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1. INTRODUCTORY NOTES (B. Lundgren) 

This is the sixth quarterly progress report of the USAID-ICRAF 

Cooperative Agreement, Project No. 936-5545, covering the period 

January-March, 1984. According to the three-year agreement, which 

became effective as of 1st September, 1982, ICRAF receives support 

from USAID for the following three projects: 

Agrcforestry Training (Project leader: Dr. E. Zulberti)
 

Diagnostic and Design Methodology Development (Project leader:
 

Dr. J.B. Raintree)
 

Agroforestry Systems Inventory (Project leaoer: Dr. P.K.R. Nair).
 

During the quarter covered by this report a USA~D mid-term evalua

tion mission visited ICRAF for three weeks (March 12-30), making 

an in-depth assessment of the progress of the three projects. The 

team was made up of Dr. Robert F. Chandler Jr., Dr. Harlan Davies 

and Mr. Jim Seyler. A draft report was prepared by the team before 

leaVing Nairobi. Basically, the team was very positive in their 

evaluation of progress made and they provided a lot of very 

valuable advice, not only on the contInuation of the three projects, 

but on ICRAP's total work p,ogramme. 

Also during this period, Dr. Nyle Brady, visited ICRAF tn familiarize 

himself with our wurk in general and USAID-ICRAF cooperation in 

particular. 
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2. AGROFORESTRY TRAINING (E. Zulberti) 

2.1. First ICRAF/USAID Agroforestry Course 

Final Report. A report on the first ICRAF/USAID Agroforestry 

Course, held in Nairobi 1-18 November 1983 was produced during 

this quarter. It contains a narrative description of activities 

undertaken week by week, the training materials distributed and 

the results of the evaluation and recommendations formulated by 

participants upon completion of the course (see Annex 1). The 

report was widely distributed to participants and both national 

and international institutions related to agroforestry research, 

training and development. Very positive reactions are reaching 

ICRAF giving an indication of the existing and growing interest in 

the training activities of the Council. 

Follow-,~. Efforts are being made to keep in contact with all 

participants. Two regular communications were sent from the ICRAF's 

Training Unit on the occasion of the Christmas holidays and an

nouncing the second ICRAF/US/\ID Agroforestry course. Participants

on the other hand - are sending copies of the reports presented to 

their respective employing institutions to ICRAF, some of them 

containing an assessment and recommendations of the agroforestry 

potentials in their own countries. It is worth mentioning that 

a mission to Burundi is be'"1g considered by ICRAF's AdVisory Unit 

as a result of Mr. R. Baragengana's attendance at the course and 

subsequent report presented tn his government. 

A questionnaire was designed to collect feed-back information on 

hOI~ much of the agroforestry knowledge and methods taught at the 

ursr r~,·ticipants are heing put into use (see Annex 2). The 

form is under discuHsion with ICRAF scientific staff. 

Mr. Steven Mwihomeke from Tanzania will join ICRAF for a six-month 

internship to undertake agroforestry study/work on fuelwood and 

fodder production of multipurpose trees. Mr. ~~ihomeke's 

attendance at the November 1983 course ;lroved crucial in his 

selection as an ICRAF On-the-job trainee. 
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2.2. Second ICRAF/USAID Agroforestry Course 

The second ICRAF/USAID Course was announced. A leaflet was 

produced and distributed to institutions in Africa and COSPRO

related institutions in Kenyp Peru and Costa Rica. The deadline 

for national institutions to sub~it candidates is April 20, 1984. 

A sample of the leaflet can be seen in Annex 3. The course is to 

be held in Nairobi 4-22 June 1984. 

The detailed course programme is under revision, following the 

recommendations of participants and first ICRAF experience. An 

in-house seminar is to be held at ICRAF during the coming quarter 

to discuss the proposed ch~nges and approve the final progranane 

scope, content and sequence. 

2.3. Third ICRAF/USAID Agroforestry Course 

Actions were initiated and an agreement reached with the University 

Pertanian Halaysia to jointly coordinate the third ICRAF/USAID 

course. It has tentatively been set to take place in Kuala Lumpur 

in October 1984. Other collaborating COSPRO institutions in 

Halaysia which will participate are the Hinistry of Agriculture 

and the Forestry Department. E. Zulberti will undertake a mission 

to Halaysia in Hay to stnrt the coordination of the course logistic 

and support. 

2.4. 1985 ICRAF/USAID Agroforestry Course 

Contacts have already been initiated ,.,ith COSPRO collaborating 

institutions in India to jointly organize one of the ICRAF/USAID 

courses in 1985. Two training proposals are currently under dis

cussion at the All India Agroforestry Coordinated Project authorities 

in India. Further developments are expected to occur in the next 

months. 



3. DIAGNOSIS AND :lESIGN PROJECT (J.B. Raintree) 

Approximately half of the draft methodology manual documents 

(Working Papers 6&7) have been distributed to people outside of 

ICRAF for review and comment. Comments received from reviewers 

to date arc generally favourable. Only a few reviewers have n~ade 

detailed comments and suggestions, but there seems to be u con

sensus that the presentation of the methodology needs to be 

simplified (avoiding unfamiliar technical jargon) and somehow 

streamlined (putting more emphasis on the pl'OaeGG of diagnosis 

and design as a procedure which is repeated in a flexible manner 

throughout the life of an agroforestry project). Providing that 

the Guidelines can be simplified and the flexibility of the pro

cedures emphasized in the revisions, several reviewers (including 

the AID evaluation team) have expressed enthusiasm for the scope 

and level of detail contained in the optional resource materials 

(1-rP 7) and s:>me have sugges ted addi tional modules which they would 

like to sec incorporated into the revised edition (e.g. sections on 

macroeconomic appraisal methods and criteria, simple guidelines on 

partial Judgeting techniques and assessment of market potential, 

procedures for feedback and 'quality control' duri~g the implementa

tion of D&D-based projects, etc.). These and other suggested topics 

will be included in the revised version. 

Three new \~orking Papers in the series on Case Studies in Agro

forestry Diagnosis Dnd Design were completed this quarter: 

Torres, F. and J.B. Raintree, 1984. Agroforestry systems for 

smallholder 'upland farmers in a land reform area of the 

Philippines: the Tabango case study. Working Paper No. 18. 

ICRAF, Nairobi (s2e Annex 4). 

Hoekstra, D.A. 1984. Agroforestry systems for the semlarid areas 

of Hachakos District, Kenya. \~orking Paper No. 19. ICRAF, 

Nairobi (Annex 5). 

Rocheleau, D. and A. van den Hock. The application of a landscape 

and ecosystem analysis to agroforestry diagnosis and design: 

a case study from Kathama, Hachakos District, Kenya, (in press 

as ICRAF \~orking Paper). 
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!-lork on further development and elaboration of the D&D methodology 

to deal with variable scale applications and monitoring guidelines 

for the project implementation stage continued this quarter on 

several fronts, under the supervision of D. Rocheleau. 

In Kathama, where the larger-than-farm and intra-household scale 

work is centering on the activities of six local self-help groups, 

four nurseries have been established (capacity = 5,000 seedlings 

each) in preparation for planting out in productive watersheu con

servation designs. Progress has been made in working out a?,ree

ments on the land, water, trees and labour rights and r'lspnnsibili 

ties of group members at this scale of operation which may provide 

a model for other areas. Followup visits and monitoring of pre

vious group plantings, as well as the on-farm trials, continued 

during the quarter. The Third Working Paper cited above reports 

on the analytical work behind these activities, which has been 

supplemented by detailed mapping and survey work during the quarter. 

In Kakuyllni, \~here the methods developed initially in Kathama 

arc heing extended and tested under the COSPRO collaborative 

project, mapping and survey work progressed with the help of MIDP 

and KARl perso~nel, supplemented by the work of two informal 

student collaborators. Contacts with local self-help group were 

maintained and nursery work continued in preparation for the 

watershed and intra-household scale interventions which are being 

planned for this site. 

In SimJa, where ICRAF is collaborating with CARE Kenya to develop 

and test variable scale approaches and monitoring guidelines for 

AF projects, field work \~as initiated during a 3 d"y visi.t by 

Dr. Rocheleoll, involving reconnaissance survey and group interviews 

with project participants. 

The Demollatr·,:tioll lJaZue of the work in progress at the Kenyan D&D 

sites, particularly Kathama, was heavily exploited during this 

quarter. Visitors to the Kathama site included: the AID evaluation 

team (Robert Chandler and Harlan Davies), Prof. F. Mergen (Yale), 

AID project personnel froll1 Rwanda and Ilurundi, Arnold Egli (Swiss 

'1
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project in Rwanda), Drake Hocking (ICAR, India) Don Thomas (Univ. 

of Nairobi), Wayne Teel (Mennonite Central Co~nittee), and Terry 

Hirst (well-known Nairobi cartoonist now illustrating AF-related 

publications). The Kathama site was also used by a BBC film team 

'for filming a segment of documentary involving ICRAF perscnnel. 
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4. AGROFORESTRY SYSTENS INVENTORY PROJECT (P.K.R. Nair) 

4.1. Net-workin£ 

The efforts to publicize the project widely (see previous quarterly 

reports) have resulted in the formation of a global network of 

individuals and institutions inter.ested in the inventory activity. 

Several of them have voluntarily provided very useful input to the 

project. The situation is illustrated in Table 1. 

4.2. Data Collection 

The headquarters' staff continued the data collection vigorousl~. 
P.K. Nair undertook travels to Indonesia (Java and Kalimantan) 

and Sri Lanka. In Indonesia, Dr. Sukiman Atmosudaryo, ICRAF 

Board member, made excellent arrangements with Perum Perhutani 

and other national organizations, so that questionnaires could 

be completed and other infonnation (e.g. pictures) gathered on 

the very interesting AF systems existing there. From Sri Lanka 

also, infonnmation could be gathered on several systems with the 

help of national agencies. 

Reports were received from four Regional Coordinators that data 

collection was going on in full swing, but that they would not 

be able to complete the data collection by the deadline of 31 

Narch, 1984. 

4.3. Data Bases 

Four sets of data bases have been prepared on microcomputer at 

Nairobi. These are: 

•	 field examples o!: prominen t AF sys tem!l exis ting in various 

ecological regions in different countries; 

•	 characteristics and uses 0f the important woody perennials 

commonly found in different systems; 

•	 trees and other woody perennials with anti-pest properties; 

•	 bibliographic references on prominent and promising AF
 

systems and practices.
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These data bases are being up-dated regularly. Examples of 

the print-outs of these data bases are attached (Annexes 6-9). 

A large number of photographs have been assembled on various 

agroforestry systems around the world and some of them mounted 

on display panels at ICHAF. 

4.4. System Descriptions 

The first three contributions to the Series on AF System Descrip

tions (Series editor: P.K.R. Nair), arranged to be published 

in AF Systems Journal (see previous quarterly report), have been 

processed and submitted to the journal. These are: 

1.	 E.C.M. Fernandes, A. Q'Kting'ati and J. ~laghembe. The 

Chagga home gardens: a multistoried agroforestry cropping 

system on Mt. Kilimanjaro (N. Tanzania). Annex 10. 

2.	 S.A. Boonkird, E.C.M. Fernandes and P.K.R. Nair. Forest 

villages: an agroforestry approach to rehabilitating forest 

land degraded by shifting cultivation in Thailand. Annex 11. 

3.	 A. O'Kting'ati, J.A. ~laghembe, E.C.M. Fernandes and 

G.H. Weaver. Plant species in the Kilimajaro agroforestry 

system. Annex 12. 

4.5. Data Evaluation 

Prof. Spedding of Reading, U.K., who has been contracted for data 

evaluation (see previous quarterly report) has initiated the work. 

As a first step, a structured and condensed data format is being 

prepared, that will facilitate the preparation of: 

i) standardised/compatible data summaries from Regional Coordinators 

and other correspondents; 

ii) computer sto=age of data by non-technical people (such as 

secretaries); and 

iii) classification of AF systems depending on the purpose of 

such classification. 



4.6. ~EJect Ev,lluation 

The USAID E':aluation Team which undertook a mid-project evaluation 

in Harch has recommended an extension of six months, till Harch 1986, 

to complete the project (in view of the enormous magnitude of the 

project activities over the originally conceived level and the un

anticipated problems in data gathering). The team also reco~nended 

to USAID that additional funding may immediately be provided for the 

inventory frum the Pacific-PNG region (for which proposals were 

resubmitted in February 198/1 based on the discussion witn Hr. Hichael 

Benge, Proj ect Hanager, AID/H). 

4.7. Hajor items of work planned during the next quarter 

completion of data collection from all regions (except the
 

Pacific and PNF);
 

continuation of data evaluation; 

finalization of more system descriptions under the AF System
 

Description Series.
 



TABLE 1: 

INTERNATIONAL COOPERATION IN AGROFORESTRY SYSTEMS INVENTORY 

Number vf active contacts excluding those of/through the Regional Coordinators in different 
geographical regions (March, 1984) 

1.	 No. of people to 
whom the project 
details and question
naires were sent 

2.	 No. of additional 
reques-t:s for project 
info. (excluding 1) 

3.	 Voluntary contributions 
(completed questionnaires, 
system descriptions, etc.) 

4.	 No. of institutions 
with active contacts 

SE Asia S. Asia 
~li ddle East, 
Medi terranean 
and N. Afri ca 

E &C Africa 
and Humid 
Wes t Afri ca 

Sahel and 
southern 
Afri ca 

Ameri can 
Tropi cs Paci fi c Others 

50 50 20 100 40 150 15 75 

15 14 - 30 12 12 4 15 

6 8 - 4 2 7 7 2 

12 10 2 12 8 18 8 several 
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FINANCIAL S'l'A'l'ENENT (K. (;ataIJlail) A1~ 

M
~,..", 

ICRAF 
INTERNATIONAL COUNCIL FOR RESEARCH IN AOROFORESTRY 
CO"~.l H It.ll Ilt~A llllt.A\ t'( lUll LA III (11111(111 l r~ AClI1UI uur ':> II Illi 

CII','O, JtJ 1t.1( htU.(Il,'jI\I PAIlf\, It'VI·.Il(.A(I()'~ (H A(~Il(J!;llVIClJlhJIlA 

7th Nay, 1984. 

Ref: ADM/3841/USAID/KG/43 

Regional Financial Management Centre,
 
Agency for International Development,
 
P.O. Box 30261,
 
NAIROBI.
 

Dear Sir,
 

RE: REQUSST FOR ADVANCE ICRAF COOPERATIVE AGREEMENT
 

Enclosed please find project financial implementation
 
report for the above project for your necessary action.
 

Yours faithfully,
 
International Council for Research,in Agroforestry
 

K. Gatamah 
Secretary/Treasurer 

Encls. 

/lwg 
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1. INTRODUCTION 

1.1 BACKGROUND 

The ICRAF/USAID Training Course on Agroforestry ReseClrch 

for Development was held in Nairobi, Kenya, from 1 t.O J.g 

November 1983. It \"as card ed out as part of a series of 

training courses launched by ICRAF to disseminate available 

knowledge on agroforestry practi.ces and systems, and on 
methods for assessing land use problems and evaluating 

agroforestry potentials. The course was made possihle 

through a Cooperative Agreement between rCRAF and the United 

States Agency for International Development. It was cr

ganizcd by ICRAF. 

ICRAF's multidisciplinary scientific and professional tcam 

participated in the development of the training programme 

which covered a wide range of conceptual, methodological anI. 

practical aspects of agroforestry. The Coordinator of the 

Course was Dr. Ester Zulberti, ICRAF's Training Officer. 

1.2 PARTICIPATION 

Twenty-two participants from the following countries took 

part in the Course: Burundi (1), Cape Verde (1), Ethiopia 

), Ghana (U, Kenya (6), t1alagasy (11, Malawi (U, ~1auritillS 

(1), Niger (U, Nigeria (1), Tanzilnia (31, Uganda (21 illld 

Zambia (1). 

Disciplines represented among participants were: forestry(ql, 

agriculture (5), BnLI/CiI husbandry (2), soils (2), geogr'aphy 

(1), farm management (1), agroforestry (1) and plant genetics 
(1) • 

A complete list of participants, invited speakers, And 

members of ICRAF i.s gi·ven in Anne~_l of this report. 

1. 3 OBJECnVES 

The overall object! V(~ ·of the Course was "to enhance the 

professional capabilities of research scientists and develop
ment planners from d('veloping countrie.s from initiating 



- 2 

and implementing agro[orestry research, leading to the 
development of systems a:ld technologies that are both 
suited to local conditions and adoptable by farmers." 

This	 objective was accomplished by: 

(1)	 introducing the concepts and procedures of ICRAF's 
methodology to diagnose agroforestry related land USe 

problems and potentials and design appropriate agro
forestry systems (D~D). 

(2)	 discussing key conceptual, organizational and oper
ational aspects of ICRAF's programme of work and, 

(3)	 analyzing available agroforestrr research information 
and relevant experimental app~oaches. 

2.	 PROGRAMME 

2.1	 INAUGURATION 

The three-week course meeting site was at ICRAF Headquarters 
in Nairobi. Participants reported to ICRAF on Monday 31 
October for registration. The opening session took place 
on the morning of Tuesday 1 November. Dr. Bjorn Lundgren, 
Director of ICRAF, welcomed the participants and briefly 
explained the background of the Course they were about to 
begin. 

The Course Coordinator then provided the participants with 
a technical overivew of the programme ol!tlining the ob
jectives of the event and the steps that had been arranged 
to reach goals, as well as the administrative procedures 
to be followed. 

Participants were requested to introduce themselves and 
give a brief descri~tion of their current professional act
ivities and agroforestry interests. 
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2.2 STRUCTURE AND CONTENT 

The Course programme was organized in three phases. The 

objective of the first phase (one week long) was to pre

sent and discuss the conceptual and technical. background 

of agroforestry as well as Lo introduce participants to 

IC~AF's programme of work. An invited speaker and ICRAF 

collaborator, Dr. Amare Getahun, from Energy Development 

International (EDI) in Kenyn presented information on 

Agroforestry Systems in the African Highlands. Two field 

trips undertaken to complement the presentations provided 

the opportunity to observe a wide range of land-use systems 

- from the fertile uplands of the Kiambu Di5trict to the 

semi-arid regions of Machakos District. 

The second phase of the Course focussed on ICRAF Diagnostic 

and Design Methodology. It began with an introduction to 

approaches to Farming Systems Research (FSR). Dr. M. 

Collinson and Dr. P. Anandajayasekeram from the International 

Maize and Wheat Center (CIMMYT) and Dr. R. Kirkby from the 

International Development Research Centre (IDRe) highlighted 

the Dotentials and constraints of the FSR appr.oach to assist 

rural communities in development. Even though participants 

were exposed to all the stages and steps involved in the 

D&D methodology they di.d Tlot actually spend the time required 

to complete the full exercise (2-3 weeks) due to time con

straints. This limiting factor was balanced out by gather

ing all pre-diagnostic information well in advance as well 

as by using previous toJork experience :l.n -the Machakos area. 

The sequence of accivLties - as they o~curr~ri during this 
week and a half long perioci was as follows: 

•	 Introduction to the D&D conceptual framework and meth

odological procedures. 

•	 Analysis of tW9 case-st~dies loJhcre ICRAF has undertaken 
D&D exercises, specifically in Costa Rica and Malaysia 

•	 Preparation for the D&D field exercise. It i neluded: 
a) review of baseline information on the Machakos area, 



··,4 

b) selection of land use systems of interest,
 
c) review of field survey methods,
 
d) identification of farmers, and
 
e) assembling of four small multidisciplinary groups.
 

•	 Fiel4 exercise. Two field groups worked in the highlands 
and two in tne lowlands of the Machakos District. It began 
with a reconnaissance of the area followed by 16 diagnostic 
farmers' interviews. 

•	 Simultaneous t.Jorl<shops. They t.Jere held at ICRAF in four 
small groups to:
 

a) evaluate diagnosed land use problems,
 
b) design speci~ications fo~ problem -solving interactions,
 
c) analyze technology options to address the identified
 

design specification, and 
dl evaluate design alternatives and select 'best bet' options. 

•	 Plenary sessions. They took place after the \IIorkshops to 
present and discuss the recommendations of the small groups. 

•	 Consultatidn with rural population. Participants returned 
to the fteld to discuss ~ith the farmers interviewed at the 
diagnostic phase the .benefits or constraints of the proposed 
problem solving technologies. 

•	 Wrap up session. ICRAF staff presented the results of a real 
and full t:l.me D&D miss:l.on undertaken by ICRAF in the Mach,1kor, 
District. Results, even though obViously not identical to 
'those produced during the Course D&D exercise due to several 
constraints e.g. time, number of farmers interviewed, etc, 
did point in the came direction. Thus bringing to the part 
icipants' attention the· value oE the D&D procedures. 

Moving on in the development of the programme, the logical 
next step and follow-up to the D&D exercibC was to identify 
research needs to generate reqUired technologies, if not 
already available. This was the beginning of the third and 

last phase of the Course. Specific research problems were { 
"(\? 



- 5 

defined and attention focussed O~ the planning and imple
mentation of investigations to ger,~ratc agroforestry 

technology. Small groups were assembled to work on sImu

lated research J:roposals in "alley cropping", a prohlem 

solving technology identified for the Machakos area during 

the D&D exercise. The groups I de:: i berations led to a bdef 

overview on experimental designs and experimental measure

ments in agroforestry. The pre-established focus of the 

Course on ICRAF's multidisciplinary approach to diagnose 

land use problems and potentials and design appropriate 

agroforestry systems did not allow for further involvement 

in technology ge~eration issues which rightly justifies a 

Course in its own. A detailed day - to - day account of 
the programme of activities will be found in Annex 2. 

2.3 MONITORING 

Monitoring procedures were applied throughout the develop

ment of the Course with the aim of detecting programme 

difficulties, if any, and to apply corrective measures on 

time. The Course Coordinator carried out review seHsions 

at the end of the fiest and second weeks of the Course as 

part of the programme of activities. No changes were re

quested by partIcipants. Ninor adjustmen' were made by 

ICRAF staff during the last two days to fie better the 

activities of the programme to the participants' interests 

in agroforestry experimental approaches. Largely, the 

programme of activities and general coordination was followed 

as originally planned. 

2.4· SPECIAL ACTIVITIES 

During the course the participants were guests of d~fferent 

ICRAF staff on several occasions. Fun-tours to wild animal 

reserves were also organized. 

A film on "Remote Sensing" kindly lended to ICRAF by the 

Kenya Resource Evaluation and Nonitoring Unf.t (KREt'1U) WIS 

shown as an after prog~amme activity. Participants ex
pressed their appreciation to update knowledge in this 

field. Three llNEr films on \olOrid experimental is!HIC~, 

were also available. \,.I 
l/ 
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2.5 COURSe FOLLOW-UP ACTIONS 

On the afternoon of Friday, 18 November, ICRAF staff met 

with tne participants to discus~ follow-up actions to the 

Course. A double channel of communication between ICRAF 

and the participants was identified as highly desirabfe 

to: al provide feed-back information on the impact of 

IC~AF's training programme bl updnte participants on 

agroforestry research developments, and cl identify 

possible cooperative aciLvities between IGRAF and nationai 

ir.stitutions as well as to facilitate cooperation between 

countries. Agreement was reached on the following specific 

actions: 

•	 ICRAF will include all participants in the distribution 
list of the Council's Newsletter and special announcements 

of future training opportuniti~s. 

•	 ICRAF will prepare and send a follow-up questionnaire 
to all participants 3-4 months after the course in an 

attempt to determine how much agroforestry information! 

methods are being put into use as a consequence of Course 

attendance. 

•	 Participants will send to ICRAF a copy of the reports 
presented to their respective illstHutions with detailed 

recommendations on possible agroforestry alternatives in 

the light of Lssues discussed during the Course. 

•	 Participants will collaborate with ICRAF in the idc~ti
fication of qualified colleagues who would benefit the 

most by participating in ICRAF's traininr ~ctivites. 

2.6 CLOSING SESSION 

The closing session oJ the course took place in the early 

afternoon of 18 November. Following a brief oral evaluation 

of the Course, Dr. Jairaj Ramkissoon gave a speech of thanks 

to ICRAF on behalf of the pariticipants for makin~ the event 

possible. The official closing address was;)ven by Dr. 

Pe~er Huxley~ Acting Director oE ICRAF in the absence of 
nr. Lundgren. 

, \
 
'V 
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Course participants were then presented with certificates 

of attendance by ICRAF staff. A farewell reception wus 

then held for participants as well as for ICRAF scientific, 

professional and support staff involved. 

3. TRAINING MATERIALS 

3.1 TRAJNING PACKAGE 

Since agroforestry training is a new area, so is the develop

ment of appropriate training materials. A syste.matic method 
is being followed by ICRAF to develop such training materials, 

essentially the same as in developing research methods, viz. 

collation and evaluation of relevant information from cognate 

disciplines, integration of such information into a new format 

and testing during the training courses. 

An Agroforestry Training Package was compiled of existing 

knowledge and selected information about agroforestry prin

ciples, practices and methods gathered from different sources 

and arranged to follow the course programme of activities. 

Training materials were placed in a two-ring binder to be 

used as a portable system to add and revise i~portant in
formation. 

