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INTRODUCTION

This Seminar came about through a perceived need by ICRAF and the
University of Nairobi and with the fullest co-operation and support
of the Ministries of Agriculture, Livestock Development and
Environment and Natural Resources (Forest Department). It was also
enthusiastically supported by many of the Kenyan Non-Government
Organisations interested in agroforestry. Supportive funds were
generously donated by the Canadian High Commission for Kenya (the
main programme) and by Swiss Development Co-operation (for
participants from outside Kenya).

The Seminar was held at the Duduville Guest Centre of the
International Centre of Insect Physiology and Ecology (ICIPE) by
kind permission of the Director, Dr. T.R. Odhiambo. More than 80
participants took part in the Seminar (see List of Participants
pages 631 to 638) of whom 33 attended full-time. There were about
55 technical contributions and the full-time participants were provided
by ICRAF with 6 background papers on agroforestry prior to the meeting.
Twelve participants took part from outside Kenya (S. Sudan, Tanzania,
Uganda, Rwanda and the Netherlands).

The programme consisted of 15 Technical Seesions, 2 Field Visits
(a full-day visit to Machakos District and a half-day visit to
Kiambu District), working group meetings and a final evaluation session.

The Seminar was the first major meeting of its kind in Kenya to encourage
on exchange of views and experience on agroforestry land use among
professionals from a wide variety of backgrounds. As can be seen from
the list of papers presented, it confirmed that there is already a wide
interest in agroforestry in Kenya, and much useful data and discussion
was contributed during the course of the meeting.

The recommendations (pages 5 to 13) illustrate the need felt to
elaborate and support a wide range of further activities in agroforestry
in Kenya, and it is hoped that those recommendations may serve as
guidelines to those concerned. More specifically, the early establishment of a Co-ordinating Committee in Agroforestry to help promote and
sustain agroforestry activities among all Government and Non-Government
Organizations ij a recommendation which received unanimous support from
the seminar participants. The view was also expressed that there was
a need to continue holding a national agroforestry seminar, perhaps
on a bi-annual basis.

P.A. Huxley
F. Ourino
D. Ngugi
Seminar Organizing Committee.
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OPENING ADDRESSES
The Seminar was opened by statements from several honoured guests.
These are outlined below. Keynote addresses delivered during the
opening ceremony are included in the following section of the
Proceedings.
Professor Mungai, Vice Chancellor of the University of Nairobi and
Chairman of the National Council of Science and Technology opened the
Seminar with some salutory remarks about plants. "Plants are
necessary for the continuation of life and not only so that life
might continue, but also so that life might continue to improve".
Professor Mungai expressed concern about our need to conserve and
better our environment both in terms of productivity as well as
sustainabillty and human betterment in general. He urged participants
not to limit their deliberations just to the value of trees in
small-scale farming systems which, although vitally important, is not
the only scope for agroforestry in Kenya. The value of agroforestry
in urban areas, he felt, should also be considered. Towns might
attempt, for example, growing their own "forests" for charcoal
production.

Professor Mungai was followed by the Canadian High Commissioner,
Mr. G.F. Bruce; the Canadian High Commission was the main funding
agent for the Seminar. Mr. Bruce's address stressed the Canadian
Government's interest and commitment to the development of
agroforestry projects in Kenya and elsewhere.
The Government of Switzerland had also generously contributed
additional funds to permit some participants to come from neighbouring
countries. Mr. François Rohner, who attended on behalf of the Swiss
Ambassador, congratulated the seminar organizers for broadening the
scope of the seminar in this way. He felt that most of the countries
in the East African region have similar land use problems to face and that
the outcome of the seminar would be of considerable relevance to all
of them.
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OUTCOME AND RECOMMENDATIONS

AGROFORESTRY CO-ORDINATING COMMITTEE

The participants unanimously decided to recommend the establishment
of a Kenya Agroforestry Co-ordinating Committee*
1.

In the interim period before the Committee can be officially
established it will initially be composed of the Seminar
Organizing Committee with such others drawn ad hoc from the
relevant Ministries or Organizations as are available and
necessary to initiate its activities.

2.

The Interim Committee's immediate function will be to finalize
the recommendations of the First National Seminar on Agroforestry
and to derive from these such proposals for projects as are
seen to have immediate relevance to the development of
agroforestry in Kenya.

These proposals will be submitted to

the appropriate Ministries for their support and authorization
before being passed to potential donors.
3.

The Interim Committee will take the necessary steps, through
the appropriate Ministries, to prepare the establishment and
terms of reference of a permanent National Committee on
Agroforestry.
(a)

Such a permanent committee could meet to:

determine the most effective means of institutional
integration and cooperation for food and energy selfsufficiency through the development of agroforestry
(including the involvement of non-Government Organizations,
Bilateral and International Agencies etc.);

(b)

establish effective means of agroforestry data
acquisition, storage and dissemination throughout Kenya;
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(c) promote research in agroforestry
(d) encourage the development and implementation of education
(e)

assist with the formulation of agroforestry development
projects.

B.

GENERAL RECOMMENDATIONS

1. Agroforestry can be an efficient way of using land and it
should be developed as an essential component of land use
systems in all tropical countries.

It should become an

essential component of land use planning in Kenya.

2.

Planning policies in Kenya need to provide a completely
integrated approach to land use in order to achieve the
objectives of agroforestry.

These must include not only a

consideration of the requirements and opportunities to provide
for food, renewable energy, wood and ancillary products,
through the use of a range of agroforestry systems, but
take into account also the potential of such systems to
conserve the environment, or even enhance its production
capacity.
3.

Some areas of development of agroforestry in Kenya need special
attention.

For example, the application of appropriate low

capital input technology, and of agroforestry on communally-owned
lands.
4.

Relevant authorities should be approached about the need for
appropriate legislation to broaden and secure the potential for
the development of agroforestry in Kenya. For example, with
regard to land tenure, land use and the marketing of products.

5. Land use surveys of all kinds in Kenya should include specific
information on existing agroforestry practices.
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6.

Relevant institutes and organizations should take into account
the need.for education, training and the dissemination of
information on agroforestry.

C.

SPECIFIC RECOMMENDATIONS

1. Trials and Experiments with Multipurpose trees species
should be intensified* as there is an urgent need to:
a.

consolidate and extend available data for a wide range
of multipurpose tree species with regard to their
adaptability to various eco-climatic zones» and their
suitability and productivity for such end uses as food,
fodder, fuel, medicine, honey, poles, nitrogen fixation,
etc.;

b.

investigate seed treatment, plant propagation and planting
techniques for promising species;

c.

institute an effective system for germplasm acquisition,
storage, and distribution of both indigenous and exotic
species.

d.

supplement existing and planned central nurseries with
small-scale nurseries of various types located in close
proximity to the farmers.

2.

Trials and experiments with agroforestry systems are
required in order to:
a.

study spatial arrangement and other management factors,
including intercropping techniques, for selected tree
species and their associated crops, so as to increase
productivity and to encourage environmental conservation;

b.

*

instigate research on silvo-pastoral systems with special

Working Group 3 produced a preliminary list of multipurpose ligneous
species which are considered suitable for further research and
development in Kenya.

reference to fodder production from selected multipurpose
trees and shrubs specifically for various ecological zones,
including appropriate management strategies, i.e.;
tree density, spatial arrangement, harvesting, and
storage methods in relation to the carrying capacities of
appropriate animal species.

The soil/water conservation benefits of agroforestry land use
systems need to be explored under Kenyan conditions, especially:
a.

the role of multipurpose trees (both indigenous and
introduced) in nutrient cycling and soil improvement;

b.

the capacity of such ligneous species for supplementing
conventional soil/water conservation techniques in small
farming systems;

c.

their potential in respect of soil/water conservation when
used in agroforestry systems established with specific
regard to environmental conservation.

Socio-economic aspects of agroforestry need to be studied
in order to:
a.

determine the role of social customs associated with
tree planting and the use of trees;

b.

investigate the nature and intensity of labour and
management requirements throughout various phases of
agroforestry system development and maintenance;

c.

develop an appropriate scheme of economic incentives to
encourage agroforestry practices in land use systems.

Agroforestry education and training in Kenya
a.

Steps should be taken, in the first instance, to encourage
and assist the appropriate authorities to review curricula
in colleges, institutions and schools with a view to
incorporating agroforestry.
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D.

RECOMMENDATIONS FOR AGROFORESTRY PROJECTS

The Interim Committee was authorised to draw up a short list of
urgently-needed agroforestry projects which would reflect the
Seminar's views about priorities.

All the topics listed under C (Specific Recommendations) are
considered as high-priority areas, but some of these may be of
a kind to be pursued as part of particular existing or planned
field research programmes.

There are, however, perhaps four

initiatives which need to be supported as soon as possible in order
to facilitate agroforestry work, generally, within Kenya.
These are as follows:

Project 1. Field Surveys

A.3(c); B.2; B.3j B5; C.4(a) C.4(b) C4(c)

Field surveys of actual agroforestry land-use systems in Kenya
need to be undertaken in order to inventory what is already
happening now.

Such surveys would include not only biological and

physical descriptions of these systems but also their socioeconomic aspects.
Within the scope of such a project we should attempt to discover
much more about the land-users' reasons to plant trees, and the
incentives and restraints which operate. Also to establish the
simple management treatments that are best-suited to maintain
productive tree/crop/animal associations.
Project 2.

Germplasm availability of multi-purpose trees

C.l(c)

An effective institutional arrangement should be established for
acquiring, multiplying, storing and distributing seeds and or
vegetative material of known, or potentially useful, multipurpose
trees for use in agroforestry systems in Kenya. Many organizations,
Government and non-Governmental, are involved.

Without a

co-ordinated and effective system to deal with this much time will
be wasted and field research may well be rendered less effective
than might otherwise be the case.

Some extra inputs» staff, materials and expertise are likely
to be needed to supplement existing infra-structural arrangements.
Expansion of tree/shrub nurseries for the supply of
multipurpose trees/shrubs
B.3; Cl(b); Ci(d); C4(a) C4(b) C4(c)
The huge demand for multipurpose trees which will be the
inevitable result of the spread in Kenya of better agroforestry
practices, or of the initiation of new one3, will require
a rapid expansion of facilities for providing young plants
of selected species. This is already being looked into with
regard to one specific end-use» i.e. to satisfy Kenya's
renewable energy needs through an increase in the supply
of wood fuel.

A few central nurseries are unlikely to be able to satisfy the
requirements and two other approaches are needed: to
establish the most satisfactory way of promoting the growth
of many small nurseries throughout areas where multipurpose
trees/shrubs will be needed, and to examine the appropriate
low-input technologies to ensure that these small nurseries
remain effective.

Information on Agroforestry

A.3(e);

B.4

There is a growing wealth of information, both within Kenya,
and worldwide, about agroforestry practices and research.
In order that Kenya should utilize this information most
effectively it is necessary to establish an appropriate
system whereby it can be centrally collated.

Organizations

and agencies involved in land planning and resource
management need to be encouraged to expand their information
base to include specific references on agroforestry practices,
and a mechanism should be evolved for easy retrieval of this
information.

Re-organization to achieve central collation of agroforestry
data will require additional infra-structural support. This
applies particularly, in the first instance, to information

11

from the growing number of field trials with multi-purpose
trees at present being carried out, or planned, in Kenya
by a range of different organizations. More general
information about agroforestry research and agroforestry
practices elsewhere in the world should be obtained on a
regular basis and selectively issued. Furthermore, shortterm literature or data reviews need to be undertaken where
these seem to be of immediate use to field research workers.

There is a need to publicise extension material on various
aspects of agroforestry (i.e. information on seed treatment,
nursery and planting techniques, tree management etc.).
activity will require co-ordination and support.

This
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ANNEXÜRE
Suggested list of ligneous plants for agroforeatry trials in Kenya

Acacia albida, A. aneura, A, bayleyana, A. bivenosa
A. mearneii
A. holosericea, A, nilotica, A, plectocarpa, A. praecox
A. saligna, A, eenegal*, A. tort-ilia*, A, tumida
A. victoriae, A* zanzibarica*
AilanthuB excelsa
Albizia falcataria, A. lebbeck*, A. procera
Alnu8 jorullenais,
A. rubra
Acrocarpua
fraxinifoliue
Atriptex

spp. (cuttings or seeds)

Azadirachta indica*
Bro8imum alicaatrum
Calliandra spp.
Cassia nemophylla, C. eiamea*, C. apectabilis,
Casaurina equieitifolia,
C. ourtninghamiana
Colophospermum mopane
Croton megaloaarpu8*
Cnido8culu8 spp.
Cedrela mexicana*, serrata
Cordeauxia edulie
Cupre88U8 lueitanica*

C.

stztrtii

Deemodium spp f (cuttings)

Eucalyptus camalâuleneia* , E, maculata*, E. melliodora
F. maideni*, E. nitene, E. paniculata*, E. viminalie
Entada abyßainica
Euphorbia caducifolia
Gliricidia sepium*
Gmelina arborea*
Grevillea arborea*
Leuoaena leucocephala*
Maeeop8ia emini*
Morue indica (cuttings)
Pinua patula*
Pro8opi8 cineraria, P. alba, P. chileneia* P. Juli flora*
P. nigra, P. pallida*
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Pterocarpus ervnaaeua, P. Ineens, P. eantalanoidee
Sesbania seébant S. grandis
Sysygiwn cumini
Sïrrmondeia chineneis
Tepkroeia candida*
Additional fruit/nut trees: Avocado, Anona, Cashew, Citrus, Guava,
Macadamla, Mango, Flg, etc.
Others:- Opuntia (cuttings of spineless varieties - but see Plant
Quarantine Regulations)

Species from which plentiful seed supply can be organized rapidly.

AGROFORESTRY:

THE KENYAN CONTEXT
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AGROFORESTRY:

THE KENYAN CONTEXT

Summary
Agroforestry holds much promise for Kenya, but how should it be
developed, tested and practiced? The need to assist in shaping
rational land use policies and to formulate specific agroforestry
research agendas are highlighted in the keynote speeches as some of the
most urgent Issues for participants to address.

The first keynote address was given by Kenya's Chief Conservator of
Forests, Mr. Mburu (page 19). By way of stressing the significance
of agroforestry in Kenya he describes the Forestry Department*s
Shamba System which he characterizes as a managed form of shifting
cultivation. What is needed now, he contends, is a look at how the
same principles of simultaneous crop and wood production can be
applied at the level of the individual farm.
The demands on public forests in Kenya are becoming so great that
farmers must be encouraged to meet some of their household requirements for forest products by growing trees on their own land. Thus, the
underlying challenge put to Kenya's foresters and agriculturalists is
to assist in the development of the appropriate national land use
policies which will fully recognize the need for an integrated approach
to land management.

The second keynote speech (page 23) delivered at the opening of the
seminar came from Kenya's Ministry of Agriculture. The Chief of the
Project Management and Evaluation Division, Mr. Were, discusses broad
issues of rural development and stresses that some very fundamental
constraints exist in the way of easy improvement in agricultural
productivity. This is especially so in the country's predominant low
rainfall areas. Promising projects designed to develop and test
methods for overcoming some of these constraints are highlighted.
Seminar participants were encouraged to put their minds to the task
of designing a research agenda for the identification and development
of grasses, shrubs and trees particularly suitable for integration into
dry land agricultural systems in Kenya.

The paper by Drs. Owino and Ngugi, of the University of Nairobi,
forester and crop scientist respectively, (page 29), aims first to
put the concept of agroforestry into its proper historical perspective
by drawing attention to the fact that practices which today are termed
agroforestry in fact date back mlllenia. They then outline one of
Kenya's particular land use problems; the competition between forestry
and agriculture in the face of increasing production demand, and the
corresponding sectorial approach to land management in Kenya which,
the authors Indicate, serves to exacerbate the problem. They
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suggest agroforestry as a potentially appropriate land use strategy
for stabilizing production systems over the long term, as well as for
realising relatively more immediate economic and social gains,
especially in the country's more marginal farming areas.

In the paper following (page 33), Mr. Kamweti, of Kenya's Forestry.
Department, presents an overview of various aspects of agroforestry
including characteristics of land use and land potential in Kenya
which highlight its relevance. Having established the need he goes
on to discuss how agroforestry might contribute to diversification
and long term stabilization of land production systems, and suggests
various specific components of these. He then discusses some of the
principles and considerations which should govern the choice of
agroforestry management strategies. Special consideration is given to
the important issue of land tenure as a determining factor in
management decision making. Before concluding, Kamweti gives
attention also to the need for appropriate tree species selection,
highlighting several principles to be considered and outlining one
ecological classification system which might be employed to
differentiate the suitability of various species. Finally, he calls
for research on agroforestry production optimization and plant
competition, multidisciplinary manpower training, and information and
extension improvements.

The section concludes with a statement from Mr. Wang'at! of the
Ministry of Agriculture, on the Agricultural Sciences Advisory
Research Committee (ASARC) (page 45). Among other functions ASARC
is responsible for research monitoring and coordination among five
Ministries including Agriculture, Environment and Natural Resources
(Forestry) and Livestock Development. Thus it can be expected to play
an Important role in agroforestry research and development in Kenya.
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KEYNOTE LECTURE:
AGROFORESTRY IN FOREST MANAGEMENT
IN KENYA

BY

MR. O.M. MBURU
CHIEF CONSERVATOR OF FORESTS
P.O. BOX 30513
NAIROBI
INTRODUCTION
Kenya's economy is largely agriculturally based. The greater part of
the population is almost wholly dependent on agriculture and the
major proportion of our foreign exchange is derived from agricultural
production. It therefore follows that a system of land use that
enhances agricultural production in perpetuity is of paramount
importance. It also follows that a system that increases food production in the short term, but which leads to deterioration of soil
capability, is unsound.

Traditionally, agriculture in the tropics has been based on
cultivation. The length of the fallow period is influenced
population. As population increases and more and more land
up under permanent cash crops, there is not enough land, if
allow for sufficient fallow period to restore fertility for
of food crops.

shifting
by the
is locked
any, to
production

Agroforestry is a concept that has gripped the attention of the world
in recent years, and yet it has been practiced in various forms in
forest management in many countries for over 100 years. The Taungya
system, as developed in Burma for hill cultivation aimed at replanting
teak forests, and other agri-silvicultural systems, are examples.
In Kenya, the shamba system of forest plantation is a highly developed
form of agroforestry.

THE KENYA SHAMBA SYSTEM
The Kenya shamba system had the basic aim of establishing forest
plantations as cheaply as possible. A criticism of this system in
Kenya was that the cultivators were exploited. However, for this
system to succeed, three conditions were necessary:
a)

presence of an industrious group of willing
cultivators;
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b)

sufficient demand for land to make frequent
clearing of fresh land attractive;

c)

availability of forest land suitable for
agricultural crops and access to markets for
the surplus crops.

These conditions are sufficiently mat in Kenya. In fact, in the
high potential areas, land hunger is such that it threatens alienation of
land permanently from forestry.
The shamba system in Kenya goes back many years. The first record of
licenced cultivators in the forest is 1910. By 1916 the number had
risen to more than 1500. The licences stipulated that licensees had
to work for the Forest Department for at least three months in the year.
This period rose gradually to nine months before the resident workmen
agreement system was abolished. The wage they got was minimal as it
was always considered that the income received from food crops in the
forest land, for which they paid no rent, was part of their wage.
Clearing forest land is an arduous task and the workers needed, therefore, to have use of the land for a sufficiently long period to make
it worth their while. On the other hand, without addition of
fertilizers, soil fertility drops rapidly under crops. Licensees
were therefore allocated shambas about two years before tree planting.
They cleared and cultivated in their own time ana continued to grow
crops for one or two years (depending on the tree species) after tree
planting. Thus, the Forest Department got clean areas for planting
and had the trees weeded in their first year or two.

The main agricultural crop grown by the workers was maize, which has
an extensive rooting system and inevitably competed with the young
tree seedlings. In a paper prepared by the Forest Department for the
Man-made Forest Symposium, held in Australia in 1966, it was stated
that, at Muguga, trees grown on bare fallow soil showed a 15 percent
increase in growth over those grown with maize. The difference may
be lower in areas with higher rainfall, and greater in areas with less
rainfall. However, the saving in cost of clearing and weeding easily
offsets this initial set-back.

Statistics on the quantity of food grown in forest areas are not
available. In the days when maize used to be sold through forest
stations it was found that in some years, of the total quantity sold
from small scale farms to the then Maize and Produce Board, up to
10 percent came from forest areas. Forests have always been known in
Kenya as considerable sources of potatoes and vegetables.
I would not wish to create the impression that food is the only
commodity, other than wood, that comes from the forest. Forest
grazing has always been practiced in Kenya and, with more intensive
cultivation of farms outside the forest areas, demand for forest
grazing has considerably increased.
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It will be clear by now that the shamba system is organized
shifting cultivation. What of its future in Kenya? The resident
workmen are now on a normal Civil Service wage and they are not
obliged to cultivate. Neither is the Forest Department obliged to
provide them with shambas. Indeed many are not as keen to do it as
they used to be. However, In areas near population concentration the
demand for renting shambas is extremely high and the problem is not in
finding enough people to clear land, but to control the demand so that
it does not get out of hand.

FUTURE DIRECTIONS
So far I have concentrated on activities within the forest estate.
As the population increases, there is a tendency for many to look at
forests as "that great unused land" that should be allocated to them
in order that "it can be more fully utilized for the country's
benefit". There is a need to reverse this tendency, as reduction of
Kenya's forested area poses a great threat to agricultural production.
Writing in Unaeylva, Synnott and Kemp (1976) have stated that "the
combination of arable farming and timber crops offers considerable
scope for sustained rural communities and appears more profitable
than either separately". This suggested reversal will not be entirely
experimental. Through Taungya, agri-silviculture and shamba systems,
foresters have demonstrated (perhaps without intention) that it is
possible to raise agricultural crops and increase production of wood.
This now needs to be taken to the farms. It will not, of course, be
applied in the same manner that it has been in the forest estate.

Community forestry is gaining ground in leaps and bounds, but it is
being promoted by foresters who have been trained to raise forest
plantations as cheaply as possible. There is need for a
re-appraisal both by agriculturists and foresters. Multiple land
use is by no means a new concept, but there is a need to look at the
training curricula for agriculture and forestry to produce personnel
knowledgeable in the concepts of sustained optimum production of land
to meet the social and economic objectives of the country.
A great variety of products and services are now demanded. The public
also now realises that the Government is not in a position to guarantee
the supply of all types of wood products-, including fuelwood, from
its own forests. It has therefore become increasingly important for
farmers to try and meet some of their own requirements. The challenge
facing the agriculturists and foresters, therefore, requires an integrated
approach. They should realise the interdependence of land resources
and assist In the development of national land use policies which
presently are sadly lacking. It is my assessment that they are keen
to tackle these problems, but are they fully ready?
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KEYNOTE LECTURE PRESENTED TO THE
KENYA NATIONAL SEMINAR ON AGROFORESTRY

BY

MATTHIAS 0. WERE
CHIEF: PROJECT MANAGER & EVALUATION DIVISION
MINISTRY OF AGRICULTURE
P.O. BOX 30028
NAIROBI
INTRODUCTION
The principle objective of this seminar is to introduce to the
participants a new approach to development and management of multiple
land use systems. More specifically, its aim is to look at agriculture
and forestry as complimentary components of integrated land use rather
than as separate and mutually exclusive activities. This objective is
relevant and timely in light of Kenya's current development efforts.
We are presently involved in developing rural areas where the majority
(some 90 percent) of our people live. We realise that we cannot get
very far with projects and programmes unless we adopt an integrated
sectorial approach. This approach is even more relevant in those areas
that have lagged behind in development.

There are several reasons why certain areas have lagged behind in
development. One problem is that no appropriate strategy has been
designed to tackle efficiently constraints to development which
confront these areas. Some of these constraints are:
- harsh climatic conditions
- lack of relevant technology
- lack of employment opportunities
- lack of water, etc.
It is the issue of relevant technology that this seminar could very
competently address itself to.
Many of these constraints have been analysed by the ILO (see ILO
Report for Kenya, 1972). Those of you who have had the opportunity
to read this useful document will be conversant with this topic.
Those who have not, I wish to recommend very strongly that you do
make it a point to read it.
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The problem of rural development should not be limited to those
areas that have lagged behind. Danger is also apparent in our high/
medium potential areas where ws have concentrated most of our development efforts in the past. These areas are now faced with high
population pressures which leads to less and less productive land
being available for each household. In certain areas there are as
many as 200 inhabitants per square kilometer, or more.
With little high potential land remaining uncultivated, the growing
population is applying pressure to develop lower potential areas,
including forests, making action for effective resource conservation of paramount importance. It is on this score, that the theme of
this seminar is relevant and timely. The seminar, I think, should
go a long way towards supplementing current government emphasis on
appropriate soil and water conservation measures. Of particular
relevance are conservation practices on small farms, long term
development planning for marginal areas, and specific schemes for
ensuring intensified development of high potential land by appropriate
farming systems.

LAND USE
Kenya, with a total area of 583,000 km 2 , is a country of great
topographical, climatic and soil diversity. The altitude varies
from sea level to over 5,000 meters and climatic conditions range
from very dry, in the marginal areas of the north, to high rainfall
in the forests of the southwest. It is said that the soils of Kenya's
central plateau are among the most fertile in Africa, while those of
the semi-desert, which cover half the country, have very little
agricultural potential.

Associated with this great physical diversity is Kenya's equally
diverse agricultural potential. It ranges from the growing of such
crops as pears, peaches, and plums and the keeping of such high
yielding dairy cows as the Friesian and Guernsey, to growing drought
escaping crops like simsim and millets and keeping small stock, like
goats and the king of the desert - the camel.

In between these two extremes are a range of possible farming
activities requiring various land use patterns. Figures indicate
that in Nyanza, Western and Central Provinces, increased agricultural
production will largely depend on land use intensification and
increased yields per unit of production.
There is greater, although not unlimited, potential for area
expansion in Rift Valley and Coast Provinces, where considerable
tracts of land are either idle or underutilized. Expansion of the
area devoted to intensive agricultural production has some scope
in these areas.

Table 1 indicates the general patterns of land use in Kenya, by
province.
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AGRICULTURAL PROGRAMMES/PROJECTS
Recognising that over 90 percent of Kenyans live in the rural areas
and that the majority depend upon the land for their livelihood, the
Governments with the participation of the people themselves, has
initiated a number of programmes and projects geared towards improving
the living standards of the people. An objective of these programmes
is to ensure that the soils are not depleted due to exploitation
through farming practices.

One such project is the soil conservation project, details of which
I am happy to note, will be presented by Dr. Wanner from my Ministry.
This is one project where the symbiosis of agriculture and forestry
could be, indeed is being, well demonstrated. The particular aspect
I would like to refer to is that of increasing the economic output
of land on which soil and water conservation measures are being
undertaken, by growing fodder crops, fruit trees and other types of
trees on the edge of terraces, in association with regular agricultural
crops like maize, potatoes and pastures. The Government gives
special importance to this programme through establishment of nurseries
and intensive training programmes for both farmers and government
extension personnel. Trainees come from government departments and
Ministries, particularly the Ministry of Agriculture and the Provincial
Administration of the Office of the President. The current financial
value is KShs.73,000,000/- with the bulk of the funds coming from the
Government of Sweden, to whom we are most grateful.

With limited land in the high/medium potential areas of the country,
government has made a bold decision to promote programmes and projects
in arid and semi-arid lands. Two such projects are now being
implemented, in Machakos and Baringo Districts. I note with satisfaction
you have invited our District Agricultural officers from these Districts
who will be able to discuss with you project implementation strategies
in their districts. More projects are in the pipeline for other districts
in the arid and semi-arid lands.

What, in my opinion needs attention, and what could be relevant for
discussion in this seminar, is a research project to identify and
develop grasses, shrubs and trees that are of economic benefit in these
areas. I am aware that the District Agricultural Officer at Baringo
is attempting to develop a nursery of local shrubs and trees at
ICibingot. These efforts need to be encouraged. Goats and sheep are
popular domestic animals in these areas. We need to find ways and
means by which the local shrubs and trees could be better utilized to
support these popular enterprises. Where necessary, the introduction
of new shrubs and trees which can tolerate these harsh climatic
conditions could be seriuosly considered.

Apart from these innovative steps which we are encouraging and
supporting, we are also promoting, and will continue to promote,
irrigation projects. Aiart from the orthodox National Irrigation
Board Projects that you are familiar with, such as Bura, Mwea-Tebera
and Kano irrigation sch»mes, we are making deliberate efforts with
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small scale irrigation and drainage all over the country. We have
projects, for example, In Turkana to settle nomads on irrigation
schemes, costing a total of KShs.60 million. Similar small scale
irrigation projects could be cited in the other provinces.
Is it possible to suggest at this stage how we could make agroforestry
relevant to these efforts? We shall appreciate any ideas you might
have in this connection.

THE ENERGY PROBLEM
It could be reasonably assumed that the rural people will depend on
wood as a source of domestic energy for quite some time to come•
The concept of agroforestry could perhaps be one of the long term
solutions to this problem.
In coffee areas, the products of coffee pruning (branches, twigs)
are in some cases the only easily accessible sources of firewood.
In our deliberate efforts to expand tobacco production, we have
been faced with unavailability of enough firewood for tobacco curing.
Thus we have included in this project nursery establishment for
trees to be planted in farmers' holdings which will eventually provide
the needed firewood.

CONCLUSION
In my analysis above, I have concentrated on the economic benefits that
will accrue to our rural people if we practice appropriate methods of
agroforestry. I am sure there are many positive aspects of the
subject that will be discussed during your ten-day stay here. '^ie cross
fertilization of ideas between the practitioners, whom you have
assembled here in large numbers, and the academicians, should produce
very useful recommendations of hybrid vigour, if I am to use the
breeders' lanaguage.

We whom are already in various jobs in Government, and indeed the
entire public sector, find it mandatory to appreciate various
disciplines for the benefit of workable project designs and implementation. I am happy to note that the University of Nairobi and ICRAF, by
organising such a seminar, are in a way operating on the same development wave length as ourselves. Hopefully, the benefits of this
seminar will be carried to their logical conclusion by university
graduates who already appreciate the intricacies of development, and
will also affect those who have been content, so far, to hide in their
professional cocoons. I may assure you that it has not been easy for
us who have gone through, and are still going through, time-consuming
learning exercises. But I think it is worth it. It is my sincere
hope that all of us will find this seminar useful In widening our outlook towards development problems.

Table 1.

INTENSITY OF LAND USE BY PROVINCE, 1976
(thousand hectares)

Central

1.

Coast

Eastern

Nyanza

Rift Valley

Western

Total

Total agricultural
land

772.7

1,819.8

1,153.5

1,125.2

3,115.9

663.6

8,650.7

2.

Land under forest

167.2

122.6

189.2

19.1

615.0

42.8

1,155.9

3.

Land available for
agriculture ( l ) - ( 2 )

605.5

1,697.2

964.3

1,106.1

2,500.9

620.8

7,494.8

Land cropped

563.6

254.9

658.6

501.2

533.5

364.5

2,876.3

93.1

15.0

68.3

45.3

21.3

58.7

38.4

4.

5. Percentage of land
available for
agriculture, which
Is cropped (4), (3)
x 100
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MODERN IDEAS IN FORESTRY AND AGRICULTURE:
A COMPARISON AND CONTRAST OF PRACTICAL
APPROACHES TO INCREASED LAND PRODUCTIVITY

BY

F. OWINO* AND D. NGUGI**
UNIVERSITY OF NAIROBI
P.O. BOX 30197
NAIROBI
INTRODUCTION
There Is an open danger In labelling Ideas as "modern", "contemporary",
"traditionalV etc. when one recognizes the apparent cyclic patterns In
human thought and experience. This is particularly so in the area of
agroforestry. The use of the same tree for food, shelter and fire
(energy) dates back to the origin of agriculture. Examples of agroforestry systems currently advocated by us, "the modern technologists",
are to be found, for instance, among the teachings of Buddha, in the
early development of sericulture in the East and in the tending of
Btoevman and Gïvricidia
tree species by the Maya people of Mexico
before Spanish Invasion (Budowski, 1980). In this respect, therefore,
some of the ideas discussed in this paper as "modern" should be
more appropriately labelled "after thoughts". But so much for
semantics.

PROBLEM DEFINITION IN KENYAN CONTEXT
Stated bluntly, the global problem with respect to land productivity is
8imply that demand for food and other photosynthetic - based land
resources is growing faster than the production of these sources. The
resulting famine, land degradation and strained economies are increasingly
common on most parts of the globe. Kenya is in a relatively dim corner
with respect to such trends with only some 38 percent of the national
land surface classifiable as arable. Included in this small area are
indigenous forests and forest plantations collectively covering about
two million hectares. The demands on this limited land surface are
increasing rapidly, both for agricultural and forest (tree) based
products.

*
**

Forestry Department
Crop Science Department
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The current energy situation In Kenya has further accelerated demands on
forest products. The options are clear:
1)

to reduce demand levels by reducing population
growth rates and

2)

to Increase land productivity to match demand.

Kenya has to undertake both of these, of course.
is concerned with only the second option.

This paper, however,

CURRENT RATIONAL STRATEGIES FOR AGRICULTURE AND FOREST PRODUCTION
The current national strategy for land productivity in Kenya is
sectorial. Agricultural productivity is catered for separately
from forest production. This structural division is provided for
by separate legal acts and the policies are implemented by two
separate government ministries, the Ministry of Agriculture and
the Ministry of Environment and Natural Resources, respectively.
It Is significant to note that the three most Important bench
marks with respect to agricultural development in Kenya's recent
history (the ALDEV Plan - 1945, the Swynnerton Plan for 1954 and the
Agriculture Act of 1967) have all dealt with agricultural producivity in isolation from forestry developments. Similarly, the
East African Forestry Regulations of 1902 and the current forest
policy, as contained in Sessional Paper No. 1 of 1968, deal with
forestry developments quite in isolation from agricultural
productivity.

WHAT IS THE APPROPRIATE FUTURE STRATEGY?
Given the very limited land base for both agricultural and forestry
production, the stage is ripe in Kenya for effective integration of
the two sectors. It has become routine to read in the local dailies
of illegal clearing of forest "X" by intending farmers and, no doubt,
the situation will worsen in the future. The more optimistic foresters and agriculturists (a few even bordering on day-dreaming!) suggest
to expand the productivity of the land surface by moving into marginal
and arid lands. Such protagnonists however, become amazingly timid
when further pressed with the "hows" and the costs involved. Obviously,
this ie the only long term solution to the problem, but it is a solution
which will be achieved only slowly and at great cost.

The other, and more tractable solution, in the interim, would be to
evolve a land production strategy which maximizes the combined
agricultural and forestry productivity per unit area of arable land.
Such a strategy would have an additional advantage in that the productivity potential of that land will be more efficiently conserved, if not
enhanced. Such integrated land use could be achieved through the
development of agroforestry systems. The biological and economic
advantages of agroforestry systems have been elucidated by many
authors (King, 1974; Budowski, 1980), When such systems are properly

31

designed, the productivity per land unit need not only fit compensatory
models of production, but often even the over-compensatory models.
Furthermore, the economic and social gains are far greater than
for forestry and agriculture developed separately since the tree
component of the system will often represent "standing capital" to
the farm while at the same time improving the soil fertility status,
reducing environmental hazards and increasing market diversification.

POTENTIAL FOR THE FUTURE
In both agriculture and forestry discipline«, there exist modern
methods of increasing productivity. In agriculture, such include
scientific innovations in the areas of genetic quality improvement,
land preparation methods, farm husbandry methods including pest and
disease control, better harvesting and storage methods and better use
of agricultural by-products. The same apply for forestry. Some of
these innovations are land destructive or too expensive for developing
countries. However, where appropriate they have been exploited with
varying degrees of success in different countries and Kenya has taken
full advantage of such developments.

Current production figures indicate that even with maximal use of these
new innovations, future productivity is unlikely to match demand.
Furthermore, there is growing concern that the current strategies of
production which stress single crop agricultural practices and tree
monocultures lead to higher short term production at the risk of
Instability in the long term productivity of the system.
Âgroforestry stands a better chance of stabilizing the productive system
over a longer period of time, thereby contributing to a more productive
future. It is an interface technology which Is still poorly defined and
developed, but which holds a lot of promise for the future, particularly
in countries like Kenya with predominantly fragile lands.
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MANAGEMENT OF AGROFORESTRY SYSTEMS IN KENYA
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INTRODUCTION
Most forestry management systems in Kenya have' been devoted to
traditional forest areas, utilizing the sterotype objective of production of maximum forest products both in quantity and quality on a
sustained yield basis. Similarly, it appears that modern agricultural '
techniques have concentrated on maximum food production to feed the
nation. Only recently has some attention been focused on agroforestry.
The key factor in forest management,and agricultural practice is
suitable land. That is what Kenya is short of; about two thirds of
the country being semi-arid or arid. Agriculture, however, ie the
mainstay of Kenya's economy, accounting for about 60 percent of the
nation's export earnings and about one third of air wage employment.

If the nation is to produce sufficient agricultural and forest
products, competition for land is to be expected as people endeavour
to satisfy both Immediate and future needs. There is already a trend
whereby forested areas are being converted into agricultural lands.
In view of the scarcity of suitable land for food growing, this trend
is likely to continue. While prime land is finite population growth
in the country has, unfortunately, reached world records.

Forests in some areas of Kenya occupy prime land. Although Kenya has
relatively little forest (less than 3 percent of the total land area),
the future may see some of this converted to agroforestry, a land use
system that combines production of food and forest products, preferably
on the same unit of land and on a sustained yield basis.

Unlike the modern trend towards increasing the scale of agricultural
operations, agroforestry is often practiced, and has evolved primarily
from small scale enterprises. Agroforestry is a very old practice of
which there are numerous examples in Kenya. Unfortunately, little has"
been done to examine and document these systems as yet. •
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Agroforestry systems familiar to the author which are operated on the
slopes of Mt. Kenya produce bananas, coffee, maize, peas, potatoes,
several varieties of indigenous tree species, and milk cows are fed
almost entirely by zero grazing. The systems themselves are
environmentally robust and people in such systems are self reliant.
They survive happily, although in absolute terms their economic
development may not compare with high income urban workers. However,
90 percent of Kenyans live in rural areas.

MEANING OF AGROFORESTRY
The term agroforestry has been given various definitions by a number of
writers. P.K.R. Nair (ICRAF) has defined agroforestry as
"a land use system that integrates trees, crops and
animals in a way that is scientifically sound,
ecologically desirable, practically feasible and
socially acceptable to the farmer".
The idea here is that the two components of agriculture and forestry,
and sometime animal husbandry, make up agroforestry.
Gunnar Poulsen (IDRC) from a forester's point of view, has come up
with a simple and practical definition of agroforestry:
"Whenever trees play a significant role in maintaining
a favourable environment for crop farming and/or
animal husbandry, as well as providing the farmers with
various products, we have an example of agroforestry".
Here the key words are trees, crops and animals and the association
must be such that trees are beneficial rather than detrimental.
The environment connotes soil, water, climate and the blotic sphere,
in this respect.

The definition by King and Chandler, now adopted by ICRAF, is that
"Agroforestry is a sustainable land management system
which increases the overall yield of the 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".
Any such combination can be called agroforestry. Agricultural and
forest crop systems are often referred to "agrisilviculture". When
grazing alone is combined with forestry, the term is "sylvopastorall8m". When all three components are produced, the system
becomes a combination of the two terms, "agro-sylvo-pastoralism".
In all of these definitions the recurring root word is "forest".
That is, it is appropriate to examine the role of trees in areas
concurrently being used for food production. This includes animal
products such as milk, meat and other incidental by-products of an
economic nature. The multipurpose value of trees is the only
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justification for including trees on land otherwise good for
agricultural crops.
SOME IMPORTANT ASPECTS OF AGROFORESTRY
Soil Fertility
An underlying principle in effective food production systems is that
soil productivity should not be undermined. Rather, it should be
maintained, if not improved. Trees can have a benign effect on
soil, unlike agricultural crops which tend to utilize the upper layers,
finally exhausting most of the soil nutrients there. An area left
under forest cover, however, tends to improve in soil fertility.
This is exactly what trees can do in agroforestry systems.
Nutritional supplements in the form of fertilizers can keep a purely
agricultural system in balance. But if trees are used, a lower
level of such inputs might be satisfactory. This is because trees
can act as "nutrient pumps". The nutrients which are leached in the
ground are recycled to the top soil, a function which most
agricultural crops do not perform, since they are not deep feeders.
Some tree species can extract nutrients from as deep as 25 metres.
When leaves fall litter is formed, which eventually becomes humus,
and the organic matter is once again incorporated into the soil for
other plants, which do not have such deep roots. Some of these
nutrients are again leached or washed away in the process of soil
erosion. When leached down, the nutrients can only be replenished
by deep rooted trees through the process described above. This process
needs to be understood and evaluated for many of the indigenous and
introduced trees suggested for agroforestry here in Kenya.

Animal Feed
A further important role of trees in agroforestry systems is that
they provide fodder. For example, when everything else is dry,
Aoaeia tortilis
provides excellent fodder (pods and leaves) in some
of Kenya's dry and fragile ecosystems. In such sylvo-pastoral
systems the pastoralists fully understand that such trees are of
great help and they have a basic understanding about how to manage
them. One seldom finds such trees killed by over-lopping. There are
many species which, besides other uses, produce fodder/forage. Such
species as Leuaeana leuaooepkala
and several other palatable legumes
have an important role to play, especially in zero grazing systems.
Because of land size in many agroforestry systems, zero grazing is
often essential and might be a promising strategy for animal
husbandry in such systems.

Human Needs
Some trees produce food for people in the form of fruits. Other uses,
which have not yet assumed economic viability, are also potentially
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available from trees. These include medicinal features. Some local
people are so versed in the medicinal properties of their local
trees that they do not have to go to the hospital or dispensary
for common ailments. Such species are often retained by Kenyans
to provide medicine. Other products of trees such as honey, gum,
tannin, fibre and numerous other articles are all important items
justifying inclusion of trees in agricultural land use systems.

Microclimate Amelioration
Trees can improve microclimate. The role here is minimal, but
important nevertheless. For example, grass under Acacia spp. may
be more lush than in the open, not only because of microsite enrichment with nutrients, but because of an effect of shade. Besides
improving microclimate, trees are efficient shelterbelts against wind
and when properly arranged, they improve the environment for other
plant components of agroforestry.
Provision of Nitrogen in Soil
Leguminous agricultural plants have the ability to fix nitrogen.
Similarly, leguminous trees are known to add nitrogen to the soil. It
is thought that some trees are capable of adding up to 500 kg. of
nitrogen compounds per hectare in one year.

Soil Structural Improvement
Through their wide rooting systems, trees improve soil structure and,
hence, increase water infiltration in the soil, thus reducing water
runoff. The role of trees in stream flow and soil conservation
can be extremely significant. A study of 17 major reservoirs in
India has shown that instead of the expected average sediment inflow
of 293m3/km2/year, the actual inflow rate was 917m^/km^/year, or about
three times that of an area with enough trees (Openshaw and Morris,
1979).

Domestic Energy S'
Another major use of trees in agroforestry, perhaps the most important,
is energy provision. Woodfuel is increasingly gaining the attention
it deserves, mainly because of the energy crisis. Unfortunately,
in the history of mankind, a disaster or eminent threat has always
been needed to awaken people. This awakening in Kenya is taking
place as we approach a dangerous level of woodfuel consumption and
depletion.

Approximately 75 percent of Kenya's energy need is met by wood.
Traditional forest areas contribute a very small fraction of this
at 168,000 metric tons per year. Most wood for energy comes from
land meant for agriculture and animal production. There is a deficit
of about 25.7 million metric tons (Kamweti, 1980). This dificit
is arrived at by a comparison of consumption and the level of
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potential supply which can be maintained on a sustained yield basis.

Some farmers who practice agroforestry consume wood on a sustained
yield basis. This is evident by farmers who cut big trees very
rarely in their lifetime, only when about to die, or for a big feast
occasion. Otherwise they cut branches for woodfuel. Particularly
with species such as Grevillea
róbuata,
branches grow very fast after
pruning. Pruning of different trees is done at different times
and a pruning cycle can be created whereby the branches are used for
woodfuel. Energy in this respect is for survival, as opposed to
energy for development.

MANAGEMENT CONCEPTS IN AGROFORESTRY
The role of trees in the provision of timber, poles, and posts in
agroforestry are usually incidental. In traditional forestry
management, they are the goal. There are, therefore, different
management.objectives, in agroforestry. From the perspective of
social needs, agroforestry management means interaction among various
people with different ideas. In the case of forestry management,
especially on state-owned land, objectives can be established for
the greatest social benefit, without much reference to cultural
variation.

A farmer must be convinced that he stands to gain by incorporating
trees into his. production system. By the nature of their extensive
root system and height above the agricultural crops, trees are
"dominant"and agricultural crops are "dominated" in agroforestry
systems. There is therefore a natural tendency to decrease the
number of trees in any place to reduce competition for light, nutrients
and water. Enough trees can therefore be tolerated only if the
farmer is aware of trade-offs in benefits stemming from his management
decisions.

In traditional forestry, management by a selection system is not
popular. In fact, although the forestry system is practical and
invariably described as biologically robust, there is a lot of
opposition to it, mainly because of economic considerations. Agroforestry as a subsistence farming system has defied several economic
theories. After being denounced as primitive, uneconomic and short
lived, the system still exists. It is only recently that we have
begun to try to understand it. Any forester should know that the
concept of selection is applicable to an agroforestry system. With
this concept adopted, the next major lines of development are the
concepts of tolerance, complimentarity of various plant formations,
multiple use, and the economic, social, cultural and religious roots
in any community.

In general, before selecting a management system, it is necessary to
appreciate that in agroforestry we are dealing with a multidisciplinary field of activity involving the "principles" of both
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forestry and agriculture. Failure to have this understanding will
result in conflicts in agroforestry management. The consequences
are not only below optimum yields, but also a hybrid of contradictory
compromises.

Since agricultural crops are dominated by mature trees, the first
logical step is to work out management systems which will not cause
agricultural crops to be unduly dominated. There are a few cases,
as in the "Shamba" system of forestry, where agricultural crops may
dominate trees, especially in the early stages. Seasonal crops will,
however, rarely interfere with tree growth, because after harvesting,
trees are left along with very little weed competition. Perennial
crops, however, can make it almost impossible to establish multipurpose trees, in which case separate space should be made available.

The trees to be used in agroforestry are the tolerant ones, and as
much as possible they should be sparsely canopied to avoid light
competition. In general, they should also be deep feeders, competing
very little with agricultural crops on the surface. Theoretically,
they should also be trees which are not prone to excessive use of
water. There is a common conception, for example, that
Eucalyptus
3pp. take too much water. Agriculturists naturally are not too
happy with such crées when too many of them are incorporated into
an agroforestry.

Spatial arrangements of trees should be such that there is room for
other agricultural activities. Here the competition between
agricultural crops and trees is for water, nutrieits, light and
to some extent carbon dioxide and oxygen. If all these factors
are taken intc account, or are made principles in agroforestry, one
can be sure that the agricultural aspects of the system will be
accommodated.

Besides the is,mes of competition and tolerance, there is the
question of crnplimentarity. I have mentioned that trees should
play a signifiant role in maintaining an enviro:aaent favourable
to crops or atvinals. Some trees which provide s«>il with nitrogen
compounds are in a way compliment ing what a farmQ'j.' would do anyway.
In fact, such t7.ees may save the farmer considerable expenditure.

Trees which provide fodder to animals and in otnsr cases fruits,
or any other prolitcts to supplement food from traditional agricultural
crops, would cerc.iinly appeal to farmers. The-IT introduction would
not be resisted a» is the case for trees which have economic value
as timber only. 3.\e would therefore, in agro :crestry, be dealing
with dual or mult Lp trpose trees, even if such trees did not have
the best timber products.

The concept of multiple use in agroforestry Is key. It has different
connotations from tral'tional forest managex..nt concepts. In the
latter, multiple benei'..v.s include several J Lrect and indirect
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benefits of trees alone. Concepts such as wildlife management and
recreation are usually absent in the context of multiple use in
agroforestry, whose primary goal is household subsistence.

In choosing plant components for agroforestry systems we might ask, why
use trees for fodder and other kinds of food instead of producing
all these from the usual agricultural crops? The point is that
during prolonged drought, most agricultural crops are adversely
affected because they are mainly surface feeders and top layers of
soil get dessicated much earlier than deeper layers, where deeprooted species of trees can get the necessary water. This is an
Important consideration in Kenya, where we have long droughts. Most
trees, due to their various leaf and root adaptations, can survive
longer in the event of drought. In conditions approaching those of
desert, it is mainly small trees that become the plant components
providing most biomass.

Because in agroforestry, management has to do more with the community
than does management in pure forestry, agroforestry would fail
miserably if economic, social, cultural, and religious aspects were
not fully comprehended. One can generalize that as climatic conditions
become harsher, the economy of rural people becomes increasingly less
productive and people become heavily dependent on fewer trees. On
the other hand, in favourable climatic areas with fertile soils, income
levels tend to improve. There are some agroforestry systems where
people raise cash crops like tea and coffee. Such people may be
described as relatively developed if development connotes a high
standard of living and purchasing power. For such categories of
agroforestry, the tree component will not be so much for basic
survival, but to improve the environment, and perhaps for energy.

The element of social outlook has a bearing on how people should be
approached. People in different areas have different perceptions
about trees. The choice of species, for example, can be most
important. Because trees basically take long to mature, people
have to be given appropriate reasons for planting them depending
on their natural inclination. In some localities, people have an
amazing knowledge of local trees around which stories and fables are
woven . In some cases there may be strong mythical or other social
attachments to particular tree species, and for a certain system to
succeed, such trees may be given preference, even when other criteria
of choice of species would dictate otherwise. Here, development
planners may fail if they stubbornly stick to their traditional
social and economic gauges. There is also, of course, sound
custom. Without going into the realm of anthropology, customary
laws of different people have had, on the whole, salutary effects
on agroforestry. Some people have spiritual attachment to trees
and for them, these trees cannot be cut. One would need the permission
of a large local group to cut such trees. Felling without such permission
may result in one being ostracised from the community. In many cases
trees are held with reverence and serve as a place of worship.

The task of agroforestry management in such cases is to advise on,
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for example, the removal of unwanted trees or the addition of more
trees on widely unused parts of the land. Inclusion of trees in some
unused corners or incorporation in the form of hedges and windbreaks are all management techniques that would enhance optimum
production.

Another aspect of agroforestry management involves areas which are
sparsely settled, or due to climatic conditions, the three components
of agroforestry are lacking. For rehabilitation of such areas,
real success will be more meaningful if the three components are
judiciously chosen in the context of overall land use planning.
Animals can provide milk and meat, and the manure can be used as
fertilizer. Trees can provide shade, fodder and other benefits,
such as firewood, which a community needs to feel settled. Then,
agricultural crops can also be introduced. In fact, for successful
tree establishment, some land preparation in the form of cultivation
is good. In some fragile ecosystems, however, disturbance of the
top layer of soil by cultivation can do more harm than good. It is
in such areas that management will have to contend with silvopastoral systems. The emphasis here is to have species which will
provide food for animals. The question of competition, especially
light, is not as prominent as in systems combining the three major
elements, i.e; trees, animals and agricultural crops.

LAND TENURE AND AGROFORESTRY
In Kenya, land tenure plays a significant role in the management of
agroforestry systems. Some lands are owned communally. In such
cases, every person in the society has rights of grazing, cultivation
and use of wood for various purposes. Generally, such communities
have their rules (normally grouped as customary laws) on the use of
such facilities. One pervading rule is that on such communallyowned land, no one can sell his portion of land and, if he does not
use it, it can be used by other people. Some land tenure systems
have developed such that although one person does not have his parcel
of land surveyed properly and documented for title purposes, it really
is his plot and he knows its boundaries. His children also inherit
such land. For all practical purposes such land is privately owned.
This is common in areas where land adjudication has not taken place,
but settlement has existed for some time.

From an agroforestry management point of view, such areas can have
the three components on a sustained yield basis. However, where land
is owned on a truly communal basis, apart from where, for example,
people keep animals during the night (e.g. in a Manyatta), nobody
really feels obligated to use trees on a sustained yield basis. One
person knows that if he does not take his share today, his neighbour
will help himself, as all the people have a right to such trees.
This is the land tenure system under which it is difficult to have
lasting agroforestry. Also people migrate from one place to another.
Since trees are permanent features, they are not really compatible
with nomadism which involves the use of fires to kill ticks and to
get succulent grass. On some lands which can support agriculture,
and where people have settled, "village forests" would succeed. Trees
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can then be protected and people allowed to take them according to
their domestic needs. Any major sale can then be done on a cooperative basis, to benefit all the local community.
In this type of land tenure system, meaningful agroforestry management
will only be realized if drastic measures are taken to control overgrazing; closure of some spots to allow trees to come up, and even
fencing off both domestic and wild animals. In such a way, once
enough trees are established, animals may be allowed In without
much damage. Similarly, If there are enough trees, each person will
have his share without depleting the forest resource. Fortunately,
in these lands the population is relatively sparse. It must be
borne in mind that while land is owned communally, animals are
owned individually and, therefore, individual Interest in personal
property is likely to interfere with the overall right of land use.

In other extreme cases of land ownership, people own land outright,
or by lease, and such lands are properly demarcated. This is the
case on the slopes of Mt. Kenya and many other parts of the country,
where land has been adjudicated. On such lands the concept of agroforestry is easily grasped and people have personal interests in each
of the three components, unlike on communal land, where interests
are divided. There are other demarcated lands which are not occupied,
and are either Trust lands or Government lands. Land currently not
committed is little and in many cases is fragile. These lands,
however, have a future under agroforestry through a rehabilitation program
which might pave the way for many forms of intensive land use. On
this type of land, the proper choice of drought tolerant, multipurpose species is the most important concern in agroforestry
management. Several species of Aaacia, and some Eucalyptus»
could
be started in dry areas, and Leuceana leucocephala
where the
rainfall is higher.

SELECTION OF APPROPRIATE SPECIES
Success in agroforestry management depends on proper selection and
screening of tree species. Much has been written on appropriate
species for different ecological zones in Kenya. One rule of thumb
is that a species that has succeeded in a locality should be given
priority in selecting species which could be planted. Similarly,
species which have succeeded in other parts of the world in similar
ecosystems should be given higher priority.

One unfortunate fact about some species is that, at times, those of
proved ability to survive in an area may be unsuitable for a number
of uses enumerated above. The species may also be so slow growing
that a substantial growth increment might not be realised in the
time stipulated. All this points to the Important of provenance
trials. Imported species might do better here than In their natural
habitat. Trials of new species, provided they have the desired
qualities should therefore be tried judiciously.
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As a guide, it is convenient to classify Kenya into different
ecological systems, upon which species selection for agroforestry
can be made. There are several considerations upon which such
ecological classification may be made. Some of the criteria involve
farily subtle differences. For management purposes, a classification
by R.M. Graham (1969), in his paper "Tree Planting on Farms" is
good and practical. He has outlined various species which could be
tried in these different zones and the categories include both
indigenous and exotic species. The major zones are:
(1)

High altitude red soils
These are areas above 2000 metres which are cold and
unsuitable for coffee. For cash crops the areas are good
for tea and pyrethrum, as well as some fruits, such as
plums. Here a number of high zone species can be planted
with success. In particular, Acacia meavnsii. for tannin
and woodfuel is easily grown on short rotation. Pines,
cypress and some eucalyptus, such as Eucalyptus
eatigna
and E. micvocovys
can be grown with success. Some
indigenous species such as Vorribeya goetzenils
an
excellent honey tree, do well here. Similarly,
Eucalyptus
mellioâora
is a very good honey tree, though its growth
is medium-slow. Dovyalis macrocalyx.
is good for fruit
production (especially jelly).

(2)

Low level red soils
These are areas below 2000 metres in which many agroforestry systems exist. These areas are suitable for
coffee and bananas. In this zone a wide range of species
do well and there are few problems in establishing
trees. In natural condition, the zone is very rich in
species diversity. Pines, cypress, several eucalyptus

species, Maesopsis etninii and Grevillea

robusta

can

all do very well. Here, as at high altitudes, moisture
is not a constraint and most trees will grow quite fast.

(3)

High altitude shallow vlei soils
These are places like Kinangop and Londiani. The zone
has shallow soils and during the wet seasons the areas
become water logged. Eucalyptus
saligna
establishes
well. Ekébergia
rueppeliana
occurs naturally and
therefore could also be planted.

(4)

Open plain and the floor of the Rift Valley
This is flat, windswept country like Laikipia and most
of the savanna country. Rainfall varies as does the
ecology, ranging from wooded savanna to open dry areas.
This is the zone of greatest challenge. Most of the
species that should be tried here are the drought and
fire resistant species.

A3
Leucaena leucocephala,
Croton megalocarpus,
Schinus
molle, CupreseuB arizonica,
Pinus halepensie,
Dodonaea
viscosa,
several species of hardy eucalyptus, Acacia
albida. Acacia tortilis,
and Bvachylaena huteckinsii
are
some of the hardy species which could be considered in
agroforestry management.

(5)

Coast
In the Coastal region there are two zones, the red soils
and the "white" soils. The indigenous species at the
coast are slow growing and may therefore not be appropriate
for agroforestry. There are many other species which
grow very fast and are, therefore, suitable for fuel and
poles. Caeeia eiamea, Eucalyptus
camaduleneie,
Azadirachta indica (Neem), Caeeia ßpectabiliß,
Trichilia
roka, Mangifera indica
(Mango) are some of the species
which could succeed at the coast.

CONCLUSIONS
In brief, although agroforestry is an old system, there is not much
known about optimising production. If research is done by comparing
various inputs in agroforestry, some ideal combinations could be
worked out.
Agroforestry is multidlsciplinary and perhaps some emphasis should
be put on training manpower. The three types of people involved
in agroforestry are foresters, agriculturalists and animal specialists.
None of them is trained to appreciate other disciplines, and some
rivalry is not uncommon.

The effect of plant competition also needs deeper understanding. Some
case studies of successful agroforestry should be made, revealing
some social customs which may be beneficial to such systems.
Information on extension work should be collected, analyzed, interpreted and disseminated to foresters. This would minimize "inventing
the wheel again". The language should be simple, interesting and
understandable.
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THE AGRICULTURAL SCIENCES ADVISORY RESEARCH COMMITTEE (ASARC)
A BRIEF STATEMENT OF ITS FUNCTIONS

BY

F.J. WANG'ATI
MINISTRY OF AGRICULTURE
P.O. BOX 30028
NAIROBI
The Agricultural Sciences Advisory Research Committee (ASARC) is one
of the five Research Advisory Committees established by the Science
and Technology Act of 1977. These committees are intended to
complement the work of the National Council for Science and
Technology (NCST) which is the principal body advising government
on Science and Technology Policy. The Committees comprise specialists
in the relevant fields of science and technology and have the primary
responsibility of advising the relevant Ministries on details of
their research programmes and the concommitant budgets.

ASARC has responsibility for registering, monitoring and evaluating
research programmes in the Ministries of Agriculture, Livestock
Development, Environment and Natural Resources, Water Development,
and Tourism and Wildlife, and advising these ministries on both
priorities and budgets. In this respect, it is expected that
ASARC will play a coordinating role between the research efforts in
these ministries and assist in formulation of research programmes
to cover priority areas which may not be receiving adequate attention.
It is also hoped that ASARC will assist international and nongovernmental organizations in the identification of research areas
needing their support and in integrating their contribution with
the national effort.

ASARC is also expected to assist the relevant Ministries in manpower
planning and development for research and will therefore play an
advisory role in the allocation of training fellowships and initiation
and development of specific training courses in the higher
educational institutions. The ASARC Secretariat was established
in June 1980 and will be based at the National Agricultural
Laboratories in Nairobi. Starting with a small staff of about ten
persons, the Secretariat is expected to grow to about double that
number in the coming years to meet the challenge of servicing the
numerous research programmes and institutions in the general field
of agricultural sciences.

CONCEPTS AND TECHNIQUES FOR A6R0F0RESTRY
RESEARCH AND PLANNING
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CONCEPTS AND TECHNIQUES FOR AGROFORESTRY RESEARCH AND PLANNING

Summary
A key issue in the development of agroforestry as a research discipline
is the vast number of variables involved in investigating the
complexities of an agroforestry system. In order to deal with these,
the agroforestry researcher will need to consider some short-cut
methods in experimental design.

Dr. Huxley of ICRAF, in his paper on the development of an agroforestry
research discipline, emphasizes the lack of measurement data available
(page 55). He covers in this and his two other papers (page 75 and 85
respectively,) some of the problems pertaining to research in
agroforestry and suggests approaches which could help to bring relatively
rapid results. A prime need is to understand the complexities of these
systems in both time and space, and to be aware of the management
problems which they entail.
The first paper deals in general with the value of woody perennial
species in land use systems and the capacity of agroforestry to exploit
and improve the environment. The differences in handling seasonal crops
and woody perennials are noted and some research tactics mentioned.
Field experiments need to be restricted to limited objectives if they
are not to be too complex and costly, and investigations have to be
phased, depending on what information is already known about the
various components.
Starting with a detailed appraisal of what kinds of agroforestry
already exist on the ground is essential, and working with farmers to
develop and implement simple trials will speed the adoption processes
and help better to define problems. Results of field experiments should
be expressed, anyway, in ways which the farmer can appreciate, and
this will itself influence the design of experiments. For example,
the farmer needs to know about the incremental
effects
of treatment
packages rather than the mean effects
overall of any particular
variable. Dr. Huxley suggests that very simple systematic field
layouts could help considerably to define problems, as well as to
reach rapid first approximation solutions.

Dr. de Bruijn's paper on multiple cropping, or inter-cropping
(page 69), points out that for the past 15 years the problem of
growing two or more crops simultaneously on the same area of ground
has received substantial research attention for agricultural crops,
de Bruijn, from the Department of Crop Science, University of Nairobi,
believes important lessons for agroforestry can be learned from this
experience as long as recognition is given to the increased complexities
involved by the introduction of very long growth-cycle plant mixtures.
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Intercropped plant mixtures which result in mutual cooperation,
or at the least compensations as contrasted with mutual inhibition
between or among the respective crops, can have a number of
advantages. These include higher productivity per land unit, greater
ecological stability, greater stability of yield over different
seasons, and the possibility of better control over weeds, pest and
diseases, de Bruijn suggests some assessment techniques for
determining the value of an intercropping system, based on the
calculation of a land equivalent ratio (LER) and income equivalent
ratio (1ER). He also notes possible disadvantages of intercropping,
namely its tendency to be more labour intensive and to cause management problems, especially under conditions of mechanization.

Experimenting with trees and shrubs can involve lengthy time-scales
and in his second paper, Huxley suggests that multivariate analysis
techniques could be used to make rapid evaluation of existing mature
field systems, a point subsequently elaborated in detail in Mr. Oranga's
paper (page 93). There are a whole range of factors of relevance
when handling woody perennial species for multiple products and
sequential harvests, some of which are briefly outlined. Many of these,
Huxley suggests, can be resolved at minimal cost, by studying single
trees and shrubs rather than by setting down large costly
experiments.

Dr. Gurnah of the University of Nairobi's Crop Science Department (page 81)
introduces the concept of eco-physiological studies as a discipline
relevant to agroforestry research. He defines eco-physiology as the
study of the environment and how plants respond within it. The types
of studies which Gurnah calls for are extremely comprehensive in
scope, requiring large multidisciplinary teams of researchers,
considerable amounts of expensive equipment, an extensive time frame
and a voluminous budget. The value of such investigations, wherein a
key objective is to measure and assess the effects of trees on microclimate, is considered to merit tha cost and effort, in that an
understanding will emerge of hew the environment can be more effectively
utilized than through traditional agricultural systems, such as shifting
cultivation. Because tropical problems are complex, according to
Gurnah, sophisticated science and technology are required to solve them.

In a third paper, Huxley lists some topics which he suggests are central
to research relating to plants in agroforestry systems: an appreciation
of the effects on management of the perennial, as distinct from the
annual habit, manipulation of plant population and spacing as a
management tool, an understanding of the effects of plant form In
agroforestry plant associations, and considerations of ways to modify
this where such changes could improve productivity. He also advocates
simple studies of plant phenology as a key to "matching" plants to the
climate at the site and optimizing the growth and development of plant
components in any system.
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Mr. Oranga of the University of Nairobi's Mathematics Department,
provides in his paper on multivariate statistical analysis (page 93), a
thorough-going review of several analytical methods which might be
usefully employed to handle the vast number of variables an
agroforestry researcher is likely to face. He concentrates on three
methods, namely, principal components analysis, discriminant analysis
and canonical correlation analysis. Oranga includes in his discussion
of each method an account of the types of research problems which the
tool might be called on to solve, how each works operationally, and
examples of the method employed. An important advantage of multivariate analysis over univariate methods, Oranga points out, is that
it allows for study of correlated variables in totality, univariate
techniques are often unsuited for dealing with the complexities of
agroforestry research as they normally assume variables to be
independent.

The theme of Dr. Raintree's paper (page 107), concerns the role of
multipurpose tree legumes in existing arable crop farming systems and
how integration strategies might be conceptualized and researched.
Multipurpose leguminous trees are seen to offer substantial benefits
to smallholder farmers, including a variety of productive as well as
conservation functions. By conceptualizing the problem of integration
in terms of both time and space dimensions a hypothetical continuation
of land use and labour intensification emerges, moving from planted
fallows through an alley cropping "solution" to intensive multistorey
intercropping. Dr. Raintree, of 1CRAF, elaborates the nature of these
relationships in the course of developing his theoretical model and
then suggests promising tree species for each of the three integration
strategies, based upon desirable species characteristics specified for
each type of system.

The subject of the paper by Mr. Dykstra of the University of
Dar es Salaam's Forestry Division (page 123), concerns the use of a
linear programming model which the author feels can be a helpful tool
in planning community agroforestry programmes. The model is designed
to optimize an objective to minimize the total land area under
cultivation while assuring adequate production of food and fuelwood for
a Tanzania Ujamaa village. Data for the model include nutrition
requirements of various sectors of the population, the average village
fuelwood requirements, nutritional values of various crops, and yields
per hectare of crops and fuelwood. The author presents the coefficient
matrix for the agroforestry problem and discusses its capabilities and
limitations, in so far as "real world" constraints are concerned. His
final recommendation is that the linear programming "solution" should
be viewed as a point of departure in planning rather than as an end in
itself, but that its contribution is significant for various specified
reasons.

Mr. Hosier and Dr. O'Keefe, both of the Beijer Institute, present
a very brief paper (page 137), which suggests the use of multi-objective
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analysis in planning for Kenya's household energy needs. The paper
constitutes a summary of a larger study which analyses the
effectiveness of three energy supply strategies vis-a-vis five
specified objectives. Direct production of woodfuel is reported to be
superior to the two electrification options in all respects untees
there is direct competition for available land. A case for
agroforestry?

The next two papers by Dr. Braun* of the Kenya Soil Survey and
Mr. Schmidt of the Ministry of Agriculture's Central Planning Unit
are complimentary. They deal respectively with the topics of
agro-climatic and agro-ecological zones and the value of such
classification systems for land planning in Kenya.
Dr. Braun's paper (page 139)t explains very carefully the rationale
and methods used in differentiating the seven water availability and
eight temperature zones represented in the classification system. It
also specifies the zones and associates each with a general
agricultural potential. It lists the major crops grown in Kenya
along with the altitude range of each. Altitude ranges correlate in
most areas of the country with temperature zones.
Schmidt's Seminar presentation (page 157), focused on the method of
application of the agro-climatic zonal system by the Ministry of
Agriculture for crop suitability evaluation and designation within
high and medium potential zones. Schmidt indicated that the zones
were soon to be printed on soil maps which would produce a useful
visual composite of agricultural potential.

A related topic addressed at the Seminar by Dr. Mlchieka of the Kenya
Soil Survey concerned a survey of soils and land use of the Kenya
Coast's Kwale - Mombasa - Lungalunga area. Land suitability for four
important coastal crops as well as several more general land use
systems was evaluated on the basis of climate, soils and existing
land uses. The work is published elsewhere by Mlchieka and
others**.
A matter of some importance to agroforesters Is that these
classification systems have not yet been used for designating climatic
suitability for growing tree species of interest in agroforestry.

*

Dr. Braun's paper was not prepared for the Seminar specifically,
but because of its relevance to Mr. Schmidt's contribution, it is
added here by kind permission of the Soil Science Society of East
Africa and the Kenya Soil Survey.

** Mlchieka, D.O., Vander Pouw, B.J.A., and Vleeshouwer, J.J.,
Soils of the Kwale - Mombasa - Lungalunga area, Reconnaissance
Soil Survey Report No. R 3, Government Printer, Nairobi, 1976.
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Seminar participants felt that there was an urgent need to include
what information is presently available about tree systems so as to
make the designation of agro-ecologic zones more comprehensive in
terms of integrated land use.

The section concludes with a paper about the East African Herbarium
(page 163). The author, Mr. Gilbert, describes the institution's
functions and history, and outlines plant collection and presentation
procedures recommended for users to employ. The Herbarium can play an
important role in the development of agroforestry, according to
Gilbert, as an information exchange service among active workers in
this field by naming plants of potential value, and describing them
and their habitats. The particular aim of the Herbarium in this
regard is to identify and publicise species of potential Interest
to agro foresters from among the indigenous plants of East Africa. It
was stressed during discussion following Mr. Gilbert's presentation,
however, that It Is not the mandate of the Herbarium to initiate
investigations, i.e. engage in research, but rather to be an
information clearing house among researchers.
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AGROFORESTRY - DEVELOPING A NEW RESEARCH DISCIPLINE

BY

PETER A. HUXLEY
I.C.R.A.F.
P.O. BOX 30677
NAIROBI
INTRODUCTION
Is there really a place for yet another research discipline? I
believe there is, on two main counts. The first, and more pragmatic
is that any new amalgam of research ideas needs to be positively
encouraged and identified as such, whether it springs from entirely
original concepts and practices or not. This is especially so when
the component research disciplines, in this case of agriculture and
forestry, have established themselves almost as separate entities.
The second is that a positive thrust towards the multiple use of
land through agroforestry techniques generates a definite need to
appraise and re-assemble our research tactics, so as to take into
account the increased complexities in space and time which have to
be dealt with in such systems. We might add, also, that we have to
enquire whether our methods of evaluating the outputs of agroforestry
systems, in terms of the multiple products and benefits which can
accrue, are up to the job.

To this extent, then, agroforestry research is a "new" discipline.
Of course, it will borrow and adapt existing well tried methods
absolutely familiar to researchers in agriculture, forestry,
ecology, biology and so on.
COMPLEXITY OF AGROFORESTRY SYSTEMS
Very few existing agroforestry systems have been studied critically
and so far, many still await even broad description. Most agroforestry systems have arisen through the enterprise of indigenous
rural communities who have, themselves, evolved them. Whether
it is a home garden in Indonesia, a multi-storeyed mixture of trees
and agricultural crops in Central America, or a sllvo-pastoral
system of fodder shrubs and grasses in the Sahel, suggestions for
changing the inputs in terms of spatial arrangements, the temporal
sequences of crops, or the very plant components themselves are
unlikely, in many cases, to be used on measurement data because we
have so few to work with.
A scientist faced with the challenge of identifying bottlenecks in
many agroforestry systems, and of initiating investigations concerning
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these, will often find a morass of variables to handle, and an acute
problem of sampling to face.
It is not difficult to see why. Picture a system consisting of Just
one multipurpose woody species (say, Leuceana leucocephala
) being
grown for both fodder and fuelwood, together with sorghum or maize
and a grain legume such as cowpeas or field beans. We need to
optimize not only a choice of products in relation to the time scale
in which they should be available to the farmer, but also maximize
the nitrogen fixing capacities of the shrub; as well as soil and water
conservation and shelter-conferring benefits. These benefits will
have to be balanced against the water and nutrient economies of the
various crop components, which will all occupy land for different
periods and have a whole range of alternative spatial arrangements
and management operations (time of planting, cultivation, fertilizer
applications etc). Such a relatively simple agroforestry system
is one which most research workers are not, as yet, familiar with
handling.

TEE VALUE OF WOODY PERENNIAL SPECIES
An agroforestry system is intended to be sustainable. That is it
is supposed to lead to land improvement rather than degradation
while at the same time, presumably, avoiding an increase in weediness
and a build up of pests and diseases. Can merely adding trees and
shrubs into a land use system achieve this?
Certainly, in many ecological regions the fertility status of the top
layers of the soil can be improved by planting trees or shrubs
(Keilman, 1979). These can change the soil fertility status both
horizontally and vertically in an exploitable way, without
necessarily increasing the total fertility of the system - although,
if legumes are used they may, perhaps, by fixing atmospheric nitrogen
achieve this too. In general.terms, land can often be made more
productive and less liable to degradation under woody perennial
species because such a plant cover makes it less "leaky" for
nutrients, light and water as compared with seasonal crops.

The challenge In agroforestry research is to discover to what extent
less than a full cover of trees or shrubs can achieve these
desirable effects, whilst allowing the land between to be used
concurrently for growing seasonal crops or grasses, and at the same
time increasing productivity, at least in the long term. What is
making this idea more feasible now is a host of woody perennial
species - the so called multipurpose trees - which can usefully fit
into such systems and provide a range of products and/or benefits
which the farmer wants (e.g. Burley, 1979).
The place which trees or shrubs may play in affecting pest build up
is certainly a very complex one where, again, we unfortunately have
very few data.
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EXPLOITING HETEROGENEITY
Plant components in agroforestry systems can be arranged as completely
intimate mixtures, or in small zones within the same unit of land.
There are likely to be many more opportunities for mixed cropping
arrangements in a "rich" environment which intrinsically supports
a large biomass, but zonal schemes may be more realistic for semiarid regions. Also where plant species, or species mixtures, are
zoned the overall management may become simpler. The possible
permutations in geometry of agroforestry systems is very large but
these two general approaches seem to be a starting point.
Whichever is chosen, mixtures or zones, there is a chance to take
advantage of environmental heterogeneity. Much of temperate
agriculture and forestry has been aimed at specialisation (homogeneity),
which utilises the benefits in output that can accrue through the
relative ease with which various inputs can be added and, management
processes manipulated, so as to optimise such systems. However,
heterogeneity or variability is a fundamental feature of our
environment. From among all this apparent disorder we have developed
highly skilled ways of handling sample data in order to try to
contain variability so as to understand the main features of it.
However, users of land in the tropics invariably exploit
heterogeneity, both in space and time. For example, a small farmer will
often arrange his crops to take advantage of the varied pattern
of soil fertility across his plot; also he may use sequential
plantings to obtain the best growth opportunities, or to avoid pest
infestations as far as possible.

Agroforestry systems of land-use, by incorporating plant species of
very diverse economic life span and phenology, and with different
spatial requirements, provide a better than usual choice of
combinations which can share the environmental riches available.
AGROFORESTRY IS FOR EVERYONE
Agroforestry has often been spoken of as particularly suitable for
fragile ecosystems - an estimated 2.5 x 10* ha in the tropics.
These include desert fringes, mountain slopes, some cultivated and
some not, as well as large tracts of tropical forests. The
latter are disappearing at, supposedly, around 1 percent a year,
and are mostly being converted into non-sustainable agricultural
systems (Myers, 1980).

There are, in addition, more than 1 x 10 ha of currently used
arable land in the tropics, much of which we know is undergoing
an insidious decline in fertility. One way to overcome this is to
increase the level of inputs, such as fertilizers, and to improve
soil management practices. Although this might be an ultimate
goal for achieving the highest possible productivity (de Wit, 1979),
an immediate concern is how to make the best use of what is
locally
available in order to satisfy the needs of the rural population for
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food and fuelwood etc. agroforestry systems may well then be beneficial
for these lands too.

No system produces something for nothing, but to maximize the use of
environmental resources and to reduce losses would seem to make good
sense. It is for this reason that we most often hear about agroforestry as being applicable to low input systems. It is, however,
illogical not to consider it as a valid alternative to any other land
use system» at any level of inputs, and to evaluate the possibilities
accordingly.
SOME PROBLEMS UNDERLYING AGROFORESTRY RESEARCH
These can be only briefly sketched in here. Initially, at least, we
are unlikely to have the luxury of experimenting with entire land
use systems, although those with much experience will have, at least,
a conceptual appreciation of what it is they are handling. Thus,
field experiments will be concerned with sub-systems and with systems
components, also their interactions, the magnitude of which will
certainly be highly location-specific.

Our knowledge of the plant components in any agroforestry system
may be at quite different levels. For example, the agricultural
crop will usually be well studied, often with a wide range of selected
germplasm to choose from. The trees of shrubs - particularly if these
are new-introduced multipurpose species - will be much less well
explored.
There are also a host of differences in handling seasonal crops and
woody perennial ones - biologically and management-wise. For example,
in their juvenile stage, woody perennials will most often be "dominated"
plants when grown in a mixed cropping situation with a seasonal or
with grasses. This situation is reversed after a few years as the
trees mature. Many seasonal agricultural crops are highly selected,
self-pollinated and genetically homozygous. Woody perennial species
are often cross-pollinated and highly heterozygous. The annual
productivity of woody perennials often depends on what has happened
to them in the previous season (e.g. "biennial bearing"), and it can
even be influenced by what occurred in their early stages of growth.
Yet again, woody perennials tend, more than seasonal crops, to build
up their problems as the years go by, especially with regard to pest
management. The land and soil preparation required for seasonal crops
and woody perennials is another obvious difference, as are the very
different harvesting problems.

If we are going to mix seasonal and woody perennial crops with such
diverse characteristics, then compromises in management will be needed
which will almost inevitably make the system more complex to handle.

RESEARCH TACTICS
Once we have evaluated the systems we are dealing with, and have
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identified problems that require investigation, how do we set about
formulating a research programme? Clearly there is a vast
accumulation of working material which forms the basis for thinking
about the management of land under any kinds of plant or plant/
animal associations. However, not all of it is in a form appropriate
to the extended time frame and complex spatial arrangements which
we find in agroforestry systems. Purely heuristic approaches are
not to be despised, but a new set of sound field research tactics
needs to be worked out if resources are not to be squandered.

Table 1 outlines the different phases and stages of a research
programme for studying plants for agroforestry systems and indicates
the type of field approach which might be suitable for each. Both
mature and juvenile phases of trees need to be taken into account.
It may be possible to utilize existing woody plant stands and
associations (survey and simulation techniques), and this might
be an advantage. Otherwise field experiments will start with newlyplanted woody species, bearing in mind that it may take many years
before these reach their mature phase (conventional fully-randomised
or randomised block designs, or systematic designs may be useful
here). What has been barely-explored to date is the relative cost/
effectiveness of these different approaches with regard to agroforestry .

Simulation (Oldeman, 1980) starts with an accurate description of the
architecture and aging structures of existing vegetation, and
identifies opportunities of replacing specific components with more
productive ones. Sampling of existing mature trees or stands,
around which appropriate agricultural crops can be introduced, can
be used with appropriate multivariate analysis techniques to look
at the crop-environment interactions. Ecologists have been using
such methods for many decades to discover facts about the association
of different plant species in natural stands.
Conventional randomised block layouts are widely used in agriculture
and in forestry research but, with the many variables and levels
involved in agroforestry tree/crop mixtures, the space they would
occupy could become inordinately large. In these circumstances they
are of low efficiency with regard to space utilization because of
the need for internal guard rows; but they are robust designs.
Systematically designs use very little land and can facilitate the
rapid return of information regarding plant responses to a few
treatment variables covering a very wide range of levels for each.
In particular they are valuable in examining a major variable, that
of changes in plant population. Such designs could be simplified
so as to use them "on farm", combining farmer evaluation plus a
more detailed sampling of results by trained field teams.

There is no doubt that all these are useful field methods but just
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which need to be used in any particular set of agroforestry
circumstances has to be given careful thought, depending on the
objectives of a particular experiment and the phase of the
Investigation which has been reached. Because of the time scales
and costs involved in agroforestry research there is certainly a need
to set limited objectives.
EVALUATION AND ADOPTION
Evaluation of agroforestry systems poses the same kind of problems
which are intrinsic to the evaluation of any multiple-enterprise
system. But the complexity of agroforestry systems, and especially
their extended time scales, pose special problems.
Often rather little is known about why farmers grow trees (other
than specific agricultural tree crops), what they hope to get from
them and how they allocate resources to improve this part of their
system. "Convenience" as well as "Risk" (Zandstra et al.t
1979) can
influence decision making and adoption, and these are matters which
are often largely speculative at present. Techniques such as linear
programming may often be inadequate to encompass the dynamic changes
inherent with time, and it is difficult to handle the large number
of components, restraints and alternative output goals.

The results of field research in agroforestry should be presented
in a form which will help offer clear choices to the land user. To
give one example, a complex multifactorial field experiment in which
the results are given only as mean effects may have underemphasized the results obtained between the highest and lowest sets
of treatments. If the treatments and levels represent a series of
management inputs then the farmer needs to be able to judge what
he is likely to get back if he invests in them at any chosen level.
In such a situation the experiment may have been better planned so
as to obtain as valid a comparison as possible between separate
input steps, and/or the treatment range rather than the mean
(Huxley, 1981).

Generally, even where land tenure is secure, farmers in the tropics
are more prepared to invest their resources, or at least a bigger
proportion of them, in short-term gains rather than long-term
benefits. Where a community effort is required the matter is often
made even more intractable. If land users are not already planting
trees and shrubs, a general call to do so may well fall on deaf ears.
This has often been a problem in promoting fuelwood lots, or the
planting of browse shrubs.
The simultaneous use of land so as to combine agricultural crops
with trees and shrubs may be a solution to this problem, because
the procedures for planting the woody perennials can be carried
"on the back" of those for sowing the short term crop. Certainly
the socio-economic implications of agroforestry are a rich field for
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study (Openshaw and Morris, 1980).
AGROFORESTRY EDUCATION
If there is to be a major change in our approach to integrate landuse (the solution to which may or may not be agroforestry in any
particular situation) where are the planners, researchers and technical
practitioners to come from? Scientific research is fundamentally
analytical, and its pursuit is largely a devlslve activity. Education
on the other hand, has to be integrative from the outset, and
particularly so if the recipient is to become a productive participant
In handling land-use systems (Huxley, 1976a, b ) . The challenge
here is to devise much more appropriate and relevant education
programmes, because it Is doubtful whether merely adding yet one
more subject ("agroforestry") to the curriculum will serve other
than to over-burden already crowded courses and programmes
(Huxley, 1980).

THE CHANGING SCENE
Three major changes have occured in our approach to the development
of land in the tropics over the last decade or so: intercropping
has become a reputable study; minimum/zero tillage with mulch
farming has been shown to offset, or even reverse the declining
soil fertility which occurs under continued cultivation in the wet
tropics; and its potential for semi-arid regions also looks
promising. Finally, and more recently, agroforestry as a system
of land-use has aroused considerable interest.

The possibilities of combining all three approaches to Improve and
develop productive and sustainable land use systems in the tropics
is enormous. But it will need some rather broad-minded practitioners
backed by equally adaptable researchers, to explore the wide range
of possibilities open to us.
Any "new" discipline must move rapidly from the descriptive to the
experiment and developmental, and it must take care to avail itself
of all existing information, data and new ideas. Deciding on the
most appropriate and efficient experimental approaches for the
various phases of investigation is an early priority.
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Table 1
Stages in the execution of plant research for agroforestry land
use systems. A general appreciation of the type of system, or
systems, being dealt with is assumed. If sylvo-pastoral systems
are involved then animal research (mentioned specifically here
only in stage 2(D) would follow a parallel course.

OBJECTIVE

00

TIME SCALE

Determine if the plant species
are adapted and select those
which establish and grow
well

Screening trials for:
a} establishment and
b) adaptation
- providing minimum managment such
as fertilizer for the planting hole
and/or minimum irrigation at
planting.

Replications of:
well spaced- plants and
close-placed plants
(hedgerows)

5-6 y e a r s

B.

To determine species phenology
and the influence of management
on growth of the single plant

Single-tree plots, fully randomized
and plants subjected to a range of
different simple management treatments

Fully randomized

5 - 6 years

C.

Appraisal of environment-related
factors which affect growth and
yield of different species
growing in natural or suitablymodified associations

Survey of plant associations and
environmental characteristics on a
seasonal basis

Multivariate techniques

Over 1 - 3
years

D.

Management trials on plots
containing groups of plants
of any one species
a) without animals so as to
optimize productivity and

These would be especially to
establish the interaction of
spacing and management treatments
(note that feeding trials with
animals kept separately could be
carried out if sufficient material
is available from this type of
experiment or any of the
proceeding ones)

(U
60

u

TYPE OF LAYOUT

A.

re
I
I
I
I
I
I
I

TYPE OF EXPERIMENT

b) with animals, if
appropriate
i.e. if the species
have a browse function
and so as to investigate the plant-animal
interactions

a) Parallel row designs or
factorialexperiments
with fixed/variable
interrow populations
b) Randomized blocks with
plots arranged to
facilitate grazing or
very simple systematic
designs for farmer
evaluation trials

All these
trials might
be laid out so
as to investigate the
juvenile phase
( 1 - 5 years)
or the adult
phase (6 years
onwards)
separately

OBJECTIVE

TYPE OF EXPERIMENT

TYPE OF LAYOUT

TIME SCALE

E.

To test under full-scale
trials a selection of viable
alternative components or
sub-systems based on the
information from proceeding
experiments A-D - also to
include economic assessèment
such as labour, costs,
etc. etc.

Large plot investigations using
only highly selected treatment
combinations

Randomized block layouts
with or without internal
guards and with provision
for thinning of the woody
component/s

1 - 1 5 years

F.

