Because these functions of the environment can be impaired—as well 
as enhanced—by society and may, therefore, constitute a constraint 
as well as potential for the achievement of basic goals of 
development, it is essential that the mutually dependent 
relationship between development and environment be fully and 
explicitly taken into account with respect to vegetation and fishery 
development. 

In developing countries, there are basically three kinds of 
pressures on resources and environment arising from the development 
process: 
(a) Those that can be attributed to growth and extension of primary 
export activities with their effects on the deterioration of 
renewable resources such as forests, marine resources, and 
agricultural land; 
(b) Those related to the processes of "modernization" of agriculture 
and other activities, principally industrialization and 
urbanization; and 
(c) Those generated by the additional pressure of the growing 
numbers of displaced rural and urban population on increasingly 
scarce land, as well as employment opportunities with the ensuing 
destruction of soil and clearing of forests in rural areas, and the 
population and contamination of land and water. 

The major areas of concern in this paper include management of 
the plant life of the lakes and rivers, the lake-edge plant 
communities, the lakeside succession (swamp formation), seasonal 
swamps, ponds and dams, and vegetative cover along the coastal 
areas. All these ecosystems form suitable habitats for fish breeding 
and production. Their sound management is vital for a continued 
supply of fish needed to supplement animal protein for human 
consumption. 

FISHERIES ECOSYSTEMS AND VEGETATION 

There are many lakes in East Africa that vary in their 
formation and most of them are among beautiful settings. They differ 
considerably in size, depth, and richness of plant and animal life, 
and many of them support a variety of fish life. The majority of the 
lakes in the Eastern Rift Valley are in Kenya and include lakes 
Turkana, Baringo, Bogoria, Nakuru, Elementaita, Naivasha, and 
Magadi. Between the Western and Eastern Rift Valley lies Lake 
Victoria. The major rivers in Kenya include Yala, Nzoia, Nyando, 
Turkwel, Kerio, Uaso Nyiro, Tana, Galana-Sabaki, and Mara. In the 
high-altitude areas, there are rivers Suam, Chesegon, Getamaiyu, 
Kimakia, Thego, and Sagana. These, however, are only a few of the 
rivers with major fish potential. 

Lake-edge Plant Communities 

Most of the shallow lakes, except those that are strongly 
saline, have deep belts of reed and papyrus swamps. Although papyrus 
is probably the best known in the lake-side swamps, there are many 
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other plants associated with it, e.g., tall grasses Miscantidium 
violaceau, Loudetia phragmitoidae, and Phragmites australis, 
which occur mostly in silted areas and around lakes of volcanic 
origin. A number of other herbaceous plants establish themselves 
among the reeds and include Dissotis spp., orchids of the genus 
Eulophia, and climbing plants such as Ipomoea species. 

The shore of Lake Victoria shows vast areas of grass and sedge 
swamp, usually in sheltered bays and with a fringe of papyrus at the 
waters edge. Where rock laterite stretches out into shallow water, 
its place is taken by plants more of a 'rush' type, such as 
Eleocharis spp. and Scirpus inclinatus. The composition of the 
reed swamp depends on various factors, such as altitude, acidity, 
degree of silting, depth of water, and amount of fluctuation of the 
water level. 

The commoner plants of a swamp-filled bay on Lake Victoria, in 
particular are characteristic of: 
(a) Submerged zone: Ceratophyllum demersum, Hydrilla verticillata, 
Lagarosiphon spp, Vallisneria spiralis, Utricularia foliosa, and 
Nilella spp; 
(b) Floating leaf community: Nymphaea caerulea, N. lotus, 
Nymphoides indica, Potamogeton thunbergii, and Trapa natans; and 
(c) The water edge and papyrus zone: Cyperus papyrus, Eleocharis 
acutangula, Paspalidium geminatum, Scirpus ineclinatus, Vossia 
cuspidata, Bridelia micrantha, Dossotis rotundifolia, Hibiscus 
diversifolius, Hypharrhenia diplandra, and Melanthera scandens. 

Lakeside Swamp Formation (succession) 

In many of the shallower lakes, the lake-edge vegetation 
gradually advances into the open water, and when there is little or 
no water left, the basin forms a swamp. In such open waters, there 
are floating plants, such as water lettuce (Pistia stratiotes) and 
water chestnut (Trapa natans), and submerged plants, such as 
Ceratophyllum demersum, Utricularia, Potamogeton, and Nitella. 
As plants die, their accumulated remains, together with soil 
particles, raise the level of the substrate and stabilize it, 
reducing the effect of wave action so that rooted plants like the 
water lily, {Nympheara caerulea) are displaced by reed-swamp 
plants, among which the grass, Vossia cuspidata, is important, and 
papyrus. 

The floating and submerged vegetation play an essential part in 
building up the mud surface. Some species, such as Potomageton 
schweinfurthii, tolerate shallow water, whereas others, like 
Ceratophyllum, can grow in much deeper water. On this, mat, mud, 
silt, and decaying vegetation collect, and grasses and herbaceous 
plants seed themselves so that a mixed swamp vegetation is built up. 

Ponds and Dams 

Besides the larger bodies of water classified as lakes, there 
are many smaller ones with interesting vegetation. Some of these are 
artificial dams made to provide water in drier parts of the country 
and include the Sasumua and Ruiru dams, also those along Tana river, 
and in Laikipia, Nyandarua, Kitui, and Machakos districts. In the 
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case of artificial dams, attempts are made to keep the water clear 
of weeds by providing steep banks and clearing the vegetation at 
intervals. 

The open water, on the other hand, is colonized by water 
lilies, Nymphaea caerulea and pond weeds, Potomageton spp., with 
submerged plants, such as Utricularia spp. and floating plants, 
including Pistia, Lemna spp., Wolffia spp., and Azolla. Growing 
out from the bank are Ludgwigia stolonifera and Eydrocotyle 
ramuncloides. The algae of these ponds usually include Spirogyra, 
Mongeotia, Oedogonium, and Bulbochacte. The free-floating plants 
of major concern include Salvinia spp., particularly in Lake 
Naivasha, g reen algae, yellow—green or yellow—brown algae, 
golden-brown algae, and blue-green algae. These phytoplankton are 
common in major Kenya lakes, in particular, lakes Victoria, Turkana, 
and Naivasha. 

Coastal and Marine Habitats 

The littoral, the beach immediately above the spring tide 
level, is about 6 m wide. Seaward, it carries Ipomoea pes-caprae, 
and landward, is a dense cover of halophytic grasses. Inland and 
beyond the reach of the highest tides, are species of Grewia and 
Cadaba with Cenchrus perinvolueratus as the dominant grass. In 
the coral cliffs there is Capparis, which is an evergreen shrub 
associated with larger trees: Allophylus, Fagara, and baobab 
(Andonsonia digitata), with Mimusops fruiticos in some places. 

Coral and breccia vegetation is found on the fossil coral reef 
and in the Shimoni forest. Among the main canopy trees are 
Antriaris toxicaria, Chlorphora excelsa, Cussonia zimmermanii . 
Lecanidiodiscus froxinifolius, and Terminalia kilimandscharica. 
The breccia proper carries Lantana camara, Adansonia digitata, 
Grewia plagiophylla, and Heeria mucronata. The dominant grasses 
are Heteropogon contortus, Hyperthelca dissoluta, and Pennisetum 
polystachyon. 

Mangrove Swamps 

The mangrove habitat is found in the sheltered estuaries and on 
the exposed coast, but, in the later case, only if the strength of 
the waves is broken by coral reefs or islands. The common species in 
East Africa include Rhizophora mucronata, Ceriops tagal, Brugiera 
gymnorrhiza, Avicennia marina, Sonneratia alba, and Heritiera 
littoralis. Associated mangrove community plants include 
Terminalia biovinii, Lumnitzera racemosa, and Pemphis acidulata. 
The seagrasses include Thalassia hemprichii, Syringodium 
isoetifolium, Cymodocea rotundata, Halophila ovata, and Enhalus 
acoroides. 

VEGETATION MANAGEMENT FOR MAXIMUM FISHERIES PRODUCTION 

On the basis of the foregoing habitat description, the most 
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productive habitats for fisheries production are catchment areas, 
lake-edge plant communities, floating water plants, river 
estuaries,and mangrove swamps. These habitats are critical for the 
survival of a wide range of fresh and marine organisms. They serve 
as breeding, nursery, and feeding grounds. 

Mangrove Swamps 

The mangrove-associated fauna that are economically valuable, 
include Crustacea, prawns and mangrove crab, and shellfish such as 
oysters. Mangroves trap sediments from rivers and release their 
nutrients at a steady pace into nearby waters. These areas also 
absorb pollutants from coastal and upland sources. There is also the 
unquantified use of mangrove for construction timber, poles for 
local housing, as well as fisheries activities. 

The Tana river is the site of hydro development projects. These 
will affect the fresh water input regimes into the estuary and 
delta, including the suspended organic matter so vital to prawn 
productivity. 

In Kenya, the existing management practice is the exploitation 
of mangrove for timber and poles, supervised by the Forest 
Department. This is probably the only known example in the East 
African region aimed at scientific management of mangrove forests. 
The practice at present is mainly in Lamu District and needs to be 
extended to the other districts where mangrove forest patches occur. 

Among the priority concerns must be the level of wastes 
discharged into the mangrove habitats or nearby waters, including 
contaminants carried down rivers. Reclamation of mangrove habitats 
is generally very localized but could be significant in the islands 
where the mangrove area is limited. Agricultural activities, 
especially in the Tana delta, could eventually lead to large-scale 
schemes with adverse consequences on mangrove habitats, such as a 
decrease in area and increased levels of agrochemical residue. 

Seagrass beds are not protected per se, but some degree of 
protection is afforded in existing marine national parks and 
equivalent reserves and in areas remote from immediate human 
settlements. The importance of this habitat in the production of 
dugong and marine turtles needs to be recognized. 

Management recommendations 

(a) Mangrove habitats are of national importance and government 
should consider reviewing policies and management practices 
affecting them. Special attention should be paid to their protection 
from pollution and encroachment by both marine and inland processes, 
especially from agriculture and reclamation activities. Special 
status should also be given to national parks and equivalent 
reserves or carefully managed forest reserves. 
(b) Scientific studies need to be undertaken focusing on: evaluating 
the extent and function of mangrove habitats and the impact of 
pollution and sediments. 
(c) A survey should be carried out to locate prime dugong habitats 
and commercial exploitation of seagrasses and associated algae. 
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(d) The government should make every effort with regard to 
concluding the proposed convention, and the accompanying protocols, 
rapidly followed by strengthening of measures against oil pollution. 
(e) Control should also be exercised over the mining of coral rocks. 

Lake-edge communities 

The lake-edge communities, inclusive of delta swamps, 
particularly in lakes Naivasha, Victoria, and Turkana, are equally 
important for the breeding and supply of nutrients for fish. Their 
importance is reflected by the high fish production currently landed 
in lakes Victoria, Naivasha, and Turkana. The unstable sediments of 
lake Naivasha are remarkably poor in benthic organisms. It is 
important to note that the large surface area to volume ratio of 
shallow lakes indicates that once the capacity to absorb 
high-nutrient loading rates has passed, the small volume would 
result in very rapid deterioration. Shallow lakes, in this sense, 
should be considered more sensitive to euthrophication than 
well-mixed deep lakes. 

Lake-edge communities are threatened by overexploitation of 
papyrus, reclamation for agricultural purposes, and sedimentation 
and pollution load. This is characteristic of lakes Naivasha and 
Baringo and the Yala Swamp. The current management of lake-edge 
communities is not fully enforced or controlled by the relevant 
institution. There is a poor level of coordination of the 
activities, particularly agriculture, which are important to these 
communities for fish population. 

Alarming losses of soil and vegetative cover due to cultivation 
practices, livestock pasturage, and deforestation brought about by 
commercial tree-cutting have had important effects on the flow and 
sediment transport rates of major rivers. On the other hand, a 
decrease in sedimentation through upstream water utilization can 
reduce the vitality of estuaries and even lead to erosion of deltas. 

Industrial effluents released into the aquatic environment are 
problematic, particularly when they exceed the natural carrying 
capacity of receiving waters or when they contain toxic substances, 
especially those that are persistent and tend to accumulate in the 
habitat. The carrying capacity and tendency to trap pollutants is 
related to site-specific physical, chemical, and biological factors. 
Similarly, excess turbidity, BOD, or toxicity from industrial 
sources is a function of waste-treatment measures. 

Priorities for national management of lake-edge vegetation 
communities include: 
(a) The control of upland land-use patterns and practices to reduce 
soil loss resulting in siltation and increased fluctuation of fresh 
water flow in rivers due to loss of the retentive properties of 
vegetation; 
(b) The adoption, implementation, and enforcement of correct soil 
conservation practices in the areas adjacent to lake-edge 
vegetation; 
(c) Controlled exploitation of papyrus and other economically 
important plants of lake-edge communities; 
(d) Afforestation programmes to begin particularly on the shores of 
the lakes, for example, Lake Baringo, where the lake-edge vegetation 
is remitted and the siltation level is quite high; 
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(e) In connection with urban development, detailed physical planning 
to be carried out to reduce user conflicts in the lake-edge zone and 
degradation of fresh water resources. Every effort should be made so 
that the planning and provision of services keep pace with the 
growth of local urban areas; and 
(f) It is highly recommended that reclamation of swamps for 
agricultural activities be coordinated, particularly at the planning 
stage. Relevant agencies should point out their priorities and 
anticipated effects. 

Riverine and Catchment Ecosystems 

The upland forest belt in the water zones begins with the 
plateau forests, between 1300 and 2000 m and occur in the central 
part of the country with an annual rainfall of 850-1000 mm. The 
largest area of upland forest occurs on the main mountains between 
2000 and 3500 m (Mt. Kenya, Mt. Elgon, the Aberdare range, the 
Laikipia escarpment, and the Mau-Elgeyo-Cherangani mountain system). 
Major sources of Kenya's large rivers are in these high altitude 
forest systems. They form suitable fishery habitats, e.g., trout 
fishery in high-altitude waters and Tilapia and other warm water 
species downstream in warm places. The rivers keep a continuous flow 
of water due to storm water in the high and forested lands. 

The vegetation along the rivers, both large trees and floating 
vegetation, forms breeding areas for river fish as well as bases for 
nutrients. The river fish communities maintain sport fishing 
activities in the country. However, the production of fish in the 
river system can be adversely affected by the destruction of 
vegetative cover along the rivers, diversion of water for irrigation 
purposes and impact of agrochemicals or pulp industries. The impacts 
of Elgeyo-Cherangani forest and Nzoia river, Mau forest and Mara 
river, and Cherangani and Kerio river are few examples. Management 
of the catchment areas is, therefore, vital for the water cycle and 
supplies. The management recommendations of river systems include: 
(a) Consideration of fisheries dimensions during the planning and 
implementation of the construction of upstream water projects. This 
will avoid severe effects resulting from design factors like loss of 
sediment and fresh water flow at certain times of the year in 
connection with water management for hydroelectric power generation, 
irrigation, or flood control, 
(b) Agroforestry programmes need to be intensified in the rural 
areas to reclaim the indigenous vegetation; 
(c) Cultivation of the riverbanks should be more effectively 
controlled and appropriate legislations enforced; 
(d) The impact of pulp and paper industries has already been 
observed through the activities at Webuye. Limitation of such 
industries in the country may be advisable, to reduce excessive tree 
cutting and river pollution, and 
(e) Increased study is considered necessary for the fuel wood cycle 
and improvements should be instituted in the management of fuelwood 
resources. 
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CROP HUSBANDRY IN AGROFORESTRY 
PRODUCTION SYSTEMS 

William W. Hapakala, Crop, Soil and Hater Management, Kenya 
Agricultural Research Institute (KARI), P.O. Box 57811, Nairobi, 

Kenya 

Abstract Most of the productive arable and plantation 
crop land in Eastern Africa has been derived by the 
destruction of indigenous forests. Planned replacement of 
indigenous forests with planted timber species, 
particularly Cupressus and Pinus spp., also involves removal 
of forests as in the case of developing arable and 
plantation cropland. There is, however, a difference in 
that, in the latter case, those licensed to remove the 
forest are permitted to cultivate crops in the areas 
cleared, for a period of two years or so before and after 
planting seedlings. The growing of crops before planting 
tree seedlings ensures good site preparation and proper 
establishment of tree seedlings. This sequential cropping, 
a form of alley cropping, has been practised in Kenya for 
many years. 

The crops grown under this cropping system are maize and irish 
potatoes {Solanum tuberosum L,). The cultivators or practitioners 
of this system are either approved forest workers or "squatters". In 
all cases, these cultivators have no access to extension services or 
research services to develop appropriate technologies for improving 
the productivity of the system. The cultivators have, therefore, to 
contend with inappropriate technological inputs: maize cultivation 
not suited to the agroecological zone, no fertilizer application, 
etc. Crop yields under these circumstances are low. Yields of 
potatoes are invariably low, and disease and pest infestation can be 
major constraints. 

Growing of trees and crops intermixed on the same piece of land 
is an old practice among farmers in many parts of Kenya. The trees 
on croplands served to provide shade for the farmer and his family 
during "recess", particularly when the farm is at a distance from 
the farmer's residence. Trees also provided timber for building and 
fuelwood. 

In most cases, however, fuelwood was collected from communal 
woodland. In this form, the growing of trees and food crops on the 
same piece of land was not recognized as a land-use/food-production 
system. The system was practised by the small-scale farmers from 
whom nobody expected to learn anything new. This topdown system of 
transferring new technology has been substantially altered so that, 
today it is recognized that technologies intended for small-scale 
farmers should be identified, designed, and evaluated within the 
context of the farming system practised by the farmers themselves. 
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It is in this regard that on-farm research with the farming-system 
perspective has received considerable attention from both social and 
biological scientists (Malton et al., 1984). As a result of these, 
there are well accepted techniques for studying constraints to 
increasing production under small-scale farming conditions. 
Agroforestry research, a relatively young discipline, on the other 
hand, has not even reached a stage where many national agricultural 
research systems can think of institutionalizing it. This is mainly 
because the International Council for Research in Agroforestry 
(ICRAF), the pioneering organization in this field, has not so far 
developed and popularized—possibly through training—experimental 
procedures for agroforestry. Under such circumstances, it is 
difficult for one to discuss or review crop husbandry practices in 
the various agroforestry production systems. What one can do at this 
early stage is to examine some of the researchable problems in 
evolving the agroforestry production system. 

AGROFORESTRY PRODUCTION SYSTEMS 

King and Chandler (1978) have defined agroforestry as "a 
sustainable land management system which increases the overall yield 
of land, 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 
compatible with the cultural practices of the local population". As 
a genetic term, therefore, agroforestry may take various 
manifestations of different forms. Notwithstanding the different 
forms it may take, agroforestry has three specific components, i.e., 
crops (food and trees), forest, and animals, depending on the 
combination. 

Agrisilviculture 

In this system agricultural crops are produced concurrently 
with trees and forest crops. The system resembles multicropping or 
intercropping, the difference between the agricultural and 
agroforestry production systems being that, in the latter, the two 
crops are not grown for the same length of time, the forest crop 
outlasts the food crop. The food crops are grown between the young 
trees; the tillage and land preparation operators will have to be 
determined through field investigations. These operations will also 
vary with the amount and distribution of rainfall. In the arid and 
semi-arid areas where moisture is a major limiting factor, the 
studies should include a minimum of zero tillage and the use of 
chemical weed control to take advantage of moisture in soil. Plant 
debris can serve as mulch, and, in the long run, improve soil 
structure, particularly where there is a continuous combined 
production of forest trees and agricultural crops (with decreasing 
land unit per person, agrisilvicultural production system will have 
to involve continuous combined production of trees for fuelwood, 
timber, etc., and agricultural crops). This will mean that a wider 
spacing of trees has to be determined. 



Crops and Varieties 

As has been pointed out above, the problem faced by.those who 
want to practise agroforestry is one of choice of tree species and 
crop types and varieties for different agroecological zones. Nair 
(1980) has given a long list of crop plants that have agroforestry 
potential. It remains to be determined which tree species go with 
which crops and under what conditions. In this regard, one would 
need to know the effect of shade on yield and disease incidence. In 
coffee, for instance, it has been found that shade, which had been 
recommended in some areas to ameliorate the effect of temperature, 
had adverse effects on coffee yields, e.g., through competition for 
moisture, the aggravated attacks of certain insects, such as 
lacewing, and an effect on the incidence of CBD. The same has been 
found in tea, where Grevillea robusta, a shade tree, has been 
shown to decrease yield and adversely affect quality (McCulloch et 
al., 1984). In intercropping or sequential cropping, an early 
maturing crop variety will be preferred to a late maturing type. 

Agrisilvopastoral Systems 

These are the production systems involving production of food 
crops, animals and forest trees with or without pastures. Alley 
farming is one such system. In this system, food crops are grown in 
alleys formed by hedgerows of trees or shrubs. The hedgerows are cut 
back at the time of planting crops and are kept pruned to prevent 
shading of the crops. Pruned foliage decomposes in the alleys; the 
nutrients which are released and organic matter built up increase 
the grain of the crops. The foliage is also used to feed livestock. 
The multipurpose, woody, leguminous trees and shrubs used for the 
planting of hedgerows include Leucaena, Sesbania, Gliricidia, 
Prosopisi etc. Again, for this system, we in Kenya have no data to 
refer to here. I understand that this system is proving very 
effective in the optimum use of fixing nitrogen in Nigeria and Sri 
Lanka (Sprent, 1988). We will need to establish which legumes are 
efficient in fixing nitrogen under dry conditions as found in the 
arid and semi-arid areas of Kenya. As in the case of 
agrisilviculture, information will be needed on tillage and land 
preparation, weed control, crops and varieties to be grown in the 
alleys, types of leguminous trees and shrubs to be developed for 
different agroecological zones, planting time and spacing, etc. He 
have just started planning for experiments of this kind in the 
Agricultural .Research Services. It will be sometime before we can 
come out with results. 

CONCLUSION 

Agroforestry is a young scientific discipline, and, although 
ICRAF has done considerable work in the last 10 or so years, much 
remains to be known as to how to establish agroforestry programmes 
for the small-scale farmers. As Ndegwa and Fenwick (1986) have aptly 
stated, well-designed forestry programmes will be crucial to 
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agricultural progress in Africa, especially if they can take forms 
which are in sympathy with food production (agroforestry). It is 
necessary that urgent collaborative work is undertaken to determine 
the tree species and crop varieties for use in establishing 
agroforestry programmes in different agroecological zones. 



SILVICHEMICALS: ASSESSMENT OF SOME FICUS SPECIES AS 
MULTIPURPOSE TREES FOR A6R0F0RESTRY 

Annalee Ng'eny-Mengech, Department of Chemistry, University of 
Nairobi, P.O. Box 30197, Nairobi, Kenya 

Abstract In order to increase the economic diversity 
of land-use systems, the potential of plant life to provide 
renewable sources of industrial raw materials, medicines, 
fuel, and fodder must be included as an important component 
in selecting suitable species. A chemical-screening 
procedure is described, using Ficus species found in Kenya 
as an example. Each species has been rated for its use in 
such a context. The uses and importance that silvichemicals 
could exhibit as a natural resource base in the Kenyan 
situation are outlined. 

Wood is the world's most widely used industrial raw material. 
Although the major use of wood in developing countries is as fuel, 
this is a very low-value application for such an important and 
complex raw material. Silvichemicals can provide the basis for heavy 
chemical industries as well as for high-value speciality products. 
In fact, much of the early industrial development in the USA was 
based on wood and wood products. Some of the substances produced by 
these industries have since been forgotten or displaced by 
petroleum-derived products, but as the latter continue to increase 
in price, silvichemicals are becoming more competitive. 

Multi-use trees and crops, with the potential for combining the 
production of food and fodder with that of energy and industrial 
feedstocks in integrated adaptive agricultural systems, offer major 
social and economic benefits, particularly to agrarian-based 
societies as already outlined in this seminar. This paper outlines 
the scope and uses of plant-derived products and describes a 
chemical-screening procedure for the evaluation of plants as sources 
of industrial raw materials, using Kenyan Ficus species as an 
example. 

TRADITIONAL COMMERCIAL PLANT PRODUCTION 

Primary phytochemicals are those that can be extracted directly 
from plants and include such traditional products as naval stores, 
industrial oils, waxes, tannins, rubber, essential oils, and 
medicinals. The term "botanochemicals" was coined by the United 
States Department of Agriculture (USDA) to mean those energy-rich 
plant products specifically useful as substitutes, supplements, or 
complements to petrochemicals (Buchanan, Otey, and Bagby, 1980). 
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Traditional secondary botanochemicals made by the conversion of 
insoluble carbohydrates or lignocelluloisic materials include 
furfural, ethanol, methanol, methane and fibres. Of course, in 
addition to chemicals, trees have also traditionally been a source 
of solid fuel, food, fodder, and fibres. Some of the uses of these 
products are outlined below: 

Cellulose 

Cellulose, the most abundant organic material on earth, is also 
one of the most versatile and potentially important industrial 
feedstocks. Modified cellulose fibres such as rayon and 
cellulose-based plastics have been developed to make use of their 
highly polymeric nature. The major technical problem in using 
cellulose instead of woody sources is the difficulty in separating 
its hemicellulose and lignin components from the lignocellulose 
complex. The difficulty in hydrolysis of cellulose into its 
component sugar (glucose) also limits its use as an industrial 
feedstock, but once this process can be perfected, the derived 
glucose can be used for fermentation to ethanol and other alcohols, 
and thence to ethylene and butadiene for plastic and rubber 
manufacture, or for conversion of glucose into hydrogen fuel or 
single-cell protein (SCP) (Wang and Huffmann, 1981). Cellulose 
fibres for rope, paper, and board manufacture is another important 
use. When cellulosic bagasse remains after the extraction of a more 
valuable chemical or liquid hydrocarbon fuel, the tree can serve as 
a secondary source of solid fuel which may make the economics of 
chemical extraction more favourable. (Huffmann, 1983). Cellulose can 
be harvested directly from wood (as done in pulping), but also from 
stem, leaves, and fruit fibre (as in kapok). 

Hemicelluloses 

Hemicelluloses, another component of the lignocellulose complex 
of woody tissue, are polymers of sugars other than glucose. Although 
these polypaccharides are more easily hydrolyzed than cellulose into 
their component sugars, the products are not as highly fermentable. 
Xylose and other 5-carbon sugars found in hemicelluloses are easily 
converted into furfural, an organic liquid used in the steel 
industry and as a chemical raw material. Furfural once served as the 
raw material for nylon manufacture until it was displaced by the 
petroleum-derived butadiene. A return to this technology might be 
feasible if a cheap, abundant source of furfural is available (Wang 
and Huffman, 1981). The current market for furfural-derived 
synthetic resins used in the adhesives and plastics industry is 
100 m pounds. A cost-analysis of producing furfural from the bagasse 
remaining after the extraction of botanochemicals from plant 
material has been published by Huffmann (1983). 

Triglyceride Oils and Waxes 

Oils and their products are the second most valuable 
commodities in world agriculture, with world export trade amounting 
to $24,500 million in 1980 (Williams, 1983). The oil palm accounts 
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for about 28% of this trade, with herbaceous plants like soya and 
rape constituting the major remaining part. Much of the oil 
produced is for edible purposes, but vegetable oils have many 
important industrial uses such as in the manufacture of coatings, 
plasticizers, surface active agents (e.g., soaps and detergents), 
and lubricants. New uses are in interpenetrating polymer networks 
(IPS) and as a "reactive diluent" for the coatings industry. 