Four dividers were established to identify modules on: 

ICRAF's Role and Programme, Agroforestry Conceptual and 

Technical background, A Diagnostic Approach to the Design 

of Agroforestry, and Experimental Approaches. Each module 

included the main notes and/or key articles, practical 

exercises, (case studies, field trips) and a list of re

commended reading or references. Additional Information 

was provided ('0 the Course day-to-day programme activities, 

the participants and the final evaluation of the event A descrip

tion of the training package content is presented in Annex 3. 

3.2 VISUAL AIDS 

Visual aids were prepared to complement ~peakers' presen

tations, to present ~eneral information or to start up di5

cussion sessions. Among the most frequently u~ed were slide 

serie~, overhead transparencies, display boards, posters ond 
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documents/books exhibitions. 

4. EVALUATION AND RECOMMENDATIONS 

As was called for at the beginning of the Course, part

icipants were requested to evaluate and formulate re

commendations on specific asp~cts of t~e programme, at 

the end of the three-week programme. An evuluatio~ 

form was enclosed in the training package handed out to 

participants. A copy of this form will be found in 

Annex 4 of this report. 

Twenty-one evaluation forms \-1ere filled and returned. In 

general, participants expressed very positive comments to

wards this first agroforestry course organized by ICRAF 

with the USAID support. Parcicularly appreciated was the 

friendly Rtmosphere and easy relationship established among 

participants and ICRAF stuff and the effort made to provide 

a coherent and prof0ssionally stimulating programme on 

agroforestry research issues. As one participant put it ... 

"With the limited time, ICRAF has m"ldp. a lot of effort to 

acquaint us with up to date information and development in 

respect of agroforestry. The course was excellent for it 

gave the theoretical and praccical aspects of agroforestry 

and at the same time we were exposed to the Diagnos:ic and 

Design Methodology, which is a new approach ... " 

It should be rightly pointed out that ICRAF staff, on the 

other hand, expressed equally positive comments on the 

general performance of the participants. This professionally 

interested and inquisitive group kept discussion sessions 

alive and field exercises an active experience. Attendance 

at daily training ses~ions was very high throughout the 

three-week programme. 

A summary of participants' views and recomrnpnrlAti6ns are 

given below on: pre-course arrangements, structure of the 

Course, objectives, physical resources and facilities, or

ganization of training sessions and general coordination 
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and participants. Ge"\;',ra1. comments arc also included. 

4.1 PRE-COURSE ARRANGEMENTS 

Invitations to submit candidates' nominations were mailed 

to institutions in the region five months prior to the 

start of the Agroforestry Course. Participants Jcknow1.~dged 

having first learnt about anywhere between five and one 

month before the start of the event. It is diffiru1t tn 

single out the Cfiuse for delays. The regular intcl"-c:ountry 

mailing system may account for some, while the intra-ins

titutional channel of communications may account for the 

rest e.g. in Kenya some participants were informed about 

the Course in June and others in October. 

A hundred per cent of the "ICRAF selected participants" 

acknowledged having received the set of pre-course infor

mation before coming to Nairobi (the only exception was 

the USAID official from Cape Verde) and all of them agreed 

that the information was adequate. Among the suggestions 

to improve U.e pre-call r'se arrangements were: 

•	 add more information about ICRAF and agroforestry 

•	 request participants to prepare a descriptive report 

on agroforestry activities in their respective countries. 

4.2 STRUCTURE OF THE COURSE 

Participants' views were requested on the adequate duration/ 

length of the Course, the daily working sessions, the field 

exercises and the independent/study sessions. Aspects 

above were evaluated in terms of: "too long," adequ;tte" 

and "too short." A summary of the information expressed 

in percentages of the 'otal number of participants is pre

sented in Table 1 of this report. In general, a higher 

percentage of the t0tal number of participants thought 

that "the Course" a,nd the "independent/study sessions" 

were too shor~ while the "daily working sessions" 3nd 

"field exercises" were ~dequate. Recommendations to in
crease the course Length v6ry from"t to 4 months. 
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Table 1. Summary of the Participants' Views 
on the Course Structure * 

ASPECTS TO EVALUATE TOO LONG ADEQUATE TOO SHORT 
, 

The length of the Course 0 43 57 

Daily working sessions 29 67 04 

Field exercises 0 67 33 

Independent study/work 0 38 62 

*	 As medsured in terms of length/duration. Results are 
expressed in percentages of the total number of part 
icipants. 
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4.3 OJ:?jectives 

Participants were requested to express their views on 
the "appropriateness" and "effectiveness" of the course 
objectives using a measuring scale from 1 to 5, where 
1 • less appropriate/effective and 5 • very appropriate/ 
effective. Terms were defined as follows: 

Appropriateness - the relevance and usefulness of the 
course objectives to the participant's 
work. 

Effectiveness - whether appropriate or not, the extent 
to which the objectives were fulfilled. 

Final results are presented in Table 2. All four objectives 
were assigned "higher than 4" averagE'! values in relation 
to the appropriateness and average values between "3.6 and 
4.7" in relation to the effe~tiveness. Comments formulated 
by participants clearly relates to the lowest 3.6 value 
(effectiveness of objective 4) when they said: 

•	 ICRAF has connections with numerous research agencies 
allover the world. I would have liked to be more 
informed on who those agencies are and what they do. 

•	 more time for literature review and AF information. 

•	 the whole exercise was fine except that too much in
formation was given in such a short time. 

4.~ Physical Resources and Facilities 

They were evaluated using a 1 to S value scale, wh~re 

1 = not adequate and.S = very adequate. Information is 
summarized in Table 3. All aspects evaluated were given 
higher than 4.0 values. It was mentioned several times 
that the time factor was the constraint to use the library 
and computer services, but facilities as they exist, are 
quite adequate. 
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Table 2. SlIllMry of Infonnation on the Appropriatness 

arxl Effectiveness of the Course Objectives * 

Objectives Appropriatness le~.< 

..'-

Effect i v('l

---_

4.3 

----- 

4.7 

4.5 

3.6 

- 

(totlin) 

1. To bec.ane familiarized with 
the concepts and procedures of 
ICRAF's trethodology to diagnose 
AF related larxl use problem;/ 
potentials am design appro
priate AF systems. 

4.6 

(Catplementary) 

2. To becane acquainted with 
institutional organization and 
progranme of ~rk. 

4.5 

3. To develop/enhance an 
urdertaldng of the concepts of 
AF as a. land use system, its 
potentials aoo contraints. 

4.6 

4. To becane updated on avail 
able AF research infonnation aoo 
appropriate experimental approaches. 

4.1 

.. _"--_.'-'j 

~-.--l
 
I 

I 
I
 
I


--·--i 
I 

I
 
I
 

---- ! 

------. 

*	 expressed in average of the total runber of participants using 1 to :, 
scale, lJlere 1... 1"'1>1> appropriate/effective aOO 5= very appropriate! 
effective. 
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Table 3 Summary of Information on Physical 

Resources and Facilities* 

Physical Resources and Facilities x 
-----------------------_._----------

Transportation arrangements 5.0 
during field exercises 
Hotel accommodation 4.9 
Secretarial assistance 4.9 
Travel arrangements 4.6 
Meal arrangements in the field 4.5 
Conference room 4.5 
Meeting rooms 4.5 
Per diem payments 4.4 
Library services 4.2 
Computer services 4.2 

* expressed in average of the total number of participants 

using a 1 to 5 scale, where 1 not adequate'and 5 = very 

adequate. 
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Table 4	 Summary of Information on the Organization 
of the Training Sessions and General Co
ordinati:on* 

ASPECTS TO EVALUATE
 

Training materials and written 
information handed-out to participants 

4.8 

Availability of visual equipment and 
training aids 4.8 

Availability of staff for consul
tations 

4.3 

Quality of presentations (clarify)
of speaker, use of visual aids, time) 

4.2 

*	 expressed in average of the total number of participants 
using a 1 to 5 scale.where 1 = not adequate and 5 = very 
adequate. 

I) 
)
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4.5	 Organization of Training Sessions 

and General Coordination 

Participants opinions were requested regarding the adequate

ness of training materiJ31.G/wri.tten information, the q~ality 

of presentations, the availability of visuai equipment/ 

training aids and the availability of ICRAF staff for con

sultatlons. Again, a scale from 1 to 5 (1 = not adequate 

and 5 = very adequate> was used. As shown in Table 4 all 

.:lzpects ~valu.:;,t.:d were gl.ven a "higher than 4" average 

valu~, Once more, the time factor was considered a con

straint to consult with ICRAF staff. 

T~e main suggestions for improvement were: 

•	 leave a half day free to arrange for individual 
meetings with ICRAF staff. 

•	 limit number of speakers in individual presentations. 

•	 rectify some focusing problems in overheads and 
slides. 

•	 have a list of relevant AF books, and if possible 
have them available for purchasing. 

4.6	 Participants 

They were requested to express their views about the size 

of the group of participants ntt0nding the course, the 

various disciplines represented and the interaction among 

part~cipants as well as with ICRAF staff. A five numer.al 

scale was used where 1 = not satisfactory and 5 =·vary 

satisfactory. A summary of information on this section 
is	 presented in Table 5. 

Results indicate that in general the group of participants 

was considered to be very adequate even though some sug

gestions were made regarding the need to balance 6ut the 

representation of disciplines and avoid the bias towards 

foresters. 
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Table 5. Summary of Information about the 

Participants* 

Aspects to Evaluate x 

The size of the group 4.6 

The interaction among participants 4.2 

The interaction of participants with 
ICRAF staff 4.2 

The various disciplines represented 4.0 

expressed in average of the total number of participants 
using a 1 to 5 measuring scale where 1 = not satisfa~tory 

and 5 = very satisfactory. 
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4.7 General Comments 

Participants contributed their general comments about the 
Course and recommendations for future similar events. This 
is what they said: 

• .Excellent - keep it up please 

•	 The course has been ~ery interesting and important. It 
goes a{ong way to introduce proper understanding of AF 
and Systems. Also the role of ICRAF has been properly 
defined to help in any future collabor.ation with different 
institutes from the part~cipants countries. But the 
Course was too short for the work covered. For this rea
son I am sure questions may be asked in writing later 
on to ICRAF. 

•	 1st and 2nd week course presentations and materials 
were very good and informative. The last week, especially 
last three days needed more definitive material on ex
perimental designs and development of AF technology. 

•	 Personally I have gained a lot of knowledge from p'resell 
tations, papers and interaction with the participants. 
There seems to have been a lot of organization work for 
a number of modern ideas about Agroforestry have come lip. 
I am sorry for missing the 1st week due to oth~r inevit 
able commitment. 

•	 A rather long time was given for basic concepts on AF, 
there by depriVing valuable time for the core topIc. 
The· course could well assume prior knowledge and famili 
arization with these, and hence allowing morc time for 
desk and field sessions on the D&D methodology. The 
volume of papers presented though comprehensive, tend~d 
to discourage even the most enthusiastic readers. Per
haps the handouts could be reduced only to (j~S(~lIti 1'\_ 

material. 

•	 The CO\1rse was very interc3tlng and beneficial but the 
time constraint ~.,as number one while I envisage the 
impossibility of keeping people away from their stations 
for much longer than 3 weeks, 1 would suggest that ICRAF, 
either should ~lan for a followup course to evaluate the 
actual effectiveness or increase the course period to at 
least 2 months. More fellowships and 6 months training 
should be offered ~o more people in all fields. If 
possible a few more on-station trials should be considered 
in different eeo-zones. 

•	 Just take the opportunity to recognize how the course 
was good in coordination of activities and the ideas given. 
But the socioeconomi.c views has taken a long time. We 
generally have already spoken to many farmers and it 
isn't necessary to spend 3 days of asking questions to a 
small amount of ~armers. When we.were at Machakos we 

j 
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should also have talked to the farmers in Diagnostic and 
Design so that the amount of farmers would have been mor· 
significant. But in gellel.-al, the course \~as so good tl [It 
I take the opportunity to thank Lie ICRAF staff for their 
effort to make the cours successful. 

•	 Everyone on the ICRAF staff .,'as quite f iendly and helpftJ1, 
much more so than one might have expected. The presentHtion 
by Patrick Robinson H superior, "'/ith a good temp and con
cise~ blending in 3 good b~lance of background, description, 
supposition, results and onclusions. The field trip arrange
ments were perfectly toi or~d to the group size. Fieid 
exposure to local circumst'ances by hf. interviet~ mC'th cI I"f"

an ideal technique, ho ever, the interview format waR too 
lengthy to utilize efficicn ly, as written. The questionnaire 
put uneven emphasis on v rious subsy~tems, for better or for 
worse; yet lacking a changed or rc-structed format; it was 
followed in a mo::e-· r-Je~·s routIne sequ \ .;e. For example, 
the social subsystem did not wave any pre-formulated questions, 
so the investigators had difficulty using it and, in fact 
none of the teams gave the subsystem any mention in the group 
analysis, perhf.lps as a resul t. Hopefully, individual part,· 
icipants now have a solid appreciation for the Diagnosir- and 
Design Technique, !'owever, the Monday (Nov. 14) exercise. 
in group discussion and analysis was not very frUitful be
cause: 

1)	 of the time constraint in preparation by individual teams, 

2)	 because of the ilcompleteness of the analysis and, 

3)	 because of the inability to anyone to test the hypothesis 
<factual and/or for linkages) of the diagnosis of others 
- or of their own. 

The great amount of written material will be of inmense value 
when one is able to rea ~nd ,nalyse it more fully. Funds 
permitting, tr might be appreciated if the documents could 
be mailed out to participants at the nd of the cours~, for 
future courses. There were reservations ahout the experiments 
on Machakos Farm. It was felt that the plots in the litter 
experiment were too small to ge~ mo~~ han a cursory idea of 
maize production. Also, six mAi.ze plants pel' plot, ~.l ~ 

straight line - with an en ry CAll ~etwcen each plot is too 
few maize plants for a propor biological response. Of more 

.concern is that each line of ~aize has di~t~nct border effect 
possibilities, thus would not be cnmparable to maize production 
monitored elsewhere. It appear that labour costs would be 
very expensive in the heag row exper.iment, given the.very deep 
trenches and cir.cular hole.. One wonders whether such an 
expensive and slvw means of laId preparation would be under
taken by the average farmer. There was one logiscic bottle
neck that was bother"ome: Breakfast at the hotel, or at any 
nearby coffee shop is not served before 7.00 a.m. As a con
sequence, it was difficult to g~t a good breakfast aown befo.e 
the 7.30 departure time. On field trip days. It really was 
a great course! and top-qunlity people. 

I~ 
'I 
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•	 In general, with the limited time ICRAF has made a lot 0f 
effort to acquaint us with upto date informations anll 
development in respect of AF. The facilities provided 0 
us were also adequate. However, it is realized by me that 
if the period had been extended for two weeks more, I 
should have been able to cLear my doubt in respect of ex
perimental approaches and design which I could haye gal ned 
a bit from it because this is the field which has a gre~t 
deal 'of relevance to my present duty as an agorofrestry 
expert. 

•	 The organization of the course was qui te 1n order although 
the content of the course was too much to be accomplished 
within the duration of the course. Subsequent courses may 
be allowed to run for say four weeks so that participant.s 
will have some to themselves which will enable them to usc 
the library. The time constraints affected mostly the field 
exercises and the time available for data analysis. More 
time should be allocated to this in subsequent courses. 

•	 The course was very satisfying and, as I complement ICRAP 
for the ~uccess of this first course, I wish that they can 
expand on what we were taught. ICRAF possesses some world 
reknown specialists and I think, it would have been worth
while to give them enough time to talk about their views on 
specific subjects. As an example: M. Baumer knows a lot 
about arid countries; others may know as much about other 
climatic zones, or about specific topics. But in all, I.m 
pleased to have participated in this 1st course in AF train
ing. Thank youl . 

•	 The course was very well-organized but the time was too short 
for COuTse material covered. A 4-5 week course would be mor8 
appropriate w~_th a maximum of 6 hours of sessions per day. 
Provisions should be made for a one-day weekday break durioR 
the course for participants to do business of their choice 
that they can do only during the week. 

•	 Overall, I am totally satified with the course struc ure and 
orga~ization, especiRlly the coordination aspect and I would 
wish to record my congratulations to Ester. The on.y "hl:lg 

has been the feeling of "incompleteness" of the last: seccion 
which 1ealt with the experimentation aspects (as was well 
Bccepted by ICRAF staff themselves). This section actually 
is the most important bit as tt is the one part of the cours~ 
that could be out to immediate practice (resources and other 
factors permitting)in our country. But I think this .could 
be remedied in 2 ways: by constant communication and int. r·· 
action between the participants and ICRAF staff after our. 
return home and through the participation of the same llci:'lal 
parti.cipants to your next course programmed on ItResea reh arrl 
Experimental Methodology" to be held next year. It would b' 
most interested to attend to this course as I think'thar it 
would be an essential complement and followup to this cOUY" ('. 

Also, it would enable a' re-gathering of most of the part ci 
pants and a feedback to the progress and constraints ex
perienced by each during application of the knowledge g"' 'eM. 
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•	 Course preparations, content and presentations was satis

factory except that time factor was limited and henc~ ru

suI ted in making the programme vr~ry ti.ght. Particip;,nts
 
would like more time to uti lize lCRAF resources and e}:cilang(~
 

more ideas \vith ICRAF staff.
 

~	 The cour~e was well org~nizcd. ~urHtion of the course wns
 
fai rly short.
 

o	 The courr.e was very well organized but time could be incre;Jsed 
upto 2 months. Field ;~)-:crcisc~s couirl get more time. fi 
possible doi ~1b the Jiat!.nosi s and design could gf't 11f)'-' ~,: r"'. 
Time for pIanning a 'ITIAL should be l10re especially playing 
with micro-computers. 

•	 With the limited tirrw ICRAF hes rr:ade a lot of effort to acquaint 
us with urto date information und development in respect to 
AF. The counle was excellent for it gave the theorcticn] and 
practical aspects of Agr0for~stry and at the the same time 
the participants were exposed to the Qiagnosis and Design 
MethodoloLJ ~lich is il new approach before any experiments 
can be lsid out or before new ideas for improving the standard 
of liVing of any particular individUlll or community using AF 
can be suggested hy AF experts. 

•	 Increase duration of course so as to give more attenti0n to 
particular aspects of interest. 

•	 Too short 11 course but too manu ideas for disseminRtion to 
participancs. II. fu..:ure: mure (,Iultidisciplinary staff s;-.oui~ 
attend the del i berations of groups in ot"del' to br.ing up more 
comments on designs. In future choose a humid area for field 
trip demonstration in addition to semi-arid. (Unless this 
is not existing in Kenya). this ~ill give an idea on the two 
sides of the ~oin. 

Cl	 It \oJol!ld have br!clI ver'y us;~ful iZ ilrrangements were rrltlde to 
visit one of the Nu~Lonal F0r~~try fields and get explanetLons 
about the overall activities to understdnd the level of ·....OJ·k 
and also to relate ICRAf a~tJvitie;. The course is very well 
organized and COl1l!L.i(' tcd. 

•	 The COUl'~c has generally been a ~uccess and I am sure it has 
brought home rhe agroforestry concept to participants. lCRAF 
staff de~;erves ,:ongrntuiilt:ons [or this first cffm·t. 
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ANNEX 1 

'lhe List of ?Clr"i.cipan!:s 

1.	 ABU, Julius E. 
School of Forestt~ 

PMB	 505/1 

Ibndan, NIGERIA
 
(Tel. 414441 or 414022)
 

2.	 IJARAGF.NCANA, Re'novat 
Directeur de la Station 
Institute des Science Agrono

mique elu Burundi
 
Buj umbura. BURUNDI
 
(Tel. J390)
 

3.	 JAHA, Bashir 
Energy/Development	 Inter

national
 
P.o. Box ,,2360
 
Nairobi, KENYA
 
(Tel. 2755>'
 

4.	 BnOOKMAN-AHISSAH, J. 
Forest Products Research Ins. 
University of Science & Tech

nolvgy 
P.o. Box 63
 
Kumasi, CHANA
 
(TeL 5873)
 

5.	 CHISflIHBA, William K. 
National Council for Scientific 

Research 
Tree Improvement P~search Ctr. 
P.o. Box 21210
 
Kitw!!, ZA~mIA
 

(Te 1. 21673/1)
 

6.	 HASSANE, ~IOUSfia 

Dj.rector 
Department of Forestry Research ~uRF) 

National Insti tute for Agricultural 
Research of Niger (INRAN) 

B.P. 225
 
Niamey, NIGLR
 
(Tel. 722711.)
 

7.	 KAMWETI, D.JVid 
University of Nairobi 
Department of Agriculture 
P.o. Box 29053
 
Kabete Campus
 
Nairobi, KENYA
 
(Tel. 72]669 Ext. 241)
 

8.	 LUSIOLA, Grace 
Ministry of Agriculture 
Soil Conservation Divis illn 
P.o. Box 30028
 
Nai robi, KENYA
 
(Tel. 721689 Ext. 3D)
 

9.	 I1ATHU, Ivinston 
Univer&ity of Nairobi 
P.o. Box 30197
 
Nairobi, KENYA
 
(Tel. 592211 Ext. 241)
 

10.	 HUNYAKABERE, Ben 
Uganda Fores try Department 
P.o. !lox 31
 
Entehbe, UGANDA
 
(Tel. 20JSJ'
 

11.	 MWENDANDU, Richard 
Ministry of Agriculture 
Soil & Water Conservation 
P.o. Box 30028
 
Nair.obi, KENYA
 
(Tel. 721689)
 

12.	 CHI YEN DA , ~~ imeon 
Bunda College 
P.o. Box 219
 
Lilongwe
 
HALAWI
 
(Tel. 721 /+55)
 

13.	 MWIHOffi\KE, Steven 
Silviculture Research St. 
P.o. Box 95
 
Lushoto, TAN7~IA
 

(Tel. 32)
 

14.	 NAMBOMBE, Vincent 
Fores try Training Ins ti tu t~ 

Olmo tonyi 
P.o. Box 9/.3
 
Arushu, TANZANIA
 
(Tel. 31141)
 

1~.	 ODE llA, .Teptl than 
Forestry Department 
Kenya Agri cultural Research 

Ins ti tute
 
P,n. Box 74
 
Kikuyu, KENYA
 
(Tel. 832173)
 

\.'-\" \) 
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16.	 RAKOTOMANANA, Jean-Louis 
Department de Recherches 
Forestieres ct Piscicolcs 
B.P. 904 
Antananarivo, MALAGASY 
(Tel. 403-21) 

18.	 SARIAH, Gibron 
Tanga	 Integrhted Rural Develop

ment Progrnnrnc 
P.o. Box 72
 
Lushoto, TANZANIA
 
(Tel. 159)
 

20.	 TEDLA, Abate 
International	 Livestock Centre 

for Africa 
P.o. Box 5689
 
Addis Ababa .
 
ETIiIOPIA
 
(Tel 18 32 15)
 

22.	 PELLEK, Richard 
USAID/PRAIA 
Department of State 
Washington D.C. 20520 
U.S.A. 

PRAIA 1.D.
 
USAID (PO'JCH)
 
Via Dakar
 

17.	 RAHKISSOON, Jalrnj 
School of Agriculture 
University of MauritiufI 
Reduit 
MAURITIUS 
(Tel. 54 1041) 

18.	 S~SKABEMBE, Charles 
Department of Crop Science 
Makerere University 
P.o. Box 7062
 
Kampala, UGANDA
 

21.	 l'EKLE IlAUIANOT, Zel,tge 
COlll1lunity Forest Department 
Forestry & Wildlife Conser

vation & Developn~nt 

P.o. Box 1034 
Addis Ababa, ETHIOPIA 
(Tel. 15 33 40) 
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INVITED SPEAKERS 

Dr. Roger Kirkby
 
Program Officer Crop and
 
Production Systems
 
International Development Research
 

Cen tre (lORe)
 
Regional Office
 
P•o. Box 30677
 
Nairobi, KENYA
 

- Dr. Michael P. Collinson 
Regional Economist 
Centro International para el Mejoramiento 

del Maiz y Trigo (CIMMYT) 
(International Maize & Wheat Improvement Cent 
P.o. Box 25171
 
Nairobi, KENYA
 

- Dr. P. Anandajayasekeram 
Regional Training Officer 
CIMMYT 
P.o. Box 25171
 
Nairobi, KENYA
 

- Dr. Amare Getahun 
Senior Agroforester 
Energy Development International 
P.o. Bo,x 62360
 
Nairobi, KENYA
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ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH ~OR DEVELOPMENT 

Nairobi, 1-18 November 1983 

DATE: NovernlJer 1 (TU2";rlilY~ 

TH1E 
I--__ ... 5UBJ..,..-E_C_T/_A_CT_I_V_IT_y~L -t_c_6~_~_"_~...;..!~_~_~~_~~ 

08.30 - 08.4S I Introduction and general objectives of the Bjorn Lundgren 

08.45 - OJ. 1~ 

09. 15 - 1O. 15 

10.15 - 10.45 

10.45 - 11 .45 

11.45 - 12.30 

12.30 - 14.00 

l~ (;(1 - 15.30 

1S.30 - i 5 . r, 5 

15.45 - 18.00 

COIJI'se. 