Evaluation of complete
systems

Large area investigation
to appraise a combination of
technical, ecological, social
and economic factors

Replication difficult

Very long term

TABLE

1:

Different phases and Stages of field research for studying plants in agroforestry systems.
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MULTIPLE CROPPING IN RELATION TO AGROFORESTRY
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GERARD H. DE BRUIJN
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P.O. BOX 30197
NAIROBI
INTRODUCTION
Agroforestry is based on the principle of growing plant species in
association. Thus multiple cropping is of central concern in
agroforestry.
To date most work on multiple cropping has been done with annual
crops. In this context an appropriate definition of multiple
cropping might be, "the intensification of cropping in time and space
dimensions - growing two or more crops on the same field in a year"
(Andrews and Kassam, 1976). This definition is applicable to
multiple cropping systems in which perennials are used, if the
phrase "in a year" is omitted. The classification of multiple
cropping into "intercropping" and "sequential cropping" components
pertains to agroforestry if the sequence or association of crops
is not restricted to only one year.

In most cases multiple cropping in agroforestry is related to intercropping. It is this aspect of multiple cropping upon which this
paper is focused. Willey (1979) defines intercropping as "the
growing of two or more crops simultaneously on the same area of
ground". This definition seems a suitable starting point from which
to pursue the topic.
Although intercropping has been practised by farmers since age old
times, until recently it has been generally regarded as a primitive
practice which would give way to sole cropping in the course of
agricultural development (Willey, 1979). Only In the last fifteen
years has intercropping received the research attention it deserves
in view of its widespread practice in the tropics.
In studying intercropping aspects of agroforestry we can profit
from knowledge obtained through study of intercropping in agronomy
or horticulture, especially where perennial crops are involved. An
illustrative example is the study by Nair (1979) on cropping of
coconuts in association with different kinds of annual and other
perennial crops. Whether the perennial crop is used for fruit,
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oil, or simply for wood, does not make any essential difference
biologically. However, whereas intercropping is a complex matter
when annual crops only are involved, it becomes even more
complicated in cases where mixtures of plants with a very long
growth cycle are concerned, as in agroforestry.
BACKGROUND OF INTERCROPPING
Research has indicated that intercropping can provide yield advantages
over sole cropping practices and that these advantages can be very
substantial (Willey, 1979). However, this does not mean that intercropping will generally lead to yield advantages. Trenbath (1974)
has shown that intercropping of annual crops in many cases does not
give yield advantages. It is generally assumed that intercropping
can provide yield advantages if a mixture of crops can utilize the
available growth resources more efficiently than single stands of
crops. In a single stand the plants will compete for the same
growth resources at the same time. If a mixture of crops can be
grown where the component crops are competing for the growth resources
differentially some yield advantages can be expected. Willey (1979)
distinguishes three broad categories of such competitive relationships.

1. Mutual Inhibition. The actual yield of the component
crops is lower than expected under sole crop conditions.
2.

Mutual co-operation.
than expected.

The yield of each species is greater

3.

Compensation. One species yields less than expected and
the other one more.

Mutual inhibition is rare. Mutual co-operation can be found in some
cases, but compensation is the most common situation. The more
competitive species in a compensation situation can be called "dominant",
and the less competitive species "dominated"(Huxley and Maingu, 1978).
The competitive relationships of species are of fundamental importance
for intercrop situations, and thus for agroforestry. It must be
known how species react to each other. Then, knowing this and through
studying the growth requirements of various species at different
periods within their growth cycles, a basis can be established by
which to predict the effectiveness of certain plant associations.
In extreme cases such as the growing of annual crops in between young
and slowly growing perennial crops, these kinds of predictions are
quite straightforward. In some complex situations as are many cases
in agroforestry, such predictions will be very difficult to make.

The main growth resources to be considered are light, nutrients
and water. Important plant characteristics which determine how
efficiently these resources can be used are plant shape, canopy
arrangement and rooting depth. Other factors are shade tolerance,
drought resistance, nitrogen fixation capability, etc. Thus best
intercropping results can be expected where the mixed species vary
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with respect to resource requirements and plant characteristics.
According to Willey (1979), maximizing intercropping advantages
is a matter of maximizing t n e degree of complementarity between
the component species and minimizing intercrop competition.
ADVANTAGES AND DISADVANTAGES OF INTERCROPPING
The main advantage of intercropping in agroforestry is obtained in
situations where the productivity of a unit of land is higher if
crops are grown in a mixture than if they are grown in single stands.
A second major advantage can be that the ecological stability of an
area is improved by using plant mixtures. Huxley (1979a) states
that even in cases where no yield advantage is obtained by mixing
tree crops and agricultural crops, there may be excellent shortterm (socio-economic) as well as long-term (environmental) reasons
why an agroforestry system may still be preferable to sole cropping.
Nevertheless we should realize that the ecological need for growing
tree crops and annual crops in the same area does not necessarily
mean that these crops have to be grown in a mixture. Thus, increase
of yield seems to be the main possible advantage of intercropping,
and this yield increase can be realized mainly by better use of
growth resources.

Another advantage of intercropping could be greater stability of
yield over different seasons (Willey, 1979). Here again, better
and differential use of growth resources, especially under less
reliable climatic conditions, or in case of pest or disease
incidence, can account for advantages due to mixing.
A specific advantage of intercropping annual and perennial species
is the positive effect of the "transfer" of elements to the top
of the soil by the deep-rooting perennials.
Further suggested advantages are a better control of weeds, pests
and diseases. Weeds will indeed be more easily suppressed if the
light is used more efficiently by useful plants. Pest and disease
control aspects, however, are more complex and intercropping is not
necessarily advantageous in this respect (Willey, 1979). Another
possible advantage is better protection of the soil against erosion
due to a more continuous leaf cover. Finally, in some intercrop
situations the physical support of one plant for another can be
advantageous.

There can also be disadvantages in intercropping. Firstly, there
can be a yield decrease if incompatible crops are grown together,
although theoretically this is avoidable. A more general disadvantage relates to management in intercropping situations, which
in most cases is more complicated and labour intensive than in
sole cropping. However, as long as a high level of mechanisation
is not required, which is the case in most small farming situations,
this problem is not very serious.
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ASSESSMENT OF ADVANTAGES
It is not always easy to assess properly the advantages of intercropping. The most straightforward method is to compare the costs
and benefits of intercropping and sole cropping in monetary terms.
The problem then is how to express ecological benefits, or costs,
in terms of money.

In intercropping with annual crops a common way to express yield
advantages is the land equivalent ratio (LER). This measure
indicates the relative land area under sole crops that is required
to produce the same yield as achieved in intercropping, under the
same management level. The LER is the sum of the fraction of yields
of the intercrops relative to their sole crop yield (Andrews and
Kassam, 1976). Thus there is a yield advantage in cases where LER>
1. Though LER is a very useful tool to indicate whether a yield
advantage can be obtained, it does not say anything about the
economics of the operation. For this the income equivalent ratio
(1ER) is more useful. The 1ER is the ratio of the area needed under
sole cropping to that of intercropping, at the same management
level, to produce the same amount of gross income. 1ER is the
conversion of LER into economic terms (Andrews and Kassam, 1976).

It should be stressed that for a valid comparison of intercropping
situations with sole cropping the output of the sole cropping
should be the optimal one. Thus, the optimal plant population and
spacing should be used. It may sometimes be difficult in agroforestry
situations to know these optimal conditions.
If pure stand growth of one of the component crops of a mixture is
not really desired, for example, when the objective is to grow a
perennial crop with possible intercropping of an annual during the
early stages, it may not be possible or realistic to calculate
the LER.
Assessment of the benefit of intercropping in such cases
can only be done by comparison of costs and benefits.
Finally, in cases of intercropping with perennials, it may take many
years before the effect of intercropping can be determined.
PLANT ARRANGEMENT AND SPACING
Much remains to be known about desirable plant arrangement and
spacing in intercropping. As to total plant population, recent
research with annual crops has indicated that where intercropping
gives a yield advantage the relative total population optimum tends
to be higher than that of the sole crops (Willey, 1979). This
corresponds with the view that in successful intercropping the
growth resources can be used more fully than in sole cropping,
especially if there is temporal or spatial complementarity of the
component crops.
Seen from the ecological point of view, agroforestry does not
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necessarily require intercropping. An important role of trees in a
plant cover is that they make the system less "leaky" (Huxley,
1979b). Between one extreme where trees are grown in a sole stand,
and the.other where trees are grown in an intimate mixture with other
crops, all kind of intermediates are possible. One of these is strip
cropping (Andrews and Kassam, 1976), a system where the crops are
grown in different strips wide enough to permit independent
cultivation, but narrow enough for the crops to interact. Though
this system can solve some management problems, from the point of
view of optimal utilization of growth resources a better result can
be expected from intimate mixing.

In mixing crops there are so many possibilities for choosing
proportions of the component crops, that it may be impossible to try
out the whole range In experimental work. The number of alternatives
can be reduced significantly by formulating clearly which crops are
to be grown in an area and in which quantities. But even then
experimental work may be very tedious and time consuming, as has been
discussed by Huxley (1979a). As long as results from those long
term experiments are not available, and we have undoubtedly to wait
for some time, it will be useful to learn from farmers' experience
by studying the systems they already use.
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EXPERIMENTAL WORK WITH TREES AND SHRUBS
FOR USE IN AGROFORESTRY SYSTEMS

BY
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INTRODUCTION
Any agroforestry investigations to look into the potential of a
particular woody species may well need to start by gaining further
information about the growth and production characteristics of the
species grown alone. The same, of course, applies to the annual crop
components although, in many cases, there may be a substantial body
of information already available about these. Only after a certain
amount of basic information about the woody species is available
will it be feasible to look at the interactions between the woody and
annual components which taay be chosen to fit into a potential
agroforestry system. Experimenting with actual systems themselves
is likely to be the very last investigation. These remarks apply
both to the process of amending existing systems of land use or of
devising totally new systems. There are, thus, four "components"
in any scheme: 'the woody species, the crop species*, their interactions,
and an evaluation/or comparison of whole systems.
This brief paper concerns itself principally with two aspects of
experimentation with agroforestry systems. First, an outline is
presented of the way investigations can be "phased". Secondly,
consideration is given to some factors involved in removing (harvesting)
the woody component in an agroforestry system when planning such
experiments.

PHASING OF EXPERIMENTATION
The teble found on pages 63 and 65 of this volume sets out a possible
sequence of types of experiments which is based on a logical, step-wise
set of objectives. In each case the type of experimental layout would
be different. There is, of course, no reason why the experiments should
not overlap in real time although, as each depends on obtaining information

* this refers to the agricultural
species used, whether annual crop
species, woody species or grasses.
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from the pravious one,
always be prudent.

a too-hasty jump froa one to the next might not

The time at which separate experimentation oa the "crop" and "woody"
components becomes unnecessary needs caraful thought. In the table, the
incorporation of sxi annual crop component could be introduced in Type
D experiments in the sense that it is a "management treatment". On the
other hand, if sufficient information is still not known about the tree
species there could be a case for continuing to learn' more about it in
experiments where it is grown on its own. This might well apply, for
example, in the case of multipurpose tree species.

The reason for splitting up experimental work into sections outlined in
the table is not just one of logically proceeding from one level of
investigation to another but, also, for economy of effort. For example,
in looking at a species which has not been examined in any detail before,
or which is a species recently introduced, there is an obvious need to
understand the behaviour of the plant in response to seasonal changes in
the environment. This needs no more than critical observations on single
specimens and, therefore, need take up little time and space. More can
be learned about the physiological reactions of the plants if some simple
"management" treatments are also applied at the same time (lopping or
pruning, irrigation, fertilizer treatment etc. These constitute type
B experiments).

To evaluate the growth potential per unit area of land, plants of the
same species have to be grown associated as a "crop" and the various
combinations of plant populations and plant arrangement must be
investigated together with selected management treatments. This
constitutes stage 2. If animals are to be part of a possible final
system, then a parallel programme of work is required at this stage in
looking at animal production factors.
As agroforestry is dealing with multiple
land uses it is the interactions
between the components which interest us most. It is the study of
these, in highly-selected arrangements and combinations of treatments
formulated from the previous two stages of work, that will form the
most important part of "designing" new, or modifying existing,
agroforestry systems. The final evaluation of these is obviously a
long-term task. These are programme stages 3 and 4, respectively.
Where the information from the early type of experiments (types A, B and
C) has not yet been obtained it might be unwise to specify for
experimental layouts exactly what species are to be used. Instead,
arguments could be given for using indigenous or exotic species. Also
some indications of the size, range and habit of the proposal species
would be appropriate, particularly as the more complex experiments
will be difficult to run where species have very different statures and
are in the same or adjacent plots. Similarly, unless type D experiments
have already been carried out on the woody species grown alone, any
recommendations about spacing in the mixed cropping scheme may not be
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very soundly based. This is especially when one considers that spacing
depends on so nany factors, e.g. the size of the individual species
concerned, whether one is dealing with the juvenile or adult phases of
growth, the effects of management treatments such as lopping etc., and
so on. Until something is known about the growth of the species when
it is not grown in a mixture than it seems somewhat hazardous to pick
on just one or two spacings when it is.

SOME POINTS ABOUT REMOVING PARTS OF TREES OR SHRUBS
In most cases the tree or shrub component in an agroforestry system
will be subjected to some form or another of sequential harvesting.
For example, in systems where the trees or shrubs are to be used for
browse, fodder, mulch or fuel, parts are going to be removed at
intervals. The following variables are involved.
1.

The time in the plant8s life cycle at which removal starts, e.g.
time from planting out.

2.

Removal in relation to the growing seasons (winter/summer rainfall,
bimodal rainfall). This will automatically relate to the
phenology of the species involved (flowering and fruiting, as
well as phases of root growth and activity etc.). This is a
better indicator than real time, or even position in the
season.

3.

Frequency of removeI within any one season, which will be
related to the response tc cutting at a previous time, as well as
to environmental factorsB sad to (4), below.

4.

The amount cut at any one tiice, which will be related to the growth
stage and phenology and environment conditions, and to (3) above.

5.

The position and compositions of the parts removed, which will be
related to the manner of cutting or browsing the plant.

Some economy of effort can be gained by obtaining the information
required by first
studying
single
plants
(suitably replicated). For
example, (1), (2) and (5) in the list above can easily be studied this
way because management will alter the responses rather little, or in a
predictable way, in these particular cases. Thus the more elaborate
experiments can be mainly centred on (2), (3) and (4). Even (4) can be
studied on single plants so as to provide considerable amounts of
information. Again, the choice of treatments in such experiments will
probably exclude infeasible or obviously uneconomic ones. However,
it may still be wise to set up a complete
orthogonal set and then give
reasons, however brief, for the choice of what is left out. In
addition, the full set of comparisons which ought to be made between
treatments of different kinds» or groups, should be set out in the
planning stage, and some consideration given to how different degrees
of freedom are allocated if the efficiency of the experiment is to
be maximized.
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Much could be written about the physiological background of treatments
related to the lint of variables given above. Only a few comments
are given here. There is plenty of evidence from work on perennial
fruit crops that what happens to the young plant can, quite markedly,
affect subsequent growth, flowering and yield. For example, early
pruning will affect not only the position of branching structures, but
the time of on-set of flowering as well as the plant's potential for
producing fruiting points. The on-set of early flowering will itself
check further growth.

The removal of plant parts will affect growth in a number of ways
depending on which parts are removed, when, and to what extent. The
consequences of these various factors are not always obvious. Not
only does removal of parts involve a loss of transferable carbohydrate
and mineral elements, but it will bring about an immediate modification
in the hormone balance with resulting influences on the growth of new
plant parts. It is now possible to predict what some of these
modifications might be. Physical changes brought about by removal of
parts might be seen as modifications of the light profile within the
canopy and possible changes in the plant's water balance and rates of
evaporation from the crop. Again, in any one situation, these are to
some extent predictable, at least as general trends. But the extend of
the responses for any species will have to be tested.

The question of plant response has been the subject of decades of
investigation with horticultural and tropical fruit crops, of course,
and there is a body of principles that can be used here. What is clear,
however, is that the response in any one season will depend very much
on what has happened to the plant in the previous
season,
as this will
have affected the store of carbohydrates and nutrients, the position
and growth activity of buds, etc. This is quite complicated with regards
to growth physiology, but it becomes even more so when we take into
account the developmental sequences. In any case, flowering and fruiting
interact with the vegetative growth of the plant and, if any of the
woody species dealt with transform a relatively small proportion of the
annual increment of dry matter into fruit, there may be problems similar
to the "bi-annual-bearing" common to crops such as apple or coffee.

The result of all these factors is that season-to-season variability
is increased and thus the length of time in which the experiments have
to run must be extended before reliable results can be produced. The
matter becomes rather more complicated when particular experimental
treatments encourage flowering and/or fruiting, but others do not. In
the circumstances we may get non-homogenous variances and have to use
special statistical techniques to handle the data.

What has been said above emphasizes not only the long term nature of
getting reliable data back about relatively unknown woody perennial
species, but also the desirability of finding this out before embarking
on any experiment in which such a species is combined with annual crop
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plants. This is not to say that a great deal cannot be discovered about
the interaction betvaen two such components, but I believe it can be
obtained more quickly and cheaply through a series of simple experiments.
Where these can be "farmer-evaluation" type trials a good deal of time
might be saved, in fact, in the extension phase of any development
programma.

Furthermore, we should by no means neglect the large body of research
methodology which is being devoted to "survey" type investigations,
related to classification and ordination of natural plant communities,
which can be evaluated by various forms of multivariate statistical
analysis. "On-farm" trials (probably using simple systematic designs),
and survey techniques (using multivatiate analysis) are likely only to
provide us with a set of clues, albeit strong ones, about the interactions
between plant species and the dependence of those species in regard to
growth, fruiting etc. on particular environmental parameters. These
approaches have, however, the enormous advantage that they can be
carried out over a wide range of sites and ecological conditions. This
may not be possible for conventional experiments because of size,
complexity and cost.

CONCLUSIONS
In general, there seems to be some powerful arguments to phase programmes,
but equally good ones to overlap the phases as much as possible. To my
mind, agroforestry investigations require a very flexible approach to
experimentation and data collection. This is so to the point where
experiments are broken down into a very simple range of studies which
will provide a series of "clues". These can be used as evidence for the
selection of treatments for longer-term, conventional trials which may
take 20 to 25 years to produce a set of data which satisfy the current
adherents of R.A. Fisher. Indeed, a cursory examination of the annual
reports of any of the major research stations working on tropical tree
crops or temperate crop fruit indicates that most worthwhile results
have been obtained from experiments lasting usually not less than 10
years, and often much longer.

In the circumstances, simplifying the experimental work, carrying it out
in phases which can be mutually supportive, and taking advantage
of simplicity to extend trials to a range of ecological zones, will be
a much better approach than having just a few complex experiments
in a limited number of sites.
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INTRODUCTION
Agroforestry can be considered as the growing of crops in mixtures
with trees or shrubs which are either planted or which are remeants of
the natural vegetation. It also pertains to cropping situations in
which tree crops like coconuts, mango and cashew are planted in
mixtures together with annual food crops like cassava, maize and
grain legumes. In this paper I will focus attention on a system of
traditional agroforestry called shifting cultivation.
SHIFTING CULTIVATION
Shifting cultivation is a type of land rotation system which has been
a feature of stable farming systems for centuries in Africa and other
parts of the world. Such systems have worked well without inputs from
outside, thus there must be something good in them. The systems begin
to break down only when the population they are expected to support
becomes excessive. Accepting this limitation of the system it seems
prudent to make a case for a scientific study of it, where it still
exists»instead of dismissing it as a primitive system which should
be replaced as quickly as possible.

The recent emergence of interest in mixed cropping and the evidence
which is now accumulating to show that it has advantages over sole
cropping should serve as a reminder not to negate the potential value
of land use systems which have been successfully used for centuries.
Intensive scientific study of such systems, where still practiced,
might reveal features which can be adapted and modernized to support
larger populations than they have done so far. The soil components of
such systems, especially with regard to organic content and fertility,
has received some attention (Nye and Greenland, 1960). It is the
aerial components which have received little attention. Thus effort
should be invested in studying the aerial as well as the soil
environments in such land use systems. Eco-physiology is the study

82
of the environment and how plants respond within it. As such it should
provide the disciplinary framework for the types of studies which are
needed.

ECO-PHYSIOLOSY STUDIES
Hudson (1977) stated that with all the management skills and technology
now available we can only ensure a certain level of fairly average
yield; that attaining of yields beyond that depends upon what he
called "the elemant of luck in crop production which is so dependent on
the effects of weather on crop productivity". He was speaking of the
relatively simple one-crop farming situation in England. However,
he made a strong case for studying and understanding how to manipulate
the microclimate in which the crops are growing in order to reduce
fluctuations in crop yields and to therefore have higher average yields
in the long run. It is likely that traditional agroforestry systems
possess features which have this effect of reducing fluctuations in
yields leading to more stable production. For example, the shelter
effects of trees surrounding a patch of crops can reduce many of the
well known harmful effects of winds (Rosenberg, 1974) . Other environmental parameters which will be effected include soil and air
temperature, humidity, photosynthesis and CO- balance and such plant
processes as pollination. Furthermore, the effects of trees on the
radiation balance can be marked. All these aspects need careful
evaluation and study if we are to benefit from centuries of experience
of traditional farmers. The system is very complex and it will not
be easy to study it, but the challenge seems worth taking. The
question is, how?

In the past decade a number of eco-physiological studies of both crops
and natural vegetation have been done in various parts of the world.
The data collected is voluminous and will take years t o fully interpret.
Its impact will take years to be felt in practical farming. Â few
examples include the study of the barley crop in England by Monteith,
the study of wheat in Australia by Denmead, the study of the Canadian
Prairies in the Ilaador project and others. Some of these case studies
are summarized in Monteith (1976). All of these studies are much
simpler than the situation «re find in agroforestry under tropical
conditions. But such studies will lead to an understanding of how the
environment can be effectively utilized, and therefore, how new
agroforestry methods can be developed which would be more effective
than traditional ones.
A large multldisclplinary team consisting of crop scientists, foresters,
hydrologists and others is required. Expensive equipment is required
such as wind probes, temperature probes, infra-red gas analysers for
water vapour and C0 ? measurement, radiation sensors and heat flux
plates. All of these will be attached to data loggers. A computer
will be needed to process the data. At present day prices any
group using such equipment would need up to £50,000.
Many might argue that such equipment and methods are too sophisticated
and expensive for less developed countries to afford. This is true,
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but, international aid could be more profitably used on such studies
than on the large number of feasibility studies and appraisals which
often end up in non-workable projects and which are even more
expensive. Also, because problems in the lesser developed countries
are more complex than those in temperate areas, there is even more
need for more sophisticated science and technology to solve them.
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INTRODUCTION
These brief notes refer to some areas of research involving plants and
plant management which are central to the understanding of how different
plant types can be associated so as to improve production. Because, in
agroforestry, we are dealing with very disparate plant types (trees/
shrubs and annual or perennial crop plants and grasses) extreme
combinations of spatial or temporal arrangements may be met.

Some relevant aspects of plant form or behaviour are noted below. These,
and others, are considered in much more detail elsewhere (Huxley, 1981).
THE PERENNIAL VERSUS THE ANNUAL HABIT
There are a number of issues which any land user has to consider if he
wishes to incorporate perennials rather than annual (seasonal) plants in
any cropping system, particularly if the perennials are long-term woody
species. Some of these relate to the plant characteristics themselves,
others to their management.
Because woody perennials occupy th^ land for relatively long periods of
time, as compared with annual crops, they represent a more rigid and often
greater investment of resources. Site selection is an important issue
and the degree of initial land preparation can be more costly for trees
or shrubs depending on their ultimate production potential i.e., whether
they result in high or low-priced products. Many species of trees and
shrubs are outcrossing and, thus,. heterozygous, with the result that
there can be large phenotypic differences in the growth and form of
plants from the same seed source. Woody perennials do lend themselves
to one form or another of vegetative propagation, so that clonal material
can be raised but this, itself, can bring about a further series of
problems related to pest and disease control.

Management decisions about tillage, or, the possible use of herbicides
for weed control, can present more difficulties with trees and shrubs
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because the form, extent and seasonal activity of their root systems
offer a more complex pattern then that found with most seasonal crop
plants. Root fora and activity can, in addition, influence the type,
amounts and time of application of fertilizers, as does the sequence of
above-ground activities i.e. vegetative growth flushes, flowering,
fruit development and maturation etc.

The growth and fruitfulness of any woody perennial in a particular
season depends to a greater or lesser extent, on what happened in the
previous season, or seasons, so that the management of woody perennials
often requires considerable skill. This applies particularly to optimizing
outputs through manipulating the amount and time of removal of plant
parts (e.g. in browsing or lopping), or in controlling the level of
fruiting. Woody perennials can store larger amounts of plant resources
(carbohydrate, nitrogen and other minerals) as compared with seasonal
plants and, because growth of plant parts is under hormonal control, the
processes involved are often complex. Thus, a proper appreciation of what
to do in plant management terms is not easy.
Finally, peut management can be rather more complex with woody perennials
because they tend to accumulate their problems. Unlike seasonal plants,
the opportunity to change crop species, and so avoid particular pest
problems, is not so readily available.
These are just soms of the factors which make woody perennial species
more demanding of management skills and resources than seasonal ones. On
the other hand the inclusion of woody plants into land use systems may
confer numerous banefits, which others have often enumerated (Chandler
and Spurgeon, 1980), so that there is a greater likelihood of the
systems being productive on a sustainable basis. The inclusion of
trees/shrubs can certainly result in ecologically beneficial results in
many cases, with little or no additional inputs other than the woody
species themselves, together vrith their appropriate management.

If we are to use trees and shrubs to optimize productivity as well as to
improve the environment it is important, therefore, that we understand
and appreciate their exact role in any particular land use system and
learn to manage them appropriately.
PLANT POPULATION AND SPACING ASPECTS
A major management tool available to even the poorest farmer is the
choice of plant population. Three factors are involved: total plant
population per unit area of land; rectangularity, i.e; the ratio of
withinto between-row distance; and, within the limits set by these
first two, actual plant arrangement. Total plant population is usually
the overriding variable. With sole crops, the relationship between
product output and increase in plant population is asymptotic if we
are dealing with total biomass, or parabolic if some plant part, either
fruit, seed or a vegetative structure, is involved (see Figure 1).
Willey and Heath (1969) discuss various yield/density equations which

can describe these relationships. That most commonly used, which can
fit, is the reciprocal yield equation, e.g:

- where W is the yield per plant, a and b are constants, and P is
the plant population per unit area of land.
Except where the cost of seed is important the issue at stake most
farmers growing sole crops is to ensure that the final plant population
is not likely to limit yield in any particular environmental situation.
Where intercropping is practiced, however, the result of the interaction
between crop components has to be taken into account, as it can
markedly modify the total output from the unit of land. Interspecies
competition can result in matual inhibition, mutual co-operation or
in some form of compensation by one of the components (Willey, 1979).
Where trees or shrubs are interplanted among herbaceous crops or grasses
they will be dominated plants in the early stages of their growth, but
later they will become dominant. Thus, competitive interactions in the
mixture will change with tree/shrub age and these relationship can be
influenced by rectangular!ty and/or plant arrangement, as well as the
management techniques such as lopping/pruning/browsing of the trees
or shrubs.

The interactions between plant components are likely to be more
difficult to understand in agroforestry situations than they are even
in agricultural intercropping. A good deal of work will be required
before we have adequate information on which to evaluate species
mixtures for particular agroforestry systems.

There are two other major areas of plant research which are highly
relevant to the design and function of efficient agroforestry systems.
These relate to the spatial and temporal effects of plant interaction
in mixtures, but they also have wider management implications for
agroforestry in general.

PLANT

FORM

A plant "ideotype" is a conceptualized form which can be related to the
plant's functional efficiency in different environmental circumstances.
Breeders of agricultural crops have come to realize that individuals
chosen under widely-spaced conditions for vigour, size, fast-growth etc.
may result in germplasm selections of mutually aggressive types. These
do not in fact, maximize crop yield. In stands individual plants which
make the best use of shared environmental resources, whilst interfering
least with their neighbours, are the more likely to achieve this
(Donald, 1962, 1963, 1968). With crop species such ideotypes tend to
be only moderately fast growing, with an erect rather than a spreading
habit, and with small rather than large leaves. More recently, forest
tree breeders have come round to the same point of view (Cannell, 1978;
1979).
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In many agroforestry situations the likely dominant partner, the mature
tree or shrub, may well interfere least with associated crop species if
its canopy is least spreading and/or presents an open mosaic of leaves,
Similarly underground, deeper-rooting trees or shrubo, which need not
compete so strongly for water and nutrients in the sama topsoil volume
as associated crop plants, may be more suitable types to use. (see
Figure 2) . Species or cultivars tfhich are naturally of the right form
need to be selected from among the many kinds of multipurpose trees now
being tested. However, management by appropriate methods of lopping
and pruning the tops or roots can, to some extent, achieve the same
result.

Certainly, there is a good deal of investigation needed to identify and
classify potential agroforestry tree and shrub species with regard to the
aspects outlined above. There is also a need to work out quick
methods of evaluating them for particular agroforestry systems.
CROP AND TREE PHENOLOGY
What has been mentioned above under plant form relates to growth in the
horizontal and vertical spatial dimensions. But these take place in time,
of course; either in the long-term (the life-span of trees/shrubs), or
the short-term (within-season changes). In the time dimension we
must also take into account plant phenomena such as flowering and fruiting,
and vegetative changes such as growth flushes and the ageing and
senescing of leaves.

Matching the phenophases of the different plant components both to one
another, and to the available growing season, is critical if environmental
resources are to be shared effectively in agroforestry systems. This
implies a knowledge of the appropriate climatic data, and an understanding
of the responses of each plant component to them, at least in a general
way. To do this we have only to study the plant species by the simplest
means. One way, for example, is by keeping regular weekly records of
the state of growth, flowering and fruiting together with meteorological
data. This should be done first in their natural habitats, and then in
the areas in which we intend to grow them.

This kind of study can soon indicate if there are growth or development
problems in the new climatic regime, and we do not have to wait unduely
for such clues to become apparent. For example, delays in bud-break,
premature leaf abscission, a shortening of the periods between
successive leaf flushes etc., can all indicate that a particular tree
species is not well-adapted to a particular location. For crop plants
some relatively simple data relating growth, development and maturation
phases to the seasonal water balance and the ambient temperature
(crop "Heat Units") can indicate likely success, or otherwise, in another
location with a different weather pattern.
For agroforestry we are likely to have, already, a good indication of
what agricultural crop species (or even cultivars) will do well
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in particular climatic regions (See, for example, the contributions by
H.M.H. Braun and H. Schmidt on pages 139 - 155 and 157 - 162). But we
are sadly lacking this information for multipurpose trees and shrubs.
CONCLUSIONS
In this paper I have outlined a few of the more important aspects of
plant behaviour which appear to have immediate relevance to agroforestry
and about which we need more information. By definition agroforestry
systems involve associations of woody perennials with herbaceous crop
plants or grasses. We must, therefore, have quite clear in our minds
the characteristics of each of these types of plants.
When assembling plants, of whatever type, together on a piece of land
we should be able to appreciate how changes of plant population will
affect the ultimate output. Here we can start by knowing what happens
when individual species are grown together, but we soon have to go
further and understand how different species can interact in agroforestry
systems. For this purpose we may need only simple experimentation
using relatively few plants in the first place in order to study this
plant-to-plant interaction (Huxley, 1979).
If we are to develop improved agroforestry systems, or devise new ones,
then an appreciation of how plant form, and how changes of behaviour
with time of the component species will 'match' the climate at the
site, are both necessary. Such an appreciation is needed in order to
evaluate, rapidly, the possible suitability of different plant
mixtures and spatial arrangements. Only very simple experimental
records are required.
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FIGURE

2:

Dlagramatlc representative to show relationship
between the form of a tree and Its possible dominance
over a non-tree companion crop. Dense top growth and
extensive (surface) rooting as In (a) Is likely to be
the worst situation. Extensive surface rooting or
dense top growth as in (b) and (c), respectively, will
still be highly competitive. Trees which are lightcanopied and deep-rooting with few surface roots will
probably associate best with agricultural crops, as in
(d), and this may occur because of the natural habit
of a species or through management (pollarding and
root pruning).
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MULTIVARIATE STATISTICAL ANALYSIS
IN AGROFORESTRY RESEARCH

BY
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DEPARTMENT OF MATHEMATICS
UNIVERSITY OF NAIROBI
P.O. BOX 30197
NAIROBI
INTRODUCTION
Multivariate statistical analysis is the analysis of a set of several
correlated characteristics simultaneously, observed on each individual
in the population under study. Suppose that X = (X., X-,.. X )
is a column vector of p characteristics to be studied in a population.
Then multivariate analysis should enable us to study these correlated
variables in totality. In this way, the information on intercorrelations
between different characteristics is not suppressed as is the case when
univariate methods like t-tests are applied. The univariate techniques
are less efficient since they normally assume that the variables are
independent.

In agroforestry research, the scientist is involved in studying multiple
land use practices where the ultimate goal is increased and sustainable
production of herbaceous crops together with woody species, perhaps
as well as livestock farming, either simultaneously or sequentially in
time and space. The objective is high yields per unit of farming land
without undermining the maximum carrying capacity of the soil. A good
agroforestry system therefore must be able to increase production of
food and at the same time be able to improve the conservation and
rehabilitation of the soil resources needed for future food production.
As such, and in order to understand the mechanism underlying an
agroforestry system, many variables such as, water, light and soil must
be studied in totality, both in time and space, and the possible
interactions among the monocultural subsystems in the whole system
must be taken into account. Figure 1 below is a typical representation
of an agroforestry system in its simplest form.

For example, it might be decided to introduce a new woody fruit species
in a particular existing agroforestry system. The authority concerned
with implementation of agroforestry policies will have carefully to conduct soundly designed experimental screening trials to determine whether
the given species is able to adapt and also to evaluate its performance
in comparison to any species already existing in the system. This would
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involve conducting investigations on the trees' adaptability, and an
appraisal of environmental factors such as water consumption, humidity,
ambient temperature, transpiration (water loss) rates, and soil
salinity, for example, which can affect the rates of growth and the
ultimate yield. Therefore, in order to understand and evaluate the
performance of the fruit tree an agroforester may wish, for various
reasons, to study numerous correlated variables on each plant based
on biological factors, such as the following:
X. - fruit yield per tree

X . - amount of ammonium fertilizer
used (kg)

X 2 - biomass weight (kg)
X» - leaf area (.tor )

X.Q - amount of green foliage feed
available for livestock (kg)

X, - leaf length (cm)

X

X 5 - leaf width (cm)
Xg - height (m)
X 7 - stem width (m)
Xg - root depth (m)
X<j - number of branches
X-_- days to first flowering
X._- frequency of flowering
per year
^12" fruits/flowers ratio (Z)

20 "" P r o t e i n content of beef of
livestock fed on the tree
foliage (Z)

X-, - mineral content of the beef (%)
X 2 2 - mean count of number of
insects pests per tree
X 2 , - mean angle of inclination
of leaves to the incoming
sunlight rays

24
L
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- distance to the nearest tree
of a different species
- distance to the nearest tree
of a different species

X.,- dry matter weight of
fruits (kg)
X.,.- water consumption (ml/day)
X-5 - transpiration rate
(ml/sec)
X^g - calcium of soil around
roots (Z)
X 1 7 - weight of shrubs under
its shade (kg)
The list could be made longer. The point is that the research scientist
will have to accommodate a huge set of interacting soil, climatic,
topographic and socio-economic characteristics making it almost
impossible to handle the raw data directly. He needs methods by
which he can condense the amount of data to be handled without
foresaking too much information. Multivariate methods of analysis
can achieve this.

WIND DIRECTION

FIGURE 1:

AN AGROFORESTRY PRACTICE

By relying upon univariate methods only the possible number of computations
and comparisons needed completely to summarise the structure, interrelationships and dependencies of multiple characteristics in agroforestry
system simultaneously or sequentially will be beyond comprehension.
In many cases, scientists have attempted to analyse too many characteristics through univariate methods and have ended up studying each
characteristic or subsystem individually. With univariate analysis, the
implicit assumption is that the characteristics being studied are
independent and hence no interactions exist. In agroforestry, however, interactions between various production subsystems and management practices,
and thus dependence between the variables, is a fundamental feature to be
expected. By ignoring such interrelationships, vital information on interdependence mechanisms is suppressed. The loss of such information could prove
disastrous to strategies of management and decision-making aimed at optimum
operation of the system as a whole.

In this respect, multivariate statistical methods can play a very important
role in the science of agroforestry. Such methods enable the research
scientist to concentrate his effort and time. He can study a lesser
number of variables while still retaining a maximum amount of information
about the system under study. Information relating to the inter-correlations
between various original variables is carried in these few derived variables.
This is achieved by transforming the original variables X-, X2..., X_ (p= no.
of characteristics under study) to a new set of mutually orthogonal
variables, say Y,,Y~, .. ,Y such that each new variable can be represented
as
1. 2
p

Y. = a». X, + a-~ + . .. + a.
1
44 1
i2
1 *** 1|4|J| •• «p

X„

(1)
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where a. = (a- -, , a. ~ > • a i n J i s a v e c t o r o n unknown weights. Since these Yis
are mutually orthogonal, we can now apply simple univariate analyses and
tests. Normally a maximm of the first four to five of these new variables
will be able to explain about 70 to 90 percent of the information contained in
the system. Hence the research scientist can often accommodate the consequence of.ignoring the 10 percent information lost in the process to analyse
only these few new variables q, say, Instead of working on the original p
variables (where q< <p). This would appear to be a worthwhile saving both
in time and effort.
The sign and magnitude of the coefficient weights,ot. . (i , j *1,2 , . . . ,p)
provides an indication of the direction and relative "contribution of a
corresponding variable in extracting the required information from the
original sample space (Lindgren, 1976).

In this paper three powerful multivariate methods which an agroforester
should find useful are briefly described. These are, namely, principal
components analysis, discriminant analysis, and canonical correlations
analysis. For a rigorous discussion of these topics, the reader is
referred to the referenced texts on mathematical statistics listed
at the end of this paper.

PRINCIPAL COMPONENTS ANALYSIS
In many instances an experimenter may not know, even after building
his data matrix (P x N) which characteristics are most significant
in explaining variability in his investigations. The tendency is
likely to be for him to include all variables which are likely to
have some connection
with the prollem under investigation. His next
task would be to reduce this massive multi-dimension matrix to a few
manageable new variables such that most of the variance in the data
is retained. Fewer variables can then be studied without losing vital
information on the interdependence structure of the variables. He would
concentrate on these for advanced study. It is in this respect that the
method of principal components could be an indispensable tool in agroforestry research.

The objective of principal components analysis is to construct a new set
of orthogonal variables Yj_, Y£ — , Y as linear functions of the original
variables X., Xj — » X such that
Y, = £i2iP......
(called the first principal component
whose variance is X-, say) explains the greatest proportion of the total
variance in the data. Similarly
Y

i

= a

i l V ai2X2 + ••• +

a

ipV

1 S 1

' 2 -*' P

(2)

is called the ith principal component whose variance is X • the ith most
important new variable in terms of accountability to variation in the
system. The variables Y., Yj>—>Y are mutually orthogonal such that

Normally the first few components, say Yi and Yj would be most important
in explaining a significant proportion of the total variance. If the
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scientist can accommodate inferences based on this smaller data matrix,
deficient of about 10 percent of Ehe original information on variability,
then he should proceed to concentrate his future studies on only these
two components, Y^ and Y2. Then, by comparing the elements of the coefficient vector a-= (a i l ,a. 2* • • * » a ip^ '
he could identify those
original variables x\, X„ — X_ which significantly contribute to the
variance of Yi, that is
^

For.example, suppose we are interested in studying five variables
X,, X 2 X,, X-, and X5. Further, let the first principal component
be, say Y ^ - 0.621Xi +0.006X2 - 0.004X3+O, 967X|K>.O35X5.

(ij.)

Then from Eq (4), we can safely infer that X^ and X. are the most variable
characteristics in the system since their coefficient weights of 0.621
and 0.967 respectively are bigger than the other characteristics in Yj.
Therefore the research scientist could as well eliminate X~, X3, and X5
from his future investigations. He should, if money and time are limited,
concentrate only on Xj and X4 in future surveys when evaluating and
comparing different agroforestry stystems. This is logically valid
since it is the characteristics with the greater variability that are
most useful in appraising the relative performance of different systems
or subsystems.
Principal components have been successfully used in clustering analysis.
In this, the objective is to determine groupings of data points which are
due to some heterogeneity in the system. Suppose in an investigation, only
Y^ and Y„ result in being statistically and practically significant
(Oranga, 1979), then Yj_ can be plotted against Y£, on the horizontal,
and vertical axes, respectively, of a scatter diagram. Such a scatter
plot can reveal any systematic or natural grouping of the observations.
It can reveal, also, clustering attributable to underlying structural
factors such as low soil fertility and management practices which affect
the performance and output of individual farm units. Normally, the
biometrician would identify the groups. It would then remain the
responsibility of the research scientist to characterise the clusters.
For example, in Figure 2, four clusters can be clearly identified along
with two possible outlier data points in the second and fourth quadrants.
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FIGURE 2: A scatter plot of first two principal
components Y-, Y«.
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Principal components analysis has been extensively applied in psychological
and educational research. However, biological scientists are also finding
this method a useful analytical tool (Seal, 1964; Oranga, 1979) and its
potential for agroforestry research has been noted Huxley,(1979).

DISCRIMINANT ANALYSIS
Discriminant analysis is a classification technique. Basically, the method
involves classifying an individual or a group of individuals from an unknown
origin into one of several distinct and mutually exclusive populations or
known groups, while minimizing the probability of misclassifying the
individual or group into incorrect populations. This method assumes
initial data that can be classified correctly. This technique has been
very useful in cases where the aim is to classify an individual unit in
its appropriate population, but due to limitations, it is not possible
to base the procedure directly on the fundamental characteristlc(s) of
interest. This might be because the process is expensive in terms of
effort and time per unit classification. Or it might involve complete
dismantling of the supporting skeleton of the unit and hence be detrimental.
In the latter case, it would be necessary to resort to indirectly related
characteristics.

In agroforestry research, these types of problems occur. Suppose it is
decided to introduce a new known woody plant to Kenya. The problem would
be to identify an agro-ecological zone where this species would thrive and
still enhance the level of output of the existing systems. The input and
environmental requirements of this species are known, say
-

soil pH value
humidity
soil moisture content (%)
calcium content (%)
mean iron requirement (gm)
mean soil depth (m)

Given that the parameter values or estimates of these characteristics in all
the agro-ecological zones across the country are known, the discriminant
analysis method permits identification of that zone where,the introduced
species might best be suited. Further, it would be possible to estimate
the probability of wrongly classifying the plant in an unfavourable
agro-ecological zone.

Another example of the applicability of discriminant analysis is in
silvo-pastoral production systems. Suppose in long term research into
the selection of various forms of adaptable silvo-pastoral systems there
is interest in comparing performances of selected systems to those already
considered as "successful". Assume that all the relevant characteristics
have been considered and that the parameter values or estimates of these
characteristics are known about the "successful" systems. Then given
the corresponding data collected from the silvo-pastoral systems under
investigation the method of discriminant analysis could enable, classification of these investigated systems according to whether they are
successful or "unsuccessful."
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The above are a few examples of potential applications of this
powerful multivariate technique in agroforestry research.

The method assumes that we are able to initially divide the whole
sample space of data points into k mutually exclusive sets, say
Rk, corresponding to the different populations. In the
1*
silvo-pastoral example above, k = 2, i.e.
v

l " population of successful silvo-pastoral systems
"" 7 ~ P°P u l at i° n of unsuccessful silvo-pastoral systems
A f>

>X,

Fig. 3.

Partition of sample space.

The decision procedure is then

to: classify data point X to population TTJ if X falls In Rj (j=l,2, — k ) .
Under normal situations this is very intricate and virtually impossible
when It involves many characteristics X., X, — X (when p is large). The
method of discriminant analysis consists of deriving a new set of
orthogonal variables say Y., Y 2 , — Y A which are linear functions of
the original characteristics. That is
*jl X l

J

ß

j2X2

ft. X

1*2,

(6)

the jth linear discriminant function possesses the jth greatest
discriminating power 6j, say. Hence
6

1 1 6 2 - •**
- 6i - * "
- 6p*
Not all the p* linear discriminant functions would be significant in the
discrimination process. For tests of discrimination power of discriminant
functions, see Cooley and Lohnes (1971). Suppose only the first two
discriminant functions are significant, then the decision procedure become:
Classify data point X to population
ff,
if and only if
k,,Y 2 > k :
(7)
where kjand k 2 are some suitable constants, Such a simple procedure
could then be easily programmed and any number of classifications can
be done automatically.
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For optimal estimation of the coefficient weights £j i* ßj 2 » * ' ^jp the
reader is referred to Anderson (1958), listed at the end of the paper.
In scientific literature, discriminant analysis has many synonyms such
as classification, pattern recognition, character recognition, identification, prediction and selection to mention a few, depending on the
scientific discipline in which it is used.
CANONICAL CORRELATIONS ANALYSIS
In any agroforestry system, the farmer's decision as to what monocultural
production subsystems are to be adopted would obviously be influenced
by both the agro-climatic and socio-economic factors around him. His
decisions would determine the types of agricultural crops or woody plants
to include, whether or not to incorporate pig or dairy cattle farming,
types of technology to introduce, and what farm management practices
to adopt(p + p ). Therefore agroforestry research aimed at studying
the nature1ana degree of such interdependent factors should emphasize
among-factors inter-relationships.
Suppose we havep, agro-climatic factors on one hand, andp? socio-economic
factors on the other hand, all Influencing the decision-making process of
the individual farmer's household. Suppose we collect the p , + p_
factors from each of N farming units in a region, where b o t h p , p - are
large (say > 20). One research priority would be to investigate* the
correlation structure between the two subsets of both agro-climatic
and socio-economic factors in totality. If p. =p-=l, then the usually
univariate analysis of the simple correlation^ coefficient would suffice.
For the case where P £. 2, P. £ 2, the appropriate analysis is the canonical
correlations analysis. The method of canonical correlations would enable
the research scientist to study the intercorrelatlons between factors
in the two subsets simultaneously. Moreover, the method would enable us
to concentrate investigations on a new set of mutually orthogonal variables,
say W t , W 2 — W g and Z_, Z^
Z_ where q=min(p, , Pj) respectively.
Let Xg = (Ij^, X12» ""» Xlp|> X 2 = (X 2 1 , X 2 2 ) be the variables in the two
subsets respectively. Then the new transformed variables are

w. - u n x u • u i2 x 12 • ... • u. p l x i p l
Z

i -«1X21

+ V

i » 1,2,

i2 X 22

+

•'•

+

V

iP2X2p2

.. .^

where Uij's and Vij's are unknown coefficient weights.
Moreover, not all the q new variate pairs Wi, Zi (iel,2, — ,q) normally
called canonical variables, and the correlation between them p-, say, which
is called the canonical correlation (p >»»àp{fc%
P Q ) » "111 be Important
in the investigation. Only a few of t!hese might be important in capturing
significantly the maximal correlation between X. and X 2 >
Canonical analysis will yield the canonical variables In order of
importance as W 1 and Z , V and Z_,
,W£ and Z ) consecutively,
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such that correlation (Zi, Zj) = Correlation (Z. , W*) - Correlation (W. t
= 0, If j , kftt

W^)

k'^L*

Further, the sign and magnitude of the coefficients in Wi and Zi will give
an indication of direction and relative importance of the corresponding
factors in the correlation coefficient between Wi and Zi and hence the
interdependent relations inherent in the total agroforestry system.
Scatter plots of the first pair of canonical variables, W-, Z. (if
they contribute a significant proportion of the correlation in the
system) of the sample data points has also been successfully used in
detecting any clustering which might exist in the system (Fig. 4).
Fig.. 4 Clustering by Canonical Variables
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CONCLUSIONS
This paper provides just a brief sketch of some of the multivariate "tools"
which are available together with some examples of how they could be useful
in agroforestry research. There is no doubt that they provide a powerful
approach to signify the analysis of the complex systems involved and a
useful statistical procedure for facilitating the kinds of comparisons
which are need for evaluation.
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INTRODUCTION
Although the development of multipurpose production systems is
recognized as a central aim of agroforestry, in practice primacy is
usually given to a single output category. While it is acknowledged
that agroforestry is not merely "a new kind of forestry", it is often
taken for granted that the priority output is wood.
The purpose of this brief concept paper is to explore the advantages
of an alternative bias and to focus attention on a different, and
highly promising, branch of agroforestry research and development:
arable crop farming with soil-improving tree legumes.

AGROFORESTRY PRODUCTION SYSTEMS
Primary

Wood Products

Products

Food Crops

Livestock

Multipurpose Agroforestry
Production Systems
FIG.

1:

Major agroforestry systems in terms of priority
production purposes or outputs.

Much more detailed typologies of agroforestry systems have been
advanced, but Fig. 1 attempts to present a balanced overview of agroforestry possibilities in terms of the three main categories of output.
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The position of food crops In the diagram reflects the centrallty
of arable farming among the economies of population-pressured
environments and» hence0 the comparatively greater potential impact
of an approach to agroforestry which attempts to build multipurpose
production systems around existing arable crop practices ("arable
crop" is here taken in the broad sense to mean any tillable crop,
whether or not it is actually grown by tillage methods).

INTERRELATED PROBLEMS AND INTERLOCKING SOLUTIONS:
THE CASE FOR TROPICAL TREE LEGUMES
It has long been sensed that many of the major population - resourceenvironment problems are interrelated, and there is now a growing
awareness that many of the solutions are also interrelated. Possibly,
it is agroforestry's potential for interlocking solutions which
accounts for its sudden rise into international prominence. In any
case, assuming the priority of well-focused, problem-oriented
research, the following set of interrelated problems would seem to
warrant high priority on the agenda of agroforestry R&D for
tropical countries.
Problems
1.

Declining productivity and stability of smallholder
farming systems in the face of population-pressured
intensification of traditional land use practices,
particularly in relation to declining fertility
due to shortening rest periods in fallow-based
tropical farming systems.

2.

Inability of diminishing forest resource systems
to keep pace with exponentially increasing demand
for domestic fuelwood.

3.

Environmental deterioration resulting from overexploitation of agricultural and forest resources
in fragile tropical environments.

4.

A history of low adoption rates for conservation
oriented agricultural innovations intended to
stabilize and increase production in smallholder
tropical farming systems.

Solutions
The integration of multipurpose leguminous trees into smallholder
farming systems offers substantial benefits which simultaneously
address all four of the major problem areas cited above:
1.

The ability of nodulating leguminous trees to fix large
quantities at atmospheric nitrogen is a well known
phenomenon which is now beginning to receive systematic
scientific attention. Scattered examples of the
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preservation and use of naturally occurlng leguminous
trees for fertility maintanance in indigenous farming
systems (Okigbo and Lai, 1978) and the results of
early research on planted fallows and "alley cropping"
systems for cereal and root crop production between
rows of leguminous trees (Parera, 1978; Benge, 1979;
Rang, 1979; Wilson, 1979) have demonstrated the
potential of such systems to maintain high soil nitrogen
levels. The choice of deep-rooting leguminous trees such
as Leuaena leucocephala,
not only lends a measure of
much needed drought resistance to the system, but also
aids in the recycling of other leached nutrients
(including P and K) from the subsoil back to the
surface, by means of leaf drop and/or foliage pruning
where they can be used by shallow rooting crops.
Recent evidence to the effect that nitrogen rather
than moisture may be the limiting factor for crop
production in semi-arid as well as the higher rainfall
tropical zones (Felker et al.t
1980) argues the need for
trials to evaluate the suitability of these tree
legume-based intercropping systems in a wide variety of
tropical environments. Such systems hold great promise
for putting smallholder farming systems on a secure
sustained-yield footing by tapping two of the earth's
most inexhaustible and under-exploited resources: the
subsoil and the atmosphere.
2.

It is no accident that most of the fastest growing
fuelwood species are also legumes. Soil-improving
leguminous trees such as Sesbania grandiflora
and
Leuoaena leuooephala
have long held a promirent role
in the fuelwood supply systems of densely settled areas
of rural Central Java, where 96 percent of all fuelwood
for domestic consumption comes, not from forests, but
from farmland plantings (Wiersum, 1976). While
centralized forest-type fuelwood plantations are still
needed to supply the concentrated demands of urban areas
and fuel-intensive rural industries (Raintree, 1980b),
decentralized farmland production of fuelwood for
domestic consumption has achieved a remarkable balance between
rural supply and demand in heavily populated areas of
Java, which might serve as a model for other tropical
countries. One might even go so far as to argue that
it is only when wood production is made secondary to,
but closely integrated with, primary food crops in
multipurpose agroforestry systems whose first priority
is food production, that there will be a significant
chance of averting catastrophic firewood shortages In
high-density peasant farming systems. The reason for

this is simple: all peasants are farmers but very few
are
foresters.
3.

The conservation functions of trees in tropical
environments are well documented and familiar. They
include: protection of fragile soils from the erosive
effects of sun, wind, and water; conservation of
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fertility in forest biomass via the nutrient pumping
action of deep-penetrating roots; conservation of
water resources through the maintenance of watersheds
regulating moisture balance and stream flow; climatic
amelioration and provision of habitat for terrestrial
flora and fauna. In agricultural landscapes, well
deployed trees can provide many of these same
protection services. Leguminous trees, by virtue
of their superior ability to maintain and improve
soil fertility, can help stabilize land use at higher
levels of intensity than would otherwise be possible
for permanent-field cultivators, while providing a
sustained-yield path for agricultural intensification
on a smaller land base for shifting cultivators. Both
of these would have the effect of substantially
reducing the agricultural pressure on forest land.
By supplying fuelwood and other "forest products"
from farmland, as a sideline to their primary
fertility maintenance role, fast-growing leguminous
trees can ease the pressure on forest wood resources.

As an indication of the kind of land use intensity that is possible
with a farming systems approach to conservation agroforestry, see
Fig. 2. This is a generalized depiction of the land use plan which
was designed to enable hillside conservation farming in the Jenggolo
Tiga Resettlement Project for 50 landless families in North Central
Java. Each family received a houseslte, 0.4 hectares of land,
some seeds, an eight month subsistence allowance, and the blessing of
the local government. A flat map was used to parcel out the land.
In the luck of the draw, some families' parcels were located on
lrrigible bottomland suitable for rice paddies, other's on hillsides
with slopes greater than 70 percent. By the time a team of consultants
was called in to salvage the situation, the Imperata grass cover had
been cleared off the slopes in preparation of cultivation in the
coming rainy season. Needless to say, the erosion potential was
staggering.

The project is now in the implementation phase so the results are not
all in yet. But the plan shown in Fig.2 illustrates the state of the
art in the use of fast-growing tree legumes for hillside alley
cropping and erosion control (Parera, 1978; Benge, 1979; Ralntree, 1980a),
The main components of the Jenggolo Tiga plan are:
1)

a "permanent" short-rotation fuelwood and seed
plantation of Leuoaena leucooephdta
for the
steepest slopes;

2)

"erosion control barriers" consisting of dense
hedgerow plantings of Leuoaena (double rows at 10cm
separation, 5cm in row spacing, giving 40 "trees'Vm)
at 1.5 m intervals on the contour, maintained by
periodic pruning as a low hedge for alley cropping on
slopes of 50 to 70 percent;
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c)

similar Leucaena
alley cropping hedgerows at wider intervals
(5 and 10 m) on earthwork "contour ridges" for labour-saving
terrace construction on lesser slopes of 0 - 50 percent; and

d)

line planting of Sesbania
grandiflora
on rice paddy bunds
for fertility maintenance on hydromorphic bottomlands.

4. In order to have problem-solving impact, technological
innovations must not only be economically feasible and technically
effective in achieving the desired results, but must also possess
the elusive quality of "adoptability" as judged by the intended
users. In the kind of situation represented by the Jenggolo
Tlga Resettlement Project, in order to farm at all the farmers
had no choice but to adopt the most effective conservation
practices available. But generally speaking, conservation
practices have not been notably popular among farmers.
Conservation specialists and extension agents the world over
make the same report:
farmers are not often interested in
conservation farming for its own sake. The long-term,
indirect benefits of conservation practices are not usually
tangible enough to awaken the interests of any but the most
enlightened farmers. In order to be adoptable, conservation
farming must offer additional short-term economic incentives.

In this respect, the by-products provided by leguminous trees (e.g. food,
forage, firewood, fiber, building materials, etc.) render them outstandingly adoptable as elements of conservation farming systems. In some
cases the value of the "by-products" may actually exceed that of the
primary food crops. Preliminary economic evaluation of the Jenggolo
Tiga conservation plan, for example, suggests that t'.e farmers with the
most marginal land, i.e. those who must allocate a higher proportion of
space to conservation measures, may actually expect, depending on market
conditions, to realize higher income from their hillside land than the
"luckier" farmers with better land. Another example would be the potential
yield of 4 to 20 tons/ha of nutritious pods (Wilcox, 1909; Smith, 1950;
Douglas and de J. Hart, 1976; Felker, et al.t
1980;Robertson, 1980)
possible from upperstorey Prosopie
trees in multistorey cropping systems,
which far exceeds the expectable yield from understorey grain crops.

Even in cases of higher output from "secondary" crops in multipurpose
agroforestry systems, the classification of system priorities need not
necessarily be reversed, since in the farmer's estimation the lowers

yielding arable food crops, because of their role in fcmtly
and the unavailability
or high oost of -purchased substitutes,

nutrition
may still

be regarded as the primary output of the forest farm. In Nigeria, for
example, it has been noted that even though "economics" may favour a
higher proportion of tree crops, smallholders are only willing to go so
far in the conversion of arable crop land into cash producing tree crop
holdings (Getahun, 1980). Reservation of adequate land for "guaranteed
food subsistence" often seems to be an inviolate principle of smallholder
economic decision-making in many parts of the tropics. We should keep
this in mind in designing multipurpose agroforestry systems. At the
same time, however, while striving to maintain minimal subsistence
guarantees, there is no reason to assume a limitation on earnings from
economic "by-products." For "subsistence plus" economics, we need
floors but not ceilings.
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PROMISING TECHNIQUES IN FARMING SYSTEMS PERSPECTIVE
The central research question for the line of agroforestry research
here envisioned is: how to integrate multipurpose tree legumes into
existing arable crop farming systems? A moment's reflection reveals
that there are only two dimensions in which associations of arable
crops and tree legumes can occur: space and time. Framing the design
problem in this way suggests the following set of possibilities:

Association of Tree Legumes
with Arable Crops in
Space and Time

Space

Time

Planted
Fallows

FIG.

Horizontal
Associations

Vertical
Associations

Alley cropping

Multistorey
Intercropping

3: Promising agroforestry techniques for conservation
farming of arable crops in association with soilimproving multipurpose tree legumes.

Many other possibilities can be imagined, especially under the heading
of horizontal associations (e.g., shelterbelts, windbreaks, border
plantings, living fences, etc.), but the intention is to be selective
rather than definitive and to sharpen the focus on the three
techniques which seem to hold the greatest promise for intensification
and stabilization of land use practices in tropical farming systems.
In fact, to put this preliminary assessment in theoretical context,
Figure 4 presents a hypothetical progression from planted fallows to
intensive multistorey intercropping for testing in a wide variety of
tropical environments.
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Multistorey Intercropping

Alley Cropping
LABOR
INTENSITY

Planted Fallows

25

_L
50

75

J_
100 +

R-Value
—

Fig.

A:

LAND USE INTENSITY

Hypothetical pathway for sustained-yield
intensification in tropical farming systems«

The x - axis represents the R-value of rotational systems
(Ruthenberg, 1976), which is a measure of land use intensity defined
as:
C
R X
100
C + F
Uhere: C and F represent the duration of the cropping and fallow periods,
respectively. Thus, a rotational system in which the cropping period is
1 year, followed by 3 years of fallow, would have a R-value of 25.
This figure corresponds exactly to the percentage of land under crop in
any given cropping season. (One advantage of R-value over other
measures of rotational land use intensity is that it can be assessed
from aerial photos). The y-axis in Figure 4 represents a presently
unquantified scale of the labor intensity of farming practices, which
is not only an important dimension of farming systems classification but
also a prime determinant of the adoptability of agricultural innovations
(Boserup, 1965). The latter aspect is manifested in the
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widespread observation that farmers exhibit rational economizing
behaviour in the use of labor and are disinclined to.adopt a given
innovation as long as there are less labor-intensive means to the
satisfaction of their wants. For practical extension work this
means that it is useless to try to introduce innovations that exceed
by any significant margin the normally accepted level of labor intensity
In a given farming system. (This should always be borne in mind when
planning farm trials of agroforestry innovations.)

The gist of the hypothesis presented in Figure A is that, on the
basis of admittedly limited present information, it would appear

that the overlapping progression from planted fallows to alley cropping
to multistorey intercropping represents a viable pathway of progressive
intensification
for maintenance and improvement of per capita yields
on a fixed land base under conditions of progressively
increasing
population pressure.
In the early stage of intensification, as land pressure converts
long-fallow shifting cultivators into short-rotation bush fallowers,
the use of appropriate tree legumes as planted fallows can increase
and sustain the productivity of the land at fairly low labor costs. By
initially planting the fallow trees in appropriately spaced rows, the
stage is set for the next phase of intensification in which
progressively shorter rotations eventually result in permanent
cultivation in the alleys between the pruned hedgerows of vigorously
coppicing trees. In the final, increasingly labour-intensive and
biologically baroque and sophisticated stages of intensification, the
installed green manure "fertilizer factories" can be maintained in
place while additional upperstorey trees and intercropping practices are
introduced to accommodate higher population densiti s, as the grandchildren and great-grandchildren of the original settlers arrive on the
scene.

If the motivation exists, there is no reason why the scheme of
intensification here envisaged cannot be run "ahead of itself" to
generate higher incomes for industrious rural families well in advance
of population-pressured necessity. The scheme likewise admits of
great flexibility in the combination of elements from different
"stages" for simultaneous production of optimal product for particular
localities.

SOME PROMISING TREE LEGUMES FOR TRIAL AND EVALUATION
The task of identifying the priority research needs of the branch of
agroforestry here envisaged requires the work of many hands. In
anticipation of that effort, the remainder of this preliminary
concept paper consists of very brief descriptions of the state of the
art with respect to each of the three featured techniques, accompanied
by a list of criteria for identification of suitable woody legumes,
and a short list of some of the most promising species. The latter
is presented in two parts to indicate relative promise and/or rough
priorities for trial and evaluation. Again, the list is intended to be
selective rather than definitive, and not all of the selections meet
all of the criteria of the ideal species. In any event, the ideal
will vary somewhat from one local application to another.
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Planted fallows
The practice of substituting artificially established woody legumes for
natural bush fallow vegetation is an old idea of proven value for
edible varieties of pigeon pea (Nye, 1958; Dennison, 1959; Clarke, 1962;
Watson and Goldsworthy, 1964» Juo and Lai, 1977). But the potential of
the technique for other woody legumes which yield firewood and other byproducts has not been adequately explored.

Characteristics of Ideal Species
1.

High N-fixation capacity

2.

Fast growing

3.

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

4.

Able to provide good erosion control

5.

Easy to establish rapidly and economically

6.

Easy to get rid of

7.

By-product yields provide significant additional economic
incentives (e.g., food, forage, firewood, fiber, building
materials, staking etc.)

8.

Special adaptive characteristics (e.g. promiscuous
nodulation; tolerance of drought, acid soils, high
altitudes ;cultural acceptability, history of previous
local use, etc.)

Promising Species for Trial and Evaluation

1. Cajanus cajan
2. Aoaoia auriauliformia
Albizia
falcataria
Calliandra aallothyvsus
Cassia spp.

Crotolaria

juncea

Damanthus spp.
Desmodium spp.

Entevolobium cyclocarpum
Leucaena leucocephala
Mimosa Boabrella
Sesbania gradiflora
Tephrosia Candida
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Alley Cropping
The concept of alley cropping - the production of arable crops in the
spaces between rows of woody legumes which are pruned periodically
throughout the cropping season to control shading and provide green
manure mulch - is possibly the most versatile, effective, and widely
adoptable of recent innovations in conservation farming. The
practicality of the system has been demonstrated for a few arable
crops and five of the twelve woody species listed below (Guevarra, 1976;
Metzner, 1976; Benge, 1979; Kang, 1979; Wilson, 1979; U T A , 1979, 1980a,
1980b). The range of potential crop combinations and management
options has, however, only begun to be explored.

Characteristics of Ideal Species
1. High N-fixation capacity
2. Fast growing
3. Able to coppice vigorously and yield high volumes of
herbage under intensive pruning regimes
4. Deep rooting habit for drought resistence, recycling of
leached nutrients, and minimal surface root competition
with associated arable crops
5. Easy and economic establishment
6. High yields of economic by-products (food, feed, firewood, etc.)
7. Special adaptive characteristics (see under planted fallows)
Promising Species for Trial and Evaluation

1. Cajanus aajan
Gtiricidia
sepium
Leuoaena leuoocephala
Seebania
grandiflora
Tephrosia Candida
2. hcaoia
auriauliformis
Cassia spp.
Cvotolaria Qimcea
Demanthus spp.
Desmodium spp.
Enterolobium
cyolooarpum
Mimosa scabrella
Multistorey Intercropping
Multistorey intercropping, the system which offers the closest
approximation to the characteristics of the tropical forests, is not
at all a new idea. It is in fact a prominent feature of compound
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gardens in densely settled areas of the tropics (Pelzer, 1945;
Soemarwoto, 1975; Lagemann, 1977). The proposal here is ta incorporate
soil-improving economic tree legumes into the upperstorey of the
system, and to choose species with light or seasonal canopies which
permit the sytem to be extended to field crops.

Characteristics of Ideal Species
1.

High N-fixation capacity

2.

Relatively fast growing and tall with spreading crown or
narrow crown with thin trunk for denser planting

3.

Canopy shade is such that light is not the limiting factor
for understorey crops (e.g. seasonal, diffuse, or used only
with shade tolerant crops)

4.

Deep rooting habitat for drought resistance, nutrient
recycling and minimal surface root competition with arable
crops

5.

Foliage nutrients capable of easy release for uptake
by associated crops (e.g. natural leaf fall).

6.

High yields of economic by-products (e.g. high-protein pods)

7.

Cost-efficient and timely harvest of by-products possible
(e.g. hand-gathering of pods which ripen and fall to the ground
in the dry season when the ground is clear and agricultural
labor demands are low)

8.

Low establishement and maintenance costs

9.

Special adaptive characteristics (see under planted fallows)

Promising Upperstorey Species for Trial and Evaluation

1.

Acaoia albida
ProBopie spp.
Seébania grandiflora

2.

Leucaena leucocephala
Soonxnta scamxn
Tamcœinàue indioa

SESBANIA-

LEUCAENA

HOME GARDEN
FENCES
FUELWOOD
AND SEED
PLANTATION

LINE PLANTINGS
ON RICE BUNDS
CONTOUR
RIDGE

EROSION
CONTROL
BARRIER

• 7 0 % SLOPE

HEDGEROWS
0 - 5 0 % SLOPE

HYDROMORPHIC
'BOTTOMLAND

UPLAND•

FIGURE 2: Generalized toposequence landuse plan for conservation farming with multipurpose
tree legumes at the Jenggolo Tiga Resettlement Project Central Java. (Source
Ralntree. 1980a1.
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INTRODUCTION
In developing countries the demand for wood is often strongly
dominated by the need for cooking fuel (Earl, 1974). As an example,
over 90 percent of Tanzanians use wood (or charcoal produced from
wood) for cooking and heating (Temu, 1979). This use constitutes
perhaps 95 percent of total wood consumption in the country
(Berry, 1971). In the past, fuelwood has been gathered principally
from woodlands near villages. As populations have increased due
to improved agricultural methods and better health delivery systems,
however, these native woodlands have proven incapable of supporting
the increased demand for wood {Daily news, 1980). As a consequence,
much attention has recently been focused on the need for community
fuelwood plantations. If such plantations are to be successful,
however, they must be established with the characteristics of the
local populace in mind. Although people in a few localized areas in
the northern part of Tanzania are accustomed to planting and tending
trees (Hofstad, 1978), in most rural areas trees are simply not
something one grows as a crop, but are provided through the benificence of nature. Thus, mandatory plantation schemes often end in
failure because the trees are planted carelessly, are left unweeded
and are not protected from fire.

As a means of overcoming these difficulties, agroforestry, in which
food crops are interpIanted with trees, has shown some promise
(Maghembe and Redhead, 1980). Unlike the usual implementations of the
taxmgya system, which has been widely used in Nigeria (King, 1968;
Ball, 1977) and in parts of northern Tanzania and Kenya (Hofstad, 1978)
to establish commercial forestry plantations, the system envisioned
here would involve short-rotation tree crops for fuelwood production,
perhaps with selected trees or designated areas being left for longer
periods to produce poles for construction.
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EXAMPLE:

COMMUNITY AGROFORESTRY IN AN UJAMAA VILLAGE

To illustrate the concept of agroforestry for fuelwood production
and to evaluate mathematical programming as a means of analyzing
alternative schemes for implementation, we will consider the situation
of Musangano, an Ujamaa village (commune) in the Mbeya region of
southern Tanzania. This village faces two related problems: providing
sufficient food to meet the nutritional requirements of its people, and
insuring an adequate supply of fuelwood for cooking. Although a
balanced diet requires six essential components (carbohydrates, fats,
proteins, mineral, vitamins, and water), for this example we will
consider explicitly only the consumption of proteins, measured in
grams and vitamin A, measured in international units (IU). We assume
that sufficient quantities of the remaining nutrients are obtained,
provided that the total daily intake of food, measured in kilocalories
(Kcal), is adequate.

Three major food crops are being considered as the "base foods" in the
village plan: maize, beans, and green vegetables. The vegetables are
to be grown in open garden plots near the village proper. Maize and
beans, however, can be either open-grown or interplanted with
Eucalyptus
melliodora
trees which will be grown on a four-year rotation
for fuelwood. Food crops can be recovered from the eucalyptus
plantation during the first two years after planting, but in subsequent
years the shade cast by the closing canopy will be too dense to permit
food production. At the end of the fourth year, the trees are to be
felled and the land prepared for a subsequent agroforestry crop.

According to the Tanzania Food and Nutrition Centre, daily per-capita
nutrient requirements for various sectors of a typical village
population are approximated by the values in columns 2 - 4 of Table 1.
Given the census estimates for Musangano in column 5, it is possible
to compute the approximate total nutrient requirements for the village,
based on a 365-day year, as shown in columns 6 - 8 .

Table 2 summarizes the quantity of nutrients expected from each kilogram of each food type, and also gives the yields anticipated from
open-grown and interplanted crops. Note that the yields of crops
interplanted with trees are expected to decline in the second year
of the fuelwood plantation. There are no food yields in the third and
fourth year.
Average annual per capita fuelwood consumption for East Africa has
been estimated at about 2.1m3 (Earl, 1974), suggesting a total annual
fuelwood requirement for the village of about 4,000m3. Although
Musangano has no community plantation at present, sufficient
quantities of fuelwood may be gathered from the surrounding miombo
(savannah) woodlands during the first four years of the programme.
After that time the remaining native trees will be too scattered to
provide a reliable supply. Thus, the village has just four years to
develop a plantation system which will provide for its fuelwood needs.
This means that an area sufficient to produce 4,000m3 at the end of
four years must be planted in the first year and an equal area
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planted in each subsequent year. Using preliminary data from
Maghembe and Redhead, 1980, we estimate that at the end of a four
year rotation the eucalyptus should yield about 40m3 of fuelwood per
hectare when interplanted with beans, and 35m3 per hectare when
interplanted with maize, which requires more light and thus a wider
espacement.

The village council wishes to evaluate the proposed agroforestry scheme.
Although land area is not limiting, it is desirable to minimize the
total area of land under cultivation (including the fuelwood plantation)
because of the effort required to work the land without machinery.
Considering a four-year planning horizon, how many hectares should be
planted to open plots of maize, beans, and mixed vegetables, and how much
land should be planted to eucalyptus with intercropping of maize and beans?
THE LINEAR PROGRAMMING MODEL
To evaluate the proposed alternatives, we will use linear programming
to minimize the total land area under cultivation at the village while
providing at least the minimum specified levels of nutrients and firewood. Clearly the decisions to be made involve the allocation of land
among alternative uses. Thus, we may define the decision variables
as follows :
x.

— hectares allocated to alternative i in year t

where i==l
i=2
i=3
1=4
i=5

for
for
for
for
for

open-grown maize;
open-grown beans;
open-grown green vegetables;
maize interplanted with eucalypti 3;
beans interplanted with eucalyptus;

1=1,2,3,4.
Objective Function
To minimize the total land area under cultivation we have:

MINIMIZE

z =

4
5
I
I
t=l i=l

x

(1)
"

Total Food Requirement
Assuming a stable population during the four-year planning horizon,
a minimum of 1.6 x 109 kcal must be provided annually (Table 1). This
requires a set of constraints of the form
5
E

D x,.

>

1.6 x 109
(2)
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I

D x

i=l

i it

+

E x
J\
k k, t-1 > 1.6 x 109
K==4

(t=2,3,4)

(3)

where D. = kcal/ha for alternative 1, obtained by multiplying
the value of column 2 of. Table 2 by the value of column 5 or
6, as appropriate;
E. = kcal/ha for the second-year crop associated with
alternative k, obtained by multiplying column 2 by column
7 in Table 2.

Protein Requirement
The food produced by the village must provide at least 3.2 x 1 0 7 grams
of protein annually (Table 1 ) . This may be assured by the following
constraints

Z F.x,.
1=1 x XL

3.2 x 1 0 7

>
"

5

J^

(4)

5
F x

+

l it

J^

G x

k k, t-1 > 3.2 x 10 7

(t=2,3,4) (5)

where F. = protein production, in g/ha, for alternative i, obtained by
multiplying column 3 in Table 2 by column 5 or 6,
as appropriate;
G. = protein, in g/ha, produced by the second-year
crop of alternative k, obtained by multiplying
column 3 by column 7 in Table 2.

Vitamin A Requirement
To ensure that a minimum of 2.7 x 10 9 IU of vitamin A are produced
annually as specified in Table 1, we write the following constraints:
5
I
1=1

H.X.,
x 1J
-

Z
1=1

H.x..
* 1C

2.7 x 10 9

>

+

Z
k=4

(6)

U
K

>
K

'

t-i

2.7 x 10 9

(t=2,3,4)

(7)

~

where H. = vitamin A production, in IU/ha, for alternative i,
obtained by multiplying column 4 of Table 2 by
column 5 or 6 as appropriate;
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I. - vitamin A, in IU/ha, for the second-year crop of
alternative k, obtained by multiplying column 4 by
column 7 in Table 2.

Fuelwood Requirement
According to our estimate, the village must produce at least 4,000m3
of fuelwood annually in order to meet its needs. As each fuelwood crop
requires a four-year lead time, we actually consider the planting
of
hectares for fuelwood, rather than the harvesting
of fuelwood. In year
1, for
example, we may ensure that the required amount of fuelwood
is available in year 5 by planting 1/35 hectare for every m 3 of
eucalyptus which is to be harvested from land initially intercropped
with maize, and 1/40 hectare for every m s to be Intercropped with
beans. Thus we have the following set of constraints:

5
E
k=4

J.jc

>
"

k kt

where J,=

4,000

(t=l,2,3,4)

(8)

35 m 3 /ha;

J5 » 35 m 3 /ha.

Nonnegacivity Conditions
As it is not possible to specify the planting of negative hectares of
land in any year, we have the following restrictions on the decision
variables :
xlt

>

0

(1=1,2,3,4,5;

t=l,2,3,4)

(9)

Detached Coefficient Matrix
Table 3 provides a numerical statement of the linear programming problem
in "detached coefficient form". Such a summary is often a useful mechanism
for communicating the fundamentals of a linear programming problem
with managers of other persons not interested in the mathematical details
of the methodology. In addition, the matrix provides a convenient
way of looking at the problem as a whole to ascertain whether any
components have been left out or formulated incorrectly.
Notice in
have been
smaller (
this will

Table 3 that all constraints except the fuelwood constraints
divided by constants to make the technological coefficients
and hence easier to tabulate). From algebra, we know that
have no effect on the final solution.
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The detached coefficient matrix clearly illustrates the "reachback"
effect of the second-year food crops in the eucalyptus plantation.
As an example, consider the total food requirement associated with
year 2» The constraint shows that, during yesr 2, every hectare of
maize intercropped with Eucalyptus planted
in year 2 is expected to
produce 432 x 101* kcal. At the same time, however, each hectare of
maize intercropped with eucalyptus which was planted in year 1 should
produce 288 x IM* kcal. Thus we see that in this dynamically staged
problem, decisions made in one year have Implications for food prodution in the following year.
THE OPTIMAL SOLUTION AND ITS IMPLICATIONS
Table 4 summarizes the linear programming solution to the agroforestry
problem, obtained by executing the simplex solution algorithm on a
programmable calculator. Note that, with the exception of year 1
(from which we cannot "reach back" to obtain a second food crop from
the previous year's eucalyptus plantation), the annual prescription is
invariant. Studying Table 4, we may have some reservations about
the "optimality" of the result. The solution is undeniably optimal
in the sense of the mathematical statement of the problem as we have
formulated it. However, if we were to present our findings to the
village council as a recommended plan of action, one of the council
members would be certain to point out that he or she has no plans to
go without beans for four years. As the present solution does not
provide for this kind of dietary variety, we would be advised to add
constraints which would ensure the production of acceptable quantities
of each food. To illustrate, suppose we survey the population and find
that it would be desirable to produce at least half as many beans, by
weight, as maize. To assure this ratio we could add the constraints
1000x 21 + 550x 51 - (0.5)2700x n - (0.5)1200x41 > 0

(10)

1000xOfc + 550X... + 400xc „ . - (0.5)2700x,t
Zt
5t
5,t-l
It
- (0.5)1200x4t

- (0.5)800x4

>_ 0

(t=2,3,4) (11)

Numerous other criticisms could be leveled at our formulation.
of these include the following:

Some

1. We have not explicitly considered labor requirements, and it
may be that our solution would require more labor than is
available. To overcome this potential difficulty we could
write constraints limiting the total amount of labour applied
to food and fuelwood production in any year to the actual
amount available. This would have the additional benefit
of providing us, via the shadow prices (if the labor
constraints are limiting), with the marginal value of labor,
thus indicating whether it might be worthwhile to hire
outside labor in order to boost production.
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2.

Rather than minimizing total land area under cultivation,
we might want to consider selling surplus produce. In
such a situation it would be reasonable to maximize the
value of the surplus produce.

3. Our analysis assumes a stable population. Under conditions
of improving health, however, it is likely that even with
a stable birth rate, the death rate will be reduced so that
the population will tend to rise. Thus we might want to
consider the implications of providing for a population
which increases over time (and changes in character as
well).
4. We might want to consider the possibility of growing
eucalyptus as a monoculture, rather than intercropping
with maize and beans. It might be possible in this way to
reduce espacements so that the fuelwood production per
hectare would be significanly Increased. Maghembe and
Redhead (1980) warn, however, that wood production in
such monocultures will be reduced substantially unless
careful weeding is done during the first few years.
Thus there will be additional labor requirements
associated with 6uch a strategy.
5. Eucalyptus trees tend to sprout vigorously from the stump,
and we might want to evaluate a coppice system as an
alternative to clearfelling and replanting at the end of
each rotation. Over time, we would expect slowly
declining fuelwood yields from such a system, but clearing
and planting costs would be reduced (as well as the
associated labor requirements).
Many other possibilities for analysis could be pursued, and this
emphasizes the important fact that the linear programming "solution"
must always be viewed as a point of departure, rather than as an end
in itself. There is nothing more hopeless than regarding the answer
from a computer as the solution to one's problems. Creative interpretation and common sense are the keys to successful application
of linear programming or any other kind of analytical tool.
As a final comment on the agroforestry example and an observation on
mathematical programming in general, it is useful to point out that we
may not have at our fingertips all of the data necessary to fully
evaluate the extensions we might want to consider. As a first step,
our linear programming study has at least helped us evaluate data
needs so that we can design experiments to capture the requisite
information. And it has provided us with insight into the interactions
among the variables which impact our problem. From a manager's
point of view, that in itself is a valuable contribution.
SUMMARY
Effective community agriculture in many developing countries connotes
agvoforestry,
with the forestry component emphasizing the production of
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fuelwood for cooking the agricultural produce. This paper reports on
the formulation of a preliminary and very simplified mathematical
programming model which may prove helpful as a planning tool for
community agroforestry programmes. The linear programming model is
designed to minimize the total area of land under cultivation while
assuring adequate production of food and fuelwood. A case study
describes the application of the model to an Ujamaa village In
Tanzania.

TABLE

1:

Daily and annual nutrient requirements of the UJamaa village

1

3

2

4

5

6

7

Annual Nutrient

Daily Nutrient Requirements

Requirements

Population
Sector

Total
Real

Protein
S

Young
Children

1,400

30

2,500

420

0.2

0.5

0.4

Older
Children

2,000

45

3,000

450

0.3

0.7

0.5

Pregnant
Lactating
women

2,800

60

6,000

150

0.2

0.3

0.3

Other Adu .t
Female s
2,500

50

4,500

400

0.4

0.7

0.7

Adult Mali s 3,000

55

4,200

500

0.5

1.0

0.8

1,920

1.6

3.2

2.7

Vitamin/ Musangano
IÜ
Census

Total
109kcal

8

Protein
10 7 g

Vitamin A
10 9 IÜ

1
T O T A L

S

Nutrition data are from FA0 (1976) and the Tanzania Food and Nutrition
Centre as quoted in Schweigman (1979).
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TABLE

2:

Nutrient content and expected yields of each crop

1

2

3

4

5

Nutrients per kg of food

7

Yield, kg/ha

Intercropping

Food
Type

6

Total

Protein,

kcal

S

Vitamin A,
IU

Open
Plots

Year 1

Year 2

Maize

3,600

90

0

2,700

1,200

800

Beans

3,400

240

90

1,000

550

400

300

30

13,500

2,500

Green
Vegetable i

Nutrient production and open-plot yield data are from the Tazania Food
and Nutrition Centre, as quoted in Schweigman (1979); intercropping
yield data have been adapted from Maghembe and Redhead (1980).
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TABLE

4:

Summary of the optimal solution to the agroforestry problem

Hectares Allocated to Each

Open-Grown

Alternative

Interplanted
with Eucalyptus

Green
Vegetables

Maize

Beans

0

80.0

114.3

0

73.8

0

80.0

114.3

0

3

73.8

0

80.0

114.3

0

4

73.8

0

80.0

114.3

0

Year

Maize

1

107.6

2

Beans

136

BEFERENCES
B a l l , J . B . 1977. Taungya in Southern Nigeria. UNDP/FAO Forest
Development P r o j e c t , Ibadan, Nigeria. Project Working Document
NIR/71/546-14. 35 p p .
»

Berry, L. 1971. Tanzania in Maps. Africana Publ. Corp., New
York. 172 pp.
Daily News. 1980. Firewood collection: Formidable Task for Women.
Dar es Salaam, Tanzania. Thursday, July 10, 1980. 4 pp.
Earl, D.E. 1974. A report on charcoal. Food and Agriculture
Organization of the United Nations, Rome. An Andre Mayer
Fellowship Report. 97 pp. F.A.O. Rome.
FAO.

1976. The feeding of workers in developing countries. FAO
Food and Nutrition Paper No. 6, 77 pp. F.A.O. Rome.

Hofstad, 0. 1978. Preliminary evaluation of the taungya system for
combined wood and food production in North-Eastern Tanzania.
Division of Forestry, university of Dar es Salaam, Morogoro,
Tanzania. Record No. 2, 14 pp.
King, K.F.S. 1978. Agri-silviculture (the Taungya system). Department
of Forestry, University of Ibadan, Ibadan, Nigeria. Bulletin
Ko. 1, 109 pp.
Maghembe, J.A. and Redhead, J.F. 1980. Agroforestry: Preliminary
Results of Intercropping Aaaaia, Eucalyptus^
and Leucaena
with maize and beans. Paper presented at the International
Conference on Intercropping held at the Faculty of
Agriculture, Forestry and Veterinary Science, University of
Dar es Salaam, Morogoro, Tanzania, 4-7 August 1980. 19 pp.
Schweigman, C. 1979. Doing Mathematics in a Developing Country.
Tanzania Publishing House, Dar es Salaam. 124 pp.
Temu, A.B. 1979. Fuelwood scarcity and other problems associated
with tobacco production in Tabora region, Tanzania. Division
of Forestry, University of Dar es Salaam, Tanzania. Record
No. 12, 22 pp.