Chemically, oils and waxes are very similar. Both are esters of 
a long-chain fatty acid with an alcohol or glycerol in the case of 
oils. Vegetable oils are found in concentrated forms in the seeds of 
plants (fixed oils) and, occasionally, as in the avocado, in the 
fruits. Systematic screening programmes to discover new and 
non-conventional sources of oils and especially valuable fatty acid 
components have been in progress for many years. The USDA 
laboratories in Peoria, III, have screened more than 1000 wild 
American plant species for their oil content and composition. Here 
in Kenya, Prof. R.M. Munavu has screened the seeds of about 60 
species of indigenous trees, and has investigated some of their 
potential industrial applications. Some of his results were 
presented in the first Kenya national agroforestry seminar He found 
that the oil content of some species was unusually high (up to 60%). 
Testing of the oils for potential industrial use showed that some 
were suitable for paint, soaps, and cosmetics manufacture; a few of 
these oils are known to be edible. Species, such as Arecastrum 
rowazofianum (with 58% oil), Azadirachta indica (59%), Balanites 
aegyptica (44%), Calodendrum capense (60%), and Croton 
megalocarpus (49%), were especially promising as new, 
non-convertional oil sources (Munavu, 1984). Other screening 
programmes are being carried out worldwide of indigenous forest 
seeds, e.g., in Zaire (Ngiefu et al., 1988) and in Brazil. 

Analysis of the natural oil to determine its fatty acid 
composition is an important part of the screening procedure. Fatty 
acids that have additional active sites, such as polyunsaturation 
(as in linseed oil), hydroxy functions (as in castor oil), and epoxy 
groups (as in epoxidesed linseed or soybean oil) can be used in a 
variety of polymerization reactions to produce products ranging from 
tough, rubber-like compositions to false teeth! Also of industrial 
interest are fatty acid sources with fairly short carbon chains 
(about C12 as in coconut oil) for soap manufacture and extra long 
chains (e.g., C24 as in rapeseed) for production of polymers, 
lubricants and plasticizers (Princen, 1977). 

Interest in the use of vegetable oils as additives or 
substitutes for diesel fuel continues worldwide. Duke and Bagby 
(1982) in the USA have tested tropical oils such as cashew, coconut, 
oil palm, macademia nuts, castor, and sesame for use in diesel 
engines. In Brazil, West Germany, Philippines, Australia, New 
Zealand, and South Africa, vegetable oils are being road-tested in 
fleets of lorries, pick-ups, buses, cars, and tractors. In the 
Philippines, naval vessels using coconut oil are undergoing service 
testing. Technical difficulties remain due to the higher viscosity 
of the natural oils and their tendency toward coking, but these 
disadvantages can be partially overcome by the addition of additives 
such as ethanol, alcohols, and gasoline to the oils, or by 
esterifying the oils to lower their viscosity. Reviews of this topic 
have been given by Onion and Bodo (1983) and by Mengech (1988). The 
conversion of vegetable oils to gasoline has been accomplished by 
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Weisz, Haag, and Rodewald (1979) at the Mobil Oil Corporation and 
the Chinese have developed a procedure for the conversion of tung 
oil to gasoline by a batch-cracking operation. 

Plant waxes are complex mixtures of esters of fatty acids with 
long-chain alcohols, and of sterols, hydrocarbons, resins, free 
acids, etc. Two of the most important vegetable waxes are carnauba, 
obtained from a Brazilian palm (Copernicia cerifera), and 
candelilla, obtained from the shrubs Euphorbia antisyphilitica and 
Pedilanthus pavonis found growing in the semi-arid area of the 
Chihuahua desert. Candelilla wax is edible, being used in the 
manufacture of chocolates and coatings for paper plates and cups. 
It has many industrial uses as well, in the manufacture of plastics, 
glass, candles, paints, leather goods, crayons, etc. (Foncan, 1985). 
This humble shrub, collected from the wild from an isolated desert, 
provides the major cash income for a substantial region of 
north-central Mexico, encompassing seven states. How many Kenyan 
species might possess an oil or wax of comparable value? The answer 
will not be known unless a systematic programme of plant screening 
is carried out on our indigenous vegetation. 

The current value of vegetable oils and waxes imported into 
Kenya for commercial and industrial purposes is in the region of 
KShs.786 million-KShs. 1.5 billion (Anon., 1988). These are used in 
the manufacture of soap, detergents, Kimbo, Blueband, paints, 
cosmetics, etc. Surely, with our wealth of plant life, we should be 
self-sufficient in oils. 

Plant Latex 

Plant latex is generally a milky or pale-coloured cloudy 
emulsion of hydrocarbon particles suspended in a watery serum. Other 
organic components, such as resins, steroids, and enzymes, are often 
present as well. The hydrocarbon component is derived from isoprene 
(C5H8) and its polymers. The molecular weight of the isoprene 
polymer varies markedly from species to species. The rubber tree 
(Hevea braxiliensis) and other natural-rubber bearing plants 
(e.g., Ficus elastica, guayule, etc.) produce hydrocarbons of very 
high molecular weight, up to 2 million. Some Euphorbia and 
Asclepidaceae species produce rubber of lower-molecular weight 
range, from about 20,000 to 400,000. Other trees, such as the 
"diesel tree" (Copaifera langsdorfii), have attracted a lot of 
publicity because their hydrocarbon molecular weight is about 2000, 
which make them suitable for direct use as a diesel substitute 
(Calvin et al., 1982). The copaifera tree is a native of Brazil, and 
the testing of copaifera oil in diesel engines is now being carried 
out at several centres in that country. Although relatively few 
species of plants contain rubber molecules long enough and strong 
enough for the manufacture of tires, rubber and hydrocarbon sources 
with lower-molecular weights are nevertheless important for use of 
plasticizers and additives in the rubber and polymer industries. 
Screening of indigenous plants for new sources of oil, rubber, and 
hydrocarbons is being carried out in Kenya (Mengech, 1988), South 
Africa, and the USA (Buchanan et al., 1978a; Cull, 1983; Roth et 
al., 1984). 

Plant hydrocarbons as renewable sources of liquid fuels remain 
an area of research interest. During times of emergency such as 



World War I and World War II, plant hydrocarbons were a small but 
important source of energy for military tanks, and in times of 
economic duress, such as during the petroleum embargo of the early 
1980s, worldwide interest in biomass energy sources undergoes a 
periodic rejuvenation. Recent economic analyses done in the USA, 
however, suggest that the cultivation of plants for hydrocarbon 
fuels is not a viable option, unless other high-value products such 
as medicinals, resins, fibres, etc., can be obtained from the same 
crop. This is particularly true in the marginal or semi-arid zones, 
where the demand for water is higher and cultivation costs are, 
therefore, subsequently higher (McLaughlin et al., 1983; McLaughlin, 
1985). Research projects around the world in Japan, Australia, 
Rwanda, Puerto Rico, India, and the USA (Arizona, California) have 
demonstrated the agronomic and technical potential of plant sources 
of hydrocarbons. The premature termination of our own Baringo 
Euphorbia Project before adequate data could be obtained was 
unfortunate, but valuable lessons were hopefully learned about the 
difficulties in project management and introduction of a new 
botanochemical crop. 

Plant Resins 

Plant resins are produced in special cells and canals by a wide 
variety of species. Chemically, the resins are derived from the 
hydrocarbon unit of isoprene (C5H8), but there are often other 
functional groups such as acid (carboxyl), hydroxy, and carbonyl 
groups attached to the basic hydrocarbon skeletal unit. The most 
important resins have in the past come from the Pinaceae and 
Dipterocarpaceae families. In addition, some aromatic resins from 
Leguminosae and Burseraceae are used in smaller quantities. 

The pine resin products, known as naval stores, are the most 
important worldwide, with a world market in excess at 600 million kg 
per annum. The USA market accounts for 275 million kg/year of this. 
Pine resins, after they are extracted from the trees, contain a 
volatile component (turpentine) and a non-volatile component 
(rosin). The turpentine or liquid component is basically a mixture 
of terpene hydrocarbons; it is used as a solvent and a chemical raw 
material. The solid rosin component consists mainly of diterpene 
resin acids. The most important uses for rosin are as in constituent 
of printing inks, as a rubber emulsifier and as a paper size. These 
three uses alone account for about 200 million kg/year of plant 
rosin. This naturally-derived chemical resource is in imminent 
danger of drying up, however, since the old pine stumps from which 
rosin is obtained are expected to be exhausted by 1990 (Huffmann, 
1983). As a result, screening programmes to discover new natural 
sources of this valuable raw material are being carried out. Some 
promising candidates are resin-producing herbaceous species, e.g., 
Grindelia camporum and other members of the Compositae (Huffman 
and McLaughlin, 1986). 

It is worthwhile noting here that some old stands of Pinus 
can be found in Kenya. These have been proven to be superior sources 
of pine rosin. In the case of naval stores, the trees come into 
maximum production after about 30 years. This is one example of the 
importance of maintaining and preserving mature, valuable trees. 
Economic incentives must be given to farmers to conserve such a 
potential resource. 
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The liquid terpene portion of natural resin has obvious value 
as a liquid fuel for automobiles, with a heat of combustion 
comparable to that of gasoline. In addition, naval stores could be a 
source of isoprene and a substitute for styrene, two key chemicals 
in the manufacture of rubber and plastics. 

Essential Oils 

Essential oils, as contrasted to the fixed vegetable oils 
described earlier, are the lighter-weight and more volatile oils 
which give plants their "essence" or odour and flavour. They are 
easily extracted from plant material by the simple technologies of 
steam distillation, expression (pressing), or by solvent extraction. 
As such, they represent one of the most applicable raw materials for 
exploitation in a developing country. As well as being used in the 
perfumery and flavouring industries (Kenya imports over K.Shs. 50 
million worth of oils for this purpose), essential oils have many 
industrial uses. The oils can be converted to higher-value fine 
chemicals by fairly simple chemical manipulations. Examples are the 
conversion of pinene (present in turpentine and many other oils) to 
citronellol, or the conversion of limonene from citrus peel oil to 
speciality chemicals. 

Because of their highly hydrocarbon nature, essential oils have 
proven to be highly energetic liquid fuels. Eucalyptus oils from 
four species have been tested in Brazil and in Japan in various 
blends with diesel and gasoline and found to have fairly good 
performance. Turpentine, the essential oil component of resin, has 
already been mentioned. 

The essential oil is distributed in many plant parts, including 
the leaves, fruit, flowers, resins, and wood. Some of the components 
of these oils are the highest-value chemical commodities on the 
world market. Several departments of the University of Nairobi have 
assessed the content and potential of various essential oil-bearing 
trees, including Cinnamomum camphors (for camphor), Eucalyptus 
citriodora (for lemon oil) and others. Some species of 
drought-resistant plants, such as the ylang-ylang and jasmine, grow. 
well in Kenya and could provide perfumery oils. One tree that 
deserves further investigation is Spirostacys africana which has a 
pleasant-smelling (but possibly poisonous) wood oil similar to that 
of a sandlewood, but sweeter, and persisting for years (Kuchar, 
1981). 

Whole Plant Oils 

The concept of extracting whole plant material (including 
leaves, stems, fruits, wood, roots) simultaneously, then 
fractionating it to obtain an oil component, was devised by USDA 
during the 1970s by Buchanan and co-workers (Buchanan et al., 
1978b). The whole plant oil thus obtained is actually a mixture of 
the vegetable oils, waxes and more polar hydrocarbon compounds 
present in the resins and essential oils already described. The uses 
for whole plant oil will be outlined in the next section. 
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Tannins and Phenolics 

These are water or alcohol-soluble substances that contain 
derivatives of aromatic phenolic residues. The hydrolyzable tannins 
are esters of a sugar with a polyphenolic aromatic acid, whereas the 
condensed tannins are more complex polymers containing basic 
catechin and other flavonoid units. Traditional uses for these 
compounds have been in tanning leather, in oil-well drilling, as 
anti-oxidants, and in polymerization with aldehydes to make 
adhesives and glues. Over 50% of the phenol made from crude 
petroleum is used to make resin for adhesives (Wang and Huffmann, 
1981). The cost of waterproof plywood glue made in this way is high, 
however, and has even prevented the use of plywood as a building 
material in Kenya. The tannin extract from trees has been 
shown to be an excellent source of phenolic residues for 
polymerization reactions, and tannin-based adhesives are in 
commercial use in South Africa, Australia, and New Zealand. Kenyan 
species which provide high levels of tannins include the Acacias, 
mangrove, tea, Protea, and many others. Phenolic resins hold a 
world market of 1.5 billion pounds and sell at prices around 40c per 
lb. (Huffmann, 1983). Plant-derived phenols could help meet this 
demand. 

Medicinals 

The range of medicinals that can be derived from trees is 
enormous and beyond the scope of this paper; the pharmaceutical 
industry is estimated to include about 25% of plant-derived products 
in its prescriptions, in a production exceeding several million kg 
per year. Very few Kenyan plants have been screened and assessed for 
pharmaceutical activity, and when this has been done, it is, 
unfortunately, usually foreign researchers who have made the 
significant discoveries. The preservation of our genetic diversity 
is of utmost importance if we are to realize the potential worth of 
this type of natural product. The wealth of indigenous knowledge 
about the medicinal applications of almost every tree found growing 
in Kenya is a simple proof of the scope of this resource. Some 
recent research has shown indigenous Kenyan trees to be good sources 
of bulk chemicals for the pharmaceutical industry. Yucca, sisal, 
and Balanites aegyptiaca can provide the basic steroid nucleus, as 
can some species of Solarium', the market demand for diosgenin is 
over one million kg per year (Huffmann, 1983). A Kenyan tree, 
Tabernamontana, is the source of anti-cancer alkaloids. This tree 
is also a good hydrocarbon producer because of its milky latex. 
Neither use of this tree has ever been exploited, however. 

Biocides, 

Trees have traditionally been the source of fish-poisons, 
arrow-poisons, insecticides, antifeedants, nematocides, etc. Plants 
produce these substances for self-defense, especially in the arid 
regions. Melia azedarach is a source of azidiractin, an 
insect-antifeedant. Melia volkensii contains a much more potent 
poison. Balanites aegyptiaca bark contains a chemical that can 
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kill the schistosome as well as producing a superior edible 
vegetable seed oil. Rotenone insecticides can be obtained from 
Tephrosia species. These are but a few examples of the potential 
for exploitation of Kenyan trees and shrubs for such high-value 
products. 

FIGS (FICUS SPECIES) AS MULTIPURPOSE TREES FOR A6R0F0RESTRY 

The principle traditional uses of figs in Kenya have been 
summarized in Table 1. This information has been gleaned from 
published sources and from the results of a recent field survey by 
KENGO (1988). However, a few of the uses deserve special mention. 

Chemical Production 

Figs, being a lactiferous genus, are a good source of 
hydrocarbons. Ficus elastica, an imported species to Kenya, was an 
important source of natural rubber in India. It was established in 
plantations there as early as 1874. The rubber from F. elastica is 
not as good as that of Hevea braziliensis, since the former 
contains a higher component of resins. Ficus rubber is used in 
admixtures with Hevea rubber for the preparation of shoe soles and 
block rubber and as a plasticizer (Council of Scientific and 
Industrial Research (CSIR), India, 1956). Other species of Ficus 
produce smaller yields of rubber. 

Ficus latex contains a natural proteolytic enzyme, ficin, 
which in combination with other enzymes present, can be used to 
coagulate the protein in milk, similar to rennet for the preparation 
of cheeses and junkets, and in medicines. The clotting activity of 
fresh fig latex from F. carica is 30-100 times that of animal 
rennet (CSIR, 1956). 

Medicinal Activity 

The enzyme (ficin) is also thought to be responsible for the 
observed medicinal activity of fresh latex in killing various 
species of parasitic worms. Ficus leaves and latex, when given to 
cows as fodder, are known to increase milk flow. The plants are also 
used to induce lactation in women, and are given to barren women. 
Steroid derivatives have been isolated from the latex, and the 
forementioned activities lend support to the occurrence of a fairly 
high steroid level. 

Fruit 

The edible fig that is produced in India is considered to be a 
hybrid of F. carica from Asia Minor with an indigenous Indian 
species. As fruits, figs contain levels of calcium that are equalled 
only by cheese and a few nuts. Figs are also unusually good sources 



Table 1. Ficus Species as Multi-Purpose Trees for Agroforestry 

CHEMICALS; RUBBER 

RESINS 
ENZYMES 
GLUE 

MEDICINALS ANTHELMINTIC 

FRUIT 

FOODER 

FIBRE 

LACTATION INDUCER 

OTHER AILMENTS 

Ficus elastica(96.2% latex) 
F. volgelii (72.9%) 
F. glomerata (16.6%) 
F. benjamina (30%) 

F. wakefieldii, F. glumosa 
(F. carica, F. pumila, F. 
laurifolia) 
F. natalensis, F. 
stuhlmanii, F. thonningii, F. 
sycomorus 

influenza, headache, stomach 
upset, purgative, toothache, 
wounds 

F. carica (edible fig), F. capensis, F. 
sycomorus, F. glumosa, F.F. vallis-choudae, F. 
wakefieldii, 
(other spp. eaten by birds, animals) 

F. natalensis, F. sycomorus, F. carica, F. 
elastica, 
CLOTH F. natalensis, F. 

thonningii 
ROPE F. benjamina 
PAPER F. lacor 

INTERCROPPING POTENTIAL 
GOOD: 

POOR: 

SHADE: 

HEDGE: 

ORNAMENTAL: 

TIMBER: 

FIREWOOD: 

CHARCOAL 

RELIGIOUS 
IMPORTANCE 

F. sycomorus, F. wakefieldii (maize, beans, 
cassava) 
figs conserve soil moisture, increase soil 
fertility by fruit and leaf-fall, 
F. buseii, F. glumosa 

F. elastica, F. natalensis, F. glumosa, F. 
wakefieldii, F. volgelii 

F. natalensis 

F. benjamina, F. elastica 

F. glumosa, F. vallis-choudae, F. sycomorus, F. 
capensis 

F. glumosa, F. elastica, F. thonningii, F. 
capensis 

F. glumosa 

F. natalensis, F. thonningii, F. sycomorus, F. 
buseii 
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of other minerals, including iron, copper, and line. The nutritive 
index of figs is 11, compared to other fruits such as apples (9), 
dates (6) and pears (6) (CSIR, 1956). The use of figs as a fruit in 
Kenya should, therefore, be encouraged and cross-breeding with F. 
carica tested. Although some indigenous Ficus species produce 
fruit that is edible for humans, generally figs are not eaten by 
Kenyans nowadays except in times of drought (the fig is fairly 
drought-resistant), as in the 1920s when F. glumosa fruit was 
eaten by Kenyans during a famine (KENGO, 1988). 

Fodder 

Some species of figs are very popular as fodder for cattle in 
Kenya. The leaf protein values are fairly high and, in addition, 
some species cause an increase of milk flow, as mentioned earlier. 
F. sycamorus and F, natalensis leaves and fruit are used for the 
latter purpose. 

Fibre 

Bark-cloth was made from F. natalensis and F. thonningii in 
old times for garments. Nowadays, bark cloth for the tourist 
industries (for calendars, handbags, etc.) is the biggest demand, 
and has resulted in the destruction of many specimens of F, 
thonningii in parts of the Kitui District, making it a rare tree in 
some regions (KENGO, 1988). 

CHEMICAL SCREENING OF PLANTS FOR INDUSTRIAL RAW MATERIALS, 
FUEL AND FODDER 

In order to assess the potential of a given plant species as a 
source of chemicals for industry, a screening procedure must be 
used. At the University of Nairobi's Chemistry Department, we have 
used a procedure developed and used at USDA by Buchanan and his 
co-workers (1978b). The procedure divides the whole, dried plant 
material into four major fractions, each of potential industrial 
importance. Each fraction obtained has been evaluated for its heat 
values (as a potential fuel source), and the detailed analysis of 
some of the fractions for their specific chemical composition is 
underway, in order to identify any high-value chemical components. 
The plants analyzed by our group fall into two major categories: 
plants growing in the semi-arid regions of Kenya and those trees and 
shrubs from the higher-potential areas that have easily harvestable 
foliage and new growth. In the former category, species of the 
families Euphorbiaceae and Asclepidaceae have been analyzed while in 
the second category species of the Moracea (including some figs) 
have been included as well. 

Methodology 

The new growth, including leaves, stems and any fruit, were cut 
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from 10 species of Ficus. The material was dried in air, then 
ground to a fine powder in a Wiley Mill and extracted in succession, 
first with acetone, then with cyclohexane, then with methanol. The 
acetone extract was partitioned between ethanol and hexane to give 
two fractions, the whole-plant oil fraction (WPOF) and the 
"polyphenol" fraction (PPF). The cyclohexane removed the 
hydrocarbons present (HCF) and the methanol extraction provided a 
soluble-sugars fraction (SSF). A fibrous residue remained (FR) after 
the solvent extraction, and this was analyzed as a source of protein 
and crude fibre. The extraction scheme is outlined in Figure 1. 

The potential commercial uses for the various fractions so 
obtained are shown in Tables 2-5. 

Table 2. Potential Uses for the Whole Plant-Oil Fraction 

COMPONENTS: Fats, Fatty Acids, Resins, Terpenes, Plant Sterols, 
waxes 

Edible Oils (if proven non-toxic) 

Chemical Intermediates in Manufacture of 
-Long-Chain Alcohols 
-Fatty Acids 

Waxes and PoLishes 

Extenders ami Plasticisers for Rubber and Plastics 

Medicinally Active Sterols and Terpenes 

Unusual Fatty Acids and Rosin Acids 

Naval Stores (solvents, terpenes, rosin) 

Diesel Fuel Substitutes 

Conversion to Gasoline 

Table 3. Potential Uses for the Polyphenol Fraction 

COMPONENTS: Polyphenols, Phlobaphenes, Tannins, Complex Lipids 

. Tannins for Leather 

. Phenol Source for Manufacture of 
- Laminating Resins 
- Plywood Glues 
- Adhesives 
- Antioxidants 

416 



Table 4. Potential Uses for the Hydrocarbon Fraction 

COMPONENTS: Isoprene Polymers, Natural Rubber, Waxes, 
Terpenoids 

USES:. Substitute for Natural and Synthetic Rubber 

. Plasticisers 

. Adhesives 

. In Manufacture of 
- Thermoplastics 

- Thermosetting Resins 

. Direct use as Fuel 

. Thermocracking to Gasoline 

Table 5. Potential Uses for Residue 

COMPONENTS: Cellulose, Lignin, Protein, Sugars 

USES: . Fermentation of Sugars to 
- Fuel Alcohol 
- Acetone-Butanol-Ethanol 
- 2,3 - Butylene Glycol 

. Gasification to Methanol 

. Pyrolysis to Charcoal 

. Fibreboard and Paper Manufacture 

. Xylose, Furfural 

. Animal Feed 

. Soil Improvement 



Results 

The yields of extractables from four of the Ficus species 
analyzed are shown in Table 6. The heats of combustion of these 
fractions are shown in Table 7. It should be noted here that these 
values compare favourably with conventional liquid fuels like fuel 
oil (45.2 MJ/kg) and gasoline (48.2 MJ/kg). Therefore, the WPOF and 
HCF of Ficus extracts would be suitable substitutes for diesel and 
gasoline fuels from an energy standpoint. 

Table 6. Yields of Extractables from some Ficus Species 
(Calculated as % Dry Weight) 

PLANT 

Ficus benjamina 
F. glumosa 
F. volgelii 
F. capensis 

Whole 
Plant 
Oil 

5.4 
2.4 
2.1 
1.0 

Polyphe-
nolics 

4.5 
5.6 
9.3 
7.1 

Hydro-
Carbons 

3.5 
1.31 
0.5 
0.1 

Methanol 
Extract
ables 

2.7 
4.6 
3.1 
3.9 

Protein 
In Meal 

10.3 
-

11.7 
13.7 

Crude* 
Fibre 

39.0 
-

27.2 
19.4 

* As % of meal after methanol extraction 

Table; 7. Heats of Combustion of Plant Fractions (in MJ/KG) 

PLANT Whole Hydrocarbon Polyphenol Methanol 
Plant Oil Fraction Fraction Fraction 

Ficus benjamina 
F. glumosa 
F. volgelii 
F. capensis 

Reference fuels; -

Anthracite coal. 
Crude oil 
Fuel oil 
Gasoline 

41.5 48.1 
41.5 46.6 
41.6 44.6 
43.3 46.8 

Heat of Combustion in MJ/KG 

30.1 
44.1 
45.2 
48.2 

36.1 
36.4 
27.5 
36.1 

20.3 
19.0 
26.0 
21.0 
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The whole-plant oil fraction was then analyzed to determine its 
chemical nature. The saponification number of F. volgelii is 
fairly high, indicating components similar in molecular weight to 
the C12 - C14 fatty acids of coconut oil. The saponification 
number of F. benjamins is lower, indicating its GMW may be in the 
range of longer acid chains such as the C18, C20 acids found in 
sunflower oil. In general, these Ficus oils show a fairly high 
degree of unsaturation (showing multiple double bonds) as witnessed 
by their higher Iodine Numbers like that of sunflower oil; coconut 
oil is made mainly of saturated fatty acids and, therefore, does not 
react with the iodine reagent appreciably. 

The fibrous residue remaining after the solvent extraction was 
shown, in most cases, to contain high levels of protein, making this 
residue (or the freshly harvested leaves and stems) a good source of 
feed. (Compare with alfalfa hay at about 16% protein). 

Sugar levels, as indicated by the lower methanol-extractables 
are fairly low, however, so the energy-value of such feed would need 
supplementation. F. benjamins, fibrous residue contains a high 
amount of crude fibre which should be investigated for its value in 
the paper industry. 

EVALUATION OF EACH SPECIES 

Ten species of Ficus were analyzed according to the foregoing 
method: F. benjamins, F. capensis, F. elastics, F. ingene, F. 
glumoss, F. ovats, F. sycomorus, F. ssnsibsrics, F. thonningii, and 
F. volgelii. In order to evaluate each species, a rating septem 
was employed, that included its chemical potential, its usefulness 
as a fodder source and its ease of propagation. The ratings used are 
shown in Table 8. 

Table 8. Whole Plant Oil Analysis from some Ficus Species 

PLANT Saponification Unsaponifiable Iodine 
Number Matter Number 

Ficus benjamina 
F. glumosa 
F. volgelii 
F. capensis 
Coconut oil 
Sunflower oil 

190 
233 
229 
161 
254 
192 

37.5 
25.0 
30.0 
28.6 

110 

106 
90 
10 
130 
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Table 9. Plant Evaluation Scheme as Potential Multipurpose Crop 
(expressed as % Dry Plant Weight) 

CONSTITUENT 
RATING Ficus 

benjamina 
Ratings 

whole plant oil 

Hydrocarbon fraction 

Polyphenol fraction 

Protein 

Fibre 

Medicinal uses 

Botanical characteristics 

propagate 

8 

2 

10 

14 

fibrous 
woody 
plant 

used in 
traditional 
medicine 
fast-growing 
easy to 
propagate 

ft - 8 

1.2 - 2.0 

8 -10 

8 

non-woody 
plant 

-

slower 
growing 

2 -5 

0.14 - 1.2 

6 - 8 

-

-

-

very slow 
growing, 
difficult to 

2 

0.4 

6 

-

— 

-

2 

1 

4 

2 

1 

(1) 

1 

Total Ratings 14 21 28 12 

worth further 
investigation 

Source: Buchanan et al., 1978(a) 



Using this rating scheme, three species showed promise as 
sources of chemicals, protein and energy. These were F. benjamina, 
(the most versatile) F. glumosa, and F. volgelii. It should be 
noted that the usefulness of the tree in agroforestry, for fruit, 
mulch, timber, firewood, or intercropping potential, was not 
included in this rating scheme. If these parameters are important 
enough to encourage the trials of Ficus in agroforestry systems, 
then a revised rating scheme deserves to be developed. I welcome the 
assistance of my green-thumbed colleagues in this exercise! 
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LOW-INPUT PEST MANAGEMENT STRATEGIES 
FOR AGROFORESTRY PRODUCTION SYSTEMS 

E.O. Omolo, K.N. Saxena, K.V. Seshu-Reddy, M.O. Odindo and G.C. 
Unnithan, International Centre of Insect Physiology and Ecology 

(ICIPE), P.O. Box 30772, Nairobi, Kenya 

Abstract ICIPE's technological packages for the 
integrated control of crop pests, livestock and medical 
vectors are cost-effective and sustainable. They are based 
on existing cropping systems in which host and nonhost 
cultivars and/or intervarieties and multilines are grown 
in different combinations into which plant resistance and 
biological control agents are then incorporated. 