Course structure and organization. Es ter Zu1 bert; 
J\nnouncements. 

Participants introductions and brief descrip
tion of current professional activities and 
AF i nteres ts. 

CoHee 8reak

Continued.
 

ICRAF's RJle and Progranm~ Bjorn Lundgren
 

1he concept: of AgrofCl'res try Fi i erl1Ol1 To rre5 

Coffee Break 

I\groforestry field trip to Kiambu District Peter Huxley 

IL -L .J.------' " 

" \\.L\ 
".1\ 



..., 26 -

ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi, 1-18 November 1983 

DATE: November? (Wednesday) 

TIME SUB,JEer/At.,TIVIrv PRESENTED/
COORDIN/\TED

BY -1.I 
08.30 - 09.30 Globtl1 overvi e'f' of Agroforestry 5YS terns 

ilfld pri'lct.i ces 

09.30 - 10. l!i Agroforestry systems in arid and semi-arid
regions 

1O. 15 - 10.40 Coffee Break 

10.40 - 11.0a Agroforestry systems in African Highlands 

11.00 - 12.30 Genel'al discussion 

12.30 - 14.00 .!:.unch 

14.00 - 14.45 Agroforestry potentials and constraints for 
land use 

14.45 - 15.30 Group discussion on "Actions needed for AF 
development at international. regional and 
national levels" 

15.30 - 16.00 Coffee Break. 

16.00 - 16.45 Continued 

P.K.R. Na'; I' I
Hi chei lJuu:ner 

! 

Amare GetahUl:/ 
E. Fernl!rldes 
P.K.R. N~'jr 

Bjorn Lundgt'0n 

r", . '.1 ,.\ \ 

_I.
I 
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ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi, 1-18 November 1983 

DATE: November 3 (Thursday) 

-'-1 

TIME SUBJECT/ACTIVITY PP.ESEiiTfD/
COORDINATEU 

BY --
07.30 All clay Agroforestl'y Field Day 

• Observations on on-farm and on-station Di rk Hoeks tra 
agroforestry trials (Kakuyuni and Katumani) Michel Baumer 
and the role of woody vegetation in the 
semi-arid regions • 

• A visit to ICRAF's Field Station in P.K.R. Nair 
Machakos T111 rDarnhofe 

P. v. zCarlowit 

-_.. - 

.f\
'\\)
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ICRAF/USAIO TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi. 1-18 November 1983 

DATE: November 4 (Friday) 

TIME SUBJECT/ACTIVITY PRESENTED/
COORDINATE[}

BY 

08.30 - 09.00 Technology for Agroforestry Peter rlux1 ey 

Introduction 

09.00 - 09.45 The environmental data hase Ti 11 Darnhofer 

09.45 - 10.30 Soils aspects of AF Research P.K.R. Nair 

10.30 - 10.45 ,foffee Break 

10.45 - 11.30 Climate and climatic measurements in AF Ti 11 Darnhofer 

11. 30 - 12.30 Multipurpose trees. 
limitations. 

Opportunities and P. v. Carlowitz 
& Peter Wood 

12.30 - 14.00 Lunch 

14.00 -14.30 Characteristics vf crop species for AF Wi 11em Beets 

14.30 - 15.30 Animal production in AF systems Fiiemon Torres 
& P. Robi nson 

15.30 - 15.45 Coffee Break 

15.45 - 16.45 Tree/crop mixtures - th~ benefits Peter Huxley
(or otherwise) of mixed marriages 

16 .45 - 17•00 General review of the fi rst week of the E. Zu1 berti 
course and brief overview of the progranme of 
activities for the second week 
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ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi. 1-18 November 1983 

nl\TE: November 7 (Monday) 

TIME SUBJECT/ACTIVITY PRESENTED/
COORDINATED 

BY 

OB.30 - 09.00 Approaches to Farming Systems Research Roger Ki rkby
IDRC 

09.00 - 09.20 CIMMYT's Conceptual and Methodological
approach to On-Farm Research P. Ananda 

CIMMYT 

09.20 - 09.40 CIMtlYT's experience to date in Afri ca M.P. Collinson 
CIMMYT 

09.40 - 10.00 Coffee Break 

10.00 - 11.00 Group discussion Fi 1emon Torres 

11. 00 - 11.10 Short break 

11.10 - 12.30 . Diagnostic approach to the design of AF 
technologies 

John Raintree 

12.30 - 14.00 lunch 

14.00 - 15.30 An example of a diagnostic and design
application: Case study review in Costa Rica. 
Case study review in Costa Rica. (Example 1 
of a diagnostic and design application) 

D. Roche leilu 

15.30 - 15.45 Coffee Break 

15.45 - 16.45 Continued 

.\} 
) 
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ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi, 1-18 November 1983 

DATE: November 8 (Tuesday) 

TIME . SUBJECT/ACTIVITY PRESENTED/
COORDINATED 

BY 

08" 30 - 09. 00 Field Study Preparation 

Introduction to the case study exercise in 
Kathama 

John Raintree 

09.00 - 10.30 Pre-diagnostic overview of the Kathama study 
area. 

Dirk Hoekstra 
Ti 11 Darnhofer 

-lD.30 - 11.00 Coffee Break 

11. 00 - 12. 30 Field survey methods D. Rocheleau 

12.30 - 14.00 Lunch 

14.00 - 15.30 Case study review in Malaysia. (Example 2 of 
a diagnostic and design application). 

P. v. Car10wi tz 
&D. Hoekstra 

15.30 - 15.45 Coffee Break 

15.45 - 16.45 Continued 

I 
I 
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ICRAF/USAIO TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi, 1-18 November 1983 

DATE: November 9 (Wednesday) 

TIME SUBJECT/ACTIVrTY PRESENTED/
COORDINATED 

BY 

07.30 onwa rds Field Exercise in Kathama 

John Ra in tree 
D. Rocheleau 
Ff lemon Torres 
01 rk Hoeks tra 
E. Zulberti 

Int('I")rcter~;__:..1__•• 

Japheth Kyengo
Veroni ca NdungE
L. Kyongo
R. MwendandlJ 

I 
J 
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ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi, 1-18 November 1983 

DATE: November 10 (Thursday) 

. 
TIME SUBJECT/ACTIVITY PRESENTED/

COORDINATED 
BY 

07.30 onwards Field Exercise in Kathama Continue (same as pre
vious day) 

( I 
L:.)J 



- 33 -

ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi. 1-18 November 1983 

DATE: Novembe r 11 (Fri day) 

TIME ~U8JECT/ACTIVITY PRESENTED/
COORDINATED 

BY 

08.30 - 10.00 Diagnostic Analysis (in four simultaneous 
workshops) 

John Raintree 
D.Rocheleau 
F1/elOOn Torres 
Dirk Hoekstra 

10.00 - 10.30 Coffee Break 

10.30 - 12.30 Continued 

12 . 30 - 14. 00 Lunch 

14.00 - 15.30 Continued 

15.30 - 15.45 Coffee Break 

15.45 - 16. 30 Preparation of pl)sters for group presentati ons 
on Monday. 

16.30 - 16.45 General review of the second week of the 
course and bri ef overv; ew of the progranme of 

E. Zul bert; & 
John Raintree 

activities for the third week. 

IC\
 
'} 
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ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi. 1-18 November 1983 

DATE: November 14 (Monday) 

TIME SUBJECT/ACTIVITY PRESENTED/
COORDINATED 

BY 

08.30 - 09.30 

09.30 - 10.00 

Groups presentations of diagnosis. 
session. 

Di scussi on Group 1eaders 

ICRAF's summary of diagnosis and design
specifications in Kathama 

John Raintree 

10.00 - 10.30 Coffee Break 

1O. 30 - 12. 30 Technology appraisal exercise in small groups Group leaders 

12 •30 - 14. 00 

14 . 00 - 15. 15 Information resources in AF Richard Labelle 

15. 15 - 15.30 Coffee Break 

15.30 - 16.45 Design and Evaluation 
suggested desiy, procedures
ICRAF's design proposal for Kathama 
introduction to design evaluation survey 

John Rai ntree 

D. Rocheleau 

, " ~} 

~) 
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ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi, 1-18 November 1983 

DATE: November 15 (Tuesday) 

TIME SUBJECT/ACTIVITY PRESENTED/
COORDINATED 

BY 

07.30 onwa rds Field Exercise 

Design Evaluation Survey (in consultation with 
fanrers interviewed before) 

Lunch in Ka thama 

Visit on - site experiments 

Group 1eaders 
& interpreters 

\f 
j 



- 36 -

ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi. 1-18 NOvtlulber 1983 

DATE: November 16 (Wednesday) 

PRESENTED/SUBJECT/ACTIVITYTIME COORDINATED 
BY 

08.30 - 09.00 Detailed ex-ante evaluation of the design. ';ohn Rai ntree 
(Technology evaluation score sheets) 

09.00 - 10.30 Some relevant examples Mi che1 Baulre r 
(ecological, physical, social, biologf~l, P.K.R. Nair 
economic aspects) O. Rocheleau 

Fl1ernon Torres 
Oi rk Hoekstra 

10.30 - 11.00 Coffee Break 

11.00 - 12.15 Continued 

12.15 - 12.30 Summary of Diagnostic Approach to the Design John Raintree 
of AF Technology 

12.30 - 14.00 Lunch 

14.00 - 15.00 Peter Hux'leyDefining specific research problems I
15.00 - 15.30 Coffee Break I 
15.30 - 16.45 Planning and implementing investigations to Pe1:t~r Huxley 

~nerate technology: The Alley Cropping Case 
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ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi J 1-18 November 1983 

DATE: Novenber 17 (Thursday) 

TIME SUBJECT/ACTIVITY PRESENTED/
COORDINATED 

BY 

OB.30 - 10.00 Choosing MPT species Peter Wood 

Some im~lications for intercropping research Willem Beets 

10.00 - 10.30 Coffee Break 

10 .30 - 12.30 Predicting productivity and sustainability 
for mixtures of trees and agricultural crops 

Peter Huxley 

Abstract criteria Till Darnhofer 

12.30 - 14.00 Lunch 

14.00 - 15.15 Systematic spacing designs for AF Peter Huxley 

15. 15 - 15. 30 Coffee Break 

15.30 - 16.45 General discussion on field layouts (All above) 

(Candidates split into two working groups 
to plan an alley cropping experiment
Group A - High level of research resources 
Group B - Low level of research resources 
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ICRAF/USAID TRAINING COURSE 

AGROFORESTRY RESEARCH FOR DEVELOPMENT 

Nairobi. 1-18 November 1983 

DATE: November 18 (Friday) 

TIME SUBJECT/ACTIVITY PRESENTED/ 
COORDINATED 

BY 

08.30 - 09.30 Proposal s for experimental measurements 

Appropriate data collection for: 

- Plant characteristics Peter Huxley 

09.30 - 10.30 - Envi ronmenta1 char~cteristics (soi1sl 
cl imate) 

Till Darnhofer 

1O. 30 - 11. 00 Coffee Break 

11. 00 - 12. 30 Data analysis and summaries. 
Plenary session 

Peter Huxley & 
ICRAF staff 

12 •30 - 14. 00 Lunch 

~ 

14.00 - 15.30 Overall course review and evaluation Ester Zu1berti 
& ICRAF staff 

15.30 - 16.30 Farewell to participants 

COURSE ENDS 
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ANN E X 3 

THE TRAINING PACKAGE 

On Registration Day participants received a binder containing 
an initial set of training materials (approximately 200 pages). 
By the end of the Course the material nearly tripled in size. 
A general description of the training package content by 
section and a list of document titles/authors is presented 
below. 

DESCRIPTION OF SECTION CONTENT 

Preface By Dr. Bjorn Lundgren 

Introduction By Dr. Ester Zulberti 

Provides an overview of the Course objectives and programme of 
activities as well as a description of the organisation and 
content of the training package. 

Section 1 ICRAF Role and Programme 

Specifies ICRAF's mandate and objectives and identifies the 
seven programmes of work. 

Section 2 Agroforestry Conceptual and Technical Background 

Is a compilation of key 8rtic)~~!notes dealing with the definition 
of the agroforestry concept, it· ~otentials and constraints for 
land use. It prOVides background information on ICRAF Global 
Inventory of Agroforestry Systems. Introduces the newly esta
blished concept of 'agroforestry research' focussing on woody 
perennial species and land use. It outlines ICRAF's approach to 
agroforestry technology. Hand-outs used for two field study tours 
are included. Suggested readings on various aspects of Technology 
for Agroforestry are recommended, e.g. on environmental, economic, 
animal production, andother issues. 
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Section 3 A ~.iagnostic Ae.eroach to the Design 

of Agroforestr~ 

This Section presents two background articles on approaches 

to Farming System Research followed by an introduction to 

ICRAF interdisciplinary Diagnostic and Design Methodology 

for agroforestry. lJocuments included cover the logical frame

work of the methodology. an outline and description of the 

step-by-step procedures, a discussion of manpower requirements, 

the scale and timing of D&D activities, institutional con

siderations, etc. Two case studies (Costa Rica and Malaysii.l~ 

arc given as examples of a D&D ap!'lication. Information re

sources in AF is provi ded. Practical field exercise tools, 

readings on survey methods and general information on economics 

and ecological descriptions of land use systems are included, 

among others, as supp!amentary materials. 

It provides background information on research planning con

siderations with emphasis on relevant agroforestry experimental 

designs and plant management. 

SECTJON S course Evaluation 

It contains the course evaluation forms. 

APPENDICES 

I Participants Names and Addresses 

II List of ICRAF Staff, Invited Speakers and Interpreters 

III Time TabLe and Detailed Programme of Activities 
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LIST OF TITLES 

Section 1. ICRAF Role and Programme 

•	 An Introduction to ICRAF 

Section 2 Ag- ofores try Conceptual and Technical Background 

2.1 Main Notes 

•	 Agroforestry: Concepts and Practices (F. Torres) 

The use of Agroforestry to Improve the Productivity• 
of Converted Tropical Land (B. Lundgren) 

It Agroforestry - Developing a New Research Discipline 
( P. Huxley)
 

l.,loody Plants and Land Use ( P. Huxley)
• 
2.2 Practical Exercises (Hand-outs) 

•	 Agroforestry Field Trip to Kiambu District (P. Huxley 
and F. Owino) 

•	 Map of Machakos Soils 
•	 Maize Mulch/Green Manure Trials, fieans Mulch/Green 

Manure Trials, and Hedgerow Trial (D. Wambugu) 

•	 ICRAF Field Station (P.K.R. Nair) 

2.3 Supplementary Materials 

• Project Proposal for Agroforestry Systems Inventory 
(P.K.R. Nair) 

•	 Global Inventory of Agroforestry Systems: Data Collection 
Guidelines. 

•	 Agroforestry Systems in Arid and Semi-arid Regions 
(M. Baumer) 

•	 Ecological Aspects of Agroforestry in the Highland 
Ecosystem of Tropical Africa (A. Getahun). 

•	 ICRAF's Programme on Agroforestry Technology (I'. Huxley) 

•	 The Environmental Basis of Agroforestry (A. Young) 



•	 Meteorological Elements and Their Observations 

(T. Darnhoferl 

•	 The Process of Collection, Storage, Evaluation and 
Dissemination of MPT Data and Information (P. von 

CarlOlvi tz) 

•	 The Multipurpose Tree Data Sheet (P. von Carlowitz) 

•	 Limitations of Multipurpose Trees (P. Wood) 

•	 Rome Aspects of Multiple Cropping Systems (W. Beets) 

•	 The Role of Woody Perennials in Animal Agroforestry 
(F. Torres) 

•	 Animal Production in Agroforestry Systems (F. Torres 
and P.J. Robinson) 

•	 The Tree/Crop Interface, (P. Huxley) 

•	 Technology Design and Management Guidelines - Some 
proposals for comment. 

Section 3 A Diagnostic Approach to the Design of 

Agroforestr~~~ems 

3.1 Main Notes 

• Guidelines f0r Agrnforestry Diagnostic and Design 
(J. Raintree) 

•	 Resources for Agroforestry Diagnosis and Design 
(J. Ra ~lltree) 

3.2 Practical Exercises 

•	 Case Study Review in Costa Rica 

•	 Case Studv R~v:l.ew in Malaysia 

•	 Economic Analysis of Agroforestry Models - Selangor 
Forest Reserve (D. Hoekstra) 

•	 Ex-Ante Economic Evaluation of Alley Cropping systems 
(D.	 Hoekstra) 

•	 Map of Kathama with identification of diagnostic 
interviews farmers' plots. 

3.3 Supplementary Material 

•	 On-Farm Experimentation - New Method for an old Concept? 
(R. Kirkby. 

• An Overview of Farming Systems Research (H. Zandstra) 

• Overview of an Integrated Research Program (CIMMYT) 
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Section 4 
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• 
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Pre - Diagnostic nformation on Kathama Site 
(R. Vonki
 
An Inventory of Trees and Shrubs in the Northern
 
Division of Machal·os Dbtrict (E. Flievoet)
 

Selected 8iblio p raphy of AJToforestry (L. Majisu 2nd
 
R. Labelle)
 

ICRAF's Publications List Sept~mber 1983
 

Combining Disciplines in Rapid Appraisal: The Sandeo
 
Approach (P. Hildebrand)
 
Some Notes on the Art of Informal Interviewing (R. Rhoades)
 
The Use of Economics in Agroforcstry (D. Hoekstra)
 
Choosing the Discount Rate for Analysing Agroforestry
 
Systen,s/Technologies irom a farmer I s Point of View
 
(D. Hoekstra) 

- r.clcvnnt Agroforestry Experimental Approaches 

Hand-out~ and Supplementary Material 

Comments on Agraforestry Classifications with Special 
Reference to PILnt Aspects (P. Huxley) 

o	 The Role of Trees in Agroforestry: Some Comments 
(P. Huxley) 

•	 Assessment of Experimental Sites* 
• The Scope and Design of Field Trials* 
e Plant Population and Yieltl of Tree and Herbaceous Crops 

(M.G. Cannell). 

•	 Rapid Appraisal Methodology for Priority Species 
Selection by Use and Ecology A~d ~or Prioritizing Rese~rch 

Requirements (P. von Carlowitz) 

•	 Some Characteristics of Trees to be considered in Agro
forestry (P. Huxley) 

•	 Thp. Tree:/CruiJ lIlLerface~\" 

•	 Plant Management in Agroforestry: Manipulation of Trees, 
Population Densities and Mixtures of Trees and Herbaceous 
Crops (M.G. Cannell) 

o	 Phenology of Tropical Woody Perennials and Seasonal 
Crop Plants with ReEerence to their Management in Ar.ro
forestry Systems (P. Huxley! 

** from a MHnual ~lethodology Eor the Exploration and Assess
ment of MPT's by P. Huxley et.al. 
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•	 Systematic Designs for Field Experimentation with 
Multipurpose Trees* (P. Huxley) 

•	 Notes on the Microclimatic Effects and Design of 
Shelterbelts (T. Darnhofer) 

•	 Considerations when Experimenting with Changes in 
Plant Spacing* (P. Huxley). 
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ICRAF/USAID Ar.ROFORESTRY COURSE 
Nairobi, 1-18 November 1983 

EVALUATION SHEET 

The purpose of the present evaluation sheet ill to seek participantt) I 
opinions about the general structure, organisation and coordination 
of the course as well as suggestions to improve the design of similar 
ones. 

SECTION 1. This Section is intended to gain information about Pre
Course Arrangements. 

1.1	 When did you learn about the course? Indicate the 
approximate date. 

[ DAY c:JYour	 country is 

1.2 Did you receive the 
coming to Nairobi? 

pre-course informati.on before IYES
Tt:;]
~ 

1.3 Was pre-course information adequate? ~l 
1.4 Suggest any pre-course improvements. 

SECTION 2. Please give us your v-Iews on tile Structure of the Course. 
Were the following adequate? 

TICK IN APPROPRIATE BOX 

counSE STRUCTURE TOO LONG ADEQUATE TOO sH~ln --1 

~ - 
_. 

-------
--------- 

--------- 

2.1 The length of the course 

2.2 Daily working sessions 

2.3 Field excercises 
r------
2.4 Independent work/study sessiol15 

2.5 Other (Please, specify) 



---------------------------------------- --- -- -- -- --- -- --

---------------------------------------- --- -- -- -- -- -- -- --

---- -- -- -- -- --- -- --

(Pos t-Course/2) - 46 -

SECTION 3. The main Objectives of the course are shown below. Indicate 
how appropriate you believe they were and how effectively they wen~ 

achieved. Before completing this section note these meanings: 

Appropriatness: the relevance and usefulness of the 
objectives to your work. 

course 

Effectiveness: whether appropriate or not, the exte
which the objectives were fulfilled. 

nd to 

1 less appropriate/effective 5 = very appropriate/effective 

OBJECTIVES 

(Main) 
3.1 To become familiarized with the
 
concepts and procedures of ICRAF's
 
methodology to diagnose AF related
 
land use problems/potentials and
 
design appropriate AF systems.
 

(Complementary) 
3.2 To become acquainted with ICRAF's
 
institutional organisation and programme
 
of work.
 

3.3 To develop/enhance an understanding
 
of the concepts of AF as a land use sys
tem, its potentials and constraints.
 
----------------------------_._---------
3.4 To become updated on available
 
AF research informatlC':1 and appropriate
 
experimental approaches.
 

APPROPRIA'rNESS EFFECTIVENESS 

1 2 3 4 5 1 2 3 4 5 

-" - -

- -

- -

3.5 Suggested improvements. 

\0\
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SECTION 4. We would like your views on the Physical Resources and 
Facilities for the course. Were they adequate? 

from I-not adequate to 5-very adequate 

J 5 

----r-----

~~~~ r::~-' .~~~ 1 

--- -··-1 
. I 

Physical Resources and Facilities 1 2 

4.1 Conference room--------------------------------------------------

4.8 Hotel accommodation 

~~~_~~!!~S_E~~~~ _ 

~~~_~!~!~El_~~E~!~~~ _ 

4.10 Transportation arrangements 
_____~~!!~E_!!£!~_£~~£E~!~£~ _ 

4.11 Other (please, specify 

----

~~~~. 
----

____. 

----

---- ----
, .. .__--L.--L_'-_LL 

I 
.-.. - ---! 

----1---1--- I 

--t--!---I 

4.12 Suggested improvements. 

---------------------------------.-_.._-

--------_._----------



--
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SECTION 5. Indicate your opinion about the Organisation of TralnlX:ll 
Sessions and General Coordination of the course. 

from I-not adequate to 5-very adequate 

4 52 3I 
---------------------;---t---t---t-- 
5.1 Training materials, written informa
______!~~~_S~~~~_!~_2~E!!~~2~~!~ _ 

5.2 Quality of presentations (cla'lty of 
_____~2£~~~E~_~~~_~f_~!~~~!_~!~~~_!!~£1 _ 

5.3 Availability of visual equipment, 
_____!E~!~!~S_~!~~~_~!~!~~~~El~ _ 

5.5 Other (please, specify) 

5.6 Suggested improvements. 

SECTION 6. What is your opinion about the Participants of the cour.se? 

from I-not satisfactory to 5-very satisfactorr~~v~_r-~--~-~--, 

42 5I J 

6.4	 The interaction between participants
 
and ICRAF staff
 

6.5	 Other (Please, specify) 

'--	 L-_-L-_-'-_--''-_.J_...__~ 

6.6	 Suggested improvements. 

--------------------------_._.__ .._-

------------------------- "---'- 
\ 

\u\ 
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FOR E W 0 R D 

As part of its programme of wOl'k rCRAF has clJtnblisl1ed a Collabora"Llve 
and Special Projects Pl'ogrnmme (CO~:PRO) te. s tnmgth«.;n the capabi Ii ty of 
national institutions to develop agroforeslry systems, In ord~r to 
cover a wide spec tl'll"l or agroeco lor,ical and socioeconomic cond i tions, 
COSPRO is org;:mized on j'he bLish. of geographical I'Cf~iolW, on the 
assumption that l'cgional land ffiiJnagemt'nt sy:;tems shaJ'f~ broudly :>imilr.ll' 
cultural conditions, Within each of lhes.~ regions, three 01' fOllr major 
ecological zoncs are !;e 1,'C led, to bu i ld ;1 gC'ogl'aphical !ecological 
framework in which a network of potential research sites are to be 
located. Southear;t Asia is one of such geographic;)l [',"gions. 

This second case in the ICRAF series on Case Studies in Agroforestry 
Diagnosis ~nd Design i!; the rCf>lIl t. of collalJol'at:ive <lctivi tief3 lIndel'takcm 
by scientists from ICHIIF, the Forest Heseill'ch Im;titute (FORI) of the 
Philippine Council for AI!.I'icll] tur,' ;11)(i Ih'SI)lII'C'l'S Resl'ill'ch ilnd J!l'Vl'Jopment, 
the Visayas State College of Agr.icul luI',' (\'JSCA). Uni'l,~rsity Perta:Jian 
Malaysia, and Kasetsat't Uni versi ty, who joined together under the 
sponsorship of tlw Southeast Asian Regional Center 1'01' Graduate Studies 
nnd Research in Agriclllture (SEARCA) to do the field work on which this 
case study is based, The findIngs of the field exercise were presented 
at the Southem;1; Auiun Regional Seminr,r-Workshop on Agrofol'e~~tl'Y helel 
at SEARCA in Oct.ober, 1982, This led to the l'ormulation of propof3al 
for a research project to he implement.ed by Lhe Philippine InstituliOllS 
with the technical hack-stopping of ICRAF. 