137

PLANNING FOR KENYA'S HOUSEHOLD ENERGY NEEDS:
A BRIEF NOTE

BY

RICHARD HOSIER AND PHIL O'KEEFE
BEIJER INSTITUTE
P.O. BOX 30582
NAIROBI

INTRODUCTION
Recent attention has focused on the deforestation In Kenya,
nationwide. Estimates of the average deforestation rate range as high
as 25 million cubic metres of roundwood per year. Nearly 90 percent
of the wood consumed serves domestic energy needs as either firewood
or charcoal. This heavy reliance on a rapidly diminishing woodfuel
resource has meant that alternative methods of supplying domestic
energy requirements must be considered. This paper summarizes a large
study analyzing the effectiveness of three supply strategies discussed
with reference to the domestic energy crisis; rural electrification,
urban electrification, and direct woodfuel production.
MULTI-OBJECTIVE ANALYSIS
Because any decision to alter patterns of energy consumption will have
wide-reaching effects, we maintain that a range of objectives must be
considered when analyzing an alternative energy source. If it is
assumed that the energy demands can be met through some combination of
alternatives, the objectives to be considered are five-fold.
1) Minimization of costs
2) Maintenance of adequate food production
3) Minimization of environmental degradation
4) Minimization of foreign exchange requirements
5) Minimization of social disruption
If the rural electrification, urban electrification, and direct
woodfuel production are compared in relation to these goals, direct
woodfuel production is found to be a far superior alternative.
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COST - EFFECTIVENESS CALCULATIONS
The average cost per kilowatt hour for rural electrification schemes
is 243 cents. The cost per kilowatt hour of urban electrification
in Nairobi is 33 cents.
Direct woodfuel costs about one half of the lower figure for
electricity and entails lese social disruption and fewer foreign
exchange costs, while actually improving environmental conditions.
In the area of food production, direct woodfuel production may be
more costly than the other alternative if there is direct competition
for available land.

The three alternatives were compared for their cost effectiveness
as strategies for saving or increasing dwindling woodfuel supplies. The
table below shows the results. The table was created by calculating
the cost of supplying the energy äquivalent of 1 cubic meter of fuelwood
(taken as 4500 Kcal/kg). The calculations demonstrate that at its best,
electrification is 20 percent more expensive per cubic meter of
woodfuel than direct woodfuel production. At its worst, electrification
is one thousand percent more expensive.

CONCLUSION
From both an evaluation of multiple objectives and a comparison of
cost-^effectiveness calculations, direct production of woodfuel Is far
superior as an alternative to urban and rural electrification
schemes. On the basis of the preceeding analysis, the question to be
asked about seeking domestic energy needs does not r.late to which
supply should be utilized, but rather, how the necessary woodfuel be
produced.
TABLE

1:

Relative cost - effectiveness of various energy supply strategies

Strategy

KShs./M3 Woodfuel saved or
produced

Urban electrification

58/80

Rural electrification

1094/60

Direct production*
High forest land

48/75

Savannah land

11/90

Arid land

14/30
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AGROCLIMATIC ZONES OF KENYA*

BY

H.M.H. BRAUN
KENYA SOIL SURVEY
NATIONAL AGRICULTURAL LABORATORIES
P.O. BOX 30028
NAIROBI
INTRODUCTION
The purpose of an agrocllmatic zonation is to provide a tool for
assessing which areas are climatically suitable for various land use
alternatives with emphasis on the suitability for particular crops
or crop varieties.
The major aspects of
between rainfall and
rainfall, the length
their variation from

climate which affect plant growth are the balance
evaporation, and temperature. With regard to
and intensity of the rainy and dry seasons and
year to year are of particular importance.

In Kenya where the average annual rainfall ranges from 250mm to 2500mm,
the average annual potential evaporation ranges from less than 1200mm
to 2500mm, the average annual temperature ranges from less than 10
to 30°C. and a large number of different rainfall distribution types
exist, one cannot expect a simple system of some 10 (or 20) zones
which suits the purpose outlined above. For country-wide planning
such a relatively simple zoning system is nevertheless required in order
to be functional.

The Kenya Soil Survey zonation methodology outlined below is a followup
of the system introduced by Pratt, Greenway and Gwynne (1966) which is
also published in the Kenya Atlas (Survey of Kenya, 1971). The
agrocllmatic zones map will be published at a scale 1:1,000,000 together
with the exploratory soil map of Kenya (Sombroek et al.,
in prep.) in
1981.

Paper presented at the Fourth Annual General Meeting of the Soil
Science Society of East Africa: Arusha 27th - 28th October, 1980.
Published as a support document by permission of Kenya Soil Survey
and the Soil Science Society of East Africa.
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For more detailed planning, for instance In the land evaluation
of reconnaissance soil surveys (Muchena, 1980), the same zonation system
is used, though it is supplemented with additional climatic information,
particularly seasonal rainfall reliability. In the present account
mainly the country-wide zones will be dealt with.*

TERMINOLOGY
The terminology used by various workers is variable. Sometimes one
approach receives different names and in other cases different
methodologies are designated with the same name. The various more or
less synonymous terminologies are:
Ecological zones (Pratt, Greenway, Gwynne, 1966)
Ecological Potential zones (Gwynne in Survey of Kenya, 1970)
Ecoclimatic zones (Pratt and Gwynne, 1978)
Agroclimatic zones (this report)
Climatic zones
Water balance zones
Water availability zones (this report)
Agro-ecological zones (Jatzold in prep. FAO 1978)
BRIEF HISTORICAL REVIEW
The relation between climate, vegetation and agricultural potential
in Kenya has been recognized for a long time (Edwards, 19A0, 1956).
The first "ecological zones" maps on scale 1:3,000,000 (Pratt, Greenway
and Gwynne, 1966) was primarily derived from the vegetation, though
they also provided a climatic moisture index for each zone. This
ecological zones map was reproduced as a map of ecological potential
in the Kenya Atlas (Survey of Kenya, 1970) at a scale 1:3,000,000.
This map with the zones numbered from Roman I through VI has been
used extensively for all kinds of planning purposes, one of the
latest being the Kenya Government background document on the development of Arid and Semi-arid lands (ASAL).

Woodhead (1970) used the average water balance, an annual index, as
a guide to site potential. His map at a scale 1:3,000,000 does not

*

For general planning purposes and map scales of 1:250,000 and
smaller Kenya is divided into seven water availability zones which
are based on the annual rainfall evaporation ratio and eight
temperature zones based on altitude. For land evaluation purposes
on the map scales of 1:100,000 or larger, water availability zones
can be further subdivided on the basis of seasonal water
availability and the probability that the seasonal rainfall matches
the water requirements of particular crops.
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seem to have been used, though a recent comparison (Braun, 1977a)
shows that It is much more accura'-.e than the map in the Kenya Atlas.
Jatzold (1976) mapped the number of humid months. The Kenya Soil
Survey (van de Weg & Mbuvi, 1975; Galens et als 1976) used the
average annual rainfall/evaporation ratio together with average seasonal
rainfall, vegetation and in some cases temperature, for the ecological
zonatlon in reconnaissance soil surveys. The FAO Agro-Ecological
Zones Project (FAO, 1978) calculates the length of the rainy and growing
seasons on the basis of average monthly rainfall, assumed crop water
requirement and assumed soil moisture. The same approach was applied
to historical 5-day rainfall data by Jâtzold (in prep.) for the agroecological zonatlons of the district farm management handbooks (see
H. Schmidt pages 157 - 162). A proposal was once put forward (Braun, 1977b)
to base the agroclimatic zonatlon on the probability that the rainfall
in the rainy seasons is less than two thirds of the potential
evaporation. The Kenya Soil Survey methodology proposed to be used in
connection with the exploratory soil map, is based on 'the simple
average annual rainfall/evaporation ratio and temperature, with a
possible addition of rainfall distribution types. For reconnaissance
or larger scale soil surveys the seasonal rainfall and its probability
is to be included in the description of the characteristics of the
agroclimatic zones.

KENYA SOIL SURVEY METHODOLOGY
The agroclimatic zoning system suggested for exploratory scale maps
consists of water availability zones and temperature zones. The water
availability zones are based on the ratio of average annual rainfall
(r) and evaporation (Eo). The temperature zones ar,; based on the average
annual temperature (T) which is the average of the average maximum and
minimum temperatures. Average rainfall data are copied from the
serial publication "Summary of rainfall in Kenya for the year
"
of which the last issue was published in 1974. A summary of available
average annual and monthly rainfall from all the stations (+ 1500) in
the 1937 to 1972 publications is available for consultation at the
Kenya Soil Survey (Mungai and Braun, in prep.)
Potential evaporation Is calculated with the altitude equation of
Woodhead (1968) for all areas except the coastal zone. For the latter
area an adapted equation, which also takes into account the influence of
the nearness of the sea, has been developed (Braun, in prep.). The
basic equation is
Eo=2422mm - 0.358h

(h = Altitude in meters)

For areas within 100km distance from the Indian Ocean:
Eo = 2175mm - 0.358 h + 2.47d ( h=altitude in meters,
d=distance from ocean
in kilometers)
(e.g. Kwale, 400m altitude, 18km from ocean; Eo = 2175 - 143+44=2076mm)
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The average annual temperatures are calculated with an altitude
equation given in East African Meteorological Department, (1970)
except for the coastal area for which an adapted equation, similar
to the one given above for evaporation, was developed (Braun, 1980).
The basic equation is: T = 30.2°C . 6.5H (H = altitude in
kilometers) .

For areas within 100km distance from the Indian Ocean:
T = 26.1°C - 6.5 H +0.04ID (H = altitude in kilometers,
D = distance from ocean in
kilometers)
(e.g. Kwale, 18 km from ocean, 400m altitude:

T = 26.1 + 0.7 - 2.6 =24.2°C).

In the summary of average rainfall data referred to above the calculated
evaporation and temperature are also included.
BOUNDARY CRITERIA
For the reconnaissance soil surveys of Kindaruma (van de Weg and
Mbuvi, 1975) and Kapenguria (Gelens et dl.s
1976) the agroclimatic
boundaries were mainly chosen on the basis of vegetation differences
in accordance with the approach of Pratt, Greenway and Gwynne (1966) and
the Kenya Atlas (Survey of Kenya, 1971). In these surveys the transitions
of ecozones II to III, III to IV and IV to V were roughly correlated
with the r/Eo ratios of 67, 52 and 37 percent (or 0.67, 0.52 and 0.37),
respectively. In the Kwale(Mlchieka et al.t
1978), Makueni (Muchena
and Njoroge, In prep.) and Busia (Mlchieka et al.t
in prep) surveys the
vegetation proved difficult to use for agroclimatic unation. However,
in these survey areas sufficient climatic data were available to base
the agroclimatic zonation mainly on climatic data with boundaries 37,
52 and 67 percent as above. Only in some cases was the vegetation used
as an aid in the drawing of boundaries.

The object of the agroclitaatic zonation is in the first instance to provide
broad zones of climatic land potential. In view of this it was decided
to use round figures for the water availability (= rainfall divided by
evaporation) acnes. The boundary criteria for the zones, their climatic
designation and agricultural potential are given in Table 1.

From zone I to zone VII the annual and seasonal water availability is
decreasing. Consequently from zone I to VII there is an increasing risk
of crop failure for all kinds of crops. In zone I there is a wide
variety of crops which can be grown successfully, whereas in zone VII there
is no crop at all which can be grown (unless irrigation or water
harvesting is practiced) though natural range vegetation can be used for
grazing and browsing. The boundary criteria for the temperature zones were
like the water availability zones, chosen to produce broad zones which can
be used for assessing the potential for various crops. Since the
average temperature drops by 1°C for an increase in altitute of 500 feet
and since most topographical maps are still in feet, a multiple of 500ft
(or 1°C) is the most convenient interval.
The interval chosen is 1500ft
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or 3°C which gives 6 classes up to 9000 feet, a 7th class from
9000 to 10,000ft, while the areas above 10,000ft have been put
in one temperature class. The average temperatures at 0, 5000
and 10,000 feet are 30, 20, and 10°C respectively.

Table 2 gives the altitude range for various crops according to
Ackland (1971). From the table it can be seen that of a total of
50 values the altitudes 5000, 6000, 7000 and 8000ft account for more
than half of the range for most crops, while none occurs above
9500ft and only two occur below 3000ft. An alternative classification
of altitude and temperature could therefore be as shown in Table 3.
Moreover, since the map was drawn a second edition of the 1:1,000,000
Kenya route map has been published with contours at every 1000ft.
The temperature zones map will therefore be redrafted according to
the zones proposed in Table 3.
MAPPING
The available rainfall-evaporation ratios were plotted on 1:250,000
base maps. The boundaries on these maps, which are available for
consultation in the Kenya Soil Survey data storage, were drawn by interpolation. In areas with few data, particularly the northern part of
the country, the boundaries were inferred from LANDSAT/ERTS images or
altitude. The boundaries from the 1:250,000 maps were transferred to
1:500,000 maps and subsequently to 1:1,000,000 maps. A reduced version
at scale 1:5,000,000 is given in Figure 1.

The temperature (altitude) boundaries were plotted as contour lines
on the 1:500,000 maps except for the areas near th. coast where
temperatures were calculated and the areas where contour lines on the
1:500,000 base map are absent. In the latter case the boundaries
were transferred from 1:250,000 maps which all have contour (form)
lines. As indicated above the temperature boundaries will be redrafted.
The water availability zone boundaries are in many cases different from
the temperature boundaries. Good examples are the Mount Kenya area
where the temperature zones follow the circular contour line pattern
while the water availability zones do not follow that pattern. In the
whole map the temperature boundaries have,where necessary»been shifted
slightly to coincide with water availability boundaries in order to
avoid creating a too complicated mapping pattern.
RAINFALL DISTRIBUTION
Kenya has many different rainfall distribution types, some of which
are monomodal, others are bimodal and even trimodal. Several
classifications are existing (Survey of Kenya, 1970; Griffiths, 1972),
but these do not bring out the agriculturally important rainy and
dry seasons very well. Therefore a trial was started with another
type of classification. For most of Kenya, with the notable exception
of the coast, the year can be divided into four climatic periods:
January-February

dry season everywhere
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March-May

long rains everywhere except
at coast where t'.e main rains
are from April to June

June-September

In some areas a clear dry
season, In other areas the
most Important rainy season

October-December

In some areas the main rainy
season, In other areas a weak
rainy season or transition
from rainy to dry season

The percentage rainfall for each of the above periods was calculated
for some 700 stations in Kenya. On the basis of the percentage rainfall In June through September, five main types can be distinguished
as follows:
Nairobi - Kitui

- Mandera

0 to 11 percent

Kiambu - Mackinnon Road - Wundanyi

12 to 16

Msambweni - Kisii

18 to 31

Lumbwa - Kilifi

32 to 40

Eldoret - Kakamega

41 to 56

Subdivisions of these main types can be made on the basis of the
October-December rainfall e.g.
Eldoret

10 to 15 percent

Kakamega

16 to 21 percent

Twenty-four subtypes have been identified and mapping of the subtypes
is in progress. The mapping done so far suggests that the subtypes
are geographically grouped. Although this is encouraging, the main
target will be to arrive at a classification which has agricultural
significance.
CORRELATION

BETWEEN ANNUAL AND SEASONAL RAINFALL

The percentage of the annual rainfall which falls in the rainy
season or seasons varies for various areas in Kenya. For any particular
area, for instance the Machakos - Kitui area, the percentage dry season
rainfall Is rather constant independent of the amount of rainfall. The
rainfall in the Machakos - Kitui area is distributed over two rainy
seasons of which the long rains March/May are the more Important ones
in the west and the short rains (October-December) in the east. Though
the seasons are different within such an area, there have been found
good correlations between the annual rainfall-evaporation ratio and
the probability to receive more than two-thirds of the potential
evaporation as rainfall during the rainy seasons (Braun, 1977c). Similar
correlations were found for north-western Kenya and the coast. These
relationships can be used for assessing the potential for seasonal
crops.
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LENGTH OF GROWING PERIOD
The length of growing period can be an important aspect for land
suitability assessment. As it is dependent on amount of rainfall
and its distribution, crop water requirements, soil moisture storage
and runoff, there is no unequivocal way of calculating the length
of the growing period. With certain assumptions, as done by
FAO (1978), one can calculate a length of growing period.

The FAO is carrying out a special study in Kenya as second phase of
its project "Land Resources for Populations of the Future" which is
a follow-up of the agro-ecological zones study. It is intended that
this study will yield data on length of growing period which can
be used by the Kenya Soil Survey.

CONCLUSION
The proposed agroclimatlc zonation consisting of water availability
and temperature zones is a relatively simple methodology which can
be used and checked by non-specialists. It is believed that the
seven water availability and eight temperature zones, with a total
of 33 separate units provide a useful start for an agro-climatic
assessment. Any additional information on rainfall distribution,
seasonal rainfall reliability, length of growing season or other
factors may increase the value of the agroclimatlc land suitability
assessment on an exploratory (national) level but particularly
at a reconnaissance (regional) level. These aspects can be mapped,
but they cannot all be included in one agroclimatlc zone map since
such a map would become too overcrowded.
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TABLE

1:

Rainfall - evaporation ratio, climatic designation and agricultural
potential of the water availability zones

1

Zone

r/Eo

Climatic designation

agricultural potential

I

>80*

very humid

very high

II

65-80

humid

high

III

50-65

sub humid

high to medium

IV

40-50

sub humid to semi-arid

medium

V

25-40

semi-arid

marginal

VI

15-25

arid

low

VII

< 15

very arid

very low
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Proposed altitude and temperature zones
— — — — — — —

Zone

Altitude

feet

average Temperature
meter

°C

1

0-3000

2

3000 -5000

900-1500

20-24

3

5000 -6000

1500-1850

18-20

4

6000 -7000

1850-2150

16-18

5

7000 -8000

2150-2450

14-16

6

8000 -9000

2450-2750

12-14

7

9000 -10,000

2750-3050

10-12

8

>10,000

>3050

<10

0-900

24-30

Fig. f

Agnv-cïimaiic Zone mzgs of Kenya

Préparât! and drawn by Kenya Soil Survi
Saplsmber, 1980

Agro-el Imatic Zonas
A.
r/Eo

Wat UT
Zonas

availability Zone* (with rouoh Indications of vegetation.rainfall and evaporation.)
Colour *

vegstailon

Description

nxrriail

evaporation

>80%

l

blus ISO

vary humid

moist tores!

> 1200 mm

1200—2000 men

65-80

tl

green 210

humid

nolsl and dry tonst

900-1600

1300-2100

»-«5

III

llght-grsen 230

sus-numld

dry forest and moist woodland

700-1400

1400-2200

40-S0

tv

ratio« 10

sub—humtd t ö
semi-arid

dry woodland and buthland

600-1100

1500—2300

25-40

V

orange SO

semi-arid

bushtand

400-aoo

1600-2400

15-25

VI

red 60

arid

bushtand and scrubtaad

250-500

1700-2500

<

VII

dark rod £3

vary arid

desarl scrub

<

>

15

2S0

2400

154

REFERENCES
Âckland, J.D. 1971. East African Crops. FAO - Longman.
Braun, H.M.H. 1977a; Ecological zones; a critical evaluation of the systems
in use in Kenya. Intern. Comm. 8 0 Kenya Soil Survey,
Nairobi.
Braun, H.M.H. 1977b; Proposals for an agro-climatological classification.
Intern. Comm. 9, Kenya Soil Survey, Nairobi.
Braun, H.M.H. 1977c; The reliability of the rainy seasons in Machakos and
Kitui districts. Misc. Paper M12, Kenya Soil Survey,
Nairobi.
Braun, H.M.H. 1980. Temperatures in Kenya;.Misc. paper M13, Kenya Soil
Survey, Nairobi (draft).
Braun, H.M.H.

(in prep.) Evaporation in Kenya.

E.A.M.D. 1970. Temperature data for stations in East Africa, Part 1 Kenya.
East African Meteorological Department, Nairobi.
Edwards, D.C. 1940. A vegetation map of Kenya with particular reference
to grassland types J. Ecol. 28: 377 - 385.
Edwards, D.C. 1956. The ecological regions of Kenya; their classification
In relation to agricultural development. Emp. Jour.
Exp. Agr. 24: 89 - 108.
FAO, 1978. Report on the agro-ecological zones projec. vol. 1 Methodology
and results for Africa. World Soil Resources Report
48, FAO, Rome.
Gelens, H.F., Kinyanjui, H.C.K. and van de Weg R.F. (ed) 1976; Soils of the
Kapenguria area. Reconnaissance soil survey report R2,
Kenya Soil Survey, Nairobi.
Griffiths, J.F. 1972. Eastern Africa In: Climates of Africa:
J.F. Griffiths (ed), Elsevier Publ. Co, Amsterdam, London,
New York.
Jatzold, R. 1977. Humid month isolines as an aid in agricultural planning
Applied Sciences and Development vol. 9: 141 - 157.
Jatzold, R. in prep. Agro-ecological zones of Kenya for the farm management
handbooks.
Michieka, D.O., van der Pouw, B.J.A. and Vleeshouwer, J.J. 1978; Soils of the
Kwale area. Reconnaissance soil survey report R3,
Kenya Soil Survey, Nairobi.
Michieka, D.O., et al in prep. Soils of the Busla area.
survey report R3, Kenya Soil Survey, Nairobi.

Reconnaissance soil

155
Muchena, F.N. and Nyandat, N.N. 1980; Rating of land qualities and its
conversion into land suitability in Kenya with particular
emphasis on soil moisture storage and climatic conditions.
Paper presented at 4th meeting of Eastern Africa
Sub-committee for soil correlation and land evaluation;
Arusha 29th October - 4th November 1980.
Muchena, F.N. and Njoroge, C.R.K. in prep. Soils of the Makueni area.
Reconnaissance soil survey report R5, Kenya Soil Survey,
Nairobi.
Mungal, D.N. and Braun H.M.H, in prep. Average monthly and annual rainfall
of Kenya stations, Misc. paper M16, Kenya Soil Survey,
Nairobi.
Pratt, D.J., Greenway, P.J. and Gwynne, M.D. 1966. A classification of East
African rangeland with an appendix on terminology. J.
appl. Ecol. 3: 369 - 383.
Pratt, D.J. and Gwynne, M.D. 1977. Rangeland management and ecology in East
Africa, Hodder and Stoughton, London.
Sobroek; W.G. et al in prep.
Survey, Nairobi.

Exploratory soil map of Kenya, Kenya Soil

Survey of Kenya 1970. National Atlas of Kenya, Survey of Kenya, Nairobi.
van de Weg, R.F. and Mbuvi, J.P. 1975. Soils of the Kindaruma area.
Reconnaissance soil survey report Rl, Kenya Soil Survey,
Nairobi.
Woodhead, T. 1970. A classification of East African Rangeland. II
The water balance as a guide to site potential. J. appl.
Ecol. 7: 647 - 652.

157

A PROGRAMS OF SIMPLIFIED AGRO-ECOLOGICAL
ZONES FOR USE IN LAND PLANNING IN KENYA

BY

H. SCHMIDT*
CENTRAL PLANNING UNIT
MINISTRY OF AGRICULTURE
P.O. BOX 30028
NAIROBI
INTRODUCTION
Agro-ecological zones are areas which define the cropping potentials
and limits imposed by climatic variables and soil types. The last
few decades have shown some progress in our understanding of the ways
in which various climatic and soil factors affect the growth and
productivity of crop plants. This knowledge and, from a climatic
point of view, that relating to the effects of temperature and the
water balance, has been put to use in order to define the requirements
of our main crop species more precisely.
The approach is to evaluate the temperature requirements of a crop
species with regard to the plants' physiological needs (photosynthesis,
flowering and fruiting processes etc.), and relate these to the period
required to fulfil adequate growth and development. The length of the
growing period, and any restraints on plant growth and development
can óf course, also be affected by the water available. Available
water will depend, primarily, on the balance between rainfall, and
evaporation, (taking into account the water that can be stored in the
soil), as well as the plants' particular requirements for freelyavailable water at particular development phases if productivity is
to be optimized.
These factors, together with particular crop requirements for
specified soil characteristics (depth, texture, pH etc) can each
be considered in turn, in order to designate those areas most suited
for particular crops. The procedure is appropriate whether such
crops are already being grown there, or not. Because it is complicated, the
procedure is usually facilitated by an appropriate computer
programme (see Appendix).
* These are editorial notes included in order to give a short explanation'
of the presentation given by Mr. H. Schmidt. See also the paper
"Agroclimatic zones of Kenya" by H.M.H. Braun on pages 139-155.
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The approach was first initiated in order to obtain an approximation
of the production potential of the world's land resources, but it can
be useful on a smaller scale for assessment of national needs as
well. Either it can be used as an aid in land planning or land
evaluation.
In Kenya
evaluate
crops in
included

the procedure is being used by the Ministry of Agriculture to
and designate areas most suitable for particular agricultural
the high and medium potential zones. It has not, so far,
tree species of interest in agroforestry

METHOD OF AGRO-ECOLOGICAL ZONATION USED BY THE FARM PLANNING SECTION
1.

The zone groups are temperature belts, with the same threshhold
values as H.M.H. Braun has established.

2.

The main zones are based on the probability of meeting the
temperature and water requirements of main crops (climatic
yield potential, calculated by computer). For a quick calculation
the zones can be calibrated with Mr. Braun's zones of the
P/E -index, but there are differences based on the influence
of arid periods.

3.

These main zones are divided into subzones according to the
yearly distribution and the length of the growing periods in
a 60 percent probability. That means the given length should
be reached or surpassed in at least 6 out of 10 years.

Growing periods mean seasons with enough moisture '.n the soil to grow
crops. The length is normally given in decades for medium soils.
Figures are also available for heavy and light soils, and they too
are considered in the yield potential computer programme. This
programme compares the water requirement curves of all important
crops (given by FAO and newly-calculated for Kenyan Varieties)
with all rainfall events in Kenya from 1926 to 1976 by decades, and
their effects on the water supply in the root zone for the three soil
groups and three plant population densities. On this basis an
ecological land use potential is being drawn up for each subzone
showing climatic yield expectations and risks.

The climatic Agro-ecological zones are to be printed on soil maps
to show Agro-ecological mosaics within the zones (Figure 1).

3/"30K

V-1

M l K •••va

*%v

Up*

Kindaruma

Masmg.i
Fore&t

EMBU

AGflO-ECOL ZONES

FIGURE 1: An example of the agro-ecological zone maps being
prepared for Kenya by the Farm Planning Section of
the Ministry of Agriculture.
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APPENDIX
SHORT DESCRIPTION OF THE COMPLETE AEZ-COMPUTER PROGRAMME
BY R. JAETZOLD AND H. KUTSCH

The whole programme is divided into three different parts, but their parts
and outputs are combined.
1.

The first programme is the so-called "CHECK & PREPARATION PR."
This one uses as incoming parameters:
- Daily records of rainfall,
- Monthly evaporation data according to the PENMAN-formula,
- A complete list of all crops according to the general
agroclimatic potential expressed by JAETZOLD's classification
of tropical agroclimates. In this list, the crops are
selected by their thermical requirements or, practically,
their altitude range,
- A complete list of all stations giving their numeric code,
name, altitude and regional identification (district),
- A complete list of the starting decades of the rainy season
(start of decade), This date is an average over several years
of observation,
- For each crop, the peak crop coefficient (kc/peak), the
kc-value of physical maturity, the length of the initial
period in days, the length of the period from the end of the
initial period to the beginning of peak-time, the length
of peak crop water requirements in days, the whole vegetation
period until physical maturity. All these values are based
on FAO publications of 1977,
- For each crop the final length of roots (80% complex) and
the number of days for reaching it. These values are, in
most cases, estimated.

The programme contains several algorithmic cycles which simultaneously
perform the following computations:
- Test the reliability of the rainfall data by formal
criteria,
- Perform 10-day values (decade values) for rainfall giving
for each decade the rainfall frequency and the mean potential
evaporation per day,
- Perform decade values for kc according to a special formula
established 1978 by KUTSCH,
- Perform decade values for the length of roots (80% complex)
according to a still unpublished simple formula established
also by KUTSCH,
- Calculate some means and relations.
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The output

is as follows:

- A matrix of rainfall data for each station and year performed
as decade values (M 1). The year of observation is also
printed on the head of each column. Rainfall frequency per
decade and potential evaporation per day and decade is given,
- The mean annual rainfall as arithmetic mean (MAR/A) and as
median value (MAR/M) in mm,
- The mean annual moisture index giving the relation between
measured rainfall and calculated potential evaporation
(PENMAN-value) as arithmetic mean (MAMI/A) and as medium
value (MAMI/M),
- A matrix of all stations with all considered crops and their
crop water requirements per decade and as a function of the
indicated starting decade. Each crop water requirement value
is combined with a decadic value for the roots (80% complex).
This important matrix is M2,
- A triangular matrix of decadic arithmetic means, medians and
60% lower limits for the rainfall. In this matrix (M3) each
possible combination of periods can be requested,
- A special matrix for water requirements of a crop according
to different altitudes of growing area (M4).
2.

The second programme computes by a special, still unpublished
algrorythm the length of periods with crop évapotranspiration
over at least 0.15 Eo (SURVIVAL PERIOD), over at least 0.4
Eo (FAIR HYDRATURE PERIOD), over at least 0.6 Eo (RATHER
GOOD HYDRATURE PERIOD) and over at least 0.8 Eo (VERY GOOD
HYDRATURE PERIOD). Hereby the probability _s determined for
each decade. For practical purposes only the decades over
0.4 Eo with more than 60% probability are of interest in
counting growing periods. If most of these decades do not
excède 0.8 Eo, the period is of "weak performance". Regarding
the contribution to actual évapotranspiration by soil water,
the values are given for light soils (low water storing
capacity), medium soils (medium water storing capacity) and
heavy soils (high water storing capacity).
The second programme needs the matrix Ml and all evaporation
data (PENMAN-values).

3.

The last programme uses matrix Ml and M2. As special parameter,
the relative yield decrease coefficient (ky) according to the
recent FAO publication (D00RENB0S and KASSAM 1979) is
respected and has been introduced as a particular matrix.
This programme gives for about 40 crops and for the three
types of soil (light, medium and heavy) the probability of
yield decrease:
up
up
up
up

to
to
to
to

20%
40%
60%
80%

of
of
of
of

the
the
the
the

optimum
optimum
optimum
optimum

162
In a special output matrix, the mean probability of the optimum range
(RYD«20% at max.) is printed. An RYD of more than 30% indicates the
probability of total crop failure.
The programme is based on a water balance programme using decadic values
of kc and approximate decadic values of roots 80% complex. By the latter,
the increasing water holding volume of the soil explored by the increasing
length of the roots is adequately taken into account, although the
corresponding numeric model is a relatively large approach. The incoming
measured rainfall is generally diminished by 10% in order to cover all
losses by direct evaporation, interception, runoff and percolation. The
overflow of stored soil water from one decade into another is limited
by the capacity of the soil to retain water for the plant. The start of the
water balance computations includes that amount of water under wilting point
conditions which is still in the soil, and which should not be included.
However* 5% of the rainfall in the start-decade is deducted to account for
this.
The standardization of the whole programme is intended.
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THE HERBARIUM IN AGROFORESTRY

BY

M.G. GILBERT
E.A. HERBARIUM
P.O. BOX 45166
NAIROBI

INTRODUCTION
The role of the Herbarium is to build up collections of plants along
with information about them. This material is then used to ascertain
the correct name for each plant - a continuing process as new species
are discovered or new material necessitates revision of old ideas on
the delimitation of taxa. These results are best summarized as Floras,
enabling workers to name plants without using a herbarium. In the case
of Kenya, we have the Flora of Tropical East Africa only partially
completed though to the Leguminosae, probably the most significant
single family to agroforestry. The collected specimens themselves act
as a detailed catalogue of the Kenya (and East African) flora, giving
information on the distribution of taxa,when and where they are
collected, as well as information about their ecology and uses. Any
variation within species is observable from collected species.
This means that while our Herbarium is not in a position to supply
initiatives in the development of agroforestryj as our only plants are
dead plants, we can provide an essential exchange of information between
active workers in this field by naming plants of potential value for some,
telling others what these and other plants look like, where they might be
found,and what kind of conditions might suit them.
Information is collected regardless of source, and sometime even
casually acquired information can have considerable importance. The
example we always quote is that of Indigofeva
spicata.
This is a
perennial legume that can grow in eroded areas, thus cutting down
erosion, and withstand quite heavy browsing, so providing a good source
of protein as well as protecting and enriching the soil. There was thus
considerable interest in using this on a large scale throughout the
tropics. However, in 1944 while collecting a specimen, a veterinary
officer was told that, in the Kilimanjaro area, there was a belief that
this species caused abortion in horses, cattle and goats. This was
subsequently investigated experimentally and found to be true. Thus
one line on an index card in the herbarium saved considerable time and
trouble. This is our best justification, so far, for the policy of
accumulating random snippets of information.
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The Herbarium was founded almost 80 years ago in what was then
German East Africa at Aman! in the Usambara mountains. It was taken
over by the British and eventually East African Agricultural and
Forestry Research Organization when it was combined with a number of
smaller herbaria from East Africa and moved to Nairobi. Here, along
with the Coryndon (now National) Museum collection, it formed the
East African Herbarium, the most important regional herbarium in
Africa other than that at Pretoria. It has both the best specialist
taxonomie library and the biggest collection of specimens, now about
350,000 in all. It includes many types of specimens, some of which
are not duplicated elsewhere. This makes it a herbarium of outstanding
international importance.

COLLECTION OF SPECIMENS FOR IDENTIFICATION
Most of our time is spent identifying plant specimens for others. The
view is that this is an essential service which no one else can
perform satisfactorily. Specimens are identified for anyone, on the
conditions that the specimens named become part of the Herbarium
collection. These in effect form our "fee". There are special
circumstances where specimens are not retained, but normally if we are
not presented with properly annotated specimens worth incorporating
into our collections, we will not name them. More than enough good
material is in hand to keep the Herbarium staff occupied, in fact
rather more than enough. So far not only is poor material not worth
keeping, but it is a lot more difficult to name and takes up
proportionally, far more time. Thus the important question for potential
users of this service is "What is a good specimen and how is it
preserved?".

Preservation
Preservation of plant specimens is in principle extremely simple in
that all one does is flatten (press) the specimen so as to retain the
form of leaves, flowers etc. and dry it as quickly as possible. This
technique is as old as the science of botany and hardly likely to be
improved upon. An amazing amount of detailed information can be obtained
from such material when properly preserved.
The procedure is to put the specimen into a folded piece of paper
(newspaper is ideal and used almost exclusively by all plant collectors)
which is placed between sheets of water-absorbent paper. Blotting paper or
something similar is often used as "driers". This is then pressed
between rigid, flat, wooden or metal frames tied together with straps
or cord and placed in a warm, dry place. When a few normal specimens
are being dried, the process is very easy and there is little that can
go wrong when a warm, dry place is available. Problems arise when a
lot of metrial is to be dried at once, so that the driers cannot dry
out as fast as they absorb water from the specimens. When this
happens, the damp driers must be exchanged for fresh ones at least
once a day. Drying can also be helped by using ventilators. Corrugated
cardboard is good, but does not last long. Corrugated metal is better,
but is hard to obtain and expensive. Placing the presses over a source
of heat such as a small charcoal stove is another method. The frames can
be made out of wooden slats or welded iron mesh. Wood is lighter, but
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more difficult to make and easily broken. Weldmesh is probably
better in that it lasts indefinitely and is widely available.

Selection and labeling
Next is the question "What should be preserved?*'. Here a very little
extra time and trouble can make a world of difference as the notes
accompanying each specimen are as important as the plant material to
be dried. The aim is to record as much about the plant as possible,
making a description of those features that cannot be shown by the
specimen. Sterile plants are of little or no interest as it is often
not possible to identify a specimen without flowers and/or fruits.
Such specimens are a constant headache as obviously some plants,
especially trees, flower infrequently and a name may be required for
one for which the flowers have never been seen. In such circumstances
it may be necessary to wait until the tree does flower before a
precise name can be given. Thus fertile material is required if it is
feasibly possible to get it. Even with fertile material, certain
features cannot be shown e.g. the size and shape of a tree, and it is
important to make notes on sueh information. In practice this means
describing the size and habit for all plants collected, except those
small enough to be pressed whole. Other features are often not wellpreserved by drying, notably colours, especially of flowers which
can change completely on drying, and smells which will eventually
fade.
The other thing the specimen cannot tell you is where it was growing
and when it was collected. This information is vital and no herbarium
will accept material of unknown origin. Here the locality should be
described in such a way that anyone can easily find ^t on a readily
available map. Thus one does not just say "Kariuki's farm", but
describes how far that farm is from a reasonable sized town, gives the
district and ideally, the latitude and longitude. At the same time a
description of the habitat should be given, of obvious value to anyone
contemplating cultivating the plant. This would mean giving details of
the soil type, drainage and general appearance of the vegetation, e.g.
"poorly drained black soil mainly covered with short grasses, but some
scattered whistling thorns present", or "red sandy soil, main plant
cover a dense spiny bushland, mainly Acacia and Commiphora, ground
cover poor, mainly an annual
Aristida".

Finally comes any other miscellaneous information that may be available,
notably vernacular names along with the language of the informant,
and uses. The case of Indigo fera spiaata has already been given. Any
indication of the properties of a plant are also of potential use,
especially to an agroforester looking for plants of possible value in
multiple output systems.

CAUTION TO AGROFORESTERS
A main hope of the Herbarium is to identify and publicize species of
interest to agroforesters from among the indigenous plants of East
Africa. It may be worthwhile indicating, however, what we believe to be
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a real hazard in the development of species as crops in their countries
of origin. This is that the history of crop plant development shows
that plants are rarely grown as extensive monocultures in their
countries of origin, but are developed most profitably elsewhere, e.g.
cocoa in Africa and rubber in both Asia and Africa. This is due to
the fact that insect pests and diseases are most common in the country
of origin, but may be absent elsewhere. When the plants are part of
a normal, mixed natural community pest numbers never build up in sufficient number to do more than local damage. When the host plant forms
extensive pure stands there are no checks on infestation, which soon
spreads throughout the crop. It is believed that considerations of
this nature are an important factor in maintaining the diversity of
tropical rain forests where it is unusual to find two plants of the
same species. It was also probably one of the factors in the
failure of the Tanzania groundnut scheme. Groundnuts did grow well
on individual shambas in the area, but what was not noticed was that
every now and then a particular shamba lost most of its crop to disease,
particularly virus diseases. When monoculture was attempted such
outbreaks were not limited to an individual shamba, but could spread
through the whole area. Thus, miracles from any indigenous plant
may be difficult to achieve. However, agroforestry based on as great
a diversification of species as practicable may overcome many of the
problems arising from the vulnerability of monoculture and this is
a potent argument in favour of its adoption.

SOCIAL ASPECTS OF AGROFORESTRY

J
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SOCIAL ASPECTS OF AGROFORESTRY
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Can groups and individuals in Kenya promote and practice agroforestry
without running up against internal contradictions within the existing
legal system? Professor Okoth-Ogendo, Dean of the University of
Nairobi's Faculty of Law, explored this question in his presentation
to the Seminar, by way of discussing the country's system of property
law (page 171). The basic legal framework is based on the principle of
private
property which guarantees Individual rights in land ownership
and control. Superimposed upon this fundamental tenet are legislated
land use controls which, in effect, limit private rights in the
interest of certain public purposes.
In Kenya, agricultural activities usually fall under the purview of
private property law, whereas most forestry practices are a matter of
national interest and corresponding restrictive legislation provides
the basis for control. This presents to agroforestry a situation
wherein two separate organizing structures exist to deal with what
needs now to be treated as an integrated whole. Okoth-Ogendo's
paper suggests that to achieve the holistic framework required for
agroforestry, as well as certain other national objectives,
a reorganized system of land use control should be instituted under
which positive incentives are used to encourage private use of land
that will better serve the public interest. He then offers a few
principles by which the reshaping of appropriate legislative
instruments should be guided.

Professor Okoth-Ogendo's presentation was followed in the same day by
a brief talk from Dr. O'Keefe of the Beijer Institute. Dr. 0'Keefe
outlined what he considered to be fundamental social constraints to
agroforestry development. These include the lack of a scientific
theory of nature, erroneous assumptions by development specialists
about the tendency of projects to diffuse spontaneously, the
perception that agroforestry represents the perpetuation of a
traditional (free) labour system in a modern world, and that the extra
labour burden which agroforestry represents will fall on women, who are
least able to absorb it. O'Keefe suggested that some of these
constraints might be overcome by developing a sufficient understanding
of the social context, including the nature of the populations'
material existence, within which the agroforestry development project is
to be located.
No paper is included in the Proceedings on the topics which O'Keefe
sketched out in his presentation, but a paper submitted subsequently
by himself, Dr. Wisner and Mr. Wiener, all of the Beijer Institute,
(page 183) goes on to describe very relevantly, the nature
of past planning and management by Kenya's Forest Department. The
authors contend that the Department's emphasis on conservation and
production for industrial purposes ignores the fact that among all
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users of the country's forests (including both gazetted and
non-gazetted cover) the need for energy production is dominant by
a striking margin. And yet the needs of woodfuel users have so far
hardly been considered in policy-making. The authors specify the nature
of these needs, how they are evolving in accordance with economic
and land development trends, and negative environmental and social
effects stemming from Government's failure to properly assist In meeting
them. Forest Department policies essentially bar access to woodfuel
need satisfaction, they assert. Especially, then, if
agvofovestry
is to be put on the Forest Department's agenda there is an urgent
need for policy and programme redirection so that the thrust of
Departmental effort not only is proportionate to specific demand for
forest products, but more socially responsive in other specified
respects as well.

The second paper in this section, by Louise Buck of the Beijer
Institute (page 175), addresses the topic of social acceptability of
agroforestry technologies and the need for sensitivity to social
constraint« in planning agroforestry projects. Factors are discussed
which are likely to influence local adoption, some of which are
considered to be of national - level policy concern while others can,
in theory, be manipulated regionally or locally in the context of
project development.
The paper, which draws on field interviews undertaken by the author
in the context of the Beijer Institute/Ministry of Energy Fuelwood
Project (see page 625) suggests the value of community - based
agroforestry demonstration projects for testing and promoting the
technology, but cautions that household level acceptability must be
viewed as the only valid indicator of widespread adcption in Kenya.
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THE LAW IN RELATION TO LAND PRACTICES IN KENYA

BY

H..W.O. OKOTH-OGENDO*
DEAN, FACULTY OF LAW
UNIVERSITY OF NAIROBI
P.O. BOX 30197
NAIROBI
It is useful to begin by differentiating two general views of law; the
first, that it is a set of rules which is employed for use by the
political administration. A more constructive way of looking at law
however, might be to view it as an institution for restructuring human
choices for human decision-making. Among those choices affected are
economic ones, and in this way, law is relevant to the issue of land
use.
There are two basic types of choice which influence the structure of
laws; private choice and public interest level choice. Private choices
are made by and in the self-interest of an individual and, insofar as
such choices are made concerning the institution of property, private
property legislation emerges. On the other hand, rules which develop
concerning the manner in which private rights can be exercised become
embodied in land use legislation. In practice then, no land use
system exists in which there is not interaction between these two
fundamental sets of legislation.

Agroforestry should
task, though, is to
in which groups and
up against internal

present no particular problems to lawyers. The
identify, within the existing legal system, a way
individuals can promote agroforestry without running
contradictions in the existing law.

* Editor's Note:
Professor Okoth-Ogendo gave a presentation at the
Seminar on the role of law, and in particular land legislation, in
integrated land use management in Kenya. Using as his frame of
reference, King and Chandler's (1979) definition of agroforestry,
the question he addressed was, how can the legal system be used to
facilitate such development? The following discussion is based
upon notes taken by the editor during Okoth-Ogendo's presentation.
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By way of keeping in perspective land law development in Kenya, it is
useful to remember that in many African countries -n integrated approach
to land use is very net? vis-a-vis policy and legislation. Since earlier
legislation was not intended to apply to such integrated systems it
becomes necessary to try to "bend" the existing legislation so that it
might serve the purpose of environmental control, for example.
PREVAILING CONCEPTIONS
It is generally considered that agriculture and animal husbandry are
activities controlled by individuals, for individual benefit. Exceptions
to this generality include situations in countries highly dependent
upon irrigation for agricultural production, or Socialistic countries
such as Tanzania.
Forests, on the other hand, tend to be regarded as national
resources
and a preservationist view of management is normally prescribed.
Corresponding legislation on forests takes its tone, then, from such a
policy perspective. The consequences for land law are that two
separate organizing structures emerge to deal with what we are wanting
now to view as an integrated whole. In fact, in Kenya, private property
law provides the basic legal framework. This essentially implies
individual freedom and limitations upon the state to open up new
options. Even the legislation of groups is an exercise of private
rights. In the context of the Land Act, which guarantees individual
(or group) rights in land ownership and control, woodlands are
considered as auxliary to agricultural-related purposes.
Forest lends come under the service of the National Forest Act. A
distinction is made in.the Act between forest areas and forest lands,
and a separate legal framework is provided for each. For the National
gazetted forests, management is intended to be control-oriented and
excludes the possibility of human interference.
Thus, concerning Kenya's existing legislation, agroforestry interests
have little to be happy about. If agroforestry is practised on private
land the Forest Act cannot be brought to bear. Rather, the Agriculture
Act oust be relied upon. Accordingly, trees shall be viewed only as
agents for maximizing the returns of agricultural crops, but not as
entities worthy of legal protection unto themselves.

PRESCRIPTION FOR FUTURE
Agroforestry requires a single holistic framework, i.e, a single
propriotary base, if it is to flourish. Can this be achieved? In fact
it is less important to worry about the property
system than it is to
worry about the land use system. It seems to be gaining public acceptance
that public control over this type of economic activity must be expanded.
The question remains, through; is the state prepared to open up new
opportunities for private or collective initiative?
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What is really needed is for the state to change its approach, which
implies for it a drastic reorganization, A comprehensive land use
plan is required which will provide the context for individual choice
about the use of land. À national land use administration should be
established to replace the present sectorial administration of land.
Based upon an adopted national plan the administrative agency (Land
Use Commission) would coordinate the various management units. Such
a commission could not be expected, however, to solve problems of
Implementation.

But before such action is taken, the economy itself must be seen as
capable of stimulating and absorbing the products of related new
opportunities. Furthermore, reasons for the legislative changes
must be carefully spelled out and operative concepts must be made
very clear. A flexible legislative structure is needed to enable
the landowner to switch over to a mix of agriculture, animal husbandry
and forestry. In addition, sufficient power must be allocated to the
administrative bureaucracy to avoid the types of problems which are
common now, wherein the bureaucracy is too top-heavy for responsive
decision-making to occur.

It is Important to move away from elitism in participation. To be
effective an administrative structure needs a pool of advice, but to be
sensitive to relevant issues it must include local people i.e., those
who will bear profits and losses. One specific measure which could
be taken in this regard is to substitute penal sanctions with economic
rewards. This would mean explaining to a farmer the value in doing
things a certain way as opposed to offering a mandate to "do it or
else"
.which tends to be the present practice.
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PLANNING FOR AGROFORESTRY DEVELOPMENT:
SOME SOCIAL ASPECTS

BY

LOUISE E. BUCK
THE BEIJER INSTITUTE
MINISTRY OF ENERGY
P.O. BOX 30582
NAIROBI

INTRODUCTION
Agroforestry is emerging as a new technology which holds substantial
promise for ameliorating critical development and environmental problems
in many tropical areas. As a land use strategy which combines
agricultural and forest production under common management, agroforestry
offers potential for reducing the increasing conflicts between forestry
and agricultural interests, especially in higher potential areas facing
intense population growth pressure. It 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, all from local sources. Furthermore, it offers
the capacity for sustained yield production of these commodities, as
agroforestry systems, properly conceived and practiced, promise to
conserve and even replenish basic environmental resources including
topsoil, water and nutrients.

The key to transforming these promises into real benefits is social
acceptance of the alternative resource allocation strategies and
production methods prescribed by agroforestry. The potential for
adoption of these changes depends upon several factors. Among the
most important of these are the following:
1) the felt need by the intended practioners for the
alleged agroforestry benefits,
2) the extent to which related practices are already
familiar and in effect,
3) the level of material and educational inputs necessary
and available to the target areas from outside, and
4) the level of risk acceptable to those who must adopt
the changes.
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Before ä broad reaching agroforestry program can be effectively
initiated in Kenya many questions must be answered concerning the
factors listed above « Seme of these are answerable at the national
level only. For example, policy Issues fundamental to agroforestry
success such as security of land tenure, committment to integrated
rural development, food and agricultural policy, scientific research
and development priorities and Importation regulations on exotic
plant materials are rightfully of national concern. Important as these
factors are, however, their resolution in favor of agroforestry will
result in the potential,
only,for actual development to occur.
Agroforestry, by definition, must be implemented locally, with willing
local participation. Community level demostration projects are likely
to be an effective method of diffusing the technology. Certainly
direct individual as well as public benefits can be expected to
accrue from such projects. And in some areas of Kenya, particularly
where pastoralism constitutes the dominant means of production, the
"community" is probably the only meaningful context for agroforestry.
But ultimately, for agroforestry to have a significant impact in
meeting basic needs of the country's growing population, widespread
adoption must occur at the level of the individual
household.

POLICY AND PROJECT ASSESSMENT
Before the national government commits material resources to agroforestry
on a large scale it must be convinced that such investment will result
in better returns than alternative allocation strategies. (Because
the alleged benefits of agroforestry fall into the environmental and
social as well as economic arenas, evaluation criteria should be
applied accordingly.) And it must have reasonable assurance that
effective local action will follow. Thus, as the development of
agroforestry technology progresses in Kenya, scientists and planners
need systematically to record evidence on the socio-economic viability
and corresponding local level adoptability of various technical strategies
and configurations.

At the theoretical or exploratory stage of development the level of
information required in this respect calls for field surveys which will
reveal the general potential and constraints associated with various
local conditions, broadly classified. When agroforestry development
reaches experimental and demonstration stages, however, active
participation by those to be affected by the project must be sought.
Only through interaction between project planners and participants, and
by methods of observation complimented by survey techniques, can
factors affecting adoptability be appropriately monitored and
evaluated.

Because agroforestry requires the direct involvement of its intended
beneficiaries (unlike traditional forestry, for example, where
participants work for money rather than product outputs) its technical
and social components cannot meaningfully be separated either in
practice, or for purposes of scientific monitoring and assessemt. This
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condition also means that each application of agroforestry will have
its own unique features. Thus, although variation in conditions of
adoptability can undoubtedly be substantially reduced and understood
through monitoring and assessment, there can be substitute for
flexibility in planning and designing agroforestry systems at alt

etages.
ENERGY POLICY PLANNING AND AGROFORESTRY
A national level energy planning project has recently been initiated
by Kenya's Ministry of Energy in association with the Beijer
Institute (see O'Keefe, pages 625 to 627). This project constitutes
an immediate focal point for agroforestry planning and development in
Kenya. Early in the project several nation-wide surveys will be
undertaken. These will provide information on the amount of wood and
charcoal used for fuel at the household level, fuelwood supply availability on a regional basis, and the monetary or opportunity costs
involved in obtaining woodfuels vis-a-vis other energy sources. From
this information it should be possible to determine which areas in Kenya
are in most critical need of at least one significant agroforestry
product, fuelwood.

As fuelwood scarcity is often an indication of environmental degradation,
especially in drier areas, the information should be useful as a
preliminary. The project will also study possibilities for diffusion
of various technologies which might be employed to augment Kenya's
effective fuelwood supply. Supply enhancement can be achieved either
by conserving energy through the use of more efficient conversion and
end-use devices, or by increasing production, or both. Agroforestry will
be evaluated, insofar as possible with the data available, as a fuelwood
production strategy.
As a preliminary step towards assessing prospects for adoption of
agroforestry in rural Kenya, the Beijer Institute has sponsored an
informal exploratory survey in seven Districts*. A purpose of the
survey was to find out how rural residents obtain fuelwood, and how
they view real or potential problems of deforestation and fuelwood
scarcity. More specifically, the survey sought the views, mainly of
farmers, school personnel and non-government organization representatives
on matters of wood harvesting, charcoal production and tree planting.
The information obtained which pertains to agroforestry planning and
assessment was organized according to the following topics:

*

1.

Socio-economic factors underlying Kenya's fuelwood
problem in general,

2.

Tree planting problems and suggested solutions,

Bungoma, Kilifi, Kitui, Kwale, Laikipia, Machakos and Taita Taveta.
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3.

Institutional characteristics required of nongovernment groups involved in fuelwood
development .

The major findings from the survey are presented below:Socio-economic Factors Underlying Fuelwood Supply and Demand in
Kenya.
Development issues and trends which were considered to influence
fuelwood availability have been synthesized in the following list.
From a national perspective these factors need to be considered in
the context of any fuelwood development or evaluation proposal,
including agroforestry.
1.

Population growth

2.

Settling of pastoralists

3.

Resettlement of marginally subsistant farmers

4.

Rural access road expansion

5. Migration; displacement of farm labour and traditional
household and community organization patterns and
decision-making structures
6.

Ideational differentiation between centres of supply
and demand

7.

Land tenure; land insecurity in unadjudicated, recently
settled marginal areas

S.

Lack of affordable energy alternatives

9.

Rural conservatism/resistance to change

10.

Monetization of the rural economy.

Tree-planting;

Problems and suggested solutions

The following quotations have been selected to represent the range of
issues cited by the individuals or organisation representatives
contacted who have experimented with tree planting, or have considered
It.

General problems
"There is no planning or anticipation of future and without these
tree-planting cannot happen. Most people cannot be bothered
about trees when they have to watch their asses from development
people taking this and that from them."
"The only hope for tree-planting to be successful is to find some
more useful and less thirsty trees (than Eucalyptus
and indigenous
species) and to change the attitude of men about women and work."
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"Some of the problems with tree-planting are that:
People buy trees at the wrong time of year. Most people
buy In April when there are few left (in Forest Department
nurseries). The best time to buy is in February. By watering
and tending them before the April rains you have labour
available when it is most needed for crop production.
People have no personal transportation.
take seedlings on a matatu or bicycle.

It is impossible to

There is lack of information provided by the Forest Department
on the care and best uses of various trees.
Ants.

This is the biggest problem for those who plant trees.

Animals.

The cows rub their backs on the trees and ruin them."

"The problem with tree-planting is the lack of cooperation
among farmers. They will not organize themselves to help each
other any more. This is because of money, which is bad. People
think you want something for yourself when you try to help them.
And money has taken most of the the men and youth to the city and
left women on the shambas. There is too much other work for them
to do to be able to help each other with tree-planting."
"People lack knowledge about what trees to plant and how to care
for them, unsuccessful trials discourage people from trying again."
"There is a lack of attention and assistance to women, who are
responsible for most of the shamba work."
"People cannot plant trees without land security."
"There is not enough water to give to trees."
"There is only one nursery around that I have heard about, and it
is very far."
Suggested solutions
"We should accept that people are not going to plant trees on their
own and make outside assistance available."
"We have to establish committment on the part of farmers to care for
their trees by linking the success of their efforts to other benefits
of a development program."
"It is best to make one or two species available at a time when
introducing farmers to growing trees. Also make sure that the species
chosen are suitable for the environment and are likely to grow
successfully with a minimum of care.'
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"We should experiment with anything and everything that might do
well. You never know what will work until you v.ry."
"We can accept that change is slow and link tree-planting with
education about the environment. There is a need to demonstrate
to students the value of trees in their environment and once they
have seen what trees can do for them they will never forget."
"Let us use schools as a link with the larger community to teach
the adults about how to grow trees successfully. And provide
parents with seedlings from the school nurseries."
"Can we make citrus trees available at a cheaper price?"
"There are three things which we think are most important to
the success of community tree-planting projects. First, you
need to offer money to people who work for the group. You
cannot expect them to work for nothing. Second, you must make
sure your technical and material inputs get there when they are
needed or promised. And you must do a lot of advance planning
before you motivate the community. Know that something will
happen beforehand. Do not disappoint them".

Most of the problems with growing trees which were cited can be grouped
into five major issues. The first concerns timing, which can be
separated into two broad categories. On a seasonal basis tree-planting
is seen as conflicting with other shamba duties. Furthermore, seedlings
may not be available to buy at the time the farmer wants them. But
considering the timing issue from a longer term perspective It is
evident that future returns from trees may not be viewed to offset the
value of resources which must be committed in present to sustain them.
And without security of land ownership the long-term planning horizon
required puts tree-planting virtually out of the question.

The second major issue, still related to timing, concerns labour
availability. This issue is also closely related to women. Although
on a seasonal and regional basis surplus labour is potentially
available, the other side of the coin often represents critical labour
shortages. If the demands of tree-planting and care cannot be integrated
into cycles of labour availability in a manner which smooths supply and
demand peaks, the additional burden of trees (upon women, normally) may
be viewed as unacceptable.

The third issue concerns lack of knowledge
planting techniques and methods of care.

about what species to plant,

The fourth and related issue is that of protection,
To protect trees
from Insects, disease and animals requires not only knowledge, but also
access to preventative or remedial agents. These normally require money
or labour as well as material availability.
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The fifth issue is that of seedling availability. Three factors
cited which influence availability are: distance to nurseries,
suitable transportation for carrying seedlings, and price.
Availability also pertains to types of trees. Species appropriate
to local environmental conditions, which theoretically would be less
demanding as labour and other resources, were often reported to be
unavailable at government nurseries.

Characteristics required of non-government organizations involved
in fuelwood development
It was generally viewed by those interviewed in the exploratory survey
that non-government organizations have a significant role to play in
rural fuelwood development efforts. Many have already incorporated
tree-planting into their programs and, thus, are building a record of
experience. Interest and current activity alone, however, is not
sufficient justification for sanctioning non-government organizations
specifically with agroforestry demonstration projects. The
preliminary field investigation indicated additional characteristics
which an organization should prossess in order to play an effective
role. Among the most important of these are the following:
Continuity.
A commitment to raise trees is a commitment of time.
Responsibility for their care must be maintained through drought,
goat migration, and thé like. An organization whose life cycle is
subject to the vagaries of local climatic or political season
cannot be confidently entrusted with trees. Among other factors,
continuity depends upon entrusted leadership.
Legitimacy.
An organization which will influence decisions about
the use of valuable land, water, and labour resoui ces must be perceived
as legitimate by the local people involved, and by the Government
of Kenya. Legitimacy normally stems from a viable record of
performance either with the target group itself or in the context
of a situation similar to the one being created.
Expertise.
For a decentralized tree planting program to be effective
various types of expertise are required. These may be broadly
classified into two categories: technical and social. Both are
derived from research and experience. Technical expertise provides
the basis for making sound choices in the selection of tree species,
location and timing of planting, and methods of care. Social expertise
is required for effective executive of these decisions. Non-government
organizations such as church, women, youth groups and others possess
elements of these characteristics in varying degrees. Thus a meaningful
evaluation of their potential effectiveness as project implementors
will suggest possibilities for using particular organizations
individually or several of them in coordination. Further, it should
account for location specific variability within a particular nongovernment organization network.
CONCLUSION
For agroforestry adoption to occur on a broad scale in Kenya, farmers
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must change their minds about choice of technological strategy.
Farmers' decisions are affected by two sets of factors:
environmental (agro-climatic) and socio-economic.

Once a farmer has settled in a particular location little control can
be effected over his agro-climatic circumstances within the immediate
term. Socio-economic factors, however, can be manipulated.
Within the realm of socio-economic factors a distinction can be made
between external and internal factors. External factors are
controlled by government policy and, theoretically, are uniformly
applied, at least within an identifiable group or region. Among the
most Important of these for agroforestry are land use and land
ownership, food (agriculture) and energy policies. These factors
create the climate for individual decision - making.
Internal factors are those which influence the farmers' decisions
directly. They impact upon individual farmers differentially and
are likely to be considerably more variable over time. This set of
factors includes income, capital stocks, needs and preferences, labour
availability and access to materials and services. À useful assessment of the potential for adoption of agroforestry in Kenya should focus
on these sets of factors simultaneously.

Demonstration projects properly monitored, can be an important vehicle
through which to assess the potential for adoption of agroforestry
under various conditions as well as the associated so^lo-economic
effects. Such projects should be built, in large part, upon on-going
agroforestry related initiatives and should be designed with special
attention to those factors which have already been identified as
limiting. In this way it should become more apparent how the external
factors affecting farmers' decisions about adoption can be most
effectively manipulated to maximize the net social benefit of their
Internal decision-making.

Agroforestry initiatives of many kinds are now springing up throughout
Kenya. If these are to be successful, and scarce resources are not to
be wasted, then there is a need to evaluate the processes by which we try
to bring about change to ensure that these are directed to ends which
satisfy the needs of the rural population.
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THE TAIL THAT WAGGED THE DOG:
A CAUTIONARY STORY OF FORESTRY PLANNING IN KENYA
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INTRODUCTION
This brief paper focuses on the broad policy issues that underlie
forestry planning in Kenya. The basic argument is that because forestry
planning is not designed around the actual structure of needs for
wood products, it is biased towards strategies that distort the
Kenyan development process. In particular, greater attention must
be paid for forestry development for energy demand in order to satisfy
the basic needs of the rural and urban poor. Agroforestry configurations
could help alleviate the problem of insufficient wood, but only if
such configurations are understood as social,
and not merely
technical*
innovations.
THE NEED FOR FORESTRY PRODUCTS
Among all uses of the nation's gazetted and non-gazetted forest cover,
use for energy production is strikingly conspicuous as the number one
consumption sector. However, little attention has been paid to the
requirements of the woodfuel users, as they have neither the political
organization nor the bureaucratic leverage to change the focus of the
Forestry Department from its current emphasis on conservation and
production for industrial users.

Woodfuel is the single most important source of energy in Kenya, and
if properly managed, it is also a renewable source. Woodfuel
(fuelwood and charcoal) accounts for some 75 percent of all energy
requirements. Unlike petroleum, this is an indigenous supply source
over which Kenya has policy and management control. This energy comes
largely from the nation's indigenous forest and secondary growth stands.
In contrast, only a small fraction of total forest cover is professionally
managed as fuelwood plantation. Unfortunately, the natural forest is being
depleted to make more land available for agriculture. More
disasterously, in many areas the equilibrium supply of wood is being
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removed, especially the early vegetation succession which is easier
to harvest by hand with simple tools than mature traes. This results
in a situation which accelerates the depletion of forest capital.
The principal use of woodfuel is household consumption. Cooking is
the most important application, accounting for between 60 and 75
percent of total household use. Space heating and warming water are
the next two important uses, and together with cooking, they account
for some 95 percent of total household use. The remaining five percent
of household use is dedicated to ironing, lighting, and protection.
(Beijer Institute, 1980).
Non-household uses of woodfuel, including that by cottage industries,
account for some fifteen percent of total consumption with crop
drying, principally of tea and tobacco, and beer brewing being most
Important uses. Other non-household uses include brick and pottery
firing, fish smoking and restaurant cooking, and use by schools,
hospitals and dispensaries, and other institutions.

Estimates of current annual consumption of woodfuel is of the order of
thirty million cubic meters (22 million tonnes of air-dry wood) or
approximately seven million tonnes of oil equivalent per annum. Such
production provides a net saving of K£200 million of foreign
exchange each year. Woodfuel, viewed as a commodity, is relatively
cheap. (Beijer Institute, 1980).

THE DIMENSIONS OF DEFORESTATION
Although several attempts have been made to estimate the demand for
woodfuel, the only estimates of biomass supply are the theoretical
calculations made by Western and Ssemakula (1979). They concluded
that:
...."From a national perspective, the future of wood
energy as an alternative to other sources does not look
promising. Based on a low consumption-high production
scenario, it is likely that the annual consumption will
exceed annual production within 25 years. Based on the
low demand-low production forecast, the annual yield of
wood was exceeded in 1979. If we assume that the
population consumes wood at the rate of our high forecast,
the production of wood was exceeded in the early 1979s
based on a low production scenario, and will be exceeded
in the mid 1990s on the basis of a high production forecast. These figures indicate that the sustainable supply
of woodfuel has either been exceeded or will almost
certainly be exceeded over the coming two decades".
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In order to understand this problem of deforestation, and the
associated environmental degradation, it is necessary to place the
people-environment interaction in historical context. The traditional
land use systems, under which people had access to forest products as
"free" goods, was governed by customary law that defined usufructuary
structures for the community. With the advent of commodity production,
land, including forests,was committed increasingly to private ownership
and labour was increasingly torn from its family production context and
made a commodity in its own right. The phenomena of valuing land and
labour as a commodity is continuing epace in contemporary Kenya, and
bears directly on the crisis in forestry.

The trend described is a symptom of a general movement towards private
control over systems of production as well as the provision of basic
needs. Chief among these systems is the family labour farm. First
colonial and later post-independence pressures on household level
production have led to increasing reliance by the present systems upon
non-farm income sources for their basic needs. As the private
ownership of land has decreased access to certain forests, the search
for non-farm income has led to increasing pressure on those forest
areas to which access remains. The need for supplemental income also
results in an expansion of the off-farm wage earning labour pool. The
latter tendency has produced a household labour shortage exacerbated by
many factors, including a rapidly increasing proportion of children
going to school. In short, as land has become increasingly valued as a
commodity, charcoal burners and other poor forest users seeking nonfarm income supplements have focused attention on the remaining
accessible forests. Simultaneously, the selling of labour for wages
has meant that labour for tree planting and management on family land
is in short supply. The latter effect is manifested in late planting of
seedlings provided by the government nurseries and . very low rate of
survival of such trees on small farm3.

It is not being suggested, howeverB that this -procp.se is simultaneously
affecting every family production system in Kenya. What has been
outlined above is a tendency.
The actual rate of change reflects the
differential impact of the diffusion of commodity relationships into
different eco-zones. In fact presently there are a range of "fuelscapes"
in Kenya (that is, various combinations of primary biological
production, access, and need) that run the gamut from relative abundance
in a nearly "pure" subsistence context (e.g. Turkana or Samburu) to
extreme scarcity and full market valuation of household energy, as in
parts of Central Province. In the Kenyan context, transition of wood
to a commodity is associated with the process of juridical registration
of land. This process is gradually working its way from the high
potential (coffee, tea) farming areas through the medium rainfall zones
producing wheat, tobacco, and cotton and onwards into zones of lower
and less certain rainfall.

In these last mentioned marginal lands, even before wood becomes a
commodity in relation to local domestic demand it has become the
object of intense exploitation for sale as charcoal to distant
markets. The long term consequences of the elimination of Aoaaia species
in the marginal zone, without replacement, are particularly serious.
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The impact of the woodfüsl crisis is therefore not spatially uniform»
Neither is it socially uniform. It affects the rural and urban poor
hardest. Landless rural workers, participants in settlement schemes,
and the smallest farmers in "high potential", high density areas
are severely affected, as are elderly people without kinfolk support and
women heads of household. The only generalization possible in regards
to uniformity of impact is that everywhere it is women who bear the
brunt of fetching loads of wood from increasing distances, struggling
to make do with smaller quantities of woodfuel, worrying about hot/
increasing monetary costs of fuel will adversely affect outlays for
other basic needs (school fees, health care, housing quality, clothing,
and even food), as well as having to reapportion labour time needed for
the drudgery of water procurement.

Project design for woodfuel programmes must seek to alleviate the
structural constraints (low income, discrimatory legislation, etc.) that
the rural and urban poor, especially women, face in acquiring adequate
household energy. It is critical that improved access to factors of
production be established. Improved access to land in particular is
essential if the rate of deforestation is not to accelerate. Such
accelerating deforestation, if allowed to continue unchecked, will
seriously affect a wide range of basic need activities through indirect
effects on the fertility of food- producing land, on the flow of small
streams and hillside springs, and on the availability of house construction
materials.

THE BOLE OF AGROFORESTRY
Detailed scientific interest in the complex agricultural land use
systems that incorporate both agricultural and forestry production is
welcome indeed. However, at the risk of labouring some obvious points,
three cautions must be emphasized.
1. Although science has just "discovered" the importance
of agroforestry configurations, farmers have been
employing some of these methods for a considerable
period of time. An example is the system of linear
land use in the ridge and valley terrain of Central
Province where Kikuyu farmers arrange a succession of
crops from the tops of ridges down to the stream flood
plains below, beginning with wattle trees, moving
down through a series of food and cash crops.
Although there are new discoveries and contributions
to be made (for instance in the realm of intercropping),
laboratory work and technical trials should not dominate
agroforestry research and development to the exclusion
of systematic study of what farmers are already doing
and what they already know. The venacular languages of
Kenya are rich in distinctions among tree species, and
farmer practice shows refined preferences for this or
that species according to use (in construction, for
cooking, for smoking milk, etc.).
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2. Such an emphasis on local knowledge will help to
define the social constraints within which
agroforestry extension work can take place. Further
consideration must be paid by planners of such extension
to the social factors described earlier. Market
valuation of land and labour, limitations of
access, the local organization of production (e.g.
arrangements for mutual aid, labour sharing, etc.)
age and sexual division of labour, and income
constraints will all influence the effectiveness
of agrcforestry extension. In other words, it must
be remembered that technologies are socially
determined.
3. Finally, agroforestry configurations must reflect
patterns of local needs for forestry products as well
as local patterns of land use and cooperation.
Effectively this means keeping the need for fuel
in focus while dealing as well with the family's
need for reliable income. Locally dominant production
systems will suggest possibilities ranging from
private to various forms of group agroforestry
(for instance by self help groups, women's groups
or cooperatives).

These three prescriptions amount to nothing less than a call for a
serious redirection of the Forestry Department so that It can apportion
its efforts according to the specific demand for forest products. In
other words, at least 80 percent of the effort should be devoted to
woodfuel, which would mean an extension of Departmental effort beyond
the presently gazetted area. Additionally, such a reorganized and
redirected Department should design programmes that increase the
access of ordinary people to woodfuel. This would, of course,
necessitate a strengthened forestry extension service and support
infrastructure. In short, a major administrative overhaul would need
to be undertaken so that the tail will stop wagging the dog.

The alternative to such a reorganization of the Forestry Department,
or, perhaps, a complementary line of administrative development would be
to transfer primary responsibility for agroforestry extension to the
Ministry of Agriculture where a strong existing extension service is in
close contact with small farmers. This final suggestion raises the
importance of intermlnisterial coordination In the pursuit of wood as
a basic need.
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Summary
Do trees enhance rainfall? If trees are removed are the local
rainfall systems distrubed? Dr. Wang'ati of Kenya's Ministry of
Agriculture reminds us in the introductory paper to this section
(page 193) that the debate on the role of forests in the generation
of rainfall is decades old and, to date, data do not exist which can
completely resolve the argument either way. He stresses, however, that
regardless of whether or not the presence of trees per se results in
increased rainfall, the Important issues regarding water conservation
are first, the existence of an appropriate type of ground cover and,
secondly, how the water is used. The potent argument for forest
preservation at the moment is, however, soil conservation. The
benefits of trees as windbreaks on open lands used for grain production
are also well recognized. The author warns, however, that growing
trees in mixtures with crops should be undertaken with caution, as it
may turn out that root competition for water will have a negative
effect on crop growth. A call is made for reaearch on this aspect of
agroforestry.

An Important aspect of the Ministry of Agriculture's soil conservation
program involves the development of terraces on farms as a relatively
s Impie and inexpensive method of tackling an urgent national problem.
Dr. Carl Wenner's paper (page 199) examines in substantial detail
the roles trees play in soil erosion processes, in terracing to reduce
erosion, at i in land reclamation. Wanner, consultant to the Soil
Conservation Unit, also stressed in the course of discussion, the
relative lack of experience in Kenya with gully control measures. He
advocates immediate action, none-the-less, to arrest threatening
erosion processes, based upon what are presently thought to be viable
methods. Kenya has no time to wait, Weimer contends, for the results
of lengthy experimental trials. One such measure is the planting of
trees on terraces. Research on the competitive effects of trees on
crops grown on either side of the terrace should proceed in parallel
with action programs.
During his presentation, Wanner cited the most urgent problem
presently facing Kenya's soil conservation program as being a shortage
of suitable tree seedlings. He stressed the need for a procedure
through which anyone interested and able to produce their own seedlings
will be encouraged and helped to do so.

Dr. Thomas of the University of Nairobi's Department of Agricultural
Engineering writes on a related topic; the utilization of steep slopes
in Kenya for a variety of farming activities, and the effect of such
land use practices on erosion (page 235). He evaluates various methods
of control, including certain forms of agroforestry. The importance
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of avoiding the use of steep slopes for annual crops is stressed,
since the most significant threat to stable soils is the absence of
ground cover. The use of trees and bench terraces should be
approached with recognition of the potentially negative effects of
competition between certain trees and adjacent crops. Consistently
with V'enner he advocates caution in species selection and the need to
plan bench terraces carefully»

The section concludes with a paper by ICRAF's Dr. Nair on soil
management aspects of agroforestry. Nair discusses physical as well
as cultural factors which affect tropical soil productivity and
explores major principles and practices which should be evaluated in
the design of site specific agroforestry systems (page 251).
Among the dominant issues highlighted in the discussion following
Nair*s presentation was that of soil variability and how to exploit it
for agroforestry so as to obtain the benefits of the tree's capacity
for nutrient recycling. Participants were referred to ICRAF's
publication entitled Soils Research in Agroforestry
for elaboration on
this and related issues.
Another topic concerned the inadequacy of existing soil capability
classifications for indicating agroforestry system potential. One
problem raised was the existence of more than one classification
system.
A third issue concerned the sometimes detrimental effects of arable
cultivation on soil fertility, an increasingly widespread problem in
tropical regions. A number of speakers noted the current interest
in minimum tillage and mulch/residue farming techniques in the tropics
as well as the potential for incorporating these approaches in
agroforestry systems which could themselves provide woody mulch.
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BY

F.J. WANG'ATI
MINISTRY OF AGRICULTURE
P.O. BOX 30028
NAIROBI

INTRODUCTION
Agroforestry may be a new scientific discipline, but the practice is
by no means a new land use system in East Africa. It is indeed rare to
see small holdings or large farms without some trees on them. The
distribution of such trees vary from small woodlots and patches of
indigenous forest or bush to fruit orchards and isolated trees
planted mainly to provide shade and/or domestic fuel. Unfortunately,
professional forestry practices have tended to concentrate on conservation of extensive natural forests and the management of large scale
plantations designed for commercial exploitation. The science of
agroforestry is therefore a welcome development which should be
exploited to develop technology for production of tree crops alongside
other agricultural farm activities in an integrated land use system.
Such a system involves some changes in land use patterns. This
paper discusses some of the experience gained in the study of effects
of land use change on soil and water conservation in some catchment
areas of East Africa.
ICRAF has defined agroforestry as a 'sustainable land management
system which increases the overall yield of the land by combining the
production of crops (including tree crops), 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.' Perhaps we should omit the last
few words in the above definition, since research and development in
agroforestry may lead to changes in cultural practices if tangible
benefits, in terms of productivity per unit area of land within a
given time, can be unquivocably demonstrated.
AGROFORESTRY AND WATER CONSERVATION
The association between forests and high rainfall has for decades
stimulated debate on the role of forests in the generation of rainfall.
The vital question is whether the presence of trees per ae results in
an Increase in areal rainfall. McCulloch and Dagg (1965) reviewed this
matter and suggested that evidence in support of this argument is very
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limited and that the case is frequently overstated. It is however,
evident tliat evaporation from extensive areas of forest have an
ameliorating influence or» the general cliraate through changes in
energy balance.
Such energy changes and resulting higher levels of humidity could well
influence the rainfall regime of the area» Perhaps a more important
factor is the extraction of water by trees from low cloud and mist.
Such water is referred to as 'occult precipitation* and its magnitude
has not been properly assessed in Kenya's forests. An experiment
organised in Muguga Forest (Kerfoot and McCulloch, 1962) was abandoned
because of operational problems. Such water would improve the water
balance in two ways: subsequent evaporation of this intercepted
water would reduce overall latent heat demand on the transpiration of
soil moisture; secondly, the intercepted water may flow down the tree
trunks to the soil where it would be conserved. It will be seen
later in the discussion that neither of these possibilities actually
results in significant water conservation.

Any discussion of water conservation should include the purpose for
which the water, whose primary source is rainfall, is to be conserved.
If the purpose is to provide regular flow into reservoirs, then catchment must have adequate temporary storage capacity in the soil profile.
Alternatively, a series of storage structures will be needed along
the stream channels. If the purpose is to sustain plant growth during
the dry season, then the plants must have the necessary root system to
explore the entire soil profile. Considering that tropical tree crops
are deep rooted and maintain évapotranspiration all the year round,
the case for afforestation as a means of water conservation becomes
difficult to justify. The long t^rm catchment expe.iments at Kericho
in Kenya have showed that careful clearing of forest and replanting
with tea has not adversely affected the contribution of the catchment
to streamflow (Pereira et al.3 1962, Dagg and Blackie, 1965).
Comparison of forested and cultivated catchments at Mbeya in Tanzania
by the same authors showed that the cultivation of seasonal crops
resulted in a saving of 12 percent of rainfall more than the
continuously transpiring forested catchment. For the five rainless
months, May to September, the 11 years average flow from the forested
catchment was 28 percent less than that from the cultivated are (Pereira
and Wang'ati, 1980). One important reason for higher évapotranspiration
from forest is the relatively large quantity of water intercepted by the
forest canopy and evaporated at a much higher rate due to small
aerodynamic resistance in the canopy (Rutter 1966a, 1966b; Szelcz et
dl,t
1969). The supposed 'occult precipitation',if present,does not seem
adequate to offset this effect. The rainfall distribution and hence
the frequency with which the canopy is wetted will therefore influence
the magnitude of évapotranspiration from the forested land.

Forests, however, play an important role in promoting infiltration of
surplus rain water into the soil profile and groundwater aquifers and
thus in regulating the release of this water to rivers all the year round.
Even in situations where the water holding capacity of the soil profile
is not adequate to retain surplus water from high intensity rainfall,
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forest vegetation, if well managed, can help in slowing down runoff
and thus reducing frequency of harmful flood peaks in rivers.
AGROFORESTRY AND SOIL CONSERVATION
The role of forests in anchoring the soil against the erosive forces
of surface runoff has been well demonstrated throughout the world.
The forest canopies intercept and reduce the energy of raindrops
before they reach the soil and the undergrowth and forest litter
further hold the soil particles as the surplus water moves through.
It is therefore clear that the mere presence of trees is not adequate
to curb soil erosion if the soil surface is denuded of vegetation by
overgrazing. Relatively few detailed studies have been carried out
on the effects of forests on soil erosion in East Africa. The EAAFRO
catchment experiments were the most intensively instrumented and
monitored, but did not provide adequate measurements of both bedload
and suspended sediment in the streamflow from the catchments. These
studies showed, however, that in the case of the highly permeable and
stable soils at Kericho, transition from natural forest to tea
plantation did not result in immediate loss of soil.although runoff
increased. It must.however, be emphasized that this change was carried
out in planned stages and was closely supervised, avoiding the usual
malpractices which would occur under similar circumstances. At Kimakia,
in the Aberdares, cultivation of vegetables among the young pines
produced a sharp rise in sediment concentration in the third year of
transition from indigenous bamboo forest, reaching about h ton of
soil per acre in spite of a 50 metre strip of dense bamboo thicket
left uncut on both sides of the streams.

Similarly, the favourable comparison between cultivated and forested
catchments at Mbeya cannot be extrapolated in areas with less stable
soils. Studies carried out by Rapp et al.t
(1972) in the Morogoro river
catchment, Tanzania, showed that soil loss from the 10 percent of the
catchment under cultivation was about ten times that from the forested
area, covering 40 percent of the catchment.

SPECIAL PROBLEMS IN AGROFORESTRY
So far in this paper we have dealt with forestry as an alternative
land use system. Since, however, agroforestry includes the practice of
growing tree crops together with other shorter season crops, we will
now discuss the soil and water conservation aspects of this practice.
Although no research has apparently been carried out in East Africa on
the role of windbreaks and shelter belts in soil conservation, the
benefits of this system have been recognized especially on the relatively
extensive open lands used for wheat, barley and maize production. These
lands are bare for a substantial part of the year and wind erosion can
be very severe, especially immediately after the seed bed preparation
which is carried out in the dry season. Such blocks of forest trees
have, however, no significant influence on soil or water conservation
for the cropped land.

The situation is, however, different when trees are grown in mixture

196
with other crops. Depending on the type of trees planted and rainfall
distribution, the water demand by the trees may be so high that other
crops or even pasture may not survive within the area exploited'by the
tree roots during the dry season.
Root studies by Tsakiris and Northwood (1967) showed in the case of
isolated cashew trees, the lateral extention of roots is approximately
twice that of the canopy. Since the canopy of a mature cashew tree
has a diameter of the order of 3 metres, each tree requires a land
area of at least 14 square metres. Where the tree crops have
established a deep root system, intercropping with shallow rooted
crops may not create adverse competition for water and could in fact
increase the efficiency of utilization of soil moisture. Unfortunately, we do not have representative local measurements for soil
moisture or even distribution in various orchards. This is an
important aspect of research which should be carried out; to determine
optimum spacing of tree crops in soils of different depths and water
holding capacities, especially where intercropping is envisaged.
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INTRODUCTION
This paper discusses the roles of trees in the soil erosion process,
in terracing to prevent erosion, and in reclamation of denuded land.
In the appendix is presented a list of five species deemed to be
especially suited to land reclamation purposes, along with detailed
information on resource requirements as well as use and growth characteristics of each. Also included in the appendix is a list of
species and their principle purposes for which seed is available for
soil conservation tree nurseries. Basic resource requirements of each
are presented.

TREES IN EROSION PROCESSES
The
1)
2)
3)
4)
5)

erosion processes causing soil erosion are:
raindrop erosion (splash erosion)
flowing water in rill erosion, gully erosion and river erosion
solifluction (earth flow) )
landslides
J Mass movement
wind erosion
)

Raindrop erosion
Nowadays we know that raindrop erosion is the most important erosion
process on slopes with no or poor vegetation cover. During skybursts
large, heavy raindrops bombard the soil, detaching soil particles and
splashing them to the sides. As shown in the drawing (Fig. 1) soil
particles jump further downslope than upslope.
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The canopies of trees break the energy of the raindrops. They are
split up in many small drops, falling to the ground from a low height.
Consequently tree canopies close to each other will reduce erosion
(e.g. on a tea field with trees some years old). Trees reduce erosion
also because the soil properties below the canopies are Improved
(e.g. litter on the ground and higher amount of humus).

Flowing water
Rill eroeion:
Overland flow occurs when the ground is saturated.
This flow will concentrate into rills. In the old East African
literature it is mentioned that bushes planted as wash stops on
cultivated slopes can increase erosion on slopes steeper than 6 to
20 percent (Beckley, 1935). The reason appears to be that a bush
stem can collect water and begin a rill at the stem.
Trees or bananas can decrease rill erosion on slopes, if they are
planted in wide strips. Tree strips should alternate with grass or
crop strips. This is a kind of strip cropping. The idea is that
rills on the slope should be infiltrated into the ground of the tree
strips (Fig. 2 ) .
Gully erosion:
Trees or bananas should not be planted on the floor
of eroding and narrow gullies, because the stems will decrease the
cross-section of streaming water, :hus increasing its velocity. The
stems can also divert ths stream to the sides of a gully, thus causing an undermining erosion of the gully sides (Fig. 3 ) .
When the sides of a gully valley have an inclination of about 1:1
or steps, trees should be planted on the gully walls (Fig. 4). Trees
will facilitate the stabilization of the gully and will increase the
value of the eroded land.
River* evoeion:
When viewing the use of trees in river erosion, the
size of the river must be considered. There is no need to plant trees
along small rivers or brooks. À tree stem can divert the stream to the
bank of the channel (Fig. 5 ) , thus creating erosion. During the dry
season many large trees can desiccate a small waterflow.
On the banks of medium-sized rivers the root systems of trees can
prevent or delay excavating erosion in the river bed. Consequently
a rov; of trees should be planted along the bends of a medium-sized
watercourse. Even if the river bank is eroded to be very steep, the
root systems will prevent or delay slumping of the river bank (Fig. 6 ) .
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In large and deep rivers the excavating erosion in the river bed
will occur below the root systems, thus undermining the bank below
the root systems. Such a river bank will collapse with or without
trees (Fig. 7). Trees falling down into the river can divert the
water to the opposite river bank, thus causing new erosion.

In large but shallow rivers with high floods trees on the banks will
reduce the velocity of the water and prevent erosion. Artificial
levees along rivers can be protected through planting of trees (FAO,
1978).

Solifluction
Slopes in nature have usually been stabilized at a certain inclination (e.g. a slope with forest can be steeper than a slope without
vegetation). If forest is removed, there will be no transpiration
of water by trees. Consequently there will be a surplus of water
resulting in increased runoff, as overland flow as well as ground
water. The latter will create water pressure, and especially
during rainy seasons the soil will have such a loose consistency,
that it can flow down the slope (Fig. 8).

As friction is more intense at increased depth, the surface soil
will mo"e faster than soil deeper in the ground. This will result
in moving sticks and poles from their original vertical position to a
leaning position (Fig. 9). Living plants, however, will not have
such an inclination. Because of phototropism they grow straight up.
Consequently, stems of plants, bushes and trees will have a bend near
the ground, indicating solifluction (Fig. 10).

On slopes with soils sensitive to solifluction this process can create
large semicircular excavations growing up the slope some metres every
year. On a slope in Olkalau, Nyandarua District, the erosion is
increasing at a rate of 4 to 6 m per year. Another example of a
solifluction area is the Kikuyu loam on both sides of the main NanyukiMeru road. Ground water is often collected on a layer just below the
ground surface. Typically, water and erosion is spread over a surface
working backwards into the slope on a broad front (Fig. 11). The antierosion measure is to remove the excess ground water. The first method
to be tested is to plant at least A to 6 rows of trees above the solifluction pit as shown in the picture (Fig. 12).

Landslides
A landslide means that a large portion of ground plus earth beneath
has slid down a slope, when the stability of the slope is changed. The
most common slides are those in bends of rivers, where erosion is under-
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mining the bank (Fig. 13). Another example Is roads cut Into a steep
slope, where water is led to the road bank creating ground-water
pressure and a slide. In such a case trees cannot be used to prevent
landslides. But there is another common situation to be regarded.
This is on steep slopes, normally steeper than 30 , where forest has
been removed. Increased water pressure decreases the strength of the
earth, so that the slope is no longer stable. Landslides can kill
people and cattle as well as damage houses and roads. In some parts
of Kenya several percent of the land area is lost through large landslides (e.g. on the escarpment of northern Elgeyo Marakwet District).
Once a slide has occured, it can continue up the slope resulting in
new slides, one after the other.