To apply the same strategy in agroforestry, appropriate 
agroforestry systems have to be identified before 
biological control and manipulation of insect behaviour are 
built into the existing agroforestry systems. 

Food production in Africa has reached crisis proportions 
notably in Eastern, Southern, and the West African Sahelian region. 
One of the ways to stabilize food supply is to encourage farmers or 
consumers in the rural community to appreciate agroforestry and 
practise it. Agroforestry, which is an interface between agriculture 
and forestry, is in fact a broad-based production system in which 
the woody perennials interact with arable crops and livestock in the 
same field. It is a production system similar to intercropping on 
one hand and mixed farming on the other. 

Agroforestry production, like crop production, suffers from 
various constraints that may be biological, physical, or 
socioeconomic. The biological constraints involve losses due to 
attacks by insects, diseases, weeds, and animals. There is a need, 
therefore, for controlling these pests and diseases to reduce the 
losses in agroforestry and, therefore, secure food supply at the 
household level in the resource-poor community. 

Various methods that are currently available for the control of 
insect pests, with agroforestry included, may be classified into two 
broad categories; pesticidal and nonpesticidal. Pesticides have been 
in extensive use for reducing crop losses due to insect pests in 
developed and a few developing countries. However, during the past 
several years, increasing efforts have been made to reduce the use 
of pesticides and develop pesticide-free methods for the management 
of agricultural pests. This is particularly important for many 
developing countries in the tropics, including Africa, where most 
farmers have poor resources and fragmented pieces of land, and can 
neither afford to purchase pesticides nor have they the technical 
skill to handle them. Even for those countries with resources and 
can afford pesticides and have the knowledge base to handle them 
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safely, the following factors still remain; insect resistance to 
chemicals, secondary outbreaks of pests, rapid resurgence of sprayed 
pets, toxic residues and direct hazard from pesticides. All these 
are associated with blanket use of pesticides. It is in view of 
these harmful effects of pesticides that, during the past few 
decades, there has been an increased mobilisation of efforts the 
world over to develop and adopt nonpesticidal methods for pest 
management and reduce the use of pesticides if they cannot 
completely be omitted. 

The urgency to avoid and minimize the use of pesticides because 
of their harmful effects is not only for the resource-poor farmers 
but for all. If we do not yet have adequate technology to prevent 
insect attack in agroforestry without pesticides, then that 
technology has to be developed through research, as is done for 
development of any technology. It is in this context that ICIPE has 
been developing nonpesticidal strategies for the management of 
insect pests of selected crops, namely: sorghum, maize, and cowpea, 
both in pure stands and when grown together as mixtures. Although 
these strategies are particularly being developed for the 
resource-poor, small-scale farmers, the results thus far achieved 
could serve as a guideline for agroforestry to improve and adapt 
these non-pesticidal, pest-management components. 

COMPONENTS OF INSECT PEST MANAGEMENT 

The components for insect pest management that are being 
developed at ICIPE are described here with reference to the 
stem-borers of sorghum. Four species of these borers are important 
in various parts of Africa: Chilo partellus, Busseola fusca, Eldana 
saccharina, and Sesamia calamistis. Of these, C. partellus has 
been taken as the model for detailed investigations. 

As shown in Fig. 1, four main categories of components for the 
management of the stem-borers are currently being developed. These 
involve manipulation of: (a) Cultural practices, including 
intercropping; (b) Plant resistance to insect pests; (c) Biological 
control; and (d) Behaviour of the pests. 
These components have to be integrated in a suitable manner in order 
to bring about an effective control of the pests. Each of these 
categories of pest-management components, as developed until now at 
ICIPE for the stem-borers, is briefly dealt with below. 

CULTURAL PRACTICES 

Various cultural practices may affect the levels of attacks of 
insect pests on different crops. Such practices include: 
intercropping, planting time, field sanitation, disposal of crop 
residues, etc. The effects of these practices may vary according to 
different pest species, locations, seasons, crop varieties, etc. 
Although these practices have been in vogue for a long time, a 



majority of farmers, particularly small-scale farmers, have not been 
able to adopt them. Of late, the need for ecologically sound, 
effective, and economic methods has prompted renewed interest in 
cultural methods of pest control. It is, therefore, important to 
examine the effects of different cultural practices on a pest 
species and develop methods for manipulating them in such a manner 
as to reduce the pest attack. 

The information obtained at ICIPE on two of these aspects, 
namely: intercropping and planting time, with reference to the 
stem-borers is briefly given here. 

INTERCROPPING 

Intercropping is one of the most important age-old traditional 
practices in many parts of tropical world. Many intercropping 
systems enable subsistence farmers to spread the risk of drought. 
Even the agronomic advantages of specific crop combinations are well 
known. But, information on the effects of different crop 
combinations on attacks and crop losses caused by various insect 
pests is not adequate. With reference to the stem-borers of sorghum, 
the relationship between these pests and different intercropping 
systems has been examined at ICIPE during the past several years. 
The crop combinations being tested fall into two categories: 
(i) host-nonhost combinations and (ii) inter-varietal combinations. 

The host-nonhost combinations involve intercropping the pests' 
host plant and nonhost plant species in alternate rows. The host 
plant species tested for the stem-borers are sorghum and maize, 
whereas the nonhost plant species is cowpea. 

With reference to the host and non-host combinations, the 
effects of intercropping sorghum with cowpea on the stem-borer 
attack have been compared at ICIPE with those of the host-host 
(sorghum and maize) combination. Some of the results reported before 
(Amoako-Atta and Omolo, 1983; Amoako-Atta et al; 1983) show that the 
build-up of the populations of the stem-borers on sorghum is 18,520 
(Serena) when intercropped with the cowpea (vc. Katumani composite). 
The overall infestation and yield losses in a sorghum-cowpea 
intercrop were also significantly lower than in a sorghum-maize 
intercrop. Even sorghum/cowpea/maize suffered a much lower 
stem-borer attack than the sorghum or maize as mono crops. In view 
of these results, it is recommended that the farmers should be 
encouraged to grow sorghum with cowpea as an intercrop rather than 
to inter crop sorghum and maize or either sorghum or maize as mono 
crops, to reduce the losses due to attack by stem-borers. 

However, a number of resource-poor farmers would like to grow 
sorghum and maize together as a security against drought. Studies 
have, therefore, shown that certain varieties of sorghum can be 
intercropped with certain varieties of maize to keep the pest attack 
and consequent yield losses down. The work done during the last few 
years has shown that intercropping susceptible sorghum (Serena) with 
resistant maize (ICZ2) or resistant sorghum (IS 4660) with 
susceptible maize (Katumani) suffered significantly lower attack of 
stem-borers than a combination of susceptible sorghum (Serena) with 
susceptible maize (Katumani). Even intercropping different varieties 
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or lines of sorghum can affect the stem-borer attack of the crop. 
For example, intercropping sorghum IS 4660 with sorghum Serena or 
sorghum ICS2 had significantly lower stem-borer attack, as expressed 
in percentage stem tunnelling, than the combination of sorghum 
Serena with sorghum ICS2 or Serena alone. 

PLANTING TIME 

The dates of planting a crop during a cropping season are known 
to influence their attack by various pests, and the same holds good 
for the attack of sorghum crop by stem-borers. Studies conducted at 
the Rusinga Island in Western Kenya showed that the infestation of 
early planted sorghum by borers Busseola fusca and Chilo 
partellus started 56 days after emergence (DAE), whereas the crop 
planted a few days later started being attacked by the borers 14 
DAE. 

Although by the harvest time both sets of crops had all their 
plants infested with the borers, the larval population density of 
B. fusca, the early planted crop, was much less than on the late 
planted crop. Consequently, the grain yield losses caused would also 
be less in the early planted crop. 

In another series of experiments at the Mbita Point Field 
Station during the long rain season (March-July) of 1986, sorghum 
(CV. Serena) was planted twice with an interval of 32 days. The 
borer population/100 plants on the early planted sorghum was 621 (C. 
partellus 395, Eldana saccharina 116, and B. fusca 119) with an 
average stem tunnelling of 63.9% as against 488 (C. partellus 234, 
E. saccharina 120, and B. fusca 134) with 65.7% stem tunnelling on 
the late planted crop. With regard to grain yields, the early 
planted crop was almost 100% higher than in the late planted one. 
This loss could be attributed not only to shoot fly and stem-borers, 
but also to midge and head bugs. In all these instances, plant age 
and population density at the time of attack were very critical. 
Thus, early planting can contribute as an important cultural method 
to reduce the infestation of sorghum by stem-borers. 

PLANT RESISTANCE TO INSECT PESTS 

Cultivation of crop varieties that are resistant to insect 
pests has long been recognized as one of the important components of 
insect pests management. However, for this component to be 
effective, it is important to follow the undermentioned steps: The 
first step that is most crucial is the identification of varieties 
of a crop species that are resistant to the concerned pests. This 
step involves screening and evaluation of as many lines or cultivars 
from different sources as possible. If the lines found as pest 
resistant have other desirable characteristics including agronomic 
quality and yield, then these lines can be cultivated as such. 
However, when lines possess pest resistance but do not have other 
desirable characteristics these can only serve as sources of 



resistance. The second and third steps involve elucidation of 
mechanisms and genetics of resistance. The fourth step involves 
utilization of the information gained in the previous two steps to 
develop varieties that would combine high pest resistance with other 
desirable characteristics. 

So far as sorghum resistance to stem-borers is concerned, 
reports on identification of certain resistant lines are based on 
one set of parameters whereas those on some other lines are based on 
another set of parameters. Consequently, it is difficult to compare 
the resistance levels of the lines based on one set of parameters 
with those based on another set of parameters. Even conclusions 
regarding the resistance level of a given sorghum line vary from one 
report to another according to the parameters used in their 
evaluation. Since identification of pest-resistant lines is the 
first crucial step, it is essential that the parameters and methods 
used to measure these remain uniform and as such, give reliable and 
reproducible information on the resistance levels of different lines 
tested from time to time and from place to place. 

In view of the above, the development of strategies at ICIPE 
for utilizing sorghum resistance to borers as a component of their 
management, has involved standardization of parameters and methods 
for comparing resistance and susceptibility among different lines. 
Of the several parameters, those that have been found to be most 
reliable, valid, and have reproducible information may be considered 
under the following categories: 

1. Infestation levels: 

(a) Number of eggs laid on an identical number of plants of 
different varieties during identical periods under natural 
infestation or under artificial infestation with adult 
females by a specially designed method; 

(b) Larval plus pupal density under natural or artificial 
infestation on the plants of different cultivars at 
selected identical developmental stages. 

2. Damage levels: 

(a) Foliar lesions visually rated for each leaf of a plant on 
1-9 scale and averaged per plant; 

(b) "Dead hearts" rated as a percentage of plants sharing these 
symptoms; 

(c) Stem tunnelling expressed as a percentage of stem length 
tunnelled at selected identical developmental stages as the 
test cultivars. 

However, it may be kept in view that various sorghum lines are 
evaluated at different times as and when they become available, and 
absolute values of the above parameters for the same line may vary 
from one season to another and from one location to another. 

In view of this, it is important to take a suitable line of 
reference to check every line to be evaluated. Then, the ratio of 
each parameter value for a test line to that for the check can be 
used as the relative value for comparing different lines tested at 
same or different times and places. In the work at ICIPE, the 
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sorghum cultivar Serena (IS 18520), which is grown by many farmers 
in Kenya and which is believed to be tolerant to the stem-borers, 
has been treated as the "check". 

Comparison of the above parameters among different sorghum 
lines has shown that one line may be more resistant than another in 
respect of some parameters while the second line may be more 
resistant than the first in respect of other parameters. Such 
observations for expressing the overall resistance as well as 
components of resistance of different lines. For this purpose, the 
relative (ratio) values of all the five parameters, as mentioned 
above, are summed and averaged to give the Overall 
Resistance/Susceptibility Index (ORSI) for each line. While the 
individual relative values for the line express its components of 
resistance, the ORSI value expresses its overall resistance. The 
lower the ORSI value, the greater the resistance. For convenience, 
the ORSI values below 0.4 are taken to be very low reflecting high 
resistance; values between 0.4 and 0.8 are considered low, 
reflecting resistance; levels between 0.8 and 1.2 are considered 
medium, reflecting moderate resistance/susceptibility or tolerance, 
values between 1.2 and 1.6 are regarded as high, reflecting 
susceptibility and those above 1.6 very high, reflecting high 
susceptibility. 

On the basis of the above approach and methods, a number of 
sorghum lines have been found at ICIPE to show consistently 
resistance or high resistance to the stem-borers, C. partellus, 
under artificial infestation with adult females as well as larvae in 
replicated single rows plots. 

The information provided on the above-mentioned components of 
resistance can serve as the basis for expressing overall resistance 
of the lines but also for developing, through proper crossings and 
selection, such lines as would show resistance in respect of all the 
5 parameters. 

BIOLOGICAL CONTROL 

, Efforts to develop strategies at ICIPE for the biological 
control of the sorghum stem-borers have involved the use of certain 
parasitoids and pathogens of the pests. Emphasis is placed on these 
natural enemies that are occurring in the geographical areas 
concerned rather than import exotic species. Surveys and biological 
studies have shown two species of pathogens and four species of 
parasitoids to be quite promising for the purpose. The pathogens 
found most promising include: (a) a microsproidian protozoan 
Nosema spp., and (b) an insect parasitic nematode worm, 
Panagrolaimus spp. The parasitoids found to be important locally 
include: Trichogramma spp., parasitising eggs; Apanteles 
sesamiae, parasitising larvae; Pediobius furnus; and 
Dentichasmias buseolae, parasitising the pupae of stem-borers. 

The development of the methods for utilizing these natural 
enemies for borer management programmes has reached a high level 
with reference to the pathogen Nosema spp. which can be taken to 
the field for practical application. 

Various species of Nosema are known to infect insects 
belonging to several orders of which are important pests of crops. 



Methods for utilizing the pathogens for controlling several of these 
pests have been developed to varying levels. The most important 
reports are those on the control of grasshoppers and other rangeland 
defoliators by N. locustae (Henry and Oma, 1981) and on the 
control of the European corn borer, Ostrinia nubilalis by N. 
pyrausta (Lubnikhof and Lewis, 1980; Lewis and Lynch, 1978; 
Andreadis, 1986). But, there have not yet been reports on utilizing 
Nosema against sorghum stem-borers. This aspect has been under 
study at ICIPE for the past 3 years. The Nosema spp. used in our 
studies was the one that was originally obtained at the ICIPE Field 
Station (Mbita) from the larvae of the cowpea pod borers, Maruca 
testulalis. The work done thus far is briefly described below. 

Screenhouse Evaluation of Nosema spp. as a Bio-control Agent 

In evaluations in the screenhouse, an acqueous suspension of 
the spores of Nosema spp. was sprayed on the foliage of sorghum 
infested with C. partellus. The performance of the treated plants 
was compared with plants in 2 plots: in one, plants were infested, 
then sprayed with distilled water alone, and in a second plot, the 
plants were not infested and also not treated (pest-free plot). 

A high level of control was recorded in plots where the 
pathogen was sprayed. There was less leaf damage and less tunnelling 
of the stems of these plants in the treated plots. There were fewer 
numbers of plants showing dead-hearts, and the proportion of plants 
having fully-formed heads was 92.5% in the plots inoculated with 
Nosema spores as compared with 15% in the infested untreated plots 
and 90% in the noninfested plots. Similarly, a high level of control 
was achieved when the spore suspension was sprayed on plants 
infested with C. partellus eggs instead of larvae. 

Techniques for Mass Production of Nosema Spores for Borer Control 

The production of microsporidians for crop protection may be 
carried out within the target host, or in an appropriate alternative 
host. In either case, the choice of the host insect depends on its 
susceptibility, size, and the ease with which it can be reared in 
large numbers for the production of the pathogens. 

For the control of stem-borers, Nosema spp. has been produced 
in the 3rd instar C. partellus larvae. A low dose of the pathogen 
(105 spores/ml) is sprayed on young sorghum stems and offered to 
the larvae in a petri-dish. Dead larvae are harvested from 7 to 14 
days after inoculation, and the larval cadavers are dried and stored 
for field application. 

We have obtained mortality ranging from 86.5 to 98.4% (pupation 
1.6 to 13.5%). Using 3 technical assistants, we handle a mean of 20 
batches (2000 larvae) per day, and harvest 400 to 500 dead larvae 
each day. A dead larva contains 103 to 109 spores each. At the 
higher concentration, only 5 to 10 larvae would provide enough 
inoculum to treat a hectare, indicating the feasibility of its use 
for large-scale application. 
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Formulation and Dispensation of Nosema Spores in the Field 

Nosema spp. acts as a stomach poison. The spores have to be 
ingested by the susceptible host insect, usually at the time of 
feeding. Once in the stomach, they germinate, infest the gut-wall, 
invade the insect blood system, and multiply very fast, resulting in 
the death of the insect. The pathogen must, therefore, be applied in 
such a way and in such a medium that the pest will have the best 
chance of getting to it, and ingesting it. 

In our evaluation programme, we have used spores suspended in 
distilled water and sprayed into the leaf tunnel using hand-held 
sprayers. Since the microsporidian spores are small enough to pass 
through nozzles of most sprayers (about 7 um = 0.007 mm each in 
diameter), the standard knap-sack sprayers may be used. 

Other formulations which are undergoing tests include 
incorporation of the spores in food baits, adsorption of infective 
spores onto the surface of inactive media such as sterilized sand, 
and an agarose product. The advantage of these formulations is that 
they can be made into granules, which can then be easily dispensed 
by hand by small-scale seed producers with only a few acres of crop 
to protect. In large-scale operations, as those in the rangelands 
and cattle-grazing pasturess, aeroplanes equipped with suitable 
dispensers can be used to spread wheatheran treated with Nosema 
spores, which also acts as a food bait for the larvae. 

The results obtained so far are encouraging and show that 
Noseaa spp. and other similar agents of biocontrol can be used to 
control insect pests of crops, including those for seed-production. 

MANIPULATION OF INSECT BEHAVIOUR 

Surveillance and monitoring of the pests are essential 
components of an integrated pest-management programme. Conventional 
methods of direct detection and estimation of the pest population, 
which involve sampling the crop and non-crop plants, is labourious 
and expensive, and in most cases is done only after the pests 
inflict the damage. Many insects release chemicals to attract the 
opposite sex. These chemicals, called sex pheromones, are species 
specific and are active in extremely minute quantities. Female sex 
pheromones in lepidopterous insects, including the sorghum and maize 
stem-borers, Chilo partellus and Busseola fusca, and the cowpea 
pod-borer, Maruca testulalis, are known to be essential for 
ensuring mating between sexes and hence for reproduction. Therefore, 
efforts have been made to manipulate the reproductive behaviour of 
these pests for monitoring and suppressing their populations through 
the use of pheromones. Different types of traps lured with virgin 
female moths which emit pheromones, or synthetic expheromones are 
used for detecting and monitoring the populations of these moths. 
Information generated through pheromonal monitoring will be used for 
timing pest management operations. Also, attempts are being made to 
use the pheromone-baited traps for mass-trapping of the males as a 
suppression method, as well as preventing the mating between sexes 
by permeating the field with synthetic pheromones so as to disrupt 
the male-female communication and hence mating. Such application of 
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pheromones is particularly desirable because they are safe for the 
environment and to the non-target organisms, as well, it is 
compatible with other methods of control. 

CONCLUSION 

ICIPE's pest management strategy is based on host-nonhost or 
multiline intercropping system into which host/plant resistance and 
biological control agents are incorporated. To apply the same 
strategy in agroforestry, multipurpose trees and other appropriate 
woody species suitable for hedgerow intercropping with food crops 
would have to be identified. These would be grown in alleys formed 
by hedgerows of trees and shrubs. The hedgerows would have to be cut 
back at planting and kept pruned during cropping season to avoid too 
much shading and competition for the natural resources. Finally, 
promising natural enemies (pathogens, parasitoids, and predators) 
and both nonbaited and baited traps would also be used. 
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EVALUATION OF MULTIPURPOSE TREES OF POTENTIAL USE IN 
SILVOPASTORAL SYSTEMS IN ARID AND SEMI-ARID LANDS 

P.S. McCarter, Faculty of Forest Resources and Wildlife Management 
Moi University, P.O. Box 3900, Eldoret 

Abstract The importance of silvopastoralism in Kenya's 
economy is discussed briefly, together with an examination of 
the role of trees within this land-use system. Widespread 
tree destruction and the lack of natural regeneration— 
mainly the result of increasing human and livestock 
populations and the resultant breakdown in traditional 
land management systems—is leading to serious ecological 
degradation and a decline in rangeland productivity. 

Re-establishing tree cover through the planting of trees 
has been one response to this problem. Results from a 
number of species trials are reported. Long-term survival 
prospects, however, are generally not good and the cost of 
establishing tree cover in this way is so prohibitively high 
for it to be practicable over the extensive areas requiring 
rehabilitation. Encouragement of natural regeneration by 
means of soil ripping and grazing control is considered 
likely to be much more effective. 

Silvopastoralism is the predominant land use over much of 
Kenya. The rangelands which fall within ecoclimatic zones V and VI— 
the semi-arid and arid (semi desert) regions (Pratt and Gywnne, 
1977)—occupy some 75% of the total land area. Almost all of this 
area receives, by definition, less than 600 mm of rainfall annually, 
with approximately two thirds of it receiving less than 370 mm/year. 
Crop production is limited to land along river courses or to 
irrigation schemes such as those found on the Tana and Turkwell 
rivers. 

As an agroforestry system, silvopastoralism—by strict 
definition—implies a deliberate integration of forestry practices 
(i.e., the establishment and/or management of trees) with livestock 
husbandry (Nair, 1985). It may be argued that this is patently not 
the case over the area under discussion, nor indeed over Africa's 
rangelands in general. The tree resource simply exists and as such 
is utilized. Its depletion and the resultant environmental 
degradation are considered by some writers to be the result of 
over-exploitation. Barrow (1988), however, suggests that the 
importance of the woody flora, both culturally and economically, is 
recognized by the pastoralists and that, in historical terms at 
least, they have not been destructive of this resource, but rather 
have managed it on a sustained basis: valuable trees are rarely, if 
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at all, cut down; selective pollarding is practised to optimise 
fodder production, with only dry or dead timber being used for fuel 
and the less useful bush species being cut for fencing manyattas. 

That Kenya's rangelands are in a state of decline is, however, 
a matter on which there seems to be fairly general agreement (see, 
e.g; Pratt and Gywnne, 1977; Muchena, 1985; Potter and Said, 1986 
inter alia). The reasons put forward to explain this are mainly of a 
socio-economic nature, principally, increasing human populations— 
often from outside the pastoral areas (leading to increased cropping 
on marginal/sub marginal lands and/or increased livestock 
populations) and a breakdown in the traditional land-management 
systems (particularly those which controlled dry season grazing) 
through an undermining of the authority of elders by educated youth 
and government officialdom. 

Whatever the causes, most observers agree that the resultant 
ecological degradation and desert encroachment are a direct 
consequence of deforestation or lack of natural regeneration of 
valuable species (Poulsen, 1981; Burley, 1982). Despite this general 
agreement on cause and effect, it is surprising (and should be a 
matter of concern to participants at this seminar) that at a major 
conference on range development and Research in Kenya held only two 
years ago, (Henson et al., 1986) of the 45 papers presented, 
re-establishment of tree cover (either by planting or by appropriate 
management practices) is scarcely mentioned. Indeed, management of 
trees is discussed only in terms of the control of bush 
encroachment. Even livestock scientists, while recognizing the 
contribution of browse to animal nutrition, rarely see establishment 
or re-establishment of tree cover as an essential component to the 
maintenance of ecological stability of rangeland: Brinckman and de 
Leeuw (1979), for example, state that "...whatever is or will be 
done to ensure rangeland utilisation and increase fodder supplies 
there is no easy remedy to the extremely poor quality of most grass 
herbage in the dry season, except through eliminating the tree cover 
with heavy equipment and converting the savannah into sown 
legume/grass pastures..." 

THE ROLE OF TREES IN SILVOPASTORAL SYSTEMS 

Of the main productive functions of trees in the arid and semi 
arid lands, it is the provision of dry season browse that is by far 
the most important. Le Houerou (1980) describes a trial in the Sahel 
in which a group of livestock were denied access to fodder trees: 
the trial had to be discontinued because the livestock would have 
died. Pastoralists, of course, are well aware of this: their 
recognition of this vital role of trees is reflected not only in 
their traditional patterns of transhumance grazing (Barrow, 1988) 
but also in their rich knowledge of the local flora, especially in 
relation to animal fodder. Barrow (1985) notes that the Pokot, for 
example, can recognize seasonally available species that will 
promote milk and meat production in different stock species and 
ages. Traditional land management systems, as discussed in the 
foregoing, actively conserved this resource. 
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The contribution of browse to animal production, is, however, 
notoriously inconstant. Animal preferences vary widely with season 
and depend on what alternative vegetation is available. The result 
is that the palatability of different species cannot be predicted 
from past observation, nor can they be interpolated from other 
rangeland systems. Despite the fact that browse may have a 
reasonable nutritional quality—often in excess of 9% crude protein 
(Dougall et al., 1984) for composition of many Kenyan 
species)—digestibility is low. Brinckman and de Leeuw (1979) 
conclude, however, that although browse in livestock diet falls far 
short of making up the dry season protein deficit, its relative 
contribution is substantial. It is also clear that browse is much 
less influenced by short-term fluctuations in rainfall than are 
grasses and forbs (Trollope, 1981). The maintenance of a continuum 
between stable browse species and high quality ephemerals is, 
therefore, considered important for both the long-term productivity 
and viability of the arid and semi-arid rangelands. 

Fodder trees are, of course, in the much loved parlance of 
agroforesters, "multipurpose". In addition to browse, they can—and 
almost all do—provide a multiplicity of other goods and services: 
fuel, building timbers, fencing, wood for carving, medicines for 
people and animals, household utensils, toothbrushes, human foods, 
candle fat, and alcohol to name but a few. Trees also have an 
important ceremonial role in pastoral societies: people are named 
after trees, shade trees act as meeting places, and play a vital and 
integral role in many initiation ceremonies such as birth, marriage 
and various feasts (Barrow, 1988). 

Nor should the indirect benefits of trees (their "protective" 
functions) be underestimated. Shade from trees, for example, exerts 
a profound influence on livestock microclimate—directly through a 
beneficial modification of the animals temperature regime but also 
indirectly through altering its water demand. Animal health is 
better and this in turn leads to improved rates of reproduction 
(Robinson, 1983). 