The aim of the pl'oposed research proJl'lct is to develop improved systems of 
land rnanagemen t fOl' upland farmi ng sys t.erns in t.he Southeast: Asian region, 
wi th special at tent ion to the fal'ming circurnstrmces of the beneficia!'i Pof3 

of a land reform programme in the study area on the island of Lcyle in the 
Phil ippines, 

The case study is the rpsult of on applicatioll of ICHAF's Diagnostic and 
Design methodology (nM)) by d mullidif;ciplinary Leam of ncientil-its from 
the participating in~.titutiol1B. The purpose of the init.ial 'rapid 
appraisal' D&D exerciue was to diagnose exiHting and future lund 
munagemen t cons traint!; and ilBI-ofores try pot.,:ntialG, deH ign appropri ate 
agl'oforcstr'y systcms ..nd formuldte plan:; l()f' relH'arch to develop the 
candidate [lgro[orestry technologief:', through a :,:ol11l)jnaUon of on-farm and 
field station rescDl'ch, As the pl'ojec t. progresscB, the i tera ti ve fJ&D 
process will be repeated in morJi!ied furm to take stock of project. 
experience, refinc tlte dingnosis and del3ign, and lntroduce ilppl'Opri:.l'.l' 
modifications into the f'f~search plan in or'del' to optimiz.e the product,ivity, 
sustainabili ly and adopt.abi li ty of thf' experimental technologies, 

In due course. proto type agrof(lr(~13t.ry tl~('I1rl()Jog iN; and land malwgement 
systems arisillg fl'om this process 'iiII b. evaluated for extension and 
adaptive research thrmJghout a wider !'ecommendation domain in Soutllcast 
Asia and in similar farming situations in other parts of the world. 

Filemon Torres John B. Raintree 
COSPRO Programme Coordinator Case Studies Series Editor 

Systems Programme Coordinator 



1. UPLAND FARMING AND LAND REFOR~' IN THE PHILIPPINES 

The hazards of upland farming in the Philippines, ns elsewhere in 
Southeast Asia, are notorious. Problems rnnge the whole spectrum 
from shifting cultivatio~ to permanent upland farming systems. In 
areas of high population density where p~rmanent arable cropping has 
been the predominant form of land use for many generationB of peasants, 
continuous cultivation without Uw posflibility of fallow results in 
soil mining, accelerated erosion nnd diminishIng yields. Althougtl the 
system may eventually stilbilize at a vl~ry low level,it holds little 
prospect of being able to meet a futur'c of increased human population 
which cannot be realistically absorbed into the urban economy. Low 
cash incomes of peasunt far'merl; and lacl< of adequate input supply nnd 
marketing infrastructur'es crcule 1.1 si tuatioll which offers l.i ttle hope 
for improvement of th., r'ural economy through conventional high-input 
approaches to agricultural intensification. 

Land tenure issues compound the problem. Unlike among the shifting 
CUltivators, where the main issue is insecurity of tenure over nncestral 
lands in the face of restrictive forest laws and increasing pressure 
from land-grabbing outsider"s, the main problem in peasant farming is 
unequal distribution of lund and other productive resources between 
smallholders, often tenant, farmers and large, often absentee, land
owners. In some cases the traditional systems of rights and obligation 
safegurded a reasonably stable symbiosis. With modernization and 
the breakdown of these lTaditions, however, landlord-tenant relations 
have become increasingly exploitative in many areas. In respolise to 
mounting political pressures, the government has Bought to implement 
land reform tnrough various programmes. One such programm'~ is "Oper'a lion 
Land Transfer," which is being implemented in the Tagbango case study 
area on the island of Leyte. 

In Tabango the relationship between ecological and tenure problems in 
upland farming syster.ls takes on a parliculal'ly interesting and 
challenging form to developers of agroforestry technologies. There are 
basically two main forms of land use in the area: coconut-based 
perennial tree crop systems and permanent upland cultivation of field 
crops. As presently practiced, the coconut-based farming system, with 
or without addItional tree crops and livestock grazing in the understorey, 
appears to be a productive and sustainable land use system, but 
permanent upland cultivation is not. Although the tree crop system is 
feasible for farmer's wi th upwards of ~i hecta.'es at their disposal, the 
major part of the coconut system is held by a small number of lar?,!' 
landowners. 

In areas not designated as "land reform areas" large landowners are 
expanding their tree crop holdings uDing the labour of landless 
farners to plant the lTf'Pf; in return for the right to cultivate annual 
crops unti 1 the canopy closes and forces them out. Eviction, in this 
case, is accomplished by the tr'ee rather than the landlord. While they 
do have the option of remaining on the lar'ge haciendas as wage 
labourers, most farrnl'rs would prefer to be independent smallholders, or 
at least permanent share-croppers on open land. 

To meet the small farmers' need for land the Operation Land Transfer (01.1') 
programme, in areas where It is being implemented, bUyS out t6e landlord 
and offers the farmers eventual title, after a specified pay-back 
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period, to the land th~y have traditionally cultivated as tenants. 
The problem faced by many of the beneficiaries of this programme 
is that the amount of land to which they can thus lay claim is 
quite small, usually under two t.ectares. This is too small to 
contemplate a transition to the tree crop systems for farmers who 
must meet their families' daily subsistence needs. They are left, 
then, With the upland field crop system which, under traditional 
technology. is only marginally productive and highly subject to a severe 
form of the upiand degradation syndrome. 

In Tabango we are confronted ~ith the land use paradox of sustainability 
without equity and equity without sustainability. If land reform 
is to succeed in Tagbango, and similar situations throughout the 
Philippines, new technologies will have to be developed to place 
smallholder upland farming on a sustainable footing. This is where 
agroforestry may have a role to play. The specific form which that 
role could take is the subject of this case study. 

2. DESCRIPTION OF THE STUDY AREA 

2.1 Site Location 

Tabang~ Municipality is located in the northern part of the island of 
Leyte in the Philippines, about 159 kin from Tacloban City, between the 
municipalities of Villaba and S:in Isidro. Comprising an area of some 
129 km2• the municipality is trllversed by unpaved all-weather roads. 
Coastal areas along the Visayan~)ea are accessible by boat. Tabango 
has a total of 13 local administrative units known as barangays. Due 
to the inaccessibility of some of the barangays during heavy rains, 
the study was confined to five barangays: poblacion. Catmon, Omaganhan. 
Tabing and Campokpok. 

2.2 Topograhy 

Mostly hilly with moderate to steep slopes draining to the Visayan sea. 
The highest peak is Mt. Canturaw with an elevation of 362 ft above sea 
level. Level lowland areas are limited to about 25 percent of the total 
land area. 

2.3 Climate 

The Project area is situated in the humid tropics. with an annual average 
rainfall between 2000 and 2500 mm. The water balance is usually 
positive (rainfall in excess of evaporation) through 9 of 12 months. 
from May/June to Feb/March. The growing period is approximately 270 
days/year. As the rainfall is to a large extent influenced by 
tropical depressions and storms (2-4 per year) its inter-annual variabillity 
is considerable. This results in temporary drought situations as well 
as heavy rains representing high erosion hazards. 

The mean temperature at sea level is around 27°C. with little annual 
variation (2.5°). The absolute maximum and minimum range between 
34° and 22°C respectively. The elevation effects the mean temperature 
with a loss rate of 0.55°C per 100 m. 

Nebulosity follows the seasonal changes in rainfall distribution and 
is accordingly high. The average duration of bright sunshine is between 
40 and 50% of the astronomical day length. 
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High relative air humidity (70-80%) is again in accordance with thp.
 
general climatic pattern.
 

The prevailing wind directions change from NE in January to WSW in
 
July. The mean windspeed is generally 2.0 m/s.
 

2.4 Population 

As of 1980 the total population of Tahango Municipality was 29,356. 
M~les comprise 50.41 percent and females 49.59 percent of the population. 
The annual grude population ~owth rate in 1.6 percent and'the average 
population density is 234/km . 

2.5 Economy 

The major minicipal products are maize, coconuts and rice. Employment 
and monthly income are as follows: 

EMPLOYMENT 

Self-employed farmers - 45 percent 
Labourers - 40 percent 
Other employed - 15 percent 

MONTHLY INCOME 

Less than 100 pisos - 14 percent 
100 to 300 pisos - 68 percent 
more than 300 pisos - 18 percent 

2.6 Agroecological Zones within the Study Area 

a)	 level topography (0-5% slope) or Class A cropland which can 
be cultivated using ordinary methods of farming; erosion 
hazzard very slight to nil 

b)	 sloping cropland (5-60% slope) which should be cultivated using 
special conservation practices since the soil is subject to 
moderate erosion hazzards 

2.7 Criteria for Differentiation of Farming Systems 

Farms in the study area can be classified into different farming system 
types on the basis of land tenure, farm size and production emphasis. 
The main classes are as follows: 

L'.md tenure 

owner cultivators 

beneficiaries of a government land reform programme known as 
Operation Land Transfer (OLT); according to the Ministry of Agrarian 
Reform about 3000 hat in the area are now under the land reform 
programme, benef~ting some 1,887 tenants 

leaseholders; this ca~egory is reportedly being phased out by the 
OLT (the survey team only encountered one farmer in this _~t:p.~ory) 

Owner cultivators and OLT beneficiaries constitute about 90 percent of the 
farmers. 

( 

/\,) 
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Figure 1. Site location and climatic map of the study area 
on the island of Leyte in the Philippines. 
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Farm size 

less than 2 ha 
2 to 5 ha. 
more than 5 ha 
large hacienda 

Most farmers cultivate no more than 5 ha. The majority of these operate 
farms of 1.5 to 2 ha. 

2.8 Production Emphasis 

Table 1. Production emphasis of the predominant farming systems in the 
Tabango study area. 

Primary Production Emphasis Secondary Production £Aphasis 

Annual Crops subsistence staples supplementary foods &cash crops 
rice cassava 
mai:.e sweet potato & other roo 

bananas 
cash crops 

peanuts 
mung beans 

Perrenial Crops cash crop 
coconut 

cash crop 
Leuc~ena leucocephala 
(lpil-lpll) for leaf
meal and fuelwood 

FAn. Animals draught power subsistence consumption 
car.lbao chickens 
(water buffalo) 

cash income 
pigs 

2.9 Characteristics of the Selected Farming System 

The following information summarizes the salient characterietics of a 
typical farm in the farming system selected for priority emphasis by 
the diagnostic and design team: 

Agroecological characteristics 

topography; uplanrl slopes rang! ng from la-60 percent (avg 301) 
soil: clay to clay loam, gencrally deep 

pH ,. 7.7 
% N (total) ,. 0.06 - 0.14% 
% OM ,. 0.4 - 2.5% 
P (available) ,. trace, particularly in upper slopes, 

22 - 32 ppm in lower slopes 

erosion hazzElrd: sheet and r~ll erosion notable on many farms 

Tenure status 

OLT beneficiaries 

Farm size 

1-2 ha. 



6 

Production system 

Table 2. The role of major crop and livestock components in the selected 
farming system and their associated cultural practices. Where two or 
more purposes are 

CROP/ANIMAL 

PrilUry 

IUhe 

rice 

pe&llut 

Il\IIlI bean 

Secondary 

sweet potato 

cassano 

banana 

ipil-ipil 

Aniaalll
 

carabao
 

pigs 

chickens 

served the primary one is underlined. 

subsistence, cash, animal feed 

subsistence, cash, aniaal feed 

~ 

~ 

subsistence, cash 

subsistence 

subsistence, cash, feed 

~' fuelltood 

draught animal 

~. social consumption 

subsistence 

CULTURAL PRACTICE 

IIlOnocrop iu rotation 

aonocrop in rotation 

monocrop in rotation 

monocrop in rotation 

.onocrop in rotation 

lIonocrop 

boundary pl&llting 

scattered rows and 
clusters on farm 

grazing on roadsides 
and neighbouring 
coconut plantations 

scavengint; and 
supplementary feed 

scavenging and 
supple.entary feed 

Cropping schedule for major crops: 

Planting Harvesting 

Maize 
peanut 

April-Msy 
Sept 

July-August 
Dec-January 

Average crop yields: 

Maize 
peanut 

5 sacks/ha (250 kg/ha) 
10 sacks/ha 

3. DIAGNOSIS OF MAJOR LAND USE PROBLEMS AND POTENTIALS 
The results ~ the diagnostic survey and analyses carried out by the regional 
DttD team are presented in Fig. 2. This is a combined causal netwo;~k 

and flow diagram which depicts, from left to right, the major household 
supply problems. The flow of related inputs and outputs (unbroken lines), 
and the causal factol's which contribute (broken lines) to the creation of 
the identified problems. 

3.1 Problems in the Household Supply System 

Contrary to initial expectations, the diagnostic survey revealed that 
there are no presently perceived problems in the staple food and fuelwood 
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Figure~. Combined causal network and flow diagram of tle farming system 
problematique in Tabango, Leyte. Depicted from left to right are the major 
household supply problems, the flow of related inputs and outputs (unbroken 
lines), and the causal factors which contribure to the creation of the identified 
problems (broken lines). 
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supply subsystems of households in the target farming system. 
Domestic needs for fuelwood are reported to be adequately met by the 
ready supply of coconut fronds in the general area together with farm 
plantings of Leucaena leucoceplzala. Although, farm produced staple 
foods are in most cases insufficient to meet the annual needs of some 
households, the dominant strategy of the household economy is one of 
mixed subsistence and cash crop pl'oduction, supplemented by income from 
off-farm labour (mainly agricultural labour on other farms in the area). 
Since cash income is sufficient to meet the needs for supplemental 
purchase of food, food shortage per oe is not felt to be a problem. 
This docs, however, constitute a drain on household cash resources. 

Inadequate cash income 

Insufficient cash for purchase of other household need<; (clothing, 
e~ucational expenses, and non-food consumer items) and for capItalization 
of farm improvements emerges, therefore, as the main household supply 
problem in the survey area. The main sources of cash income are proceeds 
from the sale of cash crops (mainly peanuts and mung bean), ltvestock 
(pigs) and earnings from off-farm employment, as shown in Table 3. 

Table 3. Sources of cash income 

Source of Income 

Off farm employment 
Peanuts 
Pigs 
Mung bean 
Maize 
Rice 
Sweet potato 
Banana 
Ginger 
Onion 

Percentage of Fal'mers 
Surveyed (N=lO) 

90 
90 
80 
50 
20 
20 
20 
10 
10 
10 

The Io,ain drains on household cash resources are food purchases to 
supplement farm production of staples and hired labour for weeding, 
land preparation and planting. Some 50 percent of the household surveyed 
own no carabao and must spend an average of P250 per crop (2 crops/year) 
to hire the services of a ploughman and carabao. This lack of a draught 
animal is a severe capital constraint which, given the low net income, 
is very difficult to remedy. 

Income from sale of cash crops and livestock is generally insufficient 
to meet the cash needs of the household and most farmers resort to off-farm 
employment to supplement farm earnings. Of the 10 farmers surveyed who 
fall into the category of the target farming system, 8 engage in off-farm 
agricultural labour and one is self-employed as a maker of wooden ploughs. 
All farmers expressed interest in increased income from farm sources, but 
the survey team did not detect a notably high level of entrepenurial 
aspiration among this group of farmers. 

3.2 Causol Factors Responsible for Household Cash Problems 

On the income side, the main factors associated with low on-farm cash 
production are shown in Fig. 2 an causal complexes or "syndromes" 
responsible for low yield of field crops and low-efficiency of the 
pig production enterprize. 
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Lo~ Yield Syndpome 

r.ontinuous permanent cropping without mineral Ilutrient inputl;l and 
inadequate soil conservution practices have resulted in low nutrient 
status of the soils and low and declining yields of both subsistence 
and cash crops (e .g. 250 kg/ha of maize). The small farm size and 10'''' 
productivity of the lund necel;lsitntes a permanent cultivc.tion regime with 
no opportunity to rest portions of the land in order to restore soil 
fertility, thus perpetuating the low yield syndrome. The non-use of 
mineral fertilizers is attributable both to the lack of cash ref1OUl"ceo 
and the lack of a local infrastl"ucture for supply of agrkultul'ul input.!. 

Sheet I'nd rill erosion processes fllt'ther exacerbate the degradation 
syndrome on thene farms through continued nl.. wrient losses and poor 
crop stands. Erosion hazards are substantial under the prevailing 
conditions of steep slopes and cropping practices which leave the soil 
exposed to heavy rains following field preparation. Improper ploughing 
practices and the burning of agricultural residues are major contributing 
factors in soil erosion. The fact that the farming system is still 
operational at all, even at low levels of yields, is attributable to the 
depth and only moderate erodibility of the soil. Nevertheless, at an 
estimated rate of loss of 1 cm of soil per year, this system of poor 
husbandry cannot be sustained indefinitely. 

The prevailing tillage practice is to plough the field in lines perpen
dicular to the main slope. However, since the fields typically exhibit 
an undulating topography with minor slopes in variation to the main fllope, 
the ploughing pattern usually deviates SUbstantially from recommended 
contour ploughing practices, with the result that severe erosion occurs 
in areas of downslope fUI'rows. From discussion wi th farmers it is clear 
that the decision to plough perpendicular to the main slope is mainly 
based on the desire to conserve the energy of the draft animals and not 
specifically intended to prevent erosion. Although proper contour plough
ing would more efTiciently satisfy both erosion control and enerps 
conservation purposes, no cases of contour ploughing by smallholders were 
observed in the entire survey area. 

The retention of agricultural residues on the fields would also tend to 
mitigate both erosion and low-fertility problems, but all farmers surveyed 
reported a strong inclination to gather up Grop residues and burn them. 
The main reason given for removal of crop residues from the fields was to 
avoid interference with ploughing operations, since with the traditionul 
chisel plough us.ed in the area maize stalks and other residues tend to 
bunch up in front of the plough, making tillage difficult. The "x:""~~~:"'d 

reason for burning the gathered residues wan not any conscious desire to 
release nutrients to the soil, but ['lither to destl'oy potential hab.i tats 
for rodent pests. 

All of this is done '/Jithout any evident consideration for erosion control 
and maintenance of soil fertility, although both of these factors are 
acknowledged by farmers as major contributing causes of declining yields. 
The only notable fertility conserving measure practiced by the majority 
of farmers is the rotation of cereal crops with grain legumes. 

Low Efficiency of the L1:lJelltoak Entel'pl'ioe 

Ttle low time-use efficiency of carabaos (water buffalo) as draft animals 
is a noteworthy latent constraint on agricultural production, but not 
one which admits of an easily conceivable and feasible solution. These 
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animals, unlike oxen, must be rested allu allowed a cooling-off period 
in water after brief periods of draught labour. Nevetheless, the slow 
work pace of the carabao seems to accord quite well with the somewhat 
leisurely atti tude to \~ork of the local farmel's, and there seemfl to be 
little scope at present for any attempt. to disrupt this congenial 
symbiosis by substitution of more efficient draught animals. 

The main addressable livestock constraint, therefore, is the low efficiency 
of the pig production enterprise, wllich is present as a source of cash 
income and socially expendable wealth (fiesta contributions, etc.) on 
most farms. Inefficiency arises in connec=ion with the labour requirements 
of the present system of feeding and the nutritional inefficiency of the 
present diet. Free range pig feeding is not possible on most farms 
because of the danger of damage to one'n 0"''' and neighbour's crops. 
Consequently, labour is required to move and tether pigs from time to time. 
Supplemental feeding of rice hran and shredded banana stalk is commonly 
practiced, but this docs not make up for t.he lack of high quality protein 
in the diet. The resulting slow I'ate of live weight gain yields rather low 
returns to labour invested in the pig enterprise. 

4. DERIVATION OF DESIGN SI'ECIFICATLONS 

The following list of design specifictiom; may, for convenience, bf' 
divided into ftlnctionaL Dpecifications derived from analysis of 
intervention points in the system suggested by the combined causal 
network/flow diagram (Fig. 2; and othep design Bpec{fications derived from 
the general understanding of • r-":lOUI'ce constraints and farmers' strategies 
gained in the course of the titGgnostic survey exercise. 

4.1	 Functional Specification~ 

To reduue the outfLow of canh: 

a)	 Reduce the need for hired labour by reducing 

the amount of tillage required for field preparation
 
the level of labour required for weeding
 

b)	 Reduce cash expenditure on supplementary food purchases by increasing 
on-farm production of staples by removing or mitigating the yield
reducing constl'oints. This could be done by: 

improving the availability of nutrients (mainly N&P)
 
reducing erosion by
 

- adopting proper contour ploughing practices 
- instituting a feasible system of organic matter maintenance 

on the fields 

Tn increaBe the infLow oj' carlz: 

a)	 Incorporate new caph crops into the farming system 

b)	 Improve the pr~ductivi,y of existing cash crop enterprizes (see 
b above) 

c)	 Improve the effici~ncy of the main livestock enterprise by 

producing a more balanced pig ration from potential farm feed sources 
reducing the labour requirements of pig feeding by 

- introducing improved processing technology 
- substituting the current tethering practice by an efficient pen 

feeding regime 
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4.2	 Additional Design Specifications: 

To be appropriate and adoptabLe by farmers in the context of their 
existing farming system (i. e. wi thout major infrastructural or 
motivational changes) candidate technologies must: 

a)	 have low capital requirements and must not rely on inputl:> which are 
not generally accessible to small farmers in the urea, 

b)	 be efficient in the use of available labour resources (i.e at 
prevailing levels of effort acceptable to the majority of farmers) and 
must no~ Qvqcerbate labour bottlenecks in the farming system, 

c)	 make efficient and intensive use of scarce land resources 

d)	 not contribute unduly to increased pest problems, 

e)	 be consistent, in the case of new cash crops, with mc.rketing potentials 
in the area. 

5.	 ALTERNATIVE TECHNOLOGIES 

Cash	 deficit was identified at the diagnostic stage as the main symptom 
of the farming systems in the Tilbango area, a problem that motivates 
farmers to loo~ for off-farm income. The causal diagram in Fig. 2 indicates 
that	 this deficit stems mainly from factors in the operation of cropping 
and animal production enterprises within the farm. Of the two a higher 
priority should be placed on improvement of cropping enterprises, since they 
constitute the main source of both food (maize) and cash (peanuts). 

Low soil fertility and soil erosion were singled out a~ the main causes 
of low crop yields, indicating the most promising points for technological 
interventions in the system. Table 4 summarizes some of the alterpative 
practices, of an agroforestry and non-agroforestry nature, envisaged by the 
multidisciplinary team us having the potential to overcome those constraints. 

5.1	 Non-agroforestry Alternatives 

Although a thorough discussion of these options vis-a-vis the ldentified 
constrain ts is beyond the scope of this document, it is worth mention ing 
some of the reasons leading to the selection of a, agroforestry alternative, 
most of them linked to the design specifications discussed above. 

In the field of soil nutient deficiency the introduction of inorganic 
fertilizers would most certainly overcome the biophysical constraint. 
However, such an input would further strain the already scarce cash 
r·esources available at the farm level. Even if a credi t programme were made 
av~ilable, there is no existing infrastructure for distributing fertilizers. 
Com~ost could be an interesting alternative, particularly to avoid residue 
burning. However, lack of knowledge and labour requirements may prevent 
its adoption. 

Green manuring with appropriate herbaceous species has been shown to improve 
soil fertility, but land and labour scarcity and local attitudes against 
growing a crop solely for the purpose of improving the soil, would tend to 
prevent the acceptance of conventional green manuring practices by farmers. 

One of the problems farmers would face in trying to incorporate residues 
is the type of plounhing equipment; in use, which does not have a mould
board to turn the soil over. Substituting the existing chisel plough by 
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Table 4. Possible non-agroforestry and agroforestry interventions to 
solve or mitigate the diagnosed problems. 