Total reforestation is not needed to prevent landslides. It is
sufficient to create forest belts at least 6 to 10 m wide, along the
contour of the slope and at an interval depending on local conditions
(Fig. 14.)

Wind erosion
Wind can transport sand along the ground and deposit it as dunes.
Trees or bushes can be used to stabilize dunes. For example,
Casuavina equisetifolia
can be planted on the coastal dunes of northern
Kenya. Turbulent and strong wind can lift and transport
partiales
smaller than sand under the following conditions:
1) the soil is bare and dry, and the particles are detached from each
other
2) the size of these grains is of fine sand, silt and loam grade
(0.1 - 0.5 mm and the percentage of this grain size is more than 60)
3) the velocity of the wind 1 ft above the ground Is exceeding 6 m/s
(i.e. a flag can be stretched or big branches of a tree moved).
There are cases, especially in dry areas, where all the top-soil and a
varying depth of the sub-soil has been swept away by the wind.
Trees can prevent erosion on windswept plains and hills. They
be planted perpendicular to the prevailing direction of strong
in rows as windbreaks or as shelterbelts. The velocity of the
will be reduced not only on the leeward side of the windbreak,
on the windward side (Fig. 15).

should
winds
wind
but also

A windbreak of one row of trees should not have any gaps, because they
will increase the velocity of the wind. On the other hand a windbreak
should not be dense like a wall, because that will create an eroding
eddy on the leeward side of the wall (Fig. 16). The interval between
windbreaks should be 15 to 20 times the height of the windbreak. Tree
species for windbreaks should have a well developed canopy from the top
of the tree to the ground. Examples of such trees used in Kenya are

Canooarpus lancifolius,
Cupressus lusitanicas
Cassia siamea and on the coast, Anaoardium

Eucalyptus
occidentale.

aamaldulensi8t
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If there is space for more than one row of trees, the windbreak will
be more efficient. At Eldoret Large Scale Farmers Training Centre,
for example, there is one row of high trees combined with a row of
Nandi Flame. If there is plenty of space it is possible to have
several rows of trees of the same species or a combination of trees
and bushes of various heights. Below are examples of both.
On the windswept plains of northern Cameroon (300 to 350 m above sealevel, annual rainfall 645 to 914mm) windbreaks have been planted
testing various species {Cassia siamea, Datbevgia sissoo,
Anaaardium
occidentalet
Azadirachta
indica)
as well as various numbers of rows of
trees (1,2,4 and 6 rows). It was found out after six years that
Cassia siamea planted In four rows at a spacing of 3 m is a good
solution (Guiscafë, 1961). Cassia is resistant to termites. If single
trees die, the windbreak will still be efficient. When the trees have
grown up, the rows of trees can be harvested and replanted one by one.
If various bushes and trees are used, they should be arranged in a
triangular cross-section (Fig. 17). Such a shelter-belt, requiring a
strip of land 17 m wide, has been proposed as follows (Wimbush, 1942):
1) 2 rows of tall trees, 3.5 m apart. Examples of medium-tall trees
for areas with different annual rainfalls are:
more than 1,000 mm
Cupvessus
macvocarpa (Monterey cypress)
875 mm
Cupvessus torulosa
(Himalaya cypress)
750 mm
Gvevillea
vobusta (Silky oak)
less than
750 mm
Casuarina <sunninghamiana (Xiver oak)
Schinus molle (Pepper tree)
2) 2 rows of medium-tall trees, 3 m apart, then a space of 4.5 - 6 m .
3) 2 rows of a hedge, planted 0.6 m apart, then a space of 3 m.
A good shelterbelt decreases evaporation and can increase yields in
dry areas by 10 to 20 percent, and during years of drought by 50 to
60 percent. For the Liaoning Province of China, the following research
findings have been reported:
1 row of trees,
20 m high
Wind speed
reduction
Evaporation
reduction
Grain yield
increase

4 rows of trees,
20 m high

14 - 30 %

58%

12 - 25 %

38%

13 - 17 %

30 - 50 %

Farm yards often need some trees as shelter against the wind, and
at the same time as shade trees and for ornamental purposes. Examples
of such multipurpose trees include Cassia (below 1,300 m above sea-level),
Bauhinia
Camel's foot,
(below 2,300 m above sea-level), Spathodea
nilotica,
(Nandi Flame) (below 2,300 m) and Jacaranda
(below 2,300 m ) .
More pronounced shade trees are Croton megalooarpus,
Schinus molle and
Ficus species.
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TREES IN TERRACING
General
In the nation-wide soil conservation programme of Kenya, soil conservation does not mean only terracing. It implies a spearhead to
improved agriculture.

Developed bench terraces and grass strips will retain moisture and
nutrients, thus increasing yields in dry areas such as Machakos and
Kwale Districts by 50 percent. Terrace edges with a highly productive
fodder grass, e.g. napier or bana-grass, can permit a farmer to have
cattle without owning any grazing land. The cattle will provide manure,
thus increasing crop yields. Embankments of cutoff drains and terrace
edges can also be planted with trees.
Such planting of trees on slopes has the following

advantages

1) increasing the yield and the income of the farmer,
2) providing permanent contour cultivation even if the slope should
be used as pasture for some time,
3) stabilizing the risers of bench terraces and the embankments of
cutoff drains,
4) preventing people and cattle from using the terrace edges and the
embankments as foot paths, the trampling decreasing the infiltration
rate,
5) acting as "nutrient pumps", bringing nutrients from large depths to
the canopies and from there to the ground, improving topsoll and
fertility, and
6) preventing or decreasing raindrop erosion during heavy rainfalls«

Trees along terraces might have the following

disadvantages

1) competition between the root systems of the ground crop and those
of the trees, resulting in decreased crop yields,
2) shade effect preventing vegetation on the ground,
3) rainfall below the canopies will be too small and the ground too
dry and
4) trampling round the trees during harvesting fruits or fodder will
compact the soil, decreasing infiltration and increasing eroding
by overland flow.

Of course trees can reduce the nearby yield of crop, but it is the
summarized yields of trees plus ground crops, which should be considered. Regarding the influence of trees on shade and rain, this
effect can be reduced by cutting the lower branches of the trees.
Present knowledge on all of these matters is poor. We need to gain
more experience from existing cases, and scientific research is
needed on an experimental basis.
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Where to Plant Trees
The following cases will be considered :
1) cutoff drains,
2) terrace edges,
3) steep slopes.
The embankments of ûutoff drains should be planted with trees. These
are normally planted along the top of the embankment or along the
lower foot of the embankment (especially bananas). Trees planted along the top
will prevent people and cattle from walking along it. As to
terraces,
the trees are usually planted on the upper side of the embankment or
on the upper side of a grass strip (Fig. 19). Experience shows that
a terrace riser will move into the slope. If trees or bushes are
planted too near A terrace edge, the root system will grow into open
air.
Bananas must be planted below the risers, especially in dry areas
(Fig. 20). The root system is not wide and will not decrease the
ground crop yield. A disadvantage is that the banana stem will
prevent excess water passing a riser to be drained away along the foot
of the riser.
Considering this, not every terrace should be planted with bananas
on long slopes or on slopes below hills. Every second or third
terrace should be planted with trees above the riser, so diversion
ditches can be arranged for excess water, if any.
Steep slopes,
or those between 25 and 55 percent (14° - 29 ) and even
very steep slopes, of more than 55 percent can be used for cultivation of trees on modified bench terraces. These are ledges cut into
the slope, 1 to 3 feet wide. The interval of modified bench terraces
is that recommended as spacing for the tree species used. The idea
of ledges is to minimize erosion during the establishment of trees
and a cover of grass on the slope (Fig. 21).

Tree Species
Trees or bushes used in terracing should have deep tap roots or rootsystems which will not compete with the surrounding crop. In addition,
the following factors should be considered in selecting tree species
for use in terracing:
1)
2)
3)
4)

availability of tree seedlings in the area,
need of wood or fruits on the farm and marketing facilities,
altitude above sea-level, climate (ecozone), and
soil type and depth of the earth layer above the rock.
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Among timber trees GrevUllea vóbueta and Casuaœina eqwisetifolia

can

be used, but Cupreeeue and Eucalyptus
are not as suitable. I have
seen maize influenced by a row of Cupreesua at a distance of 4 to 6 m,
but bana grass was not.
Among fruit trees the following species have been planted along terraces in Kenya:
1) in the temperate zone: peaches and plums
2) in the coffee zone: peaches, oranges, mulberry, papaya, castor, bixa
3) in the cotton zone: papaya and coconuts.
I have also seen guava, mangoes (with lower branches removed), cashew
nut and macadamia, but for these further experience is needed.
TREES IN RECLAMATION OF DENUDED LAND
Hills and Escarpments in Semi-arid Areas
There are many hundreds of overgrazed hills in the semi-arid areas,
where erosion is devastating the normally rather thin soil layers.
These hills can be brought into production as pastures or forests.
Very little has been done to date. In a few districts some tentative
activities have started, e.g. in Machakos and Meru Districts.

A big cutoff drain is dug on the slope around the hill. The water is
discharged through a natural waterway, which has reached the bedrock.
Above this cutoff drain forest trees are planted, if the farmers do not
need the hill for grazing. The slopes below the cutoff drain can be
cultivated, if terraces are established. Most of the crops have deep
roots and are not so dependant on topsoil as in more humid areas.

If the slopes are so dissected by gully erosion that they cannot be
cultivated, bana grass is planted on the areas between the gullies
and trees on the gully slopes (Fig. 22). The bana grass will compensate
the farmers for pasture area they have lost.
The first measure to be taken, however, is always closing the hill
from grazing to establish a grass cover and to protect the seedlings
planted. Afterwards cutoff drains can be dug.
It is not absolutely necessary that all the hill is covered with forest.
Patches with good soil can still be cultivated, especially if they are
longer along the contour than down the slope (Fig. 23). Russian
investigations have shown that the overland flow is infiltrated on a
hill, if forest belts along the contour cover 30 to 40 percent of the
surface of the hill (Pereira, 1973).

TABLE 1:
Trees for dry lowlands (Firewood, charcoal, poles, timber and fodder)

Species

Acaoia

albida

Ecozones

IV 4- V

Max. altitude
above sea-level
metres

Soil

1,800 but
preferably 1,200

most soils, but
preferably deep
sandy soils

1,800 but
preferably 500

most soils but
preferably not
very acid soils

Leucaena
leucocephala
(Lucena)

IV + V

Prosopis
(Algaroba)

IV + V

1,500

Cassia siamea

IV

1,300

Eucalyptus
camaVhxlenB-Ls

IV

600

Can withstand
inundation

yes

no

most soils but
preferably heavy
soils
most s o i l s

poor growth
on dry sandy and
alcaline soils

Cultivation
pattern

evenly distributed,
with ground crop

evenly distributed
or in rows, with
ground crop
evenly distributed,
on grassland

no

only
seasonal

i n rows,
on grassland
evenly distributed
or in rows, on
grassland.
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Trees so far used for reforestation of hills in Kenya are

Eucalyptus,

Greviltea

Cassia,

and the Neem tree.

Farms with Denuded Slopes
Desertification is often described as the southern border of the North
African desert moving to the south. However, in Kenya's semi-arid
areas there is desertification of almost every farm. The farms are
rather large, often 10 to 20 acres, and only the upper and smaller
part of the farm is cultivated. Most of the farm has been used as
pasture and is usually overgrazed and denuded. The ground is bare,
dry and compacted. Gully erosion is accelerating. Those areas could
definitely be better used and should be rehabilitated before they are
totally dissected by gully erosion.

The first measure to be taken is closure from grazing. Grass can come
in by itself or can be seeded. For the establlshement of grass, ploughing along the contour is recommended with an interval of 1 to 4 m
between the plough furrows, the width depending on the slope and the
severene8S of the erosion.

If labour is available on the farm, the slopes can alternatively be
cultivated, if terraces are established. The best type of terracing
for these areas is the 'Fanya Juu' terrace, because trash and grass
strips can be eaten by termites.
Whether the rehabilitation of the denuded slopes aims at grazing or
cultivation, it can be combined with planting of trees. Such cultivation patterns are known from long ago. The Maya Indians of Central
America combined Leucaena trees with maize on terraces. People in
the Niger area of Africa increased the yields of millet, if the cultivation was done under trees of Aaaoia albida.
In North Africa carob
trees have supplied fodder for cattle during dry seasons.

There is no reason why similar methods could not be used in the dry
parts of Kenya. I don't know what happened to the trials of fodder
trees more than 40 years ago (Maher, 1939).
The Soil Conservation Project has supplied its tree nurseries with
seed of reclamation trees since September 1979, concentrating on
five species. To help the Agriculture staff to select tree species
for their reclamation work, some data have been put together in
Table 1.
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The reasons for using trees in land reclamation are to Improve the
micro-climate, restore soil fertility and decrease erosion. The
shade and the reduced wind will increase humidity. Decreased ground
temperature will favour moisture and preservation of humus. The trees
will "pump" nutrients from great depths and return them to the ground
litter. The topsoil will show an increase especially in nitrogen,
phosphorus and exchangeable calcium. The canopies of the trees will
reduce raindrop erosion, and below the canopies the infiltration
rate and absorbtion of water is increased. The trees also reduce
wind erosion.

The farmers show tremendous interest in planting trees, as these will
provide fodder during the dry season, fuel, food and timber for consumption on the farm or for sale.
The biggest constraint is the protection of the seedlings from
grazing during the first 2 to 8 years.
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APPENDIX

PRESENTATION OF FIVE TREES FOR LAND RECLAMATION
ACACIA ALBIDA

Altitude :

-Up to 1800 m above sea-level but normally below
1200 m.

Annual rainfall: -Preferring 650 mm but can withstand 300 mm.
Soils :

Prefers deep sandy soil (as for millet) but does
not grow well on lateritic soils. Can withstand
occasional waterlogging.

Height ;

Up to 20 - 25 m.

Oses:

- Good soil conservation tree (can lead to higher
yields of crops planted beneath), at least 15 trees
per acre to maintain soil fertility.
- Pods and leaves are good for cattle feed (tree
retaining leaves during dry seasons but dropping
them during wet seasons).
- Branches for fences.
- Firewood, charcoal.
- Wood for carving.

Cultivation:

- Fast growing during the first years, little mortality
during the following years.
- The tree can reach a height of 2 to 4 m after 3 to
4 years and can produce pods in 5 to 8 years.
- The trees should be evenly distributed when planted,
10 m apart (48 trees/acre).
- Young trees are difficult to protect. The young
branches and leaves are enjoyed by animals; so they
must be protected for 5 - 8 years from planting.
- Suitable for dryland farming. Because roots are
unusually deep, they do not affect the ground crop.
Yields are actually increased. Can be planted together
with millet, sorghum, cotton, groundnuts, cowpeas, and
grasses. On eroded ground Aoaaia albida can be planted
together with Euaalyptue

ep.

- It is grown in a scattered fashion and-never in close
plantation.
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- After planting, height growth is negligible to start,
but the rooty system rapidly develops. By the third
year when the roots have reached subsoil water, the
tree grows vigorously.
CASSIA SIAMEA
Altitude;

Below 1300 m, sometimes higher.

Annual rainfall:

500 - 1500 mm.

Soils:

Most kinds

Height:

12 m.

Usage :

of soils but requiring good drainage.

- Timber (resistant to termites).

Poles not durable.

- Reforestation.
- Shade, ornamental.
- Good dense windbreak with no undergrowth.
Cultivation:

- Good for reforestation as shelterbelts on plains,
in rows with spacing of 3 m between seedlings,
4 rows deep.
- Suitable for strips along contours but it effects the
crop growth negatively on both sides of planting as

does AzadLraahta,

Eucalyptus

and

prosopis.

EUCALYPTUS CAMALDULESSIS
Altitude:

Best on lowland (below 600 m above sea-level).

Annual rainfall:

635 mm average.

Soils:

Heavy or rocky soils. Poor growth on sandy and
alkaline soils. Better along river banks and on
valley floor than on slopes. It can tolerate seasonal
flooding but not long-term waterlogging.

Height :

18 to 45 m, sometimes higher.

Usage :

- Hard and durable timber.
- Fencing poles.
- Firewood, charcoal.
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Cultivation;

- Can reach a height of more than 10 m in 6 years.
- Planting is beneficial along river banks to prevent
erosion.
- It's roots are very widespread.
- Reforestation of hills.

Shelterbelts on plains.

LEUCAENA LEUCOCEPHALA (LUCEm)

Altitude ;

Below 1800 m, preferably below 500 m.

Rainfall:

600 to 1700 mm.

Soils :

Flourishes in deep, red latosolic soils ph 5 to
8, best 6.5 to 8. Requires good drainage and cannot
withstand flooding. Ideal on the sea coast of Kenya.

Height;

4 to 6 m, sometimes higher.

Usage;

- Firewood, charcoal.

Possible at 250 mm.

- Timber.
- Windbreak.
- Forage.
Can produce pods 8 months after planting. Produce
a large amount of vegetation during drought periods.
If leaves are cut 6 to 8 weeks, after it reaches a
harvestable size, Leuaaena can produce 100 tons/ha/
year of palatable green fodder. It can be grazed at a
height of 0.8 to 1 m.
Cultivation:

- To establish Leuaaena as forage, sow seed between
growing maize plants.
- Can be planted in rows spaced at 0.3 m within rows
and 1 m between rows. Can be harvested at 2 to 4
month intervals.
- Can be cultivated as shelter belt against wind erosion
and as contour hedges on slopes.
- Useful for reclamation of semi-arid land because it
can grow on bare ground, steep slopes and in marginal
soils. The roots are very deep. Can reach 2 m in
two years and 5 m at five years.
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Can be intercropped with vegetables, root crops,
grain crops, bananas and grasses.
Early growth is slow, but later, there is little
effect from competition by grass or weeds.
PROSOPIS (ALGAROBA)

Altitude:

Below 1500 m above sea-level

Rainfall;

250 to 1250 mm, good below 600 mm.

Soil:

Prefers rich heavy soil (clay) but also on light
sandy and rocky soils. Can afford some salty soils.

Height:

9 m or higher.

Usage:

- Pods and leaves as fodder.
- Timber, fence poles.
- Shade. Windbreak. Stabilizing sand.
Pods are a high protein cattle food (up to 6 to 7
tons/ha/year, producing beans after only two years).
Sweet beans edible by humans without cooking.

Cultivation:

- Can be
planted as seedling tree or from stump of
two year seedling.
- Tree requires pruning to a single stem and to such
a height that cattle can graze below the canopies.
- Fast growing on good soils.
- Foresting of dry areas. Algaroba increases the
nutrient content of the soil below the canopy, but
it might effect the growth of ground crops because
of the wide and shallow root system.
- Can be a weed in humid areas and on good soils.
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SEED AVAILABLE FOR SOIL CONSERVATION TREE NURSERIES

Forest trees
Below 1,200

Above
300

Porous well
drained soils

Cassia siamea
(Ironwood)

Below 1,300

5001,500

Most soils,
good drainage

Casuarina
equieetifolia
(She-Oak, Muinji)

Below 1,800

7002,000

Sandy soils,
river banks

Croton megalocarpus
(Musine, Mukinduri)

1,300-2,100

1,0001,900

Cupressus
lusitanica
(Mexican Cypress)

1,200-3,000

Above
900

Well aerated
soils

Eucalyptus
camaldulensis
(Red River Gum)

Lowland

Average
635

Heavy or
rocky soils

Eucalyptus
saligna
(Sydney Blue Gum)

Mainly
highland

9001,300

Preferably
loamy soils

Grevillea
vdbusta
(Silky Oak)

1,2002,300

1,0001,500

Best on deep
sandy loam

Pinus patula
(Mexican Pine)

1,8002,700

1,0001,500

Well drained
sandy loam

Acacia
albida
(Apple Ring Acacia)

Below 1,200
(1,800)

250-900,
best 650

Clay to sand,
best deep sand

Conocarpus
lancifolius
(Somali Tree)

Below 400

Low

Deep soils,
heavy clay

Gmelina arborea
(Melina)

Below 1,200

Above
750

Sandy soils,
good drainage

Leucena
leucocephala
(Lucena)

Below 1,800

Above
250

Not strongly
acid soils

Prosopis
(AIgaroba)

Below 1,500

2501,250

Also sandy
rocky soils

Azadirachta
(Neem)

indiaa

-Fodder trees

Fruit trees
The Soils Conservation Extension Unit will also help to raise the
following seedlings for "soil conservation farmers".
Temperate zone
apples, peaches, pears plums
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Coffee zone
avocados, bananas, custard apple, guavas, limes, loquats, macadamla,
mangoes, mulberry, oranges, papaya, peaches
Cotton zone
cashew nuts, coco nuts, macadamla, mangoes, papaya
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THE UTILIZATION OF STEEP SLOPES
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INTRODUCTION
Tropical uplands have been identified by ICRAF as areas deserving
special attention on account of increasing population and intensification
of land UBe on steep slopes (King et al.3 1978). Such areas in Kenya
lie mainly between 1500m and 2500m, with an annual rainfall varying
from about 750mm to 1750mm. These are high potential areas which
have at one time been under forest, but are now densely populated and
utilized for crop production and, to a lesser extent, for horticultural
crops are important sources of income. Maize, beans, Irish potatoes and
sweet potatoes are among the main food crops. Indigenous cattle have
to a large extent been replaced by exotic breeds and grazing is giving
way to stall feeding. This, together with the small farm size generally
precludes the use of oxen for land preparation. Most cultivation is
done by hand, though tractors are used for cultivation on some farms
where slopes are not too steep.

The utilization of steep slopes within this zone poses one of the
biggest challenges to conservation specialists, agroforesters and
others. The Kenya Agriculture Act 1962 (Basic Land Usage Rules)
prohibits the cultivation of slopes over 35 percent. Efforts have
been made to raise the legal limit to 55 percent to bring the law more
Into line with reality, but in view of the fact that some farmers are
already cultivating slopes up to 70 percent (Gitau Nyoro, 1978) or
even 80 percent (writer's observation) it is doubtful if such legislation could be enforced unless alternative land is made available.
Ways of utilizing such steep land need, therefore, to be critically
examined. In the absence of controlled experiments, Information must
be obtained from observation and experience both in Kenya and in
neighbouring countries with similar problems.

It is customary to make a distinction between cultural methods of
conservation such as cropping practises which do not change the
conformation of the land, and physical measures such as terraces which
do. The distinction, however, ia not always clear. This paper aims
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to review some of the problems of erosion related to land use on steep
slopes and to examine the possibilities for control by cultural and
physical means.

EROSION AND SLOPE
Erosion by sheet wash and rilling has been related to slope and other
factors in the universal Soil Loss Equation (Wishchmeier and Smith,
1978). A chart showing the effect of slope angle and length is shown
in Fig. 1. It is based on research in the U.S.A. and may not be
quite correct for tropical situations (Hurni, 1980). However, the
Topographic LS factor indicates the relative
rates of erosion that
can be expected with changes in slope angle and length. For example,
if slope angle increases from 10 percent to 50 percent the amount of
erosion could be expected to increase 10 times on a 100m length of
ground. Hurni (1980) has used the LS factor with some modification
in designing conservation measures for steep slopes in Ethiopia.

Although sheetwash and rilling are probably the most important forms
of erosion, other forms such as land slides do occur and instances
have been described by Weimer (1980) and Gitau Nyoro (1978). The
writer was taken to see an example at Kanorero in Kangema Division,
Muranga, where a serious landslide had occurred in 1961 during very
heavy rains. About 1.5 ha of land at 30 percent slope on the slopes
of S. Mathioya river had slipped. It had at one time been under
natural forest which had been replaced with coffee on bench terraces.
Much of the coffee had been destroyed in the landslide and it
appeared that slippage was continuing at the upper side of the area.
Temple et al.,(1972)
describe landslides which occurred in the
Uluguru mountains of Tanzania and point out that aluost all occurred
on land which had previously been under forest, but had been converted
to annual cropping.

There are strong arguments for retaining trees on steep slopes
wherever possible. Temple (1972) suggests that this is particularly
so in the following four situations.
1.

On the upslope margins of roads where the natural
slope is steep.

2.

In lines about 30m below ridge crests where pore
water pressures are sometimes excessive.

3.

Upslope of villages and dwellings.

4.

Along stream banks.

Fortunately, soils in Kenya generally have a higher clay content than
the soils in the Uluguru mountains where land slides have been a
problem. Attention to cultural and physical measures of conservation
can enable relatively steep land to be used for agricultural purposes.
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CULTURAL MEASURES OF EROSION CONTROL
The most important aspect of cultural control is the development
of ground cover either by means of crop canopy or by mulch derived
from crop residues, weeds etc Improvements in soil structure,
though important in promoting infiltration, are likely to be less
important than cover. This is because most erosion appears to take
place as a result of heavy rains falling on soil that is already at
or above field capacity when the rate of infiltration would be
restricted by the permeability of lower layers.
Perennial crops such as tea, once established (see Table 1\ or
bananas can provide an effective cover and reduce losses to low levels
(Othieno, 1978; Temple, 1972). Grass or sugar cane should be even more
effective. For such crops there would appear to be little advantage
in terracing, which tends to concentrate runoff and increase the risk
of damage
if failure occurs. Coffee, though a perennial, is much
less effective in controlling erosion. In a plot study at Tengeru in
Tanzania on red volcanic soil at 32 percent slope, soil loss under
clean weeded coffee was nearly twice that under maize (Temple, 1972).
Exposure of coffee roots on both terraced and unterraced land has been
observed at several places in central Kenya.
Although land used for growing coffee in central Kenya is usually
terraced, that used for growing food crops is not. This is in
contrast to the drier areas, such as Machakos District, where almost
all cultivated land is terraced (Thomas, 1978). Of the main food
crops grown - maize, finger millet, beans, Irish potatoes and sweet
potatoes - only this last provides an effective ground cover for a
substantial period. The continuous cultivation of nnual crops
inevitably exposes the ground to erosion during the establishment
period and the rates of erosion on steep slopes can be expected to be
high. Unfortunately, data are not yet available on the actual rates
of erosion on steep land. It is clear that variation in soil type
and erodibility can be very significant in influencing losses

(Barber et al.t

1979).

Whether or not terracing should be recommended for coffee and/or
annual crops depends on the effectiveness of alternatives to crop
canopy for protecting the ground. Mulch can play a major role in
reducing soil movement (Othieno, 1978), It is not widely used
however, due to lack of suitable material, the competing needs of
animals and the labour involved. Crop residues are also important,
but studies with a rainfall simulator in Iowa have shown that the
effectiveness of maize stalk residues decreases with increasing
slope (Brenn.len et äi.t
1980).

A recent development that may help considerably to reduce erosion
losses is the use of herbicides for weed control in coffee. Many
small farmers are already using herbicides which leave an effective
mulch of dead weeds on the surface. Recent advances in herbicide
application may lead to even greater benefits in erosion control
in the future.

238
The expansion of tea at the expense of annual crops should lead to
Improved erosion control. The expansion of coffee on the other
hand, particularly in marginal zones, may have the opposite effect
unless terraces are well constructed and/or herbicides are used for
weed control.

The use of grass or grass/legume mixture for stall feeding cattle,
or for grazing by sheep, could play an important role in reducing
erosion losses. Fruit trees such as pears, plums and peaches should
be encouraged on steep land provided markets are available.
For continuous cultivation of annual crops, or coffee which is hand
weeded, the arguments for terracing are strong. But the methods used
must be adapted to local conditions of rainfall, soil and slope
which are discussed in the following section.
PHYSICAL MEASURES OF EROSION CONTROL
There are many situations where cultural measures alone are inadequate
to control erosion, especially in areas of high runoff (Sheng, 1979;.
The physical measures of conservation which are normally Incorporated
in any conservation planning are cutoff ditches to prevent runoff from
higher ground reaching cropped land, terraces to protect the cropped
land itself and waterways (either natural or artificial) to carry
runoff from cutoffs and terraces to the valley bottom. This section
is concerned mainly with terraces. The importance of planning all
three components together, unfortunately, is often overlooked in
practise.

Wenner (1980) gives detailed guidelines on terracing and shows how
terraces may be formed or, more commonly, developed by the use of
grass strips or the "fanya juu" methode This involves digging a
trench and throwing the soil uphill to form a bank. Soil washed
down the slope accumulates above the grass strip or terrace bank,
sometimes quite rapidly. This leads to some form of benching. The
effectiveness of the benches in controlling erosion varies a great
deal with their conformation and the way they are maintained.

Bench type terraces are sometimes level from front to rear, but more
commonly are forward or outward sloping. (Hurni, 1980) points out
that terraces which are level require higher risers than those which
are forward sloping. This leads to a greater loss of cultivatable
land which he finds unacceptable in the situation he describes. If,
however, banks can be used to provide fodder for animals his
argument carries less weight. Reverse sloping terraces are recommended
by Sheng (1977 and 1979) , but are uncommon in Kenya and difficult to
construct on steep slopes.
In the higher rainfall areas with which this paper is mainly concerned,
terraces should normally be designed with a lateral gradient of up to
0.5 percent to discharge excess rainfall (Wenner 1980).
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However, planning to discharge surplus water presupposes a satisfactory
waterway which is not always available, and in the absence of a waterway terraces should be on the contour. Both Kimutai (1979) and Gitau
Nyoro (1978) have shown that in practise grading is very Irregular.

The function of a terrace is to reduce slope angle and slope length.
Deposition of sediment in a grass strip or behind a "fanya juu" terrace
has been shown to cause significant reduction in slope angle in a few
years. Kimutai (1979) showed that the establishment of. grass strips
up to 2m wide in 1976 had created banks of 0.5 to 1.1m in height by
1979. Gitau Nyoro (1978) has shown the reductions in slope that take
place after "fanya juu" terracing. Sheng (1979) found grass strips
unsuitable for steep slopes and Maher (1951) points out the danger of
spacing them too widely. The same applies to hedging plants such as
Coleu8 spp. which are sometimes used for developing bench terraces.
However, provided spacing is not excessive, grass strips or "fanya juu"
terraces can lead to fairly rapid benching.
Continuous reduction in slope angle can be expected provided that soil
does not pass over the top of the banks or is trapped and returned
if it does. Thomas et at.t
(1980) have argued for a lip or ridge along
the top of the riser which ensures that soil is trapped and does not
pass over the bank. Careful lateral grading is assumed so that runoff
is either retained or discharged without passing over the top. This
will encourage rapid benching of the land . From observation in
Machakos District, this approach is considered practical on slopes up to
about 15 percent, but may be impractical on steeper land unless
terraces are narrow.

Wenner (1980) and Hurni (1980) have assumed that most runoff will pass
over the top of the banks or risers and must be collected in a channel
at the foot and diverted along this to a waterway. Problems arising
from this method are firstly, the scouring caused by water passing over
the bank, and secondly, the accummulation of sediment in the channel
at the bottom. This must be removed for the terracing to be effective.

Whichever approach is adopted it is essential that runoff does not pass
on down the slope. Otherwise the argument that terracing reduces
slope length becomes invalid. If runoff passes over terrace banks
a point of equilibrium must be reached when deposition and removal of
soil are roughly equal; that is, when bank heights do not increase and no
further reduction in slope angle occurs.
The practise of installing cutoff ditches at wide spacing on a
terraced slope has been adopted in parts of Kenya as a safety measure
due to the ineffectiveness of many terraces, but is not an ideal
solution. Runoff which passes from one terrace to the next can
destroy them in the process. Bunnett (1939) has given a graphic
description of problems which have occurred on terraced land in the
southeastern states of the U.S.A. Maher (1-951) describes the destruction
of terraces on large farms in Trans Nzola and similar examples of
destroyed terraces can be found in Kenya today. Without careful
maintenance terrances can and do disappear.
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Stabilization of terrace banks is of great importance, particularly
if terraces are designed so that runoff passes over ihe bank and is
collected in a channel at the foot. Stabilization involves many
factor» buch as soil properties, bank heights bank angle, vegetative
cover etc. Weimer (1980) recommends a maximum bank height, for
practical purposes, of 1.8m and an angle of 60 - 70° in clay soils.
Banks which are relatively higher or much steeper are prone to
collapse. These practical limits applied to steep slope restrict
the width of terraces as shown in Table 2, which applies to terraces
that are level from front to rear.

Some terraces were seen recently on a slope of 51 per cent near Kinoi
in Kalama location of Machakos District which had banks of 3m height
with a slope of 66°. This permitted a terrace width of 4m, but
collapse of banks had occurred in many places. Clearly, on slopes
over about 55 percent terracing becomes less and less satisfactory and
forms of land use which do not require terracing, such as tea, are much
more acceptable. Gitau Nyoro (1978) found slopes of 65 percent in
Nyeri District under tea which showed no signs of erosion, although
there were no physical conservation measures at all. Hurni (1980)
concludes from experience in Ethiopia that slopes over about 60 percent
cannot be conserved by the aid of terraces. He is supported in this
conclusion by Sheng (1979) who gives a figure of 58 percent.

Good vegetation cover of banks is important in ensuring stability and
in preventing erosion that may occur either from runoff passing over
the top or from splash erosion. Steep risers, over 70°, are sometimes
seen with grass growing only along the top edge. This may be effective
in preventing erosion by splash, but is not effective in preventing
erosion of banks by water which passes over the top.
The choice of grass is another matter for consideration.
Permiaetum
purpureum
(Napier grass) has been known for a long time to be very
competitive with adjacent crops (Maher, 1951) . Setaria
ancepe (Nandi
setaria) is also unpopular, especially where coffee is grown, on
account of competition with adjacent trees. One grass which appears
useful is Paniaum trichooladum
(Embu creeping guinea grass) which
roots at the nodes and spreads over the surface.

One problem associated with grass cover is the presence of
Digitaria
8odl(xrum (couch grass) . Many farmers in central Kenya have been forced
to dig out grass on the bank in order to remove the couch grass which
is damaging the coffee. As a result, bare banks are not uncommon in
the coffee zone. Indiscriminate use of herbicides may be a contributing cause of bare banks.

Maher (1973) and Hurni (1980) recommend the use of stone wails for
terracing on slopes over 30 to 40 percent. Such walls are used in parts
of Ethiopia, where stone is abundant, and could be used in parts of
Kenya such as Baringo and Elgeyo Marakwet where some tradition exists.
At present, however, the practise is not common.
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Bench terraces have proved popular and successful in some parts of
Kenya, but in others are not widely used. In certain situations, for
example in some parts of Tanzania (Temple et al.t
1972), the effects of
bench terracing have been unsatisfactory and the practise unpopular.
Clearly bench terracing is not a panacea for steep slopes and if
adopted must be carefully designed and maintained.

The use of trees on land which is bench terraced must be planned
carefully. One farmer who had planted macadamia trees along the edge
of his terraces complained of severe competition with the adjacent
coffee crop. The best place for trees is probably at the foot of
the riser where their roots may assist in breaking up what is sometimes shallow soil. The planting of bananas in pits in this position
has worked well on some farms in dry areas.
CONCLUSIONS
The main conclusions to be drawn from the above are firstly, that
every effort should be made to find alternatives to the growing of
annual food crops on steep slopes. Secondly, a combination of cultural
and physical methods of erosion control should be sought. Thirdly,
if terracing is carried out, the way in which soil and water movement
are to be controlled must be carefully considered o Finally, with any
physical measure such as terraces, great attention must be paid to
proper design and maintenance.
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TABLE 1

Soll erosion from a field of young tea

1971/2

1972/3

1973/4

Total

Manual tillage

161.28

48.28

1.23

210.79

Herbicide (no tillage)

168.08

80.71

6.09

254.88

Oat strips between tea
rows

34.90

4.31

0.42

39.63

0.46

0.14

0.08

0.68

17.01

19.66

2.32

14.75

Soil erosion (tonnes/ha)

Mulch

L.S.D. (P - 0.05)

Rainfall (mm)

2083

2045

1985

6133

From Othleno, C O . 1978. An assessment of soil erosion on a
field of young tea under different soil management practices;
in Soil and Water Conservation in Kenya, Occasional Paper
No 27, Institute for Development studies, University of
Nairobi.

TABLE 2
Terrace width on steep slopes

30

40

50

60

70

1.8

1.8

1.8

1.8

1.8

Terrace spacing (m)

6.0

4.5

3.6

3.0

2.6

Width cropped area
if riser angle 70°

5.3

3.8

2.9

2.3

1.9

Slope

%

Riser height

Weimer (1980)

(m)
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SOIL MANAGEMENT IN AGROFORESTRY

BY
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INTRODUCTION
Some forms of land use systems combining agricultural and forestry
species, which we now call agroforestry, are prevalent in different
parts of the world, though mostly employing traditional production
techniques. However, the science of agroforestry is in its infancy.
By its very nature, it is an interactive and integrative discipline
covering the domains of traditional production-oriented disciplines
like agronomy, ecology, forestry, etc. and incorporating the principles
of more basic disciplines such as soil science, plant physiology and
others. Therefore, there is no substantial body of scientific knowledge on any of its different operational aspects, including soil
management, as compared to other much-researched production systems.
Consequently, one of the immediate priorities in practising and
promoting scientific agroforestry is to develop such much-needed premises,
essentially by a synthesis of the knowledge of situations similar and
relevant to agroforestry. As for soil management, the general
principles are universal and are well documented, but their application
is site-specific. It is in this context that we have to consider soil
management in agroforestry.

The scope and aim of soil management in all production systems can be
briefly stated as minimizing all factors that Impair soil productivity,
maintaining the nutrient status of the soil at conditions optimum for the
growth of the component species, and ensuring that the soil particles
themselves remain in their place and are neither washed nor blown
away. However, in agroforestry, the emphasis on soil management is
more than in other systems of land use, because:
i) agroforestry is practised in, or intended for, fragile
areas which are subjected to the vagories of physical
factors and man's neglect much more than in other
production systems;
ii) the use of costly fertilizers to maintain fertility status
of the soil is beyond the means of many who practise
agroforestry;
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111) agroforestry Is suggested as a method for
Improving and rehabilitating land that has been
degraded; and
iv) past experience is scanty and scientific information is almost non-existent or not collated for
these types of systems.

SOME BACKGROUND INFORMATION IN RELATION TO SOIL MANAGEMENT
Land Use Pattern
Although agriculture is the major economic activity in the tropics,
only about 10 percent of the total area is used for it. Forests
account for about 40 percent of the tropical vegetation and pastures,
and grasslands about 20 percent. Farming systems in the tropics also
vary considerably depending upon the crops grown, population density,
type of land, resource availability etc. In general, the major farming systems
of the tropics are: shifting cultivation (45% of the area); settled
subsistence farming (17%); nomadic herding (14%);livestock ranching
(11%) and plantation systems (4%).
Soil Types
Soils of the tropics possess a wide range of properties because of the
variations in climate, vegetation,parent material, geomorphology and
age. Highly-weathered, leached soils, previously called "latosols"
occupy 51 percent of the tropics, while sandy, shallow, high-base status,
alluvial and moderately leached soils cover the rest. Oxlsols are the
most abundant soil order in the tropics constituting 22 percent of the
total; then there are Aridisols (18%) Alfisols (16%), Ultisols (11%),
Inceptlsols (8%), and others. Many tropical coastal and deltaic areas
have extensive regions of acid sulphate soils also.

Generally speaking, the fertile soils are used for agriculture,
plantations and other remunerative land use systems, with the result
that the soils available for agroforestry are infertile and poor,
either inherently or as a result of defective management.
Soil Properties
The physical and chemical properties of the soils in the tropics are
also highly variable; many can and do change with management. Many
physical properties deteriorate with cultivation rendering the soil
less permeable and more susceptible to runoff and erosion losses. The
ability of the tropical soil to retain water and supply it to plants
is one of the main limiting factors in tropical production systems.
Mineralogical classes of the Soil Taxonomy System permit the grouping
of tropical soils into three major ion exchange systems: layer
silicate systems (Entisols, Vertlsols, Aridisols, and others with little
or no Fe and Al oxides and a pH-independent negative charge); oxide
systems (soils in which the clay particles consist of, or are covered by,
iron and aluminium oxides or allophane, e.g., certain families of
Oxlsols, Uti8ol8 and Alfisols with a pH-dependent charge), and an
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Intermediate ion exchange system consisting of a mixture of the other
two called the "oxide-coated layer silicate system" predominating the
bulk of "red" soils (Oxisols, Ultisols, and Alfisols) with exchange
properties intermediate between the other two systems.

Many tropical soils exhibit significant anion exchange capacity,
especially in the subsoil of the oxide system. Leaching loss of
nitrates may be decreased in these subsoils. Management of Cation
exchange capacity (CEC) is crucial in many tropical soils that have
low effective CEC values: methods - liming, organic matter addition.

As regards soil organic matter, the annual additions of organic C
received by soils are about five times greater in tropical than in
temperate forests. But the rate of organic carbon decomposition is
five times greater in tropical forests than in temperate forests.
Consequently, equilibrium organic matter contents are similar.
Clearing and cultivation decrease the annual additions and at least
double the decomposition rates of organic C. In traditional shifting
cultivation systems, organic matter depletion is small. Mulching or
providing soil cover and sustained fertilization decrease organic
matter depletion.
LAND CAPABILITY FOR AGROFORESTRY
In conventional agricultural terms, land is "a term connoting all the
features of man's natural geographic environment with which he deals
in crop production". Since climate is an essential part of that
environment and is the primary factor that sets the limits to the
capability of a land to particular production systems, the criteria
for the land capability classes are related to a particular range of
climate conditions. Within these limits defined by the climate, crop
planning is done on the basis of vegetation survey and site assessment.
Subsequently soil examination is done on selected areas for a specific
objective such as land for fodder crop production, sugarcane production,
etc. According to the conventional USDA land capability classification,
land is grouped into eight land capability classes with decreasing
agricultural potential, Class I denoting land with the highest
potential, and Class VIII the least. Classes I-IV are considered
suitable for cultivation; V-VII, not suitable for cultivation, but
productive, and Class VIII unsuitable for productive vegetation. Earlier
land capability classifications have been done (for example in Uganda
by Warren - personal communication) based on these criteria, whereas
more refined and systematic procedures are being adopted now (for example,
see Srivastava and Ulrich, 1977; Qureshi et dl.,
1980).

With the advent of modern agricultural technology, the conventional
classifications have become obsolete. Land which used to be considered
unproductive has been turned productive by appropriate management
practices, e.g. reclaimation of salt-affected soils, but the more
relevant factor In the context of agroforestry is the devastation and
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degradation inflicted on once-productive land by defective management
practices. Thus, as described by King (1979), most nf the areas of the
tropics - 4,900 million hectares, or 65 percent of the land in the
tropics - are occupying fragile ecosystems because their equilibrium
appears to be easily upset and because they become ecologically degraded
if certain forms of land-use systems, particularly sedantary
agriculture, are practised in them. They have also been described,
from another point of view, as wasted lands (King and Chandler, 1978),
because they represent areas in which the natural resources are
currently being wasted either through overexploitation, underutilization and mismanagement, or through sheer neglect. It is for
these areas of the world, where increasing population pressure is
turning relatively stable environments into areas where productivity is
slowly declining and stability fast disappearing - in other words,
where the wasted lands are being created - that agroforestry is intended.
The successions in the degradation of some of the fragile ecosystems
and the role of agroforestry as a viable land use system in such areas
have been presented schematically by Nair (1980).
SOIL MANAGEMENT PRACTICES OF RELEVANT SITUATIONS
Shifting cultivation and multiple cropping are the two systems that are
most relevant to agroforestry conditions.
Shifting Cultivation
As stated earlier, shifting cultivation is the most widespread form
of soil management in the tropics, covering about 45 percent of the
potentially arable and grazing lands in the region. Before clearing,
the soil and forest have a remarkably closed nutrient cycle in which
most nutrients are stored in the biomass and topsoil, and transferred
from one to the other via rain, litter fall, root decomposition and
plant uptake. Losses from this system are usually negligible. That
is how lush tropical vegetation grows without nutrient deficiency
symptoms in soils of inherently very low fertility. When this
nutrient cycle is broken by clearing and burning, significant changes
in soil physical properties occur.

Multiple Cropping
The soil-plant relationships of mixed plant communities are not very
well understood. Multiple cropping researchers, during the late I960's
and early 70's when the concepts of multiple cropping were becoming
established, used to determine the fertilizer and other soil management
policies for sequential multiple cropping systems, by summing up the
estimated requirement for individual components (e.g. Nair et ai.,1973),
and the practice looked sound. However, it is not certain whether
that would be the best way to ensure economy and efficiency in the
uses of the native and applied (costly) nutrients. Moreover, the
situation becomes more complex when one of the components of the system
is a perennial species, when, compared with the annuals, has a different
nutrient cycling behaviour caused by differing patterns of litter
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fall, root decomposition, "export" of nutrients through harvested
produce, etc.
EXPECTED CHANGES IN SOIL CONDITIONS UNDER AGROFORESTBY
Soil Fertility
The tropical forest with its species diversity is an ecosystem containing a large blomass and a large inventory of chemical elements (Table 1 ) .
The soils under these forests are also relatively fertile. There are
several factors that favour such build-up and maintenance of soil
fertility under the forests. These include:
i) biological nitrogen fixation;
ii)

iii)
iv)
v)

the gradual accumulation of mineral nutrients and
their incorporation into an enlarged plant - litter nutrient cycle;
the "closed" system of nutrient cycling;
deep rooting of trees and consequent "tapping" of
nutrients from a greater soil volume; and
lower amounts of nutrients that are "exported" from
trees by way of harvested produce.

A simplified forest - soil nutrient cycle is indicated in Fig. 1.
Quantitative estimates of the amount of nutrients that are involved
in different compartments and in turnover from one compartment to
another of this system are now emerging. One of the major avenues
of input of the nutrients to the soil is the leaf litter fall. Some
data on the addition of nutrients through litter fall are compiled
in Table 2.
This situation will, naturally, change when forests are cleared. The
bulk of the nitrogen and phosphorus in the forest ecosystem is located
in the topsoil, whereas potassium, calcium, and magnesium are
concentrated in blomass except in high base status soils (Table 3).
Forest clearing leads to considerable loss of these nutrients - those
in the blomass are "exported" from the site and those in the soil are
lost by leaching and runoff (Table 4 and 5). Agricultural activities
in undisturbed soils also cause leaching and other ways of loss of
nutrients. Paul (1976) gave the following values of nitrogen losses
from two different grassland soils caused by agricultural operations
extending over a period of 60 - 70 years: total loss 1650 and
4400kg/ha, 20 percent removed in the form of grain for animal protein,
20 percent lost as N0--N below the root zone, the rest due to
denitriflcation, erosion, leaching or volatilization of ammonia, etc*
In agroforestry systems, we are confronted with the situation that is
intermediate between the "closed" nutrient cycle and "self-fertilized"
situations of forest ecosystems, and the "open" nutrient cycle and
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depleted nutrient inventory of the agricultural systems. In intensive
agriculture, the problem of soil fertility maintenav.ee is tackled by
fertilizer input, whereas there is little or no scope for such largescale fertilizer use in agroforestry in many cases. However, since
transport of nutrients below the rooting zone is a major avenue of loss
of nutrients in static agriculture„ the rate of that process is likely
to be considerably reduced by agroforestry practices which provides
more plant cover. Moreover, combinations involving species with varying
patterns are also advantageous, as the roots will then be able to "tap"
different soil depths. There is also evidence of complementary interactions involving compatible plant species resulting in the build-up of
soil fertility under a mixed crop community as compared to the sole
crop (Khanna,1980; Nair, 1979; Nair and Khanna, 1978).

Thus, it can be surmised that maintenance of soil fertility in agroforestry need not cause considerable concern. With appropriate soil
and crop management, including the use of manures and fertilizers to
a limited extent, it will be possible to maintain the fertility status
of the soil at a level that will sustain the productivity of that
soil.

Soil Conservation
Establishing vegetative cover is one of the most effective means of
soil and water conservation. The data collected from different areas
in India having varying soil types, topography, slopes, climatic
conditions and cropping patterns already indicated (Tejwani, 1979)
that natural fallow (i.e., grasses and shrubs), or grasses alone,
permitted only negligible runoff and soil loss, while cultivated
fallows resulted in the maximum runoff. Crops gave varying rates
depending upon their characteristics. There are several other reports
also indicating that appropriate plant cover combined with other
management aspects can considerably reduce the rate of runoff and soil
erosion (Kaushal et al.t
1975; Mathur et al.3 1976). Tables 6 and 7
show the magnitude of runoff and erosion under various cover of vegetation in parts of West Africa. These evidences suggest that agroforestry
practices will go a long way towards reducing the rates of runoff and soil
erosion from defectively managed lands.

Some of the most difficult land to protect from erosion is in the
semi-arid (< 500mm) rainfall zone, where this has been overgrazed and
over-exploited by subsistence agriculture. Here the well-tried
physical soil conservation methods can fail unless cropping and livestock husbandry are also improved. Examples of this sort of degradation
which has taken place in Machakos, Kenya, have been illustrated by
Perelra (1979). Planting of trees, preferably leguminous multipurpose
species, can make a direct contribution in improving such lands.

Soil Physical Conditions
It has been well accepted that one of the ways to maintain good
physical condition for a soil to sustain a good production system is
to have a plant cover on the soil, as with cover crops in plantation
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and perennial tree crops systems. The decrease in the rate of runoff
and erosion in soils with more plant cover, as has been indicated
earlier, is a consequence of the increase in infiltration rate and
improvements in other physical properties. Research data from India
(Mistry and Chatterjee, 1965) on infiltration rates under different
vegetation covers are given in Table 8. Deforestation and the use of
heavy machinery results in degradation of soil structure and water
acceptance, and causes unfavourable soil temperature and moisture
regimes. Since abundant plant litter on the soil surface results in
improved infiltration rates and physical properties, efficient
management of plant residues and other mulches is an important aspect
of soil managment.
This can be easily accomplished in agroforestry.
Soil Biology
Some of the best nitrogen fixing plants are the multipurpose woody
species and the strategies for exploiting them in agroforestry
systems have been outlined by Keya (1979; 1980). There is also
some evidence of Increase in favourable microbial activity in the
rhizosphere of crops when grown together in compatible combinations see Table 9. Increased availability of organic matter due to litter
fall and root decomposition, maintenance of a congenial soil
temperature due to greater leaf volume and shading, and possible root
exudation of hormones and other growth substances could favour such
increased microbial activity in agroforestry systems also.
STRATEGY FOR SOIL MANAGEMENT IN AGROFORESTRY
Although from the practical viewpoint, the reason for adopting a
certain soil management procedure is to facilitate easy farm operations,
the practice should also facilitate the maintenance of a satisfactory
root environment which is conducive to good performance of the
component plant species. This implies both satisfactory physical
conditions and a sufficient supply of nutrients, as well as a
favourable biological regime.

Since continuous cultivation of soil leads to the breakdown of soil
structure resulting in reduced water acceptance and retention, and
accelerated erosion and runoff, reduced tillage systems are to be
preferred.
There is scientific evidence to suggest that a
majority of the tropical soils respond to reduced tillage systems
(Greenland and Lai, 1977). Control of weeds is one of the principal
objectives of conventional tillage practices in traditional agricultural
systems. Use of chemicals for weed control may not be a practical
proposition in agroforestry because of the prohibitive costs of such
chemicals. Therefore it seems that essential weed control operations
by cultural methods cannot be totally dispensed with in agroforestry.
However, the weed population in mixed plant communities, such as in
agroforestry systems, is likely to be less than in sole crop stands,
and the intermittent essential cultural operations for the different
species of the mix may tend to check the proliferation of undesirable
species.
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Residue management is another Important aspect in relation to
managing the physical properties of the soil in agroforestry. The
importance of frequent and genereus use of crop res Ldues as mulches
in protecting the soil against erosion and maintaining the physical
properties has already been indicated. Regulation of soil temperature,
a better soil moisture regime, and improvements in aggregate size, bulk
density, and saturated hydraulic conductivity are some of the advantages
attributed to mulching. Use of plant residues as mulching materials
is a practice that can go well with reduced tillage operations in
agroforestry.

The major principles of soil fertility management in agroforestry are
exploitation of biological nitrogen fixation, reducing the leaching loss
of nutrients by providing adequate plant cover on the soil, selection
of species for admixture so as to have compatible root systems with
minimum overlapping,but maximum soil exploitation, and maintenance of
organic matter status. Since most agroforestry systems envisage
production of short duration agricultural species along with perennials
it is necessary that nutrient removals by such crops, which often amount
to substantial quantities, are compensated by external nutrient additions.
The fact that agroforestry is often intended for low-input systems does
not mean that such systems aim at considering soil as a source of
fertility. Since large scale fertilizer application is likely to be
beyond the scope of agroforestry in most cases, because of socioeconomic and other considerations, maintenance of soil fertility through
organic manuring, addition of crop residues, symboltic nitrogen
fixation, etc., has to be emphasized. As pointed out by Lundgren
(1979), in the absence of any data based on long-term research on these
aspects, we have to make sensible predictions and logical conclusions
by collating existing data from other studies.

CONCLUSIONS
Considering the environmental and socio-economic conditions under which
agroforestry is practised at present, or is likely to be practised
in the near future, soil management techniques in agroforestry have
to be based on efficient use of low cost technology. Exploitation
of natural phenomena such as nitrogen fixation, and manipulation of
"non-monetary" inputs such as admixture of appropriate species are of
utmost Importance. Coupled with these, suitable management practices
such as reduced tillage and cultivation operations, providing
sufficient mulch by returning as much plant residue to the soil as
possible and ensuring plant cover on the soil will help Improve the
physical conditions, reduce runoff, erosion and leaching losses, and
maintain fertility status. Application of fertilizers, though
costly, is to be encouraged to the extent that such practices are permitted
by economic considerations. The bulky organic manures and farm wastes
which can be obtained at little or no cost seem to be the most
suitable sources for nutrient input to the soil-plant system.

Since research data on soil management in agroforestry are scarce and
the time taken to generate such data from research trials Is long, the
existing information from relevant situations has to be suitably collated
and integrated to evolve meaningful predictions and recommendations.
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TABLE 1:
Blomass (dry weight, metric tons/ha) of forest communities
(See Golley et aU, 1975)
Canopy

Leaves

Stems

8.2

360

Thailand, Monsoon forest 3.8
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Forest

Understory

Roots

Litter

Tropical forests
Thailand, Rainforest

Thailand, Dry evergreen
forest

2.4
2.0

33

3.5

25

-

229
40

2.9

-

-

Puerto Rico, Mangrove

5.6
5.4

-

4

-

Ghana, Moist Tropical
forest

—

187

—

25

2.3

Congo, Secondary
forest

6.5

116

-

31

5.6

Puerto Rico, Lower
montane forest

8.1

269

—

71

19.3

Brazil, Mountain evergreen forest

9.1

131

-

33

-

Tropical moist dry

7*3

252

11.3

Premontane Wet

10.5

355
258

Riverine

11.3

1163

Mangrove

3.5

159

13
10
13
12
190

6.2

Tropical Moist wet

3.9
1.7
0.8
1.1
.1

102.1

6.4

122

29

37.5

10.4

114
142

4.0
2.0
3.0

38
37

36.6

Panama

2.9
4.8
14.1

Temperate forests
Pine
Coniferous
Deciduous

2.6

10.5
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TABLE

2:

Annual nutrient additions from tropical rainforests to the soil
via litter.

Location

Forest

Litter
dry
Matter

N

i
kg/h a/yr

t/ha/yr

3

31

13
12

141

4

17

90

20

Sanchez,

9.5

108

2

29

53

18

1979

12.5

199

7

68

206

45

1.3

11

15.5

1.5

2

Virgin

57

Carare Colombia

Virgin

12.0

Carare, Colombia

16-yr-old

Kade, Ghana

Virgin

Dehra Dun, India

Eucalyptus
globulus

MerIda, Venezuela

TABLE

—

18

106

Virgin

Mg

13
20

7.3
4.6

Manaus, Brazil

Reference

Nutrient Additions
P
K
Ca

N.A.

25.4

3:

Proportion of total nutrients stored in the soil in tropical
forest ecosystems (see Sanchez, 1979)

Location

Nutrient Additions

N

P
%

Manaus, Brazil
Merida, Venezuela
Carare, Colombia
Kade, Ghana

73
81
71
81

69
91
85

K
of

total found

Ca

Mg

in topsoil

11

0

8

14

31

31

28

5

21

56

61

61

Tejwani,
1979

TABLE

4:

Effects of cropping systems on the topsoll • (0-5cm) exchangeable
bases content 34 months after clearing a virgin rainforest on an
Ultlsol of Southern Bahla, Brazil (30 months after planting pasture),
(see Sanchez» 1979).

System

Months after
clearing

Sum of exch.
bases
(Ca+Mg+K)

Virgin Rainforest

0

1.15

After burning

1

2.09

Rubber-kudzu

34

2.60

Ca ss ava/banana

34

2.80

Pasture

34

4.00

Oil palm-kudzu

34

4.50

34

2.00

LSD .05
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TABLE

5:

Summary of changea ia Lopsoil chemical properties before and
shortly after burùing tropical forests in Ultisols and Oxisols of
the Amazon (see Sanchez, 1979)
Yurimaguas
(2 sites)

Hanaus
(7 sites)

Belèm
(60 sites)

Belmonte
Bahia
(1 site)

I

II

Months after burning

1

3

0.5

12

1

pH (in H„0) Before:
After:

4.0
4.5

4.0
4.8

3.8
4.5

4.8
4.9

4.6
5.2

Exch. Ca+Mg Before:
After :

0.41
0.88

1.46
4.08

0.35
1.25

1.03
1.97

1.40
4.40

0.47

2.62

0.90

0.94

3.00

0.10
0.32

0.33
0.24

0.07
0.22

0.12
0.12

0.07
0.16

0.22

(0.07 )

0.15

0.00

0.09

2.27
1.70

2.15
0.65

1.73
0.70

1.62
0.90

0.75
0.28

(0.53)

(1.50 )

(1-03)

(0.72)

(0.45)

81
59

52
12

80
32

58
30

34
5

5
16

15
23

A
Exch. K
Before:
(me/100 g) After:
A
Exch. Â1 Before:
(me/100 g) After:
A
Al satn.

Before:
After :

Avail.P(ppm) Before:
After:

«m

A

11

6.3
7.5

1.5
8.5

1.2

7.0

11 ii

8
„

,.,..,„

: :

TABLE

6;
Runoff and erosion under various covers of vegetation In parts of
West Africa
(see Oklgbo and Lai, 1979)

% of annual runoff

Study
Period

Percent
of
Slope

Ouagadogou
(Upper Volta)

1967-70

0.5

Sefa (Senegal)

1954-68

Bouake
(Ivory Coast)

Abidjan
(Ivory Coast)

Locality

Average
Annual
Rainfall
(mm)

Erosion (t/ha)

Forest

Crop

Barren
Soil

Forest

850

2.5

20-32

40-60

0.1

0.6-0.8

10-20

1.2

1,300

1.0

21.2

39.5

0.2

7.3

21.3

1960-70

4.0

1,200

0.3

0.1-26

15-30

1954-70

7.0

2,100

0.1

0.5-20

38

Crop

0.1-0.2 0.1-26

0.03

Barren
Soil

18-30

0.1-90 108-.70
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TABLE

7 a.

Magnitudes of soil runoff in four locations of W. Africa
(See Sanchez, 1976)

Runoff (% annual rainfall)
Slope
(%)

Locality

Ouagadougou, Upper Volta
Sefa, Senegal

4.0
7.0

Bouake, Senegal
Abidjan» Ivory Coast

TABLE

0.5
1.2

Annual
Rainfall
(mm)

Forest
Land

850

2
1
0.3
0.1

1300
1200
2100

Culti

«d
Land

Bare
Soil

vat

2-32

40-60

21

40

0.1-26

15-30

0.5-20

38

7 b.

Effects of cropping systems and conservation practices on annual
soil erosion and nutrients in the runoff on a Dystrandept in
Chlnchlna, Colombia: 6 year average: 2775mm rainfall
(See Sanches, 1976).

Treatment

Slope
(%)

Soil
Eroded
(tons/ha)

Runoff
(mm)

N

Nutrient (kg/ha)
P
K
Ca
Mg

Bare soil, tilled
monthly

22

225.4

1730

25 0.98

24

238

152

Pasture

22

7.1

513

7 0.15

6

25

26

Young coffee plantation

45

1.8

190

8 0.04

2

6

7

Young coffee plantation with terraces

45

0.2

410

4 0.14

4

8

9

Old coffee plantation with soil
conservation
practices

55

0.6

59

1 0.08

1

2

2
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TABLE

8:

Infiltration rates under different vegetative covers in India
(see Tejiwani, 1979)

Location and
Vegetation cover/
land use

filtration rate
(cm/hr)

Remarks

Bellary
Woodland

17.00

For one hour run

Grassland

2.60

it

Agricultural land

1.00

it

Ootacamund Study No. 1
Shola forest

16.84

Blue gum plantation

20.69

Grazed grassland

5.13

Ootacamund Study No« 2
Shola forest

12.50

Broom (Cyprus scaparius)

11.25

Grazed grassland

6.25

Ranchi
Forest

20.00

Permanent natural grass

8.00

Cultivated farm land

2.00

For three hours run

TABLE 9:

Number and nature of microorganisms (per gram of dry rhlzosphere soil) in the
rhlzosphere of coconut and cacao under mixed cropping (see Nalr, 1979)

Rhlzosphere
Nonrhizo
sphere
soil

Total bacteria (106)

soil

February 1974

Coco
nut
alone

Coconut +
cacao in
single
hedge

July 1974
Coconut +
Cacao in
double
hedge

Coconut

Cacao

Coco
nut

Cacao

Coco
nut
alone

Coconut +
cacao in
single
hedge
Coco
nut

Cacao

Coconut +
cacao in
double
hedge
Coco
nut

Cacao

48

104

160

92

212

128

140

152

80

200

104

0

2

3

7

6

14

3

3

5

4

9

ing bacteria (10 )

0

1

2

4

3

5

3

4

2

4

8

Total actinomycetes (10 )

1

2

3

2

3

4

2

2

3

4

5

10

15

32

16

39

18

22

76

11

90

14

Total Beijerinekia

3

(10 )

Total phosphate-solubiliz-

Total fungi (104)

air
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Fig. 1: A simplified model of nutrient cycling in a forest ecosystem.
Dotted lines indicate the biological processes taking place
with the involvement of other organisms.
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Summary
Much of Kenya's exotic forest plantation area has been developed
by means of the éhartba system. This complimentary strategy, which
historically has provided for establishment of plantation forests
as well as cultivation opportunities for otherwise landless farmers,
has served the country well in many respects, according to
Mr. Wanyeki of the Forest Department. His paper (page 287) presents a
detailed account of historical, silvicultural, economic, social,
political and administrative aspects of the system. Over the past
few years the sharrba system has been undergoing re-evaluatlon by the
Forest Department In order to bring it more into line with present
day economic and political realities. Wanyeki stated during his
presentation that one outcome has been the hiving of farmers as civil
servants who now must rent their ahambas from the government. He sees
a continuing role for the system in the face of what he suggests in
his paper are essential redirections in overall Forest Department
policy. These need to take into account increasing local demand for
food and fuelwood production, among other factors.

The subject of the paper by Dr. Conn (page 309)-» Director of the
Sudan-Geiiian Forestry Project, is an application of the 'Taungya',
system as practiced at rCagelu Forest Reserve in Southern Sudan.
'Taungya', like Kenya's Shamba system, is based upon traditional
shifting cultivation and is intended, according to Conn, to make use
of soils set aside for forestry, for as long as possible, for
agricultural, range or game management practices, simultaneously with
the production of forest products.
At Kagelu, a teak afforestation site was intercropped first with rows
of soya beans. This strategy proved unsuccessful, as it turned out that
farmers did not like soya beans and thus were not motivated to harvest
on time. Groundnuts were subsequently interplanted with the young
teak seedlings, followed by the introduction of 8insim, and both met
with greater success. Finally, the afforestation site was opened to
interested private individuals to grow whatever they liked and,
according to Conn, this strategy proved the best. His paper further
describes some of the silvi-cultural and social aspects of the project's
experiments between 1976 and 1980, and ends with a list of conclusions
reached to date.

Mr. Samson, of Sudan's Imatong Mountains Forestry Project, follows
with a short paper about the Project (page 313). The author begins
by stating that there has been little need for agroforestry in Southern
Sudan to date as few pressing land use or production problems exist
which warrant an integrated approach to land management.
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The Project involves the growing of crops by native farmers between
rows of pine tree seedlings until the young trees are well established;,
about two years after setting out. Within the Project area, a section
was set aside in 1977/78 for development of Irish potatoes. High
yields of disease-resistant, locally adapted seed potatoes are now
harvested, according to Samson, twice yearly. And the seedlings
planted with the potatoes grow more vigorously than with any other
crop. He concludes his Project sketch with the recommendation that
although such agroforestry practices may not be necessary
on a large
scale, within that area, benefits obtained may well be worth the effort
in any event.

Mr. Nantagya's brief paper (page 315), constitutes a general
description of agroforestry practices at Kapkwata Forest Reserve in
Eastern Uganda. The Department's programme involves cultivation of
maize, beans and certain vegetables by farmers who are settled within
the reserve's forest plantation areas. Various characteristics of the
system are indicated such as certain climatic features, population and
geographic size, cropping patterns, production aspects, and
differentiation of responsibilities and benefits between the Forest
Department and the farmers.

The following paper, by Ms. Chagala (page 319), describes a
"representative" farm in Kikuyu Division of Kiambu District. It was
prepared in response to an invitation to participants by the Seminar's
Organizing Committee to develop and share with other participants a
farm profile indicative of the types of farming systems they find in
their home areas. The idea of the profiles was to Initiate a process
of problem-solving wherein identified production constraints would be
subjected to theoretical agroforestry treatments.
Major variables which Ms. Chagala specifies in her paper include
climate, soil and farm size characteristics; major and minor crops
along with planting, harvesting and marketing operations; on-farm tree
species, their spatial distribution and uses; land preparation
methods; and desired changes specified by the farmer. In her
discussion section Ms. Chagala points out various interactive aspects
of the system and obvious constraints to improved production within
the existing regime. Based on these she suggests certain improvements,
but specifies that as these agroforestry "solutions" are of unproven
nature, research is required to determine their viability before they
could actually be prescribed as remedial measures.

Mr. Nightingale is a Kenyan farmer who, along with other members of
his family, has experimented on a small scale with growing several
species of multipurpose trees on the family's two farms in Nakuru
District. His paper (page 325) provides a brief account of the family's
activities in this respect. Major climatic and physical characteristics
of the farm areas are first described, followed by a narrative on each
of the three species tried. These are Prosopis
ahilensis
(algaroba)
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Simmondsia ckinensis

(jojoba) and Leuaaena leuaooephala

(3 varieties).

All varieties of Leuaaena are said to appear promising, jojoba somewhat
less so, and algaroba, Nightingale concludes, although very promising for
some semi-arid areas of Kenya, is inappropriate for the cooler highlands.

Tropical rainforests are nature's best example, perhaps, of nearperfect equilibrium between productive fertility and ecological
stability. Rwanda's Nyablsindu Project, directed by Br. Zeuner,
represents a systematic attempt to combine what is known about ecological
principles established through the study of rainforests with traditional
farming systems and certain limited aspects of "modern" agriculture.
The objective is to affect a robust and sustainable farming system
designed to overcome a number of specified production and conservation
constraints within the project area. Dr. Zeuner'a paper (page 329),
examines fairly closely the principles and methods employed in the
Nyablsindu project, which together constitute what Zeuner calls
agro-ecology. With the aid of figures and diagrams Zeuner
differentiates "ecological" from "chemo-technical" principles of farming,
establishes a framework for "eco-agriculture" by which principles are
translated Into methods and then systematically relates components of
"eco-farming" to more specific strategies of production.
Zeuner mentioned during his presentation that agroforestry is an
important element of "eco-agriculture", although not the only one. Some
of the strategies employed in eco-farming which are attributable to
agroforestry include anti-erosive strips planted with fodder legumes
and other woody perennials; diversified hedge-rows designed to
produce fodder crops, fruits, fuelwood and mulch material as well as to
reduce erosive effects of wind; fodder plantations using mixtures of
herbacious and leguminous crops; and mixed cropping systems for field
crop production.
Zeuner's presentation sparked strong interest at the Seminar as his
project appeared to be the best example of integrated agroforestry
systems in practice, and actually involving farmers. During the course
of questioning it was learned that in Rwanda laws are enforced which
require that farmers practice trenching to prevent soil erosion. The
effects of shade from trees upon annual crops was of some concern to
participants, to which Zeuner replied that research on this aspect is
being undertaken within the context of the project, and that indeed the
systems he describes do not aim to maximize short term production, but
rather to stabilize
production over the long run. But much is known by
farmers' women about which varieties do best on which shaded corner of
land and there does appear to be enormous potential for existing
varieties to respond to shaded conditions.
In terms of strategies employed to promote adoption of eco-farming
techniques, paid demonstration farmers are first selected. Employment
incentives are also used by offering farmers jobs helping "demonstration" neighbours. The project's target is to reach half the farmers
in an area by these methods after which, Zeuner assumes, the rest
should follow.
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AGROFORESTRY PRACTICES IN HIGH POTENTIAL AREAS OF KENYA

BY

F.H.M. WANYEKI
CONSERVATOR OF FORESTS (MANAGEMENT SERVICES)
FOREST DEPARTMENT
P.O. BOX 30513
NAIROBI

INTRODUCTION
A number of Kenya's indigenous tree species possess excellent timber
qualities. However, when grown as plantation species they show no
vigour. The replacement of indigenous species with exotics thus has
been the policy of the Forest Department since the early 1900's.
By 1910, extensive plantations of Eucalyptus, mainly
Eucalyptus
8dligna3
and wattle (Acaeia meavneii)
had been planted for railway fuel.
The plantations remained a major source of power for railway
locomotives until 1948 when fuelwood was largely replaced by oil. The
forest plantations thus made a great contribution tc the development
of Kenya and Uganda for a period of over 40 years. Eucalyptus
plantations continue to play a significant role in the supply of fuelwood for both.domestic and industrial needs in addition to the supply
of power and telecommunication and building poles.

The establishment of indigenous forest plantations between 1912 and
1927 confirmed that valuable Indigenous trees such as East African
Pencil Cedar (Juniperus
proaera),
East African Camphor wood

(Ocotea usarribarenaia)t Muhuru (Vitex keniensis),
East African
Satinwood (Fagcwa maarophylla) and Elgon Olive {Olea tielwitschii)

had

no economic promise as plantation species. The 1946 Development Plan's
target of planting 2429 hectares of exotic softwoods per year for the
subsequent 35 years in order to provide the majority of the country's
timber requirements signaled the acceptance of a forest plantation
policy based upon the establishment of exotic species.

The Forest Department's "Supplementary Forest Development Scheme" of
early 1956 was designed to provide employment as well as land
cultivatable for landless people while developing the forest softwood
plantations. Kimakia and Gatare Forest Districts along the Aberdares
mountains for example, had a total annual planting target of 4049
hectares of softwood. Six hundred Kikuyu families were employed to
accomplish this. Under the Accelerated Reafforestation Scheme of 1964,
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1000 familes were employed by the Forest Department to assist in
plantation establishment.

In recent years, the increasing rural population which is dependent
primarily upon agriculture for its livelihood, has placed increasing
demand on forests and forest products. In order to meet the demand
for forest products, including the supply of wood to the pulp and
paper industry, the Department's annual planting target has been boosted
and now stands at 7000 hectares of softwoods.
The principal method of reafforestation and afforestation is known as the
Shamba system. This system combines forest and agriculture land use and
employs the traditional African method of farming known as shifting
cultivation for the mutual benefit of the labourers and the nation.

Under the Shamba system each labourer (squatter) has about three
plots of approximately one hectare each at any one time. From these
he raises sufficient food for his family and a surplus for sale. The
profits from the sale of surplus food crops, usually a mixture of maize
and beans, peas and potatoes, greatly exceed the value of cash wages
paid for the forest work. The system ensures that a large labour force
is available to the Department throughout the year.

SHAMBA SYSTEM
Shifting cultivation was widely practised in the past when land was
not the limiting factor within most farming systems. The forest was
cleared and burnt when additional land was required and the virgin soil
was cultivated for a few years until crop yield beg^n to decline.
Then clearing was done on another piece of land leaving the previously
cultivated areas to return to bush. Under the Residence Natives
Ordinance which applied to both settlers' farms and forest reserves,
Resident Workmen (Squatters) entered into three year agreements with the
Forest Department. The workmen were allocated sufficient area to cultivate agricultural crops and graze their stock. In return, they agreed
to work for the Department for 180 days out of every year for a fixed
monthly wage. Under the Ordinance only such members of native families
were allowed to reside' on a farm/forest reserve as was permitted by a
magistrate after due enquiry into the labour requirements of the farm/
forest reserve. For the forest squatters a special clause was
included which specified that the squatter must cultivate only such
land as was marked out for him, must keep his shamba clean and must tend
any trees planted in the shamba until such time as by reason of the
growth of the trees it was no longer possible for him to plant
agricultural crops in the shamba.

Under the system as presently practiced, the men clear allocated virgin
areas, fell and burn trees and rubbish and fence the areas against wildlife destruction. The land is then cultivated by the women and two food
crops are raised during the first year. In the second year the ground
is cleared and prepared for planting with more food crops. At the same
time the Department stakes the area at 2.5 x 2.5 metres espacement. At
the break of the rains, the Forest Department plants the area with young
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trees, usually one-year old nursey transplants. The squatter continues
to keep the shamba clean and to plant his agricultural crops between
the rows of young trees for at least another 12 months, by which time
the trees are so big that agricultural crops are no longer economic
to grow. By this time the trees are also too big to be affected by
most weeds except perhaps some climbers. During the year the squatter
is given another one hectare of ground to break up which will be planted
with trees 18 months later. Thus the work continues so that after a few
years, the squatter has one shamba of newly cleared forest, one which
has been cultivated for one year, another which has been cultivated for
two years and is planted with young trees, and one or two others on
which he cultivates his agricultural crops between the rows of trees.

The establishment of forest plantations using the above system is
relatively Inexpensive for the Forest Department. Its only expenses,
besides the raising of the tree seedlings, are the cost of staking out
pitting the ground, planting the trees, and creeper-cutting until the
canopy is formed.
The system has many advantages in addition to the cheap cost
establishing plantations. The most obvious is the insurance
steady supply of labour with sufficient reserve to be called
short notice at critical times during the planting season or
emergencies as forest fires.

of
of a
out at
for such

The success of the system depends on the following conditions:a) Sufficient demand for cultivatable land. This
condition was fulfilled by the social, economic and
political climate during the colonial era.
b) The availability of a reasonably Industrious group
of cultivators. The Wakikuyu and the Luo tribesmen were good cultivators. The Wakikuyu were better
suited since they were willing to bring their
families from their crowded native reserves whereas
the Luo people left their families behind. The
Wakikuyu had made significant inroads into the forest
reserves by the beginning of the 19th century.
c) The availability of land suitable for both agricultural
and forest tree crops and lying close enough to centres
of population to make feasible the marketing of surplus
food.
History
The first record of Forest Department licenced cultivators occurs
in 1910. By 1916 the number of cultivators had risen to over 1500
and their licences stipulated that they had to work for the Forest
Department for 180 days each year. These people constituted the backbone of the Department's labour force. The working period increased
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in stages up to nine months a year, while some squatters worked
an extra month on a voluntary basis. The system was so popular
that there developed opposition by the colonial settlers. They
sought to restrict the number of squatters in the forest so that
the settlers could attract sufficient labour to their farms. A
series of measures including a complete ban on the possession of
livestock by the squatters and less pay for forest workers was later
introduced to correct the labour imbalance between the farms and
forest reserves. A more effective measure in restricting the number of
squatters in forest reserves was the refusal by Magistrates to
sanction the rights of some squatters to cultivate in certain forest
areas.

Silvicultural Application
The Shamba system has been used to establish plantations of many
forest tree species. The most significant of these are Cupreasue

lusitanica,

Pinus patula,

Pinus radiata,

many Eucalyptus and some

Araucarias and Acacias. The Dothistroma
pinii
attack on Pinus
radiata
and Canker infestation on Cupvessus macrocarpas
has led to the
discontinuation of these highly productive species. The main highland

plantation species now include Cupressus lusitanicas
Eucalyptus saligna, Acacia mearnsiis Vitex keniensis
macrophyVla.

Pinus
patula,
and Fagata

The establishment technique involves the use of comparatively large
tree seedlings (45.7 cm in hight) planted at a spacing of 2.5 x 2.5
metres (1600 stems per hectare). The large seedlings have the advantage of better competition among weeds in the event of poor weeding by
the shamla cultivators. The large seedlings are al^o less likely to
be overlooked and damaged during the cultivation and weeding process.
Experience has shown that it is important that stakes are retained
through the cultivation period because they catch the eye more readily
than does a small green tree among other green vegetation. The obvious
disadvantage in using large plants is the fact that they require more
than 12 months in the nursery to reach the required size.

With accurate staking,, the number of trees established in any given
plantation is easily known and this facilitates the prescription of
"mechanical" thinnings. Junior staff can leave a definite number of
stems standing out of specified planting spots and thus avoid overthinning prevalent in older plantations where "qualitative" thinnings
were carried out.
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For timber plantations the treatment for pruning and thinning of the
various respective species is as follows:

Pruning

1.

Cnpres8U8

lusitanica

Top height or
age

No. of trees per
ha. to be pruned

2 years

% ht but not over 2 m

all

4 years

h ht but not over 2 m

all

9.25m

2/3 ht

533

11.25m

2/3 ht

533

13.75m

2.

Pruning heights

Pinu8

2/3 ht max. 11m
min. 9m

533

patula

Top height or
age

Pruning heights

No. of trees per ha.
to be pruned

A years

% ht plus one whorl

all

9 m

h ht plus one whorl

711

12 m

h ht plus one whorl
(but not over 7m)

711

16.75m.

9.5 m or 2/3 ht whichever
is greater

711
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Thinning

1.

Cupresaus

Treatment

lusitanioa
Top height
or age

Sterns/ha.
after treatment

Plant

Thin

Thin
Thin

Pinu8

No. of planting
spots)

1600

Thin

2.

Leave fraction
(No. of trees

11.25m but before
age 6

888

5/9

5 years after 1st
thinning prescribed

533

1/3

10 years after 1st
thinning prescribed

355

2/9

15 years after 1st
thinning prescribed

266

1/6

patula

Treatment

Top height
or age

Stems/ha.
after treatment

Plant

Leave fraction
No. of trees
No. of planting
spots

1600

Thin

12.0 m

711

4/9

Thin

8 years after 1st
thinning was prescribed

533

1/3

Thin

13 years after 1st
thinning was prescribed

356

2/9
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The main agricultural crop grown among the trees is maize. Although
maize has an extensive rooting system which competes with the young
trees for available moisture, especially during periods of water
shortage, most plantations are in areas of high and well distributed
rainfall where negative effects from moisture competition are minimal.
The growing of agricultural crops among the trees also helps to ensure
that invasion by grasses, which have a deeper rooting system than
maize, does not occur. Beans, potatoes, peas, vegetables, sorghum,
millet and other agricultural crops grown among the trees are not such
heavy water users as maize.

In addition to the cheap clearing of land and weeding of young tree
seedlings during the first two years the resident workmen also
protect the young trees against damage by small game such as antelopes,
wild pigs and monkeys. The Forest Department offers protection
against big game such as elephants and buffaloes through the use of
game moats and controlled shooting of such game.

Although the resident workmen were originally allowed free materials
for use in the construction of their huts, the Department has been
responsible for the construction of the labourers' houses in forest
villages since early 1940. The Department also provides welfare
centres containing schools, dispensaries, water supplies, shops,
churches and social halls. As the District Forester is responsible
for the construction and maintenance of village houses and welfare
buildings, a considerable amount of foresters' time has been spent
away from technical responsibilities. In the recent past, however,
some of the welfare centres have been handed over to the respective
local authorities. This has meant more time for forestry for both the
forester and his staff.

Most of the retired resident workmen and those who had become too old
or sick to work, had no alternative homes nor pensions and had to be
accomodated in forest villages and given small areas for cultivation.
This system placed a heavy burden on the forester and his staff.
With the continual rise in wages, lack of land for cultivation, and
the rise of labour unionism, the system of resident workmen's Shambas
forming part of their emoluments was abolished in late 1977. Instead,
the resident workmen now receive regular agricultural wages and rent
the shambas at an annual fee of Shs.15.00 per hectare. The resident
workmen thus have become licenced cultivators like any other
cultivators. This system has enabled the Forest Department to reduce
its labour force and allow foresters to concentrate on the technical
aspects of their jobs. The disadvantages of this new system is that it
is now difficult to induce cultivators to work in the more remote and
agriculturally less profitable areas.
One of the greatest problems of the Shamba system is the inherent forest
fire risk it poses. When shambas near the forest village are planted
out, new shambas are allocated some distance from the established
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villages. Lack of new good forest areas in some forest districts
already planted out also increases dissatisfaction among the resident
workmen. The chance of arson and incendiarism is greatly increased.
Approximately 40 percent of forest fires are caused by fires originating
from shamba burning. A good proportion of the 10 percent of our
forest fires listed as having been caused by "unknown" causes may also
be due to shamba burning. Arson and incendiarism are credited with
14 percent of all forest fires (Table 1 below).

TABLE

1:

Reported Forest Fires (%)
Fire Cause

1966 - 1970

1971 - 1975

1966 - 1975

37

42

40

8

20

14

Honey hunting

13

12

13

Unknown

15

8

11

Early burning

7

5

6

Poacher/Squat ter

3

7

5

Children

6

1

3

11

5

8

Shamba burning
Arson

• Others
(Smoking, lightening,
cooking etc.)

Economic importance
In addition to the employment of a large number of people (Table 4(a),
the Shamba system has made a significant contribution to Kenya's food
requirements. In the early 1960s, approximately 200,000 bags of maize
(1 bag » 90 kg.) were produced annually in Forest Reserve out of which
80,000 bags were marketed to the Maize and Produce Board. Nowadays,
approximately 250,000 bags of maize are produced in the Forest Reserve
(see Table 2).
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TABLE

2:

Maize Sales to Maize and Produce Board (Bags), 1960 - 1963

African small
holdings

Year

Forest
Reserve

1960

64756

1961

60100

Remarks

Out of 20,000 bags of maize
produced in Forest Reserve
annually, 85,000 bags are

1962

788,288

87855

1963

1,103,249

69320

sold to Maize Board, 20,000
bags to local market and
95,000 are consumed by
growers.

Average Production in Forest Reserve - 49 bags (4490 kg)/hectare.

The amount of potatoes produced from Forest Reserves is much higher,
representing approximately 30 percent of total production exclusive of
internal consumption Table 3 below.

TABLE

3:

Potato Sales in Kenya 1955 - 1959 (tons) (exclusive of internal
consumption)

Forest Reserve

Forest Reserve
Contribution (%)

Year

Total Sales

1955

22190

5260

24

1956

25560

7630

30

1957

28450

7970

28

1958

28170

9890

35

1959

37650

14330

38

Average production 5 - 8 tons/hectare.
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The number of persons employed in forestry and forest related
industries is shown on Table 4(a) and 4(b) below.

TABLE

4(a)

Population, Growth Rate, and Forestry - Related Employment
in Kenya, 1948 - 1969

Year

Kenya's
population

% Growth
Rate

Employment in
forestry and
related industries . *

% Forestry

employment
contribution

4100

1946
1948

5405966

1951

6211000

2.5

17516

0.28

1961

8346000

3.0

15654

0.19

1962

8636263

3.2

19095

0.22

1969

10942705

3.3

16731

0.15

1971

11524000

3.4

21393

0.19

1979

15000000

4.0

28184

0.19

*

The figure excludes self employed short-term licencees and
their employees who earn a living through pit-sawying,
charcoal burning and fuelwood business.

TABLE 4(b):
Employment Related to Shamba System» 1961 - 1979
•

Year

Forest

R/Workmen

Department

Sawmill employees

Casuals

1916

1500

7644

1946

3800

300

-

1950

4989

678

12791

1951

5088

461

11967

1952

5543

675

11733

1953

3547

1020

9440

1955

3180

2647

8318

1957

5061

1854

7300

1958

6371

2254

8830

1959

7693

2853

9297

1960

8015

2946

5982

1961

8474

2470

4710

1962

8046

2418

8631

1963

7440

2088

6921

1964

8124

1173

7134

1965

7846

2076

7301

1966

7926

2184

7575

1967

7891

2223

8434

1968

7291

2382

8334

1970

7012

3347

11034

1971

7012

3347

11034

1972

7835

4291

12737

1979

8184

Nil

20000(Approx.)

-'
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Social, Political and Administrative Considerations
1.

Settlement

The Shamba system has been a useful tool in solving some social,
political, and administrative problems, as the system is labour
intensive. Unemployment problems and associated political
implications have been partially
solved. The 1956 "Supplementary
Forest Department Scheme", for example, was designed to provide
employment and land for cultivation for landless people while
developing the forest softwoods plantation. Under the "Accelerated
Reafforestation Scheme" of 1964, 1,000 families were taken on as an
unemployment relief measure. Excision of forest areas was sometimes
undertaken to absorb the landless. From January 1963 to June 1980,
for example, 109080.22 hectares of productive forest had been excised
for settlement of the landless. The excision represents 6.9 percent
of the total forest area. An addition of 73,837 hectares of land
which was not suitable for agriculture was gazetted as forest area
during the same period.

2.