In the arid and semi-arid lands, trees have also been 
conclusively shown to have a beneficial effect on grass production 
within certain limits of tree canopy cover (Sanford et al. , 1982). 
(This is in contrast with temperate zones where there is almost 
always a negative correlation between tree basal area and herbage 
production). This improvement in productivity is largely 
attributable to the nitrogen-fixing and nutrient-recycling 
capabilities of trees. Many have massive root systems which, 
enhanced by mycorrhizal associations, can exploit soil water and 
nutrient resources deep below the surface. 

Species Evaluation 

The proliferation of tree planting schemes and species trials 
in the arid and semi-arid lands over the last decade have largely 
been the response of governments, nongovernmental organizations 
(NGOs) and aid agencies to public concern about the rapid increase 
in ecological degradation ("desertification") and the resultant 
human misery which it causes. This is indeed a logical response to 
the problem—for if deforestation is in fact a root cause of this 
degradation, then it follows that re-establishment of tree cover 
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will set matters right (e.g., Poulsen, 1981). 
Re-establishment of tree cover can, however, be effected in two 

ways: by encouraging and managing natural regeneration and, as the 
species-trial approach suggests, by the planting of trees. 

The species/genetic base of tree species trials in the ASAL has 
widened enormously in recent years, especially with the increasing 
emphasis on testing indigenous species and the increased willingness 
of foresters to include "shrubs" in their trials, e.g., Atriplex 
spp. FAO (1974), for example, suggested only two species for 
planting (without irrigation) in the "subdesert" savannah lands of 
Africa (mean annual rainfall 400 mm): Prosopis chilensis and 
Acacia Senegal. Today, in 5 major projects representative of tree 
planting-activities in Kenya's arid and semi-arid lands (UNESCO's 
Integrated Arid Land Programme (IPAL) in north central Kenya, the 
East Pokot Agricultural Project (EPAP) in central western Kenya, the 
KFD/NORAD browse species trials in Turkana, the MOERD/Beijer 
Institute Fuel and Fodder Project (FFP) in Baringo District and the 
Embu, Meru, and Isiolo (EMI) Project—from which only those trials 
in areas with an annual rainfall of less than 600 mm have been 
considered) over 120 different species are being or have been 
tested. Approximately 30% of these are indigenous to Kenya. 

The ideal criteria for tree species suitable for establishment 
in the arid and semi-arid lands are those of resistance to drought, 
fire, and frequent defoliation. Additionally, ease of 
establishment—preferably by direct sowing—vigorous growth, 
nitrogen-fixing capacity, and a crown that casts only light shade 
are qualities which should be sought. 

The evaluation of those trials established has consisted to 
date almost solely of the assessment of survival and height growth. 
A "successful" species is one which scores highly for both these 
traits. Biomas production, fodder yields, effects on pasture, etc. 
and how all of these might respond to different management regimes 
have yet to be considered. 

The height and survival measurements are to be found in various 
project reports and occasional published papers (e.g., Herlocker et 
al., 1981; Armstrong and Lugadiru, 1986; Vogt, 1987). It is not 
intended to repeat these here other than for the purposes of 
illustrating certain points. 

Many of the results must be treated with great caution. First, 
small plot sizes and inadequate replications within trials (usually 
due to lack of seed and/or poor germination, especially of some of 
the "silviculturally unknown" indigenous species) mean that the 
results obtained are, at best, indicative of species' potential. 
Further, the use of unknown seed sources or the testing of only one 
provenance per species (the latter often inevitable because of 
constraints of time, available land or cost) may give completely 
misleading results. 

Despite a decade of species trial work in the arid and 
semi-arid lands, it is notable that few results are available (i.e., 
published) for trials over 3 years old. After an initial flush of 
enthusiastic reports documenting survival and height growth in the 
first or perhaps the second year after establishment, there is an 
ominous silence. This is, one suspects, due largely to a continuing 
progressive decline in survival beyond the period at which foresters 
normally expect an equilibrium to have been established. It is 
difficult to find published sequential data to illustrate this 
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point—trials tend to be "written off" when they become embarassing 
or the project ends. Table 1, which uses data from an EMI Forestry 
Project trial at Marimanti location, Tharaka Division, Meru, does, 
however, demonstrate very clearly the danger of extrapolating from 
early results. Early establishment success and good initial growth, 
with highly desirable traits for any species, may bear little 
relation to future performance. 

Table 1. Decline in Survival % of Several Initially "Promising" Species in a 
Trial at Marinanti, Tharaka Division, Meru District (Ripped Plots Only). 

Mean Annual Rainfall 750 mm. Trial Established Nov/Dec 1983 

Species 

Acacia victoriae 

Prosopis juliflora 

Zizyphus mauritania 

Leucaena leucocephala (K28) 

Cassia sturtii 

Acacia albida 

Feb 84 
3 months 

88 

94 

91 

94 

92 

44 

Assessment 

Oct 84 
11 months 

58 

54 

69 

23 

54 

15 

date/age 

Nov 85 
24 months 

46 

44 

42 

21 

13 

7 

Dec 87 
48 months 

5 

2 

0 

0 

0 

0 

(Source Armstrong and Lugadiru, 1986; Lugadiru and Stewart, 1988; Stewart, 
1988 (pers. comm.) 

At this trial (where the mean annual rainfall of 750 mm is 
better than over much of the area previously considered) 23 
different species were established in 6 blocks of 16 trees in 
November/December 1983 (3 of the blocks were pit planted, and 3 were 
ripped by bulldozer prior to planting). Despite drought in the year 
of establishment and poor rains in 1984, early survival and growth 
in the ripped plots was considered reasonable for such a harsh site 
(only 3 species, Zizyphus mauritania, Prosopis juliflora, and 
Leucaena leucocephala, with 15%, 13%, and 2% survival rates, 
respectively, remained after 2 years in the unripped plots). Three 
years later, however, almost all trees of all species—even in the 
ripped plots—had died. 

The vagaries of rainfall, in particular the amount and its 
erratic distribution, almost certainly played a major part in this 
mortality. Monthly/annual rainfall figures for this site for the 
intervening years are not readily available to the author. This 
serves to emphasize this greatest of constraints to any 
tree-planting programme in the arid and semi-arid zones and the 
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danger of assuming successful establishment after only 2 or 3 years. 
Whether initial mortality is a direct attribute of the species— 
reflecting its unsuitability for a site—or rather a function of 
poor establishment techniques is a matter raised by Bowen (1986) who 
was attempting to explain the almost total failure of all the 125 
various species which had been tested in Somalia. He suggested that 
the alarmingly high failure rates of out-planted seedlings may well 
be attributable to poor establishment practices such as poorly 
prepared seedling stock, incorrectly hardened off seedlings, poor 
timing of out planting, damage to seedlings during transport to the 
site, or incorrect planting techniques. Undoubtedly both species 
unsuitability and poor establishment techniques play a part in 
initial mortality and it is important to be aware of the role of the 
latter before eliminating any species from a trial. 

The effect of different establishment practices on early 
survival and growth rates has been well demonstrated in the Turkana 
browse species trials (Vogt, 1987). Microcatchments (5x5 m and 
10x10 m) were compared with traditional pit planting and water-
harvesting techniques for up to 21 different species. Table 2 
summarises the results obtained 15-16 months after out-planting in 
the field for two of these species, Acacia tortilis (an indigenous 
species) and Prosopis chilensis (an exotic). The effectiveness of 
microcatchments, especially on the drier sites is very obvious, 
although the author stresses the absolute importance of correct 
planting time for optimal success. A delay of only 4-5 days after 
the rains can result in high mortality. Whether the costs involved 
can be justified for wider scale planting, however, is highly 
debatable especially in the light of the progressive mortality of 
trees beyond the normal 2-3 years "expected equilibrium" period 
discussed above. 

Finally, do the early height and survival percentages results 
show any evidence of a species site interaction? Within a project, 
comparisons across trials should be possible. Table 3 shows quite 
marked variation in species ranking with site. Lotongot and 
Lorengippi are, for example, both relatively wet sites. Why, 
therefore, Prosopis juliflora should fare so well at the first but 
not the second site (whereas for Acacia nilotica the reverse is 
true), is not at all clear. The same inconsistencies are also 
apparent for a number of species on the two drier sites, Kalatum and 
Karabangarok. Without standardization, of nursery and establishment 
techniques, experimental design and provenance, it would be 
impossible to attempt to make such a conclusion across different 
projects. Table 4 compares the performance of two of the most widely 
tested species, Acacia tortilis and Prosopis chilensis on a 
number of sites under the control of several different projects. 
That the results in this case are fairly consistent may be due 
largely to chance. 
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Table 2. Effect of Establishment Technique on Initial Survival of Out-Planted Acacia Tortilis 
and Prosopis Chilensis (Adapted from Vogt, 1987) 

SITE/MEAN ANNUAL RAINFALL (mm)/SOIL TYPE 

TREATMENT 

WH 

PIT 

MC x 5 

MC x 10 

LORENGIPPI 
450 

red 
claj 

AT 

78 

89 

100 

94 

sandy 
• loam 

PC 

78 

89 

94 

-

KALATUM 
165 

brown 
loam 

AT 

22 

0 

56 

-

clay 

PC 

50 

0 

44 

83 

LOTONGOT 
450 

red sandy 
clay loam 

AT 

-

86 

94 

-

PC 

-

100 

100 

100 

KARABANGAROK 
300 

brown 
loam 

AT 

33 

24 

12 

-

clay 

PC 

17 

28 

72 

72 

KALAKOL 
250 

sandy 

AT 

-

0 

31 

-

loam 

PC 

-

33 

27 

-

AT 

45 

35 

62 

94 

MEAN 

PC 

48 

45 

68 

85 

(WH = Water harvesting; PIT = Pit planting; MC x 5 = 5 x 5m Microcatchment; 
MC x 10 = 10 x 10m Microcatchment) 

(AT = Acacia tortilis; PC = Prosopis chilensis - = Not planted) 



Table 3: % Survival and Ranked Survival at 16 Months for 15 Species Grown at 4 Sites in Turkana (Treatment = 
5x5 m Microcatchments 

LORENGIPPI KALATUM LOTONGOT KARABANGAROK 
Survival Rank %Survival Rank %Survival Rank %Survival Rank 

Prosopis juliflora 
P. chilensis 
Zizyphus mauritania 
Salvadora persica 
Cordia sinensis 
Dobera glabra 
Acacia holosericia 
A. tortilis 
A. aneura 
A. nilotica 
A. albida 
Balanites aegyptiaca 
Leucaena leucocephala 
A. Senegal 
A. eliator 

28 
94 
39 
55 
89 
11 
11 
100 
28 
22 
0 
67 
0 
78 
-

8= 
2 
7 
6 
3 
11= 
11= 
1 
8= 
10 
13= 
5 
13= 
4 
-

28 
44 
39 
61 
72 
44 
68 
56 
94 
6 
6 
50 
0 
-

33 

10 
7= 
9 
4 
2 
7= 
3 
5 
1 
11= 
11= 
6 
13 
-
9 

100 
100 
100 
100 
88 
82 
67 
94 
100 
100 
-
100 
60 
87 
94 

1= 
1= 
1= 
1= 
10 
12 
13 
8= 
1 = 
1= 
-
1= 
14 
11 
8= 

94 
72 
44 
67 
94 
61 
39 
12 
22 
56 
22 
-
23 
50 
17 

1= 
3 
8 
4 
1= 
5 
9 
14 
11= 
6 
11= 
-
10 
7 
13 

(adapted from Vogt, 1987) 



Table 4. A Comparison of Variation in Survival % and Height Growth of Acacia Tortilis and 
Prosopis Chilensis at 6 Different Trial Sites in Kenya's Arid and Semi-Arid Lands 

ACACIA TORTILIS PROSOPIS CHILENSIS 

SITE MEAN ANNUAL AGE AT 
RAINFALL(mm) EVALUA-

ATION 
MONTHS 

SURVIVAL% MEAN HEIGHT SURVIVAL% MEAN HEIGHT SOURCES 
GROWTH/YR GROWTH/YR 
(a) (m) 

IPAL (semi-arid 
sites) 

300 12-36 0.16 19 0.03 Herlocker 
et al (1981) 

EPAP (semi-arid 
sites) 

500-600 12-36 30 0.41 63 0.72 

Lorengippi 
(pit planting) 450 16 89 0.55 89 1.45 Vogt (1987) 

Kalatum 
(pit planting) 165 

Karabangarok 
(pit planting) 300 

16 

16 

0 

24 0.48 28 0.98 

I! (I 

II II 

EMI - Isiolo 
(Red soil site) 400 18 0 not 

recorded 
Armstrong 
and 

Lugadiru 
(1986) 



Certain species show promise on some sites (or in some 
projects) but not on others and this is most probably a reflection 
of the different treatments rather than of any interaction. 
leucaena leucocephala, for example, performs extremely well on the 
EPAP semi-arid sites, but poorly on most of the Turkana trial sites 
(Herlocker et al., 1981; Vogt, 1987). Salvadora persica shows good 
survival and growth on the Turkana sites, but does not do at all 
well at Baringo (Vogt, 1987 and FFP unpublished data). The best 
species at the IPAL semi-arid sites are Croton megalocarpus, 
Schrebera elata, and Cassia didymobotria—but none of these has 
been grown at any other trial. Prosopis chilensis appears fairly 
frequently amongst the top ranked species at a number of sites 
(e.g., Turkana, Baringo, and EPAP) but has one of the worst survival 
and growth rates of all the species tested in the IPAL semi-arid 
sites. At the several arid and semi-arid sites of the EMI project no 
species show promise. (Lugadiru and Stewart, 1988). 

Very clearly, if we are to continue with the tree-planting 
approach to reafforesting in these areas, there is a need for much 
more rigorous species and provenance testing along with research 
into, for example, improved water-harvesting techniques, the 
necessity for post planting watering, the effects of ploughing the 
sub-soil, the effects of different planting depths, the 
effectiveness of water retainers such as polyvinylacrylamides, 
espacement, and weeding regimes. 

CONCLUSIONS 

In the 8 years since the first Kenya National Agroforestry 
Seminar, it seems that there has been little real progress in the 
quest for a solution (a wonder species?) to current and accelerating 
problem of deforestation in the arid and semi-arid areas in Kenya. 

Afforestation of arid lands is, of course, technically feasible 
and trees have been grown successfully in areas where there is 
barely any rain at all—e.g., in the Nile valley (Kishk M. pers 
comm). This, however, requires economic, technological, and 
managerial inputs not appropriate to the extensive Kenyan 
rangelands. In addition, tree planting is often an alien concept to 
pastoral people who do not readily perceive the relationship between 
tree planting and the utilization of those trees (Barrow, 1988). 

Further research may, of course, be carried out to improve 
establishment techniques or even towards finding more suitable 
species/provenances to plant, but tree planting is still unlikely to 
make more than a very slight impression upon the general widespread 
problem of tree destruction except perhaps in the vicinity of 
villages/homesteads or of localized water, where trees can be 
watered and protected. An alternative method of establishing tree 
cover—as mentioned in the previous section—is by the encouragement 
and management of natural regeneration. Very great benefit can be 
obtained by the temporary protection of stands of indigenous trees 
in the seedling and sapling stages of growth. Where these do not 
exist, simply ripping the soil and excluding livestock will usually 
ensure adequate germination from the seed bank in the soil. This 
unintentional effect has not been at several trial sites, especially 
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in those where there has been an almost complete failure of the 
planted stock: the combination of cultivation and fencing the site 
enabled grasses and local tree species to regenerate such that only 
after a few years, there was a very noticeable improvement over the 
surrounding land outside the fences. Maximum benefit will be 
obtained if livestock can be excluded until one or two branches are 
above the reach of goats, so that the trees will then be able to 
reach maturity. 

This is, of course, returning full circle to the situation 
which previously existed in the traditional grazing practices of the 
pastoralists. It would seem preferable to build on this traditional 
knowledge base rather than to attempt to implement new and highly 
risky technologies. 
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AGROFORESTRY IN ARID AND SEMI-ARID AREAS 

P.I.D. Kinyua, Department of Range Management, University of Nairobi 
P.O. Box 29053, Nairobi, Kenya 

Abstract The vegetation of arid and semi-arid areas of 
Kenya is varied, ranging from barren lands to woodlands. It 
also displays diverse grass, shrub, and tree species. 
Although grass forms the main forage source, shrubs and 
trees provide valuable browse that supplements grass 
especially during dry seasons or drought periods. 

Overexploitation of these lands by poor management 
practices and widespread destruction of natural plant cover 
has resulted in ecological degradation leading in turn to 
the deterioration of the quality of life of the people and 
creating a threat to their survival. Agroforestry offers an 
effective response to the challenge of maintaining and 
improving productivity and sustainability of these lands. A 
silvopastoral approach would be the most convenient through 
integration of indigenous browse shrub and tree species 
with livestock. 

Arid and semi-arid lands, commonly referred to as ASAL, 
constitute more than 50% of tropical Africa and support more than 
35% of its population. More than two-thirds of Kenya's land surface 
falls under ASAL conditions, and about 20% of the total human 
population and slightly over half of the entire livestock live in 
these areas (Ministry of Agriculture and German Agricultural Team, 
1987). These drylands are severely affected by various forms of 
desertification, which arises out of interaction between man and his 
environment. 

Increasing human and livestock populations have put tremendous 
pressure on these lands resulting in ecological degradation through 
overexploitation by poor management practices and widespread 
destruction of the natural plant cover. This desertification is 
turning marginal crop production area and pasture land into 
wasteland which, in turn, are causing the deterioration of the 
quality of life of the people, and posing a threat to survival. This 
spells the need to maintain and improve the productivity and 
sustainability of the arid and semi-arid natural resources and 
agroforestry, which emphasizes production of food crops, 
forage/livestocks, and trees on the same land base as an effective 
response to this challenge. 
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LAND POTENTIAL 

Based on moisture availability, land under ASAL conditions has 
been categorized into three ecoclimatic zones (Pratt and Gwynne, 
1977). 

In Eco-Climatic Zone IV, land has marginal agricultural 
potential, but is a potentially productive rangeland with less than 
4 h required per livestock unit, except where dry seasons exceed six 
months. The more open country, with a high density of wildlife, is 
valued for tourism. The developmental trend of land is towards dairy 
or beef ranching though subsistence agriculture has been carried out 
there as a result of human population pressure as evident in central 
Kenya. 

The climate of this zone is semi-arid with a moisture index of 
-32 to -42, and characterized by dry seasons. Generally, rainfall 
does not fall below 600 mm per annum. Its distribution is monomodal 
in Western Kenya and bimodal east of the Rift Valley. 

For the most part, the soils are sands or sandy loams derived 
from basement or other Precambrian rocks. There are also some 
extensive areas of black clay soils (grumsolic soils of impeded 
drainage). 

Except for expanses of open grassland (situated mainly in 
Masailand and associated with soils of impeded drainage or volcanic 
ash), there is a strong successional force towards woody vegetation 
type. By definition, the climate cannot support forestry, except for 
ground-water forest. There is an Acacia woodland with Acacia 
gerradii, Acacia hockii, and Acacia seyal being common. 
Terminalia and Albizia species may also characterize these 
associations. Tarchonantus-Acacia bushland is also an important 
vegetation type. Themeda-Acacia wooded grassland, which includes a 
variety of types based on differing combinations of Acacia 
Gerrardii, Acacia hockii, and Acacia seyal, also occurs in this 
zone as also does Themeda-Acacia, drepa-nolobium wooded grassland 
mainly associated with grumosolic soils of impeded drainage. 
Themeda, Pamcim, Cynodon, Splobohis, Chloris gayana, and 
Dactyloctenuina grasslands are a notable vegetation types. 

Eco-Climate Zone V. This zone includes about half of Kenya. 
Land is typically rangeland with agriculture being suited only where 
fertile soils coincide with very favourable distribution of rainfall 
or in areas that receive run-on. More than 4 h (up to 12 h) are 
required for one livestock unit. Wildlife is important and large 
areas have been taken for wildlife, including Tsavo National Park. 

The climate of this zone is arid with a moisture index of -42 
to -51 and rainfall seldom if ever exceeds evaporation. The mean 
annual rainfall may rise to 700 mm but, more typically, it is less 
than 600 mm. Desiccating winds are often a feature of this climate. 

The soils are mostly sandy, often sandy loams either derived in 
situ from basement rocks or colluvial in origin. In addition, 
grumosolic soils occur and quite extensive areas have been overlaid 
or ameliorated by volcanic deposits. Plain landscapes predominate, 
but in western areas the relief is undulating or hilly and the soils 
are often shallow. 

Vegetation types include woodlands, bushland, shrubland, bush 
grassland, shrub grassland, wooded grassland, and grasslands. 
Commiphora woodland occurs on red basement soils, and small areas of 
Acacia woodland on deep alluvial soils, with tall Acacia tortilis, 
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Acacia etbaica, Acacia Albida, and Balanites aegyptiaca. Other 
woody species with the Commiphora woodland are Boscia spp., 
Boswellia, hilderbrandtii, Delonix elata, Melia volkensii, Lannea 
spp., and Sterculia africana. Adansonia digitata is important 
locally, and several species of Acacia may occur, especially 
Acacia bussei and Acacia tortilis. The ground cover includes 
several useful grasses and may be dominated by Panicum spp. or by 
Chloris roxburghiana. Other grasses are Cenchrus ciliaris, 
Digitaria spp., and Enteropogon Macrostachyus. Leptothruim 
senegalense and Aristida spp. are very common but are of low 
grazing value. 

Bushland and shrubland are very extensive in zone V and take 
many different forms. Commiphora types (4 m or more in height) 
usually occur on red soils, with the major components being 
soft-wooded and with many understorey shrubs. Acacia types 
(usually about 3 m in height) occur on heavier soils and lava and 
are hard-wooded with a rather sparse understorey, though often with 
dwarf shrubs. The Commiphora bushland and shrubland types include 
forms of bushland related to the Commiphora woodland described 
above, as when overgrazing causes Lannea alata to increase or when 
the Commiphora is supplemented by shrub species of Combreturn, 
Cordia and Grevia. There are also communities of shrub 
Commiphora often with Terminalra orbicularis. Where Acacia 
bushland and shrubland occur, the dominant species are Acacia 
mellifera, Acacia nilotica and Acacia tortilis. Species of 
Euphorbia are of local importance, as in Euphorbia 
grandicornis-Sansevieria succulent shrubland, a distinctive type 
which sometimes attains thicket density. Acacia mellifera and 
Acacia reficiens in pure stands also form shrub thickets, as does 
Acacia nibica on alluvial soils. The grass cover in all cases is 
dependent on the density of the woody vegetation, but usually 
contains many annual species and rather few perennials. Among the 
best grazing species are Cenchrus ciharis, Chloris roxburghiana, 
and Chyrsopogon plumulosus. Bush grassland, shrub grassland and 
wooded grassland occur mostly as intermediates between the types 
described above and grassland, especially where grassland formerly 
maintained by fire is now under encroachment by woody species. 
Themeda, Acacia drepanolobium, wooded grassland is a more stable 
type which occurs on black clay soils. 

Grasslands are limited in extent but varied. Most are 
associated with soils of impeded drainage and flood plains. Among 
the most productive are Cynodon and Sporobolus helvolus 
seasonally flooded grassland. Grumosolic clay plains can support 
Themeda triadra, though Themeda often succumbs to competition 
from Pennisetum mezianum, which is palatable when young but very 
woody when mature. Chryosopogon is a grass which is important in 
this zone but dominates only locally, e.g., Chrysopogon grassland 
on volcanic ashes. Other grasses which dominate locally on heavier 
soils or moister sites are Sehinia nervosum, Lintonia nutans, 
Cenchrus setigerus, and Enteropogon rupestris. 

Eco-Climatic Zone VI occupies about one quarter of the land 
surface of Kenya. It has close affinities to, but is not 
continuous with the semi-deserts of eastern Somalia and of central 
Sudan. The rangeland is of low potential with intense heat and dust 
and of little vegetation. The inhabitants all belong to pastoral 
tribes, which survive by nomadism and expediency, utilizing a full 
range of domestic livestock. Wildlife is locally important within 
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this zone (associated mainly with Lake Turkana and the Lorian Swamp) 
though generally, animal populations are limited by the severity of 
the environment. 

The climate is very arid with a moisture index of -51 to -57. 
The annual rainfall seldom exceeds 300 mm and it is quite common for 
periods of up to 18 months to pass without effective rain. When a 
run of dry seasons occurs, 14 or 15 years out of 20 may yield 
below-average rainfall. The dry seasons (particularly January-March) 
are the hottest time of the year and are associated with hot drying 
winds which dessicate and pulverize the herbage. Due to the growing 
season ending abruptly, grasses and other herbs are often killed 
while still physiologically young and, for as long as the herbage 
persists, it is quite high in nutritive value. 

This zone includes extensive lava fields and also basement land 
surfaces, the latter comprising consolidated sand plains with 
occasional inselbergs, overlain in parts by red desert sands or 
recent alluvial deposits. Floodplains, which collect water from 
large catchments, are the main focus of plant and animal life. Many 
of the shedding surfaces carry a stone mantle and the lava mantles 
are especially well developed. 

The characteristic vegetation of this area is annual grassland 
with or without dwarf shrubs, since the low rainfall is marginal for 
the survival of perennial grasses and the climate is too severe to 
support large woody plants. There may be an open scatter of larger 
woody species, such as Acacia reficiens subspecies misera, but 
dense stands develop only in depressions in the landscape or 
elsewhere on soils of impeded drainage. These sites also support 
perennial grass, which otherwise can occur in quantity only in the 
absence of grazing or during cycles of favourable rainfall. 

There are two main woodland types: riparian Acacia 
elatior-Acacia tortilis-Hyphaene woodland, which is confined to the 
larger water courses, and an Acacia woodland or woodland thicket, on 
the fringe of permanent swamps, which consists usually of 
monospecific stands of Acacia tortilis. Shrublands, sometimes 
attaining thicket density are associated mostly with natural 
depressions in the landscape, where the soil is heavier and more 
retentive of moisture. In such circumstances, the woody species are 
Acacia paolii, Acacia horrida, Acacia reficiens, subspecies 
Misera, and Acacia stuhlmanhii. The ground cover is composed of 
perennial grass and annual herbs. 

Grassland, without the woody vegetation, occurs under the same 
conditions and, especially in recent alluvial basins. The basic type 
is Eriochloa-Lintonia, a seasonally waterlogged grassland 
involving many species including Chrysopogon plumulosus, 
Enteropogon ruperstris, aspalidium desertorum, Sehima nervosum and 
Sporobolus helvolus, and Sporobolus loclados, but Eriochloa 
nubia and Lintonin nutans are the most constant. Although the 
Eriochloa-Lintonia grassland and its derivatives are the most 
widespread, the short Sporobolus Spicatus grassland occurs around 
alkaline lakes and swamps, while Sporobolus helvolus grassland is 
typical of other seasonally flooded sites. 

The Lorian Swamp is a major fresh-water swamp of the region and 
is dominated by Typha latifolia. Around its perimeter, in 
permanent or temporary shallow water, Vossia cuspidata and 
Echinochloa haploclada occur and, on higher ground where flooding 
is seasonal, there is first a belt of Cynodon-Paopalidium 
geminatum grassland and then the Sporobolus helvolus. 
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Wooded grassland and shrub grassland occur locally as 
transitions between grassland and the more densely wooded types 
described above. More widespread, however, is dwarf shrub grassland, 
which is the characteristic vegetation type of this semi-desert 
zone, especially on basement soils. The commonest dwarf shrub is 
Indigofera spinosa, but Indigofera clifordiana and species of 
Barleria, Daosperma, Heliotropium, and Sericocomopsis all occur. 
Under near desert conditions, the typical vegetation is short, 
annual Aristida-Indigofera dwarf shrub grassland. The dominant 
Aristida is Aristida adscensionis, but Stipagrotis uniplumis 
and Cenchrus pennisetiformis are locally important. Under better 
rainfall conditions, there is a greater variety in both shrubs and 
grasses. The grasses include perennials such as Chrysopogon 
phumulosus and Dactyloctenium where there is little or no 
grazing, and Sporobolus and Enneapogon desvauxii where grazing 
is frequent. Over extensive areas, dwarf shrubs are supplemented by 
an open scatter of Acacia reficiens subspecies Misera or 
Cordia spp., sufficient, sometimes, to give shrub grassland. 
Boscia coriacea may also occur. On alkaline sites, the common 
association is the short Sorobolus spicatus-Dasysphaera prostrata 
dwarf shrub grassland. 