PROBLEHS
 

CASH OUTFLOW
 

I.	 Low Yield 
- N.P. deficiency 

- Residue burning 

- Wa ter eros ion 

.Steep slopes 
• Improper ploughing 

.Exposed soils 

2.	 Tillage 
• Carabao 

.Hired ploughing 

.Working capacity 

- Weeding 

CASH INFLOW 

1.	 Low Yield 
(Peanuts) 
Same as outflow 

2,	 Swine Productia.l 

• Feed sources 
- Feed processing 
• Management 

3.	 Cash Sources 
• Crops 

· Livestock 

'"TERVENTIONS 

NON·AGROFORESTRY AGROFORESTRY 

• HI nera I fert lli zer - Legume tree mulching
 
- Compos tlng
 
· Green manure
 

• rould-board ploughing - Mulching for minimum tillage
 
· Composting
 
- No-tillage
 

- Terracl ng - Hedges across slopes 
- Contour ploughing - Contour hedges 
- No-tillage 

- Perennial crops 
- Re lay croppi ng 
- Mulching • Mulching 

· No-ti llage - Mulching for minimum tillage 
- Oxen 
- No-tillage - Mulching for minimum tillage 
- Mulching - Mulching 

- Same as outflow - Same as outflow 

- Balanced ration •	 Gabi & leaf mea I In hedgerow 
Intercropping- Mechanical shredder 

• ~pproprlate housing 

- Pineapple - Hedgel"O\l Intercropplng of: 

- Black pepper ,Pineapple
,Black pepper + [pil 2 Leaf Meal 

- Ginger .Glnger 
· Cattle Fattening 
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a mouldboard plough would be a relatively CO:3tly option, possibly requiring 
stronger animal traction. It is known that no-tillage methods will 
improve soil and water conservation as well as reduce traction enel'gy and 
labo!r requirements, but the specialized knowledge and equipment required, 
together wi th high COElt and pl'oblems wi ttl the supply of herbicide may 
again prevent its widespl'ead adpption. Ttwre is a need, moreover, to provide 
for a source of mulch which should not compete unduly with the main crops 
for light, moisture, nutrients and "pnct: and/or time in the croppir.g regime. 

The investment required ~or construction of proper bench terraces would 
seem tu rult: them out: an a locally adoptable alternative. Contour ploughing 
would certainly be a feasible enH.;ion mi tigating al ternative, to which 
farmers ought to be introduced. At the moment tllCl'e is a kind of "across 
the slope" ploughing, not precisely as n soil conservation prnct.icc hut 
to avoid having the carabao go up and down the slope. 

A permanent vegetation covel' would certainly decrease the impact of 
erosive factors. Howevel', eGtabl ishing I)Crennial crops (like cor.Ol1uts) 
would compete with food and cash crops for the use of scarce land, depriving 
the smallholder family of its llvelihood lor quite a few years (it could become 
a viable alternative, however, for holdings of 5 ha or lnrger). Relay 
cropping would also provide a permanent protective cover, but its 
efficiency may be impaired by the low soil fertility level. 

The efficiency of tillage operations could possibly be impr'o\ed by 
substituting the carabao (short effective working time) by oxen, but this 
may be a very difficult change to introduce and it m3Y disrupt a cherished 
symbiosis between Visayan farmers and carabaos. At any rate, it would 
appear that in th •. medium to long run land pl'essure may tend to displace 
animal traction from smallholdings, particulnrly if and when free access 
to grazing und~r the coconuts of the larger plantation owners is restricted. 

Cash income could be increased by substituting alternative cash crops for 
peanuts, bt.:t the rate of aclopti'lll may be slow under existing marketing 
~onditions. Cattle fattening cloes not appear as a sustainable alternative 
for smallholders, 8ince fodder production will compete with food and 
cash crops for land and labour. 

5.2 Agroforestry Alternatives 

Collumn 3 in Table 4 summarL:es the in t;erventions of an agroforestry nature 
which were considered by t11l team for addr'lssing speci fie constraints in the 
diagnosed system From the discussions at the design stage of the D&D 
process there emer'ged a general design concept for an agroforestry 
land management system whic:l appears to have the potential to !'cmow, or 
mitigate several of the most limiting constraints. The team decided, 
therefore, to focus it" attention on the elaboration of this design concept 
as a prelude to the planning of a research project to develop and tent the 
proposed agroforestry system. The results of the teams' thinking, as 
developed lnitially in the rapid appnliBal mission and later in the r"llowup 
phase of the D&D process are presented below. 

5.2.1 Design concept: hedgerow intercl'opping or alley croppi~!L:.\y.st.em 

The use of mulch from a nitrogen-fixing tree as a source of organic 
fertilizer for the predominant field crops appeared to lhe team aB a 
promising technique f0r restoring ancl maintaing soil nitroBcn at an 
increased level. The fJOSS ibil i ty for arrulIgi.ng such trees in h(,dgerows 
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along contour lines in the field suggested itself as a way of forming
 
vegetative barriers capable of arresting soil erosion which in time would
 
result in the development of natural terraces. The existence of contour
 
hedgerows would also force farmers to plough along contour lines, thus
 
reducing inter-row erosion.
 

The food and/or cash crops normally grown by farmers could be intel' 

cropped betwecl' the h~dges with the expectation that, if such a nystem
 
were perfectr'J, the increase in productivity from organic fertilization
 
would more than offset the reduction in cropping area alloted to the main
 
crops. Moreover, if the hedges were composed of leucuena or other
 
fodder-producing trees or shrubs, the tops could be used tc. produce leaf

meal during those times of the year when the prunings were not being utied
 
for mulching. Firewood could also be produced as a lJy-product of othel'
 
management practices. I t was further enVisaged tr a'; the space alloted to
 
the hedgerows could be intercropped in a two-storey arrangement with
 
shade tolerant root crops grown at the side of the hedge, and vine crops
 
(such as block pepper) grown within the hedgerow by planting self-pruning
 
tree species at 10 meter intervals or more in the hedgerow to serve as
 
live supports for the vines. See Fig. 3 for an artist's conception of th~
 

proposed system.
 

This design concept will be recognized us a variation on the "alley
 
cropping" theme found in the literature (Parera, 1976; Guevarra, 1976, 1978;
 
Benge, 1979; de la Rosa, 1980; IITA, 1980a, 1980b; Wilson and Kang, 1980;
 
Wilson and Raintree, 1980; Raintree and Turay, 1981; Kang, Wilson and
 
Sipkens, 1981; Metzner, 1981; Evensen, 1982). As a form of "zonal cropping"
 
(Huxley, 1980), alley cropping is a type of agroforestry system which may
 
allow simplification of management procedures by ce31ing with each
 
zonally arranged component largely as a sale croppin2 enterprise within
 
the cropping nystem.
 

Evaluation of different alley cropping system, however, has shown 
(Verinumbe, 1981; Balasubramanian, 1983) or predicted (Hoekstra, 1983, 
Torres, in press) variable results in different environments, indicating 
the need to generalize with caution and dibtinguish clearly between specific 
design variations on the general alley cropping theme. The concep~ of 
alley cropping or, more generally, hedgerow intercropping implies a 
"family of technologies" often linked to each other only by the shared 
attribute of some form of zonal arrangement of woody and herbaceous 
components. 

The specific hedgerow intercropping system depicted in fig. 3 is only
 
a design prototype, intended to convey the general idea of the t~Dmt~
 

proposal and to serve as a starting point for the research envisaged
 
as necessary to develop an optimal system for the farming conditions of
 
the Tagbango area. The pI'oduct of such research, assuming the project
 
is successful in developing an optimal site-specific system, would itself
 
revert in the dissemination phase to the status of a prototype for adaptive
 
research throughout the potential recommendation domain.
 

Although various hedgerow intercropping systems of this general type are 
known to exist in the PhilippineB Hnd in other forms elsewhore in South
east Asia, it is doubtful whether any such system has gone through the 
process of reiterative development and r'cfinement which would be characteristic 
of a systematic and cost-effective approach to the development of 
system-specific agroforestry technology (ICHAF, 1983£1, 1983b). At the 
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Figure 3. Artist's conception of the experimental hedgerow intercropping 
system proposed for research at the Tabango site. 



outset of such a process it is essential to set forth the desirable 
characteristics of the eventual technological product (i.e. the design 
specifications) which would make it appropriate and,adoptable in the 
context of the target land use system. 

In addition to addressing the functional requirements of soil fertility 
improvement (mainly increascd nitrogen) and erosion control, an 
appropriate alley cropping system for the target group in Tabango would 
also possess the following desirable characteristics: 

a) be efficient in the intensive use of land 
b) be efficient in the use of labour and not create labour bottlenecks 
c) not increase pest problems beyond an acceptable level 
d) be flexible as regards management for different products on different 

farms and at different times of the year
 
e) allow for the possibility of minimum tillage management in the
 

eventuality of reduced draught power on the smaller farms
 
f)	 not involve management complexities which the local farmers, after
 

a sufficient demonstration and trial period, ~ould not be willing
 
to accept.
 

5.2.2 Plant iJeotype for the tree/shrub component of the system 

Although maize is Virtually a "given" as a component of any widcly 
adoptable alley cropping system developed for thc Tabango site, the 
choice of the most appropriate tree/shrub component for the system is 
an open question fo~ ~esea~ch. In addition to specifying the desirable 
characteristics of the proposcd system, it is helpful to set forth the 
desirable characteristics of plant components prior to screening 
(Raintree, 1981). The following characteristics have been identified 
as features of the ideotype for the ideal tree/shrUb component of hedgerow 
intercropping systems of the type proposed for Tagbango: 

a) high N-fixation capacity 
b) fast-growing . 
c) able to coppice vigorously and.. yield required volume of sui table·, mulch 

material under acceptable cutting regime, 
- vigor and yield requirements will vary with cutting frequency 

deemed acceptable to user (which will be affected by labour 
availability shading effects and mulch requirement to achieve 
desired benefits) 
suitability of mulch material determined by various characteristics 
(e.g. rapidly decomposing leaves for quick release fertilizer, 
slowly decomposing leaves for weed and runoff control, desirability 
of insect-repellent properties, nutritional quality and palatability 
if herbage to be managed for fodder by-product, etc.) 

d) deep rooting habit for drought resistance, recycling of subsoil
 
nutrients, and minimal surface root competition with associated
 
arable crops
 

e) easy and economic establishment
 
f) high yields of economic by-products (feed and firewood)
 

It is difficult to assign priorities to the various characteristics 
prior to on-farm trials to asseSB performance in terms of features desired 
by the end-user. Other, more detailed plant physiological characteristics 
may be identified as the research progresses. It may also be necessary 

Ai 
(,	 ' o.D J 
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to think of satisfying the total package of requirement~ by a combinat'i.on
 
of hedgerow ~pecics if they ~re not optimally combined in a single species.
 

5.2.3 Ex ante evaluation of. the proposed. system 

The basic hypothesis behind the proposal of the experimental hedgerow system 
is that the increments in crop yield due to organic nitrogen inputs from 
the nitrogen-fixing woody component would increase the productivity per 
unit of intercropped land. Available infol'matlon l'iUS analysed to 
evaluate the potential contribution of leucuena hedgerows and te· fonnulate 
a more quantitative hypothesis on the impact on grain and fuelwood yields 
of the intercropping of leucapna hedgerows with maize (Torres, in press). 

The use of data on Leucael1Cl Zmwoccphal-a in the following computaLons 
is made without prejudice to the eventual selection of other woody 
components for the hedgerow role, although the choice of leucaena as an 
initial "best bet" component for the prototype system is justified 
on several grounds: 1) leucaena does possess most of the chararteristics 
of the plant ideotype for the tree/shrub component of the system (although 
it does not have slowly decomposing leaves, which might be desired if a 
more durable mulch is required for a minimum tillage variant of the Bystem)i 
2) the giant "Salvador type" leucnena varieties are a well-established 
feature of the existing farming system (though not in the arrangement 
envisaged in the proposed design); 3) sufficient data on the performance 
of leucaena and associated crops exist in the literature to allow a 
fir'Bt order appl'oximat ·ion of its performance under the proposed 
conditions (this is not the case for most of the woody species often 
mentioned as having potential for agroforestry). The following calculations, 
therefore, give an approximate indication of the performance of one 
variant of the prototype system. 

Based on production data from the humid tropics it was assumed that a 
linear meter of leucaena closely planted in a hedgerow would produce 
about 1 kg of "leafy" dry matter per year with a nitrogen content of 
3.5%. and around 650 g of fu~lwood. It was further assumed that an 
increase of 5.3 or 6.3 kg of maize per kg of nitrogen applied as 
leucaena mulch would be obtained from such practice. Results of this 
speculation in terms of kg of maize per ha of intercropped land for 
different baseline maize productions are shown in Table 5. Increases in 
grain yield expressed as percentage of baseline production are shown 
in Fig. 4. (Torres, in press). 

Table 5. Estimated yields of maize per hectares of intercropped land, 
as affected by baseline production of maize 

Lcucaenll inler·row maize baseline produclion (kg ha· I) 
spacing (ern) ~OO 1000 1500 2000 

- Allplying ralios derived (rol1l ohsl!n·td )'ields 

150 2310 2120 2110 2170 
300 1405 1560 Ill05 2085 
450 1103 1373 1703 2056 
600 953 1280 1653 2043 

- AflJlI)'inS wllos derived ('0111 ,cd/lc~·tI yields (15,} 0 ( IIbs~'rved) 

150 1800 1710 1770 111110 
300 1150 1J55 1(035 
450 933 123ti 151l~ 

600 RH 1178 15Co1l 
\ 

\ '. 
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Figure 4. Increase in maize yield per unit of intercropped lune (IMY) 

As mentioned above, the existing production level at Tagbango uppears 
to be in the orde~ of 250 kg ha- l . Under these circumstances the 
hypothetical relationships sl\Own in Fig. " indicate that. even nl; the 
wider inter-row spacing, increases in physical production is higher thnn 
30%. Should those relationships be supported by experimental evidenr;!'. 
espacement would still depend on economic considerations, particularly 
in relation to the labour cost: maize price rutio. The proposed practice, 
would obviolls ly requi re higher labour inputs than the presen t syt; tem, 
but it sho~ld be noted that at the 150 em spacing and 1: 6.3 :.~~.~ the 
increase in maize yield would be equivalent to obout 60 m~n days 
(assuming 1.1 peSOl' pel' !{g of maize and a Baltlry of 7 pn;os dny-l ..,!~ich 
could be expected to offset the inl.l'l'oscd laboul' input. 

Table 6. Estimated potential fUl.'lw(>od production pe~ h~ctal'() of 
intercropped land. 

LeUC3en~ belWCCn-fow SI em pcoducrioo 
sp~cing (em) kg h~ of rn l ~,J. I 

ISO 1610 3,50 
300 80S 1.75 
450 537 : .: 7 
600 403 0.88 
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In addition to the potential benefit to be derived from an increase in 
maize production, a hectare of hedge intercropping at 150 cm spacing 
would supply enough fuelwood to satisfy annual requirements of 8 persons 
(Table 6), and the equivalent value of another 40 man-days of labour 
could be obtained if one of the hedgerow harvests is sold for leafmeal 
production (assuming that 50% of the "leafy" portion would be ncceIJted 
for leafmeal at a price of 500 pisos per ton of leafmeal). 

It should be emphasised, however, that the potential of this teahnology 
must still be tested under field aondition8 before being considered 
for dissemination to farmers. That, in fact, is what is envisaged 
as part of the research proposed in the next section of this report. 

6. RESEARCH PROPOSAL 

Accepting that the quantitative hypothesis formulated in the previous 
section is based upon some experimental evidence, the designed technology 
prototype could already be tested G.l-farm, while more controlled experiments 
are carried out concurrently to test hypothetical relationships (to allow 
for ~ b~tter underztanding of fundamental processes) and to try alternative 
compOnenl.b. 

It is proposed, therefore, that research activities be carried out at 
3 sites: on farmers' fields, in a local field station (to be developed on 
land generously offered by the Tabango Mayor) and at the VISCA campus. 
In general, information emerging from those sites will reach the development 
stage in the short (2 years), medium (4 years) and long (6 years) term, 
respectively (meaning the period of elapsed time before they are ready to 
be disseminated by the extension system). 

In this context it iE suggested that the follOWing research activities be 
implemented in the different sites. 

6.1	 Intercropping with leucaena hedges (1) 

Site: Farmers' field
 
Period: Tmmediate (short term).
 
l'l'oblems to OVercome:
 

i) Low Nand P 
ii) Soil erosion 
iii) Improper ploughing 

Objectives 

General:	 Utilization of leguminous trees in croppings with contour hedges 
to reduce water run-off, and increase Nand P availability to 
the interplanted crope 

Specific: (i)	 To examine the effp.ct of between hedge distances on the 
yields of crops established on farms with different 
baseline productions and slope gradients 

(ii)	 To examine the effect of cutting frequencies on the leucocno 
yield and labour input 

(lii)	 To examine the overall effect of the proposed system on 
water run-off, erosion, und soil an~ chemical properties. 

.
 
\ 

'. 
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Research Design 

8) Technology components and mWlagement: 

i) Leucaena cultivars - local giant K8 or K28 (best bet) 
ii) In-row planting distance of leucaena - 15 em, along contour lines 
iii) Height of cutting of leucaena - 15 cm (best bet) after allowing 

6 months for establishment
 
iv) Lemon grass to be planted In the uphill sites of hedges
 
v) Crop cultivars - local
 

b) Treatment Variables: 

i) Distance between hedges 

- 3 inter-row spacings to be tested on different farms, according 
to existing maize production levels: Farms with 250 kg he-I: 1, 
3 and 5 maize rows between hedgerows; Farms with 500 kg he-l : 1., 
2 and 3 maize rows between hedgerows 

ii) Slope gradient - 20%, 40%
 
iii) Frequency of cutting of hedRes
 

- 2 frequencies will be tested 

(1) Farmer's way 
(2) 6 cuttings as shown (first cutting 10 days before planting maize) 

May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May 

1 2 3 4 5 6 7 

iv) Replications: 3 

c) Criteria for Farm Selection 

i) Field extending from ridge 
ii) Uniform major dlope 
iii) Minimum width of 50 m 

to lower slope 

Total farms required: 12 

d) Parameters to be Monitored 

i) Yield of crop 
ii) Yield of leucaena 
iii) Labour input 
iv) Farmer's observations 
v) Rainfall measurement 
vi) Soil chemical and physical proper~ie8 

vii) Run-off and erosion control 

Field Researchers 
II " 
" " 
" II 

II II 

VISCA scientists 
II II 

6.2 Intercropping with leucaena hedgerows (2) 

Site: Fiflld Station (in Tagbango) 
Period: Medium term 
ProbLems to Overcome: 

i) 
11) 
lii) 

Low Nand P 
5011 erosion 
Improper ploughing 
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Objectives 

General:	 Utilization of leguminous trees in croppings wi th contour' hedges 
to reduce water run-off, and increase Nand P availability to 
the interplanted crops. 

Specific:	 (i) leucaena cultivar 
(ii )	 height of cutting hedges 
(iii)	 within row tree spacing in hedges, and 
(iv)	 rate of green manure application in terms of: 

- leucaena leaf production 
- crop yield 
- labour input, and 
- nutrient (N and p) cycling 

Reseal'ch Design 

a) Technology components and management similar to 6.1 
b) Treatment Variables 

i) Leucaena cultivars: 2, (i) giant ~nd (ii) local
 
ii) Height of hedge cutting - 2 treatments
 
iii) Within row spacing of leucaena trees - 3 spacing
 

i) E· em
 
ii) < 15 cm
 
iii) > 15 em
 

iv)	 Rate of green manure application (mulching) - 3 treatments 
(separate leueaena stand to be established, to supply needs for 
additional mulch) 

v)	 Replications: 2 

c) Parameters to	 be Monitored 

i)	 Yield of crop F~eld Researchers 
It Itii) Yield of 1eucaena
 

iii) Labour input .. "
 
iv) Nutrient (N & P) cycling VISCA Scientists
 

6.3	 Hedgerow intercropping of cash crop~ 

Site: Field Station (in Tagbango)
 
Pel'iod: Medium term
 
Problems to Overcome:
 

a) Cash shortages 

Objectives: 

General:	 To examine the feasibility of introducing some cash crops as 
components of hedgerows 

Specific: (i)	 To examine the effect of cash crop inc1ueion in the hndgerow 
on labour input 

(ii)	 To examine the effect of cash crop inclusion in the hedgerow 
on the yields of leucaena agronomic crops and cash crape 

[\/ 
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Research design 

a)	 Technology components and management 

i)	 Hedgerow speci~s, distance between plants, height of cutting and 
frequency of cutting, similar to 6.1 

ii)	 Lemon grass to be planted on the uphill side of hedgerow 

iii)	 ror pepper, 10 m distance betwcen Bupporting polcs 

iv)	 All cash crops to be planted on the downwhill side of hedgerow 

b)	 Treatment Variables: 

i) Types	 of casll crops 

a)	 Black pepper (JacaJ'anda eopaia, Gliroioidia, EI'ythrina, Sesbania 
as poles at intervals within the hedgerow) 

b) Ginger
 
c) Pineapple
 
d) Gabi
 

c)	 Parameters to be monitored: 

i) Labour input
 
ii) Yield of leucaena
 
iii) Field of cash crop
 
iV) Yield of agronomic crop
 

6.4	 Mulch farming with contour heds's of other species 

Site: Research Station (VISCA Campus)
 
PeI'iod: Long term
 
Problema to Overoome:
 

i) Low Nand P
 
ii) Soil erosion
 
iii) Labour requirements for cultivation and weeding
 

Objectives 

General:	 Utilization of trees in farming with contour hedges to reduce 
water run-off, tillage and weeding while incressing Nand P. 

Specific: (i)	 To examine the possib~lity of using other N-fixing and 
coppicing woody perennials as hedge species for providing 
mulch and nutrient (N & p) e.g. Erythrina). 

(ii)	 To detcrmine thc moat suitable cutting height and within row 
spacing for sufficicnt leaf production 

(iii)	 To determine the required quantity of mulch for effective 
control of weeds and soil erosion. 

R6s6at'ch Design 

0)	 Technology componento and management: 

i)	 Species, selected on the basis of: 

1) N-fixing, P-pumping capability 
2) Broad and Blow decomposing leaves (non-deciduous) 
3) Deep rooting 
4) Fast growing and good coppiceI' (e.g. Erythl'ina, G~·iI'ioidia and 

Seabania) 
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b Treatment Variables: 

i) Height of hedge cutting - 2 levels 
ii) Within row spacing of Erythrina trees - 2 spacings 
iii) Mulch rate of application - 3 r~tes (based on potential production) 

c) Parameters to be Monitored: 

i) Leaf production
 
ii) Content of N and P in leaves
 
iii) Weed growth
 
iv) Crop yield
 
v) Erosion
 

(
 
~
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FOREWORD 

As part of its programme of work ICRAF' has established a Collaborative 
and Special Projel~ts Programmll (COSPRO) to strengthen the capaiJility of 
national institutions to develop agroforestry systems. In order to 
cover a wide spectrum of agroecological and socioeconomic conditions, 
COSPRO is organized on the basis of geographical regions, on the 
assumption that regional land mana~ement systems share broadly similar 
cultural conditions. Within each of these regions, three or four major 
ecological zoneS are selected, to build a geographical/ecological 
framework in which potential research sites arc to be located. Sub
Saharan Africa is one of such geographical regions. 

This third case in the ICRAF Series on Case Studies in Agroforestry 
Diagnosis and Design is the result of such collaborati'/e activities 
between scientists from ICRAF and the Kenya Agricultural Research 
Insti tute, the Na tiona} Dryland I'armi ng Station atKatumani, ,and the 
Machakos Integrated Development Programme. The joint exercise led to the 
formulation of a research project, which is now being implemented by the 
Kenyan Institutions with the technical back-stopping of ICRAF and the 
sponsorship of IDRC. 

The aim of the research project is to develop improved systems of 
agroforestI'y land management which are appropriate to the mixed farming 
systems characteristic of Kenya's semiarid zone, with particular 
attention to the farli.lng situation in Hachakos district. 

The case study is t'le result of an application of ICRAF's Diagnostic and 
Design methodology (D&D) by a multidisciplinary team Of scientists from 
the participating institutions. The purpose of the initial 'rapid 
appraisal' D&D exercise was to diagnose existing and future land 
management constraints and agroforestry potentials, design appropriate 
agroforestry systems and formulate plans fOI research to develop the 
candidate agroforestry technologies through a combination of on-farm and 
field station research. As the project pI'ogresses, the iterative D&D 
process is repeated in modified form to take stock of project experience, 
re~ine the diagnosis and the design, and i ltroduce appropriate 
modifications into the I'~search plan in order .to optimize the productivity, 
sustainability and adoptability of the experimental technologies. 

In due course, prot.otype agroforestry technologies and land management 
systems arising from this process will be evaluated for extension and 
adaptive research throughout a wider recommendation domain in Kenya and 
in similar farming situations in other parts of the world. 

Filemon Torres John B. Raintree 
cos PRO Programme Coordinator Case Studies Series ~1itor, 

Systems Programme Coordinato! 

\~
 



1. THE SEMIARID LANDS OF KENYA 

Rapid population growth J.11 Kenya (approx. 3.8-4.0 percent PCI' annum), 
limited arable land and it ghortage of employment opportuniti.es .in the 
industrial and service sectors have led to a substantial growth in the 
number of small-holders fanning and ranchi ng 011 Kenya I s marginal lands. 
This trend is expcc tc-J to cont inue into tlw twenty-fi rs t centul'y. 
While increased settlement and exploitation of these lands provide a 
basis for the livelihood of small-scale farmers, the results arc mixed. 
The soils, especially those on the steeper slopes, drc subject to 
serious erosion. Much of the I'unge land has been overgrazed and the ground 
cover in some areas is badly degraded. !.lso, rainfall in the semi-arid 
zone is low (600 to 800 mm on average) and subj<:lct to considerable variabllity 
These factors, comhi. ned with tradi tiona] method s of farming and 
ranc;ling, have led to a low standard of living for many of the rural 
populace in these areas. Dudng times of rainfall def.1.c i .ency the 
Government of Kenya has had to divert scarce Treasury funds to famine 
relief for those most seriously aff~cted. Moreover, the res~lting 

depletion of the natural resources (forestry included) does/not augur 
well for future I!;enerations who lire expected to live on these marginal 
lands. 