Administrative/political

It is doubtful whether British settlement and early colonization of
Kenya was envisaged during the scramble for Africa in the early 1870s.
Great Britain's main aim was to restrict the slave trade and open up
trade routes with Uganda for her raw materials and manufactured imports
while protecting commercial trade from foreign competition. It was
soon evident, however, that the Imperial British East Africa Company
which had been charged with executing the above objectives in 1888 could
not shoulder the responsibilities because of its inability to generate
enough revenue from trade. So tha British Government had to take
direct responsibility for the administration of the country.

At the time the British Government took direct responsibility for
administering British East Africa in 1893 and construction of the
railway line from Mombasa to Kisumu was undertaken, the various tribes
held abundant land where crop agriculture and shifting cultivation and
pastoralism were in practice. Settlement on new areas on recognised
clan/tribal lands took place as population increased. Diseases,
inter-tribal wars and intermittent famine helped to keep the population
at low levels. In order to generate sufficient tax revenue and trade
to make the country self financing, a tax collection system and settler
settlement was encouraged. Large tracts of fertile land amounting to
about 20 percent of the higher potential agricultural land in Kenya
were given to British Companies and individuals at little or no cost
for exclusive use by Europeans. These became known as the "white
highlands". The proximity of the white highlands to the railway gave
the European farmers a distinct advantage over African farmers in terms
of costs of crop export. The alienation of the fertile land also
reduced the land available to Africans and thus paved the way for;1)

increased population pressure within the reserves,

2)

increased rate of outmigration and hence a reduced
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labour supply available to European farmers and,
3)

increased problems of soil erosion in the absence
of new farming systems.

Before the advent of mechanization the settlers' farming systems were
financially feasible only if adequate supplies of cheap labour were
available. Crop production in indigenous agricultural systems required
only labour and land inputs. The growing of the many food crops such
as maize, millet, potatoes etc., required extra seasonal labour inputs
during planting and harvesting periods. As the settlers were unable to
attract sizeable labour at wage rates acceptable to African labour,
various methods aimed at forcing Africans into the cash economy were
devised by the settlers and the colonial administration to increase
the labour supply. These included the following:1) A hut tax was introduced in 1901 followed in 1910 by a
poll tax on all males over 16 years old who did not
pay the hut tax.
2)

Import duties were levied oh many of the limited consumer
goods purchased by Africans.

3)

The Native Affairs Act was passed in 1907 to deal
specifically with African labour supply. It encouraged
coercion as a means of forcing people to work not only
on public works projects such as roads etc., but also
for private employers.

4)

The "Resident Labour" or squatter system (.909 - 1911)
stipulated that African families settled on European
farms were required to work for the landowner for a stipulated period each year for the right to cultivate land
and graze stock«, This system was abused, however, as some
squatters paid an in kind contribution, or provided cash
instead of labour.

5)

The Resident Native Ordinance Act of 1918 decreed that
no consideration other than labour should be exacted or
accepted and no African should live on European land
unless he had contracted to work for the proprietor for
a hundred and eighty days in a year. This was meant to
prevent African tenants from farming considerable proportions of European areas, leading to reduced pressure on
Africans to seek wage employment on European farms and a
reduction of labour available from squatters under the
Resident Labour/squatter system.

By 1920, both Kikuyu and Kamba squatters in search of virgin land
were available in large numbers as their reserves became more densely
populated. The squatters were able to keep more cattle and goats than
they could in their reserves. This enabled the settlers to obtain a
relatively stable detribalised labour force.
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The production by African farmers of key crops such as coffee was
strongly opposed by the settler community. The settlers argued that
the African grown coffee would be of poor quality giving rise to
diseases resulting in a bad reputation and a poor price for Kenya
coffee. The facts that Tanganyika and Uganda African grown coffee
was a success, that diseases could be controlled by proper field
treatment and inspection, and that poor quality coffee could be
discarded in the marketing stage confirms that the real reason for
settler opposition was that production of coffee by Africans would
have increased the demand for labour and raised the labour wages on
African farms thereby reducing the supply available for European farms.
The African producers would have certainly been able to produce
coffee at lower costs than Europeans because of their family/clan
system and living standards. The marketing of livestock in African
pastoralist reserves was also restricted. These reserves were in
permanent quarantine, thus preventing Africans from entering the
market economy. Overgrazing in African reserves ensued as Africans
continued to believe that wealth was synonymous with having a large
number of livestock.

Between 1920 and 1923, contrary to the belief that European farmers
were largely supporting the Kenya economy, nearly 70 percent of tax
revenue was contributed by Africans now forced into the wage labour
market. By 1930 the amount of land available to Africans through the
reserve system was very small. The effects of soil erosion and soil
deterioration caused by growing African population pressure on shifting cultivation was soon evident.

The colonial government's objectives of alienating the Africans from
their tribal lands, forcing them into the cash economy and creating
a cheap labour market for the development of the colony in a manner
convenient to the colonial masters and builders of the British Empire
was a success. British farming in Kenya prospered, the political system
stabilized and raw materials for Its industries and assured markets
for its manufactured imports were made available. The creation of the
White Highlands and deliberate isolation of the indigenous people from
the corridors of power was meant to perpetuate a system of "ruling
class" ideology.

The colonial government used the Ordinance very effectively to
contain the population and to attain their objectives. The present
development in Kenya and the growth in forest industries is an
indication of the success of the economic, political and social
aspect of the system. The success in forestry development is shown
in Table 5 below.
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TABLE

5:

Revenue and Expenditure (K£) and Plantation Development (ha.)

Year

Expenditure

Revenue

Free Issues

Area planted during
the year (hectares)

1960

711598

263392

3452

6472

1961

769939

179145

1962

732139

174364

ii

5617

153002

ii

5216

187471

II

4565

it

4286

1963
1964

790611
881197

not available

6449

1965

1131919

198406

1966

1269157

185820

433 plants

4176

1967

1521750

256747

205

"

5753

1968

1629499

310298

473

"

6821

1969

1476216

437087

160,000 plant ä

7073

1970

6471

1971

6865

1972

7900

1980

The total area of plantations amounts to 160,000 hectares
and planting continues at the rate of 7,000 hectares per
annum.

CONCLUSIONS AND RECOMMENDATIONS
The Shamba system has played a significant role In Kenya's forestry
plantation development and In the economy of the country as a whole.
In a country faced with a high population growth rate, unemployment,
food shortages and landless people, the system will continue to play
a leading role in the economy. Just as the system was effectively
used by the colonial administration to solve the problems of the day,
the system can be used to solve some of the present problems facing
the country, such as food and fuelwood production.

Taking into account the fact that only 3 percent of our country is
gazetted forests and that these occupy 12 percent of the total
productive agricultural land in Kenya and considering the fact that
over 90 percent of our population are rural and depend entirely on fuelwood for cooking, and that Kenya continues to import food products
while its economy is based on agriculture, there is a need to redefine
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our forestry objectives and place more emphasis,not on timber production,
but on food and fuelwood production. In this regard, the following
measures are recommended;=
1. The royalty structure must be changed so that royalty
on forest products is based on the cost of production,
opportunity costs .profits and risks.
2. Silvicultural practices should be modified to accomodate
food production, grazing, fuelwood production,
conservation of wildlife, fisheries, bee-keeping etc.
in the context of multiple use management in which
fuelwood and food production as well as soil and
water conservation take a leading role.
3. Arid and semi-arid lands (ASAL) which constitute about 82
percent of Kenya's land surface and are represented in
27 of Kenya's 41 administrative districts are currently
estimated to be supporting 25 percent of the total
human population and 50 percent of the entire livestock population. These must be developed along with
our Local and Rural Afforestation Extension Forestry
Schemes.

Increasing human and livestock populations have led to resource
degradation and widespread poverty.
In the marginal lands, forests
and agriculture must be developed so as to increase food production,
improve livestock, provide fuelwood to meet the subsistence/domestic
needs and where appropriate, export the surplus in order to generate
more foreign exchange. There exists great potential for the Forest
Department to develop products su^h as tannin, frui 3, seeds, forage
and browse for animals, gums, resins and oils,nectar-producing tree
species for honey and bees-wax in these areas.

Trees play an important role in making life more pleasant and in
maintaining fertility, while protecting the soil from erosion and
leaching. Water is also harvested from ASAL highland areas. Forests
and vegetation in general ensure conservation of water in natural
springs and for reservoirs and regulate the flow of streams and
rivers.

Our greatest task is to manage in perpetuity and conserve our natural
resources, including plants and wildlife for the benefit of our people.
The cornerstone of our forest policy has been that sufficient land
should be kept permanently under forest to maintain and improve climatic
conditions, conserve and regulate water supplies, conserve soil,
develop and maintain all timber needs of the country and to provide
the greatest possible surplus for export. However, forest management
has been largly concerned with the production of trees for wood for
both local consumption and for export. The amount of plantation area
that has been planted even during years o£ timber surplus and the

307
great wastage accompanying our timber royalty structure is an
indication of the policy. By comparison, very little attention
has been paid to the harvesting of wildlife in our forests, or to
planting of trees to conserve water and soil in our Local
Afforestation Schemes. A remarkable change in our attitude towards
forestry, in arid and semi-arid areas wherein forestry is viewed as
an instrument for rural development, is greatly needed. The role
of our forests in food and energy production should be realized.
The production of wood, therefore, should no longer be the only
important objective of forest management. Other values with respect
to forests and trees, both in urban and rural environments, should
be given high priotity.
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AGROFORESTRY RESEARCH AND PRACTICES
WITHIN THE KAGELU FORESTRY RESERVE

BY

G. CONN
PROJECT DIRECTOR
SUDAN-GERMAN FORESTRY PROJECT
KAGELU
YEI RIVER DISTRICT, E.E. PROVINCE
INTRODUCTION
Although agroforestry Is a relatively new expression, the idea itself
is an old one. Many people know one example of it under the name
"Taungya". Irrespective of what one calls the practice, the basic
idea is for local farmers or government forestry departments to use
soils set aside for forestry as long as possible for agricultural,
range or game management practices simultaneously with the production
of forest products such as firewood or commercial round wood. Beneficial
effects of the system can include the reduction of government weeding
costs, soil erosion protection, watershed management. better stream
flow through total crown cover and a better wildlife habitat.

AGROFORESTRY RESEARCH AT KAGELU
At Kagelu Forest Reserve in Yei River District the practice of agroforestry was intensively reactivated on a research basis in the
spring of 1976. In a teak afforestation site of six hectares within
the Reserve, soya bean purchased from the Project Development Unit
at Yei were sown in April between rows of teak seedlings (Teatona
grandis).
Teak spacing was 2 x 2.7 m. Germination of the soya beans was
exceptionally good and growth was vigorous in the newly exposed site
conversion soils. Since it is the goal of the afforestation programme
to produce trees and their products, hand weeding within a radius of
SO cm of each teak seedling and between soya beans plants was carried
out. Approximately 8500 square meters per hectare were under soya
bean production.

The soya bean seeds were not innoculated. Of the three bags sown, a
total of only eighteen bags in the shell were harvested. This poor
yield indicated that the nitrogen additions to the soil from the
soya beans were minimal. Harvesting was slow and late. This was
because the staff was not motivated as they saw no real advantage to them in
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After the first year of an afforestation programme, agroforestry
cannot be recommended since the teak seedlings have developed into
small teak poles and have developed sufficient leaves to completely
shade out competing undergrowth.

The nitrogen supplied to the soils by leguminosae agricultural crops
such as groundnuts, peas and soya beans has obvious beneficial effects
on vegetative growth of the teak seedlings, particularly within the
first growing season. Where leguminosae crops have been planted
the leaves of the teak seedlings remain green long into the dry
season. Additional growth in seedling height and root collar sizes
over seedlings grown at the other sites was observed. Where no
leguminosae crops have been sown the leaves of the teaks are first
yellow, then brown, and then fall to the ground in January. It can
therefore be infered that, the nitrogen from the leguminosae plants
contributes to the ultimate growth of the young seedlings and gives
them an advantage over the other teak areas. In the second year the
space between the teak rows is quicker to close, thereby reducing the
need for additional weeding.

In 1976 little interest was shown by the local farmers in the agroforestry programmefbut efforts in 1977 and 1978 to motivate them
resulted in increased interest. By 1980 farmers from Yei were
travelling to Kagelu to take advantage of the agroforestry posibllities
and potential.
To date there have been no negative effects on production observed fro«
the agroforestry practices carried out in Kagelu. The yield of
agricultural crops harvested reflects the intensification of the
weeding done by the farmers and the teak seedlings do best where crop
weeding is best. Where weeding is neglected the teak seedlings
suffer.

CONCLUSIONS
This form of agroforestry plays only a minor role in meeting the total
agricultural requirements of the region. But it should not be excluded
as a potential source of additional food resources.
One hundred hectares under intensive agroforestry in 1980 can
contribute to the food requirements of the local people and also help
to eventually meet the wood fibre needs of the region.
Agroforestry can make a valuable contribution to local food selfsufficiency in other forestry reserves and to extension efforts in
non-forestry areas.
Large scale agricultural projects will help increase food production
overall, but small scale agroforestry can contribute greatly to
local food requirements, especially of small isolated groups.
As a result of the agroforestry practices, savings of up to sis
additional mechanical and hand-weeding sequences can be saved by the
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project thus releasing the labour force for other forestry
activities.
Additional research is needed to find alternative agricultural
crops which will meet the farmers', foresters' and wildlife managers'
requirements by what appears to be simple agroforestry improvements
made In Kagelu.
The value of agroforestry on an extension basis to small farmers.is a
service well worth investigating and should be seriously considered
by the local authorities. Not only would a small contribution to
overall food deficiencies be made, but a long term lasting investment
In forestry also could be achieved.
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AGROFORESTRY IN IMATONG MOUNTAINS FORESTRY PROJECT,
SOUTHERN SUDAN

BY

I. LADO SAMSON
IMATONG MOUNTAINS FORESTRY PROJECT
REGIONAL MINISTRY OF AGRICULTURE AND NATURAL RESOURCES
SOUTHERN REGION
JUBA, SUDAN
INTRODUCTION
Agroforestry in Southern Sudan is a new scientific concept still in
its earliest stage of development. The reason for the delay may be
due to the fact that there are no pressing land problems in the area
such as land shortages or poor soil conditions.
Forestry, agriculture and animal production tend not to be integrated
as long as there is enough land for independent practices. Forestry
is entirely in the hands of the government. Although there are a few
agricultural schemes run by international organizations, the government
and private farms, most of the farming is in the hands of local farmers
who have received minimum or no technical training in the field. Most
animals are reared by nomads in semi-arid and savanah areas.

IMATONG MOUNTAINS FORESTRY PROJECT
The project area is mountainous with cool weather on the uplands and
relatively warm weather on the lowlands. Rainfall is much higher than
in the neighbouring areas. The rainy season starts in March and
continues until October and in some years may last up to November.
Soils are very rich, and in the cooler areas are covered with thick
forests of mountainous tree species such as Pygenmt Far-aga, Podooaxnpua,

Croton and Olea.
In the warmer areas are other species including Khaya,
Chlorophova,
Teotona and Maeeopis.
Some agronomical crops such as Irish potatoes,
beans, wheat and rice do well in cooler areas and others, such as
groundnuts and sorghum, do well in warm areas.

AGROFORESTRY PRACTICES
Land is cleared by the foresters and at the beginning of the rainy
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season the farmers are invited to sow their crops. As the crops and
tree seedlings grow the farmers start to weed their crops. This helps
the fore8'; project to shift labourers from weeding to other operations.

When the British Forestry Team (ODM) took over the reserve in 1977 much
effort was made to encourage more participation by farmers, as the area
to be cleared yearly would continue to expand. Certain disadvantages
of the system were also minimized. Farmers were advised to replace
broadcasting of crops like maize with line plantings. In this way
planting distance is controlled and enough space is available for tree
seedlings to grow well.

The farmers often continue for two years after which time the tree
seedlings are well developed. However, some experiments have been
undertaken to increase the planting distance between trees. If
successful, this would give the farmers a chance to continue for
longer with cultivation.
Most of the farmers are natives, who are simultaneously employees of
the Forest Project. They produce food for their own consumption.
IRISH POTATO PROJECT
In 1977/78 the Ministry of Agriculture and Forestry allocated an area
in Imatong Forestry Project for development of Irish potatoes. The
project is run by the united Nations Development Programme (UNDP).
Their aim was to raise seeds of varieties which are resistant to
diseases and most suitable for the local climate. The experiment was
successful and the project continued to produce seeds for the local
farmers. The yields are now very high with an average production of
4 ton8/0.5 ton of seeds. The farmers are very much encouraged and they
are now able to supply the market.

The crop is planted twice a year with decreasing yields from the second
harvest due to a decrease in rainfall. The tree seedlings grown with
this crop grow more vigorously than with any other crop as long as there
is no physical damage by the workers. The potato plantations suppress
weeds and soil is properly tilled when ridging.
CONCLUSION
Although there are no immediate problems to necessitate a multiple
land use system in Southern Sudan for the time being, agroforestry
could be encouraged in order to: increase production of cash crops in
fertile areas like the Imatong Forest Reserve; maintain soil conditions
in those areas already exploited by the farmers and; regenerate the
overgrazed areas which otherwise might result in future environmental
hazards.
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AGROPORESTRY AT KAPKWATA FOREST RESERVE IN SEBEI
DISTRICT OF EASTERN UGANDA

BY

D.J. NANTAGYA
FOREST DEPARTMENT
P.O. BOX 31
ENTEBBE
Uganda
INTRODUCTION
The method of growing agricultural crops together with trees started
at Kapkwata Forest Reserve In 1958. This paper outlines basic
characteristics of the system.
SYSTEM CHARACTERISTICS
Rainfall
The area enjoys good rainfall ranging on the average between 1500mm
and 2000naa per year. Long rains come in February through May followed
by a short dry season in June and July. Short rains occur in August
through October and a long dry season follows in November and January.
Soils
There are two soil types: the Masaba series is found at 3000m and
above. The Benet series lies between 2100m - 3000m.
Size of Reserve
The Forest Reserve is 67,109 ha, in one piece.
Size of Family
The system started with 100 farmers and increased to more than 2000
people. Some of the farmers are employed by the Department during their
free periods.
Crops
Farmers grow mainly maize and beans, but they also plant potatoes,
cabbages and millet. The Department grows Pinue patula and CvapreesuB
lustanica
as the main plantation crops. Trees are planted in lines at
a spacing of 2.7m x 2.7m. Maize is also planted In lines at different
8pacing8. Beans and other'agricultural crops are planted at random.
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Area In Crop
The area under agricultural crops varies from year to year but on
average it Is 200 to 300 ha. Area under tree crops Is 1300 ha (1974).
Source of. Seed/Plants
Farmers get their seeds from previous years crops while tree planting
materials are raised in Forest nurseries using imported seed.
Inputs
Agricultural farmers do not use fertilizers or insecticides, while the
Department uses N.P.K. fungicides and insecticides in the nursery.
Planting
The main planting of both agricultural crops and trees takes place
in March and April, but some is also done in August and September.
Harvesting
Harvesting is done in July and August and again in December and
January.
Production
The Department has no data for agricultural crops. This was overlooked
due to lack of supervisory staff and also the reluctancy of farmers to
expose their harvest.
Production from the plantation was forecast as follows:
3
7 years thinnings

4092 m

14 years

"

7868 m 3

18 years

"

5542 m 3
17,498 m 3

(from 1972 -78)

Trees
Trees are planted 2% years behind the farmers at a spacing of 2.7m x
2.7m. Thinnings are sold mainly as sawn timber (2nd and 3rd thinnings).
First thinnings are sold as poles but most of these have no market.
The final crop is sold as timber.
Plantations are well managed by carrying out prunings (rodent at 2m,
access at 5m and 7m on final timber trees - 320 per ha). Thinning is
carried out at the ages of 7, 14 and 18 years. Plantations are protected
from fires by the provision of firelines and carrying out patrols
during the dry seasons.
Land preparation
Clearing of land is carried out by farmers using simple hand tools i.e.
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axes, pangas, slashers and hoes. The Department helps In clearing areas
where there are large trees to cut. The Department carries out
operations of lining out and pitting for tree planting.
Farmers are encouraged to cultivate along contours to reduce soil
erosion, but logs laying on the ground also reduce the speed of runoff.
Because much clearing Is required, some weak farmers are unable to
readily finish their plots. This causes delay in planting.
Animals on Farms
Animals are not highly encouraged in the forest villages, but farmers
have been allowed to keep a few sheep and chickens, which are feeding
freely. Farmers sell their animals as they wish. No data, so far,
have been collected on the numbers sold and their value.
Compared with animals found outside the reserve, animals in forest
villages appear healthy.

GENERAL INFORMATION
The farmers have been using this system since 1958. Most of them
were attracted to the reserve because of fertile land and because
they could get more area to cultivate.
The enthusiasm shown by farmers indicates that they are satisfied
with what they get from their farms.
Farmers who have enjoyed benefits from the system are willing to stay
in the Forest Reserves. This has provided an opportunity for them
to acquire food and money for their families. They Lave been able to
educate their children and some of them hope to continue receiving
extra income as Departmental employees.
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A REPRESENTATIVE FARM:

KIAMBU DISTRICT, KIKUYU DIVISION

BY

E.M. CHAGALA
FORESTRY DEPARTMENT
K.A.R.I.
P.O. BOX 30148
NAIROBI.

PHYSICAL CHARACTERISTICS
Annual rainfall
-

893.7mm

Distribution (in mm)
Jan.
1.8
Nov.
86.4

Feb.
5.2

March
179

Apr.
332.5

May June
36.7 87.1

July
79.3

Aug.
13.9

Sept
30.2

Oct.
28.1

Dec.
13.5

Short rains being from October-December and long rains from
April-June.
Type of Soil - well drained, very deep, dark red, friable clay with
a lumic top soil. (Humlc Nltosol).
Size of farm
Size of family

- About two hectares (5 acres), all in one parcel.
- eight

CROPS
Name of crop - Pyrethrum
Associated crops - Maize, beans, sweet potatoes, and tomatoes.
Spatial arrangement - All are in rows and separate, apart from this
season when the farmer is planning to interplant maize and beans and
compare the yield to the one he got when he planted them separately.
Area of crop - Pyrethrum is 0.40 ha (1 acre), maize 0.81 ha (2 acres),
sweet potatoes 0.10 ha (£ acre).
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Source of seed or planting material - All from K.F.A. apart from the
sweet potatoes which are acquired locally.
Inputs used in production - Manure is prepared from waste products
from animals reared on his farm and the farmer also uses fertilizer which
he buys at 80/- per bag (2 bags per season). This is used mainly on
maize and sometimes on the beans. Insecticides are also used but only
on tomatoes to control leaf blight.
Time of planting - December to January for all crops, and April to
June for all the crops (apart from maize).
Time of harvesting - August for maize and March and October for the
other crops. Pyrethrum is harvested throughout the year.
Products - 50 kg of pyrethrum (dry weight) are harvested per month
on average, 20 bags of maize per season, 2 bags of beans per season.
Tomatoes are harvested as available.
Sale of products - Pyrethrum is sold at Shs.12/30 per kg dry weight,
maize is retailed for home consumption unless there is a surplus which
he sells at 90/- per bag (this could be more or less), and he gets an
average of 1,000/- for the tomatoes per year. Beans and sweet potatoes
are retailed for home consumption and animal feed.

TREES
Types

Cupreseue lueitanica,

Eucalyptus

saligna

and Schinue

molle.

Spatial arrangement - Both in rows and at random.
Particular management practices - Pruning for Cupveeeue
only.

lusitanica

Products derived from trees - Firewood and poles for building.
Farmer's reason for planting the trees - Schinue molle was mainly
for his domestic animals, Eucalyptus
saligna
as a wind break, for soil
erosion control and poles while Cupvessue lusitanica
is for building,
shade, hedge and firewood.
LAND PREPARATION
Form of erosion control - Trenches which are at intervals along the slope,
napier grass which is planted along the trenches and the very steep
portion of the farm and the Eucalyptus
which are planted in a line along
the upper part of the farm.
Method of land preparation - Hand tools especially jembes and pangas.
This type of land preparation does not delay planting because usually
they start preparation of land early enough during the dry season and
also the farm is not very large. Cultivation by mechanical means is
also expensive and the tractors dig deeply and bury the manure so the
farmer has to apply more fertilizer.
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ANIMALS
Type and number - Two cows only.
Source of feed - Leaves from sweet potatoes, vegetables, napier grass,
maize stalks and purchased cattle feed. Trees are not used at all as
cattle feed.
Time feeds are used - Sweet potatoes and napier grass are used all the
year round, while maize and vegetables are usually used during the wet
season. The only time he buys cattle feed is during the milking
period so as to get more yield. He uses dairy feed.
use of animal products - The milk is mainly for home consumption unless
there is a surplus for sale. The animal waste is used as manure for
planting his own crops but it is not for sale.
State and health of animals - Excellent
GENERAL INFORMATION AND COMMENTS
Length farmer has used system - Five years due to advice from agricultural
officers
Satisfied with returns - Yes
Changes needed - He would like to rear chickens for their eggs for sale,
more cows for dairy, and to plant more vegetables for sale, but his
main problem is water. He would also like to plant more pyrethrum but
labour is expensive. The main problem for rearing cows is East Coast
fever and the lack of feed.
DISCUSSION
The farm is situated roughly on the Southern part of Kiambu District
in an area which is probably the driest part of the District. In this
area, the main cash crop is pyrethrum but a lot of maize, vegetables
and potatoes are also grown as compared to the Northern part of the
District which receives more rain and is cooler. The main cash crop
here is tea in the Eastern part, and coffee in the Western part. The
farm is therefore representative of Kikuyu Division, but not Kiambu
District.
The farm is situated on a gently sloping area so the farmer has to
practice some form of soil erosion control in which case he uses napier
grass, trees (Eucalyptus
sdligna)
and trenches. The napier grass is
on the lower, steeper and less fertile part of the farm so that as well
as giving a good crop for cattle feed, it is also effective in the
control of soil erosion. Comparatively, if other crops like maize were
planted in this region, the yield would be poor and they would not be
effective as soil erosion control agents. Also on the steeper parts,
he has planted sweet potatoes which are used both for human and animal
consumption as well as controlling erosion. The Eucalyptus
are planted
on the upper most part and the trenches at intervals down the farm. He
has also planted napier grass along the trenches.
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His cattle are fed on the farm, but he never grazes them outside In order
to avoid diseases like foot and mouth which are transmittable. The
paddocks are on a more or less level part of the farm so that even if
the soil is left bare, especially during the dry season, soil erosion
would not be as severe as it could be if this was on slopy area.

The trees around the farm are mainly for erosion control. These are
used for firewood, shade for animals, hedge and poles for building.
Maize covers the largest acreage, since this is the main food, and also
is used for feeding his animals.

This farm, like many others around, contributes little to the need of
the area because most of the crops produced on the farm like maize,
beans and sweet potatoes are mainly for home consumption. The same
applies to the animal products like milk and manure. Therefore, those
farmers who own much smaller farms and cannot produce all the required
crops on their farms due to poverty or otherwise, are denied the
opportunity to purchase these farm products locally and therefore must
buy them at a higher price elsewhere. In addition they have to pay
for transportation. The farmer, though he produces his own crops for
consumption, must buy charcoal and animal products like eggs which he
could otherwise rear for himself. However, the farmer's assessment of
his farm is quite sound because he gets profit from what he grows
though he feels he could grow more.

SUGGESTIONS
In order to Improve the system the farmer could rear more cattle for
dairy. To avoid purchase of too much animal feed, he could grow
multipurpose trees which in addition to supplying fodder, which is
palatable and nutritive to animals, could also produce valuable posts,
timber, or any other Forest Product. To increase the usage of trees,
he could plant some soil erosion control trees along the trenches
which he could also use for other purposes like charcoal, poles etc.
Rearing of chicken means using more water. Since this area experiences
a long dry season, the farmer could either get piped water ( which is
expensive) or he could devise ways of collecting water during the rainy
season and conserving it for use during the dry season. This water
could also be used by the cows and for irrigating vegetables, which
could then be grown also during the dry period, thus increasing both
animal and crop production. Another alternative could be rearing of
animals and growing of crops which do not need a continuous supply of
water to give better yield.

The farmer could also rear other animals like pigs and goats both for
home and commercial use and this could cut down his expenses on meat.

Since the above are only suggestions on how to Improve this farm,
research should first be done on these agroforestry systems before
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starting to improve them. Research on these agroforestry systems should
include testing appropriate multipurpose tree species, determination
of espacement and other management practices for both trees and crops,
and testing the ability of crops.to withstand shade. The trees, in
addition to providing shade and preventing soil erosion, should permit
growth of the crops underneath. More detailed research is needed on the
effect of trees on crop yield, and vice versa.
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EXPERIENCE WITH GROWING MULTIPURPOSE TREES

BY

G.M. NIGHTINGALE
P.O. BOX 23
NJORO

INTRODUCTION
The Nightingale family operates two farms in Nafcuru District.
These produce wheat and milk as primary products, maize and barley
for stock feeds, and honey. An objective held by the family farming
company is to establish trees or shrubs which are likely to thrive in
the area and which have potential as producers of honey, fodder or
high value cash crops. The most desirable of such trees would possess
a combination of these characteristics. This paper is Intended to
provide an account of some of the family's trials so far with multipurposes trees.
FARM AREA CHARACTERISTICS
My parents' farm, operated by my brother, is called Kenana and is
located at Njoro, about 7,000 to 7,300 feet above sea level. It is
very high potential wheat land, having red loam soil.
I have on Menegai Farm, about eight miles away, at an altitude of
6450 to 6650 feet. The soil consists of volcanic ash laid over pumice.
It is excellent cattle country. Although the farm is reasonably good
for wheat production, it does not compare in that respect with the
Njoro farm.

The soil PH on both farms is around 5.0 to 5.4, making it moderately
acidic. Rainfall varies from 650mm in a dry year to over 1200mm in a
wet one. Although the atmospheric temperatures reach fairly high
levels during the day, nights are often cold. Frost is rare, although
It may occur infrequently at Njoro.
Much of the area around Menengai has been subdivided into small, marginally
economical holdings. The Introduction of trees or shrubs capable of
making a substantial cash contribution to income from plots, some only
an acre or so in size, would represent a significant economic achievement
for farmers in the area.
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MULTIPURPOSE TREE TRIALS

Proeopie óhilenaie

(olgccfóba)

Several years ago we obtained algaroba seed and germinated it in
polythene pots at the family's coastal plot. Within 18 months
seedlings were being raised from the seed of the original trees,
which were growing virtually on coral. Some of the seed was given
to Mr. Rene de Haller to try at the coastal Bamburi Cement quarry.
Seedlings were planted at Njoro and Menengai. And my father planted
this species at several railway stations on the way up from the
coast. Whenever passing by he would check their growth and prune
them.
A flourishing tree can be seen at Kanga Station, just off the road
south of Mtito Andei. The Stationmaster is delighted to show it to
interested observers. The tree appears to be successful from the coast
up to Mtito Andei,at about 950m above sea level. Seedlings more
recently given to Mrs. Roberts at Lake Baringo located at about 975m
are doing extremely well. The tree surviving at Menengai is now about
12 feet high and producing its first crop of seeds in seven years.
Although it is not thriving as it would at lower altitudes, the bees
are strongly attracted to it.
I believe that Proeopie ohCleneie would be a significant crop in hot
semi-desert area such as Tsavo East. Mr. Mayers is working
successfully with them near Vol. However, the tree is not highly
suitable for the Njoro/Menengai area.

Sirnnondaia ohineneie

(jojoba)

About two years ago I was given jojoba seed from Arizona along with
information that an acre of jojoba could provide the oil equivalent
of about 30 sperm whales. I thus became interested In this tree as a
potential cash crop for a smallholder neighbour. Seeds were germinated
at both the Coast plot and Njoro, the former providing good seedlings
first. I planted one at Menengai whose early performance appeared
promising. On the strength of that I planted out 100 trees from seeds
germinated at Njoro. These suffered badly from heavy storms which
occurred just after planting. There are, however, about 80 relatively
well established survivors. Jojoba being a very slow-growing plant,
it will be some time before we can assess its actual viability.

Leuaaena leuaoaephaUx
The tree showing greatest promise among those we have tried is
Leuaaena leuoooephala.
We have experimented with three Hawaian Giant
varieties; K8, K28 and K67. The K8 looks the most viable for fodder
production. It and K28 will probably be excellent for timber and
charcoal. The K67, a shorter tree than the others, is a heavy seed
producer. These can be of value to the dyeing industry and possibly
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as animal fodder. Its leaf production, however, does not compare
with the K8 and K28 varieties.
In September and October, 1979 all three varieties were planted out
at Menengs!, initially in polythene bags. The K8's and K28's are
now over 4 to 5 m high with much leaf growth. The K67*s are about
3 to 3.5 m high with relatively little leaf growth, but substantial
amounts of seed.
I have learned that when planting out, the polythene must be removed
completely from the seedlings. In several cases when I cut out only
the botton of the pot the tree suffered from moisture starvation and
some eventually died.
I believe Leucaena Zeuaocejjhdla has great potential as an agroforestry
crop as long as care and common sense are employed in the selection and
use of it. Fears related to it growing out of control can be
alleviated by proper management. Uncontrolled growth is unlikely to be
a problem in high, cool areas in any event. In areas where it does
grow more vlgourously, as at the coast, it could be managed for
profitable charcoal production.
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AN ECOLOGICAL APPROACH TO FARMING:
SOME EXPERIENCES OF THE AGRO-PASTORAL PROJECT
NYABISINDU/RUANDA

BY

TIM H. ZEUNER
PROJECT DIRECTOR
B.P. 70
NYABISINDU
Ruanda
INTRODUCTION
The approach to improving farming conditions as applied In the
Project area of Nyabislndu in Ruanda tries to deal with all the usual
disadvantages in establishing and maintaining productive land use
systems in tropical countries. Such disadvantages include adverse
climatic features, topographical problems, ineffective soil management
leading to degradation in soil structure, lack of soil cover, and
many others. All the usual problems apply to the Central Plateau of
Ruanda (Weischet, 1977; Bellon, 1980). They are in many respects
entirely different from the prevailing ones in tempe, ate zones.
(See Appendix 1 for brief details of Ruanda and Appendix 2 for more
data on the Nyabislndu Project).
Tropical rainforests have an apparent high level of fertility although
this is not stable if the forest cover is removed, and this contrasts
them with agricultural areas which have generally decreasing soil
fertility. This has resulted in a specific system of land exploitation,
commonly known as shifting cultivation. Its main element is forest
clearing, cultivation of arable crops for a limited spell of time,
followed by medium to long fallows of six to eight years. Even so, the
productivity of such land tends to decrease. In view of this, more
should be known and understood of the basic eco-physiological processes
occurring in tropical forests and these should be emulated through
productive agroforestry systems as far as possible. This approach has
been generally neglected until recently, although now various projects
are considering the practical implications. Recently, for example,
the World Bank has set up a project of this kind In the Cameroon
(Egger, 1978).

The various reasons for the failure of shifting cultivation systems
are well known. To cite a few:- undue population pressure on land
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- colonial or neo-colonial exploitation
- decreasing natural resources
- the decreasing availability of renewable energy
resources
- growing national economic problems
- disasterous ecological trends such as acute soil
erosion, deforestation, desertification,
floods etc.
Should we continue with existing types of land use which we know to be
declining in soil fertility, at least without large additional inputs
of fertilizers? These would be ecologically more appropriate and
would foster productive stability which is, in fact, the only
possibility for the basis of sustained food production. To maximize
production with short term economic profits, at the price of destroying
its own vital base, seems to be comparible with an entrepreneur who
not only sells his products but, at the same time, his machines and
his factory as wellI
Looking around we find, however, some sound traditional farming systems
dealing with the problems mentioned earlier in a proper way. We can
recognise examples of such ecologically stable systems. The land use
system on the island of Ukara in Lake Victoria is a good example.
There we find perennial crops, fodder cropping, stall-fed cattle, manure
production, crop rotations, mixed multi-storied cropping all combining
to maintain a high and stable soil fertility in spite of a population
density of over 200 per square kilometer, and family holdings of less
than 0.8 hectares (Ruthenberg, 1965). The Kikuyu around Mount Kenya and
some examples in the Taita hills and the Âberdares show the same
integrated approach to farming: multiple and multi-storied cropping,
regular intensive fallows, mulching, selective weeding, manure production
etc., Figure 1 shows how we should start establishing such systems by
replacing the factor, energy by the factor, information and thus
arrive at a stable and low-input strategy.

THE NYABISINDU PROJECT APPROACH TO ECO-FARMING
As Fig. 1 shows, we may be able to improve ecosystems by a proper
methodological approach. The agropastoral project at Nyabisindu has
used such a systems approach for about five years with good results.
More recently, the German Technical Assistance (GTZ) has set up similar
research and experimentation project units in semi-arid zones, i.e.
in Ghana and In Upper Volta (Egger, Bennet and Schorck, 1977 - 80).

The farming pattern as it is implemented through the extension service of
the Nyabisindu Project varies considerably from the "modern" system,
which is based on high-Input chemo-technical strategies. It necessarily
includes all possible elements of agroforestry, but beyond this also
applies various other elements, shown in Figure 2, mainly in its ecophysiological relationships.
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Table 1 points out the principle differences In the two possible
approaches: chemo-technlcal vereras ecological farming, where the
first one is put as the extreme case and the latter is shown in an
idealized way (Egger and Zeuner, 1976; Egger, pers. comm,). Table 2
gives more details of the framework for eco-agriculture.

Figure 3 shows geographical arrangements of the various elements
applied in the Nyabislndu demonstration and pilot - farmers' plots.
A more detailed description of the methodology follows below.
ASPECTS OF ECO-FARMING SYSTEMS
(The reader shall also refer to Kock, 1977; Neumann, 1980).
Anti-erosion strips
Anti-erosion strips constitute complex installations with or without
trenches. They are planted with two or more lines of Setavia
grass
above and one line below the trench in order to mark a limit for
hoe-cultivation. The method has largely proved its value. In
between the grass lines Desmodium spp., a fodder legume, reinforces the
water retention effect and helps to form a rather dense vegetation line
for fodder production. Shrubs like Cajanus cagan (pigeon pea) and a
line of trees help to stabilize the soil against erosion. Furthermore,
litter fall brings nutrients to the surface, apart from the production
of wood, fodder, fruit, and crops. Species applied in Nyabislndu are:

Greoillea robusta, Albizzia spp., Entada abyssinica, Cedrella spp.,
Croton spp., Leucaena, Seèbania sesban3 Sesbania macvaniha, and
fruit trees like pawpaw, guavas, Anona cherimoya and others. The
fodder thus produced is essentially enough for the normal sheep and
goat population. On average, this system involves some 300 or so trees
per hectare, which does indeed solve the farmers' fuel needs.
Hedges
Well diversified hedges around the farm, the homestead, or around individual plots, have been easily accepted by the farmers. We plant with

Duphorbia tirucalli,
Cesalpina decapeiata, Entada abyeeinica, Lantana*
Tecoma3 Uarkhamia, Grevilliay Cedrella, Acacia spp., as shrubby and treeelements. Desmodium and Passiflora,
as well as other creepers, are
allowed to play their role in between. Such hedges give some fodder
crops, fruits, fuelwood, etc. They make excellent wind breaks, help
control erosion, and produce mulching material for coffee and other crops.
An important role is their value as an "ecological niche", allowing an
equilibrium between useful and harmful insects and small animals, thus
naturally contributing to protection and pest control.
Fodder plantation
More research work should be done on fodder.plantations. First
experiences, however, show that a mixed cropping of herbacous and
leguminous crops is superior to single species fodder cropping. To allow
nutrient recycling, a quarter of the green mass production is being
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mulched between the lines» In this way any additional manuring which
farmers would hardly accept may be avoided and soil fertility will not
decrease. Fodder grasses applied are: Setavia*
Tviyaaevmn
Penni8etum9
mixed with legumes such *s Desmodium and/or MuGiina. A scattered
integration of Seebania and Leucaena stabilizes the system even more.
Field crop production
Between the anti-erosion strips and, in larger plots, between
additional tree-lines the systems of multiple, inter or mixed-cropping
have proved to be advantageous. Crop rotations vary between tubers
and cereals with food legumes (beans, soyabeans, cowpea etc.). Recent
experiments carried out in Ruanda, jointly layed out by the National
Institute for Agricultural Research (I.S.A.R. at Rubona), the School
of Agriculture at Butare, The National üniveréity at Butare and the
Agricultural Project at Nyabisindu clearly proved the advantages of
selected crop mixtures. The analyses produced figures for protein
and carbohydrate, as well as monetary value. An integrated value for
mixture with two crops achieved 126 percent and with three crops
planted together, 154 percent*. (Inst, des Science Agron Rubona,
1980). As these field trials were carried out without tree and shrub
integration, hence without the positive effects of agroforestry, we
may expect even better results from an even higher diversity of plant
cover. We integrate cassava at a spacing of about 5 x 4 m, pigeon peas
at similar spacing, and bananas in a similar way, right within the
field crop mix. Research to provide more data is presently being started
in the project.
A comprehensive research section, capable of covering all aspects of
shading effects, photo-synthesis, soil analysis etc., has now been
established. Cropping patterns being researched necessarily Include
the application of manure and compost, of mulching and of selective
weed tolerance. Empirical findings show that, even without cheminai
fertilizers, productivity can be maintained at a high and stable level.
Future years will show whether or not we need the restitution of certain
P and K nutrients. Certainly, this could then be done at a very lowinput and low cost level.
Fallows
Intense and regular fallows have a dominant role in maintaining soil
fertility. Experience shows that by sacrificing, for instance, one
quarter of the land for an intense fallow, we can easily gain five
quarters of the total return. Depending on soil quality, we apply one
of two different types of fallow: seasonal or perennial. The seasonal
fallow proves to be best in a selected mixture of fallow legumes and
composite. The legumnous plants to be recommended are Muounat Vicia
Lupinua spp., and many other indigenous legumes. As most of these are
creeping, they give much more biomass when mixed with certain compositae,

* Crops selected for mixing: sweet potatoes, beans, soyabeans and maize.
Best results were obtained from a mixture of sweet potatoes, soyabeans
and maize. Spacing of siaige was 80 x 100 cm.
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preferably those of the erect, annual type with woody, i.e. high

llgnin-contalning stems. Tagetes, Crassocephalum,

Leonotis,

Erlangia,
and many others have proved their value. One of the
very positive biochemical effects lies in their nematicide and
bactericide capacities based on root secretions. This capacity plays
an important role for the restoring effect of fallow and has long
been neglected*.

On even poorer quality soils a perennial fallow of selected shrubs has
to be done. Such shrubs are for example: Tephxosia,
Cassia,
Cajanus,
Crotalaria,
Sesbania,
and others preferably in mixed plantation. Soil
Improvement through dinitrogen fixation is considered to be excellent.
After one and a half years of mixed Tephrosia fallow, we found
dinitrogen fixation more than 100 kg per hectare (also see figures for
Leuaaena, varying around 300 kg. N/ha). The crop following gave more
than double the average yield.

The interaction of such integrated systems versus monocropplng will be
more clearly understood by looking at Figures 4 and 5. However, much
more research will have to be carried out to establish firm data for
what, at present are mainly observations.
CONCLUSION
This paper presents some ideas, observations and information about the
integrated approach to improving farming systems in our project area.
Whether this approach could be positively applied or not to other
areas with similar conditions has yet to be seen. It is in this context
very encouraging to participate at the First Kenya National Seminar on
Agroforestry, where the participants have their own experience to recount.
Let me finally quote Walter Kock, (1977), when he was assigned to the
World Bank and make up his own mind about such approaches as seen in
Nyabislndu:
"No doubt, there is as yet no guarantee for a similar success in
other regions, but testing the principles in other areas seems
waranted. Moreover, the development of new approaches take time
especially where trees are Involved, while conditions in many
areas deteriorate
Many a current research program aiming at improving farming systems
Is in danger of staying conceptually behind. As long as farming
system programs exclude from their terms of reference such important
aspects as integrated (small) livestock and integrated tree growing
(agroforestry), their contribution to optimum farming systems in humid
(or semi-arid) tropics is bound to remain limited.

* Editorial note:It was tested in the early I960's in Uganda, using Tagetes
a common Bast African weed (Streeter, pers. comm.).

minuta,
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Our experience with the ecological approach seems to indicate,
that only a sufficiently comprehensive and integrated approach to
land use will establish productive and sustainable systems.

TABLE

1:

Comparing two approaches: Technofarming and Ecofarming
Extreme Technofanning

—S*

Ideal Ecofarming

productive simplification
of farming systems

productive and controlled
diversification of systems

specialisation in production

diversification of products

separation of trees, crops
fodder, animal husbandry, and
cash crops

integration of trees, agroforestry, fodder production,
animal - and cash crop production

linear flow-through of nutrients
and energies

cycling and recycling of
nutrients and energies

fertility by chemical
fertilizers and pesticides

fertility by cycling of
biomass

high in-puts

low inputs

high initial production

high permanent production

lesser stability, decreasing

high and permanent stability

intense mechanical tillage

moderate mechanical tillage

mechanized control of
erosion

biological erosioncontrol

partitioning by fencing

partitioning by natural hedges
and trees

non-resistent, high yielding
varieties

highly resistent, but average
yielding varieties

single cropping

multiple and intercropping

clean weeding

selective weeding

aim

increase of production

I
I

aim

increase, maintenance, and
stabilization of
productivity

Source: Egger, K, university of Heidelberg.
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TABLE

2:
Framework for eco-agrieülture

PRODUCTIVITY

PRODUCTION

Improvement and
conservation of soil

High blomass turnover
enabling harvest of
farm products yet
allowing for a large
return to the system

Improved water relations
Management of ecological
and biological diversity

Conceptional
Framework V

f

Relationship between
productivity and
diversity
\
Intra-system cycling
of materials
Complexity of
inter-relationships
between organisms
ECOLOGICAL ASPECTS

POTENTIAL METHODS

Adequate microclimate use
Low soil-temperatures

Natural ecosystem functions
integrated into agriculture

High soil organic matter content

Intercropping

High biomoss turnover

AGROFORESTRY

High nutrient availability

Increased integration of
agriculture with aquaculture and
recycling

Lower soil leaching
High water retention
capacity

Microbial potentials

Soil surface protection

Soil management and conservation
by no-tillage, mulch, compost,
cover crops

Generally higher species
diversity
Greater degree of biological
control of weeds, pests, diseases

Integration of animal husbandry into
agriculture as well as use of minor
species

More efficient capture of
solar energy

Crop rotation integrated with seasonal
fallowing

Stability of production

Erosion control, contour planting,
terracing for too slopy areas

Co-existence between component
parts rather than competition

Use of varieties resistant to
weeds, pests,diseases

High catlonic exchange
capacity

Low fertilizer and pesticide
use

High absorbing capacity

Use of novel or lesser known
crops or animals

Source: Egger, K. Heldelbergy 1978;
Cardenas/Mexico, 1980.

reviwed by Glissmann.S,

FIGURE

1:
Application of socio-

"IDEAL" traditional

economically tolerable

autochtonous systems

aids of "modern" systems
(fertilizers, small machinery)

Present system of

Research and Development

Future systems of stable and

agro - ecology

Projects, Agrofore8try,

productive agro - ecology

>

\

Exclusion of dangerous
elements ( bush fires,
chemical pollution etc.)

Replacement of ecologically superior methods, which derive from
modern systems of agro- ecology
which make positive use of traditional methods
which critically examine and apply modern technical means

W

which approach natural climax situations

vO

Source:

Egger, K., University of Heidelberg/Germany, 1979.
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FIGURE

2:
Diagram of éléments applied in écofarming

oil tillage
cultivatio
practices

/ manuring and
S m
.mulching
selective
weeding

fuel, mulching material
odder

hedges
around plots

ruit s
fodder hedges

planting i
lines/ri

(Leuaoena)

rows of trees and shrubs
.erosion
control

planted trenches

plant production

'Setaria
pasture plots

in lines

grasses and fodder-trees
fodder grasses a. - legumes

odder croppl

V

with integrated trees,
bananas, and shrubs

J
layout

ield crop

1

planting on
surface

between tree-lines
seasonal fallow
herbacious, leguminous

»fallow plots

shrubby and woody
multi-seasonal fallow
banana-plantations

ash crops

coffee-plantations
intercropping of
fruit trees

orticulture
vegetable growing
farmers forests
in bands or galleries
forestry
re-afforestation of
low potential lands,
slopes, hillocks
fodder cropping
animal production

-^deep-litter stabuliaation
manure production

FIGURE 3: Eco-farming systems -

some examples

WATER. RETENTION BY
CHANNELS, STABILISATION
WITH FODDER GRASSES

FIELD CROPS t
- M I X E D CROPPtNB,
•CONTROLLED WEED TOLERANCE
- ROTATION WITH INTENSIFIED
SEASONAL FALLOW
ADDITIONAL TREES
IN THE FIELDS
(ACACIA, ALBIZZIA)
TREES AND BRUSHES
(ALBIZZIA. GREVILLEA,
LEUCAENA).

DIVERSIFIED LARCE HEDfiES
AROUND THE FARM

Eco-farming in Rwanda, East Africa: side view of a hillside form, fields on
teraces between anti-erosion-strips. From Kurt Egger.

Eco-formlng"-, mixture of trees, brushes, grasses and foodcrops on small
hillside farm. From Kurt Egger.
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APPENDIX

I

Fact sheet

REPUBLIC OF RUANDA

Population:

5 million inhabitants on 26,000sq. km
Average 180/sq.km, population increase 2.9%

Geography:

"country of thousand hils", elevation from
1500 to 4,500 meters above sea level, volcanoes
climate:

2 rainy seasons with 800 to 1500 mm/

year average temperature:
Economy:

14°C min - 32°C max

96% rural population, lack of natural resources and
industries, landlocked - 2200km from Mombasa,
doubling of transport costs for vital products;
Export 1978:

15 million pounds sterling, 70%

agric. products - coffee, tea, pyrethrum, vegetables.

Agriculture:

80% agricultural area, out of which 55% arable and
45% pasture lands, average size of holdings: 1
hectare small holders only.

65% subsistence

production, 35% cash crops:

coffee, tea

Problems:

low productivity, slopes erosion, soil

degradation, deforestation.
Project Area:

7 communes intensive area == 43,000 holdings =
250,000 farmers. Density 200 to 500 people/sq.km
15 communes extension area = 90,000 holdings 500,000 people = 1/7 of the country
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APPENDIX
Fact

II

sheet:

The Agro-pastoral Project

Nyablsindu/Ruanda

1) Alms and Objectives;
- Improvement of farming and land use systems with integration
of agriculture, animal husbandry, and forestry
- Experimentation and application of ecologically appropriate
methods for both maintenance, increase, and stabilization
of soil productivity, by low-input strategies
- Installation of both curative and prophylactic veterinary
service and veterinary infrastructure
- Integration and promotion of animal husbandry in small
holdings
- Collection, processing, and marketing of farm products:
milk collection and dairying, soyabean cultivation and
processing, sugarcane planting and jaggery-processing
Conservation of a vital and productive base for the people
2) Activities and Results:
2.1

Plant Production
Installation and running
of multipurpose treenurseries
Annual production and distribution of trees to farmers
Provision of trees for
communal and private afforestation

170 nurseries within
23 communes

1980

1975
220,000

5,000,000

1973 till 1980:
15,000,000

New forest areas

1,500 hectares

Roadside planting of trees

400 km

Trees for erosion control and
soil conservation

Annual production since 1978
as installed in

fuelwood for energy-supply

nurseries

fruits, climatic Improvement,
fodder, mulching litterfall

5,000,000 trees per year
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Multiplication of fodder plants»
anti-erosive plants, improved
foodcrops, cashcrop8, vegetables,
fruits, spices (soyabeans, bananas,
pineapples, pill-pill, coffee,

sugarcane) Tripsezaum, Permieetums
Setcœiat Mucicna* Vicia, Vemodium
etc.

116 multiplication centres
on 96 hectare» In communal land
600 hectares new fodder plots
4000 hectares under erosion control
3000 hectares improved area for
food crops

demonstrative farms

24 units on 33 hectares

2.2. Animal Production;
- Veterinary Infrastructure :

1979/80

Mobile service

19 centres of regular treatment
9,500 treatments annually

Stationary service

6 veterinary dispensaries with
9000 treatments/year

Emergency service

800 emergencies, on weekends

Tick control

7 spray-rays, 230,000 sprayings
and 10 dips with 280,000
dippings per year

Immunisation against East Coast Fever, on trial
Promotion of Animal Breeding
and Animal Husbandry;
Re-installation and running of
a State-Cattle Farm

33 hectares with 30 heads of
nucleus pure bred Ankole

Developing of Improved
fodder cropping systems

22 hectares

Artificial insemination
for cross-breeding

Since 1978

Improved goat production

20 heads nucleus herd of
French Alpine race since 1980

Promotion of stabalizatlon
and individual and coop,
farms

30 stables constructed

Improving breeding in
farmers areas

12 bull-centres with selected
local and cross-bred bulls

Construction of improved
slaughter-houses

2 achieved, one under construction
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2.3

Agricultural Extension Services
Individual extension for
introduction of appropriate
farming systems

1980:
70 full adopters to 100 percent
700 part-adopters over 50 percent
3000 part adopters under 50 percent

Group extension for introduction of individual measures
and packages of system

Target group with regular
contacts:
50,000 farmers within the
communal labour organization
"UMUGANDA", once per week

Training of local agents

23 communal mayors, 250
communal counsellors, 150
extension workers

Stafftraining, backstopplng with research institutions, schools,
universities, bilateral and multi-lateral projects

2.4

Processing and Marketing
Dairy Nyabisindu:

1969

Milk collection

156,700th

farms included

869

1977
1,076,100th
2,222

paid to farmers

1,57 million
16,36 million
Ruanda Francs

monetary turnover

12 millions

36 millions

Construction works:
Sales centre Kigali

1978/79

New factory and offices
for main dairy

1979/80

Soyabean processing plant
constructed

1979.

daily capacity:

500 kg beans

= 55th of oil, 350 kg flour

Sugar Cane Processing
First pilot jaggery plant
1976

4.5 ha plantation, 80 kg of
sugar per day

3 further plants achieved
in 1980

15 hectares cane plantation

Communal and Cooperative
Warehouses

16 units achieved
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2,5

Future Perspectives

-

Transfer of responsibilities gradually to local
agents

-

Strengthening of integration into local
organization structures

-

Regional concentration and intensification
of activities and extension service

-

Continuing of experimentation and application
of approaches for Improved and ecologically
appropriate farming systems

-

Installation of a field research unit, elaboration
of relevant figures, soil analyses a.s.o.

-

broader application of positive results through
more intensive programmes both for subject matter
specialists and extension workers.

\

Coast
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Coast

Summary
The Coast Agricultural Research Station (CARS) Is the subject of the
paper by Mr. Warui, Director of CARS (page 361}.. He begins by describing
the climatic and physical characteristics of Kenya's Coast Province
followed by lists of the region's principle cash and food crops. Warui
notes that in most areas of Coastal Province crops grown for diversification and income such as groundnuts, castor and sunflower are planted
with tree crops so that in effect, agroforestry systems are relatively
commonplace. Furthermore, it is characteristic of coastal agriculture
to keep animals on land also used for cropping. Mr. Warui goes on to
list the locations of various coastal research sub-stations and then
indicates some of the substantive areas of research taking place. Major
emphasis, he indicates, is on investigating yield improvement of
coconut, cashew, mangoes and citrus trees. Agroforestry experimentation
that has developed in this regard involves cashew, dairying and grass
mixtures. (See paper by Goldson, following Warui'a).
Efforts to increase cashew yields have resulted in other research
projects as well. Some of these involve principles of agroforestry
management, such as intercropping, hedgerow planting, natural pest
control practices and dry mulching. The paper also includes a list of
extention methods used by CARS to desseminate research findings to the
farming community.

The dairy management system known as the cashew-pasture complex and
which originated at CARS in 1965 is explored in depth by Dr. Goldson
of the British High Commission's East Africa Development Division.
His paper (page 367) reports on a study done in 1972 - 1973 in which he
undertook to determine the effect and contribution of the cashew tree in
a cashew-pasture dairy cattle association. Problems which his research
addressed include low dairy and cashew productivity per unit of land
under existing management practices, high incidence of cattle disease,
and intermittent availability of grass due to ill-distributed rainfall.
He found that the cashew tree canopy provides shade for the benefit of the
animal. As cashew matured it was expected to have an increasingly
detrimental effect on beneath - tree pastures. In fact, it provided a
more acceptable micro-climate for the herbage as compared with an open
environment. Furthermore, cashew apples make animal feed. Goldson
suggests that a combination of tree management and a pasture selection
programme could improve the outputs and the sustainability of the system.
He concludes that the contributions of the cashew tree on the complex
as a whole are so beneficial to the animal component that the animal
must be considered, economically, as the major component of the complex,
and management should be evolved with this point in mind.
The papers by Warui and Goldson evoked considerable discussion at the
Seminar on the value of the cashewnut tree and how it might be better
managed and utilized at the Coast. One issue which arose concerned the
use of the cashew for maximizing nut production versus building soil
fertility; in other words, maximization versus optimization of a
production system. It was mentioned in this context that agroforestry
does not exclude high input systems, but Its greatest
value might be in
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helping to sustain
a production system. Thus, although a problem
faced by agricultural research and management experts at the Coast
Is the very low cashewnut yields characteristic of Kenya's cashew
trees, their value in an agroforestry system, such as the one
described by Goldson, may be viewed to offset these direct production
limitations. By taking this view the application of expensive Inputs
such as fertilizers and sophisticated management techniques can be
avoided while maintaining value from the tree. This Is especially
desirable at the Kenya Coast where most cashew production is mixed
with subsistence farming.
Another possibility for the cashew tree, brought up in discussion, is
its value for charcoal production. Good management prescribes a four
to five year pruning and periodic coppicing of the tree which results
in substantial woody waste material. Although it was generally agreed
that cashew wood is only about 80 percent as efficient as the bulk of
woods used for commercial charcoal, it could nevertheless be made into
a useful product, to be sold perhaps, for 20 percent less than the
standard commercial rate.

Although not specifically agroforestry, the multiple outputs of
mangrove swamps hold some interesting analogies for agroforesters.
Professor Kokwaro of the University of Nairobi's Department of
Botany provides in his paper (page 377) a detailed look at the economic
importance and local uses of Kenya's coastal mangrove swamps. He
begins his paper with a description of the mangrove habitat. Mangroves
can grow entirely in sea water, but their communities are normally
most prolific in tidal flats near the mouths of coastal streams.
The most important plants of the mangrove swamps arc- small trees and
shrubs. Kokwaro provides the botanical names and major characteristics
of those most widely distributed. This is followed by descriptions of
major uses of mangrove swamp material in general, with occasional
reference to certain specific species. These uses include poles for
export and local house building, vegetables tannins, firewood and
charcoal. Finally, Kokwaro lists Important plants found in mangrove
communities, along with their various vernacular names, and provides
a physical description of each as well as their respective use
characteristics.
Discussion on the use of mangrove swamps, following Kakwaro's
presentation, focused primarily on their role in providing a habitat
for fish communities and wildlife, and on the economics of mangrove
swamp management. Several foresters indicated that mangroves could
not be readily managed for production of wood products, primarily due
to problems of access and because the swamps represent such mixed
plant types. It was advocated, therefore, that mangrove swamps should
be cleared away and replaced with plantation species. The countervailing argument concerned not only the disruption to ecological
equilibrium that would occur, but the loss of value to local users
who's often marginal livelihood was dependent upon the mangrove
swamps for both cash and subsistence value.Recognizing the relatively limited commercial value of the mangrove
swamps to date, Kakwaro suggested in discussion concentrating on
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Improved management and production of the swamps for charcoal,
tannin and poles. Ideas about where to focus some of these
Improvements are indicated in his paper.

The topic of Mr. de Haller's paper (page 387) is the multiple agrosilvicultural and agro-pastoral use that has been made of the Bamburi
Cement Company's 600 ha coral/bush area, which constitutes their
raw material reserve for cement making and their exploited quarry
area. The author has been in charge of the Company's land reclamation
program for nearly a decade.
The program was initiated when it was learned that the pure grass and
herb grazing areas first established at the cement site could not
maintain livestock during the dry season, so a strip clearing and
selective bush cutting management program was adopted. Grasses and
legumes were encouraged to grow between bush strips so animal penetration was possible and dry fallen leaves, roots and tubers were
accessible during the dry season. Since then a number of exotic fodder
trees have been established so that presently an area under 100 ha of
these is able to support specified numbers of sheep, goats, elands
and oryx year-round.
The quarry area has been reclaimed with several timber, fodder and
fruit tree species found through a series of trials to do well in the
saline environment. Some have been self-establishing, de Haller
describes the unconventional methods employed at the site to create
a habitable environment in which the young trees could establish
themselves. Re also indicates some of the multiple uses that are
being made of these trees and reports on the growth and development
of the four species which have been found to do best.
A question raised in discussion on de Haller's presentation concerned
the use of Leucaena as livestock feed, de Haller Indicated that when
he fed on 100 percent Leucaena the animals lost weight. Re has since
found that 25 percent was about optimum, and warned that feeding with
Leucaena must be carefully controlled to prevent losses of livestock.
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RESEARCH ON AGROFORESTRY AT THE COAST, KENYA

BY

C M . WARUI
COAST AGRICULTURAL RESEARCH STATION (CARS)
P.O. BOX 16
KIKAMBALA, MOMBASA

INTRODUCTION
Kenya is divided administratively into eight Provinces. The Coast
Province lies towards the East of Kenya (bordering the Indian Ocean)
from the equator to about latitude 4°S.
The land rises from sea level gradually to 900m in the west of the
Province. Some of the exceptions to this are the Shimba Hills and the
Taita Hills, rising to over 2,000m in places.

Geologically the area is diverse with tremendous variation in soil type
and fertility. Most soils are derived from sand deposits, limestone
or shales. The resulting soils are therefore light and well drained.
Nearer the coast they aro sand, but further inland they are mixtures of
sands, clays and loams, destributed sporadically.
The total area of the province is 83,000km2. About 4,200 km2 are under
cultivation and, possibly, another 9,000 km2 are suitable for cultivation.

The climate is hot and humid all year round except where altitude
gives a cooler local climate. The temperatures are high with little
seasonal variation. The monthly mean maxima vary between 20 - 30 C
and minima between 15°C and 20°C. Along the Coast the relative
humidity is high, ranging from 65 percent to 95 percent and it
generally decreases westwards and northwards.
A narrow band along the coast receives adequate rain for crop farming,
but rainfall tapers off rapidly into the arid hinterland. It
generally decreases from South to North and from East to West. About
one third of the Province (28,000 km 2 ) receives at least 760 mm
annually and would therefore be suitable, theoretically, for settled
development. The southern part receives up to 1500 mm annually
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with a pronounced peak in April/May. Further north, around Lamu,
about 900 mm - 1000 mm are received annually with the first peak
even more pronounced. There are areas which have a prolonged rainy
season with no apparent dry season, and others with bi-modal and even
single modal distribution.

There are numerous seasonal rivers in the Province, but the Sabaki
and Tana are the only large perennial rivers with great irrigation
potential. The Tana has also been used for the generation of
hydroelectric power and has an irrigation/settlement scheme at Bura.
These two rivers are significant sources of water and fish for local
consumption.

The total population of the Province is about 1,200,000, of which
80 to 85 percent rely on agriculture for their livelihood. Tourism
and fishing are alternate sources of employment at the Coast. The
total number of farm holdings is estimated at 44,000 with farm sizes
ranging from 2.0 ha in Taita to over 10.0 ha in Kilifi and Kwale areas.
AGRICULTURE AT THE COAST
The main crops grown at the coast consist of tree crops including
coconuts, cashewnuts, mangoes and a variety of citrus. The main cash
crops are bixa, cotton, coffee, and simsim. Principle food crops are
maize, bananas, cassava, sorghum/millets, rice, and cowpeas. Other crops
such as groundnuts, castor and sunflower are generally grown by a few
farmers as a form of diversification and income. In most areas these
crops are grown together with the tree crops for income, land
utilization and subsistence, so that agroforestry systems are commonplace in this area. There are, however, a few stands of coconut and
mango plantations owned by estates of some large scale farmers.

The subsistence farmers more often keep dairy cows, sheep and goats in
most of the settlement areas. These normally graze under the tree
crops or bush, but it is a characteristic of coastal agriculture to
keep animals in the cropped land.

RESEARCH STATIONS AT THE COAST
There has been research at the coast since 1901 when the Rabai
investigation site was established. Since then a number of these
were abandoned for various reasons. At present the Mtwapa Coast
Agricultural Research Station is the main centre for agricultural
research at the coast. There are a number of sub-stations of various
sizes at Matuga, in Kwale; Gazi/Ramisi near the border with Tanzania;
Kitobo, Kimala and Ngerenyi in Taita/Taveta; Msabaha, Bamba and Ngao
in Kilifi and Mpekotoni in Lamu. The size of these sites range from
10 hectares to over 40 hectares depending on the activity. Animal
production research is carried on at Mariakani, and range activities
at Buchuma and Klboko Research stations, towards the hinterland.
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AREAS OF RESEARCH
Since tree crops occupy more than one third of the area, much
research emphasis is placed on solving the tree crop problems. Such
trees include coconut, cashew, mangoes and citrus. Host of the
research on these crops is done at Mtwapa (250 ha) where investigations
on yield improvement of coconut, cashew, mangoes and citrus are
conducted. Breeding and selection programmes have been initiated
aimed at doubling or tripling the yields of these crops. Investigations on the improvement of yield per unit of land have produced
interesting results in the cashew, dairying and grass mixtures. This
effort has encouraged the introduction of high grade milk animals
(mainly the Jersey) in the cashew and coconut fields. This practice,
however, calls for an improvement of management techniques for the
three components; trees, grass, and animals (see paper by J. Goldson)»
The suitability of better shade tolerant grasses is being investigated,
together with the production of fodder species of Napier and Bana
grasses, Panicum as well as Leuaaena and Proßopie spp in the hinterland .

Because of the demand for food, the research station is working on
improvement of thé locally developed coast composite maize. As
opposed to Katumani maize, this is a lowland variety requiring more
moisture, but maturing early to accommodate the short first rains at
the coast. Other activities include adaptation trials on sorghum and
millet for the wetter lowlands as well as the drier hinterland of the
province. This work is done in close collaboration with the Dryland
Farming Project (DLFP) at Katumani. The work on cassava has been to
improve production by increasing hectarage of "clean" cassava (free
from mossaic) in farmers' plots. The research station provides
nucleus stocks of clean material for further bulking and distribution
by the extension services. Among the cash crops investigated are
cotton, bixa, coffee, groundnuts, slmsim and bananas. Emphasis is
placed upon husbandry practices, fertilizer trials and observation plot
demonstrations.

Work on pasture and animals is entering a phase of field testing of
pasture/fodder species that have been screened in the now concluded
grass exploration project (FAO/GK) based at Kitale. Animals will be
used for these trials to ascertain some variables tested earlier. This
section will concentrate, however, on fodder with the aim of providing
food during the uncertain second rainy season.
Due to the high demand for vegetable crops for local and expanding
consumption in the towns of Mombasa, Malindi and Lamu, coupled with
the booming tourist industry, research is being conducted on the
introduction, adaptation and general agronomy of some vegetables.
These include tomatoes, chillies, brinjals and okra in the lowlands
and cabbages and other vegetables in the Taita Hills. Work has also
begun on local vegetables such as cowpeas, and amaranthus. The
introduction of improved cowpea caltivars from the International
Institute for Tropical Agriculture (UTA) Nigeria is a joint venture
between the Ministry of Agriculture (MOA) and the united Nations (UN)
in what is called the Cowpea Improvement Project.

364
The hot, wet and humid environment of the coast is not only a
tourist spot, but also a centre of activity of pests and diseases.
There are programmes to study, control and manage such problem
pests as the stalkborer in maize and sorghum; the rhino beetle and

bole rot in coconut; HelopeltiSt

Peeudotheruptus

wayii

scales, and

weevils in cashewnuts;aphids, scales, mealybugs and fruit fly in
mangoes and citrus;and nematodes in bananas and vegetables to name
only a few. The Plant Protection Section screens insecticides,
studies the biology and ecology of pests, and gives advice to
farmers on whether or not to use what type of control practices for
the different insect problems.

There are two more disciplines which should be strengthened at the
Coast Agricultural Research Station. These are Farming Systems
Research and the Crop Storage Unit. The coordinated efforts of all
the above mentioned multi-disciplinary teams should be able to
provide a whole farm approach to problem solution for coastal agroforestry systems.

COASTAL AGRICULTURAL RESEARCH STATION EXTENSION METHODS
The following is a list of some of the methods used to disseminate
research findings to the farming community.
1.

Annual field days are held on all investigation sites,
where the extension staff are Invited to see any
recommended techniques on coastal farming.

2.

Demonstration plots and staff also liaises with
extension staff on farmer level demonstrations by
providing any new information relevant to the area.

3.

There is a regular 3-monthly visit to the farmers, by
extension staff, to investigate and solve certain
problems. These are in addition to any advisory visit
made to farmers on request by the extension staff or the
farmer himself.

4.

An annual Provincial Agricultural Research Advisory Committee
meeting chaired by the Provincial Director of Agriculture
is held to discuss proposals from the extention staff and
to provide findings of previous experiments. Station
staff are also members of the Provincial Agricultural Board
and District Agricultural Board and attend other meetings
when called to do so.

5.

Lecturers are provided for Farmers Training Centre staff
courses on certain topics.

6.

Additionally, the Coast Agricultural Research Station
issues:Publications
CARS Newsletter
CARS Communication

CARS Annual Reports
CARS Standard Recommendations
DISCUSSION
The scientists at the Coast Agricultural Research Station have
demonstrated an agroforestry approach to the management of tree
crops at the Coast as the following examples with cashew shows.
The cashewnut tree, Anacarâium occidentale^
has been grown at the
coast since the 16th Century. However, of the available agricultural
land under cultivation (A,200 km » 2.6 m ha) cashew hectarage has
now reached only 36,707 ha or 1.5 percent of cultivated land. The
production of cashewnuts is about 25,000 tonnes per year. The
average yield per tree is 4-5 kg per year and the current price is
about KShs.2/25 kg. At a planting density of 70 trees/ha the farmer
harvests about 400kg per year and gets a gross income of nearly
KShs.900/-. Compared to other crops this is very low although
labour requirements, once established, are also low.

Current research projects are intended to improve the yield per tree
to the level of 10 - 15 kg per tree/year. This should be achieved
by the following means.
1.

Breeding/selection programmes. Already there are trees
yielding 10-15 kg per tree and these will be put into
progeny testing.

2.

Propagation of selected material in order to partly
arrest the tremendous variation due to cross pollination.
An appropriate vegetative propagation technique will also
facilitate distribution of high yielding material to
certain farmers.

3.

Increasing the number of trees per hectare by reducing
the spacing (present 12 x 12 m ) , and introducing
management techniques such as hedgerow planting thus
increasing yield per unit of land.

4.

Intercropping crops like legumes, grasses etc., and
either harvesting the legume or grazing dairy animals.

5.

Encouraging the growing of more profitable crops on the
fertile land and growing cashewnuts on less suitable
land, as cashew is more tolerant of such unfavourable
conditions. This will enable the farmer to increase the
productivity of his unit land. For example, on high
potential lands the coconut gives a gross of KShs.1,500 3,000/- per ha as opposed to Shs.900/- for cashew.

6.

Rejuvination of very old trees, which are barely yielding,
through coppicing and replanting more and higher yielding
cashews in both old and new marginal areas. This will
increase the total area of production.
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7.

Evolving pest control practices against the Helopeltis
spp
and the scale Pseudotheraptue
wayii with little or no use
of insecticides. For example, the ant Oeoophylla
longinoda
could be encouraged to predate on the above named pests, as
has been shown to control them in the coconut trees. Colonies
of the ant have also been noticed on cashew trees. Such low
cost practices are relatively easily adopted by costsensitive farmers.

8.

If prices improve and the farmer is willing to spend more
time and money on his cashews, then other management practices
such as manuring, fertilizing, and dry mulching ( as opposed
to crop cover) could be introduced. In drier areas where
cashew is grown at wider spacings, fodder and browse species
like leucaena,
Proeopis and Atriplex
might be interplanted
for goats and sheep.

9.

Finally, for management practices which are destructive
such as coppicing, pruning, and thinning Coast Agricultural
Research Station has found that charcoal made from cashewnuts (also coconut) is about 80 percent efficient as
compared to commercial charcoal. This means that the
farmers can sell this charcoal at a cheaper price and, in
due course, this may help offset the destruction of the
useful trees now being used for charcoal.

Similar programmes have been initiated on coconut at the coast where the
distribution of seedlings (high yielding and disease free) to farmers
has been initiated. In order to obtain the maximum benefit from these
and other research programmes, the Kenya Government and/or donor
agencies will need to continue and expand development of the infrastructure necessary at Mtwapa, especially to allow further essential
work in agroforestry systems to be undertaken (see papers by Goldson
and de Haller, for example).
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THE EFFECT AND CONTRIBUTION OF THE CASHEW TREE
(ANCARDIUM OCCIDENTALE L) IN A CASKEW-PASTURE-DAIRY
CATTLE ASSOCIATION AT THE KENYA COAST

BY

J.R. GOLDSON
EAST AFRICA DEVELOPMENT DIVISION
BRITISH HIGH COMMISSION
NAIROBI
INTRODUCTION
The system of dairy cattle management known as the cashew-pasture
complex originated at the Coast Agricultural Research Station, Mtwapa
in 1965. In the early years, management was evolved purely on the
basis of practical experience and observation. The primary reason
for introducing animals into the plantations originally was to utilize
the beneath-tree herbage which previously had been periodically slashed
and left on the soil surface as a mulch. The primary motivation for this
grazing was due possibly to a shortage of grazing in open pastures,
rather than the need to utilize the beneath-tree heioage more
effectively. It was found that the plantations did provide considerable
grazing, and as the first accurate assessments of cashew nut yields in
Kenya were then available (Adams, 1969) it became apparent that the
system provided economic benefits, in addition to a convenient means
of herbage disposal.

The cashew yields quoted by Adams indicated that the returns per
hectare from what was considered to be the main cash crop of the
coastal farmer were extremely poor. Although Turner (1956),
Madhava Rao (1956, 1957), Auckland (1961), Northwood (1961, 1967),
and Adams (1970) had all indicated methods by which yields could be
improved, these were either long term or resulted in small yield
increases. Because priority was given to this crop by the Ministry of
Agriculture, there was an immediate need to improve the production of
cashews, and make them a more economically attractive crop to the
farmer. In the absence of any immediate prospect of increasing nut
yields appreciably in a breeding or selection programme, the
introduction of dairy cattle into plantations appeared a useful
interim measure for boosting agricultural production per unit area.

The serious grazing of cashew pastures resulted in the need for more
thought on the management of both enterprises and how they could be
brought together in a profitable association. A feature of this
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management was the pruning of lower branches of trees to within
1.5 to 2 metres of the soil surface, to enable the animals to graze
under the trees without undue damage to the tree canopy and at the same
time to provide better conditions for pasture growth and to enable
machinery to be used. This also reduced £he tsetse population in the
plantations, which had presented a serious limiting factor to the
success of the system in the early stages.
As more attention was given to the management of the three
components it became obvious that there were considerable interrelated effects and contributions between trees, animals and pasture.
At this time the cashew tree was still considered the senior component
of the three, and the animal component and its production were
regarded as supplements to it.
It was also obvious that future management of the system should be
evolved based on firm scientific facts and not on practical
observations. It was decided therefore, to attempt to undertake a study
of the whole complex and to investigate in depth the effect and contribution of what was thought to be the major component of the system
(cashew) on the other two.

A survey of the literature suggested that the tree would directly
affect the animal by the provision of shade and general modification
of the environment. It would also contribute to the animal's diet in
the form of cashew apples, possible by-products from the processing
industry, and the possible provision of tree browse. The direct effect
of the tree on the pasture, which in turn would affect the animals
grazing there, include the general modification of climate, especially
the reduction in light intensity, the general competition for water and
nutrients and the possible beneficial effect of leaf-fall addition to
the soil. The project was designed to investigate all these factors.

It was soon apparent, however, that the study covered a very wide field
and a whole range of disciplines, and it was found that in-depth study
of all aspects was not possible. The project therefore attempted to
cover aspects of the effect and contribution of the cashew tree on the
other two components and the complex as a whole, and in doing so to
indicate further avenues of research required before the association
is fully understood and the formulation of management techniques
perfected to produce maximum production.
FINDINGS
The cashew is a fast growing tree and,therefore, many of the possible
benefits apparent in the early stages of growth9 such as superior
beneath-tree pasture production, quickly disappear. In contrast, some
benefits from the tree, such as provision of shade and apple production,
will appreciate with increasing age and size. Most of the work done in
this project was with immature trees. In fact, based on the results of
this study, there is still no definition of a physically mature cashew
tree. It is important that the results obtained in this study are
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considered in relation to the age and size of trees investigated.
A study of the modifying effect of the tree on the microclimate
beneath its canopy has shown that the main effect is on the reduction
of solar radiation striking the soil surface. This is reduced by
60 to 70 percent. Results from the animal behaviour trials indicate
that this is by far the biggest contribution of the trees to the
animals. The results of animal activities in environments which
provided varying amounts and types of shade proved conclusively that
distribution and timing of the animal'.s activities over a twenty-four
hour period were completely related to the position and amount of
shade in the pasture. These results corroborate evidence by
Findlay (1950), Barrada (1957), Quazi and Shrode (1954) and Shrode
(1955) who all considered solar radiation to be most important
component of climate-causing stress in the animal. The effect of
solar radiation on the exotic animal at the coast is serious, probably
because it is associated with high levels of other climate components;
temperature and humidity.

Although the canopy of the cashew tree provides shade to the benefit
of the animal, it does not have an increasingly detrimental effect
on beneath-tree pasture. In the early stages of tree growth, it has
been shown that the beneath-tree pasture has a superior production and
quality, the latter being limited to certain times of the year. This
benefit is counteracted, however, by the generally depressive effect of
the canopy shade on the presence and growth of valuable pasture species
with increasing age of the tree. This steady decrease in production,
though, is not complete. Evidence from the study of species composition
of beneath-tree herbage has corroborated the results of Nathaneal (1969),
Appadurai (1969) and Santhirasegorram et àl.t
(1969) that there are a
number of valuable herbage species that actually prefer shade conditions
for optimum growth. The fact that Paniaum maximum was found under the
trees at Mtwapa is significant as this species is indigenous to the area.
There would appear to be scope for a future pasture selection programme,
which included this species, in the search for improved species to grow
in cashew pastures.

This work would need to be associated with the tree population studies
in order to determine the best ratio of trees to pasture area in the
complex. This Is needed not only from the point of view of maximizing
pasture yields, but also from the point of view of tree yields.
Adams (Pers. Comm. 1973) has indicated that the presently recommended
cashew population and spacing of 67 per hectare at 12.2 x 12.2 metres
is almost certainly not correct for maximum yields, and that a wider
spacing or hedge row system could be advantageous to cashew and pasture
production alike. There is sufficient evidence from the cashew
complex to challenge the point made by Beale (1973) and Walker et
al.t
(1972) that pasture yields are inversely proportional to tree density.
Dagg and Tapley (1967) and Tsakaris and Northwood (1967) indicated
that pasture and trees would compete for available moisture and
nutrients, thus making a combination of the two a doubtful proposition,
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with possible harmful effects on nut yields. The results from the
general study of the tree-pasture-soil relationship have shown this
not to be completely true, howeverD at least for Mtwapa conditions.
Admittedly, rainfall at Mtwapa is higher than in southern Tanzania
and no assessment of nut yield reduction has been attempted in this
work. Our study has not yet studied the cost to the cashew yield of
introducing animals to the plantation.

Research on soil moisture, soil temperature, soil nutrients, and cashew
leaf fall have, however, indicated that the cashew, to a certain
extent, provides a more acceptable microclimate to the beneath tree
herbage than does the open environment. Results have proved that the
top soil under the tree is better supplied with nutrients and moisture
for a longer period of the year than the soil in the open pasture.
This encourages the growth of perennial grass species, as opposed to
short-term annuals, and is the underlying cause of the superior herbage
beneath the trees at certain times of the year. The selection of
species that could make use of these conditions, and which are adapted
to shaded conditions, could possibly result in the yields of beneathtree pasture being equal to or better than those of open pastures.

The contribution of the cashew apple to the animal is considerable.
The great range of yields recorded from a limited tree population
indicates the immense scope there is for the improvement of apple
yields in a selection programme. Fortunately, the work to improve nut
yields will also benefit apple yields. In view of the great variation
in the physical and nutrient aspects of the apple, and the now apparent
usefulness of this fruit as livestock feed, it is suggested that future
tree selection and breeding work for nut yield should also consider
this additional aspect of the tree.

Development of management techniques to utilize the apple would appear
to offer considerable dividends. Based on a modest yield estimate of
0.5 tonnes/hectare of dry matter, the present 33,000 hectares of
cashew at the coast produce 16,500 tonnes of dry matter during the dry
sea8on;a yield which at the moment is allowed to rot on the ground.
The utilization of this dry matter would appear to offer greater
promise than the utilization of by-products from the processing
factory which, although of a high quality, are available in extremely
small quantities and contribute little to the complex on a unit area
basis.

The aforementioned studies and experiments were all designed to be
of a supplementary and supporting nature to indicate what effects and
contributions the cashew tree was likely to offer in the complex» and
to explain how and why these effects and contributions came about.
It has been established that the tree affects both animals and
pasture, as well as the soil in which the latter grows. Some of these
effects and contributions are beneficial to one or both and occasionally
to neither of the components. Although a considerable amount of
information had been collected on the effects of the cashew on the
single components of the complex, there was still a need to have a
single measure of the total accumulative effect on the complex as a
whole« As the grazing animal eats the pasture growing in the plantation, it is affected by the tree directly and indirectly through the
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pasture. It therefore followed that a measure of the animal's production
would giva a physical and economic assessment of the total tree effects
and contributions to the complex. This measurement was made in formal
statistical trials.

In the 1972 dry and wet season replicates of the trial, there was no
significant difference between the milk yields of animals under the
four treatments* which included the cashew-pasture complex. This in
itself was a useful result, as the primary commercial object of the
complex was to boost total agricultural production per unit area and
for milk production to supplement the main product - cashewnuts. The
trials indicated, however, that in the short term, all other conditions
being equal, the cashew pasture could equal the open pasture in milk
production.
In a modified design of the trial in the 1973 dry season, significantly
higher yields were achieved in the cashew pasture. It is thought that
these were brought about by the more comfortable grazing conditions
offered by the cashew pasture, compared with the open pastures. The
behaviour and physiological reaction data indicated this. There was
no indication from the assessment of the pastures that better herbage
in the shaded pasture helped to bring about this increased yield. In
fact, the cashew pastures at the time were inferior to the open
pasture treatments in quality and quantity. Consideration of the
behaviour and use of shade observations in these trials did indicate
that the main effect of the cashew trees was direct in the form of
providing shade per se and not indirect by producing superior pasture
herbage. However, the effect of the latter was not entirely
disregarded. It was considered that this could have some effect
especially in the transitional wet-dry season when, as previous work
had indicated, the beneath-tree pastures are more likely to show
significantly better quality and production.

The greatest criticism of these major trials is that the design and
management was such as not to allow pasture herbage availability to
become a limiting factor. The trials only objectively compared treatments on the basis of cow comfort, and the results conclusively prove
that the cashew pasture was far superior to open pasture in this
respect. Although the formal trials were of considerable length, the
treatment paddocks were so designed as to provide adequate pasture
forage for the total period of the trial, and there was no attempt to
reach the breakdown point of any treatment.

The animals did react in their behaviour and physiological state to the
varying degrees of comfort provided by the treatments. But Harris (1970)

The four treatments were:a) Open pasture - no trees or shade
b) Open pasture with artificial shade
c) The cashew-pasture complex but with pasture removed
from beneath the tree canopy
d) The cashew-pasture complex.
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has already proved that the Mtwapa herd does exhibit a considerable
degree of adaptation. It has been established by several workers that
the Jersey breed possesses qualities of heat tolerance superior to
most other exotic breeds. In addition, as the management imposed on
the animals was in no way limiting, they could adapt their behaviour
accordingly and graze for long periods, either at night or under shade
during the day, and collect their full dry matter requirements. The
long grazing times recorded in the behaviour trials indicates that
this was in fact done. Thus, climatic stress, although a problem, was
not a strict limiting factor to production. Pasture availability might
have been, but was not fully tested. If the animals had remained on the
same treatments, but in smaller paddocks for the period of a year, then
the production from the cashew pasture might have been significantly
lower.

For this reason the results of the commercial survey are important.
The survey covered a period of two years; adequate time in which the
cashew complex could have broken down. It is therefore interesting
to note that the stocking rates and total dairy production from the
four cashew pastures are only slightly lower over the two year period
than for the open pastures. The production difference is slightly
larger in the second year, but still small. Certainly by observation
there was no indication that the management and stocking rates imposed on
cashew pastures were having a permanent and irreversible effect on the
pasture herbage. The results of the formal trials are therefore
corroborated by the survey.