Barren land occurs in mosaic with vegetated areas, both on 
sites that are water shedding and as a result of overgrazing. In 
addition, this zone usually contains blocks of country which, 
because of several years without rain, must be classified as desert. 
In time, however, rainfall will restore vegetation. 

LAND USES IN ARID AND SEMI-ARID AREAS 

The most important climatic factor limiting agricultural 
production potential in these areas is rainfall. It is low, erratic, 
and highly variable in amount and occurrence. However, these 
rangelands have many values such as human subsistence, commercial 
ranching, and wildlife. In order to obtain maximum benefit from 
these areas, these values have been developed concurrently. This has 
given rise to the following major types of land-use systems. 

Commercial ranching: Commercial ranches were established during 
the colonial era in the high potential rangelands of Machakos, 
Nakuru, and Laikipia districts. More commercial ranches have been 
started in the previously occupied statelands of the coastal 
hinterland under private, cooperative, or company ranch ownership. 
Commercial ranches hold about 25% of all rangeland cattle (Mukhebi, 
1986). 

Pastoral (group and grazing block) ranching: Group ranching is 
a production enterprise in which a group of people jointly have 
freehold title to land, maintain agreed stocking levels, and herd 
their livestock collectively while continuing to own them as 
individuals. Grazing block ranching, on the other hand, is communal 
grazing that has been defined by physical boundaries and developed 
for use by livestock and wildlife. Their sizes are generally 500,000 
hectares plus or minus 200,000 hectares and are located in areas 
where land has not been adjudicated and officially registered 
(Muriuki, 1986). Pastoral ranching holds 50% of rangeland herd 
(Mukhebi, 1986). 
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Traditional (agropastoral and free-ranging) systems: This type of 
land-use system includes pastoralism-cum-cultivation and pastoralism 
other than commercial, group, and grazing block ranching. It holds 
about 25% of the rangeland herd (Mukhebi, 1986). 

National game parks and reserves; Game parks and reserves 
occupy about 7% of the land area of Kenya (Ottichilo and Mwanda, 
1986) and hold over 75% of the national wildlife population 
(Mukhebi, 1986). 

Added to the above four uses are other minor ones such as 
subsistence dryland and mixed farming resulting from migration of 
people from high potential agricultural areas in response to 
increasing population pressure, large-scale sisal farms, and large-
scale irrigation crop production (e.g., Tana River Basin). 

AGROFORESTRY POTENTIAL IN ARID AND SEMI-ARID AREAS 

The traditional use of the arid and semi-arid areas is for 
raising livestock, which include cattle, sheep, goats, camels, and 
sometimes donkeys. These animals are either primarily grazers, 
browsers or intermediate. During the dry seasons, when grazing is in 
short supply, these domestic animals utilize browse. Camels exploit 
the taller trees and bushes, cattle the average to low bushes, and 
goats mostly the lower levels. Range sheep, unlike goats, have a 
very low dry-season browse intake; as a result, they are often less 
hardy than goats (Pratt and Gwynne, 1977). 

Browse, therefore, plays an important role in livestock 
nutrition in these areas. It provides proteins, vitamins, and 
frequently mineral elements, which lack in grassland pastures during 
the dry season (Lettouerou, 1980) and also enables standing feed to 
be built up, so that stock are able to survive critical periods of 
dry season or prolonged drought. 

Some of the most common/important indigenous browse plant 
species in arid and semi-arid areas are included in the following 
families: 

Capparaceae (capparidaceae): This family is confined to the 
drier regions. During the dry season, Boscia, Cadaba, and Maerua 
are often the only leafy and green plants over large regions of arid 
bushland and woodlands. The family represents a very important food 
source for stock and game. A study in Tanzania found that cattle 
spend more than half their time browsing Capparacea, particularly 
Maerua spp. (KREMU, 1981). Part of the reason why the family is ah 
important dry-season food for many game species as well as some 
stock, especially goats, is that it may provide the only green leafy 
plants at this time. 

The species of importance as browse are as follows (KREMU, 
1981): Boscia angustifolia. The fruit is edible but somewhat 
bitter; seeds are eaten cooked. Nutrient content: Leaves have very 
high crude protein (33.6%), while leaf plus young shoot is 19.3%. 
Ash content is 7.1-9.8%, while calcium is 0.6% and potassium 2.1%. 
This species is extensively used in the very dry season for feeding 
cattle and goats. It is also a highly preferred food for camels, and 
is browsed wherever available. The bark is eaten by cattle. 

447 



Boscia coriacea: Nutrient composition is as follows: Crude 
protein 18.9% 8.3-16.0%, fiber 35.8%, ash 19.3%, calcium 1.6%, and 
magnesium 0.2%. The plant is much browsed by camels, donkeys and 
occasionally cattle. 

Boscia albitrunca: Nutrient content is: Crude protein 18.9% 
and calcium 1.3%. The chief value of this tree species is in its 
value to browsers. Leaves and twigs are greedily eaten by all kinds 
of stock and game, even the bark can be eaten by donkey and goat in 
times of drought; in fact the tree is considered the most important 
source of dry-season fodder. 

Boscia senegalensis: The fruit is used for medicinal purposes 
and roasted seeds are used as a coffee substitute. Fruit is eaten by 
man and beast. Many people are said to have subsisted on it during 
drought and famine in parts of Sudan. Leaves contain 16.0% crude 
protein, 1.3% calcium, 1.0% magnesium, and 1.2% potassium. 

Cadaba farinosa: All plant parts are used for medicinal 
purposes. Leaves contain over 20% crude protein, 7-15% ash, and 
0.4-1.9% calcium. It is good browse for stock with good forage value 
and high palatability. It is relished by goat and camel, 
occasionally sheep. It is browsed by cattle and goats year round but 
especially in the dry season when the plant stray may be practically 
the only source of green palatable herbage. 

Cadaba gillettiix Leaves contain salt. It has good forage 
value and is much browsed by camel and considered a very good feed. 

Capparis decidual Root, bark, leaf, and fruit have various 
medicinal uses. Flower buds and fruits are edible. Browse is 
relished by goat and camel, occasionally sheep. 

Maerua crassifolia. It contains the following nutrients: leaf 
crude protein 21%, leaf calcium 2.1%, magnesium 0.7%, and potassium 
3.4%. The whole plant has crude protein content of 16.3% and ash 
27.7%. The forage value of leaves is very good. It is heavily 
browsed by stock. 

Maerua sessiliflora: This is a good plant for camels. It 
stays green the whole dry season. 

Tiliaceae family: This family includes Grewia. The range 
value of Grewia is enormously enhanced by its outstanding 
palatability to stock and game. Grewia shrubs can often be the 
most consistently and intensively browsed of all common woody 
plants. Almost certainly, all the species are palatable to stock and 
some have a reputation for excellent palatability. Examples are 
Grewia bicolor, Grewia Carpinifolia, and Grewia tenax. 

Miniosaceae family: This family includes important browse 
plants such as Acacia tortilis, Acacia Senegal, Acacia seyal, 
Acacia albida, and Prosopis juliflora. Acacia tortilis is a good 
browse plant. Leaf and pod have excellent nutritive value with 16% 
DM crude protein and a phosphorus content of 0.2%. It is a 
fast-growing species compared with other arid zone species. Acacia 
seyal has palatable foliage and pods to livestock. Leaves and pods 
have an excellent fodder value with 18.5% DM crude protein and 0.2% 
phosphorus. Acacia Senegal has good fodder value. Acacia albida 
makes excellent browse. Prosopis juliflora has moderately 
palatable leaves to animals, but goats and camels are rather fond of 
them. Pods have good forage value, especially as regards energy, and 
are consumed by all animals and occasionally by man, on account of 
their high sugar content. 

The list of important browse plant species in arid and 
semi-arid areas is not exhaustive but it does show how agroforestry, 
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through the silvopastoral approach, can readily be adapted to the 
arid and semi-arid areas by devising management techniques that will 
protect trees and shrubs which have value for browse (fodder), 
timber, fruit, etc. Such silvopastoral based browse tree species can 
be used to advantage to provide environmental protection, building 
materials, energy such as charcoal, and fuel, shade and aesthersic. 

A few favourable tree species such as Acacia albida can be 
integrated with cropping as has been done in Machakos where it is 
left in cultivated fields. It improves soil conditions and supplies 
fodder especially through pods which it produces in fair amounts 
during the dry season. Its leaves are dropped during the rainy 
season when shade is least needed and organic matter most needed by 
crops. After harvest, livestock graze under and around the tree. 
They benefit from the shade and add their manure which additionally 
increases soil fertility. It also provides good fuel and utility 
wood, and the spiny branches are used for fencing. 

In addition to the indigenous species mentioned, other trees 
and shrub species recommended for use in arid and semi-arid areas 
are as follows (Getahun and Reshid, 1988): Cajanus cajan, Cassia 
siamea, Casuarina equisetifolia, Erythrina absslnica, Leucaena 
leucocephala, Prosopis cineraria, Prosopis pallida and Sesbania 
sesban. 

CONCLUSION 

The immense potential of agroforestry in arid and semi-arid 
areas of Kenya is undisputable. It should, however, be borne in mind 
that the vegetation of an area is a product of the plant material 
and the prevailing environmental conditions (land form, soil, 
climate, and such factors as fire, grazing and modification of the 
environment by the vegetation itself through transpiration, 
circulation or minerals and plant decay). Thus, agroforestry efforts 
should take into account the package of environmental factors 
existing in the arid and semi-arid areas especially the influence of 
pastoralists on tree vegetation, through grazing and systematic use 
of fire. This spells the need to pursue a total system approach that 
incorporates the people's needs for livestock, crops and tree 
products as well as finding grazing practices that do not damage 
trees, provided that such practices obtain social acceptance. 

Agroforestry land-use systems should also be in harmony with 
the land-use systems existing in the arid and semi-arid areas as 
outlined earlier. Based on these land-use systems, a continum of 
likely responses to developmental interventions can be visualized 
with large-scale commercial ranching efforts being at one end and 
small-scale traditional pastoralism or mixed farming practices at 
the other end. Individual ranches, company ranches and ranch 
cooperatives cluster at one end of the continuum, representing 
distinctly modern commercial systems. Smallholder subsistence 
pastoralism exemplifies the traditional rangeland use. Various forms 
of grazing association, grazing block, and group ranches tend to lie 
somewhere between, but are based more on traditional smallholder 
subsistence strategies than on commercial practices. It is advisable 
that agroforestry strategies should also vary along the continuum. 
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It should particularly be recognized that smallholder pastoralism 
place great cultural value on communal forms of organization and 
public control of range resources (Child et al., 1084). They should 
also consciously pursue communal goals of cooperation and sharing in 
order to assume equity and distribution of wealth, which they see as 
the only possible response to their harsh environment. Another 
aspect of traditional subsistence pastoralists is their livestock 
dependence, with livestock ownership and subsistence being an 
explicit strategy for maintaining the largest number of people under 
difficult environmental conditions. Moreover, their basic investment 
capital is livestock, hence herd/flock savings and investment are 
essential and accumulation of large surpluses is necessary to 
survive drought. Unlike commercial ranching, such investment is 
possible without external economic institutions, since the main 
product of the herd/flock is offspring and not cash. This is an 
important factor in their alleged resistance to change (as might be 
the case with the introduction of agroforestry in pastoral areas). 
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TREES AND SHRUBS GERMPLASM CONSERVATION STRATEGIES 

J.O. Ouko and R.K. Wataaru, Genebank of Kenya, P.O. Box 781, Kikuyu, 
Kenya 

Abstract Tropical Africa is rich in tree and shrub 
germplasm but this is threatened with genetic erosion and 
must be conserved. There are two basic strategies of 
conservation: in-situ and ex-situ. In-situ conservation, 
through establishment of reserves and parks, is the mandate 
of the Forestry and Wildlife Conservation departments of 
the Ministries of Environment and Natural Resources and 
Tourism and Wildlife, respectively. Such populations are 
held in their natural habitats. Ex-situ conservation 
methods depend on whether plants can produce seeds and the 
type of seeds they produce. Seed genebanks exist for plants 
with orthodox seeds, whereas plants that produce recalcitrant 
seeds and those propagated vegetatively can be conserved in 
the field or through in-vitro storage. The majority of 
tropical trees and shrubs either have recalcitrant seeds or 
are vegetatively propagated. Both in-situ and ex-situ 
conservation methods are complementary to each other in 
conserving tree and shrub germplasm. The methods applicable 
to tree and shrub species are briefly discussed. 

Some modern agricultural practices, selection breeding, and 
land-use patterns have resulted in the loss of many wild and 
cultivated tree and shrub species and a consequent decline in plant 
genetic resources. The tropical belt is considered to contain the 
greatest amount of diversity, and the natural vegetation is rich in 
species diversity, which has been encouraged by the climate. It is, 
therefore, an accepted fact that Kenya, as one of the countries in 
the tropical belt, has a precious endowment of species in its 
genetic diversity. 

Unfortunately, Kenya has become one of the most volatile 
nations owing to the increased concentration of human population 
that is threatening the genetic diversity with erosion. With a 
population growth rate of 4.3%, our natural habitats are being 
cleared to give way to farmlands, urban centres, and highways. 
Plants that used to be sources of food, fuel, fodder, timber, 
medicines, etc., are being destroyed. These have contributed to the 
country's economy in addition to the important role they play in 
maintaining the ecological balance, which is essential in naturally 
occurring ecosystems. In our farmlands, from which natural 
vegetation has been cleared, there is a steady decrease in the 
number of different plant species cultivated with a tendency to 
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concentrate on only a few cultivars of the major crops. Most of our 
traditional crop varieties have been abandoned for these 
high-yielding cultivars. This surely leads to the narrowing of the 
available genetic base. 

Few of the plant species found to be abundant in Kenya are of 
current value. Others are of potential value but many more are 
undescribed or are little known. With increasing knowledge of plant 
genetic resources and technological advancement, some of these 
plants might become of greater value in future. The very existence 
of some of these, however, is threatened. This, therefore, 
necessitates a real urgency for conservation of this natural 
heritage to retain these diverse genetic resources. All efforts 
toward this goal should be strengthened. 

Some measures to conserve genetic resources in Kenya have been 
taken through the establishment of protected nature reserves: 
arboreta, botanical gardens, national parks, and forest reserves. 
Recently, the Government of Kenya established a Crop Plant Genetic 
Resources Centre under the Kenya Agricultural Research Institute 
(KARI) and a Forest Seed Centre under the Kenya Forestry Research 
Institute (KEFRI). All these play a role in the conservation of tree 
and shrub germplasm. 

OPTIONS IN TREE AND SHRUB CONSERVATION 

Ford-Lloyd and Jackson (1986) and Franknel (1970) indicate that 
the strategy of conservation depends on the nature of the material 
to be conserved and the objective and scope of the activity. The 
nature of the material is determined by its life cycle, mode of 
reproduction, ecological status, and the breeding system. The plants 
can, therefore, be conserved for short or long terms. Basically, 
there are two main approaches to genetic conservation: in-situ and 
ex-situ. 

Whichever of the two methods is used, conservation of any 
natural resource evolves around the natural resource, man, and 
technology (Sastrapradja, 1986). Natural resources are exploited by 
mankind, but are necessary for his existence, therefore, man must 
conserve them. Exploitation of natural resources depends on the 
human population pressure, i.e., the larger the population, the 
higher the chances for the overutilization of the natural resources. 
The utilization of resources depends on available technology. In a 
recent workshop held in Kenya (Annon, 1984), it was stated that the 
possible uses and value of many plants are unknown and are only 
being revealed gradually. Hopefully, their potential will be known 
and measures taken for their conservation before they become 
extinct. 

In-situ Conservation 

In-situ conservation is ideal for species that need to be 
conserved to maintain the genetic integrity of their natural state 
as communities in natural ecosystems (Franknel, 1970). These include 

452 



wild species related to crop plants, forest, and pasture. 
Conservation in-situ ensures continued evolution within the natural 
habitats. In Kenya, such conservation strategies occur as ecosystems 
in different communities in the form of forests and natural 
reserves. In all these areas, the genetic resources are threatened 
by overutilization, especially in forests, and degradation through 
overpopulation in bushlands, woodlands, and savannahs. The rapidly 
growing Kenyan population has resulted in migration to some of these 
reserves and marginal lands despite concerted efforts by the 
government to protect them. 

It has been suggested that methods be devised that involve more 
than simply establishing protected natural areas (IBPGR, 1984). If 
possible, ecogeographical surveys should be undertaken to determine 
the distribution of species in the regions and ecosystem patterns of 
diversity and relationship of the species and the associated 
ecological conditions. The area should be surveyed to determine 
taxonomic clarification, distribution, and the genotypic variability 
of the species. Conservation objectives should then be formulated 
before deciding on the requirements and area to be protected. The 
areas should then be properly managed, protected, and monitored, 
especially on the targeted population and on the impact of human 
activities. 

In Kenya, the natural reserves and forests are the mandates of 
the Forestry and Wildlife Conservation departments of the Ministry 
of Environment and Natural Resources and the Ministry of Tourism and 
Wildlife, respectively. The forest policy objectives include 
reservation of land for forestry purposes, protection of the forests 
and reserves, and conservation and management of the forests. 
Although the main purpose of setting up national parks is to protect 
wild animals, such reserves are also a source of tree and shrub 
germplasm. These parks are studied by the Department of Resource 
Surveys and Remote Sensing from which useful data is provided on 
vegetation and ecological conditions mostly in the rangelands. 

Ex-situ Conservation 

Ex-situ conservation is the conservation of genetic resources 
in habitats other than those where they evolved. This method is 
necessary where indigenous resources are threatened (Franknel and 
Soule, 1981). The number of individual species represented is 
somewhat limited and, therefore, does not reflect the existing 
natural variation because the evolutionary value of natural 
communities is not known. There is evidence that indicates that the 
genetic variation in these areas has diminished on a large scale 
(Ford-Lloyd and Jackson, 1986). 

Broadly, ex-situ conservation involves four models 
distinguished by Guldeger and outlined by Ford-Lloyd and Jackson 
(1986) as: 
(a) Static conservation of genotypes: Conservation and maintenance 

of stands characterized by the same genotype frequencies as 
original populations. 

(b) Static conservation of gene pools: Conservation and maintenance 
of the same gene frequencies as original populations. These two 
models mainly apply to the storage of seed and vegetative 
materials in genebanks. 
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(c) Evolutionary conservation: Involves initiation of natural 
selection in new environments by establishing stands where gene 
frequencies are allowed to change freely. 

(d) Selective conservation: Involves application of selection 
pressure against undesirable characteristics. 
Ex-situ conservation can be in the form of seed, plantation 

(field), or in-vitro. The method of conservation is determined by 
the ability of the plant to produce seed, the type of seed produced, 
or if vegetatively propagated. 

Seed Storage 
The most convenient way of conservation is by storing seeds, 

because this is the safest and cheapest method. The majority of 
arable and horticultural crop species produce orthodox seeds. Other 
seed-producing plants, which include many tropical trees and shrubs, 
have recalcitrant seeds. Such seeds have very short lives as they 
will not withstand drying below a certain moisture-content level 
without loss of viability and are, therefore, very difficult to 
store as seed. In orthodox seeds, ageing, which results in loss of 
viability, is a function of time, temperature, and moisture content. 
With a controlled seed storage environment, seed survival can be 
prolonged. 

The lower the temperature and moisture content, the greater the 
longevity. Harrington (1963) has indicated that longevity is doubled 
for each °C fall in temperature or for each 2% drop in moisture 
content. It is possible to dry seeds to a 6% moisture content 
without damage, but some are injured if dried below this level. The 
International Board for Plant Genetic Resources (IBPGR, 1982) has 
given recommendations for long-term storage of orthodox seeds that 
have been scientifically proven. They recommend storage at -18 °C 
and at about 5% moisture content. Roberts (1973), has devised three 
viability equations through which it is possible to predict the 
longevity of seedlots in terms of viability after a certain storage 
period if stored under the foregoing conditions. 

Certain viability loss is bound to occur if seeds are stored 
for longer periods even under the recommended conditions. Frequent 
germination monitoring is advisable to detect any viability losses. 
Minimum standards are set to which if viability falls, regeneration 
is recommended. Loss of viability, however small, is normally 
accompanied by chromosomal genetic damage, which is to be avoided. 
The storage environment can be controlled depending on duration of 
storage. If long-term storage is envisaged (i.e., base collections), 
the temperature is controlled at -18 °C and seeds in such stores 
can remain viable for over 50 years. 

For short- or medium-term storage, stores can be maintained at 
between 0 and 10 °C. The recommended seed moisture content in both 
types of storage can be maintained by either using hermetic 
containers or controlling air relative humidity in the stores and 
keeping the seeds in open containers. Such storage environments can 
vary from chest deep-freezers in labs to specifically designed 
coldrooms as those operated by genebanks. 

The genebank of Kenya, based at Muguga, has cold-storage 
facilities maintained at -20 ° for storage of crop plant genetic 
resources. It also coordinates all crop plant resources activities 
in the country in terms of collection, evaluation, documentation, 
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conservation, and utilization. The Forestry Seed Centre, also based 
at Muguga, has cold-storage facilities and coordinates collection 
and distribution of seeds of forest species to user organizations. 

Field Genebanks 
Conservation of some tropical tree and shrub species present 

special problems as they produce no seeds or produce recalcitrant 
seeds that require different treatments from orthodox seeds. 
Moreover, some species are open pollinated so that vegetative 
propagation is needed if true-to-type genotypes are to be obtained. 
Some plants can be maintained in field genebanks, but annuals 
present more problems as vegetative cultivation of collections year 
after year is costly. 

Perennial plants can be maintained in field collections. This 
form of conservation includes botanic gardens and arboreta, which 
present the oldest forms of conservation. Botanic gardens have 
served mankind for education, recreation, and as tourist 
attractions. In this form, they are museums of living plants. They 
have also provided materials for research as they have plants 
collected for economic or botanical purposes. 

Botanic gardens and arboreta have a limitation in conserving 
genetic resources as they form collections made by botanists whose 
interests are mostly taxonomic, although they contain some plants of 
economic importance. During such collections, the emphasis was put 
on single specimens of plant species. They tend to have a narrow 
genetic diversity. The alternative is to diversify the genetic base 
by collecting ecotypes from different regions. These, when put 
together, can truly be termed as field genebanks. 

To get a wider base exploration, surveys will need to be 
conducted before embarking on a collection mission. This will give 
an indication of presence and distribution of specific trees and 
shrubs and assist in the compilation of an inventory. 

Setting up and maintaining field genebanks or botanic gardens, 
and achievements have been limited by lack of funds, space, shortage 
of staff and facilities, policies, and politics. Public awareness of 
the need for conservation is an overriding factor, and with the 
proper approach, can always be mobilized to create funds to be 
allocated, donate space, and provide staff to run the field 
collections. The possibilities of utilizing the conserved species 
can help convince the public and policymakers of the need for 
creating areas to conservation of trees and shrubs of immediate 
value. Utilization can be based on such qualities as their fruits, 
beauty, and botanical aspects as well as their use as timber, 
fuelwood, medicine, fodder, etc. 

In-vitro Conservation and Cryopreservation 
Plants can be conserved as tissues held in-vitro. This has a 

great potential for germplasm conservation, particularly in the case 
of vegetatively propagated crops and plants with recalcitrant seeds 
(IBPGR, 1987). In-vitro techniques involve the introduction of 
explants from whole plants into sterile cultures and maintaining 
them in pathogen-free environments. Many plant species can be 
propagated by using pollen, anther, meristems, embryo, shoots, 
cellus, etc. Different plant species regenerate differently. 

Such vegetatively propagated plants can be kept for the medium-
term in-vitro by inducing slow growth and, thereby, prolonging the 
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term between fresh transfers to the growth media. Growth can also be 
slowed by varying the composition of the growth media at normal 
temperatures. A growth-retardant process can also be used in 
addition to alter the physical environment and basic growth media. 
Experiments have shown that such storage can be possible for 12-42 
months (IBPGR, 1987). 

Cryopreservation is the ultimate target for long-term in-vitro 
conservation. The method involves freeze preservation of plants from 
which explants can be derived. Methods have been devised to freeze 
plants so that there is a complete cessation of cell division with 
minimal damage by ice crystal formation as the temperature of the 
culture is reduced to that of liquid nitrogen (-196 °C). 
Recombinant DNA technology, which is a method in genetic 
engineering, is another method that can lead to a more rapid 
generation of plants tailored to specific requirements and then 
subjected to cryopreservation. 

All these methods have potentials for conservation of tropical 
trees and shrubs, which are difficult to propagate, although they 
are advanced technologies that might be beyond the reach of poor 
states. They are also important in eliminating diseases, especially 
viruses, which is an important aspect in the free exchange of 
germplasm. 

Genetic instability is a problem encountered in in-vitro 
techniques where unorganized callus cultures are used. This is 
undesirable in plant genetic conservation. Little information is 
available on stability after storage of organized tissues, which are 
not prone to instability because they are callus cultures. 

CONCLUSIONS 

The conservation of our tree and shrub species must be given 
high priority. But indiscriminate mass conservation is pointless. A 
survey should be undertaken to determine potential tree and shrub 
species that should then be given adequate attention. These should 
be species of known or suspected economic, ecological, and medicinal 
importance. The departments of agriculture, forestry, industry, 
health, wildlife, and the universities can help determine species 
threatened by genetic erosion. The acquired information can then be 
documented and, if possible, the species can be evaluated and their 
possible utilization and conservation then be looked into, based on 
available technology. 

The conventional strategies of conservation like in-situ and 
ex-situ methods (seed and field genebanks), have their limitations 
in Kenya where population growth is such that the natural resources 
are being overutilized. Although in-situ conservation is more 
desirable than ex-situ, their monitoring and the assurance of their 
continued maintenance can present problems. Seed genebanks are of 
limited use on trees and shrubs as few species have storable seeds, 
whereas field genebanks have social and political limitations. 

Nonconventional conservation strategies (i.e., use of 
biotechnology) have a greater potential for conserving trees and 
shrubs that do not produce seeds, whose seeds cannot be stored for 
long periods, and vegetatively propagated species whose seeds are 
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formed by outbreeding and cannot be used to preserve clonal 
genotypes. In-vitro conservation techniques need further 
investigation as tropical trees and shrubs have been difficult to 
regenerate vegetatively. But it is an alternative worth investing 

Finally, there should be cooperation among those involved in 
conservation efforts: local and international agencies and 
governmental and nongovernmental organizations can complement each 
other's efforts. In particular, international agencies can help by 
providing facilities and funds for maintaining field genebanks. 



AGROFORESTRY-RELATED PROJECTS IN DRSRS 

J.L. Agatsiva, and D.K. Andere, Department of Resource Survey and 
Reaote Sensing (DRSRS) Ministry of Planning and National 

Development, P.O. Box 47146, Nairobi, Kenya 

Abstract Resource appropriation and management cannot 
proceed in the right direction without a baseline inventory 
database. Naturally, such a database would be the bench
mark for monitoring purposes to detect any changes and 
attribute them to potential land-use options. 