A pre-investment inventory study of the ma-ginal/semi-arid lands in Kenya 
was conducted during 1977 and 1978 by the Consortium of International 
Development, thl~ U.S. Soil Conservation SCl'Vicc (U.S.D.A.) and staff oJ 
the Hinistl'ics of Agl'i cuI ture, Water Development and Natural Resources. 
The principal theme running throughout this study is that major 
investments in soil conservation works, farm production technology and 
infrastructure are needed to revcl'se the rapid decline in the quality of 
life and the condition of the physical environment in the semiarid lands. 

Several insti tu tions arl! now geared to fulfil this goal. The Ka tuman.i. 
Research Station in collaboration with a team of F.A.O. experts Hnd 
KARl in collaboration ....ith U.S.h.LD. experts are presently engaged in 
researching appropriate agricultural systems for the semi-arid areas 
while the European nevelopmcnt Fund sponsors an integrated development 
programme in Hachakos DisHict (M.LD.P.). So far, most research is 
focused on purely agricultural and/or livestock systems, although the 
potential role of trees, expecially in solving the imminent enere;y 
shortage, has been clearly recognised by each of these institutions. 

It is in this context that the formulation of an agroforestry research 
project is an important and appropriate contribution to the overnl 1 

development of the semi-arid lands. The research plan discussed in this 
case study report proposes the refinement of results of on station species 
and provenance studies so far accumulated at Kibwezi, Hola, Ramogi and 
elsewhere through application to the farming situation, at Kakuyulli, 
Hachakos District, i\cnya. 

2. METHODOLOGY 

The identif ica tion of appropl'ia tl~ agroforcstry systems and research need s 
for the target area ....as based on an app1i~ation of rCRAf's diagnosis and 
design methodology (D&n), which is described in greater detail in Lundgren 
and Raintree (1983) and TCHAr (1983a, ll)8.3b). A summary of the 
methodolugical steps taken in the preparation of this case study is 
presented belo..... 
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The first step was to select a specific study area, followed by an 
analysis of existing baselinc data and a I windshield , reconnaissance 
survey of the area coupled with preliminary interviews with qualifi.ed 
informants (articulate farmers, local officials, researchers, etc.) in 
the area. The output of this step was a basic structural-functional 
understanding/description of the area and its predominant land use systems. 

The next step was to conduct a brief farm classification survey to 
identify one or two farming system types on which subsaquent research 
would focus and to choos~ a sample of representative farms. 

Subsequent to the selection of the focal system(s), a diagnostic survey 
of representative farms was conducted, followed by a diagnostic analysis 
of problems, constraints and potentials for agroforestry interventions 
to improve the performance of the selected farming system(s). 

This led to the formulation of design proposals for agroforestry systems 
and technologies and, subsequently, to the identification of research 
needed to generate and test the candidate technologies and systems. 

3. BIOPHYSICAL AND SOCIOECONOHIC CHARACTERISTICS OF THE TARGET AREA 

3.1 Location of the target area 

The Kakuyuni catchment area is located in Machakos District on the Yatta 
Plateau. It falls wi thin agroclimatic zone 5 (Sombroek et al., 1982), 
which c~mprises about one million hectares (i.e. 69% of the district's 
land area), and supports 465,000 persons (1979 census), i.e. 43% of the 
district's population. Kakuyuni is considered to be representative of 
the more den~ely populated areas of zone 5, where farmers are more dependp.nt 
on agriculture than [ra~ing (Ree Figure 1). 

3.2 Terrain and Soil~ 

The catchment area is about 1,200 meters above sea level and the terrain is 
gently to modcl~tcly slopine. 

Soils in the catchment area are described as well drained, shallow to 
deep dark red, friable clay in many places rocky (nito rhodic ferralsols 
and nito chromic cambisols, including lithic and bouldery phases). In 
:lome depressions a poorly drained, very dark greyish-brown to black, 
very firm, sli~htly calcereous, cr ckin~ cl~y can b~ found, in many 
places with a saline <lnd sodie df' . r subsoil (pellic vertis(\l~, p<'7"t1r 
saline - sodic phase, with putric or vertic gleysols) (Sombroek at al., 1982). 

The ferralsoJ .. '.mbisol soil association, including lithic phases, suffers 
from low i~' ~-pnt fertility once the organic matter content is lowered, as 
it quickly .L by i1mulc ':I"opping, and also has a low capacity to retain 
added nutrients (although this is still worth doing). Maintaining or 
raising the ol'ganic matter content is particularly important. 

The dark vertisols found in peorly drained depressions are very difficult 
to cultivace because clays are heavy, sticky and stiff when wet and hard 
when dry. The poor drainage also causes problems for most crops other 
than rice. 
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3.3 Climate 

The main climatic parameters for the target area, derived from climate 
maps and formulas published by Woodhead (1968) and the Kenya 
Heteorological Department, are presented in a climate diagram (Fig. 2). 

It can be seen that optimal water requirements (E ), on average, are
Tonly met in November, while the low~r limit of normal plant water 

needs (0.4 Eo) is exceeded by precipitation in AP1'il, November and 
December only. 

These already unfavourable climatic conditions are further aggravated 
by the variation in rainfall from one season and one year to the next 
(sec Table 1). 

Table 1. Seasonal rainfall probability for the project site (JNtzold, 1979) • 

Percent probability of recelvlng more than: 
100 mm 150 mm 200 mm - 250 mm 300 rrun 

March-Hay
 
(Hean 195 mm) 75% 54% 38% 23% 15%
 

October-November
 
(Hean 305 mm) 96% 90% 74% 58% ,19%
 

The projected onset and cessation of the rains in the project area are
 
as follows:
 

Onset Cessation Duration 

"Long rains" 12-16 March 1-5 Hay 50 days 
"Short rains" 18-22 October 22-26 December 60 days 

This shows that the names "long rains" and "short rains ll are somewhat 
misleading in the survey area, as the rainy period October-December is 
longer than the season March-May. Furthermore the rainfall quanti.ty is 
higher and the probability of receiving a certain amount tends to be 
greater; therefore one can conclude tha t the rainy season October-. 'ecember 
poses less risk to cropping activities. 

3.4 Woody vegetation 

The dominant tree/shrub vegetation in the area is comprised mainly of 
Combpetum moLLe, Acacia abysoinica, BaLanites aegyp~iaca and 
TeminaZia br'or.mii. While these species are mainly found on the red 
clay soils, Acacia dr'epanolobium is common on the black clay soils. 

3.5 Service infrastructure 

Marketing of agl'icultural produce, main] y mai.ze and beans, takes place 
through middlemen (shopkeepers), who in tUl'll sell to the National 
Cereal and Produce Iloard as well to private traders from elsewhere. 
There is one market day each week in nearby Kitangi market. Although 
there ~~ some form of price control, the farm gate price received by 
the farmer is often lower. Thc Xenya F'armers' ASSllclation sells 
agricultural inputs, sudl as seeds, chemicals. al'tificia.l fertllizCl'S 
and livestock feed in its store in Hachakos town (40 klO). Very little 
is available locally, although the Milchalms Integrated Development 
Programme is maldng an effort to improve this situation. 
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The government provides agriculture and livestock extension service, 
mostly at the location level, where a farmer may go to seek advice. 
Credit for small subsistence farmers is hardly available. 

3.6 Population and lan~ 

The majority of the population in MachaJ(os District are Akamba people 
who have gradually shifted their emphasis from cattle grll:l:ing to 
arable cropping over the pa~t fifty years. 

Because of the rathe:' unfavourable climatic conditions in :l:onc 5, vco}Jlc 
moved into these areas only fairly recently mainly because of a 
population increase in the higher potential zones. The Kakuyuni catchment 
area is no exception to this pattern since farmers started settling 
in only as late as the 1950's. Until now no land has been officially 
adjudicated to invididual farmers in the area, although adjudication 
has been completed in some other parts of Hachakos District. 

Population density in Kinyatta Location, of which the Kakuyuni catchment 
area is a part, is 65 pcrsons/km2 (l979 census). TIlis confirms the 
fact that the catchment is representative of the more densily populated 
areas of agroclimatic zone 5, where the overall population density is 
47/km2• 

According to a recent aerial :mrvey (Ecosystems Ltd., 1981), land use in 
Kinyatta location is as follows: 9,975 hectares are classified as 
cropland, 965 hectares as fallow, 5,065 hectares as infrastructural 
overhead, ....hile the remaining 29,604 hectares can be used for gr'a::;ing. 
Most of the area which is suitable for grazing is unimproved bushland 
in which the farmers invest very little labour. The fact that so much 
of the area is still in this condition does suggest that, given the 
present method of agriculture, labour is a constraining factor. 

The livestock population, according to the same source, was estimated 
at 12,326 heads of cattle and 8,207 shoat::!. Based on herd composition 
data from the area, a stocking rate of about 0.4 A.U. hectare- t of 
graZing land was computed. This appears to be well above the stocking 
rates recommended by Rossiter and Ndegwa (1974), i.e. 0.16 A.U. 

The main crops grown by the farmers are maize, cowpeas, beans and pigeon 
peas. The most common trees/shrUbs and their uses are shown in 'l'able :l. 
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Table 2. Most common indigenous trces and shr'ubs and thei ruses 
as observed in the Kakuyuni catchmcnt area • 
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.1.7 llistt'iblJtioll t.'f fit 1"111 1'\',";lltll'(I'S 

The distl'ihllti"n of till' 1';11'11' .'.i:.' ill 111<' 1\;I!;ll.ViIlJi ,'at':/1I111'nt ar",t ".td"ll 
fl"lIlI 3 to 1;' Ih,,·tdl·";;, a.~ ~;/H'\;'11 In I. Ill' ,.,\II'\WIIl~~ his1oll,'·,lm. 

Nllmlll't' 
of farms 

All farms were of a mixed en""'pl'i~;,~ cOlOpos1tilln, i.e. crops itS w,,) I 
as liv('stock (cat.tle and Khoats). The distrihution of the livestol'k 
population over the farms is presented ill the fol lowing histogram. 

10
 
8


Numb('r of 
6.farms 

4 
2 

An II1Id1 

20 22 

Fi~ure 4. Livestoc!< distribution on farms,in Kakuyuni cal.c!llll,'nt. 

II regression analysis of tlw farm s1:<, data indiea'l' that the crop ael'cagl'
 
increases with farm si:\'. flccordinr, 1.0 a survey i/l nearny Hw;lla I.llration,
 
!Iachakos District, this is caused 'by the fact thilt mC'!;t fanners WilIlt tI'
 
reserve part of thdl' lalld for gl.lzing (Hul<andema, 1981).
 

y '" 0.15 I 5:1 x (I' •. 0.\)1, n· .n) in which y" 'I('.rcilge'of cl'opland (ill hcctans). 
x = farm si:e (in hectares), r Clll'l'l'latioll COt'fficil'nt, n -- numher of 
observations. 

It is doubtful, hOWI!\:er, that this .~tr·aight lint' would cont.inue on(1' t.he crop 
acreage has reached a certain si.:c. since it is l'xptect.l'd that lah.'lIl' ilnd/or 
drau~ht animal power would become constra iliinl' Llctllrs. 

Althour-;h on aVl'ral;c thc 1;\1'14"1' farms \i,~n' found to kl~ep sl jl4htij IUll!'c'
 

livestock units than the :;01<1)1,'1' farm:" flO c:!,!al' ndation cOlild h,'
 
found bctwl'l'n farm gra:illl; an',] and l1umher' of (ivc:;tol'k units. Thi,.
 
may be' explililll'd by till' faet that 1II0:,t small,',' Llnns ,'('nt additiolldl
 
gra:iui!, land dul'il1l!. the 1;lt.tcl' part "I' thl' main dry sra:iOl1 (AIII!USI-.(ldohl'l'l.
 

The gra:inl~ area of the farm is not only a ~;Olll'C(, (If f'1l1d for th.' .lllimilh, 
hut it is also th,' f:1rml'r':; main SOlll'Cl' of fll.:I ....·ood, poll'S and timl,,'I'. 
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Host farmers rely entirely on family labour to produce their CI'Op::;
 
and to tend their livcstClck. The average farm family consists of til"
 
adults and a varying number of children who assist on a part-time basis.
 

The farm's capital resources are limited to land, livestock, buildings
 
and ox-plough(s).
 

4. DIAGNOSIS OF FMtHING SYSTEMS 

4.1 Present resource util.ization patterns and problems 

4.1.1 Cropping activities 

The cropland is cultivated on a permanent basis and is usually planted
 
twice a Yl:al', foUoliin/!_ till' bimodal rainfall pattern, with a mixturl:
 
of maize, beans. cowpeas und pigeon peas.
 

Lind preparation takes place at the onset of the rains and most farmers 
use oxen. ~'armyard manure is applied to part of the cropland, usually 
prior to the start of the short rains (October-November). Due to lack 
of appropriate mcans of transport, most of the manure is applied on the 
cropland nearest the cattle coral (bClma). The soil nutrient status and 
organic matter content of the remaining cropland is, therefore, rather low. 

The most common planting practice involves a simultaneous ploughing/planting 
operation. One person follows behind the plough :md puts the seeds in 
the furrow and each plough line covers the sel~ds of the previous furro .... 
with soil. Intercropping, in-ro.... as ....ell as in alternating rows, is 
the rule. 

O....ing to the rather short duration of the rainy seasons, planting time 
is critical and ploughing has to be completed as early as possible. 
The larger farmers, who lil<e to cultivate as much area as possible to 
raise cash, arc usually faced with a labour and craught animal constraint. 
A few may be able to hire some additional labom', but most rely on 
family labour. Moreover, at field preparaU"n/planting time, ....hen 
fodder resources for the animals are at their lowest, work p~rformance 

of the oxen is rather poor. The smaller farmers have similar problems 
with their oxcn and some al~o seem to have labour problems because 
they hire thcmselves out to larger farmers to earn some extra cash for 
hous~hold expenses. 

The labour constraint is [ul'ther compCiun-red by the fact that t!l(' C i':;' 
weeding has to take place one to two weeks after planting. In practice, 
planting and weeding often take piace simulteneously. 

Rukandema (1981), calculated mOllthly labour requirements for an average 
ranD in Hwaln, Le. 7.4'1 hectares with 1.95 hectares cropped twice a 
year. The following labour profile is based on these data (Fig. 5). 

Because of the labour constmints at plilntir 6 time, wCl~ding is often 
not done properly, resulting in moisturc a'ress for the agricultural 
crops as wcll as an inc reiLse in the wced papulation. The 1attel' is 
particularly evident on the larger farms, ....here couch grass (DiyitQroia 
8calal'iwnJ has infestcd pal"ts of the cropland. Eventually farmers 
abandon such ,u'eas and open new cropland wi thi n the grazing land to 
comptmsate for the lost land. aowever, the couch grass is not supprescd 
during grazing and the land is therefore permanently lost for cropping 
if no measures are taken to remove it. 
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Figure 5. Labour profi1-e of croppinglictivities on. a.typical farm
 
in Mwala Location, Machal<os District. Source: Rukandema (1981).
 

In spite of the widespread concern over insect and other pest probl~ms, 

the overwhelming majority of farmers do not take any measures to 
protect (heir crops. Insect damage is then~fore quite high for 'tlili~e, 

pigeon pe<1s and cowpcas. Some 'If the cady sOIm maize is often catcn 
by squirrels. 

lIarve:;ting is a labour-intensive hand operation for all C)'Ops. Tnlllsport 
of produce from field to home is normally don.' by head/shoulder loads and 
sometimes with ox-cart or wheel-barrow. After harvest, most farmcr~ 

allow their livestock to browse CI'llp ,'esielues in the field, especiall,V 
pigeon pea leaves. Some crop residues, mostly maize stover, arc 
collected and used as supplementary feed in the barna, especially dt the 
end of the dry season when the quality of the grazing is almost nil. 
The removal of such Cl'OP residucs is consider'ed belll'fidal fr'om a fielL! 
sani.tation point 0:- view; it ill Sll leads to a further reduction tn trw 
organic matter content of the soil. Ivind ero:-;ioll occurs during the 
months of August, Septembel' illld October, when most fields are h<Jl'Vested 
and bare, at the same time strong winds arc common. 

C'rop produc.e is stored in simple storage stl'll\,turcs, r:.:nginl!, in quall.ty 
from grass-thatched to p'0re sophi sticaten t· i I) J'Nlf"d structurl'.~. 

Aftc.' dr'yillg, rna ize is usually stored on the cob whi Ie the other lTOpS 
are mostly thrl~shcd after drying and then put into gourds. Ashes ,IT'e 

used frquclltly to combat insect !.H'obl,'lOs during the storage pl~r'jod. 

Due to I imi ted land resou ret's and some of the out 1 i ned produc t i on 
constraints, the smaller farmers ill'C usually uuablc to pl'lwid(' suffidenl 
food for the family. 

All small farijlcrs intl'l'vicwed ,'eported food slwrtil~CS du,'in~ tlH' pl'I'lOd 
September to Fehrual'y beciluse of insufficient cropland illTeilgl's combined 
with usually poor hal'vests from the Ion!!, rai.ns crop Olarch. Apr'jl). On 
average KShs. 400-S00 month-1 WilS J'crortcdly spellt to purchasl' 
additional food for the family durIng thilt !'('riod (sc(' food ;oro1'i]l', 
Figure 6.). 
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Figure 6. FClOd production profi Ie, Kakuyuni 

The larger farms ar,~ by and l.1rf!,c sclf-sufficient in their food 
requi rClIlcnts anJ s.~1 I part of th,' sllrpl liS produce to raise cash. 
I~ood shortagcs do nCl~lIl'.' IHWCVCl'1 in Yl'ilrs wi til poor rainfall. 

4.1.2. Cr'a::ing hnd/1 i 1'('st<,,'I( acti vitles 

Ca ttl(' are of smilll Ea ~>, ,\fl'i Ci'll Zebu type wh ieh arc used to provide 
draught po\wr (hul jeck~ only) and mi lk and are sold to meet big cash 
expenses. Sheep ilnd goa t s i1l'l~ 1;1a i nl y ke pt for sale and home con5umpti on; 
some farmers also consume g0ilt milk. 

DIll' to the pOOl' vegetation eOVl'r in the grazing. land and over-stocking 
on most farms. there usually is i1 feed shortat~e towards the end of 
the dry season. S,'me fill'llll'rS, uSllall)' the smaller ones, rcnt additional 
grazing land at KShs. ,110-700 for a period of 2 to 3 months. These 
expenses are met by ~elling ani~m]s" Because of overstocking, significant 
portions of the grazing al'ea ilre badly eroded. 

Over the past ycar~, sma]l~r far~crs have seen a decline in their grazing 
land al"eit because i 1: WJS r;i van ovcr' to fOI).! production, most likely 
because of an incrca~cd demand for food by growing families and little 
scope for off-farm employment. 

The labour requi remcnt." fOl' hcding the cattle are quite high s.rnce 
catth' hilve to he prlwented fl'om entel"ing the crop areas (inadequctte 
or no fendl1l~)' Durin/!, tl1l' dl')' ~;eilson, drinking water" for" livestock bl~comes 

v~ry Sl~arcc in the area and fal'lIlers have tll herd thei.r animals to the 
Athi Rivt'r (approxImately 7 km) every other day. 

Tick-born,' diseases, like r,;ISt COilst Fever, anaplasrnosi:" heart wj\tel' and 
Nairobi sheep dj sease, as weLl as pneumonia cocci-doisi s and anthrax, were 
rCl1l1rtcd fOl' the Yatta Plateau (Ncunh:llIser' £" al., 198.1). 

While lablllJl' is IIsed for ,~rop ilnd liv •.~."tucl( activities, it is also llsed 
to coL lee t 1'111'1 ll'Ood, to keep hees, to enc:a/!,l' in wood ca rving, to make 
charco.11, 01' t.o enr,agl' j n off-farm employmcnt. Host firewood is obt;li ned 
from the gl'azing land hut t.he anlluill incl"t~ment. [loom the existing 
ve~etiltion is vel'y low i.e. 1-2 m3 hectal"l' -I (KHEMU 1981). Sinc(' part'. 
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of this aiIDual ir.crement is used for fencing purposes, the actual 
fuelwood off-take may even be lower. 

Consumption of fuelwood is estimated at between 1 to 2 m3 capita-1 and 
although it is doubtful that consumption is a linear function of the 
family size) it is not difficult to see that most farms can 0111,,- mCl~t 

their requirements by consuming the standing volume and/or "borrow.Lng" 
from friends and neighbours. The small farmers in particular, spend 
a considerable amount of time (labOUI") collecting fuelwood from 
neighbouring places. This shortage of fuelwood on the small farms may be 
further compounded because of the anticipated expansLm of the crop 
areas. This may lead, in tUI"n, to an incrl)asing amount of labour being 
spent on this activity if no appropriate measures are taken. 

4.1.3 Cash constraints 

Because of the uneven inflow of cash, farmers usually experience serious 
cash shortages during the growing periods of the crops. At the same 
time the total amount of cash is usually insufficient to meet the farmer's 
basic needs, let alone improve his p~oduction resources (for example 
fencing) • 

While relatively little cash is spent on the purchase of agricultuI"al 
inputs (aside from the rental of additional grazing land by the smaller 
farms), considerable amounts of cash are spent on additional food 
(especially on the smaller farms), clothing, children's school fees 
alid maintenance and/or improvement of buildings. In this respect, it 
is worth mentioning that dwellings are often damaged by strong winds 
during August-September. 

Owing to the rapidly dwindling tree resources on the·farms in the ~r~a, 
farmers who engage in charcoal making or wood carving have to purchase 
trees, thus increasing the cash outflow. 

4.1.4 Summary of present problems and constraints 

The relationship between the identified problems in both the smaller and 
the larger farms are presented in causal diagrams (Figs. 7 and 8). 

Both farming systems suffer from a very low level of prcjuctivity in crop 
as well as the livestock activities. The causes for the~e low production 
levels are basically the same for both farm types except, perhaps, that 
the shortage of labour contributes more to the lo~ level of productivity 
on the larger farms than on the smaller farms, whi~e the lack of land 
resources at the present moment is only affectin6 the production of the 
smaller farms. 

4.2 Future farming systems and sustainabilit;y problems 

The present conversion of grazing arcas'into cropland on the smaller 
farm is expected to erode even further the production base for livestock, 
fir~wood, timber and poles. Because of the ap~lrent preference for 
crop activities, it is very likely that the grazing areas on the small 
farm will gradually di~appear, forcing the farmers to abandon livestock 
altogether or reduce their number and adopt a new feeding strategy (cut 
and carry), since'herding tends to become too labour-intensive per 
livestock unit when the herd ~ize decreases. 
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Figure 7, COll'bined input-output and causal factors diagram (s:.lall farms). 
Unbroken lines (---) indicate t:1e flow of inputs and outputs I;ithin 
the farming 5Y5t~m. Broken lines (- - -) indicate the chain of causal 
influences responsible for diagnose~ problems, 
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Figure 8. Combined input-output and causal factors diagram (large farms). 
Unbroken lines (---) indicate the flow of inputs and outputs within the 
farming sy:;tern. Broken lines (- - -) indicate the chain of causal 
influences responsible for diagnosed problems. 
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Such a reduction in livestock numbers may have various effects on the
 
farming systems as can be seen in the causal diagram.
 

Effects on the crop production system: 

loss of manure
 
loss of draught power
 

Effects on the food system: 

loss of part of the food supply (livestock products) 

Effects on the cash system: 

loss of part of the cash income and/or loss of saving function 

The scope for conversion of grazing land into crop land seems to be
 
limited on the larL~ farms due to a lack of labour and draught animal
 
power. It seems, therefore, realistic to assume that the large farms
 
in the medium term will still have grazing areas as well as be engagec
 
in livestock activitles.
 

These trends as well as the other identified factors affecting the 
sustainability and productivity of the production systems will hav~ to 
be addressed when designing appropriate agroforestry research. 

5. APPROPRIATE TECHNOLOGIES 

5.1 Design specifications 

The following set of specifications for design of appropriate technological 
interventions are derived from the diagnosis ,of farming system problems 
and potentials. The specifications are expressed in terms of functional 
specifications (i.e. the general type of improvement and the specific 
constraints to be addressed by the intervention) and relevant farm 
resource restrictions (i.e. the limits within which the design must be 
conceived in order to fit the system). 