The results of the formal trials and the survey indicate a need for
reappraisal of the complex. At the onset, the cashew tree was regarded
as the senior component of the three, but the total effects and
contributions of the tree on the other two components and the complex
as a whole, are so beneficial to the animals that the latter now
contribute most to the total production and success of the system.
The economic data show that of the mean profit margin per hectare of
Shs.464.15 for the four cashew pastures, only 28.6 percent or Shs.133.05,
is contributed by the cashew component, the balance being the contribution of the animal. These calculations have been made with the costs
of pasture and tree management divided equally between trees and cattle.
On the basis of these figures the animal now becomes the senior partner
in the complex, and future management of the system should be evolved
with this fact in mind. When improved cashew planting material is
available and produces a nut crop close to the potential of 2000 kgs/
hectare, then a reappraisal of this statement may be required.

CONCLUSIONS
The cashew tree has beneficial effects both on animals and pasture in
the cashew-pasture complex. The main benefit to the animal is the
provision of shade and more comfortable conditions under which it can
spend a greater period of the day in grazing. The benefit to the
pasture is in the form of a complex of variables which include leaf
fall, better moisture status, reduced évapotranspiration and improved
soil properties. These give rise to better pasture production and
quality at certain times of the year. This beneficial effect, however,
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decreases with increasing age of the tree and by the heavier shade
effects of the canopy. However, it is suggested that a combination
of tree management and a pasture selection programme could result in
improved species for beneath tree areas providing a herbage production
equal to that of open pastures.
A major direct contribution of the tree to the animal is the production
of cashew apples during the dry season. Although these are of
variable nutritional value, their potential yield during a season of
poor pasture growth and quality makes it essential that management
techniques should be evolved to make full use of them.
It has been proved that milk production from cashew pastures can be equal
to that from open fields, and that the limitations in pasture production from the cashew complex will be offset by the considerable
relief from climatic stress offered to the animal by the trees. This
factor may be more important when breeds of lower heat tolerance,
than those used in this project, are kept at the Kenya coast.
The main effect of the cashew on the animal is the direct effect of
providing shade per set although the indirect effect through the
pasture may be apparent at certain times of the year. However, this
factor was not directly proved in this project.

It was concluded that the full effects and contributions of the
cashew tree on the complex as a whole are so beneficial to the animal
component in terms of production, that the animal must now be
considered, economically, as the major component of the complex and
all future management evolved with this point in mind.
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INTRODUCTION
The mangrove swamps are sometimes referred to as mangrove forests or
mangrove thickets. They are a common feature of tropical shores and
usually form around the mouths of rivers and creeks where there Is a
gradual slope of the land towards the sea. as voll as a large tidal
range resulting in a broad lntertidal zone consisting of a mixture
of sand and silt. These communities are generally confined to tidal
estuaries and lagoons along the coast and in this position they are
protected from the force of the open sea. The supporting soil is
primarily heavy and water-logged mud which is mostly saline, though
frequently there is a supply of fresh water from the ocean-feeding
rivers and streams. The plants fcrmlng mangrove SWJ ops are collectively
referred to as "the mangroves." Mangroves can grow entirely in sea
water, but their communities are usually most prolific in areas not
far from the mouths of coastal streams and they are usually confined
to tidal flats. Occasionally some stands are inundated by the sea
to a considerable depth.
ADAPTATION TO A UNIQUE ENVIRONMENT
Lagoons behind tropical shores and the mouths of rivers contain
brackish water, and for the most part their shores are muddy. Such
shores support a growth of mangroves which are adapted to this
habitat. In general these areas make plant and animal survival rather
difficult due to the following factors.
Fluctuating Salt Content. The mangrove swamp is essentially
tidal, receiving water of lower salinity from the river and of
higher salinity from the sea at different times each day. The
plants and animals in the mangrove will thus have to be
adapted to withstand such changes in salinity.
Aeration. The soil in the mangrove swamp is saturated and
hence almost completely lacks the oxygen required by the
plants.
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Mobility of the Soil. The soil level i s not stable. The rivers
often bring down alluvium to raise its level. This in turn
is disturbed by subsequent sea currents which wash away the
soil, so that it is difficult for seedlings to establish
thesselves.
To be able to withstand the fluctuations in salt content most plants
found in mangrove swamps are halophytes, e.g. plants with high osmotic
pressure in their cell-solutions. In order to obtain oxygen for
respiration some of them have pneumatophores (breathing roots or aerial
roots); and by means of stilt roots they are able to withstand the
mobility of the soil.

DISTRIBUTION
The mangrove swamps along the Kenyan coast cover approximately 14,000
hectares. The most outstanding stands can be found in the Lamu area
including the islands of Manda and Patte, and also a long Vanga-Funzi
system near the Kenya-Tanzania border. The former area receives its
low salinity water from the Doduri and Tana rivers, while the latter
has fresh water from the Ramisi, Mwena and Umbo rivers. Other areas
with less extensive stands along the Kenyan coast are Mtwapa, Kilifi,
and Mida creeks to the north of Mombasa; Mombasa-Port Reitz area;
Gazi to the south of Mombasa; and finally, Ngomeni-Fundi Isa area to
the north of Malindi (see Figure 1.).

The border between the mangroves and the non-halophytic vegatation is
found to be well defined everywhere along the coast except where freshwater from the rivers comes into the ocean. Where natural vegetation is:
undisturbed, an impenetrable evergreen, usually thorny, bush dominated
by the Baobab Adaneonia digitata,
is found. However, since most land
adjacent to the mangroves is usually cultivated, the common plantations
are those of coconut.

ECONOMIC IMPORTANCE
Small trees and shrubs are the most important plants of the mangrove
swamps. There are five important genera of widely distributed woody
plants in the mangrove vegetation of the Kenyan coast area, each genus

containing one species: Bruguiera gymnorrhiza, Ceriops tagal and
Rhizophora muoronata are members of Rhizophoraceae, Sonneratia
alba
(Sonneratiaceae), and Avicermia marina (Verbenaceae). They are all
viviparous except Sonneratia,
and often have stilt-roots and
pneumatophores ("breathing roots"). During their establishment,
Aviaennia
and Sonneratia
are the first colonisers of the swamps. Once
established, mud usually accumulates amongst their breathing roots,
producing conditions favourable for Ceriope and Rhizophora.
Rhizophora
is the commonest and most important constituent of the mangrove swamps.
It usually occupies the most favourable sites between Sonneratia
and
Avicermia
on the creek edge and Ceriope on the landword side.
Bruguiera
is normally found scattered in Rhizophora
stand.
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For a long time the coastal Kenyans have exploited the rich natural
products of the mangroves to supplement marginal production from their
agricultural lands. Mangrove plants are widely used for a range of
purposes.

Poles
The most important product of the mangroves is poles for export and
for local house building. An annual rate of half a million poles were
exported from the country during the 1930s. About 300,000 headloads
of "withies" (slendar, benable sticks) were obtained from mangrove
forest annually during the same period. The majority of poles and
"withies" are from Rhizophora
muoronata.
Vegetable tannins
Vegetable tannins are generally considered as minor products
in Kenya. However, during the mid 1950's, the mangroves were yielding
a tan bark exported at the rate of 3,500 tons per annum. In many ways
the mangrove bark is a unique tanning material whose supply is
virtually inexhausible. Not only is there no need for planting or
weeding the plants, but they have another advantage in that they grow
in conditions of salinity which exclude development of other trees.
The common tannin yielding genera of the mangroves are
Aviaennia,

Bmjguievat

Ceviope^ Revit-ieraa

Rhizophora,

Sormenxtïa

and

Xylocarpus.

Of these, Rhizophova muaremata is the easiest to strip and prepare for
both local use and for export, and its tannin content (12-50 percent)
is among the highest.
There are several reasons why tannin from mangroves nas not come to the
forefront in Kenya as a tannin material. First, the mangrove forests
in Kenya are not very extensive as compared, say,to those In Tanzania.
The second reason is the difficulty in collecting the bark from the
swamps. Finally, there is the non-uniformity of the tannin between
genera, which precludes Indiscriminate felling of trees if a product of consistent quality is to be obtained. Probably the major
disadvantage is the unwillingness of leather-buyers to use dark coloured
sole leather, tengrove tannin is dark-red. Research aimed at removing
or bleaching the coloured components of the mangrove tannins will
definitely increase their use and consequently the commercial value
of the mangroves in the country.
Source of fuel
Coastal Kenyans use different mangrove species as sources of fuel in
various ways. In Kenya the kind of raw material used in traditional
fuel depends primarily on the accessibility rather than the quality
of the plants being used.
Those who live close to the mangrove forests have the tendency to use
the wood frequently as firewood and occasionally for charcoal
production. Charcoal produced along the coast is generally exported
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to the Middle East and was an extremely lucrative trade until sometime
in the le.te 1970s when the Kenya Government had to Intervene to protect
the endless destruction of forests, including the mangroves. It was
estimated and reported, for example, in the East African Standard
newspaper of 8th March, 1971, that charcoal exportation from Kenya to
Kuwait alone was at the rate of 35,000 tons per year. The bulk of
charcoal for export is produced from the coastal forests. Apart from
Bruguiera gymnorhiza and Khizophora mucronata whose poles (boriti) and
the bark for tannin are of high value commercially, the rest of the
genera are utilized in one way or another as a source of fuel. Both
firewood and charcoal are, therefore, obtained from Avicennias
Cexn-ops,
Heritieras
Lumnitzeras
Sonneratia
and Xyloaarpus species, and most of
them have high quality fuel since they have hard compact wood.

For the coastal people charcoal is a major source of income whenever
they can produce and export it. The demand for Kenyan charcoal in the
Middle East is always there. One may wonder why the Arabs, with plenty
of oil, would still need charcoal as a source of energy? This question
has two main answers. First, charcoal prices in those countries, once
imported from a country like Kenya, are lower than oil prices.
Secondly, certain industrial work is better done by charcoal as a
source of fuel than by electric or oil energy.

Fortunately, the rate of regeneration of the mangroves , once harvested,
is very fast since most of them produce fruits and seeds which easily
propagate themselves. In countries like Malaya, mangrove seedlings
are collected as they drop on the swamps, and planted in rows after
the trees have been harvested and the swamps cleared. The most
important Kenyan mangroves do not coppice when felled and Rhizophora
mucronata has straight poles when grown in close stands. Proper planting
has the following advantages:
1).

it ensures that newly planted mangroves are not washed
away by the current;

2).

it makes harvesting easy since the trees grow in lines ; and

3).

production can be increased as required.

The demand for charcoal as a source of energy will continue to rise in
this country. The Forestry Department, therefore, should encourage
plantation of mangroves not only for the production of tannin and
building poles, but also for charcoal and firewood for both local
utilization and export. This situation will create some employment.
By providing some small industries along the coast in areas like
tanning, charcoal production, and timber primarily for export,
employment opportunities will be further enhanced. The production of
charcoal can be done by using modern and more economical methods.

The CUSAB Charcoal Kiln
The CUSAB kiln (CUSAB is an acronym meaning "charcoal from useless
scrub and bush") is capable of carbonizing small shrubs, bushes or
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twigs. It was designed In 1971 by E.C.S. Little, an FÂO expert working
In Nairobi. It Is capable of making charcoal from the abundant shrubs
and bushes, or any woody material cleared from farmj or rangeland. It
Is constructed from sheet-metal which is welded into a portable unit
weighing about 1.5 tons. This kiln is handy because it can be
transported from place to place, depending on the area where bush is
being cleared or the availability of the raw material. Some of them
are made such that they can be towed, or they can be carriea on trucks.
It operates on a 24 hour cycle, and has a daily output of 20 - 30 bags
(c. 700 - 1000 kg) of «.both charcoal lumps and charcoal fines. It has
a total volume of 8 m .

With a few modifications and improvements on the CUSAB kiln type, a
new kiln has now been designed by a company in Nairobi known as
Burns & Blane (Kenya) Ltd.
This new type of kiln is reported to
produce up to 300 kg. of both charcoal and charcoal fines from an
input of about 2.5 tons of woody material daily. Working on a 24 hour
cycle, it is estimated to operate between 200 and 250 days per year.

Apart from firewood, charcoal is the cheapest source of fuel in the
country. Charcoal is the main fuel used in Kenya by low and medium
income groups in urban areas. With the use of this modern kiln,
enough charcoal could be produced for both domestic consumption and
export without creating precarious conditions for the vegetation and
soil. There is, however, one major problem in trying to use small
woody material. That is that abundant charcoal particles and dust
are produced instead of reasonable size charcoal. A briquetting
machine is required to convert the dust into charcoal. Such a
machine would be suitable for use where there is large accumulation
of wood by-products.

INDIVIDUAL PLANT USE
Following is a list of important plants found in Kenya mangrove swamps
and a description of their principle uses:
Avioennia marina (Forsk.) Vierh (Verbenaceae)
Mchu (Standard name); Mchu (Swahili); Mtu (Vanga-swahlli); Mutu
(Bajun);Mtswi (Giriama).
A spreading willow-like tree with a wide spreading root system
which sends up numerous asparagus-shaped pneumatophores about
36 cm. long.
A brown dye is obtainable from the bark. The bark is
usually pounded and mashed in cold water to give the dye.
Both the bark and leaves contain up to 6 percent tannin,
which indicates that the tree is a poor producer of tannin.
The timber is used for making ribs of dhows, chairs, drums,
carts and bedsteads. A bitter and somewhat aromatic resin
which oozes from the bark is claimed as both an aphrodisiac
and a contraceptive. The roots also contain some aphrodisiac
properties.

Brugiciera gymnorhiza
(L.) Lam. (Shlzophoraceae)
Muia (Standard name); Msindis Muia or Mklfu (Swahili) 5
Mchofi (Digo and Gazi-Swahili)„
Â slender glabrous tree up to 25 m high; with buttresses
and knee-like roots, acting as pneumatophores» arising
from near the trunk base.
The bark contains up to 53 percent tannin and also yields
a black dye which with treatment turns orange-red, brown
or violet. Preparation is done by pounding the bark in a
mortar until soft, mixed with cold water. The fabric or
leather is then soaked in the liquid for 3 days and hung
up in shade to dry. This finally gives a reddish brown dye.
Poles are used locally as boriti and nguzo for building and
construction, telephone poles or firewood. The wood is
seasoned by leaving the poles in sea water for a few weeks
and, therefore, it becomes very hard and durable.
Cericrps togdl (Perr.) C.B. Robinson (Rhizophoraceae)
Mkandaa (Standard name, Swahili)
A shrub or medium tree, with buttresses and knee-like roots
acting as pneumatophores. This is the real Mkandaa although
the name is sometimes loosely applied to mangroves in general.
The bark contains 24-42 percent tannin. The poles are used
for building local houses under such names as fitos, mapau
or nguzo. The wood is widely used as firewood and charcoal
providing quality fuel.
Heritiera
Httoralie
Dryand. in Ait (Sterculiaceae)
Msikundazi (Swahili); Mkokoshi or Mkukushu (Vanga-Swahili)
An evergreen tree up to 25 m high, boles often with plank
buttresses. Normally grows at the top end of mangrove swamps
where river water intermingles with see water. The best stands
occur on the Ramisi River. It also used to be common on
Tana below Kau where the river enters the ocean, but the
amount is dwindling due to heavy utilization and other
factors.
The bark yields 14 - 15 percent tannin. The wood is used
for dhow masts, and is reputed as good firewood and for
charcoal production.

Lwmitzera

raaemosa Willd. (Combretaceae)

Kikandaa (Standard name, Swahili); Mkandaa-Mwitu, Mtuitui,
(Swahili); Mnyanywa (Vanga-Swahili).
Shrub or medium tree up to 9 m high, with dark rough bark
which is red and smooth when young. The roots may bend
closely to form "knees".
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Poles are used In bullding» or as firewood which is known to be
a good fuel.

Khizophora muoronata Lam. (Rhizophoraceae)
Mkoko (Standard name, Swahili, Duruma)
The commonest and most important mangrove, growing up to 25 m
high, and developing stilt roots adventitiously from the
upper stem nodes to a height of 2 m.from the mud.
The bark contains 12-50 percent tannin and has commonly been
used for this purpose. The bark is pounded in a mortar
until soft, mixed with cold water. The fabric or leather
to be treated is soaked in the infusion for 3 days, removed
thereafter and hung up in shade to dry, and this finally
gives a reddish brown dye. Mkoko provides a majority of
the building poles for export and for local use.
Sormeratia alba Sm. (Sonneratiaceace)
Ml liana, Mkoko-mpia or Mpia (Swahili)
Evergreen shrub or tree 3-15 m high, but sometimes growing
straight up to 20 m high. It has a widely-spreading root
system and sends up many finger-like pneumatophores to 75
cm high.
The light wood is used in carpentry work, for building
native huts, to support fishing nets, and to make boat
ribs. The bark contains up to 15 percent tannin, which
is a low amount economically. Leaves are used mainly by
the Bajun and Boni as camel fodder. Fruits are edible
and yield both condiments and medicaments. "Mpia" is
from the word "pia" which means a top, and the fruit
somewhat resembles one.

Xylocarpua granatum Koen. (Meliaceae)
Mkomafi (Swahili); Mtonga (Vanga-Swahili)
A medium tree up to 6 m high, with green and brown flaking
or smooth bark. Does not possess "breathing" roots. Common
on creek banks and pure salt water creeks.
The bark is recorded to contain up to 33 percent tannin.
Timber is reported to make good masts for dhows, although
stems are seldom well-shaped. It is also used for making
hand carts, for building construction and as firewood.
The grapefruit-size fruits are normally crushed in water
and the infusion drunk as an aphrodisiac.
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Xyloaarpn8

motuacenei8

(Lam.) M.J. Roem. (Meliaceae)

Mkomafl or Msikundazi (Swahili)
A spreading tree up to 12 m high* which does not possess
"breathing" roots. Common in sites only wetted by sea
water occasionally such as once a month or so.
Timber is used for joinery and dhow masts, for making
sandals and for fuel.

FIGURE 1:
Distribution of Mangrove forests along the Kenya Coastline
(Shown in double hatched lines).
Those areas between the hatched double lines and the shores together
with the adjacent islands have the most extensive mangrove forests
discussed in this paper.
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AGROFORESTRY ON THE RAW MATERIAL RESERVE
OF A CEMENT FACTORY AT THE KENYA COAST

BY

R.D. HAULER,
P.O. BOX 90202,
MOMBASA

INTRODUCTION
Over the last 20 years the Bamburl Cement Company has been making
multiple agro-silvlcultural and pastoral use of their approximately
600 ha coastal coral bush. This area constitutes their raw material
reserve for cement making and their exploited quarry areas.

UTILIZATION OF CORAL BUSH LAND
The coastal area has a very unpredictable rainfall pattern ranging
from 750 mm to 2000 mm per annum. Very dense secondary bush vegetation
Is growing in soil pockets between Pleistocene coral limestone outcrops.
The original forest growing in the area has been cue a long time ago.

The bushes in the area are Markhamia, Carpodipterat

Lantana and many

others.
In the early 1960s total bush clearing and burning was carried out in
some areas to encourage grass and herbs to grow for sheep and goat
grazing. It was soon discovered that the pure grazing areas were
impossible to nourish the livestock during the dry season. A new bush
management programme was adopted; strip clearing and selective bush
cutting was Introduced. The method yielded a greater bulk of fodder
for the animals, especially in the very dry years. Strips of 10 metres
wide were cut every 200 to 300 metres, to enable the animals to penetrate the dense bush. Grass and legumes were encouraged to grow in
these areas. By this method sheep and goats were able to feed on dry
fallen leaves during droughts and goats were able to dig for roots and
tubers.
Useful indigenous fodder and shade trees were protected from goat
browse and shaped into trees. Foreign fodder trees such as Pro8opi8

juliflora,

P. palidat

Terminalia catapa and Leuoaena leitcoaephala were

planted in suitable areas. At present, an area of under 100 ha is able
to support 500 sheep, 160 goats, 20 Elands and 17 Oryx the whole year
round.
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A 160 ha Jurassic shale reserve (another raw material used in the
cement manufacture) is used for sheep and cattle grazing. When it
was taken over by Baobab Farm a few years ago, it Weis badly over-grazed
and eroded. Hardly any bushes or trees beside doum palms were growing
in the heavy clay. Naturally recovering Acacia nilotica
and
A, zanzibarica
were protected and pruned to grow into trees for shade
and fodder. The pods are readily eaten by sheep and goats. The
distance between the trees is 20 to 50 metres. All young trees and
bushes growing in between are cut. Recently a few goats have been
introduced to keep the unwanted bush under control.
RECLAIMING THE STRIP-MINED QUARRY FLOOR WITH MULTI-PURPOSE TREES
The Cement Company is mining the coral limestone to just above the
ground-water table. It was the intention of the Cement Company to
reclaim the quarry with timber, fodder and fruit-trees, and aquaculture. The groundwater contains up to 4000 ppm of salts in the dry
season; only a few plants and trees tolerate such high salinity.

There was not enough soil available to cover the quarry floor for tree
planting. Initially, 30 x 45 cm holes were broken into the rock with
crowbars and filled with humus. Later the rock was ripped with
Caterpillars before planting. Over 20 different species of trees
collected in the Coastal area were planted as an experiment. After
only six months in the ground, two of the tree species, Caauaœvna
equisetifolia
and Conocarpu.8 lancifoliue
showed exceptional growth
rates and were planted on a large scale. Later Prosopis
pallida
and
P. juliflora
were found to grow well, especially on the very dry slopes
along the main road. Various planting methods, tree distances and
combinations were tried out.

The planting was interceeded with various grasses and legumes in an
attempt to create a more balanced ecosystem, and to be able to
introduce animals to graze under the trees at a later stage.

After monitoring the salinity and ground-water table movement for
several years, it was discovered that a small top film of the groundwater stayed fresh. As it was impossible to skim a few millimetres off
the water, it was decided to try and make use of the natural capillary
action of humus-rich soils to lift the necesary moisture, to grow
bananas and other fruit-trees. Holes of 1 metre diameter were broken
into the rock. The depth of the holes corresponded with the height of
the ground-water table, in fact just reaching the permanent moisture
level in the rock. The planting holes were filled with good soils,
rich in humus, and mixed with farm manure. The firmly pressed soil
enables the moisture to rise.

The banana plot was surrounded by Casuarina trees, planted to protect
the banana leaves from wind damages. Farmyard manure covered with
vegetable mulch is placed around the banana plants. After only two
years the bananas were bearing fruits the whole year round; no irrigation whatsoever is needed in the dry season. Mango and guava trees

are planted successfully in a similar way.
The prosopis trees are yielding massess of fruits in the dry season,
used as animal food. Several beehives are placed in the plantation
to make use of the flowers, rich in honey. The prosopis are also
useful for inter-planting with Conocarpus trees as the latter can
benefit from the excess nitrogen produced in the root nodules.
Excellent charcoal is produced from the tree.

Casuarina has proved to be the best growing tree in the quarry.
The estimated yield per hectare is 120 tons and more in five years.
Their ability to fix atmospheric nitrogen makes them a useful tree for
inter-planting with Conocarpus trees and others which do not do well
in monoculture. The charcoal and firewood produced from the tree is
of superior quality. The. leaves are eaten by Elands and goats. The
humus under the Casuarina trees is rapidly increasing due to a constant
leaf fall. The leaves are eaten by the red-legged millipedes,
accelerating the process of humus production. The Casuarina trees are
colonizing rapidly other barren parts of the quarry and, in suitable
areas, are growing in very dense stands.

EXPERIMENTAL TREE PLANTING ON A PARTLY EXCAVATED QUARRY SITE
Only about five of the 15m deep reserve of coral limestone have been
removed in the area due to limestone quality problems. A number of
tree species were planted as a trial in the very porous coral rock with
none or very little soil. The trees doing best are:
Caeuarina equiaetifolia,
having a good growth rate, similar
to that growing near the groundwater table.
Proeopia juliflora,
growing well and flowering and fruiting
only two years after planting. Selection work is carried
out for high yielding trees without thorns.
Acacia albida,
Their growth rate being up
two years. This is a very promising tree
as it is supporting a good undergrowth in
when the tree has no leaves. It provides
season. The fruits are believed to be an
for livestock.

to four metres in
for agro-forestry
the rainy season
shade in the hot
excellent food

Leucaena leuaocephala
K8 is growing much slower than it does
in the coral bush. It is producing masses of seeds which
are germinating freely under the trees. This could create
a weed problem later on if not controlled. The leaves are
used as fodder for all ruminants and trials are carried out
to use them as part of a Tilapla diet.

r
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Drylands

Surmary
The role livestock plays in food production is of significant
importance in arid and semi-arid areas. Thus, development research
objectives aimed at improving farming systems, and the quality of life
in general in these areas, must accord a proportionate degree of attention
to increasing the quality and efficiency of animal production.
Mr. Chabeda of the National Dryland Farming Research Station at Ratumanl,
Machalcos, writes on this topic (page 397), emphasizing the urgent need
for more productive and persistent high quality fodder trees and shrubs
for such benefit as vitamin and protein supplements, resource upgrading
and land rehabilitation. He briefly describes some of the research
that has taken place at Katumani on a variety of fodder trees, which was
designed to examine the effect of three classes of livestock on the
specified plants. Further studies are in progress, the paper Indicates,
to assess preferences observed in sheep and cattle grazing the
respective shrubs over several seasons. Some preliminary findings are
reported. Chabeda calls for additional research on the identification
of fodder trees and shrubs compatible with different agro-pastoral
combinations in Kenya's seven ecological zones. There is also need to
assess spatial arrangements of various species combinations, and
establishment methods must be sufficiently developed.

The subject of Dr. Poulsen*8 paper (page 411) concerns the ecology of
Kitui District, a semi-arid region of Kenya's Eastern Province. Poulsen
is concerned with the alarming deterioration of the District's
productive land base, which he associates with the progressive disappearance of the natural tree vegetation. He describes some of the forces
at work which link tree cover with ecological stablility and then
develops an argument for why tree-plant ing per se cannot be viewed as
a remedial measure for environmental degradation, even assuming that
farmers take the best possible care of their trees. The major issues
advanced in his argument include the fact that most trees planted by
farmers are not selected for their nutrient-cycling characteristics,
farmers do not space trees evenly across their land and they do not
ensure that soil surface between trees is covered with herbs.
Poulsen stresses that systems must be developed within which trees are
properly employed to fulfill these ecological functions while causing
minimum constraint to crop cultivation and animal husbandry requirements of the farmers. He then puts forth criteria by which to assess
the suitability of tree species for such purposes, as well as principles
to consider in selecting for combinations of species. Finally, he
provides a list of trees to suggest a focus for species selection, but
stresses that much experimentation remains to be done before appropriate
and systematic species selection can be accomplished for a particular
land use system within a given ecological region.

Dr. Self El Din, Forestry Advisor to the International Development
Research Centre (IDRC) presents in his paper (page 419) specific
examples of agroforestry land use practices in dry regions of Africa.
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He begins by enumerating characteristics of dry areas, the dominant
of which is the occurrence of a long dry season and a short rainy one.
The main land use practices are farming and livestock husbandry with
crops produced in one form or another of land rotation or shifting
cultivation.
The three examples of agroforestry which the author describes are

Gum Gardens in the Sudan, the Bougagé land rotation system in Niger
and the use of multipurpose farm trees in the Sahelean Zone. Each of
these practices has been developed over a long history of traditional
farming, but are now being replaced by what the author considers to
be less rational practices Imposed by great increases of human and
animal populations. Degraded ecosystems are becoming a predominant
feature over most of Africa's dry regions. In order to improve the
situation, the author warns, the tree component of farming systems is
essential.

The following paper, by Mr. Maghembe of the University of Dar es Salaam's
Division of Forestry (page. 439), reports on experimental trials
undertaken at Morogoro to feest the multipurpose production of fuel,
fodder and poles from three tree species, Eucalyptus
ecmaldulensis,
Leuaaena leucocephala,
and Acacia albida,
intercropped with maize and
beans. The experiments have been developed in response to the need for
obtaining suitable tree-crop mixes and espacements for villagers to
employ in Tanzania's semi-arid areas. Maghembe reviews the findings
from initial trials and then discloses preliminary results from follow-up
trials. The most indicative finding to date seemed to be that maize
caused significant height growth Increases in all three tree species
and in all experiments.

The subject of the paper by Dr. Torres of ICRAF is the role of livestock
in small agroforestry systems, and also the role of woody components in
the plant animal relationships within those systems. He focuses (page 443)
discussion on small farms (undefined) operating in a semi-arid and subhumid zone on a settled basis. Torres first sets forth assumptions
about prescriptions for improving such farming systems. He indicated
in his presentation to the Seminar that.the main purpose of his paper,
which consists essentially of a series of tables, is to substantiate
two hypotheses pertinent to his assumptions about system improvement:
that the animal is best suited to.play the role of scavenger; and that
the woody component is most useful as a protein - rich source of
fodder-and a synergetic component of the system. The data, Torres claims,
Indeed verify these hypotheses.

Natural products chemistry is an area of growing interest in a world of
renewable resource consciousness. A number of different processes can
be employed to extract energy value from plants, although to date
only a few .of these, are in common use. Dr. Munavu of the University of
Nairobi's Chemistry Department provides in the introduction of his. .
paper (page 473), some background information on the development of this
field. The key message is that there remains vast unexploited potential
for deriving energy and material products in various forms from plants.
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Munavu then describes several chemical processes that can be employed
to accomplish this as well as the nature of some of the most
economically promising products. This is followed by an account of
on-going testing at the University of seeds from plants which grow
wild in arid and semi-arid areas of Kenya, as sources of oil and feed.
Tables are presented to indicate the oil content of approximately 30
seed species which have so far been examined, as well as their physical
and chemical characteristics. Food values of seed meals are also
indicated. Munavu expresses the hope that the screening program for
identification of local plants which may be of economic importance as
sources of oils, dyes, fuels, medicinale and other products will be
of interest to forest and agricultural officers in deciding which
species of trees and shrubs to be used in reafforestation.

The National Christian Council of Kenya (NCCK) has been active since
1977 in the promotion of agroforestry in Kenya's drier areas. The
nature of its program to date is described in a brief report presented
to the Seminar by Mr. Kabuthia of NCCK (page 497). The program up to
now has had several components, the first of which was to assemble all
available material and relevant information on trees and shrubs suited
to propagation in dry areas. Through this process 20 species were
identified as useful and worth testing. (See page 603 for a
description of NCCK's Tree Seed Distribution Programme.) The
programme's second component involved conducting seminars to bring
together representatives of voluntary agencies to focus on immediate
needs of existing related programmes, the first of which resulted in the
development of a mini - seedbank.
Indigenous fruit tree promotion
in Kitui and Machakos District as well as practical projects in other
areas constitute additional programme components. NCCK's report reveals
that the continuing challenge is to offer genuinely practical assistance
to rural people who have the desire, but require now the means and knowhow to raise appropriate trees.

Mr. Barrow's paper (page 499) outlines the East Pokot Agricultural
Project's experience with multipurpose trees. (See also page 511 and page
599) . The author begins by describing climatic and soil characteristics
of the project area, located in Nginyang Division of Baringo Dsitrict.
He then sets forth the planting methods used which are designed to
overcome the need for any irrigation throughout the year. This is
followed by a review of the planting trials on approximately 30 tree and
shrub species, wherein the most promising, in terms of survival and growth
rate8 as well as use characteristics, are highlighted.

A look at the genus, Prosopie*
is offered by Dr. Chandler, a former
ICRAF staff member. Although his paper (page 507) was not presented
at the Seminar, it has been included in the Proceedings to reflect
the nature of debate which surfaced concerning the potentially dubious
nature of certain "wonder" trees currently in vogue among tropical
afforestation enthusiasts. Chandler indicates that there are
approximately 42 species of Proeopis,
most of which are concentrated
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in South America. Of theses he examines four which are presently
deemed to be among the most important economically:
Prosopia

glaridulosa,

Prosopis

tamarugos Proeopie juliflcra

and Prosopie

cineraria.
P. cineraria^
although a relatively slow grower« appears
to be the most ideal for agroforestry systems in semi-arid regions
for a number of reasons specified by Chandler.

The last paper in this section is a long one by Dr. Herlocker of
UNESCO's Integrated Project on Arid Lands (IPAL), Mr. Barrow of East
Pokot Agricultural Project, and Mr. Peatkau, formerly of National
Christian Council of Kenya. Only an early draft of this paper was
circulated at the Seminar. Further information has since been
included in this final version.
Its contribution to the development
of agroforestry in Kenya is judged by the editors to be noteworthy
and the paper of substantial Interest to readers of these Proceedings.
The paper constitutes a detailed first progress report on results of
trial planting of tree and shrub species potentially valuable within
arid and semi-arid northern Kenya.

Two separate projects are responsible for the trials reported; the
East Pokot Agricultural Project sponsored by the Catholic Diocese of
Nakuru, and UNESCO's IPAL (see following paragraph). The paper describes
the study areas with respect to climate, soils, vegetation, and land
use. It then presents the methods used in the respective trials
including seed sources, nursery practices, germination trials, planting
sites, planting methods, maintenance, watering and data collection. And
it reports on results in terms of germination, early seedling growth
and survival rates for all species tried.

One further paper pertinent to agroforestry in dry areas, a general
report on the Integrated Project on Arid Lands (IPAL), was circulated
at the Seminar. The paper by Dr. Lamprey, Scientific Co-ordinator of
the Project, is published in Nature and Resources*,
and can be obtained
from the UNESCO Regional Office in Nairobi. Dr. Lamprey informed the
Seminar in his presentation that the objective of woodland studies being
undertaken by the Project is to develop management strategies for
sustained yield production of vegetative cover. And so the first step
has been to monitor very carefully over time the productive capacity of
what is already there as well as demand on the resource. In this
context the potential for introduction of appropriate new trees, shrubs
and herbs into the region is being studied.

*
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THE ROLE OF LEGUMINOUS AND NON-LEGUMINOUS FODDER TREES
AND SHRUBS IN ARID AND SEMI-ARID ENVIRONMENTS IN KENYA

BY

A.E.O. CHABEDA
NATIONAL DRYLAND FARMING RESEARCH STATION, KATUMANI
P.O. BOX 40
MACHAKOS
INTRODUCTION
Kenya is characterized by extreme climatic and ecological variation.
It possesses an agricultural land mass spanning from sea level to
3000m in altitude. This diversity of climate demands an ecological
approach in tackling the pastoral problems inherent in these zones
(Edwards, 1940).

The Dryland Farming Research Station, Katumani, situated in Machakos,
was established specifically to cater for the semi-arid areas of eastern
Kenya. These areas are characterized by two rainfall seasons, a short
and a long, separated by two dry seasons in a year and having a mean
rainfall ranging between 500 and 800mm. Seasonal distribution is hence
about 250 to 400mm, of which 60 percent is precipitated within the
first four weeks of the onset of rains.

Kenya's most deprived populations live in these semi-arid lands,
which comprise 80 percent of the total land area. The peoples' main
occupation is either pastoralism or subsistence farming. Due to lack
of opportunity or incentive for social and technical advancement they
are subjected to a life-style that limits both their own development
and that of the national economy. Scanty and erratic rainfall together
with resource degradation have led to declining productivity coupled
with crop failures which have only been alleviated by costly famine
relief operations. The current development plan theme "Alleviation of
Proverty" underscores the importance being attached to these areas
(see also FAO, 1974). The prime development research objectives can
be summerised briefly as follows:
1.

The development of integrated high-output farming
systems for small holder farms which maximize the
efficient use of soil, water and human resources.

2.

The evolution of well developed and less risky farming
systems that would make semi-arid areas self reliant
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In food and other requirements while attaining higher
atd sustained total agricultural productivity as well
as conserving and upgrading the status of the natural
resources.
3.

Integration with the higher potential areas, especially
for breeding and fattening of livestock in high potential
zones.

ROLE OF FODDER TREES AND SHRUBS
Livestock production assumes greater importance in the semi-arid
and arid areas not only as a protein source and an income stabilizer,
but also as a means of farm power and transportation for the farmer.
This is illustrated in the pre-investment survey for the semi-arid
lands (Kenya Government, 1978) for Machakos and Kitui districts
(.see Table 1). This area includes 1.8m. ha and a population of
1.6 million. Only about 11.5 percent of the land is under arable
farming. This leaves the bulk of the land, therefore, for pastoral
activities or forest.

It is estimated that over 60 percent of the total sheep and goat
population in Kenya is located in the arid and semi-arid areas.
However, the quality and efficiency of animal production in these
areas is highly constrained by the land tenure systems, poor management,
diseases, and inadequate feed in the dry season.
Under tropical and sub-tropical conditions, benefits accrued by the
inclusion of legumes in pasture mixtures are well recognized (Hutton,
1968, 1974; Keya, 1971, 1973; Jones et al., 1967). They are successfully
incorporated into the native grasslands and/or mixed sown pastures as
they establish and nodulate readily, respond to phosphate, add significant quantities of nitrogen to the pasture system, maintain an
acceptable balance with grass, and persist even if mismanaged (Hutton,
1977). The significance of legumes stems from an effective symbiotic
association in their nodules with appropriate Khizóbium species, and
the resultant atmosphere dinitrogen fixation which is immediately
available to the host (Date, 1970) .

Although a number of tropical and sub-tropical legumes are available
which meet the above requirements to varying degrees, there have been
obvious gaps where the present array of legume species available has
not been sufficient in terms of adaptation to persist through the
severe drought years. Table 2 shows the pasture ecological zones. The
asteriks in the last column indicate zones where gaps in the legume
species suitable for these zones.have been identified. The need for
more productive and persistent high quality fcoder trees and shrubs is
imperative.

Leguminous and non-leguminous fodder trees and shrubs have drawn
increasing attention for the semi-arid zones not only as a major source
of feed and resource upgrading (Mckell et al.t
1972; Mckell, 1975, 1976;
Gray, 1970; Daccarett and Blydenstein, 1968; Oakes and Skor, 1962), but
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also as a protein and vitamin supplement. Fodder trees and shrubs
provide excellent succulent forage in the dry season having high
crude protein and mineral content including phosphoxus in their pods
and leaves. They maintain stable forage production while retaining
higher nutritive value than perennial grasses during the most
critical period of the year. They offer low. palatability leading
to deferred grazing during the wet season, and are widely used in land
rehabilitation (Mckell, 1979). Fertility Increases around the base
of such trees/shrubs. The critical nutritional role played by these
plants has certainly been underestimated, as shown in Table 3.

EVALUATION
Eighteen entries of fodder trees were selected from a range of 50
ecotypes growing in several nurseries in different ecological zones
and these have grown at Ratumanl. Selection procedures used were
based on growth habit, regrowth vigour after dry season, drought
resistance, foliage density, dry matter production and disease
resistance (Ibrahim and Chabeda, 1978; Mckell, 1979) the promising
lines under test include Atriplex
nummulavia (4 ecotypes),
Atriplex

halimus (2), Atviplex leuaoclada (1), Atviplex lentiflovum^
Atriplex
canescens. Acacia cyanophyllat Acacia ealigna, Acacia melanoxylon
Anthephora pubescens (1), Cassia sturtii,
Kochia brevifolia* and
Prosopis juliflora.
One local entry died.
The experiment was primarily designed to examine the effects of three
classes of livestock on the plant. The need for animal replication
was therefore reduced and paddock sizes were kept small allowing for
more introductions to be assessed. Each class of livestock was
randomly assigned one block measuring 40 x 18m2. Five goats/five
sheep were equivalent to one steer and were used for the preference
tests.

Preliminary results using goats over a six week period in the dry
season are presented in Table 4. Further studies are in progress to
assess the preference observed on sheep and cattle grazing these
shrubs over several seasons.

FUTURE RESEARCH NEEDS
The need to Identify appropriate well-adapted and palatable browse
species, both local and exotic and using the existing livestock
classes, is vital if the current and future potential of sylvo-pastoral
species are to be realized. The preliminary trend emerging should
stimulate research to Identify fodder trees/shrubs that would be
compatible with different agro-pastoral combinations in the seven
ecological zones. Further research is needed to review the spatial
arrangement of either single or multipurpose trees or a combination
of tree species to respond to the needs of the smallholder farmer for
fuel, feed resources, and soil conservation. Comprehensive testing
procedures, multiplication of seeds and efficient establishment
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methods need to be developed sufficiently. Innovations to improve
the current silvo-pastoral system of the cashew/mango animal complex
In the coastal area (GoIdson, 1973) should be encouraged and refined
in order to maximize production and simultaneously to stabilize income
to the farmer.

A01

TABLE

1:

Importance of Livestock in Machakos and Kltul
Districts 1977

MACHAKOS

KITUI

TOTAL

CATTLE

278,163

269,369

580,000

SHEEP

214,056

77,706

300,000

GOATS

366,823

305,074

670,000

TOTAL

859,042

652,149

1,550,000

TABLE 2:

ZONE
1. HOT AND WET
COASTAL
STRIP
e.g. Kwale

Pasture Species Adapted for Various Ecological Zones of Kenya
(asterist in the right hand column indicate zones where other
legume species are required).
ALTITUDE

ANNUAL
RAINFALL

PASTURE SPECIES RECOMMENDED
GRASSES (common names) LEGUMES/FODDER TREES

0.150m
(0.500 ft.)

1000-1270mm.
(40-50 in.)

1. Likoni Guinea Grass

2. DRY COASTAL
HINDERLAND
e.g. Taveta

150-900m
(500-3000ft)

635-lOOOmm
(25-40in)

1. Makueni Guinea Grass

3* DRY MEDIUM
ALTITUDE
e.g. Katumani

900-1980m
(3000-6500ft)

635-lOOOmm
(25- 40in)

4. WET MEDIUM
ALTITUDE
e.g. Embu

900-1980m
(3000-6500ft)

1. Makueni Guinea Grass
2. Rhodes grass
3. Coloured Guinea

1. Siratro (P. atropitrpureum)
2. Glycine vightii
3. Leucaena leucooephala
4. Atriplex spp.
5. Proeopis juli flora
1. Glycine wightii
**
2. Stylo (Styloeanthe8 guyaneie
3. Leucaena leucocephala
4. Atriplex spp.
1. Stylo

1. Vesmodium uncinatum
2. Deemodium intortum
3. Leucaena leucocephala
4. Styloeanthee guyaneneie

1000-2540mm
(40-100 in)

1. Rhodes Grass
2. Nandl Setaria

5. DRY HIGH ALTI1980 - 245G&»
TUDE e.g.
(6500 -8000ft)
Eldoret

635-lOOOmm
(25-40 In)

1. Masaba Rhodes Grass
2. Pokot Rhodes Grass

1. Kenya White Clover
2. Louisiana White Clover

6. WET HIGH
ALTITUDE
e.g. Maflmba

1000-2540mm
(40-100in)

1. Kikuyu Grass
2. Nandi Setaria Grass

1. Louisiana White Clover
2. Kenya White Clover

1. Kikuyu Grass
2. Rye Grass
3. Cocksfoot

1. Louisiana White Clover
2. Subterranean Clover

1980 -2450m
(6500-8000ft)

- -

1
7. WET SUB-ALPLIN E 2450-3060m
e.g. Molo
(8000-lOOOOffc

I000-2540mm
(40-100in)

**

2. Glycine wightii
3. Leucaena leucocephala
4. Atriplex spp.
5. Prosopeie juli flora

TABLE 3:
Crude Protein Content of Some Browse Plants

SPECIES

Leuca&na leuooaephala
Cassia spp.
Deamodium unoinatum
Aoaoia albida
Prosopia spp.
Atriplex spp.
Commiphora Spp.
Commiphora riparia
Commiphora spp.
Terminalia brownii

% IN LEAVES

% PODS

D.M. YIELD.tons/ha

4-6

14 - 18

20 - 33

12 - 14
20 - 26

23
-

9-11

-

14 - 16

22 - 31

-

6-12

-

-

5.34(wood)

-

-

-

-

-

-

3.85(bark)
11.5 (leaves)

5.7

10.2

3
8-12
400 -600 Kg.pods/ha

* •

4N

O

I*

TABLE

4:
Intake Preferences for Fodder Trees/Shrubs by East African Goats at Katuaanl

GROUP

INTAKE LEVELS

Leuaaena leuoooepnalat
Aoaoia saligna,
I

II

III

MEAN BITES OBSERVED

SPECIES

Aoaoia

Atriplex

melanoxylont

lentiflorum,

Atriplex
62 - 281

HIGH

halimuß, Aoaoia saligna

MEDIUM

LOW

(» A*

cyanophylla),

Cassia

eturtii

Atriplex

halimus, Koohia

Atriplex

nunmularia,

Atriplex

oanesoens.

Atriplex

manmularia, Atriplex

leucoohada

brevifolia,
20-50

20 and below
Anthephora

pvbeeoena
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THE PROSPECTS FOR RE-ESTABLISHING ECOLOGICAL STABILITY IN A
SEMI-ARID REGION (KITÜI) BY MEANS OF TREE PLANTING

BY
GUNNAR POULSEN
I.D.R.C.
P;0. BOX 30677
NAIROBI

INTRODUCTION
Kltul District in eastern Kenya is, with the exception of a lower and
more arid eastern fringe, characterized by medium elevations»
500 to 1500m; moderate rainfall,500 to lOOOmm; and relatively shallow
soils,mainly of non-volcanic origin.

The district is still thinly populated as compared to the highlands»
but a very rapid demographic expansion is now taking place both as a
result of natural growth and immigration. As more than 90 percent
of the people are making their living from crop farming and animal
husbandry» this "population explosion" is resulting in relatively meagre
land resources being exposed to increasingly heavy pressure. In the
more densely populated and relatively well-watered parts of the
district» rotational cropping patterns involving fallow periods are
being abandoned» or the fallows made excessively short. Even more
ominously» the clearing of land for farming is rapidly spreading to
areas where low rainfall» shallow soils or excessively steep slopes
make it utterly unadvisable to practice crop farming. These developments can be seen to lead to rapid environmental degradation: soil
erosion» quite often down to the bedrock; siltation of dam sites; and
erratic water supply.

The alarming deterioration is almost everywhere seen to advance
concomitantly with the progressive disappearance of the natural tree
vegetation.

It is therefore not surprising that most observers are drawing the
following parallel conclusions: 1). The environmental degradation is
a consequence of deforestation and 2). Reforestation will set matters
right. We shall now look more closely» and separately, at these two
postulates. It will probably not be difficult to reach concensus
about the fact that greater ecological stability existed when there
were more trees and shrubs around» whether these occurred in the form
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of relatively undisturbed "bush*9 and woodland, or as wooded fallows
within a shifting cultivation pattern*
TREES AND EOOLQGT.GAL STABILITY
Basically, this ecological stability was achieved through some or all,
of the following mechanisms being at works the trees wers protecting
the soil against the erosive effect of rain splash and wind; the roots
of the trees were to some extent functioning like the steel bars in
re-inforced concrete, preventing rill or gulley formation at the time
of heavy downpours. However, the direct protection thus brought about
by the living trees was possibly less important than that accomplished
by the litter of leaves and deadwood falling from the trees, and by the
herbaceous ground cover thriving under and among them. The effect of
the litter was two-foId: branches, twigs and leaves lying on the
surface protected against sheet erosion carrying away the topsoil. At
the same time, the layer of organic residue kept the soil surface
relatively cool and moist and favoured the activities of soil fauna
and flora. These activities again, involved a whole series of
important features, such as the upkeep of a crumby, well-aerated soil
structure, promoting the rapid infiltration of rainwater; fixation of
nitrogen; and a high cation level, constituting, so to speak, a
barrier against the leaching of nutrients.

The last but not least important function of the trees, was their
role as re-cyclers of plant nutrients. Savanna trees have astonishing
root-systems. Acacia toFtilia
growing in northern Kenya, for example,
send lateral roots out to a distance of more than 40 metres. And
workers excavating a railway tunnel north of Nairobi are said to have
come across tree roots more than 20 metres down.

Tree roots are undoubtedly often able to bring back nutrients that have
been leached to deep soil layers out of reach of most herbaceous plants.
They may also penetrate in the ficcures of underlying rock and absorb
nutrients freshly released by weathering. Their effectiveness as
nutrient re-cyclers is frequently enhanced by the presence of
mycorrhizae or rhizobia, which not only enable them to fix atmospheric
nitogen, but also to absorb phosphorus and other mineral elements more
efficiently.
After their absorption by the rootss the nutrients are reaching the
soil surface by means of two important and distinct pathways: by
being incorporated in litter-fall from the trees, or by making a
detour through tree-fodder consumed by herbivores, and finally reaching
the soil with the manure.

The stabilizing effect of the trees is tremendous. Nevertheless, it
should not be overlooked that ecological stability is achieved only
by means of the integrated influences of the trees and the herbaceous
ground cover.
When both forms of cover deteriorate or disappear, the environmental
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consequences must necessarily be profound and In many cases
catastrophic for the pursuit of productive land use practices,
unless effective countervailing measures are taken.
The most commonly advocated measure is the production and distribution
to farmers of tree seedlings, in large numbers. 1 shall argue in the
following that tree planting per ee cannot be expected to constitute
a panacea for environmental degradation, even assuming that the farmers
plant the issued nursery stock carefully and look well after the young
trees.
TREES AND ENVIRONMENTAL UP-GRADING
It can be advanced, that if a sufficient number of tree plants of
species with good nutrient re-cycling characteristics are issued, and
if these trees are planted at a spacing enabling them both to establish
an almost continuous nutrient-intercepting root network underground, and
it can also be arranged that the surface layer of the soil under and
among the trees is protected by a herbaceous ground cover, then
ecological stability may be achieved by such means. However, tree
planting programmes, as they usually are carried out, do not aim at or,
in any case, rarely arrive at results corresponding even remotely to
this description.
The trees most commonly issued have not been selected for their
nutrient-cycling characteristics. Furthermore, whether they are good
or not in this respect, the farmers hardly ever plant them evenlyspaced across their land. Nor do they normally take steps to ensure
that the soil surface between the trees is covered by a more or less
uninterrupted layer of herbs. In fact, considering their food
production requirements in relationship to the acute shortage of land
that most farmers are facing, it is not imaginable that they should
think of re-creating a savana ecosystem similar to the natural system
that ensured environmental stability so satisfactorily in the past.

The farmers are in great need, undoubtedly, of a farming system that
will ensure a high degree of ecological stability. The establishment
of such a system is hardly conceivable without trees serving the useful
functions we have been describing. However, ways and means must be
found to develop a system where the trees fulfill these roles while
causing an absolute minimum of constraint to the crop cultivation and
animal husbandry requirements of the farmers.
In order to develop such a system, it will first of all be necessary
to identify a number of tree species and varieties satisfying, ideally,
the following criteria:they must adapt well to the various local ecological
conditions;
they must be relatively cheap and easy to establish,
eventually by direct sowing;
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they must show vigorous growth, and they must only
require a minimum of protective measures;
the trees must furthermore be good nutrient recyclera,
preferably including nitrogen fixing characteristics;
they should only throw a light shade and have few shallow,
lateral roots that might compete with crops.
Moreover, efforts should be directed towards selecting a relatively
wide range of trees, both in respect of their adaptability and their
usefulness to the farmer, environmentally and as producers of fruits,
fodder, mulch, fuelwood, posts and poles, etc.
Assuming now that suitable trees have been chosen and made available,
they should be planted in such spatial patterns and managed in such
ways that:their root systems will be able to intercept a large
proportion of these nutrients that have been leached
in connection with crop farming as well as nutrients
recently released through weathering, and bring them
to the topsoil of the fields where they are most
needed;
they will occupy little land and only interfere
marginally with the farmers' crop cultivation and
animal husbandry operations.

It should be added that just as herbs play an essential role in the
natural system, suitably elected and appropriately spaced herbs will
be required as an integral part of any artificial and ecologically
stable farming system. Can such a thing be achieved, and how?
In my opinion it can be done by means of a combination of nutrient
intercepting tree-belts, branch mulch, application of manure, perennial
grass buffer-strips, cut-off drains, and application of crop farming
methods that keep the soil well covered with vegetal matter most of the time.
On any area which is not absolutely level, the dissolved nutrients in
the soil will shift downhill more or less slowly. This makes it
possible, at least in theory, to ensure that nutrients get intercepted
by tree rows spaced "strategically" every 25 or 50 metres (according
to the steepness of the slope) along the contour-lines.

The width of the tree rows and the spacing of the trees within the
rows, must be conceived in such a way that the root systems, jointly,
form some sort of "nutrient interception net" that will be able to
capture most nutrient elements "trying to slip by". However, bringing
the nutrients up into the biomass of the trees does not automatically
return them to the farmland between the belts, where the farmers need
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them. Natural litterfall will not achieve that in the case of widely
spaced tree belts.
So we will have to bring in some artificial litter spreading
mechanism. The method that presents itself is branch-mulching; the
regular clipping of branches and twigs and their application on the
ground. In addition to returning nutrients to the fields, branchmulching will also bring about most of the other benefits that In the
past were ensured by litterfall.

A different pathway is also available for returning the nutrients
while at the same time increasing the humus content of the topsoil
and improving its structure. It can be achieved by the application of
manure. Manure in sufficient quantity presupposes the presence of
enough livestock and sufficient feed to support it. Such a situation
may be created by including a high proportion of fodder trees within
the tree belts, and cutting fodder regularly, as well as mulch, from
these.

The ideal topsoll management will probably involve a judicious
mixture of mulch application and manuring. In order to ensure the kind
of protection against sheet erosion that was effected by the herbaceous
ground cover of the past, buffer strips planted with perennial grasses
will be suitable. These may furthermore serve to produce more fodder
and thereby augment the supply of manure.

As an additional precaution against the consequence of surface run-off
that may not be totally controlled by other measures, it is often
advisable to strengthen the system with a few cut-off drains. Last»
but not least, no protective system is so perfect that it will allow
the farmer not to practice good land management in general, avoiding
the exposure of soil uncovered by plants as much as possible,
ploughing and cultivating along the contour lines, etc.

APPROPRIATE TREE SPECIES
Which kind of trees will now be needed for the establishment of the
kind of land use system we have been outlining for a semi-arid
region at medium elevation? A considerable amount of experimentation
will undoubtedly be required before we shall be able to tell, not only
in order to identify trees that will adapt well to a variety of
ecological conditions, but also to select species that will fit into
different "land use niches" and satify various environmental, or
production needs. This is a vast subject into which I shall not be
able, here, to enter in detail.

However, to give an idea of the direction in which I believe it may be
fruitful to focus species selection, a list of some genera and species
is provided below:
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- Acacia dibiâcc

t

A» bayleyana',

A.

bivenoear.

- Acacia holoaericear , A, niloti&r\
A, plecùocarpœ
A. praecozr\ A„ tortilie^s
A.
tumitr.
- Albizia lebbeck t A. proeeva .

,

- Atriplex nurmulario?
- (and other Atriplex
spp)
_,
nw „
, . . . fin
- Casexa &%amea t C. etwrtiis
- Cedrela
eerrata
- Copholoepermum mopane
Eucalyptus camalâulensie t E. mellioàora t E. paniculata
.
- Gmelina arborea
- Grevillea robusta .
- Leucaena leucocepha
- (several varieties)
- Portulacaria
af Par.
-ProBopie albJ», P. óhileneie^,
P. cineraxùrt
P.
juliflorar,
0
P. nigrar ,
P. pàlli
(within each Proßopie species»
several natural and a few improved varieties produced by
tree breeders might be worth experimenting with).

f

f

f

- Pterocarpus lucensr t p. erinaceuar, P.
eantalanoiâes.
- Syzygium cumini t (may also be considered as a fruit tree).
For fencing purposes:
Euphorbia caducifolia,

and various cacti.

Suitable fruit trees such as:
Avocado, banana, cashew, custard apple, guava
mango etc.
The trees marked with ƒ can be expected to present a
potential for fodder production. Those marked with an m
may produce good mulch. Those marked with w will be of
interest for the production of fuelwood and timber.
It should also be mentioned that most species belonging to the
following genera are excellent honey trees: Acacia,
Leucaena,
Prosopie.
Among the eucalyptus, E. meltiodora
is known as a
first rate hone tree.
So far I have only touched very briefly upon the subject of
production of fuelwood and timber. This omission is not the result of
an oversight but motivated by an evaluation of priorities. The supply
of wood for fuel and timber for construction is hardly less essential
for the well being of man than the production of food. Most food items
cannot be eaten in a raw condition. People need the shelter of houses o
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However, under typical Kltul district conditions It can, In my opinion,
also be assumed fairly safely that If enough trees are planted to
ensure a satisfactory degree of ecological stability, then sufficient
wood will be produced by these same trees to cover basic needs for
wood produce. Additional plantations may be required to cover the
needs of villages and townships, but this is a subject that I shall
not deal with here.

CONCLUSION
The population pressure is increasing and the environment upon which
the survival of man depends is deteriorating - not only at Kitui but
in many other semi-arid regions of Kenya. The sand is running out!
It is high time we start coming to grips with these two problems. I
hope that the ideas put forward here help to solve at least those
problems pertaining to ecological stabilization by means of tree
planting.
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ÀGROFORESTRY PRACTICES IN THE DRY REGIONS

BY

A.G. SEIF EL DIN
FORESTRY ADVISOR
I.D.R.C.
P.O. BOX 30677
NAIROBI
INTRODUCTION
Various expressions have been used to describe the dry regions in
Africa but, as yet, no clear-cut definition has been agreed upon.
One reason for this is that the dry areas are very extensive, covering
a wide range of ecological conditions from the desert fringe to the
borders of the forest zone on both sides of the equator. Another
reason is that different groups of scientists have used different
criteria in defining the ecological zones and thus have found it
necessary to adopt different terminologies.

The main feature of the dry regions is the occurrence of a long dry
season and a short rainy season. The intensity of dryness of a
region depends on the number of dry months, their distribution
within the year and the rainfall distribution during the wet season.
While most of the region has one distinct dry season, some areas,
particularly near the equator, tend to have two dry seasons which
are sometimes not very clearly defined.

The agrofore8try practices selected for this presentation are found
in regions characterized by prolonged dry seasons of eight to ten
months, low summer rainfall of 200 to 600 mm, exhibiting high yearly
fluctuations and high temperatures which often exceed 40QC.
Evaporation, which is accelerated by high temperatures and dry wind
currents, is very high, possibly reaching over 20 mm/day during
the hotest months. It is also in these regions that excessively dry
years (drought years) occur at unpredictable and irregular intervals
causing serious economic and ecologie repercussions, (Seif el Din,
1979a).

LAND USE PRACTICES
The main land use practices are farming and livestock husbandry. Food
and cash crops are produced in one form or another of land rotation
or shifting cultivation (King, 1968; Roche, 1974) whereby a plot
of land is allowed to rest under fallow for a number of years in
order that soil fertility is regained after having been depleted in
the process of cropping. The plant cover which grows during the
fallow period gradually builds up the organic matter content in
the soil through litter fall and also improves its nitrogen status,
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a contribution made by leguminous plants. The deen rooted woody plants
also improve the physical status of the soil and hence the enhancement
of the biological activities, due to improved seepage of rain water,
aeration and protection against excessive heat and erosion. In
addition to these functions the trees are also Important for wood
supplies, shade, food and other useful products that are widely
consumed in the rural areas.
The main components of the cropping system are the farming calendar,
crop sequences and land rotation. The calendar comprises land
preparation, sowing, weeding and harvesting of the crops. Each of
these operations must be performed at a certain time of the season
in order to ensure success of the whole farming practice. Mixed
cropping is an important undertaking to ensure maximum utilization
of the available land and to diversify food supplies. The choice
of crop varieties or species, and the setting up of the sequence,
are based on the farmer's understanding of the environmental factors
from which he can predict what is likely to happen a few days ahead;
an exercise based on the experiences accumulated over many generations.
Fig. 1 shows an unwritten calendar kept by the elders in some of the
dry regions of the Sudan which has been passed from one generation
to another. The year is divided up into 28 periods each lasting
about 13 days. The starting time of each period seems to be closely
related to changes in the atmospheric conditions which the rural
people link with changes of certain astronomic positions. The farmer
is also aware of the simple and adequate land management techniques
needed to maintain and improve his living standard through farming.
The resulting degradation of the ecosystem as described below is,
however, due to factors beyond the farmer's control, contrary to
what he is often accused of.

Under increasing population pressure the fallow period becomes
shorter and less time is allowed for the regeneration of the woody
plants which thus begin to disappear gradually. As cultivation
is repeated over and over again, the soil fertility drops to such
levels that the farmers would have to cultivate more land to obtain
their food requirements. This eventually leads to the gradual
decrease of land left under the fallow and thus the grazing areas
are diminished. The net result of this land use practice is overcultivating and over-grazing which are advanced stages of the processes
leading to the degradation of the ecosystem, Fig. 2. In the absence
of tree cover the water table drops, large areas of land are
subjected to severe wind and water erosion as well as pests and
diseases. These invade crop fields and cause serious losses in
agricultural production.

EXAMPLES OF AGROFORESTRY PRACTICES

Gum Gardens in the Sudan
Although the basic system of bush-fallow remains the same throughout
tropical Africa, several variations are found in different places.
The most classic example relevant to agroforestry is practices in
the Sudan, where gum arabic and agricultural crops are produced
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in a well-defined rotational sequence (Seif el Din* 1979b). The bushfallow is a more or less pure stand of Acacia Senegal trees that
are tapped to produce gum arabic, an important additional cash crop
to the farmer. The biggest advantage of this system is that gum
arabic is produced during the dry season when the farm labour requirement is lowest.
The standard agricultural practice in the main parts of the gum belt
of the Sudan starts with the clearance of acacia bush. The cleared
plot is cultivated from four to six years to produce food and cash
crops. While the land is under cultivation the old stumps of acacia
keep producing by coppice shoots which are cut back during the
weeding period. Also, the seeds from trees growing on the adjoining
land continue to fall on the cultivated plot year after year. The
cultivated plot is kept clean from weeds and forms a favourable site
for the regeneration of the gum tree, Acacia Senegal.
By the end of
the cropping period the plot is fairly well stocked with the gum
trees which will subsequently form a gum gardern. Cultivation is
repeated on another plot which has been under gum fallow for seven
to fifteen years depending on the land use circumstances in the area.
This practice is the basic method through which the gum gardens are
established. It is operated on at least two plots, but it should
ideally be run on three or four plots to ensure an adequate period
of gum harvest from each plot while, at the same time, restoring
soil fertility, Fig. 3.

The Bougagé Land Rotation System in Niger
The Bougagé is one of the tribes that live in the southeastern part
of Niger and practice both cultivation and livestock herding. The
land management system of this tribe shows a very interesting variation
from the traditional bush-fallow system.
The Bougagé type of farming is based on an annual shift of a small
portion of the land to the fallow. Each Bougagé family owns a strip
of land which is about 30 to 50 metres wide and about 100 to 200
metres long, depending on land availability. The huts and the animal
pens are built, originally, on one end of the strip. They are
moved in the following year 20 to 30 metres away along the strip
thus leaving a well-manured area behind. An area of the same size
from the land that has been under cropping is put out of cultivation,
Fig. 4. The Bougagé are able to maintain fairly high productivity
of their farm land by this system of successive manuring and fallowing.
Unlike the self-sustaining Bougagé practice, other systems of cultivation
in the region are maintained by the use of fertilizers. The
biggest advantage of this system is that the family will be able to
continue cropping their land almost indefinitely.

Since land tenure is such that families live on their own lands
it is possible to introduce tree planting in order to improve wood
and fodder supplies. The farmers are, however, discouraged from
planting trees because the forest regulations in the country do not permit
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ownership of trees by individuals. If this restriction is removed
the system will probably form a good basis for the development
of an agro-silvo-pastoral land use system (Thompson» 1980).
The Use of Multi-purpose Farm Trees
The Sahelean zone of Africa is predominantly covered with light sandy
soils which are subjected to intensive rain-fed agriculture to produce
food and cash crops. Most of the region is highly populated,
particularly in parts of West Africa where almost all the land surface
is being cultivated« Livestock (sheep, goats, camels and cattle),
put heavy pressure on the natural resources, especially during the
dry season when fodder supplies are relatively low. The important
thing in West Africa with respect to agroforestry is that some trees
are left standing on the farm instead of being completely cleared
as is the practice elsewhere. The farmer not only keeps the desirable
trees, but also takes care of the young natural seedlings without
detriment to his food crops. The practice of retaining trees on
the farm plots is an old tradition which seems to have a strong
socio-economic basis and each tree species has definite benefits
for which it is retained, Fig» 5.

The baobab, Aâcateonia dCgitatat
has been used over centuries as a
source of food and fibre. Its leaves are harvested, dried and cooked
in various preparations. In some cases the trees are almost
completely stripped of foliage leaving only a small portion to keep
them alive. The shade is thus reduced to the extent that it will
not be detrimental to crop cultivation underneath. The baobab
bark contains an excellent fibre for making ropes while the fruits
are eaten throughtout the Sahelian region. Hollowed trunks of the
baobab have been used for the storage of water in the extremely
dry areas.
Bora&eus aethiopum is an important palm tree in the region. Its
leaves are used for basket and mat thatching. The baskets are mainly
for packing fruits, particularly in Senegal, for long distance
transportation and also for domestic use. When the tree is dead,
after many years of leaf harvest, the wood is an excellent material
for general construction and fence posts. Due to its small crown
the palm does not interfere much with crop cultivation.
The most interesting tree species in the Sahel is Aaaeia atbida which
is completely leafless during the rainy season, thus allowing the
crops to flourish under its light shade. When it comes in leaf at
the time of crop harvest, it provides a comfortable working
environment for the farmer. The pods, which ripen in the middle of
the dry season, provide livestock with nutritious fodder in abundance.
Moreover, the manure dropped while the animals feed under the tree,
and the leaf litter, greatly improve soil fertility. The tree is
thus regarded as the best that is so far known for an agro-silvopastoral land use practice.
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There are other tree species which are also retained on the faro in
relatively small numbers, but which are equally important for the
livelihood of the rural people. Parkia biglobosa
provides edible

fruits and shade. Parinari

macvophylla

and Anacardium

occidentale

(cashew) are farmed for their fruits which are in great demand.
Anona senegalensis
is a wild fruit consumed to a limited extent
while the leaves of Combvetum micranthum are said to be a substitute
for tea. Euphorbia balaanrlferat
is extensively planted as live

hedges around farm plots. Balanites

aegyptiacas

Sclerocarya

bewia,

Prosopis africana,
Ficue spp. Zizyphue spp. and a few other genera are retained
for their fruits, shade, fuel, tool handles and utensils. In some
of the drier parts of the Sahel Acacia tovtilis,
which is the only
tree species growing on a large scale, is protected by the rural
people because its pods and leaves are the main fodder source during
the dry season.
CONCLUSION
Such land use practices, which have been developed over the long
history of traditional farming, are unfortunately being replaced
by less rational practices imposed by the very great increase of
human and animal populations. The gum bush-fallow system is now
disappearing in many places as a result of population pressures
on the land. The fallow period in those areas is so much reduced
that there is hardly enough time for A* Senegal regrowth to form
the gum gardens. In extreme cases of over-cultivation the fallow
period is reduced to one to two years, thus leading to complete
eradication of the trees. These same problems are causing the
disintegration of the Bougagë system such that there is hardly
any bush regrowth in some places. Likewise, the average number of
farm trees in some areas of West Africa is steadily decreasing under
the ever increasing demand for wood.

Degraded ecosystems, denoted by inadequate plant cover of poor
quality, soil erosion and the diminishing of water resources, are the
predominant features over most of the dry regions of Africa. Unless
the current land use practices are checked and the constraints
under which they exist are released, the future of the whole continent
will remain in jeopardy. It is believed, however, that if efforts
are directed towards maintaining and improving the agroforestry
practices described above, the situation will change for the better.
In order to improve the presently degraded and degrading ecosystems
it is absolutely necessary to introduce a tree component in the
land use system so as to help sustain food production and other
requirements from the ecosystem, so much needed for the well-being
of mankind.
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FIG. 3: THE GUM BUSH-FALLOW SYSTEM OF CULTIVATION IN THE SUDAN
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FIG. 4: THE BOUGAGÊ" LAND USE PRACTICE IN NIGER
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AGROFORESTRY EXPERIMENTS AT MOROGORO, TANZANIA
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INTRODUCTION
Over 90 percent of the Tanzanian people use wood as their main source
of energy. To the rural communities fuelwood is as basic a need as
water and it has been collected free of charge for many years. Although
there is no land hunger in most savanna areas, continued exploitation
of natural woodlands with little concern for replenishment is bringing
about serious fuelwood and building pole shortages (Temu, 1979;
Mnzava, 1980). See Table 1.

The government has launched an ambitious, village afforestation
programme (Mnzava, 1980), but the sjtate alone cannot plant and tend
trees on the vast scale aaeded to avert the impending crisis.
The need to encourage villagers to participate in the scheme through
agrofore8try systems is very important. This will ensure that trees
are planted early in the rainy season, and provided more care in tending
and fire protection. But before such a system is adopted widely, it
is necessary to obtain suitable tree-crop mixes and espacements,
especially for the semi-arid areas.
INITIAL TRIALS
An initial trial (Maghembe and Redhead, 1980) with Eucalyptus
melHodora
had shown that even at the close espacement of 2.5 x 2.5m, good crops
of maize (1260 kg/ha) and sorghum can be obtained in the first year.
However, maize yields fell by 92 percent in the second year and the crop
failed to flower in the third year. Sorgham yields followed a similar
pattern. The yield of beans was reduced by a bad attack of an
unidentified fungus in the first year. In the second year the bean
yield was 150 kg/ha but for the third year the bean plants were etiolated
and their yield was insignificant.
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After 30 months, the mean heights of Eucalyptus
melliodora
was
between 6m and 8m, already large enough for raftert of village houses.
Overall volume production ranged from 5m3/ha in unweeded E.
melliodora
monoculture plots to 35m3/ha where intercropped with beano.
It is clear that normal crop yields could be expected in the first
year with little effect on the tree crop in case of E.
metliodora'
But for intercropping with food crops in subsequent years, wider
espacement of trees was necessary.
FOLLOW-UP TRIALS
This section presents preliminary first year growth observations of
follow-up trials with Leuaaena leucocephala, Eucalyptus
camaldulensis
and Acacia albida intercropped with maize and beans. The species have
been chosen to test the multipurpose production of fuel, fodder and
poles at various espacements and their influence on crop yields.
The trials were established from January - March, 1980 at the Mafiga
Forestry Experimental Area of the University of Dar es Salaam's
Faculty of Agriculture, Forestry and Veterinary Science at Morogoro,
Tanzania. They have been carried out by J.F. Redhead, L.L.L. Lulandala
and J.A. Maghembe. More detailed accounts are available in the Faculty's
Research Reports (from which this account was summarized. Ed.)
There were four trials Involving:
1.
2.
3.
4.

Eucalyptus
camaldulensia
for fuelwood and poles
Leucaena leucocephala for fuelwood
Acacia albida for fuelwood and poles and
Leucaena leucocephala for fodder.

All four were laid out as split-plot designs with crops (maize and
beans) and weeding regimes (clean weeding and spot weeding) as the
main plots, and tree espacements forming the sub-plots.
PRELIMINARY RESULTS
The different tree espacements ranging between 3 x 3m to 5 x 5m in
Leucaena and Eucalyptus
and 4 x 4m to 6 x 6m in Acacia did not show
significant influence on tree height nor did they cause significant
variations in maize and bean yields. This is because in all the
experiments the trees were still too young to pose effective
competition. This may show up in subsequent years, especially when
the canopy closes.
Unfortunately, it was only in experiment No. 4 that maize and bean
yields were normal. In experiments 1 to 3, the crop planting time and
maize flowering coincided with severe drought so crop growth and yield
were both poor and uneven.
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The yield of maize in investigation No. 4 ranged between 1400 to 1800 kg/ha
which compared favourably with yields of maize monocultures at
Morogoro and is twice the national average (Acland, 1971). The mean
yield of beans was 401 kg/ha,an average yield by peasant standards
(Acland, 1971).

On the other hand, maize caused significant height growth increases in
all the tree species tried and in all experiments; iee Table 2. Leuoaena
intercropped with maize was not only the tallest, but also had
straight and unbranched stems. In contrast, the Leucaena in the beans,
clean weeded or spot weeded plots were shorter and branchy and many
had multiple leaders. These trees also flowered and set abundant pods
only 15 weeks after planting out, whereas the taller Leucaena amongst
the maize had not flowered. It is apparent that intercropping
Leuoaena with maize would be advantageous if the objective was to
produce a proportion of poles as it precludes the common habit of
Leuoaena of heavy branching and multiple leaders from near the base of
the tree.

Measuring height only in an intercropping situation may not reflect changes
in actual dry weight because of a possible change in form brought about
by mutual shading. Clearly more data are needed and these will be
obtained in subsequent years.
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TABLE

1;
Forecast of supply and consumption of fuelwood and
poles in some regions of Tanzania by 1985

Estimated
mean annual
increment
,n*
m 3 x 10

Estimated
annual
Consumption
m

x

10

Deficit
3
4
m"3 x 10*

Deficit
as a
percentage
of demand

Arusha

75

200

125

63

Coastal and
Dar es Salaam

57

210

153

73

Dodoma

84

212

128

60

Kilimanjaro

11

210

199

95

117

117

-

-

9

174

165

95

134

193

59

31

Mtwara

36

187

151

61

Mwanza

11

315

304

97

Shinyanga

117

384

267

70

Singida

127

145

18

12

23

190

167

88

Lindi
Mara
Morogoro

Kagera

Source: Forest Division, Ministry of Natural Resources and
Tourism, Dar es Salaam, 1978.

TABLE 2:
Height (cm) of Eucalyptus
oawalàulensist
Leuoaena leucooephala and Acaoia albida Intercropped
with maize and with beans compared to clean weeded and spot weeded treatments at various times
after field planting»

Tree cropping system

Eucalyptus
oamaldulensis
18 weeks 24 weeks

Leuoaena
leucooephala
(for fuel)
17 weeks 23 weeks

Leuoaena
leucooephala
(for fodder)
13 weeks 19 weeks

Acacia
albida
17weeks 23weeks

Intercropped, maize

120

145

129

161

160

194

56

81

Intercropped, beans

103

138

107

139

104

160

49

75

Monoculture, clean weeded

87

114

112

140

114

153

47

66

Monoculture, spot weeded

90

110

91

112

LSD 0.05p

9

13

8

12

11

15

LSD O.Olp

12

19

11

16

15

22
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INTRODUCTION
The main purpose of the presentation Is to discuss both the role of
livestock In agro-sllvo-pastoral systems and that of woody components
In the plant-animal relationships within those systems.
Given the natural and economic circumstances prevailing in Kenya,
discussion is centred on small farms operating in a semi-arid to
subhumid zone on a settled basis.
It is assumed that under those circumstances improved farming systems
should :
- provide an adequate and secure flow of goods throughout
the year;
- increase the efficiency of utilization of resources
available at the farm level;
- protect natural resources;
- require limited external inputs;
- use high labour input.
In thiB context animals could increase the efficiency in the use of
available resources by acting as harvesters of crop residues and
fodder produced in non-arable lands. This hypothesis is substantiated
by data in Fig. 1 and Table 1. The role of livestock in the income of
Integrated farming systems seems to Increase as population density
increases (Table 2).
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Given the low nutritive value of the fodder allocated to livestock,
It Is hypothesized that trees and shrubs should play a role as suppliers
of protein-rich fodder to supplement the coarser material. The
potential of this role is substantiated by data in Tables 3 S 4 and 5
and Fig 2.
Woody components can also play a synergetic role in increasing the
productivity of marginal lands, an hypothesis that is substantiated by
data presented in Tables 6 and 7 and Fig 3.
The synergetic role of woody components could originate in their
effect upon soil nutrients (Table 8); net radiation (Table 9),
temperature (Fig.4) and rainfall partitioning (Fig.5). The latter
indicates that for Acaaia aneiœa stemflow Increases with basal area,
causing infiltration around the stem to increase to an equivalent of
140mm from an actual 25mm rainfall.
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TABLE 1. .
Food protein that could be obtained by converting crop residues
Into animal products.

DAILY FOOD PROTEIN PER
CAPITA (g)

AREA

AS
MILK

MEAT OR EGGS

AFRICA

78

43

ASIA

37

20

LATIN AMERICA

54

30

Byerly, J.C., 1966. The role of livestock In food production.
J. Animal'Science» 25» 554.
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TABLE 2.
Gross return from livestock

Three villages In Nigeria
(in Naira)

VILLAGE

AVERAGE/HOUSEHOLD

AS % TOTAL

OKWE (Low density)

21

4.4

UMUOKILE ( Medium)

32

11.8

OWERRE-EBEIRI

58

21.3

(High)

Lagemann, J.» 1977. Traditional African Farming Systems in
Eastern Nigeria. Afrika-Studien series, Nr. 98 - Weltforum-Verlag,
Germany.
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TABLE 3.
Chemical composition of common sources of fodder
CRUDE PROTEIN %

SOURCE

FIBER %

Maize stover

5.0 -6.0

35.0 - 40.0

Sorghum Stover

4.5 -5.0

35.0 -40.0

Annual grasses (Dry P.)
(Sudano Sahelian 2)

2.5- 3.0

35.0 - 45.0

Perennial grasses (Dry P.)
(Sudano-Sahelian Z)

3.5 -4.0

35.0 - 40.0

3.5- 4.5

30.0 - 40.0

13.0 - 14.0

25.0 - 30.0

West Africa (X)

12.0 - 13.0

15.0 - 20.0

Legumes E.A. (X)

14.0 - 15.0

25.0 - 30.0

Legumes W.A. (X)

16.0 - 17.0

20.0 - 25.0

Ghana (Int. Sav.)

14.0 - 15.0

18.0 - 22.0

Grasses (Yearly X)
(Ghana-Interior Savanna)

BROWSE
East Africa

(X)

Sources: Compiled by Author.
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TABLE

4.
Effect of season on the nutrient contents of
einevaria
(on DM basis)

Pvoaopie

SEASON

CP

Sumner

15.28 r 0.2

11.1 z 0.2

66.1 z 0.3

Autumn

15.68 t 0.6

12.2 t 0.4

62.0 z 1.1

Winter

16.00 t 0.3

14.2 z 0.1

52.9 z 1.5

Spring

14.70 z 0.5

15.1 ± 0.3

46.2 ± 1.1

CF

NFE

Gupta, M.I,, and C.S. Mathur, 1974. Studies on the seasonal variation
in the chemical composition of Khejrl (JProaapis epiaigera
linn
Indian Forester, 100. 269 - 273.
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FIGURE 2: EFFECT OF PROSOPIS PODS SUPPLEMENTATION UPON
DIGESTIBILITY OF AN OAT-HAY ROUGHAGE
74-1
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T
40
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LEVEL OF POO INCLUSION

Kargaard, J. & F.J. van der Merwe. 1976. D i g e s t i b i l i t y
studies with Proeopis juli flora pods. South African
J. Anlm.Sci, 6, 35-39.
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TABLE 5:
Leuaaena as Protein-rich supplement
-

OF SUGAR CANE (2.2% CP)
Meat meal: 54.4% CP
Leuaaenai 18.2% CP
Cane + Meat meal ,. rtWNCane + Leuaaena
—--—--———-~-~ (kg 0M)

I
Sugar cane
N
Leuaaena
T _ Meat meal
A
Total
K
E
LW GAIN (Kg)

-

3.4

2.05
1.45

0.4
3.8

3.50

0.6

0.610

OF GRASS (DICBANTHIUM CARICOSVM)
Years
TREATMENTS
Grass alone: g/day
kg/ha

1
280
150

2
200
105

3
170
95

Mean
215
110

Grass + 10% A.L. g/day
kg/ha

315
170

255
145

340
185

300
170

Grass + 20% A.L. g/day
kg/ha

510
275

490
260

510
289

500
270

Jones, R.J. 1979. The value of Leuaaena leuaocephala as a feed
for ruminants in the tropics. World Anim Review, 31, 13-23.
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TABLE

6

Effect of light intensity on growth of Herbaceous layer
(Means of Three Plots)

Total dry mass
(g/mZ)

Site
Closed canopy

Light
Intensity
(lumen)

Surface
Temp (°C)

3.9

23.1

5.8

24.6

15.8

30.2

276

Open canopy
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Open grassland

302

Dominant Trees Sp:

Braohyetegia spiciformie
JugbexmardCa globiflora

Dominant Grass sp:

Panicum maximum

Soil :

Sandy, low fertility

Place :

Fort Victoria, Zimbabwe

Kennard, D.G. & B.H. Walker, 1973. Relationships between tree
canopy cover and Panicum masimum, in the vicinity of Fort Victoria.
The Raod. J. Agric Res, 11, 145 -153.
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TABLE

7.
Pasture production under leguminous and non-leguminous
trees (Average of five replicantes)

Dry matter (g/m 2 )

Species

Erythvina

poeppigïana

Pithecolobium
Gliricidia

soman (L)

septum (L)

Covdia aVUoâora
Control

(L)

(N-L)

SOIL N X
0-20cm
20-40cm

639

0.35

0.15

720

0.38

0.18

639

0.32

0.18

752

0.25

0.15

750

0.28

0.16

Daccarett, M. and J. Blydenstein, 1968. La influencia de arboles le
legumlnosos y no legumisios sobre el forreje qe crece bajo ellos.
Turrialba, 18, 405 - 408.
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FIGURE 3:

EFFECT OF ZIZYPHUS DENSITY ON FODDER
PRODUCTION/ha(kg)
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TABLE 8.
Nutrient availability in soils under trees
- PWSOPIS JULIFLORA
%

ELEMENT

UNDER TREE

OPEN

Organic

C

0.730

0.250

Total

N

0.075

0.027

"

P

0.037

0.031

K

2.96

2.94

- PROSOPIS CINERARIA
ELEMENT

UNDER TREE

OPEN

C(%):0-30cm
31-60cm

0.37
0.11

0.25
0.04

N(%):0-30cm
31-60cm

0.045
0.020

0.038
0.010

P(mg

100g)0-30
31-60

3.82
1.95

1.52
1.23

K(mg

100g):0-30
31-60

12.20
9.31

7.52
6.36

- ACACIA SENEGAL AND A.TORTILIS
Growth of Panicum maximum in soil colle cted underneath the
trees (in grains of dry matter per unit area )
UNDER TREE
Full light
Reduced light (%)

1.85
1.07

OPEN
0.31
0.05

Tiedemann, A.R. and J.O. Klemmedson, 1973. Nutrient availability in
Dessert Grassland under Proaopie juliflora
trees and
adjacent areas. Soil. Sei. Soc. Amer. Proc. jW, 107-110.
Singh, K.S. and P. Lai, 1969. Effect of Proaopie apicigeria
(or
cineraria)
and Acacia arabica trees on soil fertility and
profile characteristics. Ann. Arid Zone, £, 33-36.
Bosh, O.J.H. and J.J.P. Van Wyk, 1970. The influence of Bushveld trees
on the productivity of Panicum maximum. Proc. Grassld. Soc.
South Africa, 5t 69-74.
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TABLE

9.

Net radiation (g.cal/cm2/min) between 10am

TREATMENTS
. Mësquite shade
No shade

OPEN ZONE

- 3pm.

CANOPY ZONE

0.49

0.20

0.53

0.54

FIGURE 4:

TEMPERATURES (MESQUITE TREES)
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MAY-JANUARY

| MAY-JANUARY
DATES

Tiedemann, A.R. & J.A. Klemmedson. 1977. Effects of mesqulte
trees on vegetation and soils In the dessert grassland. J. of
Range Management, 30, 361-67.
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FIGURE 5:

RELATIONSHIP BETWEEN STEMFLOW AND PRECIPITATION
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THE POTENTIAL POR UTILIZATION OF SOME INDIGENOUS
KENYAN TREE SEEDS

BY

RAPHAEL M. MUNAVU
CHEMISTRY DEPARTMENT, UNIVERSITY OF NAIROBI
P.O. BOX 30197
NAIROBI
INTRODUCTION
The developing countries of the world are currently burdened by many
pressures in deciding the best development policies and strategies
to adopt. Thése pressures have been brought about by the crisis of
food shortages, diminishing non-renewable resources, rapid population
growth, and the rising cost of industrial goods and energy. In order
to counteract these pressures, a steady supply of food energy and
materials for the future needs to be assured. In this discussion
paper, the possibilities of renewable resources as sources of food,
energy and materials will be surveyed. The potential for plant seeds
as sources of oils, feedstuffs, chemical raw materials, and energy
will be highlighted, and some preliminary work in ov : laboratories on
indigenous plant seeds will be noted.

Awareness of the potential value of the plant kingdom as a limitless
source of industrial materials and energy for human needs is not new.
The need to discover and develop industrial uses of surplus farm
products and residues was first felt in the 1930's when a group of
chemists in the USA founded the Chemurgic Council whose purpose was to
foster industrial uses of surplus conventional crops and agricultural
wastes (Stearns, 1974; Jordan, 1975; Szmant, 1975). Unfortunately, the
conversion of these farm products into useful materials was not
immediately accepted due to the then assured availability of cheap
petroleum resources.

In the I960's however, the natural resources situation had changed,
and other factors which gave new life to the chemurgic principles
arose. To begin with, the environmental movement of the 60's brought
about a need to create technologies for the economic recovery of useful
products from wastes. Secondly, the energy and food crisis of the 60's
and 70's highlighted the vulnerability of continued dependence on nonrenewable resources. Scientists then began to examine the potential of
non- conventional (alternative) resources, of which renewable resources
or plant biomass are the most attractive in the long term. In exploiting
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renewable resources, current interest tilts towards total plant/ crops
usage. This means that in addition to food, crops should also be used
as sources of other useful products according to a recently proposed
multi-use approach (Lipinsky, 1978).
There are over three thousand plant species that man has historically
used as food (Nat. Acad. Scl.9 1975„ 1979). Many tropical plant
species still wait to be tested for possible utilization as new sources
of food and other plant-based chemicals such as oils, waxes, rubber,
medlclnals, dyes, pesticides, fibres, etc. Â systematic study of many
tropical plants can yield a multitude of new useful products whose
future demand will not be met by petrochemical raw materials alone.
Several approaches have been adopted in identifying of potential
economic value. In our natural products research group, we are examining extractives from whole plants as possible sources of oils, medlclnals,
dyes, fibres, waxes and hydrocarbons. We are also examining plant seeds
as sources of fixed oil, protein and fibre feeds. The rationale for
this comprehensive approach is best appreciated by looking at the types
and number of products obtainable from plants.
SECONDARY MATERIALS AND ENERGY FROM PLANTS
Wood is traditionally used for the production,of lumber, pulp and
paper and fuel. A substantial amount of wood in developing countries
is used directly as fuel as shown in Table 1. The direct burning of
wood leads to unfortunate losses of potentially useful gaseous byproducts. As opposed to direct burning, wood can be converted to more
efficient and convenient forms of energy by several conversion routes
such as pyrolysis, gasification, hydrogénation, hydrolysis fermentation, and anaerobic digestion (Tillman, Sark^nen and Anderson,
1977; Tillman, 1978). These conversions are summarized in Fig. 1.