The Department of Resource Surveys and Remote Sensing 
(DRSRS) has been undertaking this task for the last 13 
years since its inception. Appropriate technologies such as 
remote sensing, have been used mostly to produce the 
required resource inventory information among others on 
forest cover mapping and change detection, land-use 
mapping, wood biomas estimation, woodfuel estimation and 
crop-yield estimation. This information is stored and 
overlaid in a Geographical Information System (GIS) 
established at the Department's offices in Nairobi. This 
paper outlines the Department's activities in this area. 

Such information could be useful in establishing areas 
of given land-use conflicts and finally provide valuable 
results for establishing the sustained yield management of 
these resources. New concepts of agroforestry could then 
be suggested as optional land-use alternatives in the areas 
in question based on such a GIS model. 

The Department of Resource Surveys and Remote Sensing (DRSRS) 
became operational in 1975 under the Ministry of Tourism and 
Wildlife. It now has over a decade of experience in ecological 
assessment and monitoring work. Its prime objective is to provide a 
continuous flow of data on renewable resources as an added input to 
national development. This is equally linked to the objective of 
developing models for predicting changes. 

The specific objectives of the Department are: 
(a) To provide a continuous flow of data on population estimates, 
temporal and spatial distribution of livestock and wildlife species, 
and related environmental parameters like water and habitats; 
(b) To assess and monitor vegetation changes within the rangelands 
of Kenya and designated forest estates; 
(c) To provide data on land use, crop cover and yield, and 
projected production of crops; 
(d) To determine the extent and nature of human activity in both 
the rangelands and the high-potential areas; 
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(e) To analyze and process relevant data into usable forms and 
develop a data bank on renewable resources for use, particularly, by 
ministries and departments of government, and, generally, by the 
scientific community; and 
(f) To coordinate the applications of remote-sensing technology in 
government. 

AGROFORESTRY-RELATED ACTIVITIES 

The Department, originally called Kenya Rangeland Ecological 
Monitoring Unit (KREMU), was created 13 years ago following a 
drought that covered most of the country and neighbouring states in 
East Africa. The Unit was to acquire baseline information on the 
Kenyan rangelands to plan properly for the by then dwindling areas 
caused by severe drought. There was a need, therefore, to set up a 
continuous flow of information that could be stored in an easily 
retrievable bank for decisionmaking. With time, the activities of 
DRSRS expanded to also cover the high-potential agricultural areas. 

Some of the activities of the Department, therefore, include 
vegetation mapping and monitoring in the rangelands, forest 
inventory and mapping, land-use mapping, and woody biomass 
estimation. In all cases, remote sensing techniques including 
satellite imagery (landsat MSS, landsat TM, SPOT, and MOMS imagery) 
and aerial photography, have been used to yield fairly reliable 
results. 

Initially, baseline information on such activities was lacking. 
Such programmes have, therefore, previously been executed with a 
view to establishing the current status of land use, wood fuel, 
forest cover, etc. Such a database would be useful for future 
monitoring of change and eventual use for management of such 
resources. 

Land-Use Mapping 

The initial land-use studies in Kenya (Agatsiva and Mwendwa, 
1982) were carried out country wide with a view to providing 
baseline information on current land use which forms a start for 
future monitoring. This country-wide study, which was based on 
remote sensing techniques (landsat imagery and aerial photography), 
was set at a scale of 1:1 million. Nine major land-use classes 
adopted and modified from FAO were found but were considered quite 
broad. Areas with woodlots interspersed with agriculture were also 
revealed from this study. Shifts of agricultural activities from 
high-potential to low-potential agricultural areas of Narok, Kitui, 
and Kibwezi were reported. Detailed land-use mapping at the district 
level, based mainly on aerial photography as described by Epp et al. 
(1983), followed this initial survey. Up to now, 12 districts have 
already been covered including Bungoma, Trans Nzoia, Kisumu, Busia, 
Siaya, South Nyanza, Kisii, Kericho, Murang'a, Nyandarua, Uasin 
Gishu, and Kakamega. 



Maize and Wheat Yield Estimation 

The drought of 1984 that covered much of Kenya sparked the 
concern about potential food shortages, especially of maize. 
Efforts, through the Department of Resource Surveys and Remote 
Sensing, were made to design a three-stage approach of estimating 
maize yield in Kenya (Peden et al., 1985). In this approach, the 
first stage was quantification of the relationship between 
reflectance of light and maize field per hectare using digital 
photometers. The second stage was the use of this relationship to 
estimate yield in the major maize-producing districts. The third 
stage was to establish the total area under the crop in question 
based on sample aerial photography. The total yield was then 
achieved by multiplying the yield per hectare by the total acreage 
under maize. The procedures are repeated each year and the results 
published to assist in decisionmaking. The results compared very 
well with those from other sources. The advantages of this technique 
lie in the speed by which data is acquired. More research, however, 
has been recommended in this area. 

Forest-Cover Mapping 

A country-wide forest-cover inventory was undertaken by Doute 
et al. (1981) for the Department to establish a base for future 
monitoring of the available woodstocks. This was done for both the 
gazetted and ungazetted forests, and an estimate of 2.3% total 
forest cover in Kenya was revealed. 

These initial results encouraged special studies to be 
performed on 5 major forests in Kenya in varying ecological zones: 
Kakamega, North Nandi, South Nandi, Marsabit, and Ngong forests 
(Ochanda et al., 1982). These forests had their depletion rates 
computed with those found in the high-potential agricultural areas, 
e.g., Kakamega and Nandi possessing the highest depletion rates. 
This could be attributed to the high population in these areas 
leading to clearing for various uses. 

Woodfuel Production in Kenya 

Western and Ssemakula (1981) assessed the woodfuel in the Kenya 
rangelands based mainly on the frontseat observer data gathered from 
the aircraft. This survey concluded that the remaining stock of wood 
and the sustainable production in accessible areas are too small to 
satisfy the projected demand for fuel. The study further explained 
that large-scale extraction will be necessary from mainly forested 
lands into which agriculture will expand and from managed woodlots 
within or adjacent to arable lands. This information was further 
amplified on by Dunne et al. (1981) when working on the effect of 
woodfuel harvest on soil erosion in Kenya. 

DRSRS PERSONNEL AND BUDGET 

DRSRS has a current total staff strength of 264. Satisfactory 
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results can be obtained from a well-trained and experienced staff. 
To meet this goal, DRSRS has constantly encouraged officers to 
improve their professional and technical skills through 
training,both formal and on-the-job. 

Most of the senior staff members have been trained up to the 
masters degree level. About 15 senior staff members have also had 
postgraduate professional training at the diploma level in the 
applications of remote sensing technology for general resource 
assessment and monitoring. 

DRSRS during the year 1987/88 year, operated on a total budget 
of KSh 982,586 (including both recurrent and development 
expenditures). These figures are estimated to rise to KSh 1,638,439 
during the financial year 1988/89. In 1987/88, DRSRS spent KSh 
237,120 on projects directly related to agroforestry (i.e., land-use 
mapping, district aerial survey, and purchase of the required 
satellite imagery). This figure is expected to drop to KSh 210,000 
in the 1988/89 financial year. 

FUTURE AGROFORESTRY DEVELOPMENT 

Biomass production 

Information on biomass production can be used in the managememt 
of livestock and wildlife production. The Department will, 
therefore, continue to monitor biomass production in selected 
districts of Kenya. Priorities will be in the densely populated, 
high-potential agricultural districts. The objectives of such 
biomass studies are to: (a) determine available herbaceous biomass 
and its relation to seasonal distribution of livestock and wildlife; 
(b) relate biomass production to biological, physical, and 
socioeconomic conditions; and (c) make recommendations on resource 
management. 

Fuelwood Assessment 

Kenya is a developing nation with a rapidly expanding human 
population. The nation relies heavily on fuelwood, which has 
resulted in a rapid depletion of our forests and woodlands. Because 
land is a limiting factor, the question remains: What land-use 
option should be given the first priority in allocation? 

The high-potential districts must be covered to establish how 
much available woodfuel we have to establish suitable areas for 
practising both agriculture and forestry with forestry being. 
essential for fuelwood production. Nakuru, Embu, and Nyeri will 
serve as a focal point for the initial studies during the 1988/89 
financial year. Other districts will follow in the subsequent years. 
The objectives are to: (a) prepare inventories of wood stands in 
high-potential agricultural districts and (b) make recommendations 
on wood-stand regenerations and their suitability. 



Forest-Cover Mapping 

Proper management and conservation of any resource requires 
accurate information. As for forests, it is essential to know the 
types of forests and classes within each forest type, for example, 
glades, logged areas, excisions, plantations, natural forest cover, 
and areas under both trees and agriculture (agroforestry). The major 
objectives are to: (a) produce maps and statistical information, 
including recent changes on forested land throughout Kenya; 
(b) describe the status of indigenous forests throughout Kenya; 
(c) describe land uses in areas adjacent to forests; and 
(d) describe the proportions of the forest type under various 
categories of management. The procedures for detailed forest-cover 
mapping, which follows this country-wide programme, are outlined in 
the report by Agatsiva (1987). 

Detailed Land-Use Studies 

Land-use mapping at the district level is also planned for this 
financial year and the subsequent years of the 5-year development 
plan. Priority is still on the high-potential agricultural districts 
followed by a monitoring programme to measure changes. The 
objectives are: (a) to invent baseline data that may be used to 
measure future land-use changes in the various planning units, and 
(b) to provide information on the location and extent of the 
land-use types in the various administrative units (locations and 
divisions). 

Maize and Wheat Production Forecasts 

This is an important annual activity of the Department. There 
are difficulties in carrying out this project in areas of mixed 
cropping and in areas where crops are mixed with trees 
(agroforestry). More research will, therefore, be planned over the 
next 5 years to refine these techniques of predicting yields in 
areas practising agroforestry. Information from such fields will, 
naturally, be from the trees, crops, and other background materials. 
The ultimate aims, therefore, will be to see if the trees 
significantly affect the yields from such areas or not. 

INSTITUTIONAL LINKS 

The Department has provided consultancy services to the Global 
Environment Monitoring System (GEMS) of United Nations Environment 
Programme (UNEP) in executing an environmental monitoring programme 
in the Sahel region. It has also provided advice to the Inter-
Governmental Authority on Drought and Development (IGADD) and other 
United Nations agencies on environment data generation and analysis. 

The Department has also trained forest department staff and 
staff from the Lake Basin Development Authority, especially in the 
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application of remote sensing in resource survey and monitoring. 
There are obvious links with other institutions like Moi University, 
Nairobi University, Egerton University, Kenyatta University, the 
Kenya Polytechnic, and the Regional Centre for Services in 
Surveying, Mapping and Remote Sensing especially concerning 
information exchange and providing services to visiting students 
from such institutions. As a national centre for remote sensing, the 
Department also provides professional services to other departments 
and especially acquiring aerial photographs for groups or 
individuals. The Department is currently involved in executing a 
methodology test on measuring desertification conditions and rates 
on behalf of UNEP. 

CONCLUSION 

The peak of DRSRS activities has come as a result of its 
expansion to cover even all the high potential agricultural areas 
and also acting as a national centre of remote sensing in Kenya. The 
recent installation of a prime computer which is a suitable 
Geographical Information System (GIS) has provided a useful tool to 
planners especially in maintaining the recently established District 
Focus for Rural Development. 

The activities of the Department have, therefore, expanded 
greatly especially in the use of satellite remote sensing and aerial 
photography for general resource assessment. Thematic resource 
information is, therefore, gathered on land-use, forestry, wood 
biomass, wood fuel, and crop yield. The accuracy of interpreting 
this information will go a long way in establishing the required 
level of sustainability of utilizing such a resource. Crop yields in 
agroforestry areas need to be assessed accurately in order to 
determine whether or not such a land-use type is the best 
alternative for the area or not. Conflicts of land-uses in given 
areas will have to be re-examined and settled using such a baseline 
information as gathered by DRSRS. 
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SOIL CHANGES UNDER AGROFORESTRY 

Anthony Young, International Council for Research in Agroforestry 
(ICRAF), P.O. Box 30677, Nairobi, Kenya 

Abstract The most important service function of 
agroforestry systems is that of soil conservation, defined 
as maintenance of soil fertility. Control of erosion is one 
necessary, but by no means sufficient, condition for 
maintenance of fertility. Soil conservation makes a major 
contribution to sustainable land use. The potential of 
agroforestry for soil conservation is presented in terms 
of seven hypotheses. There is strong indirect evidence, 
coupled with limited direct evidence, that over a 
substantial range of environments, appropriate agroforestry 
systems can help physical properties, increase nitrogen 
inputs, and lead to relatively closed nutrient cycling and 
thus more efficient use of nutrients. Roots are as 
important as above-ground biomass in maintaining fertility. 
A predictive computer model, Soil Changes Under 
Agroforestry (SCUAF), can simulate these soil-plant 
processes and assist in planning research. The combination 
of a high apparent potential of agroforestry for soil 
conservation, coupled with a sparsity of direct evidence, 
points strongly to the need for research. 

Agroforestry systems fulfil both productive and service roles. 
In most areas, the leading products are some combination of 
fuelwood, fodder, and fruit. Of the service functions, that of soil 
conservation is, without doubt, the most important. 

Soil conservation was formerly equated with control of erosion. 
It is now recognized that maintenance of fertility is equally 
important. Indeed, one can go further and say that soil conservation 
essentially means maintenance of soil fertility—for which control 
of erosion is one necessary, but by no means sufficient, condition. 
It is also essential to conserve soil organic matter and physical 
properties, maintain nutrient status, and avoid buildup of 
toxicities. 

Sustainability, meaning sustainable land use, has recently 
become a focus of attention. Rather than entering into discussion of 
its meaning and implications, it will be defined for present 
purposes as: 



SUSTAINABILITY = PRODUCTION + CONSERVATION 

That is, sustainable land use is that which maintains an 
acceptable level of production, and at the same time conserves the 
basic resources on which production depends, so enabling that 
production to be maintained. 

The resources to be considered vary with the type of land use: 
forest, pasture, water, and soil. On agricultural land, soil 
conservation plays a dominant role in leading to sustainability. Of 
course, other factors play a part, such as conservation of wood 
resources in surrounding forests, as do wider economic and social 
aspects; but unless soil fertility is maintained, sustainability is 
a non-starter. 

The following account is based on an ICRAF review, outputs from 
which have appeared in 20 publications. The review as a whole is 
presented in a book, Agroforestry for soil conservation (Young, 
1989). This contains some 700 references, which provide the evidence 
for the conclusions which follow. 

THE BASIC SOIL-AGROFORESTRY HYPOTHESIS 

The basic hypothesis for the soil-conserving role of 
agroforestry is: 

Appropriate agroforestry systems have been potential to control 
erosion, maintain soil organic matter and physical properties, 
augment nitrogen fixation, and promote efficient nutrient 
cycling. 
"Appropriate" means systems which are adapted to local 

environmental conditions, are well designed and properly managed, 
and which meet the needs, and are applicable within the constraints, 
of farmers: in short, systems which are appropriate for the land and 
for the people. 

The foundation for this hypothesis lies in the known beneficial 
effects of trees on soils. Forest soils are naturally fertile, the 
forest fallow in shifting cultivation restores fertility, and we 
know from ecological studies that natural forest vegetation is 
highly efficient in conserving fertility. On the other hand, many 
forms of agriculture, particularly continuous cultivation of annual 
crops, tend to degrade soils. Agroforestry systems by definition 
contain both trees and crops (or pasture), either mixed in space or 
in a rotation. The rationale for supposing that agroforestry can 
conserve soil fertility is that systems can be designed in which 
losses from the crop component are balanced by gains from the tree 
component. 

We know, therefore, that most trees conserve soil fertility. 
What we are interested in is whether it is possible to design 
agroforestry systems, acceptable from the point of view of 
production, in which these beneficial effects of trees will be of 
sufficient magnitude to lead to sustainable land use. The basic 
soil-agroforestry hypothesis can be broken down into a set of 
specific hypothesis, which will be examined in turn. 
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Specific Hypothesis 

1 Agroforestry systems can control erosion, thereby reducing 
losses of soil organic matter and nutrients. 
There are two roles for the tree component in erosion control: 

supplementary and direct. In the supplementary use, the control is 
achieved by conventional means, such as earth banks and ditches, 
terrace risers or grass strips. The trees serve to stabilize the 
conservation structures, or to make productive use of the land which 
they occupy. This capacity is proven, is to be seen in many 
countries, and there is much opportunity for expansion. 

In direct use, the erosion control itself is by the tree 
component. There are two ways in which this is achieved, the barrier 
and cover functions. The barrier function is the conventional 
approach to erosion control, that of checking runoff of water and 
suspended sediment. The cover function is that of reducing both 
raindrop impact and runoff by increasing soil cover by living or 
dead plant material. When designing agroforestry systems, it should 
be noted that a tree canopy has only slight effects in reducing 
erosion; what matters is the ground surface cover. 

The barrier and cover functions relate to the L (effective 
slope length) and C (cover) factors in the universal soil loss 
equation. Both on theoretical grounds and from practical experience 
it can be shown that the potential to control erosion through soil 
cover is at least equal to, and probably greater than, that of the 
barrier approach. 

Spatial mixed agroforestry systems, such as home gardens and 
plantation crop combinations, achieve erosion control largely 
through the maintenance of a ground surface litter cover. These are 
one means for sustainable use of steeply sloping land. The relevant 
spatial zoned system is hedgerow intercropping. Where this is 
established with the primary purpose of erosion control, it is 
sometimes called a systems of barrier hedges, but there is no clear 
difference between the two—for it goes without saying that, where 
established on sloping land, the hedges in hedgerow intercropping 
should be planted among the contours. This system achieves control 
by both means. The hedgerows provide semi-permeable barriers, while 
prunings from them can augment soil cover, particularly during the 
danger period in the early rains when crops are immature. There are 
strong theoretical arguments for spreading the prunings across the 
cropped alleys, not laying them against the hedges. This system has 
been shown qualitatively to be effective, e.g., by the formation 
over time of natural terraces. Quantitative evidence is at present 
sparse, but a number of controlled plots have recently been 
established. 

Trees with moderate or slow litter decay are to be preferred 
for erosion control. Thus, Leucaena has the disadvantage of rapid 
litter decay, making species such as Cassia siamea preferable. 

2 Agroforestry systems can maintain soil organic matter and 
physical properties at levels satisfactory for soil fertility. 
The strongest indirect evidence for this is the high organic 

matter content and excellent physical status of most soils under 
natural forests, coupled with the observed decline in these 
properties when land is cleared for agriculture, and recovery during 
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the fallow period of shifting cultivation. It is also possible to 
draw up balance sheets, comparing the probable rate of soil organic 
matter decline with the inputs possible under realistic agroforestry 
systems. This approach has been tested in the SCUAF computer model 
described below, using observed data on biomass and litter 
production. It can be shown that for all three major environmental 
zones of the tropics, humid (rain forest), subhumid (savannah), and 
semi-arid (sahel), the biomass from known multipurpose trees is 
adequate to maintain soil organic matter at 60% or more of that 
under natural vegetation, a level generally held to be adequate for 
soil fertility. This applies to both spatial, mixed zones 
agroforestry systems, whilst a long-term stead state can be achieved 
under rotational systems of improved fallow. 

It is known that soil physical properties can be as important 
as nutrient levels in fertility and crop production. Given a 
satisfactory level of organic matter, then the added benefits from 
tree root systems will ensure conservation of such properties. There 
is some direct evidence, mainly from Ibadan, Nigeria, for 
maintenance of physical properties under hedgerow intercropping. 

This function is greatly reduced if prunings are removed for 
livestock feed, although the tree root residues continue to 
contribute to soil organic matter and there can, of course, be 
further benefit if farmyard manure is returned to arable land. The 
criterion for tree species selection for this purpose is simply that 
of a high biomass production, relative to the climate. 

3 N-fixing trees and shrubs can substantially augment nitrogen 
inputs in agroforestry systems. 
This hypothesis is proven. It is the only aspect of 

agroforestry in which it may be said that research to date has been 
commensurate with the potential. A wide range of N-fixing trees is 
known, suited to all environments, whilst there are some data on 
rates of fixation. There is certainly a need for further work, 
including identification of local native trees with a potential for 
propagation and use, studies of techniques and needs for rhizobial 
and mycorrhizal inoculation, and further quantitative studies of 
rates of fixation. 

It is for its high rates of nitrogen fixation that Leucaena 
leucocephala is pre-eminent, beating in this respect its otherwise 
valued rival, Gliricidia sepium. 

4 The tree component in agroforestry systems can increase 
nutrient inputs from: (i) the atmosphere; (ii) the B/C soil 
horizons. 
Atmospheric inputs, in rain and dust, are a source of 

nutrients, small, compared with the demands of agriculture, but 
often substantial in relation to the much smaller requirements of 
natural ecosystems. It is plausible to suppose that trees favour the 
deposition of dust. It is also known that through fall and stemflow 
trees can form a substantial source of soil nutrients, although to 
what extent this originates from rainfall as compared with leaf 
leacheate is not known. 

It has sometimes been assumed that tree roots draw up nutrients 
derived from weathering rock minerals in the B/C horizons of soils, 
putting them into the cycling system by surface deposition as 
litter. Certainly, trees can sometimes grow in most unpromising 
situations, such as rock ledges. This process could be important but 
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it remains unproven, and appears difficult to test. 

5 Agroforestry systems can lead to More closed nutrient cycling, 
and so to sore efficient use of nutrient. 
This is one of the most important hypotheses. It is based on 

the capacity of tree root systems to trap nutrients in the soil 
solution that would otherwise be lost by leaching; recycling them 
through litter to the soil surface. There are implications both for 
systems with high and low inputs. For low-input systems, the 
hypothesis states that nutrient cycling can become highly efficient, 
such that fallowing will only become necessary after many years; 
possibly under conditions of weak leaching, continuous cultivation 
will be possible, with nutrient removal in crop harvest compensated 
by natural inputs. Under high-input systems, the hypothesis states 
that the ratio of nutrient recycling to losses will be greater for 
agroforestry than agricultural systems, with consequent economic 
benefit through greater fertilizer-use efficiency. 

There is both indirect and direct evidence to support this 
hypothesis. The indirect evidence comes from studies of nutrient 
cycling under natural-ecosystems; leaching losses are often equal to 
only 5-10% of the nutrients recycled in litter, even under the 
intense leaching environment of rain forest. The contrast is so 
great that if the tree component in agroforestry could achieve this 
effect to only a partial degree, the reduction of nutrient losses 
would be substantial. 

Direct evidence comes from both spatial zoned and mixed 
systems. In hedgerow intercropping, nutrients are returned to the 
soil if hedge prunnings are added. The amounts can be substantial, 
typically (kg/ha/yr) 100-200 N, 4.20 P, and 50-100 K. Some systems 
appear to be self-sustaining in nitrogen, although, after a number 
of years there may be a need for limited fertilizer application to 
make up phosphorus deficiency. The most spectacular evidence, 
however, comes from studies of plantation crop combinations in 
Central and South America. These consist of coffee or cacao in dense 
mixed combinations with what are misnamed "shade trees", commonly 
species of Erythrina, Inga, and Cordia, the first two are 
nitrogen fixing. The nutrient content of leaf litter, from the 
agricultural crop and the trees combined, is of the order of 
(kg/ha/yr) 150-300 N, 10-20 P, 75-150 K, and 100-300 Ca. Where these 
systems are fertilized, the nutrients recycled in litter can exceed 
the annual fertilizer input, an impressive tribute to the efficiency 
of retrieval. 

There are major implications, both social and economic, of this 
result. For farmers with little or no access to fertilizers, 
agroforestry systems may permit continuation of crop production, 
with sustained yields, for substantially longer than would be the 
case with pure cropping, so making better use of their limited land 
resources. Where fertilizers are available, the amounts taken up by 
crops under monoculture are typically some 40%. If this can be 
appreciably raised through agroforestry, the economic saving to the 
individual farmer is considerable. Multiply such effects across a 
country and the benefits, both in strictly financial and broader 
economic terms, could be very large. This is, therefore, a priority 
area for agroforestry research. 
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5B Agroforestry systems offer opportunities to synchronize 
release of nutrients from decay of plant residues with 
requirements for uptake by crops. 
This sub-hypothesis is an application to agroforestry of one of 

the basic hypotheses of the Tropical Soil Biology and Fertility 
programme (TSBF): that through management practices, it is possible 
to synchronize nutrient release with uptake demands. Agroforestry 
systems quite clearly offer opportunities to manipulate the timing 
of nutrient release, through: 

(a) Choice of tree species with differing rate of litter decay; 
(b) Timing of pruning, e.g., immediately or some time before 

planting of crops; 
(c) Manner of litter addition to the soil: surface mulching, 

burial, composted, or as farmyard manure. 
For annual cereal crops, the period of highest nutrient demand 

comes during the phase of early growth. In hedgerow intercropping, 
there is the fortunate coincidence that pruning is in any case 
necessary to reduce shading prior to planting. Many species commonly 
used, such as Leucaena luecocephala, Gliricidia sepium, Flemingia 
congesta, and Cassia siamea, have a half-life for litter decay of 
60 days or less, and show peaks for nitrogen release after a few 
weeks. 

The purpose of such synchronization is to improve the ratio of 
uptake to leaching. This in turn contributes to the efficiency of 
nutrient recycling, so forming a contributory element to hypothesis 
5 above. 

6 The cycling of bases in tree litter can assist in ameliorating 
soil toxicities: (i) Reducing soil acidity, or checking 
acidification; and (ii) Reclaiming saline or alkaline soils. 
Strongly acid soils, pH 5.0, are widespread in the humid 

tropics and a problem in some parts of the subhumid zone, the acid 
savannahs (e.g., northern Zambia, and the cerradoa areas of South 
America). This acidity leads to phosphorus deficiency and (it is 
commonly supposed) aluminium toxicity. Developers and planners are 
currently asking whether we can expect that agroforestry systems can 
ameliorate this problem through the addition of bases, particularly 
calcium, in tree litter. 

There is one clear case where this effect is achieved in a 
traditional agroforestry system, the chitemene type of shifting 
cultivation practised in Zambia and parts of Malawi. In this system, 
savannah trees cut from perhaps one hectare are piled up onto a 
smaller area and burnt, releasing bases in the ash. This has been 
shown to raise pH by up to 2.0 points. However, this results from 
the release by bases accumulated not only from a larger area but 
over many years of growth. The mass of calcium and magnesium in tree 
litter is, an order of magnitude, too small to appreciably modify 
natural soil acidity—and even calcium-accumulating trees (e.g., 
Gmelina arborea) must have derived most of it from the soil 
itself! It appears, therefore, that we should not hope for 
assistance from agroforestry with this particular soil problem. It 
is likely, however, that the organic matter derived from tree litter 
will exert a buffering effect, helping to check further 
acidification. 

Trees have been successfully incorporated in the reclamation of 
saline and alkaline soils, notably in India, and attempts have been 
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made to combine this with the progressive introduction of cereal 
intercropping. Whilst tree root systems are undoubtedly of value in 
such reclamation, they are of no use unless associated with standard 
reclamation measures, such as drainage and gypsum treatment. 

7 In the maintenance of soil fertility under agroforestry 
systems, the role of roots is at least as important as that of 
above-ground biomass. 
This is of a different nature to the other hypothesis, being 

related to the role of the tree component as a whole, rather than 
specific plant-soil processes. In four of the hypothesis and 
processes stated above, roots play a role that is either predominant 
or forms an essential element. It is now known not only that roots 
form 30-40%, sometimes more, of above-ground biomass, but also that 
fine roots are constantly being shed and regrowing—the below-ground 
equivalent of litter fall. Since, unlike above-ground biomass, root 
residues are rarely removed from the soil, they play a basic part in 
maintaining soil organic matter and physical properties (Hypothesis 
2). Nitrogen fixation is (with few exceptions) through the agency of 
root-symbiotic organisms (Hypothesis 3), whilst uptake from 
weathering rock horizons (Hypothesis 4) is wholly through roots. 
Finally, the potential to increase nutrient-use efficiency 
(Hypothesis 5) arises through the capacity of tree root and 
associated mycorrhizal systems to take up nutrients from the soil 
solution. 