5.1.1 Functional design specifications 

Improve productivity of the crop production system 

i) i'laintain or improve soil organic matter 
ii) Improve soil nutrient status 
iii) Reduce erosion and water run off 
iv) Re~ove labour bottlenecks at field preparation and weeding time 
v) Improve pest and disease management 

Improve ppoductivity of the Livestock p~oduction system 

i) Improve quantity and quali~y of fodder 
ii) Improve seasonal distribution of fodder 
iii) Improve drinking water availability 
iv) Reduce labour requirements of feeding 
v) Improve veterinary service 

Imp~ove cash baLance of the fam 

i) Decrease (future) cash outflow 
reduce need to buy food 
reduce need to buy building materials 
reduce need to buy raw materials for on-farm cottage industries 
reduce need to buy agricultural inputs 
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ii)	 Increase cash inflow
 
- improve productivity of crop and livestock production
 
- improve raw materials supply for on-farm cottage industries
 

iii)	 Improve seasonal distribution of cash 

5.1.2 Farm resource restrictions 

Lal'ge farms 

i) Ample land resources 
ii) Insufficient labour resources 
iii) Low level o~ capital 

&/aU farms 

i) Insufficient land resources 
- no grazing areas on some farms 

ii) Insufficient labour resources 
- part time engaged in off-farm activities 

iii) Low level of capital 

- no draught animal power on Some farms 

5.2	 Non-agroforestry alternatives 

Improving the service infrastructure as well as creating off-farm employment 
opportunities were not explicitly mentioned in the design specifications 
but there should not be any doubt that these areas need attention in 
order to raise the general standard of living of the farmers. 

Some of the previously mentioned design specifications are also di.fficult 
to achieve by means of agroforestry, e.g. improve crop pest and 
disease management, reduce storage losses, improve drinking water 
availability for livestock, improve veterinary services. 

The Kenyan institutions responsible for project implementation arc, in fact, 
already pursuing some of these objectives with non-agroforestry technologies, 
e.g. improve storage facility structures, construct dams to collect 
and store water, etc. 

All the other design specifications may be accomplished with agroforestry 
as well as non-agroforestry technology. In Some cases these may be 
mutually exclusive while others may complement each,other. 

It is difficult, however, to say at this stage whether the agroforestry 
alternatives are superior to the non-agroforestry alternatives. The 
results of the non-agroforestry experiments/developments at present being 
conducted by the implementing institutions should therefore be 
carefully compared with the results of the agroforestry experiments. 
SOMe of the non-agroforestry experiments/demonstrations are: ,use of 
artificial fertilizers and crop rotation to improve/restore soil 
fertility, soil conservation works, etc. 

5.3	 Agroforestry Technologies 

5.3.1	 Hedgerowll with or without an upper storey of fuelwood or fruit trr:es 
in the cropland <talley ~~oppin~') 

l11e main purpose of the hedgerows would be to improve the produc tivi ty 
)f the crop production system which, in turn, would reduce the cash outflow 
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froID the smaller farms while the cash inflow of the larger farmers would
 
be increased.
 

Lopping the hedges, 15 cm above ground, would take place twice a year, two 
to three weeks before land preparation and planting. The branches would bll 
spread in the alleys in between the hedges and the woody components would 
be rcmoved just before ploughing and to be used as fuelwood (in a similar 
way as the traditional pigeon pea stems). The rcmaining, already 
decomposing, leavcs and small twigs would be ploughed into the soil. 

Such a system aims at improving the soil nutrient status, maintaining
 
soil organic matter, controlling erosion (by reduced runoff) and
 
making better use of land, labour and draft animal resources.
 

An er ante economic analysis of such a land use system was conducted
 
(Hoekstra, 1983) on the following assumptions:
 

i) between-row spacing is 2 meters
 
iO row width 1 meter
 
iii) production starts after aboat 18 months (after transplanting)
 
iv) total dry matter production m-l year-l is 0.9 kg.
 
v) 60% of the dry matter is leafy mulch and 40% woody stems
 
vi) organic N in the leafy material in 3.75 percent
 
vii) a mixture of maize and beans is grown in the alleys (traditional
 

cropping pattern) 
viii) 1 kg of organic N results in 13.5 kg of additional maize, while the 

bean production remains the same (yield per unit area doubles) 

The analysis indicated that the addition of nutrients to the maize and 
beans in the alley as well as the fuolwood output would result in a 
better use of the land, labour and draught animal resources as compared to 
the traditional mnize bean mixture: 

Hedgerows Traditional 
-1 -1N.P.V.* hectare_ year 1,286 631lN.P.V.* man-day 15.2 8.6
 

N.P.V.* draught power unit-l 1,459 435
 
* at 12% 

The potential addition of organic matter by the leafy mulch and the roots
 
of both th~lmaize/~eans mixture and the hedgerow is estimated at 1,630
 
kg hectare year-, which is computed as follows:
 

above ground biomasB p~oduation of 2 cropB of ~ize and beans 
occupying 0.5 hectare i8 about 6,400 kg yeaP-1 (haPvest index 
0.4). whiLe the above ground biomass of the ~emaining 0.5 hectare 
of hedge~owB is 4,500 kg year-1• nle percentage of ~ootB is 
estimated at 25% of the above ground biomass production whiLe the 
conversion factor of ~oot dry matter to organic matte~ i8 estimated 
at 0.4, i.e. added organic n~tte~ 1,090 kg hectaPe-1 yeaP-1• The 
annuaL quantity of Leafy muLch added to the BoiL is 2,700 kg and 
the conversion factor of Leafy mulch to dry matter to organic 
matter in estimated at 0.2, i.e. added organi~ matter 540 kg hectare-1 
year-1. 
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The loss in organic matter due to cropping depends on the organic m,ltter' 
content of the soil. Assuming a l% soil or'ganic matter content: (c\.lJllmon 
for soils in semi-arid regions under natural conditions) the loss is 
estimated at 1,500 kg hectare-l year-I, whil~, if the soil organic 
matteI' content has already when lowered, because of cultivation, to 
about 0.5%, the loss would bt> 750 kg hectare-I. year-I. 

The aomputatiorl of the annual lass iB based on the folZowirlg
 
assumptions: top soil depth 0.2 III, specify gl"Qvity noil
 
1,500 kg/mJ and a ooefficient of decompocition under' tJul.t1:val-'ion
 
(kc ) of 0.05.
 

It may, therefore, be concluded that the hedgerow system will prevent a 
future decline in the organic matter status of the soil; however, it 1s 
unlikely that it would be able to raise it significantly in the short 
run. 

The following tree/shrub species were identified for the hedgerows: 

Leuaaena Leucocephala, Combretum sp., E:rythrina Bp., Cassia aiamea 

The addition of a top storey of fuelwood trees is meant to <lecreasc present 
and future labour rl~qui rements to collect fuelwood or to prevent a future 
cash outflow. The trees would be copr>iced on a regular basis. The 
following tree species were identified for this purpose: 

A2adirachta ir~ica, Jacal"anda lIIimosifolia, Cassia siamea 

The addition of a top storey of fruit trees aims at increasing the 
farm's cash inflow as well as to improve the seasonal distribution of 
cash. 

The following tree species were identified for this purpose: 

Cariaa papaya (pawpaw), Zizyphus mmwitiana (BertreeJ 

5.3.2 Rehabilitation of useful tree species in the grazing land 

The purpose of managing existing w(Jody vegetation in the gl'azing land 
is to improve the quantity and quality of fodder and woodfuel (firewood 
and charcoal) pl'oduced on thl s pa rt of the farm. Useful trees are 
present in most graZing areas but their productivity is limited by 
browsing pressure on the smaller trees and poor infiltration of rain water. 

Improved management practices would include: 

i)	 construction of individual microcatchments for each tree to be 
treated 

ii)	 protection of small trees against browsing by livestol'.k by 
appropriate fencing practices (e.g. cut thorn bushes around 
trees) 

iii) thinning and/or prunning of tree shoots and hranche:. and propping 
up to encourage vertical growth beyond browsing height (for 
.eventual management by lopping or, in the case of pod-producing 
trees, simply letting the pods drop to the ground) 

The local tree species idelltified fOT' this treatment arc: 

Acacia tortiliu, Balanites aegyptiaca, Commiphora africana, and
 
Terminalia b~ownii
 

(; 

\\t.J 
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5.3.3	 Fodder/browse trees l.II the grazing land 

The purpose of these trees would be to improve the quantity, quality and 
the seasonal distrihution of fodder on the farm. This, in turn, will 
increase the farmer's cash income. 

This system is more appropriate for the larger than for the smaller farms, 
since the latter may only have very small -grazing areas left (see 5.3.4 
for small farm design). 

Establishment of the trees will be a major problem because of the existing 
free grazing system. Trees will therefore require protection in the 
initial years. Making usc of the existing thorny bush vegetation may 
be considered, I.e. heaping dead thorn bushes around the seedlings, or 
planting the seedlings within the area covered by thornbush. 

Pod-producing trees with a fairly light canopy to allow grass or shl"ub 
growth underne3th should be given priority. 

The following species were identified: 

Proaopis paLLida, Acacia aLbida, Zizyphus sp., Balanites aegyptiaca 

5.3.4	 Cut and carry fodder systems in the grazing land or farm boundaries 
with or without an upper storey of fuelwood, timber, poles and/or 
craftwood trees 

The purpose of such system is also to improve quantity and quality as well. 
as seasonal distd bution of fodder, especially on the smaller farms. 
Such a system will also contribute to lowering the labour inputs required 
per A.U. as compared to the existing practice of herd"ing a small number of 
animals. 

Tree species identified for this purpose arc: 

Pro8opis pallida, Leucaena leucocepha~a, Acacia aa~igna, Styloaanthes 8cab]'a 

The addition of an upper storey of fuelwood trees serves a similar purpose 
as in the hedgerow ~ystem explained earlier (sec 5.3.1). 

The addition of an upper storey of timber/pole trees and/or craftwood trees 
aims at reducing (future) cash expenditures for building materials and 
on-farm cottage industries. 

The following species were identified for these purQoses: 

Craftwood: 81'achyleana hutchinaii, DaLbel'gia meLanoxyl.on 
Timber/poles: Tel'minaLea brownii, Caauorina equisetifolia, Agave(sisalJ 

5.3.5	 Living fences around the grazIng land with or without an upper' 
storey of fuelwood trees 

The purpose of this fence is to reduce the labour input requirements of 
the free grazin~ system on the larger fanns as well as to reduce the 
need for cash expenditures on fencing materials. 

Two species were identified for this purpose: 

Pal'kinaonia aculeata, Commiphol'a afl'icana 

The addition of an upper storey of fuel wood trees serves a similar purpose 
as in the hedgerow systems (see 5.3.1). 

i\ 

\''\ 
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5.3.6 Windbreak around the home compound 

The purpose of this system is, in the first instance, to protect the 
buildings inside the home compound from damage by wind and so reduce the 
need for cash expenditure. The usc of frui t trees for this put'pose \lould 
help to increase the farm's cash inflow as well as the seasonal 
distribution of the inflow. 

Nangife~a indica is proposed for this purpose. 

A hedgerow with sc,me of the previously identified speci,'~ ::!:,y be added as an 
understorey. 

5.3.7 Fruit trees in the home compound 

These trees would provide the necessary shade and improve the cash inflow 
as well as its seasonal distribution. 

Nangifera indica is proposed for this purpose. 

6. RESEARCH PROGRAMME 

6.1 On-farm versus on-station research 

Five factors were considered to determine whether research on these 
candidate technologies should be carried out on farm and/or on station. 

Readines8 of p~opo8ed technology: 

The principles of living fences and boundary planting are more or less 
known in the area, however tree planting in the grazing land to provide 
animal fodder, the hedgerow system in the cropland aqd the windbreak 
around the homestead arc relatively unknown to the farmers, although some 
arc knowll in other parts of Kenya. The proposed tree species and management 
practice5 at'e not well known nor tested in the area, perhaps with the 
exception of the mango trees proposed for the windbreak and the home 
compound. 

Farme~8/extension office~8 cLttitude towapds on farm tpials: 

H.I.D.P. in its program in the Kakuyuni catchment started introducing some 
trees. f'armers appear to be very keen to plant trees, often even wi thout 
kno....ing their useful purposes, with the pO:isible exception of tree 
planting in the cropland itself. 

Riskiness of the prop08ed technology: 

The positive effects as well as the feasibility of establishing it hedgerow 
system in the cropland are still relatively uncertain, ....hile at the same 
time the introduction of these hedgerows may result in a reduction of the 
arable land and therefore in the production of basic food crops. The risks 
imposed by the other candidate technologies are considerably lower since 
the opportunity cost of the land used (prod~ction forgone) is low. Car~ 
should be tal~':'n, however l wi th regard to the introduction of trees in the 
grazing areas which may have the potential of becoming a weed (ProlJopis, 
Leucaena?) . 

Need fo~ the candida,~e agroofol"estry techllo1.ogy to be exposed to d7:rf8Nmt 
enviponmental conditimlll: 

Because the recommendation domain for the proposed candidate agroforestry 
technologies is limi ted to part of agl'oclimatic zone 5, some of t:h{~ 

differences in rainfall conditions have been eliminated, reducing the need 
to test the technologies at many different sites. However soil conditions 
in this zone differ considerably, requiring the testing of the technologies 
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on different sites. The soil types found in the project area offer this
 
opportunity.
 

Need for the candidate technology to be exposed to real farming systems
 
conditions:
 

Due to the absence of free .gradng conditions on the Research Station,
 
establishment trials (especially protective measures) in the grazing
 
area and living fence trials have to be conducted on farm. Similarly,
 
....indbre.'lk trials havc to suit the specific farm conditions and are
 
therefore best conducted on farm. Furthermore, farmer evaluation of all the
 
technologies is essential.
 

A summary of the weighing of these 5 factors for the candidate agroforestr,y
 
technologies in the study ~rea is presented below.
 

Table 3. Weighting of on fann/on station research fae.tors
 
Need for Need for 

Technology Readiness Attitude Riskiness env. Exposure farm sys ex}' 

3.1 L L H M H 
3.2 L-H H M H H 
3.3 L-H H L M H 
3·4 H H L M H 
3.5 M H L L-H H 
3.6 M H L L-M M 

L ::;·Low M ::; Medium H ::; High 

Based on a sireultaneous weighing of these factors it is recommended to 
conduct simultaneous on farm/on station research for the follo ....ing technologies 
5.3.3. - 5.3.5 sequential on station/on farm researoh for 5.3.1 and on 
farm research only for 5.3.2, 5.3.6 and '5.3.7 (see alao section 6.2) 

6.2 Research rcquired on candidate agroforestry technologies 

6.2.1 Hedgerows in the cropland 

PUrpose: sec 5.3.1 

Variable factors 

a) species 
b) establishment methods 
c) spacing in and between rows 
d) cutting height and frequency 
e) rate of application of mulch 
f) time of application 

Pa~ameterB to be monitored 

a) labour inputs for establishment, maintenance and harvesting 
b) survival rates and growth 
c) yield of mulch 
d) resistance to tcrmitc9 
e) rate of decomposition 
f) nutrient content of mulch 
g) soil nutrient status and moisture balance 
h) erosion 
i) weed development (including labour rcquirements) 
k) crop yields 
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TI1e addition of an upper storey ....i.ll. add the follo ....ing variable factors: 

a) species
 
b) in-ro.... spacing
 
c) harvesting frequency and method
 

As a result, the following additional parameters have to be mcasul'cd: 

a) labour inputs, establishment, maintenance and harvesting
 
b) yield (including fruiting season for fruit trees)
 
c) yield adjacent crops
 

Type of research 

On-station 

Species selection (elimination, survival/vigor, phenology) establbhment 
methods and management prectices required in the first years of this land 
use system. Suitability of species will not only depend on growth 
performance in general but also on the suitability of the leafy components 
to improve soil nutrient status, water holding capacity and O.H. 
status of the soil. To analyse these aspects a series of indcpendent 
mulching trials will be carried out, using differcnt tree leaves. Such 
experiments will have to be complemented by soil and leaf anidyfis. This 
on-station research will continue over the entire life of the pl'OjCl:t. 

On-farm 

Testing of some of the best species and establishment methods developed 
on station in the previous year of the project (researcher managed, inputs 
and evaluation jointly by farmers and researchers). 

6.2.2 Rehabilitation of useful trees in the grazing' land 

PUrpose: sec 5.3.2 
Variable factors 

a) species
 
b) protection methods (block vs. individual trees)
 

Parameters to be monitored 

a) existing vegetati.on (for block approach)
 
b) labour input for fencing, treatment of trees, construction of micro


catchments 
c) growth (tree height and ground cover; latter only for block approach) 
d) farmers' reaction 

Type of research 

On farm 

Effects of microcatchments, grow~n form management and 
on woodfuel and fodder production (researchcr managed, inputs and evaluation 
jointly by farmers and rcsearchers). 

6.2.3 Foddcr/browse trces in the grazing land 

Purpose: see 5.3.3 

Variable factors 

a' species 
b) spacing 
c) establishmcnt methods 
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Parameter8 to be monitored 

a) labour inputs fJI' establishment, maintenance (harvested by animals) 
b) survival rates and growth (termite resistance) 
c) fodder yield 
d) seasonality fodder production 
e) palatability of fodder 
f) nutritive value of fodder 
g) additional products (fuelwood and nectare production) 
h) vegetation growth underneath the trees 

TYpe of researah 

On-station 

Species selection and establishment tr'ials including nutrient analysis 
and palatability analysis. The screening trials and analysis will take 
place during the entire project life. 

On-fam 

Species selection trials and establishment trials simultaneous with on 
station research during the entire life of the project. Management 
trials of the 'best bet' species and establishment methods in the last 
two years of the project (researcher managed, inputs supplied jointly 
by farmer ::nd researcher). 

6.2.4 Cut ~nd carry fodder systems 

Purpose: see 5.3.4 
Variable factors 

a) species 
b) establishment methods 
c) spacing 
d) harvest management 

Parameters to be monitored 

a) labour input~ for establishment, maintenance and harvesting 
b) survival and growth (termite resistance) 
c) yield of different products 
d) quality fodder, timber, poles or craftwood 
e) nectar production 

Type of res8w'c:h
 

On-otation, On-farm as in 6.2.3.
 
6.2.5 Living fences around the grazing land 

Purpose: see ;.3.j 
Variable faotorn 

a) species 
b) establishment methods 
c) in-row spacine; 
d) trimming frequency 
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Parameters to be mo~itored 

a) labour inputs establishment, maintenance
 
b) survival rates and growth (termite resistance)
 
c) additional products (including ncctare production)
 

Type of research 

On-station 

Species selection and establis~nent trials 

On-fa1'TTl 

Species selection and establishment trials simultaneously with the 
on-station research. Both research activities will last for the entire 
project life (researcher managed, inputs and evaluation jointly by 
farmers and researchers). 

The addition of an upper storey may be treated in the same way as the 
hedgerows in the cropland. 

6.2.6 Windbreak around the home compound 

Purpose: see 5.3.6 
Variable factors 

a) variety/cultivars of mango 
b) in row spacing 
c) tree management 

Parameters to be monitol'ed 

a) labour inputs for estahlishment, maintenance
 
b) survival rates and growth (termite resistance)
 
c) wind speeds
 
d) additional products (including nectare production)
 

TYpe of research 

On-farm only 

Selection of variety, in row spacing "(researcher managed, inputs and 
evaluation jointly by farmers and researchers). 

6.2.7 Fruit trees in the home compound 

PUrpose: see 5.3.7 
Variable factors 

a) variety/cultivar 

Parameters to be monitored 

a) labour inputs for establishment and maintenance 
b) survival rate and growth (termite resistance) 
c) additional products (including nectare production) 

Type of research 

On-fa1'TTl only 

Selection of variety (researcher managed, inputs and evaluation jointly 
by farmers and researcherH). 
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6.3 Initial experimental designs 

The following experimental layouts have been designed for on-station 
experimentation on the hedgerow/mulch farming system (6.2.1). Other 
experimental designs are being created as the project progresses. 

l--J.l:iO·-~ 1m 

.0{-1 }[~~L__~_ 'II J
Cdl	 Td, 

1m r 
Ld J/r---~ c:=J I_Td_'Ic:=J, 

Cont. ,1I EJI CdJLdJ 'IEJ 
Td2	 Cant.'I~I 'IE~ 

Td!	 Ldz 'I c:=J1 'I [:=J 

,_"IJ II,-Td''III---Td'_'I c:=J 
Figure 9. Plot design for maize/mulch-green manure trial. 

Treatment Combination. 

Z
1. Cd} ~~ @ I kr./m

2. 1'.1 ~ Siamea q 2 kg/m'Z2 
3. Ld1 Lcucacna lcucocephalll ~ I kg/r.lZ 

4. Ld 2 Leucacna leueocephala ~ 2 kg/m2 

5. Td1 Terminalia brownii @ I kg/mZ 

6. Td Z Terminal! .. brownii @ I k~/m2 
7. Cont. - Control (lMi%e cnly, no mulch applied!) 

Total allOunt of mulch require	 Leucaena )
 
Cu.i., ) 19.44 kg of each
 
Tel'llIln,!ill ) (fresh wei&ht)
 

E3ch plot will have} row of mai1e in the centre, in-row spacing ~ 30 em 
(6 plnnts): 
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I_Cd, _'] [",,__JI '0"' 

I - I [ ----'.--- ,-----'1 I:: 
Cont. 7 7:~~_~ LTd' ~. 1.':' ..J 

C:=J [Cd, -] 1:-,--'I.Cd~]
 

ngun~ 10. Plot dcsi ~n for bcans/mulch-gl'ccn manure trial. 

T"catmcnt Comb in." iM" 

I. J..d Lcuc;aclhI ll'llcoccph.lla ~ 1 kg/", " 
, 

1 
~. Ld ~~ lcucccephala l)l 2 kg/",2 

2
 
2
J, Cd ~ siaml·j\ @ 1 kg/m1 

4. CJ Ca",L, siamC'o1 iV 2 kg/m
2 

2 
5. TJ Terminal ia I~ 1 kg/m2 

I 
6. Td Tcrmanalia W 2 kg,'m 2 

2 
7. c Contr'ol rl 

Tut"l amount or 'nuleh ,·c'lulred/IO.80 kg or each! (fre~h weight) 

1'~lch !,Iot wil! have I ''ow of bOl\n. s!'.ecd IS em apnr't (JO plnnt~) 



'1
·'1 

{'-IO'-~-'-- '__" ~:--__~_--; iCIISSIA 

3.6m 

:--_--i-.SS III 
-,---~----,----

3.6m 

Cont. S2 Cont. 52 Cont. 
SSIII 

. . . , , ASSIA 
-~-----,----~,--~--,-......--_..._--~----'---

____-..CASSIA 

J.6m. 
CASSIA 

3.6m 

S2 

-------,~--

52 Cont. 
CASSIII 

____.:ASSIA 

Figll/'~ 11. I'lot lh'sign 1"'1' h~dg~row trial 

TRt:ATHI':NTS 

SI ~~i'J ~~ ill fUITOWS itt O.2Sm ~p",c:ing 

S41, - r.ll:>:dil ti~ in hol..!~: at lin spacing 

Couto (Control) (1'1011:" ,,"ly) 

Thl'~~ """ "f m.d 11' 011''' pl.11lled bct"'~"n each 1. ,'ows of Colssi" (9Ocm bctlf\'cn 
ro ...~ I. In the conn",l ~lots. each cols~lol row is re~lolc~d by a mal:e. 

N('\te: Thes!' expcrilllcnt.al plots ilre designed to p/'ov.ide information 
only Oil r','lativ{' djff(~I'\'Il(~es b~tw~{'n tr{'atOl('nts. Expc/'imcnts wi th 
lill"~el' pl,'t,s wi 1.1 be ..','nduPI;\'c\ ill the ~.('~"nd phase of C'xpcl'iml'ntation 
t(, nbt.idll yiC'JtI dala \)11 the most 11I'omis:illg treatments. 
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The Chagga Homegardens: a multi storied agroforestry cropping 

system on Mt.Kilimanjaro (Northern Tanzania). 
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Abstract:The homegardens are characterised by an intensive integ

ration of numerous multipurpose trees and shrubs with food crops 

and animals, simultaneously on the same unit of land. 

The Chagga are skilled farmers with an intimate knowledge of the 

crops and their ecological requirements. They have a good idea of 

functions/uses of the plant species on their farms. The larg~ 

species diversity provides both subsistence and cash crops. It 

enables the farmer to keep his management options open and pro

vides insurance against drought,pest and economic risks. 

Key words:Tanzania,Chagga,agroforestry,homegarden,multipurpose 

trees,livestack integration,multistoried cropping,land tenure. 
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I.Introduction 

The Chagga arc Bantu speakers descended from immigrant5 of va

rious tribes who migrated into the once forested foothills of 

Mt.Kilimanjaro.Then began the process of transforming the native 

forest. Trees that provided fodder, fuel and fruits were retained 

while the les5 useful species were eliminated and replaced with 

new tree ~nd crop species.This process is still continuing on Mt. 

Meru - a neighbouring mountain. 

Mt.Kilimanjaro is one of the most densely populated areas in 

Tanzania.This is due largely to the ecological and economic 

success of the Cllagga cropping system. The homegardens enable the 

farmer to obtain a sustained production with a minimum of exter

nal inputs and thus represent a good model of landuse for extra

polation to other areas with similar ecological and socia-econo

mic characteristics. 

Allhougt, thE Chagga homegardens are often cited as an example of 

model landuse (1,71,the system has not been described in any 

detail.This paper identifies the major companents,describes their 

interactions and management aspects and presents an evaluation of 

the system's ecological stability,productivity and sustainabili

ty. 