Pyrolysis is the destructive distillation of plant blomass in the
absence of oxygen to give charcoal, liquid fuel oil, water, and noncondensable gases. The liquid oil is a clean burning fuel, while the
non condensable gases are low BTU fuels. A distillate oil pilot plant
with a capacity of 50 ton/day has been operated successfully in
Georgia, USA for the last several years by Tech-Air Corporation using
pine bark sawdust feeder material. The wood oil obtained has 2/3 the
heating value of No. 2 fuel oils. The wood oils have low sulphur
content and are thus environmentally "clean" (Knight, Hurst and
Elston, 1977). Some work on wood pyrolysis has been undertaken at the
Kenya Industrial Research and Development Institute in the past, but at
present there is no major place in Kenya in which the distillates and
gases are collected and used (Kenya Industrial Research and Development
Institute, 1970) . The studies at KIRDI in 1970 established that several
local trees such as Aeaoia drepanolobiion
and A. tovttl-Cs
could be good
candidates for the production of wood oil, as well as charcoal, through
pyrolysis.
At sufficiently high temperatures (ca.1100°C) wood becomes converted
to synthetic gas which is mainly a mixture of carbon monoxide and
hydrogen. This gas can be converted to methane, hydrogen, methanol,
and hydrocarbons via the so-called FT processes (îîimavu, 1978). Wood
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can also be converted into liquid fuels by heating it in the presence
of either hydrogen or carbon monoxide. This process, known as hydrogénation, gives 40 to 50 percent of liquid fuels. Other fuels derived from
wood are obtained through acid or enzyme hydrolysis of the wood followed
by fermentation to give ethanol or methane (Katz and Reese, 1968;
Goldstein, 1975). In addition to being a fuel, ethanol can be a very
useful raw material for the production of other industrial chemicals
as shown in Fig. 2.

Energy and chemicals can also be reclaimed from trees by extractive
methods, either from the whole plant to give whole-plant oils or from
storage organs such as fruits, seeds and tubers to give edible and/or
industrial oils. In addition to oil, extractive processing of plant
bioma88 also yields dystuffs, medicinale, waxes, proteins etc.

Whole-plant oils
In general, green plants contain more than 5 percent of extractable oils
and hydrocarbons which are distributed throughout the plant (Buchanan,
Otey, Russell and Cull, 1978b). Extraction of dry plant biomass with
non-polar solvents such as petroleum ether or cyclohexane gives oils
which are composed of sterols, resins, waxes, fatty acids, terpenes,
and other hydrocarbons. These extractives are all of industrial
Importance. The percent oil content and the composition of the oil
depends on the species and the source of the plant. The crude oils
can be used either directly or after minor refining in various
industrial processes.
Several plants which have the ability to biosynthesi^e hydrocarbon
fuels or rubber have been identified recently by American and Japanese
workers (Buchanan, Cull, Otey and Russell, 1978; Buchanan, Cull, Otey
and Russell, 1978a; Nat. Acad. Sei., 1977). The Copaifeva
langsdorfii
(Copaiba) tree of Brazil Is said to produce up to 15 litres of fuel oil
in a "matter of hours" after being tapped. The oil produced is similar
to diesel oil and can be used directly in the engine (Calvin, 1977).
Furthermore, several species of Euphorbia have been shown to contain
useful naptha-like hydrocarbon fuels in their latex. These findings are
of special significance to Kenya because there are over twenty Euphorbia
species in Kenya, in addition to many other latex producing trees
and shrubs.
We have extracted whole-plant oils routinely during our work on plants
of medicinal value. We have not systematized this aspect of our work
because previously we did not consider it necessary. At present,
however, one member of our research group has created an interest in
this promising area of plant chemistry and is currently looking at the
chemical composition of whole plant oils from local plants.

Essential oils
These are low molecular mass terpenes which are found in odiferous
plants and have wide application in cosmetics, perfumery, spices,
medicinal, paint, and fuel industries. Essential oils are normally
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reclaimed from whole plants or leaves by solvent extraction or by
steam-distillation. Some essential oils such as the oil of
eucalyptus are extracted from the waste materials left after
harvesting the trees for timber. Recently, sone Japanese workers
have shown that eucalyptus oil can be used as a petrol substitute
(Daily Nation, 1980), and Croton aonderianue
of Brazil gives an
essential oil which could be used as kerosene substitute
(Craveiro, Alencar and Matoe, 1978).
There are many aromatic indigenous plants and shrubs in Kenya which
may be useful sources of essential oils. We have examined the essential

oil content of Ocimum suave,

0. baeilicum,

0. kilimmdscharicum

and

Lippia gavanica.
These shrubs grow wild in Kenya and the oil of
basil, from 0. basi-ticUm,
is an item of commerce. The essential oil of
Sahinue motte,
a tree which grows well in the semi-arid areas, has
many medicinal uses. The search for indigenous plants which can
yield essential oils needs to be intensified because these oils fetch
high values for low volumes. Furthermore, the production of essential
oils is aaanenable to small-scale technologies which can be easily
adapted to village situations.

Fixed oils
Fixed oils are non-volatile oils which are generally liquid at room
temperature and which leave a permanent stain on paper. Fixed oils are
esters of fatty acids with glycerol and are mainly found in plant seeds.
These oils are used as food or lubricants, and as raw materials for
the manufacture of soaps, paints, cosmetics, etc. They are extracted
by non-polar solvents or by expression with presses.

The annual world production of oils and fats is over 48 million tons.
Over 80 percent of these oils are derived from plants. A breakdown of
the actual contribution of the major plant sources of fixed oils in the
world, and their prices, is shown in Table 2. It should be noted that
fixed oils are characterized by generally stable prices. For example,
the cost of soyabean oil was UK £325 per ton in 1974 and UK £330/ton
in 1978. The prices of several other fixed oils have risen over the
same time period. For example, palm oil cost UK £215/ton in 1974 and
UK £3ÔÔ/ton in 1978, while groundnut oil cost UK £355/ton in 1974 and
UK £570/ton in 1978.

The seed meal left after oil extraction is generally rich in proteins
and is used as animal feed. The seed husks can be used as fuel or for
furfural production. The husks and the meal can also be hydrolysed
and fermented to give ethanol, methane, SCP, acetone, butanol etc.
The production of vegetable fixed oils from conventional oil seeds
will not satisfy future demand for these commodities. The identification
of other non-conventional sources of fixed oils is going on in other
parts of the world (Markley, 1971; Datta, 1976; Balick, 1979) as well
as in our laboratories. Furthermore, fixed oils are finding other
non-conventional uses. For example, soyabean, peanut, and sunflower

477

oils have been used to run diesel engines in Brazil and South Africa.
This will constitute a major outlet for any new oils which may be
produced at commercial scale in the short-term. Of the new nonconventional oil plants, the babassu palms (Qrbignya spp.) and jojoba
(Sitrtmonsin ohineneie)and
have received considerable attention.
Jojoba does well in arid and semi-arid regions.

We have been screening potential plant seeds as sources of oil for one
year now. We have focussed our attention on plants which grow wild in
the arid and semi-arid areas of Kenya. The rationale for this
approach is that any future commercialization of viable plants through
domestication should not be undertaken in agriculturally "fertile"
lands which should be reserved for conventional crop production* We
are aware that potential wild plants may not all be easily
"domesticated". For example,this is the case with the mexican yam
from which steroldol drugs are obtained in Mexico. If this were to be
found the case then a scheme for harvesting and collecting the seeds
in the wild would have to be undertaken.

We have so far examined over thirty seed species. Our results are
still very preliminary and any conclusions arising from these results
must be taken as tentative
at this time.
METHODOLOGY
The seeds to be examined were collected from all parts of Kenya.
At this preliminary stage, we have lacked any botanical logic in
deciding which seeds to collect. We simply collect any available
seeds, have them identified either in the Botany department or the
Museum Herbarium and then begin to work on them. In a few cases,
seed samples have been made available to us by forestry officers
from Muguga. At this stage, we realize that we need more support
from forest stations than we had originally thought.

The collected seeds are decorticated (whenever possible) and the seed
kernels milled and extracted using light petroleum ether in a
Soxhlet apparatus. In a few cases, the seeds are ground without
decorticating and extracted as such. The petroleum ether is then
completely evaporated using a rotary evaporator and the percent oil
content of the kernels and the whole seed determined.

The chemical and physical properties of the oil are determined and
the seed meal analysed for "food-values". In some cases, the meal is
further extracted with methanol which is deemed to remove any toxic
substances which may be present in the meal. Some of the oils and
meals are now being subjected to feeding experiments to determine
their possible utility as feedstuffs.
RESULTS
All species examined so far have yielded oils in varying amounts
ranging up to 70 percent. The oil content of some of the seeds
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examined is shown in Table 3 and the physical and chemical
characteristics are shown in Table 4. The food values of the seed
meals are shown in Table 5. It will be noted that in all the above
figures some data for conventional oil ssods have baea included for
comparison. In addition, some non-wild seeds have also been examined.
These include simsim, macadamia, orange, and passion fruit seeds.
Orange and passion fruit seeds are by-products of fruit processing
industries and constitute "waste" in the processing factories.
DISCUSSION
The oil content of the several species reported in this paper
(Table 3) is comparable to those of conventional oil seeds.

Calodendrum oapenee,

Cvoton megalooarpust

Cvaibia elliotti,

and

Afzetta
quanzeneis
(aril) have over 30 percent oil based on whole seed.
If the seeds of these species can be collected in large quantities,
the oils can be extracted on a commercial scale and initially used for
non-food operations such as lubricants or fuel. The seeds of Cvaibia
elliotti
can be milled without decorticating while the others would
need to be decorticated before milling.
The oil content of Areoastvum vomanzofianum
is only 6 percent based
on the whole nut, but 58 percent based on the kernels. The nut is
very hard to crack manually. If a mechanical method of cracking the
nut can be designed, the oil can be extracted commercially and used for
margarine manufacture. The oil of Caesalpinia
volkeneii
is of interest
because the seed is commonly used as an anti-malarial (Kokwaro, 1976)
and the oil may have some medical value.
The chemical and physical properties shown in Table 4 are useful in
determining the potential uses of oils. Viscosity, for example, is a
useful guide in deciding whether an oil can be used as a lubricant or
whether it can be easily handled by pumping. The oil of Calodrendrum
aapense is found to have properties which can make it a useful

lubricant. The oils from Cvoton megalooarpus

and Caesalpinia

deaapetala

were found to be non-drying and to have acceptable iodine values for
possible use in the paint industry. The former dries on glass to a thin
translucent film, while the later dries to a tough clear film. These
oils can therefore be used in paint formulations without further
refining.

All the oils were hydrogenated and shown to give hard white fats
which could be used in margarine manufactures, candle making, polish
blendllng etc. It should be noted, however, that we have not determined
the possible content of toxic principles in the oils. Cvoton spp. for
example, are known to contain a very toxic principle called cortin, and
as such, the oil from croton must be handled with care.
The seed meals showed acceptable food values (Table 5 ) . The presence
of residual oil in the meal shows that our extraction procedure is not
very efficient,but this amount of oil in the meal would be acceptable
if the meal is to be fed to animals. Although the protein content is
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quite high for some of the meals, the absence of toxins must first
be confirmed chemically and by feeding experiments before the meals
can be used as animal feedstuffs.
CONCLUSION
The aim of our screening programme is to identify local plants which
may be of economic importance as sources of food and feeds, oils,
dyes, fuels, medicinals etc., at the basic level. The results vre obtain
as the project progresses should be of much interest to forest and
agricultural officers in deciding which species of trees and shrubs
to be used in re-afforestation.
We accept that underexploited plants which have been shown to be
useful in other parts of the world such as jojoba (Simrtondaia

ohin&neia),

buffalo gourd (Cucurbita foetidÙ88ima)s

guayule

CParthenium argeutatum)
etc., should be examined for possible
introduction to Kenya. But we believe that there are many underexploited local plants in our midst which should be identified and
domesticated if possible. We hope that our basic studies can serve
to identify some of these trees. Suggestions from knowledgable forest
and agricultural field officers will be very useful to us.

We hope we can receive suggestions and ideas from some of you in
future.
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TABLE 1

~2

ft

Fuelwood and total roimdwood consumption In 1974 (m x 10 )

Total
Roundwood

Fuelwood as % of
Total roundwood

268.3

299.6

89.5

N. America

17.6

474.7

3.7

L. America

243.9

298.0

81.8

32.3

240.8

13.4

Asia

153.5

205.7

74.6

Far East

577.0

667.9

86.4

1453.4

2794.5

52.0

Region

Fuelwood

Africa

Europe

World Total

Source:

"The State of Food and Agriculture 1976"
FAO Agricultural Series No. 4, 1976
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TABLE 2

World production of vegetable oils In 1978.

Source

Amount (slO

Soyabean

tons)

Price/ton (ESterling)

10.3

330

Groundnuts

5.5

570

Cotton seed

3.7

-

Rapeseed

3.2

-

Palm

3.0

300

Coconut

2.8

-

Sunflower seed

2.7

-

Olive

1.6

1250

Linseed

0.9

360

Palm kernel

0.6

-

Corn, castor, cocoa,
Tung, Sesame etc.

3.0

-

Castor

-

600

Tung oil

-

1400

Source:

C. Ratledge, 1979, Chem Soc. Rev. 8, 283 - 296.
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TABLE 3
Oil content of some indigenous seeds.
Species

Calodendrum oapenee
Crotan megalooarpus
Caeealpinia volkeneii
C. deoapetala
Bauhinia variegata
Arecaetrum romanaofianum
Craibia
elliotti
Acacia mellifera
A. gerrardii
Erythrina abyeeinica
Bauhinia purpurea
Aleuritee moluoana
Tamarindus indioa
Azedirachta indioa
Afzelia ouanzeneie
A» ouanzeneie (aryl)
Vaeeiflora edulie

% kernels

% oil in
kernels

% oil whole
seed

50.0

60.0

31.0

55.0

49.0

31.0

45.0

21.7

10.0

48.2

24.2

11.6

84.6

21.4

25.6

11.0

57.5

6.1

-

-

32.2

-

-

-

-

3.6
3.2

-

-

15.3

-

-

18.3

-

-

-

*»

-

3.6

90.0

61.0

55.0

-

-

14.4

-

-

37.0

~

52.0

—

(Passion fruit)

Maaadamia ternifolia

33.2

70.0

22.3

83.0

12.0

9.6

(Macadamia nuts)

Lupinue albus
Thevetia peruviana
Ricinue communia

-

-

23.0

~

™

50.0

—

—

45.0

—

*•

35.0

-

-

20.0

-

—

20.0

(Castor beans)

Araohie hypogaea
(Peanut)

Linien ueitatieeimum
(Linseed)

Goßeypium spp
(Cotton seed)

Glycine max
(Soyabean)

TABLE 4
Physical and chemical properties of the Extracted oils

Specific
Gravity
(22°C)

Refractive
Index
(20.4°C)

Viscosity
(25ÖC)
Mllllpolse

Calodendrum
oapense

0.8764

1.4718

245.8

2.26

184.1

102.4

4.6

non-drying

Cvoton
megalooarpue

0.8756

1.4634

163.9

1.68

174.9

133.1

9.4

semi-drying

Caeealpinia
deoapetala

0.9825

1.4756

541.3

3.30

192.0

108.2

0.41

semi-drying

Bauhinia

0.9495

1.4626

233.3

3.94

162.7

104.9

15.7

non-drying

Arecastrum
romonaofiaman

0.8715

1.4498

193.6

2.8

195.0

34.8

-

non-drying

Lupinus albus

0.9699

1.4710

-

2.8

167.3

96.2

13.3

non-drying

Maoadcama
ternifolia

0.9170

1.4635

189.1

81.3

2.0

non-drying

Thevetia
peruviana

(296.7)
(equiv)

0.9675

1.4664

44.60

195.3

92.9

Ceasalpinia
volkeneii

0.9765

1.4748

-

-

variegata

Acid
Value

Saponification
Value

Iodine
Value

Non-saponified
matter

-

Drying
test

-
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TABLE S
Food values of seed meals CO

Species

Crude
Proteins

Carbohydrates

Moisture

Fibre Ash

Fat

"" "

•

Crotan
megalocarpuB

53.3

26.6

11.5

4.3

2.9

5.4

Bauhinia
vaviegata

48.9

33.9

9.9

1.0

1.7

4.6

Calodendrum
capenee

37.6

35.0

9.6

11.3

2.3

4.3

Ceasalpinia
volkenaii

28.4

52.0

12.6

1.2

1.5

4.4

Thevetia
peruviana

41.2

21.7

14.5

13.9

1.9

6.9

Caeealpinia
deaapetala

27.3

51.2

14.0

1.2

2.4

4.1

Arecaatmm
TotfionzofxAcnum

26.1

52.8

12.4

1.3

1.3

6.1

Maoadomia
tevnifolia

27.8

36.9

14.4

13.5

2.0

5.4

Lupinue albue

45.3

34.8

11.2

1.6

1.2

5.9

Zea maya

10.4

Glycine max

39

i

for comparlsoil

Liman
U8itatieeimum

35

Araahie
hypogaea

25

FIG. 1
Alternative ways of reclaiming energy and chemicals from plant biomass.
BIOMASS

USE

PROCESS

PRODUCT

'BURNING

•HYDROGENATION•

ENERGY

HEAT, GASES—~e.g. fuel wood, cow dung and bagasse for heating
ASHES
and electric generation.
•PETROLEUM

•PYROLYSIS

GASEOUS
LIQUID AND
SOLID FUEL

GASIFICATION

•ANAEROBIC

urban Waste,

-FERMENTATION

trees, shrubs etc.
CHEMICAL AND
•ENZYMETIC
HYDROLYSIS

e.g. Deoxygenation of cellulosics to give
hydrocarbons.

e.g. Charcoal making. Methanol, acetone, acetic
acid produced.

SYNTHESIS
GAS (CO and—»e.g. production of hydrogen or petroleum from
H,)
synthesis gas.

Agricultural
Residues,

NOTES

METHANE
'FERTILIZER AND e.g. production of bio-gas from cow dung.
CARBON DIOXIDE

[

LIGNIN-

e.g. sulphite liquors from chemical pulping.

CARBOHYDRATES

e.g. Glucose, xylose, furfural etc.

,—SINGLE CELL
PROTEINS (SCP)—e.g. Yeasts from molasses or sulphite liquor.

CHEMICALS-

•FERMENTATION

— S O L V E N T S — — — e . g . Ethanol, acetone, butanol, from
hydrolyzates.
•—ORGANIC ACIDS—e.g. Lactic, citric and amino acids from
molasses.

•COMPOSITING

FERTILIZER

e.g. Cow dung, coffee pulp etc.
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FIG.

2

Ethanol derived chemicals

è-VINYL

Polymer8 (PVC)

CHLORIDE
pETHYLENE
-BUTADIENE

(CH2CH2)

Polymers

(CHjCHCHCH^

Synthetic Rubber

,—n-BUTANOL

Chemical

(C4H9OH)

Intermediates
-BÜTANAL
(C 4 HgO)
L-ACETIC ACID ~T
(C2H402)

ETHANOL
(C2H5OH)

Acetates e.g.

-ACETALDEHYDE«
(C 2 H A 0)

-ACETIC

-J

cellulose acetate

ANHYDRIDE
(C 4 H 6 0 3 )
VINYL
ACETATE•

Polymers

(PVA)

(C H

2 6°2>

-DIETHYL ETHER

(C^OC^)-

Solvent

-ETHYL CHLORIDE

(C^CL.)

Intermediate

-ETHYL ACETATE

<C2H3°2C2H5*

• Solvent
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A VOLUNTARY AGENCY EFFORT IN AGROFORESTRY PROMOTION

BY

NATIONAL

CHRISTIAN COUNCIL OF KENYA
P.O. BOX 45009
NAIROBI

INTRODUCTION
For the past three years the National Christian Council of Kenya
(NCCK), through its Rural Development Department, has been active in
the promotion of agroforestry. Geographically, the focus of concern
has been on Kenya's drier areas. This is for two reasons. The NCCK
has for many years been active in relief and rehabilitation efforts
in the north of Kenya. Secondly, it was clear that the existing
forestry infrastructure in the country was catering primarily for the
needs of the highlands or the high potential areas. It seemed
reasonable, therefore, to concentrate on the needs and the potential
of the arid and semi-arid areas of Kenya.

NCCK PROGRAMME
The agroforestry task which the NCCK set for itself had several
components. Initially, there was need to assemble all available and .
relevant information on trees/shrubs suited to propagation in dry
areas. It was found that the body of available literature is rather
substantial and it was also found that individual people in scattered
corners of Kenya had for some time been experimenting with dry area
species. In a short time more than twenty species of trees/shrubs
were identified as useful and worth testing further.

At about this juncture the Rural Development Department called an
initial seminar, bringing together scattered, interested persons, for
a discussion on agroforestry. Participants were for the most part
representatives from a variety of voluntary agencies. The seminar
helped to focus upon the immediate needs of existing, fledging
programmes. An initial follow-up took the form of a mini-seedbank.
Seeds from promising varieties of vegetation were collected from
scattered points and shared as required. Inasmuch as germination
Information was available, it was also tabulated and distributed. In
this way a body of useful information was slowly accumulated.
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The beginning of the programme coincided with the last major
drought in the Districts of Kitui and Machakos. Ac emphasis on agroforestry became a part of the rehabilitation effosrts of the NCCK in
those areas a Special effort waa made to protsote indigenous fruit trees»
generally referred to as "children8s fruits". In every way possible
encouragement was given to existing locally operated nurseries. The
NCCK bought and distributed seedlings from such nurseries. Interested
women's groups were encouraged to do the same. The emphasis was on
local, indigenous fruits. It was an emphasis repeatedly reiterated
through numerous seminars especially designed for farmers who were
trying to cope with drought issues.

Other practical projects were implemented in northern Kenya. Bhamu
Village - 50 miles West of Mandera - is now studded with neem trees,
providing shade for a whole village in this sun-baked area of Kenya.
Settlement schemes around Mt. Marsabit now feature many thousands of
trees. These are several examples from the NCCK4s own operational
programmes. A rough estimate based on seeds distributed and reports
received from numerous non-NCCK sources would seem to suggest that
several hundreds of thousands of trees have been planted because of
the NCCK's catalysing efforts.

Near the end of the initial three year period of the NCCK's
agroforestry programme a final two-day seminar was called. In the
discussions it became clear that agroforestry had become an agenda
item for many church-related, voluntary agency, rural-oriented
programmes. An early attempt to quantify the total voluntary agency
effort in agroforestry failed. The NCCK experience would seem to
suggest that the interest in agroforestry amongst farmers is genuine.
It would also suggest that the existing forestry infrastructure is in
some areas not adquate to meet current needs.

In the dry areas of Kenya, active promotion of a greater variety of
trees, browse, and shrubs is urgent. The idea of multi-purpose trees
is attractive to farmers. If this is to become a meaningful emphasis
much more specific information on potential markets for tree crops,
such as carob, must be identified.

The continuing challenge to the NCCK agroforestry programme is to offer
genuinely practical assistance to rural people - e.g. "here are the
seeds" - and solid how-to-do-it information - e.g. "the germination
sequence for the Conocarpus is like this". The challenge to this
seminar is no doubt a similar one.
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MULTIPURPOSE TREES: CURRENT EXPERIENCE AND
FUTURE POSSIBILITIES

BY
EDMUND G.C. BARROW
EAST POKOT AGRICULTURAL PROJECT
KOSITEI CATHOLIC MISSION
P.O. MARIGAT
NAKURU

INTRODUCTION
This paper Is Intended to outline the East Pokot Agricultural Project's
experience with multipurpose trees. The main part of the paper
presents some characteristics and potentials of certain tree species*
This is proceeded
by a brief account of planting methods developed
at the project which are suitable for application in other marginal
areas.
ENVIRONMENTAL CHARACTERISTICS AND PLANTING METHODS
Over the project area (Nginyang Division) rainfall varies from about
400 to 550mm on the Baringo plains, to about 600mm in the Kerlo valley.
Temperatures are high in the Kerlo valley ranging from a mean daily,
minimum and maximum of 20 C to 33 C,and in the Baringo plains where
they range between 21°c and 36°C, similarly. Consequently, the rate of
évapotranspiration can be high. Soils tested so far are well supplied
with nutrients, though they lack organic matter. Runoff is very high
(depending on rainfall intensity It may be up to 60 percent) due to
lack of soil cover. The general vegetation pattern is one of riverine
forests with acacia bush scrub.
Tree planting holes should measure 60 x 60 cm and should be prepared
in January - February well in advance of the rains. Small microcatchment bunds should be made on either side of the hole, measuring
2 to 5 m long and 15 to 25 cm high, to catch runoff. It is important
to make strong bunds with a small spillway at the edge of the microcatchment.

Seedlings should be planted out after the second or third shower of
rain at the beginning of the rainy season. This allows one to two
showers of rain to soak well into the soil and form a micro-reservoir
of water for the trees. This greatly Increases the amount of water
available for the critical establishment phase. The trees may also

500
be shaded after planting. After rain water has soaked into the soil
it is beneficial to dig lightly around the base of the trees to form
a dry soil mulch to minimize evaporation. Termites soon remove any
orgastic mulch.
MULTIPURPOSE TREE TRIALS
At present over 30 different tree/shrub species are under trial. All
the trees have a use; human and animal food, building timber, fuel,
medicine etc.
Amongst them are a number of potentially useful
multipurpose trees that may prove very important in the semi-arid

tropics. These include: Leucaena leucocephala, Azadirachta
Balanites aegyptiaca, Adansonia digitata, Tamarindue indica,
albida, Zizyphue mauvitiana.

indica.
Aoaoia

Very few of the tree species have been under trial for as many as
3 years. Most of them have been planted out for only 1 to 2 years.
Thus nothing definite can be recommended at this stage. Based on
results so far, however, two species Leucaena leucocephala
and
Azadivachta
indtca3
appear to be outstanding in terms of establishment
and growth.
Leucaena

leucocephala

(K8 Giant Hawaian).

Leucaena was first planted in 1978. Since then the project has been
both harvesting and planting seed material from the original stock. A
certain degree of increased drought tolerance may have been achieved
by natural selection of the planted material.
Year

No. Planted

Mortality

1978

34

3%

Growth Rate
(cm/30 days)
11
23
(much larger catchments)

1979
1980

219
477

54%
N/A

10.4
N/A (but planted
using the improved planting
methods).

Leucaena is useful for fodder and commercial timber. As a fodder It
may be best to keep it cut back into a bush, but it could also be used
by pollarding and so the tree will still be useful for timber.
Experience in Pokot has shown that leucaena can lose its foliage
quite quickly in times of water stress, but the foliage comes back
quickly after rain.

Azadivachta indioa (Neem)
The Neem tree is the ideal tree for all small holder farmers to plant
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near their homes in low-lying, hot areas; it comes from the humid
semi-arid tropics. The neem tree's atributes make it very
Important for many farming systems:1. Drought tolerance
2.

Shade and mosquito/insect repellent properties

3. Termite proof straight posts
4. Antiseptic/medicinal properties of the tree (toothbrush)
5.

Insect repellent properties of the fruit (spray for fruit/
vegetables)

6.

Insect repellent properties of leaves (storage crops).

Growth rates of 7cm/30 days and a fairly low mortality rate (1978/79)
have been found. The tree retains its foliage well during the dry
periods.
A species that has not performed as well as expected is Acacia
albida.
High mortalities were encountered in all plots. This must
be associated with the lack of ground water near the surface, since,
in 1980, many more A. albida trees are surviving at Kositei. This is
probably due to the ground water building up.
Acacia

Senegal

could be very useful as a fencing material and for

production of gun-arable. Balanites aegyptiaca and A. tortilis

are

two very useful Indigenous trees, which can be pollarded for use as
fodder and fuel. Zizyphus mauritiana
is also a useful fodder tree.
In 1980 many new species were planted. Though it is too early to say
yet, trees giving indications of being useful in the dry areas (after
a long dry period from June to October) include: Acacia
holosericea,

A. »aligna (A. cyanophylla), A. aneura, Eucalyptus camaldulensis,
Prosopis Juli flora, P. chùleneis, Cassia sturtii,
and Atviplex
numnularia.
Using the methods explained here it should be possible for local
people to successfully plant trees in the project area. Some are
already doing so.
Tables 1 and 2 give some preliminary information. The species
indicated in Table 1 were planted in 1981. Those Indicated in
Table 2 were sampled from trees planted into eight dry area tree
plots for 1978 planting and from Kositei plot only for 1978 planting.
Sampling time for 1978 planting was March through October, 1979.
Sampling time for 1979 planting was September, 1979 through January,
1980.
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I t has also been noted that in the Kapeddo tree plot both Pzvaopie
ohileneia and Atriplex nunrnuUzfia were watered with the highly
alkaline water and good growth rates were noted (10.5cm/month and
16.3cm/month r e s p e c t i v e l y ) . Acacia, tortiVts normally grow into
a t a l l t r e e , but in the t r i a l plots much of the growth was prostrate.
Whether this occurs only in the young stage or not, i s not yet
known. Tamarindus indica, though growing very slowly, shows a good
degree of drought resistance.
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TABLE

1:

Species of trees under trial In East Pokot Agricultural Project
up to and including the 1981 planting

Species

Acacia albida
"Aoaoia aneura
A
'Aoaoia oyanophylla
"Aoaoia
haloserioea
*Aoaoia saligna
"Aoaoia eenegal
"Aoaoia
tortilis
"Adansonia digitata

Number planted 1981

336
86
14
71
27
110
1978, 1979 only
(4.6em/30 days in 1978)
58

5
Atriplex
oanaescens
1978 - 79 only
Atriplex
halimue
25
"Atriplex
nianmularia
308
"Azadirachta
indtoa
84
"Balanites
aegyptiaca
1978 -79 only
Bauhinea purpurea
5
Cassia siamea
1978 -79 only
Cassia
speotablis
227
"Cassia
sturtii
170
Casuarina
equisetifolia
227
Ceiba pentandra
50
Ceratonia
siliqua
will be ready for 1981
Conocarpus
lancifolius
83
Erythrina
rotunda
10
Eucalyptus
astringens
395
"Leuoaena leucooephala
70
Eucalyptus
miarotheca
15
Eucalyptus wandoo
477
"Leuoaena leuoocephala
<: K 8 , Giant Haiwan)
63
"Parkinsonia
aculeata
7
"Prosopis
chilensis
90
Prosopis
cineraria
302
"Prosopis juli flora
(P2, Haller, thornless)
70
"Prosopis juliflora
(Israel , thornless)
1978 - 79 only
Salvadora
persiaa
125
Simnondsia
chinensis
197
"Tamarindus indioa
132
"Zizyphus
mauritiana
Total planting for 1980 30 species
upto 7 June, 1980

3,939

These species show promise for the future based on previous
observations, and the fact that it was unusually dry in 1980.

TABLE

2:

Species planted and surviving at the end of 1979 showing
promising growth rates

Species

*Azadirachta
indica
Acacia albida
*A. tortilie
(2)
Atriplex halimuB
*A. nurrmuîaria (1)
*Batanitee
orbicularie
Bauhinea purpurea
Caaeia
epectablie
Caeuarina
equiaetifoVia
*Erythrina rotunda
Eucalyptus
camalduleneie
*Leucaena leucoaephala
*Pro8opÙ8 chilenaie
(1)
Pro8opia
cineraria
Sinmondaia ckùnenaia
*Salvadora pereica
*Tamarindua indica
(3)
Zizyphua mauvitiana
TOTAL

No. planted

Survival

150

36
33

393
112
19
17
44
36
23
31
224
8
219
302
32
17
59
132
16
1,834

Growth rate
(an/30days)

68
52
65
52
31
95
3
63
50
44
69
28
35
50
50
20
50Z

An asterisk denotes good performance during the year.
Caaeia
epeotablie,
though growing well during the sample period, did
not withstand the dry conditions of early 1980 and died out.
Caeuarina equieetifotia
was planted out at too young a stage
and so did not perform well. Balanitee
aegyptiaaa
should be
favoured rather than B.
orbicutarie.

7.35
3.0
5.5
1.1
7.9
3.3
3.6
7.5
1.7
4.4
n/a
10.4
5.1
1.2
n/a
5.2
3.2
n/a
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PR0SOPIS,

WEED OR WONDER?

BY

M. TREVOR CHANDLER*
P.O. BOX 1446
LILLOOET, B.C.
CANADA' VOK IVO

INTRODUCTION
The genus Proeopie has a vide distribution occurring In South, North
and Central America, the West Indies, Africa and Western Asia. The
genus Is difficult taxonomically and comprises about 42 species, most
of which are concentrated in South America.
The delimitation of many species is slight, without sharp morphological
discontinuities and there are frequent transitional forms from one
species to another. Hybridisation is frequent especially among some
of the sympatrie species with large areas of distribution. _ It is likely
that the taxonomlcal difficulties in Proaopis are caused by this interspecific hybridisation, the high-fertility of inter-specific hybrids,
and out-crossing which probably leads in many cases to stabilization
of thé hybrid derivatives. While this situation may cause considerable
debate in the field of taxonomy, it clearly places Prosopis
amongst the
group of plants most amenable to improvements by relatively simple
crossing and selection.

Several species of Proeopis are prime candidates for use in semi-arid
agroforestry systems. I would like here to briefly compare the four
most economically Important species of Ppoeopie at the present time:

Proeopie glanduloea,

P. tamœntgo3 P. juli flora

and P. ainevaria*

PROSOPIS GLANDULOSA
Ppoeopie glanduloea
(Torrey) a native of Northern Mexico and southwestern United States where it is known as 'mesquite', is considered
and aggressive weed competing with grass for water and reducing the
livestock carrying capacity of millions of hectares of rangeland In

*

Previously on ICRAF staff.
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the south western United States and western Australia. It spreads
rapidly due to natural vigour, easy propagation and remarkable
ability to withstand heavy grazing and adverse conditions that
reduce the competitiveness of neighbouring plants. It Is an
excellent honey producing plant. It would be unwise to Introduce to
new locations, at least until more Is learned about Its management.
Unfortunately, In much of the old general literature, Proeopis
gtanduioaa
Is designated as Prosopos Juliflora
so that many existing
trials, especially outside the Latin America, require a careful
re-evaluation of the species involved.
PROSOPIS JULIFLORA

Prosopis juliflora
(Swartz) D.C. is a tropical species of Venezuela,
Colombia, Panama and Central America to Mexico commonly known as
'Algaroba'. It is native where the annual rainfall is 150 to 600 mm,
is fast growing and reproduces by coppice, root suckers and seeds.
It is cultivated in northeastern Brazil, Peru, the Sudan and in India
as a valuable tree for shade, timber and forage. Because it is an
extremely variable species and further is confused with Prosopie
glanduloacLs great care should be taken In the choice of provenance.
This species has been successfully established in the Rajasthan
Desert of India by direct seeding of treated seeds or by planting out
stumps of 2 year old nursery plants. It coppices well and is
suitable for charcoal and firewood production on a 10 to 15 years
rotation. Natural regeneration takes place without difficulty if
animals ere allowed to feed on the mature seed pods
In the north of
Peru, the drought resistant 'Algaroba' is being established under
irrigation. Using less than one tenth of the water of agricultural
crops, this tree produces 6 to 7 tons of high protein cattle food per
hectare annually. The pods are harvested from the ground, ground up
at grist mills and form the basis of feed lots to fatten cattle.
Plans are underway to expand the project to 25,000 hectares. The
project is also the basis of a beekeeping industry. While Proeopie
julifloiKi
is known to increase the macro and micro nutrients in soils
under the tree plantation, it has the disadvantage that it inhibits
the growth of ground fodder beneath the canopy, probably due both to
allelopathic effect of its fallen leaves and competition from
surface roots.

PROSOPIS TAMARUG0

Prosopie tamavugo (F. Philippi) is native to only Chile's northern
desert plateau region where it is the only tree that survives on arid
salt flats with a rainfall of 100 to 200 mm annually. During the rains,
the flats turn into salty marshes that later evaporate leaving a crust
of salt crystals. Yet, under these conditions, a forestation program
has been established to turn this desert into dense forest for raising
sheep and Angora goats which feed on the falling leaves and pods. Each
year, more hectares of desert are planted with this tree which coppices
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easily and regenerates from seed. The wood is used as a fuel and
for poles. The average 30 years old tree bears 200 to 300 kg. of
pods. Seedlings are strong enough to withstand grazing within
5 years at an initial stocking rate of 1 ewe per hectare, rising
to 2 per hectare at 7 years and 3 per hectare at 10 years. Maximum
stocking of 10 to 12 per hectare occurs at 25 years. Since stocking
rates in central Chile only reach 1 to 2 per hectare as a rule, the
relatively low build-up is not as uneconomic as it might appear.

The ewes subsist adequately on fallen and fresh leaves which they
graze from the lower branches. The chief difficulty in management
Is to organize a pasture rotation which uses the short fruiting season
with the availability of highly digestible seed protein for Improving
the diet of the animals at the period of lambing and lactation.
PEOSOPIS CINERARIA
Proeopie

cineraria

(Linn) Macbride is often referred to by either of

its earlier names, Minoea cineraria

or Prosodie

epidgera,

both of

which are incorrect by the rules of botanical nomenclature. The plant
Is distributed in the dry regions of the western India peninsula and
Persia, in zones of 100 to 600 mm rainfall annually, with a long dry
season. There are several names for the tree: 'Jand' in Punjab,
,
Sumrit in Gujarat, 'Kindl* in Sind and 'Khejri' in Rajasthan.

Proeopie cineraria
appears to be the ideal tree for agroforestry
systems in semi-arid regions. In Rajasthan, India, the tree is found
growing in harmony with agricultural crops such as millet, mustard and
irrigated wheat. The farmer knows the value of the trees, protecting
the seedlings, pruning them and developing them into fine trees which
yield wood for fencing, fodder for cattle, timber for construction,
fuel wood and even edible fruit. In traditional Hindu belief, the tree
is sacred to 'Ganesha', the elephant-headed god.

Soil fertility studies carried out under tree communities in India
show that there is an overall improvement in soil fertility with
respect to organic matter, total nitrogen, total P2O5, and available
marco and micro nutrients in soils under Proeopie cineraria
as
compared to bare sites and Proeopie juliflora.
Soil moisture profile
studies under different tree communities show that the moisture regime
remains generally high below Proeopie cineraria
as compared to several
other species. It has also been found that the productivity of range
grasses is considerably improved under this tree. It is a traditional
practice to lop the branches of the trees for fodder each year. The
pods, leaves and young branches contain over 20 percent food protein
and are of good palatabillty. Research in India has shown that with
adequate rest period between lopping, the total fodder yield can be
doubled and there is no ill effect on the growth of the tree.

The major disadvantage of Proeopie cineraria
is its relatively slow
growth rate compared with other Proeopie species. This disadvantage,
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however» Is surely offset by the
the soil and by the fact that It
crops» unlike the other Pro8opi8
few trials have taken place with
since it has proven its worth as

advantageous effect of the tree on
can be intercropped with agricultural
species. It is surprising that so
this species outside its homeland
a valuable agroforestry species.
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A PRELIMINARY REPORT ON TRIAL PLANTINGS OF
WOODY SPECIES IN ARID AND SEMI-ARID NORTHERN KENYA

BY

D.J. HERLOCKER1
E. BARROW2
P. PAETKAU3
INTRODUCTION
This Is the first progress report on results of trial plantings of
tree and shrub species of potential value within arid and semi-arid
northern Kenya.
There is little experience in arid and semi-arid land afforestation
in Kenya. Consequently there are few guidelines on choice of species
and of correct planting techniques. Furthermore, seeds for use in
such plantings are not readily available.
These trial plantings were begun so that a start could be made on
remedying this lack of information and experience. The objectives
were to select woody plant species which would add in some way to
the productivity of land that is otherwise low in overall potential.
Trees and shrubs with a variety of potential uses have been tried.
Examples of such uses are: firewood, charcoal, building materials,
fodder, shade, soil improvement, erosion control, windbreaks, edible
fruits and cash crops.
The results of two separate projects are included in this report;
The East Pokot Agricultural Project, sponsored by the Catholic
Diocese of Nakuru, and the UNESCO Integrated Project on Arid Lands

Range Ecologist,ÜNESCO Integrated Project on Arid Lands,
P.O. Box 30592, Nairobi.
2

Project Leader, East Pokot Agricultural Project,
P.O. Mariget, Nakuru.

3

Ecologist, National Christian Council of Kenya,
P.O. Box 45009, Nairobi.
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In south western MarsabIt District. The planting trials of the
latter project are in turn a cooperative effort between UNESCO(IPAL),
the Roman Catholic Mission of North Horr and the Lutheran World
Relief/National Christian Council of Kenya Huri Hills Development
Scheme•
STUDY AREAS
Integrated Project on Arid Lands (IPAL)
Most of the UNESCO (IPAL) study area lies within eco-climatic zone
VI (semi-desert) of Pratt and Gwynne, (1977), in north-central Kenya
(Fig. 1 ) . However, where higher land occurs, a succession of wetter
eco-climatic zones occur which culminate in eco-climatic zone II
(forest). Throughout most of the area mean annual rainfall is 250 mm
or less with low rainfall years having a higher frequency of occurrence
than high rainfall years. Rainfall is highly variable both spatially
and in time (Edwards et al.* 1979).
The natural vegetation reflects this primarily arid environment. At
lower elevations, annual grasslands dominate lava soils while dwarf
shrublands (Duosperma eremopkilum and Indtgofera epinoea) and shrublands (Acacia vefïciens)
dominate sedimentary sands. The vegetation
changes to Aaacia-Cammiphor'a
shrubland and bushlandt Acacia woodland,
Lippia-FlhuB-Dichroetachye
evergreen to semi-deciduous bushland and to
Junipèrus-Caeeipourea-Teclea
evergreen forest with increasing
elevation (Herlocker, 1979).
Soils ran^e from deep calcareous loams of semi-arid regions on
Mt. Kulal and the Euri Kills to deep, alluvial riverine sands,
compacted interbedded calcareous silts and sands, saline clays and
saline-alkaline soils with high water tables within arid areas.

The dominant (almost sole) land use is nomadic or semi-nomadic
pastoralism based on camels, sheep and goats and carried out by local
Rendile, Gabbra and Turkana tribesmen. Cattle are kept primarily
by Samburu who live at higher elevations. While these people make
extensive use of trees and shrubs they have no tradition of planting
or tending them and, in fact, their nomadic/semi-nomadic way of life
makes it difficult for them to do so.
Agriculture is not a viable land use except in a few widely scattered
special areas. Overall, the rangeland is in good condition because
a relative lack of permanent water has restricted settlement and the
build up of livestock numbers. However, where settlements occur,
desertification processes have begun which are characterized by loss
of woody vegetation, reduction of forage and increase in soil erosion.
It is at these focal points of desertification that tree and shrub
planting efforts should be concentrated.
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East Pokot Agricultural Project (EPAP)
The EPAP study area lies within the Rift \klley in central-western
Kenya within the eco-climatlc zones IV (semi-arid) and V (arid) of
Pratt and Gwyime (1979) Fig. 1. Rainfall varies greatly over this
area, but averages 500-600 mm per year. The Kerio Valley occupies
the wettest and the Baringo plains the driest part of the climatic
spectrum. The climate becomes successively drier northward (Kappeddo
averages 460mm /yr).
The vegetation is mainly Acacia thickets and scrub bush, often with
a dense canopy at one or two meters. The ground cover is poor. This

Acacia bush is mainly composed of A. breviepica,
A. refidene

tortHie,
Zizyphue

and A. Senegal

A.

mellifera,

with interspersed taller species ; Acacia

A. elatior, Terminalia epinoea, Balanitee aegyptiaca and
mauritiana.

Towards the north (Kappeddo) the bushland opens out and there is
an increased amount of bare land, while in the Kerio \olley, the
Acacia thicket is much thicker and harbors tsetse fly. In the wetter
riverine areas forest occurs which Includes large trees of Acacia

tortilis,

A. elatior,

Tamarindue indica3 Terminalia browniit

Ficus

spp. and a lush, often ungrazed (due to tsetse fly) undergrowth.

Generally, the rangelands have been severely overgrazed and little
perennial grassland remains. Most of the natural forage is provided
by annual herbs, which flush during the rains, and shrubs. Large
tracts of land are bare and eroded and retain little moisture for
growth. This is particularly so on the hills.

To the north of Lake Baringo and on the slopes of the Chepanda/Tiati
Hills, soils are shallow and stony. The former soils have many surface
stones while the latter have much bare rock exposed by surface erosion.
Deep, well drained brown to reddish brown fluvisols occur in the river
valleys where most of the agriculture is carried out.

Overall, soils of the area are generally slightly acid to slightly
alkaline, fairly well supplied with nutrients, including phosphorus,
but with little nitrogen or organic matter. Salts may accumulate in
certain soils.

This land is of only marginal agricultural value and even this is
limited to the more favourable areas. It is, however, potentially
productive rangeland although this is restricted by the encroachment
of woody species following extensive overgrazing.
The resident people, the Pokot, have a keen awareness of the importance
of trees and shrubs and put them to a multitude of uses. Although a
pastoral people, the Pokot do have a tradition of carrying out marginal
agriculture on an opportunistic basis, and some agriculture is now
practised.
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METHODS
The research approach was influenced by the general lack of experience
in arid and semi-arid afforestation in Kenya, i.e. the lack of guidelines on correct species and planting methods and on sources of readily
available seed. Thus, any species of potential value for which we could
obtain seed (whether exotic or indigenous) was planted as and when seed
became available and when staff, funding and logistics allowed.
Seed Sources
Table 1 shows sources of these species planted. There were 32 sources
of which most were through the National Christian Council of Kenya (NCCK).
The principal sources outside Kenya were Australia, India, Isreal,
Senegal, Sudan and USA. Twenty eight of the total of 78 species were
indigenous to Kenya. Most of these were from arid and semi-arid
environments, although a few were from sub-humid environments.

Nursery Practices
Proper nursery practices for arid and semi-arid regions are discussed
by Parry (1953a); Laurie (1974); Hall et al.,
(1972); and Weber (1977).
However, in the present case, only minimal requirements were met because
of funding, staffing and logistical constraints.
R>ur nurseries were involved; three within the IPAL study area (North
Horr, Kalacha, Gatab) and one at Kositei within the EPAP study area.
In addition, a small temporary nursery was established at Balessa Kulal
in the IPAL area for an 8 month period ( Figures 2 anc 3).
The nurseries were small, with capacities of from 1000-8000 seedlings.
Two were constructed of local materials. All were fenced to exclude
livestock, and shade was available from board or palm thatch roofs or
from nearby trees. Shade was relatively less Important at the Gatab
nursery because of the lower temperatures resulting from its higher
elevation (1707 meters) and frequent mists. Water was permanently
available at each nursery except for the temporary nursery at Balessa
Kulal, which was dependent on short-lived wells in a nearby riverbed.
In all nurseries seedlings were watered with a hand held watering can.
Only one nursery (North Horr) was run by permanent staff. These were
trained for this task at the Marsabit District nursery of the Kenya
Forest Department. Work on the other nurseries had to be integrated
with other duties for which the respective projects were responsible.

A loamy texture for nursery soils was approximated by mixing locally
obtained clays and clay loams with river bed sand in ratios of 3:1
and/or 4:1. Parry (1953a) recommends a light sandy loam for nurseries.
In some cases cattle dung was added as well. Sand was the most
difficult component to obtain as its source was in three cases up to
20 km distant from the nursery.
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Prior to sowing, seeds were usually scarified (i.e. had a small
portion of their hard seed coat nipped off with nail clippers) in the
EPAP area, and in the IPAL area they were soaked overnight in water.
Seeds were, planted directly into polythene tubes and pots. Containers
were of several types and sizes; however, they were usually 18-2Ox 6 cm
in size, open ended and transparent in the IPAL nurseries and 20-25 x 12 cm,
closed on one end and black in the EPAP nursery.
Soil in polythene containers was well soaked prior to sowing and
then usually not watered again for about one week. In the warmer areas
this was about the time required for emergence. Afterwards, watering
was carried out morning and evening two or three times a week. Tubes
were occasionally shifted to keep roots pruned. Except at the Gatab
nursery, which was open to the sun, shade was provided until one to two
months prior to planting out, when it was gradually removed to harden
off the seedlings.
In the EPAP trials seedlings were 30 to 45 cm tall, and were given a
good watering, just before planting out. Conditions were more variable
on the IPAL trials.
Germination Trials
In the IPAL trials, seed germination investigations were carried out
during the first year. Seeds were laid between two wet sheets of
newspaper and they were checked daily for germination. Seed lots
averaged 235 per species. Germination success of one species *
Sixrmond&ia ohinensis 3 was recorded using three seed categories (a) soaked
for 24 hours, (b) seeds which floated during treatment and (c) no
treatment. Some germination trials were also carried out by the Plant
Quarantine Service of the Kenya Agriculutral Research Institute at the
request of the NCCK. A coarse sand medium was used and seed lots
averaged 92.
At the Kositei nursery all hard coated seeds received the
following treatments (a) breaking of seed using nail clipper,
(b) immersion in boiling waster and (c) immersion in concentrated
sulphuric acid. Results were in terms of seedling emergence, however
as no germination trials were carried out in the EPAP area.
Planting Sites
Nineteen sites in all were planted on a range of differing soils.
Planting sites were usually located near settlements for ease of
access and to guard against vandalism and trespass. Thus, settlement
vicinities tended to be represented better than the most extensive
soil/vegetation units of the area.
The planting sites occupied a range of conditions from overused and
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badly eroded areas to rangeland in average or good condition. Some
woody vegetation was usually present.

Plot öize varied from 0.2 to 2.0 hectares in area. The type of
fencing varied according to the resources available. IPAL sites
were usually fenced using Cedar (Jvotiperus prooera)
posts two to
two and half meters high. These supported cyclone fencing (18 x 90 cm
mesh) overlain by chicken wire for the first meter in height and
2 to 8 strands of barbed wire equally spaced above that. However, a
few plots were also fenced by chain link fencing three meters high
while one plot had only nominal fencing and depended on local mission
personnel for exclusion of livestock. Fencing in the EPAP area was
usually thorn bush cut from the surrounding area although in a few cases
live fences of Aoaoia Senegal and Euphorbia tirruaaVli were used.
Planting Methods
Woody vegetation was cleared only on one site. Holes large enough to
hold the seedlings and its container were dug prior to planting in the
IPAL area, and even larger holes (60 x 60 cm) were dug in the EPAP area.
In the latter area micro-water catchments were constructed for each
seedling. These consisted of a low terrace to guide surface water to
the hole. Terraces tapered off at their extremities and small spillways were
provided to drain off excess water (Figure 4 ) .
Holes were spaced four by four meters (IPAL), or three by four meters
(EPAP), apart. In the latter case a 50 percent mortality was assumed
so that the eventual spacing would be more like six by four meters*.
Blocks of four by four plants per species is a minimal requirement for
species elimination trials (Burley & Wood, 1976). However, transport
difficulties in the IPAL area limited plantings to blocks of three by
three and the use of unsupervised labour sometimes led to an irregular
placement of these. The EPAP study did not attempt rigid spacing or
block plantings by species. This was for demonstration reasons, i.e.
to give the plantings a more "homely" or "natural" look and thereby
more easily convince local inhabitants of the applicability of household planting.

Planting was carried out as soos as possible after the rains were
known to have begun and the upper soils had become soaked. The
seedlings were transported to the site by landrover, lorry or even
airplane. All, or the lower half, of the polythene container was
removed and the seedlings were placed in each predug hole and the
earth tamped down around it. In the hotter, windier areas, a shade,
such as a palm leaf, was placed over the seedling to protect it

*

At EPAP micro-catchments were dug for each seedling, measuring
3 - 5 m long by 30 - 60 cm high and tapering at the extremeties.
They were allowed to become water-soaked by the long rains' first
shower before planting.
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during its early establishment phase.
rotted away.

This was not replaced when it

Maintenance
Maintenance involved the mending of fences, repairing microcatchment
terraces, and lightly hoeing around the base of the tree near the end
of the rainy season. Hoeing was done only on semi-arid plots where
perennial grass competed with seedlings for soil moisture. However,
even this was kept to a minimum in order to replicate conditions that
would prevail under normal management conditions.

Watering
Seedlings on all arid sites but one were given varying amounts of
water over different periods of time following planting. According
to this the sites were placed into the following water treatment
categories: (a) six months watering (two liters twice a day),
(b) one year watering (15 liters once a week), (c) regular watering
(15 liters once a week at North Horr, 22 liters per day at
Loiyangalani and 9.5 liters twice a week at Kalacha); (d) irrigation
(one night a week for one year at Kalacha and fairly constantly from
a natural spring at Burka). At EPAP no water was given. Rather the
micro-catchment systems were relied upon entirely.
Data Collection
Height growth and survival of planted trees and shrubs were monitored
once a year on all plots. At ÈPAP, however, growth rates are monitored
up to two to three times a year.
RESULTS
Nurseries
The nurseries were generally adequate to their task. The Gatab
nursery needed little shade because of the relatively cooler prevailing
temperatures and frequent mists. Seedlings were also few enough to
move into the shade of a nearby tree when required.

The temporary nursery at Balessa Kulal functioned well until the water
in the nearby wells was used up by livestock and the expected rains
did not materialize. The seedlings were then transferred back to the
Gatab nursery.
Several types of polythene tubing were used. Large sizes
(20 x 11cm and 20 -25 x 12 cm) resulted in good seedling survival
and early growth following planting, but required a great deal of
space in the nursery and in the landrovers transporting seedlings from
the nursery to the planting sites. These larger containers had one
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end sealed to form pots. Tubing 24 x 6cm required special supports to keep
tubes upright and even then tended to dip somewhat» resulting in an
uneven application of water on the soil surface when watered. Open
ended tubing 18 to 20 x 6 cm was found to be adequate in the IPAL area.
Black rather than transparent containers were used in the EPAP area
because it was feared that clear containers might encourage development
of algae.
A loam or sandy-loam soil mixture worked well. Sandier textured soils
tended to be too loose, resulting in disturbed root systems in the
larger pots or in loss of soil from the bottom of the open ended tubes
when the polythene containers were shifted. The use of riverine silt
in the mixture often caused surface capping of the soil and subsequent
poor infiltration of water.

General observations indicated that pretreatment of seed usually
resulted in better and faster germination and/or emergence than no
treatment at all. Soaking of seed for 24 hours was useful in the IPAL
trials. Sirrmonasia óhineneis
seed however showed better emergence at
the Bale8sa Kulal nursery when untreated than when soaked overnight,
or when the seed coat was notched. Seeds which floated when being
soaked showed the least emergence (25 percent).
In the EPAP trials notching of the seed coat with a pair of nail
clippers resulted in consistently higher emergence than immersion
in boiling water or in concentrated sulphuric acid. The soaking of
seed subsequent to immersion in boiling water led to damping off
problems. Use of concentrated sulphuric acid was (1) too dangerous,
(2) ineffective if immersion time was too short and (3) damaging to
cotyledons if too long. A list of species for which scarification
provided better emergence is given in Table 2.

Two other pretreatments were developed in the EPAP trials. The fruits
of Zizyphus mauritiania
must be broken to release the two to three seeds
that it contains. These are then sown directly into the polythene

containers. Casuarina equisetifolias

Eucalyptus

spp. and Conoaarpus

lancùfolia
seeds should be placed on top of the presoaked soil in the
container and covered with a thin layer of fine sand. The polythene
containers are then covered with polythene sheeting, which is given
adequate shading to prevent sun scorching, and which is removed upon
germination of the seeds. Conoaarpus lancifolius
seed was not successfully
germinated in the IPAL trials (Table 3).

The planting of small seedlings pricked out from oversown containers
failed, probably because of a lack of expertise in this procedure.
Rather, it was found best to simply pinch off and kill the excess
seedlings in a container.
Seed Germination Trials

Twenty three species were tested; four at least twice and Aoaaia

tortWis

I
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seven times (Table 3). Germination was generally low (50 percent)
and variable between and within species. For instance, germination
of Acaaia tortilis
seeds ranged from nil to 35.5 percent and that of
A. albida seeds from 11.8 to 48 percent. Olea europea3
Juniperus
procera, Casuavina equisetifolia
and Conaarpus lancifolius
did not
germinate at all while Tamca*indus indica achieved 85 percent germination
in the best of three tests.
Depending upon the species, germination generally begins after three
to ten days, continues over a period of about two to three weeks, has
a definite peak at about two to eight days after the trial begins and
steadily decreases thereafter although germination may occasionally
occur even after a month (Figures 5, 6 and 7).

EMERGENCE AND EARLY SEEDLING GROWTH
Gatab Nursery
Seedling emergence began 7 to 23 days following planting. Emergence
results varied very widely (10-100 percent, Table 4) and were affected
by air temperature and degree of shade.
Seedling height varied from 1 - 6cm at 28 - 72 days and from 4 - 14cm
at 39 - 132 days (X = 9cm). That is,growth was fairly slow. Growth
also varied with the time of year as during cold, misty periods plants
showed slower growth than during warm, sunny periods.

Overall, emergence averaged 47 percent for the 29 species and the 41
trials at the Gatab nursery. Emergence increased with time over a
period varying up to 145 days although only in 7 cases did this do so
to any great extent (Table 5 ) .
Species showing good emergence at the time of first measurement (after
28 to 72 days) were: Aoaaia albida, Azidarachta indica3
Brachychiton
aaevifolivm*
Cyanopsis tetragonaldba,
Pinus eldarica,
Pinus spp.
Prosopis chilensis,
Tamarindus indiaa and ZizyphuB mauritiania.
Species
showing good emergence at the second measurement (39 to 132 days) were:
Brachyahiton acevifolivtm,
Cyanopsia tetrogonalóba,
Eucalyptus
camaldulensisj
E. citriodora,
Pinus eldarica,
Prosopis chilensis
and
Zizyphus mauritiania
fTable 5).

Baleasa Kulal Nursery
First emergence occurred in three to nine days (considerably less than
at Gatab). It varied from nil to 100 percent (x = 28percent) at Day 20,
and from nil to 90 percent (x* = 33 percent) at Day 52 (17 species and
28 trials) Table 6.

Although faster, emergence was, overall, lower than at Gatab nursery
and, generally, it did not increase significantly with time except
for five species (Table 4 ) .
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Species showing good emergence at first measurement (Day 20) were:
Sitrmondsia chinensis
(no treatment), Cucurbitida foetidissimat
and
Cyanopsis
tetragonoloba.
Emergence was poorer at tha second
measurement indicating occurrence of seedling mortality. The
best species at this time were as above with the addition of
Eucalyptus
astringens
(Table 6 ) . Seedling height varied from 3 to 25cm
(ic = 12cm) at 148 days« Growth was overall faster than at Gatab and,
for some species, was considerably faster. These species were:
Azidarachta indica, Casaurina equisetifoliat
Eucalyptus
astringens,
E. broakwzyii and E.
microtheca.
Comparison of species performances at the Balessa Kulal as compared
with the Gatab nursery shows the former site to have better emergence
for Cucurbitida foetidiesima,
Eucalyptus astingens,
E. microtheca and
E. wandoo whereas the Gatab nursery showed better emergence for
Azidarachta indica. Eucalyptus brockwayii, E.
camaldulensis,
E. aitriodora,
Pinus eldarica and Prosopis chilensis.
Except for
Pinu8 eldarica,
the Balessa nursery generally showed faster seedling
growth.
Emergence at the Kositei nursery ranged from nil to 75 percent and
averaged 37 percent. Observations on emergence were not made at the
other nurseries.
Planting Methods
More than one rain shower was usually required to soak the soil
adequately for planting. The unreliability of the rains, and the fact
that the planting sites were widely scattered and often distant from
a nursery, meant that plantings were not always made at the most
opportune time. Rainfall at one site did not necessarily coincide with
rainfall at another site 80 to 160 km distant. Also, the necessary
men, materials and transport for planting could not be reserved for any
length of time from their other duties and were subsequently not
always available when needed.
Planting out Trials
Within the UNESCO (IPAL) study area the number of plants of each
species planted per plot ranged from 1 to 280 and averaged 13. Total
number planted per species over all plots ranged from one {Citrus
paradisi,
C. reticulata
and C. sinensis)
to 454 (Prosopis
chilensis).
Total number planted regardless of species was 2409. Fifty eight
species were used in the trials (Table 7). Twenty one were indigenous
to Kenya and 16 to the IPAL study area.
In the EPAP area 42 species were planted on 10 plots (Table 8 ) .
Thirteen were indigenous to Kenya; nine of these to the study area.
The number of plants per species per plot ranged from one
(Atriplex
numularia) to 348 (Acacia albida)t
but averaged eight. Total number
per species planted over all plots ranged from five (Cassia
sturtii,
Atriplex canescens) to 1,200 (Acacia albida).
Total number planted
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regardless of species ranged from 1,149 (1978) to 5,177 (1980).
Number of plants planted per species ranged from 5 to 1,200.
Both height growth and survival were considered in determining
the performance of a species. Exceptional height growth to an
individual plant or that from a sample with very high mortality was
not considered as "good performance", In order to simplify the
data, height growth is presented on an annual basis whether the
trial was 6 months or 3% years old. Therefore some inequities
will exist in the data due to different growth rates to be expected
during different periods in a plant's life, and from different
amounts of rainfall from one year to another. However, it is
considered that the present data are an adequate first approximation of
early plant growth and survival within the two study areas.
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SURVIVAL AND GROWTH
Semi-arid Sites
Survival within the UNESCO (IPAL) area was extremely variable ranging
from nil to 100 percent. Those species showing the best survival were
Croton megaloaarpu8 (90%), Schrebera alata (87%), Juniperus
procera
(85%), plea afvicana (83%), Grevillea robusta (78%), Erithrina
burtxi
(54%), Cupressus lusitanica
(84%) and Cassia didymobotria
(80%). Sample
sizes for these species ranged from 10 (.Cassia) to 103 (Schrebera) and
survival ranged from 60-100 percent (Table 7).
Poorest survival was shown by Craibea laurentii
(10%), Prosopis chilensis
(19%)
and Acacia meamsii (28%). Sample size ranged from 28-58 and the number of
replications from two to four.
Acacia tortilis,
which was planted on only one
heavy mortality from a very intense grass fire
plot. All other species showing poor survival
too small a sample size to give results of any

site (125 plants) suffered
which burned much of the
had either too few and/or
reliability.

Height growth was equally variable, ranging from nil to 0.94 m/year. The
best species were Acacia mearmsii (0.64 m/yr), Acacia
podalyriifolia
(0.32 m/yr), Cvoton megalocarpus (0.31 m/yr). Cassia
didymobotria
and Grevillea robusta (0.29 m/yr). Height growth of these species
was variable between plots, ranging from nil - 0,94 m/yr). Maximum
height growth attained per site ranged from 0.40 m/yr (Cvoton) to
0.94 m/yr (Jacavanda) to 183 (Grevillea)
and the number of replicated
sites ranged from one to four (Table 7).
Species showing poorest height growth (under 0.1 m/yr) (not counting
those with no survival whatsoever) were Acacia albida,
Calodendron
capense, Cassia spectabilis>
Craibea laurentii,
Erythrina
burtii,
Eucalyptus camaldulensiss
E. wandoot Melia azadavach,
Prosopis
chilensis
and Tamarindus
indica.
In the EPAP area a survival was also extremely variable, ranging from
nil to 71 percent. Those species showing the best survival (Table 8)
were: Leucaena leucocephala (71%), Parkinsonia aculeata (67%), Atviplex
canescens (67%), Pvosopis chilensis
(63%), Adansonia digitata
(61%),
Prosopis Quliflova
(F2, Baobab) (59%) and Acacia Senegal (54%).
Survival per species varied between plots. Examples are Leucaena
leucocephala (0-62%), Parkinsonia aculeata (33-81%) and Adansonia
digitata
(0.-100%). Total sample size ranged from five (Atviplex
canescens) to 93 Leucaena leucocephala).
Number of replicated plots
ranged from two (Atviplex canescens and Acacia Senegal) to nine
(Leucaena
leucocephala).
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Species showing the poorest survival were Acacia.
cyanophylla,
Balanites orbicularis,
Bauhinia purpurea, Caeeia didymobotria,
C. siamea
C. spectabilis,
Cucurbitida
foetidissima,
Eucalyptus
citriodora,
E. astringens,
and E. wandoo (Table 8). None of these survived. In
a few cases, such as Cassia siamea and Eucalyptus
astringenSj
there
were- probably too few plants in the sample for these results to be of
much significance. However, the other species had sample sizes ranging
from 19-61 each.

Species showine the best height growth were: Leucaena
leucooephala,
(1.38 m/yr), Schirme molle .(1.14 m/yr), Ceratonia eiliqua
(1.14 ra/yr),
Proeopis juliflora
(F2, Baobab) (0.94 m/yr), P. juliflora
(Israel)
(0.91 m/yr), Ceiba pentandra (0.89 m/yr), Atriplex numularia (0.85 m/yr),
Eucalyptus microtheca (0.81 m/yr), Casaurina equisetifolia
(0.79 m/yr),
Pro8opie chilensis
0.60 m/yr), and Parkinsonai aculeata (0.60 m/yr)
(Table 8 ) .

Height growth varied for these species between plots. For instance,
Leucaena leucooephala
height growth varied from 0.03-1.89 m/yr and
Prosopis chilensis
varied from 0.13-1.28 m/yr depending upon the plot
and year of planting. Number of replicated plots ranged from two
(Schinus molle),
to nine (Leucaena leucocephala)*
Surviving species showing the poorest height growth were:
Atriplex
canescens (0.11 m/yr), Adansonia digitata
(0.11 m/yr), Acacia
salicina
sad Sitnmondsia chinensis
(0.14 m/yr), Atriplex halimus, Cassia
sturtii
and Acacia aneura (0.17 m/yr) (Table 8). Total sample size per species
ranged from 65-277.

Survival was generally lower in the EPAP than in the IPAL semi-arid
plots but the reverse was true for mean height growth. However, this
comparison is not too valid because only 14 plants (34 percent of all
EPAP and 48 percent of all IPAL plants) were planted in common.

Sites in the Arid Zone
Plantings within this zone were confined to the UNESCO (IPAL) area.
Several different treatments involving applications of water were given
the seedlings although these were not necessarily replicated across all
arid zone sites.

No Water« for those species given no water at all the best survival
was shown by Zizyphrous mauritiana
and the poorest by
Azidarachta
indica
(nil). Best height growth was shown by Proeopis
chilensis
(0.68 m/yr) and worst by Acacia mellifera
and Zizyphrous
(O.H m/yr).
This treatment was given on only one site, with few species (5) and
a small sample size (1-30 plants/species) (Table 9 ) .
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Six months water: species showing best survival were Parkinsonia
aauleata (33%), Prosopis ohilensis
(16%), Aoaoia albida (11%) and
A. holosericea
(11%). Sample sizes ranged from 9-19 plants with 1-2
replications. The remaining 17 species all died. Sample size ranged
from 21-24 and replications, except in two cases, were only one
(Table 10).
Height growth was greatest for Parkinsonia aauleata (0.39 m/yr) and
poorest for Aoaaia albida and A. holosericea
(no growth). Overall,
species given this treatment showed both poor height growth and
survival.
One year watering: survival was not recorded for this treatment.
Pro8opi8 ohilensis
and Aziderachta indioa showed the best height growth
at 0.28 and 0.13 m/yr respectively. Aoaaia albida, A. mellifeva and
A. tortilis
all did equally poorly. Only five species were given this
treatment. Sample sizes ranged from 11-28 and there was only one site
planted (Table 11).
Regular watering; the best survival was shown by Parkinsonia
aauleata
(94%), Ziziphyus mauritiania
(89%)s Aoaoia Senegal, var Senegal (81%).
Prosopis ohilensis,
(80%), Tamarinaus indioa (65%), Azidaraahta
indioa
(63%) and Aoaaia Senegal ver kerensis (52%). Four other species showed
better survival (up to 100%), but were only planted in small lots of
from three to nine plants on one site each. These were Nerium oleandev,
Jaoaranda mimosaefolia.
Euphorbia tiruoalli,
Cassia angustifolia,
Suaeda
monoioa, Aoaaia mellifeva
and Phoenix daoylifera
(Table 12).
Azidaraahta indioa and Prosopis ohilensis
had the best height growth at
0.91 and 1.25 m/yr respectively. Nerium oleander, Evythrina burtii and
Parkinsonia aauleata grew 2.58 - 0.62 and 0.46 m/yr respectively, but
were only planted in lots of 4 to 16 respectively on one site.
Poorest growth was shown by Aoaoia holosericea,
A. mellifera.
Casuarina
equisetifolia,
Cassia angustifolia,
Prosopis cineraria,
and Zyzyphous
mauritiania
(nil-0.1 m/yr) and mostly on Just one site.
Twenty nine species were planted in this treatment. Sample sizes
ranged from 3 (Euphorbia tiruoalli,
and Jaoaranda mimosaefolia) to
301 (Azidavachta indioa) and 338 Pvosopis ohilensis).
Replications
ranged from one (most species) to four (Pvosopis
ohilensis).
Irrigation: survival was almost uniformally high with most of the 17'..
species showing 78-100 percent survival. Those showing lot/est survival
were Acacia albida (67%) and A. Senegal vav kerensis (50%) (Table 13).
Height growth was also high. The best species were: Leuoaena
leucocephala (3.2 m/yr), Prosopis ohilensis
(2.6 m/yr).
Parkinsonia
aauleata (2.48 m/yr), Prosopis oineria (1.42 m/yr), Tamarinaus
indioa (1.19 m/yr) and Bauhinia sp. (1.04 m/yr). Poorest height
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growth was shown by Acacia mellifera,
A. Senegal var.
kerensis,
Phoenix dactylifera,
Euphorbia tircucalli,
and Jacaranda
mimosaefolia
(0.10-0.49 m/yr) Table 13.
Successful Species
Neither height growth nor survival can be taken as the sole criterion
for "success" as both are obviously significant but of varying importance
depending upon the specific use to which a plant is to be put. High
mortality can offset any benefits obtained from a fast growing plant,
but the high mortality of an extremely fast growing tree species could be
offset by successive re-planting, if it is a valuable enough tree.
Alternatively, a slow growing tree species with good survival prospects
would be adequate for less economically valuable uses, such as shade.
Obviously, the ideal plant species is both fast growing and has high
survival, but there are not likely to be many such species. In these
trials the general measure of "success" was obtained by summing the rank
orders of importance of each species in terms of (a) survival and
(b) growth rate and then arranging all species in order of increasing
values of these sums. Those with the lowest values had the best
combination of height growth and survival.

Croton megalocarpus, Schvebera alata, Cassia didymobotria,
Cuppressus
lusitanica3
Grevillea robusta3 Jacaranda mimosaefolia and Juniperue
procera were the best species overall (rank order of five or less) on
the semi-arid plots of the UNESCO (IPAL) study (Table 7).
Leucaena leuaocephala,
Prosopis juliflora
(F2, Baobab), (Israel),
Prosopis chilensis,
Parkinsonia aculeata and AtripZex numularia were
the best species on the EPAP semi-arid plots (Table 8 ) .
Within the arid plots of UNESCO (IPAL) Zuzyphus mauritiania
and
Azidarachta
indica showed the best rank order on unwatered plots
(Table 9). Survival was not known for Prosopis chilensis,
which
showed by far the best height growth.
On plots which were watered for six months following planting
Parkinsonia aculeata,
Prosopis chilensis3
and Acacia albida did the
best (the latter two species just by surviving) (Table 10).
Prosopis chilensis
and Azidarachta indica did well on plots watered
for one year following planting. This is based on growth data only
as survival is not known (Table 11).
Neriwn oleander, Parkinsonia aculeata3
Prosopis chilensis,
Jacaranda
mimosaefolia,
Acacia Senegal var. Senegal, Azidarachta indica and
Euphorbia tirucalli
had rank orders of five or less on regularly
watered plots (Table 12).
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Leucaena leucocephalas
Parkinsonia aculeataj
Prosopis
ehilensist
P. cineria,
Tamarindus indica and Bauhinia sp. did the best on
irrigated plots (Table 13).

Five species had a rank order or five or less on two or more plots.
These were Jacaranda rrnmosaefolia indiea and Prosopis ehilensis
(Table 14).
In terms of absolute criteria it can be seen from Table 15 that performance
increased from arid plots with 1 year or less of watering to semi-arid
plots (with EPAP plots best) to arid plots under regular watering and
finally irrigation.
Prosopis ehilensis
(5 sites), Azidoraehta indica (3 sites) and
Parkinsonia
aauleata
(3 sites) showed the best relative performance
even.when replicated across several arid sites. Prosopis
ehilenais
and Parkinsonia
aauleata
also were among the best performers on the
EPAP semi-arid sites. Leucaena leucocephala and Jacaranda
mimosaefolia
were similarly among the best performers on both arid and semi-arid
sites but in this case on only one site in each region.
Other good performers on arid sites were Zizyphus mauritiana,
Acacia
albida, A. Senegal var. kerensis.
Euphorbia tiruaalli,
Prosopis
cineriat
Tamarindus indiea and Bauhinia sp.
Survival and height growth were up to from four to five times greater
respectively under regular watering than under drier treatments.
Survival and height growth under irrigation were subsequently 1-2
times greater than under regular watering.
DISCUSSION
Seed Sources
There are apparently many tree and shrub species of potential value for
planting in Kenya drylands, as well as many seed sources both local and
foreign. It would be helpful to future planting trials in Kenya to
review the performance of exotic species elsewhere in the world, decide
on priorities for trials in Kenya and determine the most reliable sources
of seed for these species. This would best be performed by a single
person or organization, which might also be responsible for
obtaining and distributing such seed to interested parties in Kenya.

Nurseries
In general adequate nursery procedures are outlined by Parry (1953a)
Laurie, (1974); Hall et al (1972) and Weber (1977). However, it is
worth while stressing some points shown to be of particular
importance in the present trials.

Successful Species
Neither height growth nor survival can be taken as the sole criterion
for "success" as both are obviously significant but of varying importance depending upon the specific use to which a plant is to be put.
High mortality can offset any benefits obtained from a fast growing
plant, but the high mortality of an extremely fast growing tree
species could be offset by successive re-planting, if it is a valuable
enough tree. Alternatively, a slow growing tree species with good
survival prospects would be adequate for less economically valuable
uses, such as shade. Obviously, the ideal plant species is both
fast growing and has high survival, but there are not likely to be
many such species. In these trials the general measure of "success"
was obtained by summing the rank orders of Importance of each species
in terms of (a) survival and (b) growth rate and then arranging all
species in order of increasing values of these sums. Those with the
lowest values had the best combination of height growth and survival.

Crbton megdlocarpus , Schrebera dlata, Cassia didymobotria, Cuppres8us
lusitanica, Grevillea robusta, Jacaranda mitnosaefolia and Juniperus
procera were the best species overall (rank order of five or less) on
the semi-arid plots of the UNESCO (IPAL) study (Table 7).

Leuoaena luecocephala, Prosopis juli flora (F2, Baobab), (Israel),
Prosopis chilensis, Parkinsonia aculeata and Atriplex numularia
were the best species on the EPAP semi-arid plots (Table 8 ) .
Within the arid plots of UNESCO (IPAL) Zyzyphus mauritiania
and
Azidarachta
indica showed the best rank order on unwatered plots
(Table 9). Survival was not known for Pro8opia chilensis,
which
showed by far the best height growth.

On plots which were watered for six months following planting

Parkinsonia aculeata,

Prosopis chilensis,

and Acacia albida did

the best (the latter two species just by surviving) (Table 10).

Prosopis chilensis

and Azidarachta indica did well on plots watered

for one year following planting. This is based on growth data only
as survival is not know (Table 11).

Cerium oleander, Parkinsonia aauleata, Pro8opi8 chilensie, Jacaranda
mimoeaefolia, Acaaia Senegal var. Senegal, Azidarachta indica and
Euphorbia tirucalli
had rank orders of five or less on regularly
watered plots (Table 12).

528
Nurseries should be placed close enough to the planting sites for
ease of transport and to insure that planting is carried out as soon
as possible following the beginning of the rains. Thus, when planting
sites are up to 50 to 120 km distant from one another, it is best to
have several small, minimally equipped but reasonably well-maintained
nurseries, each near a planting site, rather than one larger betterequipped, maximumly-staffed nursery central to, but further from, all
planting sites.
The unreliability of the rains in arid areas makes it unsafe to base
temporary nurseries on the existence of water sources which will dry
up should the next rainy season begin too late, or be insufficient to
recharge water supplies.
Open-ended polythene tubing 18-20 X 6 cm in size, whether clear or
black, provides a good compromise between convenience of handling
and subsequent seedling survival following planting - particularly
if a loamy or sandy-loam soil mixture is used.
Seed germination will be more successful if the seed is pretreated
prior to sowing. Pretreatment often varies with the species. However,
either soaking the seed in water for 24 hours or breaking the seed coat
with nail clippers appear to work well f or the seed of most species.
The latter method is probably best for small scale trials and the
former for large scale trials where more seed is involved. Small seeded
species either germinate better under special pretreatments
(Eucalyptus
spp. and Casaurina
equieeti folia)
or require it for even minimal germination (Conocavpus
lancifolius).
Direct sowing into polythene containers is probably better than attempting
to prick out and transplant young seedlings from a seed bed. More than
one seed should be sown per container. Excess seedlings can simply
be pinched off and left to die.
Containers should be presoaked prior to sowing. Especially in the
warmer areas emergence may then occur before a second watering is
necessary. Watering cans should have water roses with fine holes.
Germination
Low and variable germination was probably due as much to age of the
seeds as to their inherent viability. Seeds of most species lose
viability with increasing age. This can be seen from Figures 1-4.
The seeds of Azidarachta indioa and Conocarpus lancifoliat
in
particular, lose viability very quickly and must be planted soon
after collection.
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In the case of Acacia species from Africa, low germination percentages
may also be caused by prédation by Bruchid beetles (Lamprey, et
al.,
1974); prédation Increases with Increasing age of seed. A good test
for seeds killed by Bruchid larvae is that dead ones float on water
while live ones do not. In order to obtain Acacia seeds of good
viability it is best to collect them from the tree as soon as they
are ripe so as to reduce bruchid infestation or, in the case of
Acacia with fleshy pods, feed them to livestock and collect the seed
from the dung. Passage through an animal's intestine in some way
kills the bruchid larvae in the see (Lamprey, et al 1974).

The seeds of some species require special treatment to obtain optimal
germination or, in some cases, any germination at all. For well known
species such treatments are known and can be obtained from the
literature (Hall, et al 1972; Goor and Barney, 1976; Weber, 1977).
Lack of germination of Conocarpus lancifolius
at Gatab (Table 2)
reflects the fact that the correct procedure was not used in this
case. For as yet untried indigenous species, such treatment can
be learned only by trial and error.

The seed of some species germinates over quite a long time so that
complete germination potential is not reached for some months or
even years. Acacia tortilis
is a good example (Figure 1 and 2 ) .

This explains why, although there is a definite peak of germination
within the first week of the trials, that there is also an extension
over and beyond a month's period with Acacia tortilie
and A,
albida.
Emergence
Emergence is seed germination minus mortality prior to the small
seedling appearing above the soil surface. The results of seedling
emergence in these trials are only roughly comparable with those of
seed germination because: (a) polythene tubes were often planted
with more than one seed but emergence was based on presence of only
one seedling per pot; (b) different species were often involved and
(c) emergence was determined over a considerably longer period (up
to 145 days) than germination (30-40 days).

Emergence is faster under warmer temperature (3-9 days at the
warmer Balessa Kulal nursery and 7-23 days at the Gatab nursery).
The overall greater emergence at Gatab is possibly due to the longer
period of time used to measure it there (up to 145 days compared to
a maximum of 52 days) and to the fact that younger seed was used.
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Although emergence generally increased with time spent in the nursery,
this was significant for only a few species which will have to be kept
longer in the nursery than most other species. For cooler situations

(Gatab) these are Brachychiton aeeri folium, Eucalyptus
camaldulensis,
E. Warufoo, Leucaena leucoaephalaa and Pinua eldarica\
for warmer
situations (Balessa nursery) Simmondsia ckinensis,
Eucalyptus
aetrigens,
and E. microtheca do better overall.
Bvachychiton
and Leucaena

were tried at Gatab only.

The slow seedling growth at Gatab caused by cooler temperatures and
less sun results in a longer time period until seedlings can be
planted out. The mean height of nine cm (39-132 days) is hardly
that of approximately 20 cm given as minimal height for planting
out by Parry (1953) although some species reached 14 cm in this
time. However, six to eight weeks were given by Parry (1953a) for
nursery time for seedlings in temperate climates, which that at
Gatab approximates.

The faster seedling growth at Balessa means that seedlings are ready
for planting earlier (12 cm height at 144 days with max e 25 cm).
Therefore, seed can be sown later and seedlings kept for shorter
time in the nursery before planting out.
Planting Trials
A large number of species (58) were tried. However, some plantings vere
too small to give reliable results, even on a single plot, while other
plantings were more than adequate, resulting in wasted effort.
Similarly, the degree of species replication between plots was low particularly in the UNESCO (IPAL) plots. It was also low between
the two study areas; only 14 species (34 and 48 percent respectively
of all species planted on the EPAP and IPAL areas) were planted in
common.

The above is due to several factors. The experimental tree planting
trials of the two projects were only very loosely and informally
co-ordinated. Although sources of planting materials were generally
similar, the timing and amounts received varied considerably between
the two projects. Different nursery efficiencies probably exacerbated
this situation. Also, for both projects, these experimental trials
were only one of several often more important project tasks. Subsequently, the quality of their results were dissipated by project
resources being spread over several tasks or, at worst, by being
given low priority within the project.

However, it is hoped that the information obtained on species of
potential importance for planting within the regions concerned
will be of value to others until more substantial data can be
obtained.
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Semi-arid Sites
Of those species which performed well on the semi-arid sites, Cvoton

megalooarpua, Schrebora alata,

Cassia didymobotria

and

Juniperus

prooera are indigenous to montane forest in Kenya, (Dale & Greenway,
1961; Lind & Morrison, 1974; Synnott, 1979) while Cupreeaua
lueitanica,

Grevillea

robuata and Jaoaranda mimosae folia

are planted throughout

the Kenya highlands. It is therefore probable that most of these
species have been planted near the drier limit of their ecological
range and that these results should not be more widely applied to
the semi-arid zone until further experience is gained.

The exceptions may be Grevillea
robuata,
which has been successful
under rainfall of 400-600 mm/yr and six to eight month dry season
(Goor & Barney, 1976), and Jaoaranda mimoeaefolia.
However, the
latter species has a soft wood and is principally an ornamental
plant (Goor & Barney, 1976). Where winds are high, as at Gatab,
it may be deformed.

None of the species showing "best" performance on the EPAP semi-arid
plots were indigenous. This may explain their relatively lower
survival as compared with plants on the IPAL plots. All are capable,
to varying degrees, of growing in dry climates, but in particular,

Parkinsonia

aouleatat

Proaopie juliflora

and P. ahïlenaiet

which

can grow under l00-200mm rainfall per year. (NAS, 1979; Bogdan,
1977; Goor & Barney, 1976; Laurie, 1974). Proaopie
juliflora,
a highly variable species taxonomically, is represented here by
two different sources and, therefore, potentially different strains.
It was at one time confused with Pro&opia chilenaia
(Goor & Barney,
1976; Laurie, 1974). Leueaena leuaooephala
is thought to be a very
promising multi-purpose shrub/tree - including forage - but, under
rain-fed conditions, usually requires at least 500mm rainfall per
year (NAS, 1979; Ferraris, 1979; Bogdan, 1977; FAO, no date).

Overall, the "best species" were composed of about 70/30 exotic and
indigenous species. Generally the exotic species showed the faster
height growth while the indigenous species showed greater survival.
This simply reflects the fact that those exotic species used in Kenya
are selected because of their good performance elsewhere in the world,
largely in terms of height growth, whereas indigenous semi-arid
species generally have adapted to their environment best by
emphasizing slower growth and higher survival. The principal
value of indigenous species is in being able to survive for
long periods under the prevailing harsh environmental conditions.
That survival was generally low and highly variable on semi-arid
plots was to be expected from the large number of species, planting
sites and planting dates used.
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The higher rate of height growth on the EPAP as compared with IPAL
plots t-Tas probably due to the higher prevailing tamperatures and
the use of microcatchsnents in the EPAP area. The IPAL plots were
located on Mt. Kulal and Hurl Hills where relatively cool temperatures prevail for much of the year because of widespread mist. High
winds are also common.
Particularly at Gatab, extreaely high mortality was experienced during
the first two seasons because weeding was not carried out during the
high rainfall year. Although surviving individuals of some species
recovered quickly and grew well thereafter, others, such as
Eucalyptus
maculata,
have yet to do so. This fits with Parry's (1953a) warning
that inherently fast growing trees require three to five weedings
during the first year. Otherwise, growth may be checked for sometime afterward, even if weeds are eventually cleared away. Slower
growing species may require weeding on several occasions if not
associated with agriculture. An area one meter in diameter is recommended for weeding around each tree. Tall plants outside this area
should be just slashed away (Parry, 1953a).