The purpose of stating this as an additional hypothesis is to 
draw attention to the need, in agroforestry research, to pay 
attention to the part played by roots commensurate with its 
importance. 

MODELLING SOIL CHANGES UNDER AGROFORESTRY 

In agroforestry research, we are trying to achieve much in a 
short time. However, because of the need to establish the tree 
component, field experiments take a minimum of 5 years to produce 
substantial results. Any aid to the efficient design of such 
experiments is, therefore, welcome. 

For this purpose, a computer model has been developed at ICRAF, 
called Soil Changes Under Agroforestry (SCUAF). This is designed to 
predict changes in soil properties, and associated plant response, 
under specified agroforestry systems within given environments. In 
Version 1 of the model, released in 1987, the changes predicted were 
in rates of erosion and levels of soil organic matter represented by 
carbon. Outputs were as tables showing changes in erosion, soil 
organic carbon, plant biomass production (as affected by soil 
changes), and harvest over any specified period, e.g., 20 years. 
Version 2, released in 1989, adds nitrogen cycling to the changes 
predicted; it also has created flexibility in the specification of 
the agroforestry systems, and a capacity for direct graphical 
output. 

SCUAF is basically an input-output model, as contrasted with 
other more sophisticated, process-based models of plant growth. All 
values, including initial soil conditions and rates of tree and crop 



growth, are supplied by the user. The model then estimates how such 
values will change in the future. It is a relatively simple model, 
intended to be usable by the agroforestry researcher who is not a 
computer specialist. Some uses are: 
(a) To indicate what data are needed from an experiment or 

agroforestry system to estimate soil changes; 
(b) To show whether a particular design, which is being considered 

for trial or extension, can be expected to sustain fertility; 
(c) To show the probable effects of changes in particular 

variables, e.g., the spacing of tree rows, or retention versus 
removal of crop residues; 

(d) As a training aid, to help people think about plant-soil 
processes and interactions. 
The model has successfully simulated reported results on 

erosion and soil fertility under agroforestry systems, including the 
practices of shifting cultivation, plantation-crop combinations, and 
hedgerow intercropping. It also demonstrates the contrast with 
nonsustainable crop monoculture. Examples were represented at the 
Third Kenya National Soil Conservation Conference. 

CONCLUSION 

The Potential and the Need for Research 

The seven hypotheses and one sub-hypothesis discussed above 
were developed as a breakdown of the basic soil-agroforestry 
hypothesis. In summary, it is possible to review the strength of the 
evidence for each, and so estimate the probable validity of the 
basic hypothesis or generalization. Table 1 presents a clear picture 
of the present situation. For 5 of the hypotheses, there is strong 
indirect evidence coupled with limited direct evidence from 
agroforestry experiments; the latter evidence is frequently sparse 
but largely positive. For nitrogen fixation by the tree component, 
indirect evidence is not needed since there is substantial direct 
proof. Only for the hypotheses of augmented inputs and reduction of 
toxicities is the evidence absent or negative. 

By a form of pseudo-summation, it is, therefore, suggested that 
the basic soil-agroforestry hypothesis, as stated above, is 
supported by strong, positive, indirect evidence derived from 
reasoning based on processes and experience from ecology, 
agriculture, forestry, and soil science. This is coupled with direct 
evidence, from agroforestry field experiments, which is, for the most 
part, positive but very sparse. It is available for only a few 
agroforestry practices and within a limited range of environments. 
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Table 1. Summary cf evidence for soil-agroforestry hypotheses. 
** = strong evidence, * = evidence positive but sparse, 
- = evidence negative, N.R. = not relevant 

E V I D E N C E 
Hypothesis Direct Indirect 

1. Erosion control * ** 

2. Organic matter and physical properties * ** 

3. Nitrogen fixation ** N.R. 

4. Increased nutrient inputs * 

5. Improved nutrient cycling * ** 

5B Synchrony * ** 

6. Amelioration of toxicities: acidity 

salinity * 

7. The role of roots * ** 

The basic soil-agroforestry hypothesis * ** 

If the basic soil-agroforestry hypothesis can be shown to be 
applicable to many agroforestry practices and systems, and over a wide 
range of environments, then the potential gains in soil conservation 
and sustainable land use are very large. The situation is, therefore, 
one of a high apparent potential of agroforestry for soil conservation, 
coupled with a sparsity of direct evidence. There could be no 
combination of circumstances which so clearly points to the need for 
research. 
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ICRAF'S MULTIPURPOSE TREE AND SHRUB DATABASE: 
A DECISION SUPPORT TOOL FOR RESEARCH AND DEVELOPMENT 

Peter von Carlowitz, International Council for Research in 
Agroforestry (ICRAF), P.O. Box 30677, Nairobi, Kenya 

Abstract Any introduction of woody perennials in 
land-use systems should be preceded by answers to the 
questions why, where, how, and what. ICRAF's multipurpose 
trees and shrubs (MPTS) database is introduced as an 
instrument to provide answers to the question "what". Its 
various functions are outlined and emphasis is placed 
on its role as a decision support tool that can be used 
whenever a choice of species of woody perennials for 
identified sites and specified functions has to be made. 
The concept of the database, its building blocks, sources 
of information, and outputs, as well as its limitations, 
are explained. 

As a matter of interest to all actual and potential 
users and beneficiaries of the database, an account is 
given of the future development of the database and of 
the methods and means by which an improvement of its 
information value will be achieved. Finally, a statement 
is made on the policies to provide access to the 
information accumulated in the MPTS database to wider 
audience. 

With declining natural resources and the failure of former 
concepts to tackle emerging problems in a direct sectoral approach, 
politicians, donors, and national and international development 
agencies alike started looking for alternative solutions to mounting 
economic and ecological problems. To fight immediate or predicted 
famines by converting large areas into monocrop-oriented 
food-production units often proved to be shortsighted when this was 
done at the expense or neglect of other vital resources. Also, the 
conversion of land to large fuelwood plantations to combat energy 
problems often failed to solve the problem of satisfying the many 
complex and interactive needs of the people. Furthermore, this 
simple monotrait reaction to problems more often than not ignored 
the possible negative ecological consequences and their long-term 
economic implications. 

WOODY PERENNIALS IN LAND-USE SYSTEMS 

Any attempts to introduce woody perennials, commonly addressed 
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as multipurpose trees and shrubs into land-use systems should be 
preceded by asking and answering the four questions: why, where, 
how, and what? Basically, the answers to the question "why" should 
be provided by the application of ICRAF's diagnosis and design (D&D) 
methodology, already referred to in this volume. However, the two 
principal answers to why woody perennials in land-use systems offer 
advantages, deserve to be looked at more closely. The ecological 
argument for trees and shrubs in land-use systems is connected to 
the alarming rate at which tropical forests disappear and to the 
obvious unsuccessful efforts to halt the process. The negative 
consequences in form of massive erosion, fertility decline, 
flooding, loss of property, etc., cannot continue to be ignored and 
cause increased concern not only among the victims but also among 
political decision-makers. 

Although forests have a different and more complex ecological 
impact than multipurpose trees in agroforestry systems, there can be 
no doubt that MPTS, if appropriately arranged, have the capacity to 
at least partly counterbalance the adverse ecological effects of 
excessive loss of forests (von Carlowitz, 1984). Ecological benefits 
of woody perennials in agroforestry and farming systems alone, valid 
and essential as they are, are hardly sufficiently convincing for 
hard-pressed, small-scale farmers. It is, therefore, important to 
note the multiple economic benefits trees and shrubs may add to a 
farming enterprise. 

The various primary products of trees and shrubs range from 
fuelwood, food, and fodder to less frequently used products, such as 
medicine, waxes, essential oils, resins, etc.,An analysis of uses 
mentioned in the MPTS database revealed that 82% of all incidents in 
which uses of trees and shrubs were reported concentrated on 
fuelwood, fodder, and food. Seven other reported uses together 
accounted for only 18% (von Carlowitz, 1987). These figures do not 
necessarily prove the frequency of the production use of trees, but 
they demonstrate, to some extent, the demand-driven preference of 
certain tree products. It also indicates that trees and shrubs have 
the potential to diversify production, to spread production risks, 
and to divert attention from scarce forest resources in respect to 
fuelwood demand and supply. Secondary or service uses as, for 
example, mulch production, shelterbelt, shade, and ornamental uses 
may have a less immediate impact on the economic situation of a 
farmer, but do contribute to the sustainability of yields and, 
thereby, to the maintenance of livelihood. 

In the series of principal questions, the "where" relates, in a 
wider sense, to the overall land-use pattern and the defaults in 
land-use practices that suggest interventions involving MPTS. On a 
systems level, it refers to the location in the systems where 
agroforestry technologies should be effectively placed (e.g., 
boundary planting, live hedges, hedgerows in cropland). 

Answers to the question "how" woody perennials should be 
introduced and used are associated with the arrangement of trees in 
the system and with their management (coppicing, pruning, 
pollarding, etc.). The latter is directed toward minimizing 
competition between woody and nonwoody components and the 
enhancement of productivity and sustainability. If satisfactory 
answers have been found to the questions why, where, and how, one 
remains to be addressed: what species to use? 
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KNOWLEDGE: THE KEY TO SPECIES SELECTION 

The many roles of trees and forests, the range of countries and 
their priorities for lands to be forested, and the number of 
objectives and systems for managing trees automatically imply that a 
large number of species are of interest (Burley, 1984). Whether this 
number is somewhat lower or higher than the 2000 mentioned by Burley 
(1984) is almost immaterial if we are confronted with the task of 
making a rational choice from among them in a practical case of a 
required intervention into default land use. 

An objective choice of species that takes into consideration 
the functions and products required, the associated tree 
characteristics, and the environmental situation at the site of 
their intended introduction requires knowledge about as wide a range 
of species as possible. In this respect, there are two separate 
issues. One is the existing body of knowledge and the other is the 
accessibility of this knowledge. The unsatisfactory situation with 
regard to existing knowledge can be explained by the unavailability 
of sufficient funds and manpower to research the large number of 
potentially interesting species. Requesting more funds, however, for 
research into more species appears dubious if the knowledge that 
exists already cannot be made accessible to those who need the 
information. Furthermore, inaccessibility of knowledge often leads 
to substandard professional standards, considering that research 
should start where knowledge ends and that the choice of species in 
development activities should be based on the latest state of the 
art. 

What can be done to improve this situation? How can expedient 
information be transmitted effectively to the users and continuously 
updated? Modern electronic data processing, rapidly spreading 
computer hardware, and the progressing development of efficient 
software programmes now provide the means to store, disseminate, and 
update information in an efficient manner. 

ICRAF'S MPTS DATABASE 

Concept 

A database was established and is being maintained at ICRAF 
with a view to gradually assessing the biophysical range of MPTS 
species, assessing uses of MPTS beyond the commercial use; 
identifying information gaps and research needs; providing the basis 
for an economic assessment of MPTS species and facilitating the 
preselection of candidate species for research and development in 
agroforestry. The MPTS database is conceptualized to highlight 
information on MPTS species that is relevant to agroforestry and the 
role and functions of trees and shrubs in land-use systems. 

To provide an overview of a large number of species in a 
comparable fashion, it has been designed as an inventorial type of 
database. Consequently, the level of detail is not that of 
specialized or supplementary databases. The latter provide detailed 
information on certain aspects (e.g., on wood properties or 
N-fixation). 
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Building Blocks 

Species contained in the database are described with a clear 
focus on the requirements of agroforestry. Therefore, certain sets 
of information and data are provided, forming the following major 
building blocks: 

(a) Biophysical site requirements of the species (climate and 
soils); 

(b) Tree attributes (phenology, morphology, tolerances, and 
intolerances to environmental and other factors); and 

(c) Uses (production and services). 
The data set of each of these blocks is limited to only that 

information considered the minimum necessary to describe a species 
to the extent that most requirements of agroforestry are served. 

Sources of Information and Current Status 

The information and data contained in about 2100 descriptions/ 
entries on close to a 1000 species the database currently includes 
are obtained from volunteer contributions and from specially mounted 
field data collection missions throughout the tropics and 
subtropics. These original site-specific descriptions relate a 
species directly to the climate and soil conditions under which it 
grows. They also provide important socioeconomic information on 
local or regional use preferences. Site-specific species 
descriptions, therefore, form the backbone of the database. 
Supplementary species descriptions are generated from selected 
literature. 

Regardless of whether the information is collected in the field 
or extracted from selected literature, the format it is presented in 
and the descriptions used are always the same. To maintain 
comparability, a data sheet sets the standard by which information 
is collected, entered into the computer, processed, and retrieved. 

Hardware and Software 

The database is currently running on IBM-compatible WANG PCs. 
The software used is, apart from MS DOS, KnowledgeMan II for data 
entry and processing and MICRO CDS/ISIS for retrieval operations. 
Within the Kman II environment, the various information items/fields 
are arranged in 17 files. From there, any information in almost any 
conceivable combination can be retrieved. 

At present, prograTree roots: conduits for deep rechargemming 
work is under way to replace Kman II 

and CDS/ISIS software by the MDBS III data manager. This 
high-powered software package does not require link files and 
combines processing and retrieval operations, thus saving and 
increasing the speed of retrieval. 

Functions and Outputs 

The crucial question is: "In what ways can the MPTS database 
that has been established and is maintained at great cost and time 
input, serve researchers and development workers concerned with 



agroforestry?" The principal objective is to compile, analyze, and 
make available, in a digested and useable form, information on MPTS 
species that is relevant to their application in land use. It is 
meant to help overcome the constraint under which field researchers 
and development workers have to operate, often with limited access 
to information they require. Even if researchers and development 
workers have access to a reasonably sized body of literature, each 
one of them would have to make time-consuming efforts to retrieve 
information that is relevant to the specific agroforestry situation. 

ICRAF's MPTS database offers exactly this kind of selected 
information. For the time being, it can be provided at the following 
levels: 

(a) In the form of accumulated information and data on 
individual species. Printed outputs: "species profiles" 
(passport-type information sheets) or "species summary sheets" (all 
information contained in the database, presented in tabular form, 
relating individual sets of information to actual growing sites); 

(b) By relating individual species to specific information 
(e.g., species that coppice, species that can provide fodder, etc.) 
printed outputs: species list as a result of such searches of the 
database; and 

(c) By complete interaction and combination of any type of 
information contained in the database used for the preselection of 
candidate species for identified environmental conditions and 
intended agroforestry interventions. Printed outputs: species lists 
resulting from such conditional string searches. 

All of the foregoing outputs are, or can be, accompanied by a 
consolidated, nonrepetitive list of references that indicates the 
sources of information provided. For agroforestry field workers, but 
also for field researchers, the level 3-type of information service 
is of particular interest. This is confirmed by the bulk of the more 
than 100 information requests received last year that required this 
type of service. 

Based on a minimum set of climate data, soil parameters, 
expected functions, and required tree products that are provided by 
the requestor, a string of concurrent conditions is formulated for 
the search of the database. In a sequence of sorting and elimination 
processes, those species are identified that match the combination 
of all conditions. This candidate species selection by matching 
sites and tree attributes offers considerable assistance to 
decision-making processes in both agroforestry research and 
development. 

Some Limitations 

As mentioned earlier, species emerging from site and tree 
characteristic matching are addressed as candidate species. The 
selection process narrows down the vast number of species to those 
that should be tried as the most likely to grow at the identified 
site and to fulfill best the intended functions. However, the 
species recommendation cannot be a pass to absolute success. 
Microclimatic differences and micro variations in soil conditions 
that cannot be captured by the relatively broad descriptors by which 
the selection is conducted, can and may decide the success or 
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failure of a species. Furthermore, for most of the MPTS species, 
which only recently have received the attention of scientists, 
environmental requirements and tolerances are not yet fully 
understood. 

Future Development and Accessibility 

With about 2100 descriptions of close to 1000 different 
species, the MPTS database probably makes up the largest body of 
agroforestry-oriented information on woody perennials. There is, 
however, much left to be done to improve this information system. 
The following issues are the ones that will be addressed in the 
immediate future as a matter of priority: 

(a) The information coverage of the roughly 1000 species 
contained in the database varies considerably judged by the number 
of descriptions per individual species. Therefore, the future focus 
of information and the data collection will be vertical rather than 
a horizontal. More information is needed on those species that are 
already on computer. 

(b) Increased efforts are required to consolidate the existing 
information. After the taxonomic nomenclature has been checked and 
corrected with the help of the Royal Botanic Gardens, Kew, the 
following priority areas will require immediate attention: 

- Cross-checking of reported ability of species to fix 
nitrogen by using the respective matter list published by 
the Nitrogen Fixing Tree Association, Hawaii; 

- Completing missing information on thorniness/spininess of 
species; 

- Separating edible food production of domesticated species 
from food production of trees in their wild, unimproved 
state; and 

- Separating species having the capability to produce timber 
of saw log quality from those that produce timber for 
general utensils, etc. This is necessary as saw log 
production on farms has become an issue of importance. 

(c) Restructuring of the entire database aimed at a better 
transparency and accessability of all information contained in the 
database, improving the formulating of search strings, increasing 
the speed of retrieval operations, and improving the user 
friendliness of the whole database. By making better use of 
information that is already in the database as, for example, 
site-specific preferences of certain tree uses and number of 
occurrences related to soil parameters, tree products, etc., an 
attempt will be made to exclude the exceptional and atypical 
occurrence of certain features when searches are conducted. This 
will lead to better and more pin-pointed results of searches of the 
database and, consequently, to an improved information service. 

(d) In spite of its general focus on agroforestry needs, the 
database is, so far, component oriented. With the gradual 
development of clearly defined agroforestry technologies and the 
tree attributes associated with them, species in the database can 
now be linked to technologies. Once the necessary programming work 
is completed, the database will be able to identify suitable species 
for certain technologies and, vice-versa, technologies that fit 
certain species. The gains in information value and user 
friendliness of the database will be considerable. 
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With regard to future improvements of the accessibility and 
dissemination of information, the following major activities will be 
pursued: 

(a) Publication of "Multipurpose Tree and Shrub Crop Sheets". 
These will be printed from computer-produced originals. Each crop 
sheet will be dated and distributed as an exchangeable part of a 
looseleaf book; and 

(b) Documentation and publication of version 1 of the entire 
MPTS database. 
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EXPLORATION AND DOCUMENTATION OF "LESSER-KNOWN" 
TREES AND SHRUBS WITH AGROFORESTRY POTENTIAL 

Ndegwa Ndiang'ui, East African Herbarium, National Museums of Kenya 
P.O. Box 45166, Nairobi, Kenya 

Abstract The over dependence on a few species of plants 
for agroforestry is evident in Kenya. Usually those 
already in popular use are exotic introductions from other 
countries, for instance, Leucaena latisiliqua (Syn. L. 
leucocephala). The bulk of trees and shrubs with 
agroforestry potential in the country has not been realized, 
hence the need to intensify exploration, collection and 
documentation, as well as going a step further in storage, 
evaluation, characterization, germplasm conservation, and 
utilization of the suitable species. 

The very varied physiographic/climatic features of Kenya 
command an enormous potential of species suitable for each 
ecoclimatic zone of the country. The primary sources of 
information concerning such species, and which aid in the 
exploration and documentation exercise, are ethnobotanical 
surveys and the Herbarium. 

The urgent need to gather such information is 
necessitated by various factors, among them widespread 
habitat destruction which threatens those species with 
extinction and irretrievable loss of essential genetic 
material. Moreover, the disappearance of that culture 
which evolved the multiple uses of various plant species 
is imminent and that knowledge should not be allowed to 
disappear altogether. 

The need to intensify exploration in search of those plants 
suitable for agroforestry arises from the fact that those habitats 
that contain indigenous species today are under imminent threat of 
conversion to agricultural monocultures, plantation forests, or are 
affected by other forms of development. 

Agroforestry in the African context is only new as a 
terminology, but the land-use practice has been going on for a long 
period of time. With the advent of the present conventional modes of 
agriculture, the farmer was influenced and, in some cases, forced to 
establish and maintain monocultures by the agricultural advisers, 
making him discard his old practice of leaving some trees and shrubs 
standing in the land along with other crops. This practice was also 
reinforced by cash crop farming where it was and still is mandatory 
to remove all other plants except the desired one. 

Exploration affirms availability of germplasm in the wild, 
which, in some cases, may be a single tree or a few trees in a 
reverine patch, or a woodlot in agricultural land. It may also be 



one on a very steep hillside where cutting for other uses has been 
hampered by the topographic "features or terrain. In other cases, the 
tree may have some cultural value limiting or regulating its 
removal, and, in such cases, single trees may be found standing in 
isolation. 

SOURCES OF PRIMARY INFORMATION 

Culture is usually associated with people's use of plants 
within their environs. This cultural association is one that evolves 
over long periods of time, being handed down through generations 
through oral literature. Such uses of plants took the form of food 
plants, those with curative powers, those supporting bees for honey 
production, others with anti-vermin properties and others with 
reverence for tribal rituals, etc. These are trees or shrubs that 
would be multipurpose, but knowledge about them is hampered today 
because the generations that evolved with it are slowly dying 
without handing it down adequately. The double tragedy here is that 
oral literature, as a tool for preserving cultural values, has 
largely been discarded while massive habitat destruction continues 
to erode those essential plants at a rather fast and alarming rate. 

Ethnobotanical Surveys 

One of the major sources of such information is therefore 
ethnobotanical surveys, documenting all plants and their uses within 
communities in the country. This becomes a necessary prerequisite 
considering introducing new agrobased systems of land use in any 
community in order to achieve successful programmes. A few such 
surveys have been conducted by researchers and they usually generate 
checklists of plants with their local names and uses by both human 
and livestock. This is essentially basic information on which 
further research can be conducted isolating those suitable 
multipurpose plants and collecting their germplasm. 

Herbarium 

The E.A. Herbarium forms a very essential source of information 
concerning plants in general. It has well over 600,000 plant 
specimens representing plants of the tropical East African region 
with about 60% coming from Kenya. This represents an enormous wealth 
of information that is usable in finding out localities of plants, 
their general distributions, economic uses, ecology, etc. 

The records at the E.A. Herbarium also give clues regarding the 
status of a given habitat, and even of species in its particular 
ecological range. Some useful species may have been overexploited 
through debarking, cutting, or sometimes digging of roots. The 
information on a herbarium sheet may, therefore, indicate the 
frequency of occurrence that the species has been met with over the 
years. Ultimately, for the correctness of naming of species, 
dependence on the herbarium is inevitably encouraged. 
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STRATEGY FOR FIELDWORK 

Personnel from government departments and NGOs and private 
individuals alike engage in field collecting expeditions or visits 
to various areas in search of particular information regarding 
plants. More often than not such expeditions are conducted 
hapharzadly and tend to be wasteful of resources and sometimes 
frustrating to the individual. When planning for a field expedition 
for an exploration and documentation exercise, it is necessary to do 
some ground work on the plants growing in the area to be visited. 
This would eliminate wasteful journeys where collectors go and 
record only the presence of species in some localities, but due to 
the untimeliness of visit, the phenological stage does not suit seed 
collecting. A pre-exploration search in the Herbarium records would 
indicate the time of flowering and period of seed-set to ensure the 
expedition collects material for the Herbarium records and seed for 
germplasm storage. 

Mapping of Species Distributions 

This is an exercise that can begin in the Herbarium once the 
field locality to be explored has been chosen. The preliminary data 
here is mainly on those species that are likely to be encountered in 
the field. Additional data is acquired and included at the 
completion of the exploration. The essence here is to relate 
agroclimatological data with species ranges in their natural 
habitats. This becomes necessary when considering introducing 
species in areas where they are desired, for ease of establishment 
and habitat/ecological preferences, and should, therefore, be an 
integral part of the exploration and documentation exercise. The 
Department of Surveys and Remote Sensing (KREMU) conducts mapping of 
habits or forests and bushlands, especially in rangelands, whereas 
the wildlife planning unit has divided the country into biotic 
communities and natural regions. The E.A. Herbarium conducts 
floristic inventories and surveys which generate detailed species 
compositions of particular habitats, availing information essential 
for further research. 

KENYA'S POTENTIAL MULTIPURPOSE TREES AND SHRUBS 

The development process in Kenya is rather fast and, in some 
cases, it threatens the very resources on which it depends. Of 
concern is the disappearance of forested land and bushlands which 
play host to a wide range of species of plants that are potentially 
multipurpose. For instance, Dalbergia melanoxylon (African 
Blackwood or Ebony) (Dale and Greenway, 1961), a rangeland species, 
is currently endangered by the lucrative wood-carving industry. This 
species is also a legume, capable of nodulation and can be grown 
along with crops or pasture where its leaves could ameliorate soil 
fertility. 



The rationale of utilizing the limited land area to an optimal 
output in all parts of the country becomes a guiding force in 
exploring and introducing trees and shrubs suitable for agrarian 
systems. The other need also concerns the limited number of such 
species that are already known and in use in agroforestry systems. 
The scope is limited and the tendency is to propagate a few species 
on a large scale, even tending to narrow their genetic base. The 
approach has been to introduce and popularize exotic species on 
which research has been done elsewhere regarding seed availability, 
germinability, silvicultural requirements, etc., notwithstanding the 
fact that a local equivalent could be found and researched upon and 
its potential realized. Owing to their competitive advantage over 
local possible counterparts, exotic species seem to be doing rather 
well, being away from their natural predators and relatively free 
from competition. They also are at an advanced stage in terms of 
ease of propagation, acceptance, etc. 

The local indigenous trees and shrubs are usually the "lesser-
known" species, regarding their agroforestry potential. And even 
where they could be locally grown and used, they are not widely 
cultivated. Their survival depends on their capability for natural 
regeneration. This is against the background of continued reduction 
in size of their natural habitats and lack of research (even basic 
in nature) to establish their potentiality. 

At the other end of the scale, utility species such as 
indigenous fruit trees, fibre, dye, medicinal, vegetable, and edible 
root species, or such other easily acceptable trees or shrubs, have 
been largely ignored. And as their populations in the wild continue 
to dwindle, they degrade in genetic potential. Tables 1 and 2 are by 
no means exhaustive lists, but rather preliminary indications of the 
potential trees and shrubs that could be useful for agroforestry. 

Table 1. Potential Trees and Shrubs for Agroforestry 

Family Genus/species Remarks 

Papilionaceae Abrus sp. 

Mimosaceae Acacia spp. 

Nodulating 

Nodulating, semi-arid and arid 
environments, multiple uses 

Papilionaceae Adenocarpus sp. 

Papilionaceae Aeschynomene spp, 

Caesalpinaceae Afzelia sp. 

Papilionaceae Agryrolobium sp. 

Mimosaceae Albizia spp. 

Nodulating 

Nodulating (mostly hydrophytes) 

Nodulating (Coastal) 

Nodulating 

Nodulating, timber, fodder 
green manure 

Caesalpinaceae Baikiaea sp. Nodulating 
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Table 1. continued 

Family Genus/species Remarks 

Papilionaceae 

Caesalpinaceae 

Caesalpinaceae 

Caesalpinaceae 

Papilionaceae 

Caesalpinaceae 

Papilionaceae 

Papilionaceae 

Papilionaceae 

Caesalpinaceae 

Mimosaceae 

Papilionaceae 

Eaphia sp. 

Eauhinia sp. 

Erachystegia spp. 

Caesalpina spp. 