The fact that rain-fed semi-arid plots in the EPAP area support height
growth similar to that on regularly watered arid plots, is probably
due to (a) better soils, (b) watering of arid plots for up to a year
helps establishment more than growth, and (c) the effectiveness of
microcatchments in the semi-arid EPAP area.

Arid Plots
Those trees/shrubs showing the "best" performance i were 55/45 exotic/
indigenous. Both types showed somewhat similar survival in those
plots where adequate data were kept. As these were the regular
watering and irrigation plots, it is probable that such watering
regimes are sufficient to reduce mortality rates of the less
poorly adapted exotic species to a minimum, while retaining their
fast growth qualities.

Those species with the best performances over as many watering

treatments as possible were Prosopie chilensis,
Parkinsonia
acuieata and Azidarachta indica (5, 3, & 3 treatments each
respectively). The first two species are known to do well
in arid climates elsewhere in the world. However,
Azidarachta
indiea
is not known to do well under 400mm rainfall per year
(Goor & Barney 1976; Laurie, 1974). It has done the best
during these trials on deep sands where water is easily obtained
and stored.
Replications of species among treatments was inadequate to determine
most of the species response to each of the watering treatments. For
those species having at least some replication, performance usually
Improved with the amount and length of time of water applied.
However, in some cases (as Acacia albida)
increased performance
is over-shadowed by even better performance of other species (such as
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Leuaaena teneoaephala).
Again, some species, such as leucocephala,
Prosopis oineria and Tamarindus indica, may effectively only do well
In arid situations when irrigated.

Performance (survival and height growth) generally increased with the
amount and length of application of water. Thus, irrigation gave the
best results. The exceptions were Asidaraahta
indioat
which grew more
slowly when irrigated than under regular watering and Prosopia
ahiieneiSj
which grew surprisingly well when not watered.
CONCLUSIONS
Although many tree and shrub species were tried, poor replications of
species in terms of time and area reduced the effectiveness of the
trials.
However, several species that were fairly adequately replicated show
good performance. Those doing well in both semi-arid situations
and under a range of watering treatments in arid situations are

Px>08opi8 ehilenôie

and Pcwkinaonia aauleata.

Those doing well

In semi-arid situations and under regular watering or irrigation

situations are Leuoaena leuaocephala and Jaacœanda mimoeaefolia»
Azidarachta
vndica has done well under a range of watering situations in arid situations.
Other species performed well but less so than the above species. Many
others which did well were too poorly replicated for the results to
do more than indicate the need for additional research.
Pre-preparation of planting sites in the form of mlcrocatchments
apparently Increased performance on semi-arid plots, particularly
of height growth.
In arid situations, as expected, performance generally increased
with the amount and duration of watering. Watering for periods
of one year or less helps establishment more than growth.
Irrigation generally reduces mortality of the less well adapted
exotic spacies to a minimum.

534
ACKNOWLEDGEMENT
The authors wish to express their thanks to the Field Support Staff
of EPAP and UNESCO (IPAL) projects for their assistance in the field
work. Special thanks are due to the Fathers Tyroller of the Roman
Catholic Mission, North Horr and Mr. Hebert Andersen of the Huri
Hills Development Scheme, Kalacha for their help throughout the
study.

This paper will be published as a part of the UNESCO IPAL Technical
Report Series.

TABLE

1:

SEED SOURCES
Exotic species
Australian Council of Churches/CSIRO
Baobab Farms (Mombasa)
Ben Gurlan University of the Negev (Israel)
FAO Irrigation Project (Turkana)
Indian Forest Department
International Development & Research Council (Nairobi)
Institute of Terrestrial Ecology (Bangor, Wales)
Kenya Agricultural Research Institute (Katumanl Dry Land Research
Station)
Kenya Agricultural Research Institute (Plant Quarantine Division)
Kenya Forest Department (Klkuyu)
Kenya Forest Department (Maraablt)
National Christian Council of Kenya (Nairobi/Rhamu)
Nightingale Farm (Njoro)
Salvation Army (Nairobi)
Sudan Forest Department
US Dept. Agriculture (Berkley, California)
US Dept. Agriculture (Maryland)
Indegenous species
African Inland Church Agricultural Project (Lokorl)
African Inland Church (Marsabit/Moyale)
Baobab Farms (Mombasa)
East Pokot Agricultural Project
Kenya Forest Department (Marsabit)
National Christian Council of Kenya
NCCK/LWR Hurl Hills Development Scheme
Roman Catholic Mission (North Horr)
Salvation Army, Lokltaung (Turkana)
UNESCO(IPAL)
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TABLE

2:

Results of pretreatment of seed at Kositei

Species for which scarification of seed provides beat emergence

Leuaaena leuaoaephala

ProBopis

ahilensis

Aaaaia albida

Proaopiß cineraria

Aaaaia tortilis

Prosopie

Aaaaia Senegal

Parkinsonia aauteata

Aaaaia aneura

Ceratonia

Aaaaia holoseriaea

Cassia eiamea

Aaaaia oynophylla

Cassia

Aoooia salioana

Aâansonia digitaba

juliflora

siliqua

sturtii

Species for which no pretreatment is needed

Tamarindus indiaa

Salvadora persiaa

Balanites Aegyptiaoa

Azadiraahta indiaa

Sinvnondsia ahinensis (2)

Atriplex

species

Aaaaia Senegal
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TABLE

3:

Results of seed germination trials
Species

Aoaaia albida
Aoaoia elatior
Aoaaia
podalyriifolia
Aoaaia Senegal
Aoaoia
tortilis
eubspe. spirocarpa
Casaurina
equisetifolia
Cassia
angustifolia
Cassia didimobotria
Cornocarpus lanoifolius
Dioepyros scabra
Eucalyptus oamaldulensis
Eucalyptus citriodora
Eucalyptus miorofkeoa
Eucalyptus wandoo
Jacaranda mLmosaefolia
Juniperus pvooera
Newtonia buohnanii
Olea europea
Parkinsonia aouleata
Prosopis chilensis
Pvosopis cinerea
Tamarindus indioa
Zyzyphus jujuba

Germination percentage per species per
trial
(1)

(2)

(3)

11.8

37.1

48.0

24.0

21.7

(A)

(5)

18.3

35.5

(6)

(7)

17.0
66.0
79.4

9.0
*

nil
50.0*
32.0

22.5

nil

nil

nil

85.0

80.0

*

13.0
65.0*
70.0*
22.0*
62.0*

3.0
nil
10.0

nil
31.0
64.0
19.0
55.0
45.0

Results from the East Pokot Agricultural Project

5.6

nil

TABLE

4:
Emergence and early Seedling growth Data from Gatab Nursery

„
^ .
Ho. tubes

First Emergence
(
f r ^

*lanted

Acacia atbida
A, eibaica
A. koloeeriaea

120
25
120

Azidavachta indica

50(sun)
120(shade)

Brachtchiton

aaerifolium

Caeaurina equiaetifolia
Caaeia anguBtifolia

15
20
27

sowing)

14 (sun)
17(shade)

10

120
50

Measurement
period
(days)

Emergence
(X)

Seedling
height
(cm)

2nd Measurement of
emergence
(Days from
sowing)

__
Emergence

Seedling
height*

(%)

(cm)

72
76
45

82
24
35

40

28
34

42
100
95

100
90
67

4

145

96

7

44
36

47
64

2
2

39
81

44
62

6
7

6
6
2

128
132
100

24

126

6

128

5

Conocarpue Îanoifol-ùu8

50
Seed bed

Nil
Nil

Nil
Nil

CupreeeuB lusitanica

Seed bed

Nil

Nil

Delonix regia

25
60

7

14
11
6

40
30

52
5

4

52
117

56
7

50
50

30
41

28
70

1
2

75
84

52

4
5

E. camaldulensie

100
50

47
29

19
62

3
1

92
75

92
92

13
13

E.

120
60

47
30

52
78

2
2

88
75

83

9
6

Eucalyptus aatvingena
E. brochaayi

citriodora

8(6126 days)
6

TABLE 4 Cont.

First Emergence
No. tubes
(Days from
planted
sowing)

Measurement
period
(days)

Emerge- Seedling
nee
height
(Z)
(cm)

2nd Measurement of
emergence
(Days from
sowing)

Emergence
,.*
W

Seedlln

*
height
(cm)

80

41

11

1

86

14

6

100
70

41
42

28
24

1
1

85

67

5

Leuoaena leucocephala

50
60

35
30

36
43

3
3

80
75

80
68

5
8

Parkinsonia aauleata
Pvnua eideriaa

58
56

42
28

43
79

5

87
70

30
79

100

49

91

3

94

94

8

100
50

49
36

23
48

3
2

94
81

25
52

8
8

50
18

35

28
Nil

4

80

34
Nil

13

6

121

2

87
81

E. micTOtheaa
E, wandoo

Proeopie

ohilensie

P. cinerea
P. pallida
Simondeia ohineneie
Tarartndue indiaa
Zizyphue mauritiania

14

40
120

15

40
50

15

45
76

100
77

44
36

35
86

10
8(@115 days)

10
52
86

16(6131 days)
6

TABLE

5:

Species for which germination increased significantly
with time spent In the nursery

Gatab

Braahyohiton aaerifolium

Balessa Kulal

Sirnnondeia chineneis

Eucalyptus oamaldulenBie (2 trials)
E. wandoo

E. microtheca (2 trials)

Leuoaena leuoocephala

Pinuß eldavioa

Pinus eldavioa
(0 to 45 days)

(Braohychiton

and Leuoaena were tried

at Gatab only).

(0 to 52 days)
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TABLE 6:
Emergence and early seedling growth data fron Balessa Kalal nursery.
No. of
tubes
planted

Day of
first Emergence
emer- (Day Z20)(Day 52)
gence

Seedling ht(cm) and
day of measurement
Ht
(day)

SOIL (i sand + j silt)
Acacia holoeericea
Azidaraehta indica
Balanites aegyptiaaa
Calligonton coinoswn
Casaurina

equiaetifotia

60
24
13
90

3
3

3
nil

90
120

nil

3
33
nil
nil
45

IS
16

148
148

11

148

9
12

148
148

Cucurbitda foetidissima
Cyanopsia tetragonaloba
Eucalyptus astringens
E. brockayii
E, camxldulensis
E. eitriodora

39
120
120
120
120
120

4
3
7

77
100
7

6

20

70
100
69
S
43
25

E. tnicrotheca

120
120

9
4

14
17

40
32

25

148

E. uandoo

120
120

6

12

47
25

6

148

60

3

148

6

42
Nil
18

3

120

10
Kil
5

11

148

29
29
29

3
4
3

65
30
85

15
15

148
148

60
24
60

3
4

29
29
29

3
4
3

Pînue eldarica
Proeopie ohilensis
P. oinera
Simnondsia chilensis
Seed soaked 24 hours
As above but floated
No treatment
SOIL (I sand + h silt)
Acacia holoeericea
Azidaraehta indica
Pinus eldarica
Simnondsia chineneis
Soaked 24 hours
Soaked & notched
No treatment

70

nil
60

25
10
75

90

TABLE 7:
Survival and height growth on seml-arld plots UNESCO (IPAL)

No.
planted

Acacia albida
A. mearneii
A.

mellifera

A.

nilotiea

A.

tortili8

Aoroearpua
Calodendron

71

W
41

28

2

Nil

Mo data

44

125
fraxinifoliua
8
caponee
9

3

Casaurina

equieetifolia

33
41

Caeaia
didymobotria
C. eiamea

10

80

10

30

C.

11

38

11

C.
Bturtii
Craibea
laurentii

28

56
10

Croton

24

90

megalocarpua

0-100

13

43

apectabilis

0-S7

No lata

68

podalyriifolia

A.

Survival X
ST
Range

Ht. growth (tn/yr)
of surviving plants
T
Range

0-60

1

11

0.64

2

10

0

1

23

0.20

1

17

4

7

0.16

1

18

0

1

22

0.32

0.15-0.42

1

18

4

8

0.29

1

0

2

3
21

0.01

1

19

1

8
22

0.35

0.12-0.94

0.19
0.01

0-O.03

0.31

0.23-0.40

67-100

0.17

0.05-0.35

25-93

0.09

0.06-0.13

0-20
80-100

Rank
Order

0.07

0.03
10-88

No. of
plots

3
2

1

Cupreaoue

luaitanica

56

Erythrina

burtii

67

84
54

Euaalyptue
camalduleneis
B. maculata

16

56

0.09

1

13
11

20

50

0.14

1

12

E. wandoo

21

43

0.08

16

183

78

59-100

0.29

1
4

9

50

0-100

0.47

2

36

85

66-100

3

16

y>

0.15
0.08

5
5

3S

83

60-100

0.16

3

58

19

0-45

0.03

4

9
6
20

75

40

0-100

0.15

5

15

103

87

Grevillea

robuata

Jaearanda
Jwtiperus

mimo8aefolia
procera

Melia
Olea

azaderach
africana

Proaopie
Schinue

dhilenaia
molle

Sehrebe fa
Tamarindua
Mean

alata
indica

59

68

79-98

0.10-0.55
0-0.94

5
4

1

0.03-0.28

0.19
0.02

50

Plantings of a single plant per species per plot were omitted.

4

4

3

2

1

14

TABLE 8:
Survival and height growth on semi-arid plots, EPAP

Species

No.
planted

Acacia aneura
A. atbida
A.
eyanophylla
A.
holosericea
A.
ealicina
A. Senegal var
kerensis
A.
tortilis
Adaneonia
digitata
Atriplex
canescens
A. halimus
A. nummtlaria
Azidarachta
indica
Balanites
aegyptiaca
B.
orbicularis
Bauhinia purpurea
Caeaurtna
equisetifolia
Cassia
didymobotria
C. eiamea
C.
spectabilis
C.
eturtii
Ceiba pentandra
Ceratonia
siliqua
Cucurbitda
foetidissima
Erythrina
rotundato-oborata
Eucalyptus
astringens
E.
camalduleneis
E.
citriodora
E. microtheca
E. wandoo
Leucaena
leucocephala
Parkinsonia
aculeata
Prosopis
chilensi8
P. cineria
P. juliflora
(Fu, Baobab)
P. juliflora
(Israel)
Salvadora
persian
Schinus molle
Siimondsia
chinensis
Styloscanth.ee
Scabra
Tamarindus indica
Zizyphue
mauritiania

Survival (Z)
x

Range

86
34
1,200 45
34-•62
nil
29
196
30
20
27
278
54
30 21.36
226
61
65
5
67
21
19
40
36--42
45
30 10--41
819
83
39
nil
44
nil
51
256
11
nil
19
5
nil
nil
23
277
43
271
5
50
11
32
nil
307
31 23--35
10
nil
507
15
61
nil
90
9
20
nil
937
71 45--79
68
67
309
63
122
5
387
59
85
49
59
7
20
15
142
7
6--8
150
47
539
34 23--38
90
12
0--35

x

0.17
0.24
0.45
0.14
0.39
0.41
0.11
0.11
0.17
0.85
0.57
0.29

Ht. growth (m/yr)
of surviving plants
_ .
Hange
No. of plots Order

0-0.62

0.0.84
0.14-O.21
0.42-1.29
0.10-1.07

0.79

0.17
0.89
1.14
0.33

0.10-0.55

0.58
0.81
1.38
0.60
0.72
0.55
0.91
0.94
0.43
1.14
0.14
0.33
0.26
0.22

0.59-3 .13
0.63-0.82
0.63-O.82
0.07-0. 79

0.07-0 42

4
8
1
S
4
2
5
4
2
5
5
8
5
6
1
7
2
3
5
5
3
1
8
1
4
1
1
1
9
4
8
8
4
4
4
2
3
3
7
6

19
14
24
13
22
15
13
11.
21
5
11
15
24
24
12
24
24
24
18
12
7
24
16
24
13
24
12
24
1
4
4
19
2
3
20
6
23
9
17
22

TABLE

9:
Survival and height growth on unvatered arid plots

Species

No.
Planted

Survival (Z) Ht. growth (m/yr) No. of
of surviving plants
X

Acacia mellifera
Azidavachta indica
Prosopis chiteneie
Zizyphue maœiticcnia

Range

X

Range

Plants

10

No data

0.11

1

No data

Nil

Nil

1

30

No data

0.68

1

5

100

0.12

1

Rank
Ordei

TABLE 10:
Survival and height growth on arid plots receiving water for the first
6 months following planting

Species

Acacia albida
A. holoserieea
A. eenegal var kerenis
A.
tovtilis
Atriplex caneccng
Asidaraohta indiaa
Calliganom camosum
Casaurina equisetifolia
Cassia anguetifolia
Cucurbitdar foetiddissima
Eucalyptus brockwayii
E. eamaldulensis
E. eitriodora
E. microtheca
E. uandoo
Leucaena leucoeephala
Parkinsonia aauleata
ProBopis chilensie
Siitmondsia chinensis
Tamarindus indiua
Zisiphyus nauritiania

Number
planted

18

Survival (.%)

Ht. growth(m/yr)
Number of
plots
of surviving plants

X

Range

X

11

0-72

nil

9

11

18

nil

9

nil

3

nil

9

nil

2

9

nil
nil

9

nil

6

nil

9

nil

9

nil

9

nil

9
0

nil

9

nil

19
19

33
16

24

nil

10

nil

19

nil

Rank
Order

Range

2

3

1
2

3

nil
10-56

0.39

0.03.0.75

0-33

0.02

0-0.05

1
2

TABLE 11:
Survival and height growth on arid plots receiving
water for one year following planting

Species

Number
planted

Survival X

X

Number of
H t . growth (m/yr)
of surviving plants plots
Bange

X

Range

Aeaoia albida

11

No data

0.06

1

A.

26

No data

O.OS

1

No data

0.13

1

No data

0.13

1

A.

mellifenx
tortilie

Ffoaopia indica

No data
19

Bank
Order

TABLE 12:
Survival and height growth on arid plots watered regularly following planting
Species

Number

Survival Z

Ht. growth (m/yr)
Number
of surviving plants plot6

X

Range

X

6-45

0.16

9

25
56

9
9

Rank
Order

Range

Watered regularly

Acacia albida
A. holoserica
A.
mllifera
A. nilotiea
A. eenegal var. kerensis
A. eenegal var eenegal
A,
tortilie
Azidarachta indica
Casqurina equisetifolia
Cassis angustifolia
Phoenix dactylifera
Euphorbia tiruoalli
Erythina burtii
Eucalyptus astringens
E. brookwayii
E. camaldulensis
E. eitriodora
E, microtheca
E. laandoo
Jacaranda mvmsaefolia
Leuaaena leucocephala
Serium oleander
Parkinsonia aculeata
Prosopis chilensis
P. cineria
P. pallida
Suaeda monoiaa
Tamarindus indica
ZisyphuB mauritiania

3

13

nil

1

14

89

0.04

1

10

0.18

1

11

25

39
52 17-88

0.12

0.06-0.18

3

11

19

61 43-100

0.30

0.12-0.61

3

3

33

37 18-56

0.27

0.18-0.37

2

9

0.91

0.17-2.03

34

301

63 60-67

0.09-.23

4

0.08

13

9

44
100

0.06

7

5

100

0.23

3

100

0.22

5

4

50

0.62

6

9

nil

nil

16

9
9

nil

nil

16

nil

nil

16

9

nil

nil

16

9

56

0.16

10

9

nil

nil

16

3

0.24

3

9

100
44

nil

8

100

2.58

15
1

94
80 60-100

0.46

2

9

67

nil

12

9

44

0.26

8

4

100

0.14

6

28

65

11

89

9

16
338

31-100

1.25

0.18

0.02-0.35

0.07

nll-0.15

Planting of single plant per species per plot were omitted.

2

0.02-18

2
2

7
8

TABLE 13:
.Survival and height growth on arid plots under Irrigation
Survival X

Number
Planted

X

Ht. grotrth (m/yr)
Number
Bank
of surviving plants of plots Order

Range

X

Range

Irrigated
Aaacia

albida

A. me.lXi.feTa
A.

nilotiea

A, aenegal var.

kerensia

A. eenegal var.

eenegal

Azidarachta
Bauhinia

indica

ep.

Euphorbia

67

0.80

10

9
2

89
100

0.21

15

0.92

6

6

50

0.40

16

12

78

0.53

13

6
t
H

100
100

0.68
0.04

5

36

100

12
o

57 -100

7

11

100

0.48
0.59

3

100

0.49

11

Leuoaena lenoocephala
Parkineonia
aauleata

8

100

3.20

I

6

100

2.48

2

Phoenix

daetylitera

5

100

0.10

14

Proeopie

ehileneie

15
8

90
100

1.42

3

3
22

100

0.65

8

100

1.19

9

Srythrina
Jaearanaa

tiruaalli

9

bitrtii
mimoeaefolia

P. aineria
Peidium ep.

(Cueva)

Tamarindue

indica

80-100

2.60

1.40-3.94

2

TABLE 14:
Species with a Rank Order of five or less for each treatment.

SEMI-ARID
SPECIES

IPAL

Croton megalocarpuB
Sohrebera
Cassia

EPAP NO WATER

alata

X

luaitaniaa
robueta

X

Jacaranda

mimoeaefolia

X

JuniperuB

proaera

X

Leuaaena

leucocephala

X

juliflora
aculeaba

X

numilaria
mauritiania

X
-

indica

-

X

-

-

Azidarachta
ProBOpis
Acacia

X
-

-

X

X

X

A

X
X

-

X

X

-

X

X
X

X
-

X

X
-

X

albida

Barium oleander
Euphorbia

hauhinia

Senegal

X
X

cinerea

TamarinàuB

indica

X

tirucalli

Prosopis

IRRIGATED

X

ahilensie

Acacia Senegal var.

1 YR REGULAR

-

Cupressus
Grevillea

Atviplex
Zizyphue

6 NORTHS

X
X

diâymdbotria

ProBOpis
Parkinsonia

ARID

-

sp.

X " rank order S or less
- » present in treatment
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TABLE 15:
Summary of performance by (A) species of rank order
of 5 or less and CB) all species for each treatment.

Treatment

All species

Species of rank
order 5 or less

Mean
Survival
(%)

Mean
Ht. growth
(m/yr)

Mean
survival

(Z)

Mean Ht.
Growth of survivors
(m/yr)

Semi-arid
IPAL

79

0.27

50

0.16

EPAP

58

0.90

25

0.25

unwatered

50

0.53

50

0.27

6 months

20

0.14

3

0.20

no data

0.20

no data

0.11

regularly

88

0.85

58

0.29

irrigated

98

1.99

93

1.04

Arid

1 year
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SEED AND PLANT AVAILABILITY

Summary
The issues raised in this section are among the most urgent in the
whole seminar, not the least because they are amenable to rapid
solutions should the appropriate steps be taken.

Seeds of tree species to meet the demand for the Kenya Forest
Department's forest plantation programme are, generally, in adequate
supply, according to P.K. Arap Konuche's paper on the availability
of treas and seeds in Kenya (page 585).
This is because they are
obtainable from the plantations themselves. The demand for seeds of
many species grown outside
of forest reserves, however, especially those
most suitable for marginal areas, cannot be met by local sources and
these are in very short supply. Only four of the 30 species
identified by the Forest Department as suitable for marginal areas
are locally available in adequate quantities. Local constraints on
collection, compounded by lack of adequate funds for seed importation
as well as very slow government procedures for procurement contribute
to the problem according to Konuche. Nursery techniques for raising
seedlings in marginal areas have been developed, but, as yet, such
nurseries are expensive due to the need to fertilize nutrient - poor
soils, and they cannot produce adequate supplies.

The Importation of seeds and plant material into Kenya is generally
regulated by the National Agriculture Laboratories, although some
species must pass through the Plant Quarantine Services (PQS) Division.
Mr. Walte's brief paper (page 589) oatllnes the system which must be
followed in importing and distributing seeds and vegetative material
of all kinds. Discussion raised the point that there was a lack of
coordination between the Quarantine Service and local seed producers.
This is an area which needs attention, participants felt, if an
adequate compromise is to be reached between the urgent needs of the
country for Importing a wide range of tree seed species, and the
simultaneous requirement to keep out unwanted pests and disease.
Some plant material has already found its way into Kenya through
channels which contravene existing regulations, and the Plant
Quarantine Services lists of the species needs to be updated to take
into account the increasing Interest in agroforestry plants.
The need for a large seed centre was mentioned also in discussion.
This would be to service, in a coordinated manner, all aspects of
seed handling and control in Kenya. Mr. Walte indicated that the
idea is presently being considered with the possibility of building
a germpla8m bank here in Kenya. Clearly, this should take into account
agroforestry developments, participants felt.
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The role of the National Seed Quality Control Sevice (NSQCS) is the
topic of the third paper in this section, by Mr. Mathenge of NSQCS
(page 591). Essentially, the organisation provides for seed
certification of major food and pasture crops in Kenya. In addition
to benefiting Kenyan food producers and consumers, certification
augments the value of seed sold for export and thus boosts Kenya's
standing in the international seed trade arena. Ä surge in demand for
seeds of new tree species suitable for agroforestry is predicted not
only in Kenya, but worldwide. Because of excellent and well-recognized
seed quality control measures, Mathenge contends Kenya will be well
placed to meet part of this demand, a promising prospect indeed for
those in the seed business! Although the NSQCS is often criticized
for the high price of seeds, the costs are justified, according to
Mathenge, due to the amount of time involved In processing.
Furthermore with respect to trees, the cost is small relative to their
contribution to the country's economy.

Ms. Mailler's paper on seed procurement by the Soil Conservation
Extention Unit usefully lists seed sources for forest and fruit trees
grown in the Unit's nurseries. These Include the Kenya Forest
Department, several local private sources and local collection by
Ministry of Agriculture staff, as well as a number of foreign companies.
In the course of outlining the procedures involved in importing tree
seed, Ms. Mailler stresses the difficulties involved in obtaining
viable forest tree seed in Kenya, and urges financial support of the
Department for development of an improved seed collection program.
Seed availability is viewed as the major constraint to an effective
tree planting program for soil conservation. One remedial measure
which the Unit hopes to undertake in the near future is the establishment of small seed "orchards" at each of the 53 soil conservation
nurseries (page 595).

Mr. Barrow, in the following paper (page 599), lists nine seed sources
for tree species which may be suitable for marginal areas without
irrigation. These are ones utilized by the East Pokot Agricultural
project over the past three years. (See also page 503 and page 535).
Several non-government organisations are included as well as the Kenya
Seed Company, other private companies, government research stations,
and local collections. Mr. Barrow aserts that the availability of
planting material for semi-arid and arid areas is very limited and calls
for the establishment of more and improved tree nurseries, as well as
improved extension services in marginal areas.

The National Christian Council of Kenya's (NCCK) tree seed distribution
programme is the topic of the final paper in the section (page 603). Mr.
Peatkau of NCCK lists seed recipients, most of whom are organizations
operating in Kenya's dry areas, as well as the names of species
distributed to each. Between August, 1979 and July, 1980, 28 groups
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requested and received seeds, and this effort was projected to
expand In the following year.
It appears evident from a number of preceedlng papers that the role
played by NCCK In making tree seed available, much of which Is
procured by local collection, has been a vital one. It suggests,
perhaps, some value In assessing the feasibility of other nongovernment organisations undertaking similar efforts, and/or the
expansion of NCCK's seed supply programme to help meet the growing
demand In marginal areas.

585

TREES AND SEED AVAILABILITY IN KENYA

BY

P.K. ARAP KONUCHE
SILVICÜLTURIST
KENYA FOREST DEPARTMENT
P.O. BOX 74
KIKUYU
INTRODUCTION
This paper presents an overview of trees species considered by the
Kenya Forest Department to be appropriate for high, medium and low
lands respectively as well as for marginal areas. It also reports on
the relative availability in Kenya of various seed types and the
Department's seed distribution program. Finally, it provides a brief
description of some of the Department*s nursery techniques.
TREE SPECIES
Highland sites
Highland sites are high potential areas lying at an elevation of 1500 to
about 3000m above sea level and receiving annual rainfall of over
800mm. The main species for reforestation in forest reserves are:
Cypreaaua tuaitanicaa
Pinue potula and Eucalyptus ealigna (ox E. grandie).
Maesopis eminii, Vitex kenienai8 and Olea ueUoitaehCi are also among
the indigenous trees which are planted
The widely grown species outside the forest reserves are: Acacia
mearnaii (Black wattle) Grevillea vdbuata3 E. globuluat E. aaligna,
Cu. lusitanica,
E. maculata and Sohinue molle.
Medium altitudes area
These are areas which lie between 1000 and 1500m altitude. There are
few gazetted forests in moist areas (with annual rainfall of over 800mm).
E. camalduleneiet E. maculata and Caeeia eiamea are some of the species
grown on farmlands.
Lowlands
Lowlands lie below 1000m altitude. In most coastal areas receiving at
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least 800mm of rain per year, the main plantation species are:
Caeuarina equiaetifolüzj,
E. camdlóbXleneia and Pinue caribaea.
Qmelina
arborea, E. degluptas
Terminalia euperba and Teatona grandie (Teak) are
also suitable for growing although they have not been established on
a large scale. AzadiTaahta
indica (Nees) is a popular amenity tree.
Marginal Lands
Marginal lands are mainly lowlands receiving annual rainfall of less than
800mm. Tree introduction is very recent. In areas with annual rainfall
of 450 to 800mm the following species have shown promise: A.
indtca
(Neem), C. eiamea, E. camalduleneia3
E3 teretocornie
and E. maculata.
In much drier areas with less than 450mm rain per year, C. aiameat
Acacia tortilia,
Proaopia chilenei8t
Termindlia bvownii and
Parkins&nia
aauZeata are some of the species which have shown
encouraging results.
SEED AVAILABILITY
Seed for reforestation programmes
Adequate quantities of seeds for plantation programmes are available
from the local sources. Seed stands and seed orchards have been
selected or established for major plantation species, namely Cu.
luaitanica,
P. patuta and P. caribaea.
Seeds are also generally
available for the following species: E. ealignaa
A.
mearnii*
V. kenien8ia9
Caltitris
species and E. maculata.
Seeds in excess
of local requirements are either exported or stored t ider controlled
temperatures. Facilities for cold storage are presently inadequate.

Demands for seeds of C. equzaetifolias
E. camaldulenaia and
G. robuata cannot be net by local collection. Plans have been made to
select or establish seed stands of these species.
Seeds for afforestation in marginal lands
One of the main constraints to tree introduction in marginal lands is
the lack of adequate supply of seeds from the local sources. Out of
about 30 species worth introducing into these areas, seeds of only
four species (C. eiamea, A. tortilie,
A. indica and T. brownii) are
available locally in resonable quantities.
Seeds of some indigenous species cannot be collected locally in
adequate supply because of the following factors:a) Lack of adequate staff to identify the candidate
species as well as their seeding periods;
b)

Lack of adequate labour to carry out the
collection;
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c) High costs of collection as the species
are scattered;
d)

Inadequate facilities for seed storage and
testing.

In addition to these local constraints, adequate funds are not provided
for importing seeds. The government procedure of procuring seeds
is very slow.
DISTRIBUTION OF SEEDS
The seeds for plantation programmes are collected, cleaned, tested and
stored centrally at Forest Department seed store at Muguga (office of
the Silviculturist). Field Foresters indenting for seeds send their
indents through their senior officers ( the Divisional Forest Officer
and the Conservator of Forests) to the Silviculturist. The
Silviculturist in turn dispatches the seeds to Forest Department
Headquarters at Nairobi where the indenting officers or their seniors
come to collect. Small quantities of seeds are sometimes posted
direct to indenting Foresters.

Seeds for sales are sent to Forest Headquarters when the orders are
received. There is a seed catalogue to assist members of the public
who may want to buy the seeds. Foresters-in-charge of afforestation
in rural areas are encouraged to collect and supply seeds to one
another.

These Foresters, as well as those charged with management of forest
reserve, are also expected to collect seeds of non-plantation species
for their use, and to forward the surplus to the Silviculturist..
RAISING NURSERY SEEDLINGS
Nursery techniques have been developed and have been more or less
standardized for nurseries raising seedlings for plantation programmes.
In high rainfall areas, seedlings are raised in either Swaziland bed,
boxes or polythene tubes. Polythene tubes are used In areas having
large-scale planting programmes or areas with unreliable rainfall.
The basic nursery soil consists of forest top soil and gravel, cow
manure, fertilizer and mycorrhizal soil (for raising pines only).
The proportions of these ingredients vary with local conditions.
Seedlings are field planted when they reach a height of 30-45 cm.

Nursery techniques for raising seedlings in marginal lands have been
fully developed. Polythene containers are used, but the optium size
has yet to be determined. Although soils for use are collected from
vegetated sites, they are often lacking in nutrients, particularly
nitrogen. Nursery fertilization is therefore very necessary.
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AVAILABILITY OF SEEDS AND PLANTS FROM FOREIGN
SOURCES IMPORTED INTO KENYA

BY

B.H. WAITE
HEAD, DIVISION OF PLANT QUARANTINE SERVICES
KENYA AGRICULTURAL RESEARCH INSTITUTE
P.O. BOX 30148
NAIROBI

INTRODUCTION
This paper outlines the official procedures involved in importing
and distributing seed and vegetative material in Kenya. It also
specifies the role of the Plant Quarantine Service (PQS) in plant
acquisition and propagation.
IMPORTATION AND DISTRIBUTION SYSTEM
Seeds and vegetative material of all plant species may, with few
exceptions, be imported into Kenya under permit issued by the
National Agricultural Laboratories (NAL), office of the Chief Plant
Inspector, Entomology Department (telephone 48211) or by the Division
of Plant Quarantine Services, KARI.
Permits issued by NAL are for vegetative material and seeds not
required
to pass through quarantine as stated in the Plant Protection (Importation) Order which is prepared and periodically revised by the Kenya
Standing Technical Committee on Plant Import and Export. Permits
issued by the Head, Division of Plant Quarantine Services (PQS) are for
seeds and vegetative material required
to pass through quarantine to
determine presence of pathogens.
Materials entering under a permit issued from NAL are released directly
to the consignee upon arrival at point of entry in Kenya in accord with
the Plant Inspector who inspects the incoming consignment. Materials
entering under a permit issued by PQS are delivered directly to the
quarantine station from the point of entry in Kenya. At PQS they are
inspected, cultivated, indexed or tested for presence of pathogens, and
if found to be healthy are then released to the consignee.

To determine whether a particular importation permit must be obtained
through NAL or PQS, the importer should consult with one or another of
these organizations.
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PLANT PROPAGATION AT PQS
The PQS at KAKI, Muguga has limited space for propagation for
increase of plants or cuttings of introductions determined to be
free of pathogens. Facilities for propagation are the 80 greenhouse
units and three phytotrons. The glasshouses are to some extent
controlled for temperature, light intensity, humidity and
ventilation. Phytotrons are closely regulated for these factors.
Thus some degree of increase of material for release to importers is
possible at PQS.
PQS also has an expanding programme in meristem tissue culturing
to free diseased plants of viruses and virus-like pathogens and for
more rapid reproduction of healthy plants.
Over the past two years PQS has taken initiative in importing seeds
and vegetative material of species and varieties of potential
agronomic interest in Kenya. These importations are in addition to
these solicited by the individual requests of persons or organizations
outside PQS.
PQS has the right to preserve for its needs part of any introduction
for further increase and distribution to interested parties. Thus
there is a seed depository of over 10,000 accessions and over 150
species and varieties of plants available for distribution in small
quantities. There are no charges for these materials or other PQS
services.
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THE ROLE OF THE NATIONAL SEED QUALITY CONTROL SERVICE
(N.S.Q.C.S.)

BY

F.N. MATHENGE
P.O. BOX 1679
NAKURU

INTRODUCTION
The development of improved crop production is an indispensable
step toward better living standards for a population whose livelihood
is tied to agriculture. This depends upon improved inputs of which
seeds are the most basic. A seed contains,, in a specially
"constituted" package, all the resources of an emerging plant. . Seeds
possess special attributes that make them unique among agricultural
inputs because they are living organisms, can readily and rapidly be
multiplied, are required in relatively small quantities, and have
alternative uses other than as a production input. The majority of
practices and resources used for crop production have been designed
principally to facilitate maximum expression of the seeds' genetic
and physiological potential. To a large extent, the quality and
orientation of a country's crop production are closely related to the
supply and use of quality seed.

One of the key elements in a strong and effective seed industry in any
country is seed quality control. The other factors in a seed
industry include plant breeding and seed production, processing,
marketing and distribution. We are fortunate in Kenya that each one
of these components is well established as a result of many years of
Joint public and private effort.

N.S.Q.C.S. was initiated in 1970 jointly by the Netherlands and
Kenya Government to promote the provision and use in Kenya of high
quality seed of superior, well-adapted varieties of field, horticultural and industrial crops.
SEED INSPECTORATE
The Service over the last decade has done a commendable job in seed
quality control work through a series of activities. The seed
inspectorate has made the biggest contribution through the mechanism
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of seed certification. This Is a process designed to secure,
maintain and make available to the public» seeds of superior, well
adapted crop plant varieties so grown and distributed as to ensure
genetic identity and acceptable levels of purity, physical condition,
quality and health.

The process has Involved major food crops; maize, wheat, potatoes and
beans and two industrial crops; barley and sunflower as well as pasture
crops for livestock production. Over 70 percent of the total
maize acreage, over 60 percent of total wheat acreage and over 90
percent of total barley acreage, as average over the last five years
on a national basis, have been planted with high quality certified seed
of improved varieties. The adoption of certified seed on such a large
scale for these crops is estimated to have resulted, on the average,
in yield increases of 10 percent. Based on this yield increase, it is
estimated that the increase in agricultural production through the use
of certified seed was £2.4 million during the period of 1974/75 through
1977/78, applying the prices prevailing in 1974/75.

The seed inspectorate, over the last decade, has also made it easier
for the country through the Kenya Seed Company to export certified
seed of maize and grasses to foreign markets bringing in valuable
foreign exchange earnings. For example, over 60 percent of the total
certified grass seed produced in the country is exported to the
Middle East, Japan, Mediterranean Region, Central and South America
and other areas. Product quality is a key factor in tapping the
potential in foreign markets and this factor becomes even more
critical in selling a live product as seed. N.S.Q.C.S. has continued
to play a crucial role in safeguarding Kenya's name in seed export
business.

The same applies to the role of the seed inspectorate in ensuring the
quality of imported vegetable seeds into Kenya from foreign sources.
Since this sector was absorbed into the functions of N.S.Q.C.S. in
1975, there has been an overall improvement in the quality of seed
distributed to the farming community through the agency of various
seed importing firms. For example, in 1979 the inspectorate
controlled the quality of approximately 150 metric tons of vegetable
seeds representing 158 varieties of 40 crop species imported from
various seed firms in Europe, U.S.A., Asia, Australia and New
Zealand. A modest effort has been launched to inspect and certify
the limited quantities of vegetable seeds that have begun to be produced
locally.

In connection with seed certification work, N.S.Q.C.S. played a unique
role in •nhancAng Kenya's image abroad in varietal certification schemes
organized on a global basis. In 1973, Kenya became the first country
in Black Africa to be admitted to participate in the international
varietal certification schemes run by the organization of Economic
Co-operation and Development (O.E.CD.) whose secretariat is established
in Paris, France. Several schemes are operated under the O.E.CO.
varietal certification system but Kenya has, so far, opted to
participate in the cereals (wheat and barley) and herbage scheme.
Maize is likely to be added to the list in the near future.
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The objective of the seed schemes is to encourage the use of seed of
consistently high quality for tha improvement of ff od production in
participating countries. The scheme authorises the designated
authorities in the participating countries to use special labels
and certificates for seed produced and processed for international
trade according to certain agreed principles. The N.S.Q.C.S., on
behalf of the Director of Research in the Ministry of Agriculture,
has been responsible for the implementation and overall supervision
of the scheme in Kenya. Through this facility of being recognised
at the international level in the application and maintenance of
accepted technical procedures, not only in varietal certification,
but also in seed testing, N.S.Q.C.S. has played a significant role
in safeguarding Kenya's name in international seed trade, and in
promoting high standards of seed quality in our own country. .
VARIETY DESCRIPTION AND PERFORMANCE TESTING
The function of variety testing, evaluation and release control has
also been undertaken by N.S.Q.C.S. to ensure that only superior,
well-adapted varieties reach the wider farming community for
commercial crop production. The Variety Section dealing with this
work was established in 1976 and has so far embraced varieties of
maize, wheat barley, sunflower, potatoes and beans. The new varieties,
which are subject to the screening process, emanate from both the
public breeding programme and private sources.
The N.S.Q.C.S. is meant to play the unique role of offering independent
and impartial testing evaluation and judgment of seeds and plant
varieties of important food and industrial crops. This role is based
on the premise that plant breeders (public or privace), seed growers
and seed merchants are not the best judges of their discoveries,
crops, or products. A cardinal pre-requisite to playing this role
effectively is that the agency so charged not only be technicallly
competent, but also free from breeding and commercial interests.
However, the conduct of the work should be done in close co-operation
with all the interested parties.

SEED TESTING
The official Seed Testing Laboratory and its personnel, formerly under
the National Agricultural Laboratories (N.A.L) Nairobi, was transferred
to Lanet In 1979 to be under the direct management of N.S.Q.C.S. This
decision was taken jointly by the two governments In recognition of the
fact that seed testing is an integral part of overall seed quality
control. Seed testing work so far carried out includes analytical
purity, germination capacity, moisture content and to a limited extent,
seed health.

As in the case of O.E.CD., Kenya has been fortunate in being a member
country of the International Seed Testing Association (I.S.T.A.) since
1965. The Association, which has been in existence for over 50 years,
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has developed and standardized uniform rules and regulations for
seed testing in various recognized laboratories on a global basis.
The use of the standardized testing code has led, over the years,
to reproducibility and reliability of test results from different
member laboratories. The official seed testing laboratory of
N.S.Q.C.S. is the only one in Kenya recognised by I.S.T.A secretariat.
This unique position can and should be exploited to the maximum
national advantage by expanding our seed export trade, since all the
necessary and internationally recognized certificates of test
results guaranteeing quality are available with N.S.Q.C.S.

SEED LEGISLATION
One of the elements in the original agreement between the two
governments in setting up what was then called the Seed Unit Project,
was the need to enact a new seed law with accompanying rules and
regulations to provide a legal baue for the operation of the unit.
This requirement was broadly met in 1972 when the "Seeds and Plant
Varieties Act" was enacted. This "Seed Law", in broad outline
"confers power to regulate transactions in seeds; to establish an
index of names of plant varieties; to impose restriction on the
introduction of new varieties; to control the importation of seeds;
to authorise measures to prevent injurious cross-pollination; to
provide for the grant of proprietary rights to persons breeding or
discovering new varieties;to establish a Tribunal to hear appeals and
other proceedings;and for purposes connected with and incidental to
the foregoing".

The "Seed and Plant Varieties Act", like any other law, merely
constitutes the framework highlighting the area tht £ need detailed
attention. Due to lack of a better qualified authority in the country,
the Seed Unit (N.S.Q.C.S.) was charged with responsibility to interpret,
Implement and enforce the provisions of the Act, through detailed
Subsidiary Legislations. Over the last few years, the N.S.Q.C.S. had
developed a aeries of regulations, which when gazetted as legal documents,
will fully identify N.S.Q.C.S. as the direct custodian of the
Government's Interest in the control and regulation of seed quality,
particularly of food crops, on a national basis. The rights and obligations of all the interested parties constituting Kenya's Seed Industry,
namely, plant breeders, seed growers, seed processors and merchants, seed
consumers etc.. In so far as quality matters are concerned, are properly
catered for in subsidiary legislation.
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REPORT ON SEED PROCUREMENT FOR AGROFORESTRY SEMINAR

BY

MISS V. MAILLER
SOIL CONSERVATION OFFICER
MINISTRY OF AGRICULTURE
P.O. BOX 30028
NAIROBI
INTRODUCTION
The Soil Conservation Extension Unit, Ministry of Agriculture, is
presently supporting 53 soil conservation nurseries, which are
growing fruit trees and forest trees for distribution to soil
conservation farmers.
Tree seed of the following species has been distributed:

Asadiraohta

indica, Cassia siamea, Casuarina equisetofolia,
Conooarpus lancifolius
Groten megalocarpus, Cupressus lusitanica, Eucalyptus saligna,
Eucalyptus aamatdutensi-s, Gmetina arborea* Grevillea
mhustat
Jacaranda, Leucaena leucocephalas Melia voTkensii, târcus patuta, and
Prosopis
juliflora.
SEED SOURCES
Seeds of these species were obtained in the following manner.
!• Silvlculturist, Muguga Forestry Department, Ministry of Natural
Resources, Nairobi. In the past there has been a good working
relationship with the Silvlculturist, Muguga, who has supplied seed
for various species. However, the Forestry Department has limited
facillities and finance to meet the increased demand for seed. Their
storage capacity is limited, and viability of seed is sometimes low.
2. Baobab Farms, Ltd., P.O. Box 90202, Mombasa; Mr. R.D. Haller. We
have obtained limited quantities of seed from this company. Prices are
very high.
3. Kenya Railways. Kanga Station, (halfway from Nairobi to Mombasa).
Several bearing trees of Prosopvs chilensis
exist at this site, planted
several years ago by Mr. Nightingale of Nakuru. The pods are seriously
infested with insects and a seed dressing is required.
4. Local collections by Ministry of Agriculture staff at individual
nurseries. The Unit has agreed to purchase seed collected locally by
staff.
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The procurement of viable seed of forest trees on a large scale seems
to be a task full of difficulties here in Kenya. Before realistic
planning can be initiated concerning the need for tree planting and
the role of trees in soil conservation, this aspect of growing seedlings
must be considered and suitable solutions implemented.
In addition, the Unit has had some success with the importation of seed
through foreign companies. The following are individual businesses
who deal with seed and have been responsive to our requests for
seeds:
1)

International Tree Seed Bank,
43 Le Puy,
France.
(All species)

4)

Sudan Council of Churches,
P.O. Box 469,
Khartoum, Sudan.
(Dry area species)

2)

National Seed Company of Malawi,
P.O. Box 30050,
Lilungwe 3, Malawi.
(Most species)

5) Western Wildlife Supply, "Terrara"
P.O. Box 90,
Gilgandra, 2827,
N.S.W., Australia.
(Eucalyptus Sp., Acacia sp.)

3)

Setropa,
P.O. Box 203,
Bussum, Holland (Att. J. Koiter)
(All species)

There are other sources as well, but these seem to be the most
responsive. The National Seed Company of Malawi (No. 2) especially
has been most co-operative, and in some cases the cost (including
airfare) is less expensive than some local prices. They will supply
in large quantities.
The procedure for importing tree seed is as follows:
1.

Obtain a plant - import permit through the Entomologist or
Plant Pathologist at N.A.L., Ministry of Agriculture, P.O. Box
14733, Kabete.

2.

Pay by means of a bank draft or irrevocable letter of credit.

3.

Obtain approval of the Senior Supplies Officer of the Ministry
of Agriculture if the amount is above Shs. 4,000/- or if
payment is through their office.

The procedure is slow, but within 4 months, one should be able to
procure the necessary seed. Such importation of seed could be
wasteful of Kenya's foreign exchange when seed is imported of
species indigenous to Kenya. If the Forestry Department were
supported financially so as to institute a'seed collection programme,
it would be in a position to supply the seed to all other users.
However, considering the urgency for the need for tree seedlings in
Kenya any expediency must be considered.
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REPORT ON SEED PROCUREMENT FOR AGROFORESTRY SEMINAR

BY

MISS V. MAILLER
SOIL CONSERVATION OFFICER
MINISTRY OF AGRICULTURE
P.O. BOX 30028
NAIROBI
INTRODUCTION
The Soil Conservation Extension Unit, Ministry of Agriculture, Is
presently supporting 53 soil conservation nurseries, which are
growing fruit trees and forest trees for distribution to soil
conservation farmers.

Tree seed of the following species has been distributed:

Asadiraohta

indica, Cassia siamea, Casuarina equisetofoVia, Conocarpus lanctfolius
Groton megalocarpus, Cupressus lusitanicat Eucalyptus aaligna,
Eucalyptus aamaîauleneis, Gmélina avbovea, Gœvillea
rubusta,
Jacaranda, Leuoaerux leuoocephala* Mét-ia volkensii, ïinus patula3 and
Prosopis
juliflora.
SEED SOURCES
Seeds of these species were obtained in the following manner.
!• Silviculturist, Muguga Forestry Department, Ministry of Natural
Resources, Nairobi. In the past there has been a good working
relationship with the Silviculturist, Muguga, who has supplied seed
for various species. However, the Forestry Department has limited
faciliities and finance to meet the increased demand for seed. Their
storage capacity is limited, and viability of seed is sometimes low.
2. Baobab Farms, Ltd., P.O. Box 90202, Mombasa; Mr. R.D. Haller. We
have obtained limited quantities óf seed from this company. Prices are
very high.
3. Kenya Railways. Kanga Station, (halfway from Nairobi to Mombasa).
Several bearing trees of Prosapvs ahilensis
exist at this site, planted
several years ago by Mr. Nightingale of Nakuru. The pods are seriously
infested with insects and a seed dressing is required.
4. Local collections by Ministry of Agriculture staff at Individual
nurseries« The Unit has agreed to purchase seed collected locally by
staff.
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The procurement of viable seed of forest trees on a large scale seems
to be a task full of difficulties here in Kenya. Before realistic
planning can be initiated concerning the need for tree planting and
the role of trees in soil conservation, this aspect of growing seedlings
must be considered and suitable solutions itnplcmcntcd.
In addition, the Unit has had some success with the importation of seed
through foreign companies. The following are individual businesses
who deal with seed and have been responsive to our requests for
seeds:
1)

International Tree Seed Bank,
A3 Le Puy,
France.
(All species)

4)

Sudan Council of Churches,
P.O. Box 469,
Khartoum, Sudan.
(Dry area species)

2)

National Seed Company of Malawi,
P.O. Box 30050,
Lilungwe 3, Malawi.
(Most species)

5) Western Wildlife Supply, "Terrara"
P.O. Box 90,
Gilgandra, 2827,
N.S.W., Australia.
(Eucalyptus Sp., Acacia sp.)

3)

Setropa,
P.O. Box 203,
Bussum, Holland (Att. J. Koiter)
(All species)

There are other sources as well, but these seem to be the most
responsive. The National Seed Company of Malawi (No. 2) especially
has been most co-operative, and in some cases the cost (including
airfare) is less expensive than some local prices. They will supply
in large quantities.
The procedure for importing tree seed is as follows:
1.

Obtain a plant - import permit through the Entomologist or
Plant Pathologist at N.A.L., Ministry of Agriculture, P.O. Box
14733, Kabete.

2.

Pay by means of a bank draft or irrevocable letter of credit.

3.

Obtain approval of the Senior Supplies Officer of the Ministry
of Agriculture if the amount is above Shs. 4,000/- or if
payment is through their office.

The procedure is slow, but within 4 months, one should be able to
procure the necessary seed. Such importation of seed could be
wasteful of Kenya's foreign exchange when seed is imported of
species indigenous to Kenya. If the Forestry Department were
supported financially so as to institute a-seed collection programme,
it would be in a position to supply the seed to all other users.
However, considering the urgency for the need for tree seedlings in
Kenya any expediency must be considered.
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FUTURE PROGRAM
The following are suggestions which could facilitate the procurement
of seed and which the Unit hopes to develop In the next year:
- establishment of a small store for seeds (outside the project);
- mapping of the areas in Kenya where tree seed may be collected
for various species (e.g. Aoaaia albida,
Prosopis spp.,
Tamarinduß indicas
etc.) with seeding times;
- approximate guide to establishment of small seed "orchards"
at each of the Unit's nurseries so that in future, seed can
be collected at the nursery sites themselves;
- training of staff in

appropriate propagation techniques;

- establishment of collections of literature describing the
uses of individual species, pre-treatments of seed,
establishment of trees etc.
Any other suggestions concerning the precurement and establishment
of a working infrastructure for seeds would be more than welcomed.
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AVAILABILITY OF PLANTS AND SEEDS IN KENYA

BY

EDMUND G.C. BARROW
EAST POKOT AGRICULTURAL PROJECT, KOSITEI CATHOLIC
MISSION
P.O. MARIGAT
NAKURU
INTRODUCTION
Over the past three years the East
undertaken planting trials of over
species which hold some promise of
irrigation. This paper reports on
nursery techniques employed by the

Pokot Agricultural Project has
30 different tree and shrub
surviving in marginal areas without
seed sources as well as certain
project.

SEED SOURCES AND THE DISTRIBUTION SYSTEM
The following is a list of source from which the East Pokot Agricultural
Project has obtained seed.
1.

National Christian Council of Kenya (NCCK); acting as a seed
distribution centre to whom the East Pokot Agricultural Project
has sent and received seed material, especially tree seed.

2.

Kenya Seed Company, P.O. Box 553, Kitale; crop and grass seed
samples.

3. Katumani Dryland Research Station, P.O. Box 340, Machakos;
crops and forage smaples.
4.

Rene D. Haller, Baobab Farms Ltd., (Bamburi Cement); tree
seed.

5.

Dr. K.M. Ibrahim, Project Manager (F.A.O.), P.O. Box 1950,
Kitale; tree seed, forage.

6.

Research and Development Authority (Dr. Dov Paternak)
Ben Gurion University of the Negev,P.O. Box 1025, Beer-Sheva
84110, Israel; tree seed.

7. Head, Division of Plant Quarantine Services, K.A.R.I., P.O.
Box 30148, Nairobi; crop, tree samples.
8.

Crop Science Department, University of Nairobi, P.O. Box 30197,
Nairobi; crop smaples.
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9.

Local collections;

tree seed.

At present, the availability of planting material for marginal
semi-arid and arid areas is very limited. This results in inappropriate
species being planted out. This could and should be remedied by setting
up improved tree nurseries and distribution system in the drier areas.
The nurseries shoud grow and stock suitable species and an Improved
extension service is required to give proper instructions in tree planting
and maintenance in the more marginal areas. Such a system could be coordinated by the Rural Afforestation Extension Service of the Forestry
Department and involve other local organizations such as N.C.C.K.,
National Council of Women of Kenya (N.C.W.K.), Catholic Secretariat etc.,
as well as other district or divisional level government officers.

NURSERY TECHNIQUES
General
Nurseries should be situated reasonably close to where the trees are
going to be planted for easy access by the people. Thus, many small
nurseries would be preferable to a few large ones.
The East Pofcot Agricultural Project uses black perforated polythene
bags for all trees to minimize root disturbance during transport and
planting. One and two kilogram plastic bags are used (sizes 2Ox12cm
and 25x 12cm). A mixture of local soil (red brown alluvim) and sand
is used in a 4:1 mixture with no extra fertilizer or other treatment.

All seed is direct sown to the polythene bags, but seed pre-treatment
varies. It has been found easier to seed directly because of the very
hot, dry conditions which would increase mortality if the seedlings had
to be transplanted.
Shade is provided for
removed to harden-off
happens the seedlings
when they are between

the young developing seedlings. This is gradually
the seedlings prior to planting out. Before this
are well watered. Seedlings should be planted out
30 and 45 cm high.

Seed Pre-Treatment
Much of the seed material used in the dry areas has to be pre-treated
to break seed dormancy and encourage germination. The following
methods have been used by the project :1.

Hot water scarification, wherein boiling water Is poured
over the seed and the seed is kept in it for 3 or 4
minutes.

2.

Concentrated sulphuric acid, wherein the seed is immersed
in the acid for a short time (minutes) proportional to
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the seed coat thickness and then washed very well
in fresh water. Too long a treatment destroys the
seed so that this method is very tricky and should
first be tested on a small sample of seed.
3. Physical scarification, wherein a nail clipper is
used to break the seed coat» with care being taken
not to damage the cotyledons underneath.

Of these methods, the breaking of the seed coat with a nail clipper
has proved best» resulting in over 70 percent germination. Germination
is usually more even and faster than by the other methods.
Scarification using a nail clipper is tedious for large quantities. In
small nurseries, though, it is to be recommended. Soaking in hot
water has led to some problems of seed damping off, while using
concentrated sulphuric acid has proved difficult because of the nature
of the acid and the problems of handling it.

Varieties subjected to pre-treatment

Leuoaena Leucooephala
Acacia dlbida
Acacia
tortilis
Acacia Senegal
Acacia aneura
Acacia hcloserioea
Acacia saligna (— A. cyanophylla
Acacia ealigna

Proeopt8 ahilenexs
Prosopis cineraria
Prosopie Quliflora
Parkinsonia aauleata
Ceratonia eiliqua
Cassia siamea
Adaneonia digitata
Cassia sturtii

Varieties requiring no pre-treatment

TamarinduB indiaa
Balanitee aegyptiacea
Simmondsia chilensis (jojoba)*

Salvadora peraica
Azadirachta indica
Atriplex spp. (from seed)

Other pre-treatments
a)

*

Ziziphus maurittana.
The stone has to be broken to release two
or three seeds which can be planted directly into plastic bags.

Jojoba may be better directly planted into its permanent site
because the roots can easily be damaged.
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b) Caeuarina equieetifolia,

Eucalyptus spp., Conocarpus

lancifolia.

The seed should be placed on top of the soil in the plastic bags
(the soil having been well pre-soaked) and then covered lightly
with fine soil/sand. The plastic bags are then covered with polythene sheeting which is removed on germination. Adequate shade
should be provided so as to prevent scorching.
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TREE SEED DISTRIBUTION REPORT - AUGUST 1979 to JULY 1980*

BY

PAUL PEATKAU
THE NATIONAL CHRISTIAN COUNCIL OF KENYA
P.O. BOX 45009
NAIROBI

INTRODUCTION
This is the second "Tree Seed Distribution" report. The first dealt
with seed distribution by NCCK between August 1977 and August 1979.
PURPOSE
The purpose of the seed distribution program is to help organizations
plant trees which may grow and be useful to the people living in the
dry areas of Kenya. The idea is to spread seeds, and knowledge of
seeds of plants, which may grow and be useful in dry areas.
Seed distributed
Attached to this report is a list of the seed recipients and a list
of the species distributed to each. A third list identifies NCCK*s
main seed suppliers.
NCCK sponsored an agroforestry seminar at Machakos in January, 1980.
At that time participants were given seeds for trial plots in
different dry areas. Some of the recipients were church groups without previous experience in raising tree seedlings. NCCK was curious
as to how well such groups could raise seedlings and so requested
germination information in May, 1980. Some of this information is
available and may be requested from NCCK.
Recipients
The August 1979 "Tree Seed Distribution Report" listed seventeen groups
as recipients of dry area tree seeds. During the period August 1979 to

Edited for inclusion in these Proceedings.
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July 1980, twenty eight groups requested and received seeds with nine
of these being members of the original seventeen. The main recipients
and also the main contributors of seeds and information were (1) Kositei
Catholic Mission (2) NCCK Harsabit (3) NCCK Rhamu and (4) UNESCO (IPAL)
Gatab. Again, as in the August 1979 report it is worth noting that to
the best of our knowledge9 ©11 recipients were organizations which will
in time pass on the seeds and information gained.

FEEDBACK
Because of the policy of giving seeds to organizations which often
give them to other organizations which, in turn, pass them on to groups
or individuals, feedback becomes a problem. From trabels to some of
these places, by talking to the Individuals responsible, and by
receiving letters, we have obtained some idea of the success of the
programme at this point. Our objective was only to spread seeds and
knowledge of seeds which could prove useful to people living in the
dry areas of Kenya. Trees are growing. Some knowledge has been gained.
Therefore, one could say that the programme has achieved its objective.
It appears that among the most successful of the trees thus far are

the fodder trees, Algarob (Pvosapie spp J Leucaena spp., Azadivadhta
(Neem) and Z-izyphna spp. Pavkin8oni.as
a non-fodder tree, is also
growing well even in very dry areas. Among the cash crop potentials
we know that guar and jojoba can grow, but we do not know how well or
how to market them effectively.

More detailed technical information, including germination and growth
rates under various rainfall conditions, will be puolished soon by
UNESCO (IPAL) and NCCK. It will include results from trial plots in
the UNESCO (IPAL) study area, including Huri Hills, and from the
Barlngo area consisting of Mr. E. Barrow's plots at Kositei. Much
useful information could be gained if all recipients kept records of
germination percentage, field mortality and growth (measured once a
year).
ADDITIONAL NOTES
The cautions we have made regarding the weed potential of
and Leucaena
are worth mentioning here again.

Prosapi8

Mr. John Godhama, Rhamu Service Centre, Box 19, Mandera has perfected
the germination procedure for Conocarpus laneifoViuß,
one of the
trees with great potential for dry areas in Kenya.
The East Pokot Agricultural Project has had much success at getting
trees to grow in dry areas without watering by applying the following
procedures:a) Prepare a deep hole 60cm x 60cm. in the dry season
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at the low point of a mlcrocatchment area made
by building 2 ridges about 2 metres on either
side of the hole, well strengthened.
b) Plant not Immediately after the first rain,
but rather let the water soak into the ground
and form a ground water reserve.
c) Plant out after the second good rain.
d) Shade the seedling, with whatever local material
Is available, and leave this shade on.

The following personal observations give me faith in the value of
our seed distribution program.
a) A bare, unproductive hill (Nasikakwe by Marsabit)
has been turned Into a lush, tree covered, fruit
producing area within three years.
b) A bare windswept town (Rhamu) has been turned into
a pleasant tree-studded town, with fruit trees
(guava etc.) and shade trees within three years.
c) Potentially useful trees can be seen growing and
improving the lives of many people within the dry
areas of Kenya where people said trees would not
grow and the situation was hopeless.
Therefore, I know that the land will respond to proper stewardship and
that the people can respond similarly. I believe in the future.

606
Listed below are recipients of the tree seeds distributed by
NCCK between August 1979 and July 1980. It is foil wed by a list
of species distributed aad their respective recipients which
corresponds, by reference number, to the list below«

Recipients of Tree Seeds Distributed Between August 1979 and July
1980.
1. Garissa, NEF (Mrs. L. Litwiller)
2. Kalacha, African Inland Church ( Mr. H. Anderson)
3. Kanyuambora Parish (Rev. B. Nyagah)
4. Kanyuambora Parish, Via Embu, (Rev. J.P. Mutiria)
5. Kapenguria CPK, CRS

(Mrss D Payne)

6. Kitui, (Mr. P. Mbiti)
7. Kitui Diocese, Yatta (Mr. 0. Mweu)
8. Kitui Diocese, (Mr. L. Nguthu)
9. Kitui Seed Project (Mr. J. Mulwa)
10. Kositei Mission Nginyang via Nakuru (Mr. Ed. Barrow)
11. Kyuso Catholic Mission, (Fr. N. Hennity)
12. Laikipia, R.S. CPK (Rev. P. Ngure)
13. Lokitung Salvation Army ( Mr. D. Cullis)
14. Lokori A.I.C. (Mr. P. Smith)
15. Machakos Diocese, Mbiuni Group (Mr. T. Mutua)
16. Meru Diocese, Kamujene Farmers Centre (Mr. F. Farmo)
17. Meru Methodist Diocese, (J. Keys)
18. Meru Diocese, Kibumelia (Mr. S. Gituma)
19. Mt. Kenya East

Diocese, (Mr. M. Nyue)

20. Moyale Catholic Relief Services (Mr. A.A. Guleid)
21. Nairobi, Institute of Cultural Affairs

(Mr. J. Mwangi)

22. Nairobi, Kenya Forestry Department, ACF Silviculturist (Mr. C.Gaitho)
23. Narok, Diocese of Ngong (Fr. C. Schiller)
24. National Christian Council of Kenya (NCCK) Nasikakwe
(Mr. J. Murichu, Mr. C. Kiminda)
25. Ngoleni, A.D.C.

(Mr. E.M. Mukeka)

26. Rhamu Service centre
27. Yatta, Ministry of Agriculture (Mr. 0. Mbandi)

Species Distributed Between August 1979 and July 1980 and their
Recipients ( Ref. Recipients of Tree Seeds, NCCK )
RECIPIENTS

SPECIES

Aeacia

albida

Aaaoia

albida

2,3,4,5,6,7,8,9,11,12,13,16,18,19
20,21,24,27

22

ex. Ko8itei (Chemo)

10,13

Aoacia
nilotica
Aaaoia Senegal
Aaaoia seyal
Adaneonia
digitata
AilanthuB
exoelsa

12, 13, 26
13,14
1,3,4,12,13,15,16,20,24,25,26

10

ex. Baobab farm

Azadiraohta
indioa
Balanites
aegyptiaoa
Oasuarina
eqicisetifolia
Casuarina
equisetifolia

26,24
1,12,20,24,25,26
1,11,12,13,21,24,26

10

ex. Baobab

Ceratonia

siliqua
10

(Carob)

Conoaarpu8

latifolia

Conooarpus

latifolia

13,24,26

ex. Baobab farm

Craibia
Craibia

10, 17,22

laurentii
laurentii

2,13,26

10

ex. Ngurunit
Cucurbita
spp.(Florida pumpkin)
ex. KARI tor Mitunguu MOA Nursery

Cyamopsi8 tetragonolobus

17

(Guar)

ex. U.S.A.

13,17

Erythrina

spp.

10,12,15,24,26

Leuoaena

leucooephala

1,2,3,5,6,7,8,9,13,16,18,19,
21,23,25,27

Leucaena leucooephala (K-8)
Leuoaena leuaocephala
ex. Kenya Forestry, Hola

Leucaena

14,22

leucooephala

ex. Kositei

lewtonia
lewtonia

12

hildebrandtii
hildebrandtii

ex. Ngurunit

14,17,22
13
10
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SPECIES

RECIPIENTS

Parkinsonia

aouleata

Parkinsonia

aouleata
10

ex. Mt. Kulal

Prosopis
Prosopis

cineraria
cineraria

5
10, 17, 22

ex. India

Pro8opie
Prosopis
Prosopis

juliflora
juli flora
juliflora

1,2,4,5,6,8,9,11,13,15,21,23,
24,27

(F2)
Fl

generation ex. Baobab Farm

Prosopis

juli flora
tamurugo
tamurugo

ex. North Hoor Mission
ex. Israel

Psidiwn guajava (Guava)
Simmondsia
chilensis
ex. Kositei and Riverside
California

Tamarindus
Tylosema

indica

26
10, 17, 26
13

10
6,9

10
1,2,5,7,8,12,14,15,19,20,21,
24,25,27

esculentum

(Marama bean)

Tylosema

12,25

F2

generation ex. Baobab Farm

Prosopis
Prosopis

5

24

esculentum

fMarama bean) ex. Botswana
ex. KARI for Richard Innes,
Mitunguu MOA nursery Meru.

Zizyphue spp.
Zizyphus
mauritiana
Zizyphus
mauritiana
ex. Kositei

10, 17
3,4,6,7,8,11,14,19,25
21,26,27
12,22
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Seed suppliers to NCCK
1. Baobab Farms Ltd.,
P.O. Box 90202,
Mombasa.
Ailanthue excelea
Azadirachta indioa (Neem)
Caeuarina
equiaetifolia
Conocarpue

laHfolia

Leuoaena leucooephala K-8 variety
Proeopie juliflora
- Fl and F2
2. Kositei Catholic Mission, Nglnyang via Nakuru
Mr. Edmud Barrow
Adaneonia dCgitat
Aoaaia albida
Balanites aegyptiaoa
Leucaena leuooaephala - K-8 variety
Parkineonia aculeata
Proeopie tamurugo ex. North Horr ex. Israel
Simmondeia chileneis
(Jojoba) ex. California
Tamarindue indioa
ZizyphuB mauritiana
3. UNESCO (IPAL) Mt. Kulal (Gatab)
Aoaaia nilotioa
Craibea
lewtonia

laurentii
hildébrandti

4. Proeopie cineraria

ex. India Forestry

Aoaaia Senegal ex. Turkana, Kalokol
Acacia tortilis
ex. Turkana, Kalokol
Cucurbita spp. ex. Primera (Pumpkin) ex. KARI, PQS ex. USA
Cyamopeie tetragonolobue
(Guar) ex. Nat. Ag. Lab, Maryland USA
Erytkrina spp. ex. Turkana, Kalokol
Sirnnondsia ohileneie (Jojoba) ex. Salvation Army, London ex. California
California
TyloBoma esculentum (Marama bean) ex. KARI' Plant Quarantine
Section, ex. Botswana

'
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RELATED PROGRAMS AND PROPOSALS

Svrrunary
The University of Juba's College of Natural Resources and
Environmental Studies (CNRES) has a role to play in promoting
agroforestry research in development in Southern Sudan according to
Mr. Apollo, University student and author of the first paper in this
final section. He lists the five departments in the college and
indicates, generally, the manner in which the curriculum is organized,
He then suggests how an agroforestry component might be integrated
into the CNRES programme. This is followed by brief description of
on-going projects in Southern Sudan, which are agroforestry - related
and therefore might provide a basis for further research by CNRES
students. ICRAF cooperation with CNRES is advocated (page 615).

Mazingira Institute, a non-profit consulting group based in Nairobi,
describes in its paper (page 621) three projects, proposed or in
various stages of execution, which pertain to agroforestry. The first
involves the development of information on the uses of local trees and
shrubs by Kenyan school children. Another is an agroforestry demonstration project involving community-level, non-government organizations in
rural Kenyao And the third is concerned with research and development
on self-sustaining intensive agroforestry systems combined with rainwater harvesting, biogae and fertilizer production. The research
education and/or demonstration aspects of the projects are described,
along with an indication of the status of each at the time of the
seminar.

The Beijer Institute's Kenyan Fuelwood Project is the topic of the
final paper (page 625). Drs. 0*Keefe and Shakow briefly describe the
background, objectives and general work plan for the 18 month
energy planning project which the Beijer Institute is undertaking
jointly with Kenya's Ministry of Energy. In the first of three major
phases, the potential energy shortfall by the year 2000 will be
assessed. Secondly, a range of future energy options will be
constructed. And finally, a series of specific identification,
appraisal and evaluation reports will be prepared. The authors'
views are that careful study of the feasibility of expanding and
maintaining wood supply while simultaneously increasing efficiency of
wood use, will emerge as an important short to medium team course for
Kenya to take. Furthermore, special consideration must be given to
minimize Impacts of competition between forestry and agriculture for
both land and labour. Another prescription for agroforestry,
perhaps?
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THE COLLEGE OF NATURAL RESOURCES AND ENVIRONMENTAL STUDIES
IN THE UNIVERSITY OF JUBA: ITS RELEVANCE TO AGROFORESTRY

BY

LOMOLE MANASE APOLLO
STUDENT
UNIVERSITY OF JUBA, CNRES
P.O. BOX 82
JUBA
Sudan

INTRODUCTION
This paper presents information on the role that the College of
Natural Resources and Environmental Studies (CNRES) can play in
promoting the scientific concept of agroforestry in the Sudan,
particularly in the Southern region. The paper also cites some areas
in Southern Sudan where agroforestry experiments could be conducted
by the college students. The need for close cooperation between
ICRAF and the University of Juba to promote agroforestry practices is
also indicated.

THE UNIVERSITY OF JUBA

The University is one of the youngest in the Sudan and in Africa. The
first group of students enrolled in the 1977/78 academic year. The
University accepts students from all over the country. It gives some
special consideration to the Southern Sudanese by drawing in a number
of government officials from that region.

Colleges and Duration of Courses
There are five basic colleges in the University of Juba, presently
offering degrees as follows:
College
College of Natural Resources
and Environmental Studies
(CNRES)
College of Social and
Economic Studies (CSES)

No. of Semesters

No. of years

10 (BSc with honours)

5

8 (B.Art6)
10 (B.Art with honours)

4
5
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College

No. of Semesters

College of Education (CE)

8 (BSc or B.Arts)

No. of Yearr?
5

10 (BSc or B.Arts with
honours)
College of Medicine

12

5
6

College of Adult Education
and Training
6
3
There is also a diploma course in Public Administration. Diploma
courses in Agriculture, Forestry, Animal Husbandry, Nursing and
Public Health may be developed in the near future.
College of Natural Resources and Environmental Studies (CNRES)
This College is a key one in the University. This is because of the
urgent demand for manpower in the field of natural resources in the
country. The College has five departments:

a) Crop production
b) Animal production

O

Forestry

d) Fisheries
e) Wildlife
CNRES Courses
Courses are organized in such a way that the student is given a broad
education in all basic aspects of natural resources. When the student
graduates, he should be able to work hand in hand with colleagues who
have studied other disciplines. For instance, a student of animal
production should have basic knowledge in forestry and visa versa. To
achieve this goal, the courses are organized in semester terms as
follows:
-

First, second and third semesters are for general
sciences.

-

Fourth and fifth semesters are for integrated courses in
which the student is introduced to all disciplines
within the college; for example, introductory courses
in crop production, forestry, animal production,
fisheries and wildlife. There are also courses in
ecology to help the student understand the
environmental conditions under which he will work.

-

The sixth semester Is intended for the student to
commence his field of interest. A forestry student,
for example, Is given full courses in the subject.
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The seventh and eighth semesters are allocated
for field work. Each student is assigned a project
to carry out and must write a report of his results.
This is aimed at training the students practically
as well as theoretically.
The ninth and tenth semesters are intended for every
student to polish up his line of interest before
taking to the field.
Relevance of CNKES to Agroforestry
The College of Natural Resources and Environmental Studies could be
relevant to agroforestry in the following respects:
1. The integrated course system offered to all students
could be used for introducing the agroforestry
concept.
2. Interested students from this College could, in their
project year, be assigned to some agroforestry projects
and the results of their work could be useful both to
the University of Juba and the International Council for
Research in Agroforestry (ICRAF).
3. Graduates from this College (CNRES\ since they have had
integrated courses in natural resources disciplines,
could undertake some simple agroforestry research
projects in the Sudan and make their findings available
to ICRAF.
4. The students possessing the basic concepts of agroforestry,
could serve as the channels for transmitting these concepts
to the local farmers in the rural areas with whom they are
going to work.
AGROFORESTRY PRACTICES:

EXAMPLES IN SOUTHERN SUDAN

The concept of agroforestry is not new in the Sudan. However, the
correct scientific approach, spear-headed by ICRAF, is still new.
In Southern Sudan there are already examples of on-going agroforestry
practices through various organizations and projects.
a) The Kagelu Forestry Project
In this project, some agroforestry experiments have
already been conducted and the results recorded.
These can be obtained from a paper presented by
Dr. Conn, Project Manager (See pages 309 to 312).
b) The Imatong Forestry Project
This project has been briefly described at this
seminar by Lado (see page 313).
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c) Ministry of Agriculture, Forestry and Animal
Resources* Farm
This is a dairy and poultry project in the Southern
Sudan, located near Juba town. Its aim is to supply
the town with milk and eggs and to provide in-service
training. It is about 10 miles from the present
University of Juba campus.
The farm was started in 1975. On it, the cattle are
fed mainly on natural vegetation. The main grass
species include Panicwn maximum, Hyparrhenia
spp. and
Sudan grass. The commonest trees are the Acacia spp.,
with some Tamavindue indiens.
Various bushes and
shrubs also occupy a good portion of the farm.
An interesting practice on the farm is that, during
the dry season the manager sends out young children
from the neighbourhood of the farm to collect pods
of the Acacia spp. These pods are mixed with cotton
seed cake and fed to the cattle. In addition,
Leucaena spp. are grown along some fences of the
paddocks for the cattle to feed on. Maize, dura
and napier grass are grown among the Acacia spp.,and
these are used for making silage.
d) The Project Development Unit (PDÜ)
This is one of the principle agricultural projects in the
southern region. It is developing very fast in Yei
River District.
The project grows food crops like maize, groundnuts,
dura, beans and pineapples, among others in plots
enclosed by rows of teak trees. The rows are often
two for every boundary of the plot and these are
usually left uncleared, hence creating water and wind
breaks.
Fruit trees like mangoes and oranges have also been
Introduced in the project.
All these projects provide a good foundation for expansion of the new
scientific approach to agroforestry. These projects are often used as
In-service training centres, and thus are good channels for reaching
the local farmers.

CONCLUSIONS
The CNRES in the University of Juba, given the necessary support,
can play a vital role in improving land use systems in the
southern region of Sudan. The short seminar held under the auspices
of the Ministry of Agriculture at the University in October 1980,
and attended by representatives of different University Departments
and other organizations of the southern region, together with a
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representative from ICRAF, indicated what considerable interest
there is in agroforestry systems. Because the CNRES already has
a broad approach to teaching land use and land management, and
because its curriculum development still has considerable flexibility, there is a great opportunity to develop the teaching of
agroforestry at undergraduate level in the near future.
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CURRENT ACTIVITIES IN AGROFORESTRY

BY

MAZINGIRA INSTITUTE
P.O. BOX 14550
NAIROBI

INTRODUCTION
Mazingira Institute is a Kenyan-based non-profit organization which
carries out research, information, demonstration, education and
training projects in Kenya, the African Region and beyond. It was
started two-and-a-half years ago by a group of professionals who
wanted to deal with environment and development issues in an interdisciplinary way. The Institute's programme currently has three main
components.

1.
2.

Low-income settlements
Agroforestry

3.

ifesource-efficient water, waste and bulldiug technologies.

The agroforestry component, which is the subject of this paper,
focusses largely on research, demonstration, and information, though
education and training come into the picture to some extent. At
present, Mazingira Institute has three types of agroforestry projects
proposed or in various stages of being carried out.

A.

Information for rural children; this also involves
gathering data about the uses of some species of trees
and shrubs in Kenya.

B.

Research and demonstration on rural agroforestry plots;
an attempt to identify and work with systems of land-use
management and social organization which will be productive
in three types of ecological zones in Kenya.

C.

Research and development on self-sustaining intensive
agroforestry systems combined with rainwater harvesting,
biogas and fertilizer production.
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INFORMATION FOR RURAL CHILDREN
This is a part of the programme which builds on the idea of the
school as a resource, and integrates information, education
and research. Apart from diasemlnation of information about trees and
agroforestry, this activity shows how the institutional network of
schools could provide an economical way of gathering data.
A special Issue of Rainbow Magazine was organized f° r World
Environment Day 1979, as part of the Kenya programme coordinated
by the National Environment Secretariat. With the help of Wildlife
Clubs of Kenya and donations from local industries, 12,000 free copies
of the magazine were sent out to all rural primary schools in the
country. The material publicised the many uses of trees and showed
children growing them successfully. There was also a Tree Competition,
and out of the 6,000 primary schools which were circulated with the
material there were 700 responses describing the different uses of
trees and shrubs in various parts of Kenya. UNEP, and later the
Beijer Institute, provided funds to compile a list of the species
identified, with their local and some botanical names. It is hoped
to extend this project to reach children of other countries in the
African region in future, and also to improve the precision of the
data collected.

RURAL AGROFORESTRY PLOTS
This activity again tries to build on the capacity of schools and other
local groups to organize tree planting and land management systems.
A number of initiatives have been identified in different ecological
zones which could benefit from assistance and advice of appropriate
agroforestry techniques. Some of these are the schools that entered
the Tree Competition. Others are Wildlife Clubs, Women's groups and
so on. With the collaboration of ICRAF, it is hoped to provide some of
these groups with help in meeting their goals of providing fuel,
fodder food, or other needs through agroforestry regimes adapted to
local conditions.
An important aspect of this project is research and documentation of the
effectiveness of the different species used, their spacing and management, and also the effectiveness of the type of social organization,
land tenure and distribution of the benefits of agroforestry to the
community. The first part of the project is plann3d to take three
years, although the real benefits of the tree crops cannot be
determined for a much longer period. Nevertheless the viability of
the organization for tree planting and land management should be
established first. Project site identification and preliminary field
work has already begun, thanks to the support of the Beijer Institute.

RESEARCH AND DEVELOPMENT ON AGROFORESTRY COMBINED WITH OTHER RESOURCEEFFICIENT TECHNOLOGIES.
This project proposals explore the many possibilities for realizing
the potential of land with varying amounts of rainfall for sustainable
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productivity. Given the Incident rainfall and soil potential
regimens of water management, plant and animal husbandry, waste
management, wood fuel and biogas production, fertilizer production,
and so on, are combined in integrated and planned cycles to develop
productivity. External Inputs of energy and natural resources are
negligible, but the proposals require initial capital, management and
research inputs in order to realize the ecosystem potential for
sustained productivity.

Mazingira Institute has developed several alternative proposals along
these lines: a general system description, an arid zone application,
and a smaller scale modular unit design for semi-arid areas, focussing
particularly on fuelwood and charcoal production potential.
Tree-shrub-crop-grass- legume-ley cultivation programmes are planned
within a 7-year cycle of charcoal tree cultivation. These programmes
combine ralnfed irrigation organic digested sludge fertilization, and
shade regimens. Rainfall harvesting can maintain crop productivity
through conservation and irrigation, and provide for human and
animal consumption and fish farming. Livestock fodder and feed also
come from intensive rotational agroforestry systems. Biogas from
animal and human waste is planned to produce a surplus of electric
power, as well as fertilizer.
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THE KENYAN FUELWOOD PROJECT

BY

PHIL O'KEEFE AND DON SHAKOW
BEIJER INSTITUTE
P.O. BOX 30582
NAIROBI

INTRODUCTION
The Government of Kenya and the International Institute for Energy
and Human Ecology (Beijer Institute) of the Royal Swedish Academy
of Sciences, will start a major energy and development project in
Kenya. The project will be jointly managed by a Steering Committee
whose members are drawn from the relevant Kenya Government
Ministries, the principal donor agencies and the Beijer Institute
(under the overall chairmanship of the Kenyan Ministry of Energy).
The project,which is scheduled to begin in September, 1980 and to
last eighteen months,will cost approximately $1.5 million to carry
out. It is funded by the Governments of Kenya, The Netherlands,
Federal Republic of Germany and USA, together with Beijer Institute.
The Project is a continuation of the energy and development
research which the Beijer Institute has pioneered under its
international programme on Energy and Development. It also reflects
the continuing Swedish scientific community's interest in problems of
environment and development in the arid and semi-arid areas of East
Africa.

THE KENYAN ENERGY CONTEXT
Wood, crop-vaste8 and dung account for over 75 percent of all energy
used in Kenya. Without substantial mineral deposits, the Kenyans must
rely on their forest production or import oil to meet energy demand.
The forests are, however, being rapidly depleted and current estimates
suggest that, by the 1990s, little forest will remain. Moreover,
continuous forest depletion poses problems of environmental degradation, including soil erosion and siltation and, eventually,
desertification, that limit the agricultural potential of the country.
Without successful agriculture, the development goals of the
Kenyans are not attainable. However, without adequate supplies of
fuelwood, there would necessarily be a rise in energy imports that
would increase balance of payment problems and equally hamper
development initiatives. The critical questions that the Kenyan
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Fuelwood Project must answer are: What will a national fuelwood
programme look like and how will it contribute to national
development goals?
PROJECT PHASES
The Project will have three major phases. Firstly,, the current demand
and supply situation will be reviewed to assess the potential
energy
shortfall
by the year 2000. In scenario construction, particular
attention will be paid to national economic and social trends,
especially the accelerating pace of urbanization that will substantially
increase the consumption of charcoal. Once the potential magnitude
of the energy shortfall, with all the attendant uncertainties, has been
estimated, then the second phase of the project, the range of
future
energy options^
will be constructed. The range of energy options will
cover both renewable and non-renewable fuel/technology combinations but
will, in all cases, highlight the role of fuelwood. Finally, after
the range of options have been reviewed and a particular policy
selected by the Kenya Government, the project team will prepare a

series

of specific

identification

appraisal

and evaluation reports

that are necessary to place the policy on the ground.

Before considering any strategy of fuelwood supply enhancement,
detailed attention will be paid to demand mitigation. The energy
conservation gains, from the innovation and diffusion of new
technologies, notably household stoves and charcoal production,
requires careful analysis of tenurial arrangements and production
organization. As such, a programme which would tend to increase
competition between forestry and agriculture, for both available land
and labour, must be carefully calculated in terms of opportunity
costs. Figure 1 outlines a schematic that models major factors
that affect the available supply of biomass.

CONCLUSION
Up to the present time, a careful analysis of all the alternatives
seems to suggest that substantial substitution for fuelwood is not
yet possible. In the short to medium term, the prudent course
would seem to be to mount a careful study of ways to increase the
efficiency of wood use and, simultaneously, of the feasibility of
expanding and maintaining wood supply. As the price of cooking a
meal becomes as expensive as buying the food, the urgency of the
problem Is driven home.
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WORKING GROUPS

WORKING GROUP I
The Position of Agroforestry as a Land Use Strategy/
Trees and Land Use Systems

P.N. Njoroge

-

Chairman

WORKING GROUP 2
Documentation/Information/Research/Extension/
Imp lernen tat ion
C. Warui

-

Chairman

WORKING GROUP 3
Germplasm/Seed Storage and Seed and Plant Availability/
Techniques/Distribution
G. Poulsen

-

Chairman

WORKING GROUP A
Animals and Trees
R. Murluki

-

Chairman

WORKING GROUP 5
Farming and Wood Products (including Energy Supply)
D. Kamweti

-

Chairman

During the Seminar all participants weite invited to contribute a
written return listing those matters which they considered should be
addressed by each of the five working groups which were established.
These suggestions were taken into account at subsequent working group
meetings. All Working Groups Reports were discussed at the final
session of the Seminar (Chairman Dr. D. Ngugi) and the results have
been finally edited, in revised form, as presented In (pages 5 - 13).