Calpurnia sp. 

Cassia spp. 

Craibia sp. 

Crotalaria spp. 

Erythrina sp. 

Erythrophloeum sp. 

Entada sp. 

Colutea sp. 

Papilionaceae Ealbergia sp. 

Mimosaceae Dichrostachys sp. 

Papilionaceae Eesmodium spp. 

Caesalpinaceae Eelonix spp. 

Papilionaceae Elemingia spp. 

Papilionaceae 

Papilionaceae 

Papilionaceae 

Papilionaceae 

Galactia spp. 

Indigofera spp. 

Kotschya spp. 

lonchocarpus spp. 

Nodulating 

Nodulating, multipurpose 

Water and soil conservation, 
charcoal 

Multipurpose, medicinal 

Nodulating 

Nodulating, multipurpose 

Nodulating 

Nodulating, green manure 

Nodulating, already in use, 
widespread distribution 

Nodulating, medicinal (Coastal) 

Nodulating, green manure 

Nodulating, soil erosion control, 
forage 

Nodulating, wood commercial, 
fodder, soil improvement 

Nodulating, soil erosion control, 
soil improvement 

Nodulating, cover plants, forage, 
medicinal 

Fast growing, charcoal. Semi-arid 
areas 

Nodulating, cover crop, green 
manure 

Nodulating, soil erosion control 

Nodulating, multipurpose 

Nodulating, soil binding 

Nodulating, multipurpose 
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Table 1. continued 

Family Genus/species Remarks 

Papilionaceae Milletia spp. 

Mimosaceae 

Mimosaceae 

Papilionaceae 

Caesalpinaceae 

Caesalpinaceae 

Mimosaceae 

Caesalpinaceae 

Caesalpinaceae 

Papilionaceae 

Papilionaceae 

Papilionaceae 

Caesalpinaceae 

Caesalpinaceae 

Mimosa spp. 

Slewtonia spp. 

Ormocarpum spp. 

Oxystigma msoo 

Paramacrolobium 
coeruleum 

Parkia spp. 

Parkinsonia spp. 

Nodulating, multipurpose, soil 
improvement 

Soil binding, forage, green manure 

Fast growing, timber tree 

Nodulating, green manure, food, 
arid areas 

Coastal, multipurpose 

Coastal, very hard durable wood 

Nodulating, Coastal multipurpose 

Semi-desert and arid lands 
species, wood carving potential 

Piliostigma spp. Pioneer plants, multipurpose 

Platycelyphium 
cyananthum 

Psoralea spp. 

Sesbania spp. 

semi-arid species, endemic to 
tropical East Africa 

Nodulating, soil-binding 

Nodulating, forage, light wood 
potential commercially (toys) 

Tamarindus indica Multipurpose species 

Trachylobium 
verrucosum 

Papilionaceae Xeroderris sp. 

Source of copal, endemic to East 
Africa, Madagascar,Coastal species 

Coastal, Nodulating, fodder, wood 
for canoes. 

Source: (i) Allen and Allen (1981) 
(ii) Milne-Redhead & Polhill (1959—on-going) 



Table 2. A List of Non-Leguminous Species with Potential for 
Agroforestry 

Family Genus/species Remarks 

Anacardiaceae Lannea spp. 

Anacardiaceae 

Annonaceae 

Apocynaceae 

Apocynaceae 

Bignoniaceae 

Boraginaceae 

Sclerocarya sp. 

Uvaria sp. 

Carissa edulis 

Saba sp. 

Markhamia sp. 

Cordia spp. 

Burseraceae Boswellia spp. 

Burseraceae Commiphora spp. 

Capparaceae Eoscia sp. 

Capparaceae Maerua spp. 

Compositae Vernonia spp. 

Euphorbiaceae Croton spp. 

Euphorbiaceae Synadenium sp. 

Euphorbiaceae Erythrococca spp. 

Flacourtiaceae Eovyalis sp. 

Guttiferae Garcinia sp. 

Lythraceae 

Olacaceae 

Rhamnaceae 

Rhamnaceae 

Rubiaceae 

Lawsonia sp. 

Ximenia sp. 

Berchemia sp. 

Rhamnus sp. 

Vangueria spp. 

Rangeland species, fibre, 
vegetable and fruits, edible root 

Edible fruits, rangeland 

Fruits edible 

Fruit and Vegetable, root edible 

Edible fruits 

Shade, soil-binding 

Fast growing, edible fruits and 
root, fuelwood, timber 

Source of incense 

Gum article of commerce, 
rangelands 

Rangeland species, fruits edible 

Edible root, soil-binding 

Potential commercial oil, 
soil-binding 

Fuelwood, shade 

Anti-vermin properties 

Leaves vegetable 

Edible fruits 

Widespread distribution, leaves 
and fruits edible 

Source of Dye 

Edible fruits 

Rangeland tree with multiple 
uses 

Medicinal 

Edible fruits 
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Table 2. continued 

Family Genus/species Remarks 

Rubiaceae Canthium spp. Edible fruits 

Rubiaceae Meyna sp. Browse, edible fruits, rangeland 
species 

Rubiaceae Tennantia sennii Rangeland species, edible fruit, 
browse 

Salvadoraceae Dobera glabra Forage for stock, rangeland 
species, edible fruits 

Tiliaceae Grewia spp. Rangeland species, fruits edible, 
browse 

Sterculiaceae Sterculia spp. Rangeland species, source of gum, 

timber 

Sapotaceae Manilkara sp. Multiple uses, rangeland tree 

Verbenaceae Vitex spp. Fuelwood, timber, fruits edible. 

From i) Milne-Redhead & Polhill (1959 - on-going) 
ii) Kabuye (1986) 
iii) FAO Forestry Paper 44/1 (1983) 
iv) IBP3R 84/149 (1984) 
v) National Academy of Science (1980) 



ENERGY SUPPLY THROUGH AGROFORESTRY 

G.N. Gathaara, Ministry of Energy, Biomass Energy Technology 
Division, P.O. Box 30582, Nairobi, Kenya 

Abstract Agroforestry farming has found much support 
in the last half of the 1980s primarily to address the 
fuelwood energy crisis both at the national and 
international levels. During this period, the testing of 
various models and the screening of agroforestry species 
have been the major preoccupations of many researchers. 
The Ministry of Energy (MOE) has since 1981 played a 
leading role in woodfuel resources development through 
agroforestry field trials in the 6 ecological zones of 
Kenya. 

Over 80 tree species are now growing in the MOE 
agroforestry energy centres for the purposes of crop/tree 
interaction investigations on a long-term basis. The 
systematic experimental design utilized in the alley-
cropping trials has been very useful in species 
performance evaluation and for demonstrations. 

High tree-planting densities are the highest biomass 
producers and most effective in weed control. This paper 
is based on the experience of the Ministry of Energy 
agroforestry trials. 

Sessional Paper No. 1 of 1986 on Economic Management for 
Renewed Growth (Republic of Kenya, Government Printer, 1986) 
emphasizes the need for wood energy resources development in Kenya. 
In that Paper, 3 million hectares of agroforestry farming are 
estimated to be required, at a cost of 16 Kenya pounds per hectare, 
in order to sustain wood energy demands through the year 2000. The 
agroforestry farming systems are targeted for the medium- and 
high-potential areas. 

The other strategies: (a) reafforestation in all regions of the 
country, and (b) woodfuel plantations close to urban centres 
particularly in the low- and medium-potential lands, are suggested 
as supplementary programmes in addition to agroforestry farming to 
assist in meeting national wood demand. 

A limiting factor for agroforestry and social forestry 
development in the country is the lack of comprehensive policy and 
legal framework regarding social forestry development (Owino, 1988) 
resulting from historical and institutional reasons. The planning, 
implementation, and management of the 3 million hectares of 
agroforestry and long-term research needs are, therefore, 
unfortunately, not defined. 



ENERGY AS RELATED TO FOOD 

Chairman Mao stated in 1958 that agriculture, forestry and 
animal husbandry should be interdependent and none of them can 
dispense with the other: these three should be placed on an equal 
footing (Evans, 1982). According to Evans, the integration of 
forestry and farming is better land husbandry than either one on its 
own in the practice of agroforestry. Since humans began using fire 
to cook their food, energy and food have intimately been related 
(Eckholm, 1975). According to these authors, the destruction of 
forests causes firewood gathering to range further and further away 
from its point of use. In essence, labour time that could have 
otherwise been productively allocated to other needy fields of rural 
development, such as health, education, and agriculture, etc., 
becomes concentrated in fuelwood gathering. 

The flow of renewable biomass energy resources is quite complex 
in the supply and demand matrix. In a fuelwood survey in Kenya, The 
Institute for Energy and Human Ecology, The Beijer Institute (1984) 
noted that the problems of fuelwood supply and demand were closely 
linked to various factors. These factors included demographic 
trends, alternative fuel availability and government policies. 

In 1985, Kenya's total consumption of wood energy was 
approximately 23.4 million tonnes (5.2 million t.o.e) which 
translates to over 1.0 tonne per capita consumption. Woodfuel is 
largely consumed in rural areas as fuelwood and as charcoal in urban 
centres. In the next few years, the average fuelwood and charcoal 
demand is projected to grow at about 5% and 10% per annum, 
respectively. 

The greatest demand for fuelwood is in the high potential land 
areas of Kenya where the population densities are greatest. But here 
also, is where the use of land for the production of food for the 
nation is correspondingly highest. The challenge that emerges from 
this situation is the need to implement tree-planting measures that 
are complimentary, not competitive, with the use of land for 
agricultural purposes. The important role of agroforestry practice 
in national development cannot, therefore, be over emphasized. 

CONSIDERATIONS FOR FUELWOOD PRODUCTION 

Fuelwood Species 

The National Academy of Sciences (1980 and 1983) outlines a 
comprehensive survey of species suitable for use as firewood crops 
in various climatic zones in developing countries. Over 80 species, 
with detailed information, have been recommended for fuelwood. The 
Ministry of Energy, through donor-funded projects, has greatly 
contributed to the list through agroforestry species screening 
trials for the various ecological zones for almost 70 species for 
Kenya (Table 1). 
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Some of the basic broad characteristics for a species to be 
considered a suitable fuelwood crop include: 
(a) Easy establishment and requiring minimum care and management; 
(b) Rapid growth even on poor soil; 
(c) Resistance to diseases and pests; 
(d) Survival in droughts; 
(e) Production of wood with a high heating value; 
(f) Ability to coppice prolifically; and 
(g) Multipurpose use for increased unit land productivity. 

Other considerations include nitrogen fixation and 
intercropping characteristic advantages in terms of positive crop 
shading effects, high litter fall, and weed suppression, to mention 
but a few. 

The silvicultural practices to be applied depend on the land 
owners' objectives and on the tree species (Smith, 1962). Thinning 
and pruning of trees and site maintenance are manipulated towards 
optimising yields and quality of trees. Financial implications might 
dictate their avoidance to the minimal (Clutter et al., 1983 and 
Evans, 1982). In short rotation cycles, for example, 1 or 2 years, 
thinning and pruning could be avoided altogether depending on the 
species rate of growth and farmer's objectives. 

Inadequate light penetration on canopy closure is the most 
limiting factor to yields of crops intercropped with trees, 
especially during the rainy seasons as the trees grow rapidly. This 
is even more limiting the higher the planting density becomes as the 
canopy gets more compact. With the onset of a wet season, the canopy 
should be opened up gradually to better the crop performance. 

In an economic return analysis, Vergara (1960) recommended 1-
and 3-year cutting cycles. This was for split and unsplit firewood 
grown Leucaena, respectively. He noted that rotation based on 
financial returns would be longer on good sites compared to poor 
sites. This is because the stand growing on them would continue 
yielding a rate of return above the alternative rate of interest for 
a longer time. Growth performance of an individual tree is site 
dependent. A site is defined as a function of several interactive 
components that include the environment, soil factors, topographic 
characteristics, and competition with other plants (Husch et al., 
1972). An agroforestry tree species might, therefore, produce 
different yields according to the ecozone. 

Short Rotation Biofuel Energy Crops 

The need to meet the ever-increasing fuelwood demand and the 
critical need to maintain or increase the soil fertility for a 
viable agricultural production base calls for appropriate tree 
species development (Mathur et al., 1984). Because of competing land 
goals, attempts to enhance fuelwood supplies dictate that this shall 
only be possible through increased yields per unit area. This 
enormous endeavour will only be made possible by planting well-
adapted and fast-growing tree species. An additional advantage to 
fast growth rate would be the ability for extensive coppicing 
capability so that subsequent production cycles are sustained 
economically and within a reasonably short time span. 

The genera Leucaena is probably best known for fast growth 
rates, diverse adaptations for a wide range of uses, and for its 
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capability to coppice prolifically (Mathur et al., 1984 and Evans, 
1982). According to Hutton et al. (1976), it is recommended that the 
dry wood yields of this genera be regarded as an index of vigour in 
growth. Without an extensive framework of woodiness, a Leucaena 
line would lack the potential to produce large numbers of buds and 
high yields of edible dry matter. This indicates a high ability to 
branch to be desirable for higher wood yields which could be 
achieved through a breeding programme. 

MODEL EXPERIENCE 

So far, the Ministry of Energy has established six agroforestry 
energy centres for the four agroclimatic zones at: Mtwapa (coastal 
lowlands); Kitui (arid and semi-arid zone); Ngong/Jamhuri (upland 
savannah); and Wambugu, Bukura, and Kisii (highland zone); with 2 
subcentres at Matuga (coastal lowlands) and Ukai (arid and semi-arid 
zone). 

In all these centres, parallel alley cropping is the main model 
that has been adopted for the experimental and demonstration work. 
There are notable advantages with this model. 

In the adopted systematic experimental design through which 
alley cropping was to be demonstrated there are 12 espacement 
modules as noted in Table 2. 

Table 2. Espacement Modules 

Module 

2A 
2B 
2C 
2D 
4A 
4B 
4C 
4D 
8A 
8B 
8C 
8D 

row x 
width 
(m) 
2.0 
2.0 
2.0 
2.0 
4.0 
4.0 
4.0 
4.0 
8.0 
8.0 
8.0 
8.0 

in line 
density 

(m) 
0.5 
1.0 
2.0 
3.0 
0.5 
1.0 
2.0 
3.0 
0.5 
1.0 
2.0 
3.0 

trees/ha 

10,000 
5,000 
2,500 
1,050 
5,000 
2,500 
1,250 
825 

2,500 
1,250 
625 
412 

length 
(m) 
5 
10 
20 
30 
5 
10 
20 
30 
5 
10 
20 
30 

Number 
of 

trees 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Some of the outstanding advantages in this design are: 
(a) Clear visual interpretation of the gradation in the tree/crop 
interactions and different performances of species, 
(b) It is easy to convince a farmer of the impact on increased unit 
land productivity and practicability of the agroforestry concept 
since the plots serve also as demonstration points without 
interferences on the research setting, 
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(c) Rapid statistical appraisal and agroforestry potential 
identification. 
(d) Establishment of the design on the ground is easy and 
inexpensive both in terms of labour input and equipment requirement, 
(e) Measurements are not complicated and are easy to follow in 
subsequent measurements since the plots are accessible, 
(f) In a large area of operation, this approach is flexible for 
various statistical data analysis manipulation, e.g., in terms of 
randomization and replication at sampling stages, 
(g) This design allows for wide espacement combination study (in 
this case 12 modules) at the same time; and 
(h) The parallel design allows for maximising the amount of sunlight 
capture for maximum photosynthesis since it is easy to align the 
trees on an East to West orientation. 

Disadvantages of the Model 

A major drawback to the model is the fact that it gives an 
impression of a classical forestry approach. The choice of the 
model, however, was deliberate because, by 1980, many foresters and 
agriculturalists were still doubtful that trees could successfully 
be intercropped with agricultural crops. Also, the choice of this 
model was to enable the farmer conceptualize the ease of the 
agroforestry practice. It is also true that over 90% of the stable 
food in Kenya, mainly maize and beans, is produced through multiple 
cropping that follows a more or less parallel design, which may be 
referred to as an agricultural classical approach. In this case, 
therefore, combining the two classical approaches successfully in 
one design clearly removed doubts that persisted during the 
implementation of field agroforestry demonstration and research 
trials by the Ministry of Energy. 

The alley-cropping model is not the only one recommended by the 
Ministry of Energy. The Kenya Woodfuel Development Programme, a 
project operating under the auspicies of this Ministry, has tried 
others, including: hedgerow, boundary, and woodlots plantings as may 
be applicable to the farmer's needs. 

One of the major tools for manipulating the growth of an 
aggregate of tree crops is spacing. In addition to thinning and 
species selection, initial spacing between trees has remarkable 
influence on a stand development (Evans, 1982). Wider tree spacing 
leads to loss in yield per hectare as compared to closer tree 
spacing. This can be explained by the difference in the amount of 
photosynthetic surface area. 

Even though tropical woody legumes have proven to be very 
productive, the factors controlling their productivity under 
intensive management systems have not been well defined (Guevarra et 
alot 1978). In an intra-row spacing and cutting regime study, these 
workers observed increased yields with less frequent cuttings 
whereas the percentage forage fraction increased with frequent 
cuttings. Pathak et al. (1980) obtained high Leucaena forage 
yields at high planting densities, frequent cutting intervals and at 
high cutting levels. Higher cutting levels above the ground enable 
the tree to develop many resprouts that are responsible for high 
yields in the following harvest. On the other hand, planting density 
has been found to have no significant effect on the number of 
branches during resprouting. 
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Biomass Productivity and Harvesting Regimes 

Trees/maize, beans, or cassava have been the main intercrops in 
the Ministry of Energy field trials since they are the agricultural 
crops widely grown by the Kenya small-scale farmers. The sequence of 
seasonal cropping as practised by the farmers and the planting 
recommendations of the Ministry of Agriculture have strictly been 
adhered to. In the spatial arrangement, the tree is seen as playing 
a service role to the crops as would be expected. 

The guiding tool in deciding on pruning and complete tree 
harvesting is based primarily on the interference on crop yield 
performance by tree canopy closure. The Table 3 shows biomass 
productivity at the coast before any manipulation on the trees after 
two years. The high density modules of 10,000, 5,000 and 2,500 trees 
per ha. in the 2 m and 4 m row-to-row spacing range have proved to 
be the highest tree biomass producers. At the same time, these trees 
are also in the row spacings in which canopy closure occurs first. 
Crop yields under Leucaena, where canopy closure develops rapidly, 
are seen to start dropping in this range more than the rest of the 
species. The high tree density range is recommended for fodder 
production for the cut-and-carry system or for fuelwood production 
under complete frequent harvesting regimes that should coincide with 
crop planting. The 2 m and 4 m row to row spacing modules are also 
leading in weed control, but, unfortunately, with limited mechanical 
access within the plots. The lower density modules in the 8 m row 
spacing are broadly recommended for fuelwood/fodder/timber 
production with complete tree harvesting ranging from 3 to 10 years. 

Table 3. Biomass Yields of some Selected Species Intercropped with Maize 

Maize* 

Species 

Casuarina equisetifolia 

Eucalyptus calmaloulensis 

Acacia albida 

Anacardium occidertale 

Psidium quajava 

Gliricidia sepium 

Sesbania grandiflora 

Leucaena leucocephala 

Average 
Height(m) 

6.1 

: 7.5 

3.4 

1.7 

1.7 

4.9 

1.4 

5.5 

Average 
**DBH(cm) 

4.0 

6.7 

3.8 

1.0 

1.0 

1.0 

1.0 

5.1 

% 
Survival 

99 

98 

83 

91 

98 

98 

99 

95 

yield 
kg/ha 

2830 

2000 

2810 

2950 

2900 

1640 

2050 

1167 

Age 
Years 

2.3 

2.3 

2.3 

1.3 

1.3 

2.3 

1.3 

2.3 

* Yield on cob 
**Diameter breast height 
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The survival rates of the planted trees are as good as could be 
expected, reaching over the 90% level. This is attributed to the 
good care the trees receive as the crops are weeded at no extra 
cost. 

Due to the beneficial attributes of the trees, crop yields have 
increased by as much as 60% in some cases. This is attributed to the 
enhanced soil fertility, better moisture retention, and better weed 
control. 

Leguminous trees are shade tolerant (Payne, 1985) and will grow 
well when intercropped with other plants and also have a nutrient 
conditioning effect on the intercrops. One of the major 
environmental problems facing the world today is tropical 
deforestation. In efforts to combat deforestation, afforestation 
programmes are frequently carried out in sites too infertile to grow 
agricultural crops (Vietmeyer, 1986). Since developing countries 
cannot afford the high costs of fertilizer applications, 
particularly at the farm level, growing woody legumes becomes 
important. 

The harvesting regimes of trees have a great influence on the 
environmental stability of an area and on the physiological status 
of the intercropped plants. Different commodities require that trees 
should reach a characteristic merchantable size. In this regard, a 
land owner is faced by the decisions of whether to invest his 
resources on long- or short-term basis. Ferraris (1979) reported 
decreased tree yields with increasing harvesting intervals. The 
decreased yields did not contribute to quality gain which might be 
attributed to reduced vigour in growth. 

STRATEGIES FOR SUSTAINED WOOD ENERGY SUPPLY 

Agroforestry farming per se is not the only solution to 
fulfilling national wood-energy demands. Other energy alternative 
sources are also sought. Biogas, a component of agroforestry, is one 
of them. This technology is beyond design testing and efforts are 
now geared towards its dissemination to the commercial sector. 

Other major strategies include commercialization, and pricing, 
marketing of the wood products and development of an information 
system and a training programme. 

Commercialization of wood energy will help farmers generate 
on-farm income, whereas pricing of seeds, seedlings, and timber 
should ensure sales that reflect production costs. A marketing 
system, e.g., packaging charcoal in smaller and strong containers 
will ensure a wider area coverage to complement commercialization 
efforts. Information systems and training are major support 
programmes to be developed for agroforestry. 

CONCLUSION 

Even though Kenya is faced with different land-use objectives 
giving a bias for agriculture, it is possible to greatly alleviate 
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the fuelwood energy crisis through agroforestry farming. Increased 
crop yields (60%) and weed control, high percentage of tree survival 
(99%), and high tree growth rates have been achieved through alley 
cropping. The systematic experimental design has also served an 
important role of demonstration for rapid perception of the 
applicability of the agroforestry concept. The high planting 
densities contributed the highest biomass productivity and weed 
control. The farmer set objectives are the underlying factors 
determining the spacing module and harvesting regimes to be adopted. 
Alley cropping is not the only model to be recommended since other 
models are being tried at the farm level with much success. 
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CLOSING ADDRESS 

Hon. G.M. Ndotto, MP 
The Minister for Research, Science and Technology 

It is a pleasure for me to be with you on this occasion marking 
the successful conclusion of the Second Kenya National Seminar on 
Agroforestry and to share with you some thoughts regarding followup 
of your deliberations. 

First, I would like to commend the initiative taken by the 
Technical Coordination Committee for Agroforestry, which was formed 
only last year and operates under the National Council for Science 
and Technology, and the valuable support provided by ICRAF in the 
organization of the Seminar that is now ending. A major function of 
the Ministry of Research Science and Technology is to promote 
harmonious developnent and application of science and technology for 
national developmeit. I am, therefore, particularly pleased to learn 
that a major part of this Seminar was devoted to presentations and 
intensive discussions on how to promote greater collaboration and 
cooperation between the large number of scientists and institutions 

Mr S.N. Arasa, Permanent Secretary, Ministry of Research, Science 
and Technology, delivers the closing address on behalf of Hon. G.M. 
Ndotto, the then Minister for Research, Science and Technology. On 
his right is Dr Bjorn Lundgren, ICRAF's Director-General, and on his 
left is Dr Peter Hvxley, Director of the Research Development 
Division. 
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involved in development of agroforestry as a means of optimizing the 
productivity of the limited arable land in the country. I am aware 
that there are many human and institutional difficulties to be 
overcome in the achievement of such objectives, but I am equally 
optimistic that because the majority of scientists and institutions 
involved have been well represented at the Seminar, the consensus 
reached and recommendations made will, therefore, not be too 
difficult to implement. My Ministry will study carefully your 
recommendations and will assist wherever possible in the 
implementation process. 

I have also noted that the Seminar has covered many other 
important issues relating to the future of agroforestry in Kenya. 
These include a review of new knowledge 'gained through research and 
extension activities, economic aspects that will certainly determine 
the rate of adoption by the farmers, and improved strategies for 
manpower development and dissemination of information. My Ministry 
has taken note of your recommendations on all these matters and will 
be prepared to discuss them further with the Technical Coordinating 
Committee and other relevant ministries. 

One issue worth commenting on is the financing of research 
activities. Although I realize that our national contribution to 
research and development has yet to reach the generally accepted 
minimum 1% of gross domestic products, this target is unlikely to be 
realized in the near future in view of the heavy commitment of 
government resources to meet essential basic needs. The government 
is, therefore, considering the principle of cost sharing to be 
applied wherever possible so that those who benefit directly from 
these services contribute a little more directly toward the cost of 
such services. I believe the principle can be applied to some 
aspects of research and technical services including the field of 
agroforestry. I would, therefore, take this opportunity to urge 
researchers to involve potential users of research results more in 
the planning and conduct of research so that such users are 
encouraged to contribute more in cash or in kind toward the 
implementation of research projects. 

The third point I would like to emphasize is the dissemination 
of research results. Many scientists derive satisfaction from 
presentation of their findings through journals, seminars, 
workshops, and conferences and consider their task accomplished. It 
is assumed that the media and extension services, where they exist, 
will take over the task of informing the public who are the 
potential users of such results. I would like to call on research 
scientists to reexamine their role in this respect. I believe that 
scientists have a duty beyond interaction with their fellow 
scientists to ensure that any developments through research are 
accurately and effectively disseminated to the public. Apart from 
increasing the chances of early adoption of such findings, direct 
communications from the scientists themselves would facilitate 
immediate feedback on the relevance of the research findings to 
developmental problems, possibly even beyond the original objectives 
of the researcher. Through such an approach, public confidence in 
research would also be enhanced. Extension initiative by researchers 
would further strengthen the vital linkages required between 
research and extension services to make information on new 
technologies simple and complete. 
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In the case of agroforestry, the farmer is a vital participant 
in the process of information dissemination. Farmers are by nature 
conservative—a desirable quality for survival; they have to be 
certain that new technologies are beneficial to their welfare and 
that such new technologies can work before the farmers can take the 
risk to use them. Peer experience is, therefore, a powerful method 
of communicating with farmers and is used extensively, especially by 
NGOs. I, therefore, urge scientists, especially those seeking to 
promote new land-use practices through complex agroforestry 
techniques, to develop a very close working relationship with the 
farmers and to be prepared to learn from farmers' experiences the 
social or economic merits and demerits of recommendations even if 
such recommendations are scientifically sound. The National Council 
for Science and Technology has evolved a national strategy for 
institutional collaboration to facilitate the flow of scientific and 
technological information. The Ministry of Research, Science and 
Technology will do its best to promote adoption of this strategy, 
especially in support of the District Focus for Rural Development. 
In the long run, however, it is the attitude and preparedness of 
scientists and extension officers themselves that will determine the 
success of any scientific innovations. 

I now wish to conclude my brief remarks by congratulating the 
organizers of this Seminar for its successful conclusion and all the 
donors who, I understand, have contributed generously to the 
financing of the Seminar. I also want to thank the participants for 
their willingness to share their experiences and to promote 
collaboration across the many governmental and private institutions 
involved in development and promotion of agroforestry in Kenya. I 
urge all participants to ensure that the cooperative spirit evident 
in this Seminar is continued and strengthened and that every effort 
is made toward immediate followup and implementation of the 
recommendations agreed on at the Seminar. 
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