2.General Description of the Area 

3 
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_._._._International boundary 

Fig 1. Location 01 MI. Kiliman/aro In northern Tanzania 



2.1. Geographic location 

The Chagga homegardens are found on Mt.Kilimanjaro in northern 

Tan;,:ania (2.9-3.3"5,37.0-37.5<'> Nl (Fig.l).The bull: of the moun-' 

~ain covers about 3100 Km2 and the highest peak is 5895 m.a.5
l. ~ o.,.~c.. ....'vo,,~ -'wt \~Il"\) ........ c.:o",h~ i l '" ~s~.~v-o.t;<:c.Q t.~\ A.ll.~A.<.\I(!. 
¥eo- and nati ona1 p':\I~k. 

2.2. Biophysical environment 

2.2. 1. CI imate: Mt.Kilimanjaro region has a bimodal rainfall 

pattern;'short rains' from October to December and 'long rains' 

from March to May.The average annual rainfall ranges from 1000 to 

1700 mm with marked variation depending en elevation,exposure ahd 

aspect.Thus,Kilimanjaro gets more rainfall on its southeastern 

and eastern flanks (where the Chagga hemegardens are) than on its 

northern and western sides which are sheltered from the wet 

SOLltheast t·Jinds. 

2.2.2. Soils: There are four major groups <FAD/UNESCO Soil Map of 

the World - Sheet V!-31: 

1.Humic nitosols and associated Humic andosols 

2.Chromic cambisols and associated Eutric cambisols 

3.0rchric andosols and associated chromic cambisols and 

vitric andlJSols
 

4.Mollic andosols and associated Eutric nitosols
 

Tn gener'al, these volcanic soils are fertile with a high base 

saturation and cation exchange capacity.A major limitation are 

the steep slopes which prevent mechanization and requires substa
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ntial ~'rCision control ItJorl:.lJl.hl~r- Illllit.:;tirJn~ illcludl~ stoniness or 

a shallow petrocalcic horizon. 

2.2.3. Vegetation: Clillw:: ·/£!l.Jt~l:i,tion is rnonti.lnl:' r-.:dnfor"f£'st.The 

forest varies in composition and str"uc:ture alonq .:dtituclin£d ilnd 

r-ainfall gradients.on the wetter southeastern slopes,there is a 

occurs at an altitude of 1900 to 2400 m.a.s.l. and a r-ainfall of 

1500 to 18(Hj lllfll.'il-lt drier end ot Q£Q!@~ forest slJrnetimes grades 

into a forest with much G~~§iQgy[g~ m!!Q§~D~ Associated with 

~~[i~§ §!!iGifQ!i~·At lower altitudes what little remains of the 

forest is charac:terised by the follewing species:U~~tQQlg ~Y£~Q 

1200 m.a.s.l. and 1300 mm rainfall,species include Bl~i;i~ 

~~£~~ciSQ.In contrast,the drier northwestern slopes 11000 to 2800 

m) have JYQi~gCY§ ~CQ£gC~ as the dominant species in association 

with Ql~~ ~fCl£~Q~ and QL~~ ~gL~Lt§£bii and som~times in pure 

2.3. Landuse systems 

2.3.1. Agriculture: The southeastern and eastern slopes are cha

racterised by intensive smallholder production of both subsisten

ce and cash crops. Individual homesteads are densely scattered and 

food crops are grown under the canopies of ban~na and coffee.In 

addition. there are state owned coffee estates and farms. The drier 

northE.'rn and l'!e~;tern slopes ar"e used mainly for m:tensive grazing 



2.3.2. Forestry: Major plantation sp~cie5 are ~YQ[~~§Y~ !Y~i1!D! 

£~ and EiUY§ e!tYl~ of which there are about 3000 ha in the west 

and 3500 ha in northeastern Kilimanjaro.The Forestry Department 

carries out various silvicultural operations in natural forests 

to encourage natural regeneration or root suckers of Q£Qt~~ 

2.3.3. Agroforestr~: The intensive cropping system of the Chagga 

involves integration of several multipurpose trees and shrubs 

with food and cash crops and livestock simultaneously on the same 

un it of land.l-Jithin this cropping system several agrof ol~estry 

practices can be identified. These include the use of multipurpose 

trees/shrubs 

- to provide shade for caffee 

as live fences 

- for fodder and mulch production 

- for bee forage 

- with anti-pest properties. 

A typical homegarden scene is depicted in Fig.2. 

3. Structure of the system 

The Chagga homegardens ('vihamba'l caver about 1200 km~ (120,000 

halon the south and east slopes of Mt.Kilimanjaro.Recent esti

mates indicate that the the south slopes have a population derisi 

ty of 500 km- 2 and an annual population growth rate of at least 

::i:.I'larl,etinl;) facilities are fair I-lith !'!oshi tnt"n (Fig.li being 

the nearest major market and a goad road linking Moshi (Oli. th 

Arusha,Tanga and Dar es salaam. 



The homegardens are located mainly between 900-1900 metres above 

sea level.In addition,each family has another plot ('kishamba') 

10 to .16 lem away in the drier ~lains below the southarn and 

eastern slopes. The kishamba has only very few trees and is used 

mainly for growing annual crops. 

3.1. Components of the homegarden 

3.1.1. Crops: 

3.1.1.1. Food crops: Banana (tlu§~ spp.>,beans (EU2§§QL~§ ~~LgeCi= 

§>,cabbage (~C~§§i£e Ql~Ce£~2'ccw pea (~igQe ~QgYi£~l!te>,chili 

l~eR§i£~m spp.l,egg plant (§QlgQ~m mgLQQg~Q~I,maize (~!~ me~§),o

nion 16lLi~m £!R~),potato (§QLgQ~m t~~§CQa~m),sweet potato (l~Q= 

ffiQ§! Q!tete§>,taro I~QLQ£~§§ie spp. and ~!QtUQ§Qme spp. >,tomato 

Ib~£QR!C§i£QQ !~£~l!Qt~m),yam IQiQ§£QC!! spp.). 

3.1.1.2.Cash crops:coffee I~Q£igi !C~Ql£~I,cardamom l~l!ttgCii 

£nC~~mQm~ml.Surplus bananas and other fcod creps are also sold. 

Women are responsible for marketing the surplus bananas,vegetab

les and mill: and they keep the proceeds.Men gat the money from 

coffee,poultry and egg sales. 

There are at least 15 different types of banana grown on the 

homegardens.These include cultivars for food,brewing and fodder. 

In addition to the fruit,the leaves and pseudostems are also used 

for fodder while the stem sheaths and dried leaves are used as 

mulch for coffee bushes. 

Although a little maize is grown in some homegardens,the bulk of 
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the crop is grown intercropped with beans en the lowland 

kishamba.Finger millet (~!~Y§iO£ S9C~S~O~I,~n important crop used 

for brewing and making ~ porridge,is also grown in the lowlands 

3.1.2. Trees and shrubs:Chagqa farmer-s deliberately r-c~tain and 

manage numerous species of trees and shrubs on homegardens.Table 

provides an indication of the species diversity and their 

uses. The men are responsible for lopping the fuel and fodcJ(~r 

trees while the women harvest the fodder grasses and herbs. 

3.1.3. Animals:Cattle are kept for milk,while goats and pigs are 

kept for- m€?at for sale and/or- for home consLlmption.R("~cently,som(~ 

farmers have started keeping improved cattle. The more popular 

breeds are Fresian,Jersey,Ayrshire and crosses involVing these 

and local breeds.Each farmer has an average of 3 cows,2 goats and 

6 chi ck,ms 161.In some cases a pig is also kept.Livestock are 

stall-fed with fodder from trees/shrubs,banana plants and grasses 

grown on the homestead. Supplementary fodd~r is harvested from the 

IdshamlJa in ttil:" plains clr bought at 20 Tshs .~ a headload (30-'50 

kl;!. i . 

3.1.4. Arrangement/Interaction of components 

Th~ spati al arrangement of components is irregular and appears 

very haphazard with the tre8s/shrubs and food crops intimately 

Imi ,=onsisb, of food cr-ops like tal-':J,bC~~1I1=,2nd toclder herb~; Mid 

\fl~\
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grasses. Included in this zone is the regeneration of the oversto

rey tree~/shrubs.The next zone (I - 2.5m) comprises mainly coffee 

with a few young trees/shrubs and medicinal plants.Next is the 

banana canopy (2.5-5m) with some fruit and fodder trees. Above the 

>banana>layer,vertic~l zonation is less distinct with a diffuse 

zone (5 - 20m) of the preferred fuel and fodder species and 

another zone (15-30m+) of the valuable timber trees and other 

fodder and fuelwood species. There is considerable overlap of the 

stories with continuous recruitment to the various zones. 

The intimate arrangement of components results in the interac

tions between components occurring both in time and space. The 

nature of interactions varies and can be 

- direct,e.g.	 fodder trees/shrubs and livestock 

tree/shrubs and bees 

cattl e I~anl.lr·e and crops, tree/sr,rLlbs. 

- cyclic,e.g.	 crop residues and cattle 

- competitive,e.g.	 banan~s and coffee
 

tree/shrubs and crops
 

No data is available to indicate the magnitude of the direct or 

cyclic interactions. Trials conducted at the Coffee Reasearch 

Station,Lyamungu and over a part of the main coffee area on 

Mt.Kilimanjaro showed that bananas interplanted in either young 

or mature,lightly shaded or unshaded ~Q££§~ ~C~~!f~ significantly 

reduced coffee yields(8).Other trials elsewhere showed that pro

vidE-~df~H'myar'd manure wa~; appli.ed to the banana clLtmps,the yield 

of b~inarlaS pl,,,ntt~d at '160 star.lIs pEO·r h2 l'ILiS not greatly affect(~d 



by the presence or absence of interplanted coffee.Reduction of 

the density of bananas interplanted in coffee from 960 to 480 

stools per ha resulted in a lower total banana production,which 

was partially offset by the higher rate of fruiting and larger 

bunchl~s frrJm the wider spaced plants 121.This is significant 

since it is bananas and nat coffee that is the primary crop in 

the Chagga cropping system. 

3.1.5. Management aspects 

The Chagga have an intimate knowledge uf the various crops and 

plants and their ecological raquirements.Management techniques 

applied today have been continuously refined and tested over the 

ages and handed down from one generation to the next.Thus,when 

thE' ·Far-rnl2r-s thinl;: the ti.me is right,they :..arry OL\t val-iollS oper-u-

tions such as opening up the canopy to ensure better fruiting of 

the co·F·fE'f?,spacing out the banana stools and 1Tri.H1u/-ing the di·ffw

!fi~ s~fic§) that repell or eradicate various pests and know the 

best fodder Lre~s/shrubs and when and how to lop th0m. 

Each homegarden has a network of irrigation/drainage furrows 

distributed over its area and linked to other homegardens in the 

vicinity.ThQ farmer is thus able to tap and utilise run off from 

the forest reserve and other homegardens on the sl~pes above. 

The, 11 1_lInb £H- CI·f b':lrl':IrI,) cll.lmp~> ~~nd coffE!I? bushe:; on ,) homeg.:wdl?n 

varies not only with altitude and aspect but also with the mana

gement c~pabilities and preferences of the owner. In general,the 

range of banana clumps per homegarden varies from 200 to 800 1330 
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managed on the homegarden.Sh~de tolerant crops e.g.taro,yams and 

beans are intercropped between the coffee and bananas while the 

more light demanding species are grown in a section of the hcme

garden over which the canopy has been thinned to minimise shade. 

Coffee extension services provide advice on pl-unning and spraying 

against coffee berry disedse and leaf rust. Most of the caffee 

trees have a single stem,while each banana clump is maintained 

with 3 to 5 pseudostems of different ages so aB to facilitate a 

continuous banana harvest. 

Most Chagga farmers either plant or encourage any natural regene

ration of valuable timber species (see table II.These young trees 

in the understorey experience considerable shade and this encou

rages straight stems with few branches.When appropriate,the over

head canopy is thinned to allo~ the tree to grow into the upper 

stories.Fig.4 shows teak trees growing up through the banana 

canopy.The trees are allm'Jed to grOloJ to a size appr-oaching 0.6 to 

1 m~ i.e. ~ rotation of 60 to 80 years.A large tree <about 1 m~1 

of Qlm~ ~§1~i1lli£tiii can fetch a price of 10,000 Tshs. If such a 

tree is to be felled during the lifetime of the present owner, 

then he in turn plants one so that the next owner will also 

inherit ~ valuable tree. 

It is important to note that although the great majority of 

homegardens are Intensively cultivated and well managed,one also 

encounters some that are neglected,overgrown and sometimes aban

doned. 

4. System functioning 
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4.1 Resource input and utilisation 

4.1.1 Quantity and pattern 

4.1.1.1 Land:The average size of a homegarden is 0.68 ha with a 

range of 0.2 to 1.2 ha.Traditionally,the land was divided only 

between the sons but nowadays daughters can also inherit the 

homegarden or part of it. Land tenure is based on a strongly held 

traditional belief that there is a close 'spiritual' link between 

one's ~n~es~ors and the soil (ll.Thus,once a member of the imme

diate family is burried in the homegarden,tenure is assured for 

the current owner and his descendants and such a homegarden may 

even be abandoned for several years without the danger of someone 

elsl? assuming o\·mel"ship.This is in contrast to the 1 01'11 and kisha

mba (allocated by the state and whose size is proportional to 

family sizel where tenure is on an annual and usufructuary basis. 

If this land is not used for one or two 1cars it may be claimed 

by another person. 

4.1.1.2 Labour:An average household size of 9.9 people provides a 

l·/orkfar"ce of four fami 1y members. In the homegardens, planting, ten

ding and harvesting of bananas, taro and yams occurs throughout 

the year. Coffee harvesting usually starts in August and continues 

till January.The peak labour period is between January and March 

(31.This is because coffee harvesting coincides with land prepa

ration and planting of crops both in the homegardens and on the 

lowland kishamba.In contrast,April to June is a low labour period 

and preceeds the harvesting of maize,beans and finger millet from 

the lowlands. In the homegardens all operations are performed by 

hLlln':ln I i.\bl11.1I-, whereas in the lowland, ploughing may be done by 

trac: tew 
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4.1.1.3 Capital:Each farmer has an average of 560 Tshs worth of 

farm implements (axes,hoes and ~angasl.Only a few farmers own a 

tractor.T~e5e are leased to others for ploughing the lowland 

kishamba. 

4.1.2 Inputs:Seeds are mostly obtainerl from prevous crops 031

though it is possible to buy seed from the Tanzania Farmers' 

Association.Dung from the stall-fed livestock and other household 

wastes are spread around the banana clumps and coffee bushes.Che

mical fertilisers are generally not used. The Kilimanjaro Uremi 

Cooperation IKUCI,a cooperative concerned with the production and 

marketing of coffee,supplies pesticides free of charge for use 

against coffee berry disease and leaf rust.In addition, the Chagga 

use a variety of plant species with anti-pest properties (see 

table II.Credit facilities are offered by the KUC and the Tanza

nia Rural Development Bank ITRDBI.The TROB also offers soft loans 

for dairy cattle and pig production. 

4.1.3. Production: 

(~n aver-age homegarden CJ'f 0.68 ha produces about 12~) kg of 

beans(184 kg ha- 1 ),280 kg of parchment coffee (412 kg ha-Lland 

275 bunches of bananas 1404 ha- 1 Iannually.In August 1983,Coffee 

fetched 16.85 Tshs kg- 1 while the average price of a bunch of 

bananas was 30 Tshs.The maize harv~st from the lowland plot ave

rages 360 kg per year.Almost all the coffee produced is sold,al

though the poorer quality beans obtained towards the end of the 

harvest are retained for home consumption.No Rroduction data is 

availale for taro, yams cardamom and onions. Local sources indicate 

that crop failure involving coffee and/or maize and beans occurs 



once every 3 or 4 years.However,total failure involving in addi

tion,bananas,other fruits,root crops and livestock has never oc

cured.Each farmer keeps between 3 - 5 traditional bee-hives.It is 

conservatively estimated that each hive produces at least 5 kg of 

honey per year. Milk production by traditional breeds under stall 

feeding conditions is low (1-4 litres per day),whereas improved 

cattle produce between 8 - 16 litres per day.Pigs are fattened up 

and sold within a period of 6 - 12 months. 

It is difficult to estimate the quantity of fodder produced in 

the homegarden,but most of the Chagga farmers are almost self 

sufficient in fodder production for their livestock.As outlined 

in 3.1.3. supplementary fodder is bought if needed. 

Fuelwood production in homegardens is estimated to be between 1 

2 m~yr-' (1.5-3 m~ ha-'yr-').If we assume a minimum consumption 

of 1 m~ per adult per year,then each family requires between 4 

6 m~yr-'.ThUs a homegarden supplies 1/4 to 1/3 of the fuel wood 

requirements. The rest is obtained from the forest reserve or from 

the ki shamba ItlhE~re aSElsi.El spp. and ~QmQ.C~t.ldm spp. are retained. 

5. System Dynamics 

5.1. Rate of growth 

There is no more land (outside the forest reserve) on Mt.Kiliman

jaro that is suitable for the Chagga homegardens.Thus expansion 

in terms of increased area occupied by the cropping system is no 

longer possible on Mt.Kilimanjaro.Instead ,existing homegardens 

are reaching the limit of intensive use at the present level of 

management. They are also becoming increasingly fragmented due to 

sub-division.Thiu land scarcity has led to the migration of some 



Cllagga to I"lt.t1erLI (70 km 9QLlth~Je5t. of f'Jt.I<ilimanjal~ol,an a.rt~a 

that has ecological conditions similar t.o those on Mt.ICilimanja

ro.Local sources indicate that there has been seme inter-marriage 

between the Chagga and Meru(the indigenous tribe on Mt. Merul and 

this has probably been an important factor in enabling the Meru 

(who were formerly pastoralistsl.to successfully adopt the com

plex Chagga homegarden system within a period of about 50 years. 

5.2. Sustainability 

Although the Chagga cropping system has been stable over at least 

a century,it is only recently that the system as a whole has come 

under pressure due to rapid population growth,diminishing land 

resources and change in dietary habits (maize replacing bananas 

as the staple foedl.Migration of youngsters to urban areas leads 

not only to labour shortages,but also disrupts the traditional 

transmission, from one generation to the next,of the knowledge 

and e::peri ence reqLlired for bh1iIast.lccessfL\1 management and perpe

tuation of the complex multicrepping system. In recent years,cof-

Fee prices declined markedly on international markets and this 

combined with th~ labour intensive nature of the crop, resulted 

in some Chagga farmers threatening to remove the coffee bushes 

from their homegardens. Despi te thes_E!=pressur·~·~-~how~ver,the system 

still appears to be working well with the majority of fa~mers. 

Nevertheless,if the system is to remain 5uscainable,then its 

productivity wil have to be increased to cater for the rapidly 

increasing population. 

6. Evaluation 

6.1. Merits 
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1. The continuous ground cover- and high degrel? 0'( nut

rient cycling are the major factors that permit the Chagga home

gardens to remain sustainable on the erosion-prone slopes of 

II t.l;~i 1 i /IIanj aro. 

2.Coffee produced by the Chagga contributp~ signifi

cantly towards Tanzania's foreign exchange earnings. Over 52X of 

Tanzania's export coffee comes from Kilimanjaro and in 1982 this 

represented an earning of US$ 65 million. 

3.The various crop species and varieties in the homega

rden represent years of natural selection for survival and farmer 

selection for better production and quality.These species have a 

good resistance to prevalent pests,compete well with weeds and 

have a generally high level of genetic variability. The Chagga 

homegardens thus represent a valuable gene pool for use in any 

brmeding programm~s to improve crop varieties for mUltistory 

cropping systems. 

In addition,the advantages attributed to intimate mul

tispecies,multistory associations are many. They include soil 

conservation,nutrient cycling and nutrient efficiency micr~cli-' 

mate enhancement 141 and other benefits such as labour efficien

cy,risk minimisation and continuous production. 

6.2. Weaknesses/Constraints 

I.Although the Chagga homegardens are a stable landuse 

system,their productivity is relatively 10w.In order to meet the 

demand for food of a rapidly growing population,the productivity 
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of the homegardens must he incl"Q8sed. The problem J it?s in the n('ecJ 

to increase productivity while retaining the stability of the 

pre!;ent system. 

2.ltJi th the present tnmd of young poopl e mi grati ng to 

urban areas,it is mostly the older people left to manage the 

homegardens.Extension workers may thus find it more difficult to 

introduce innovations. 

3.Present extension workers focus on individual crop

s/components.The absence of an integrated approach and subsequent 

lack of awareness of the p~ssible interactions ~f the various 

components and their repurcussions can result in problems for the 

farmer and loss of faith in the extension service. 

6.3 Potential: 

On Mt.Kilimanjaro,the homegarden s potential as B productive and 

sustainable system can be enhanced by 

1. Replacing the less productive trees/shrubs with fast 

grol'li ng ni trogen fb: i ng speci es e. g. b§!:J£.e!:m.e 19!:J£QfgQb~l~.1.l;;.ell.!.e= 

D9C.e S~lQtb~cE!:J§.1.§1.!c.!f.!9.!~ §§9.!!:Jffi and bg§Qggg;~ Q.!SQ1Qc·These 

would provide increased fuel,fodder and green manure on the 

homegarden and would reduce the time spent in travelling long 

distances to gather supplementary fuel and fodder. 

2. Improving animal husbandar'y so as to achieve, for· 

~xample,a lactation period of around 300 days per year. 
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..) . Improved apiculture e.g • th~ uSP. of top bal 

hives,better bae strains,improved·harvesting and honey extraction 

methods. 

4. Inl;rodLlcing nel'/ cr"op spf~cies and bl-eeding 'few higher" 

yielding crop varieties using the gene pool developed by naturel 

and farmer selection not only in Tanzania,but also from homegar

dens in other parts of the world. 

5. Using fertilisers.Credit facilities ~ould be pro

vided by the Tanzania Rural DevelopmDnt Bank.Purchas~ng,stor~ge 

and distribution of the fertiliser could be carried out by the 

T~lnzania Farmers' Association or t/1e Kilimanjaro Uremi Caopera-

!:i an. 

6.4 Extrapolability 

;:'cspi te' the net"d for- i.r:ti.mat.e kno\-JI C?dge qf th£= compon~fltG ",nd D. 

;;i9h level of management capability, the Chagga homegardens can be 

~xtrapulated to upland areas (e.g. Kenyan highlands,S.W. Ethio

\·/hen? ecol.J;lgc<:rI-·conditions i:1.re similar and fal-

mers ;:wiJ.ctice less intensive multiple cropping.F'refer"ences for 

I Dca.l species/varieties can be catered for by appropriate 5ub

3titution or introduction.A demand for maize cultivation in such 

homeg~rden5 could be accomodated by growing the maize between 

trees. Shade effects could be minimi5~d by an east-west 

:-II-ienl:ation c,.f the l"cMs.Gt-·ound cCJVF.~r I:an be m.?int.ained by intel-

cropping the maize with beans or ~ow peas. 

6.4. Reasearch neeeds 
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!nfnnh,'"ti on i!5 r-£..'quir"c,d C!li U::;: fcdl CII'Jilll] PLJS;~.·iL'1 j ll·IE!~; \:hi.\t 

coul d be.' u!;ec! to i mprov£' the C1'/·2r ,-,1 J Pr-!:JdLlCt i vi t y u f t:hc' 

homegal'·dens. 

1.0ptimal spatial and temporal .::wrange(llc.nt5 elf the various compo

nents. 

2.0ptimal crop associations.This includes component crops/varie

ties differing in morphology, maturity period, shade tolerance,roo

ting depth and photoperiod sensitivity. 

3.Sinc~ chemical pest control is no real alternative in small 

holder cropping systems, information is required on crop/species 

combinations with a greater potehtial to reduce pests,diseases 

and weeds. The effectiveness of the plant species with anti-pest 

properties that are already used by the Chagga could be investi 

gated as a first step. 

4.Better soil management techniques e.g. green manure,mulchzs and 

tho mClst appropri~te time of ~pplic~tion. 

5.Appropriate fertiliser prescriptions for the intimate multispe

cias associations present in the Chagga homegardens. 
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TABLE i.Woody species ~ommonly found in the Chagga homegardens 

and their functions and uses. 

Species 

Albizia schimperiana 

Bridelia micrantha 

Caesalpinia decapetala 

Calpurnia aurea 

Carica papaya 

Cassia didmyobotrya 

Cedrella mexicana 

Chlorophora excelsa 

Ci trus !;pp. 

Commiphora spp. 

Cordia africana 

Croton macrostachys 

Datura arborea 

Diospyros mespiliformis 

Functions/Uses 

fuel l-lOod, bLli I (li ng mater':' ",1. 

building pole5,fodder,roots used 

medicinally. 

live ·fence. 

coffee shade,poles,taol handles, 

leaf decoction as anti-helminthic 

for cat t I l:? 

fruit, mcsquitto repellent. 

medicinal uses,poisonous to 

c2.ttle. 

fuell'JOod, t:imber. 

v2.1Ltabl,:'! timb2r. 

fr'uit. 

fodder,anti-insect properties, 

live support for yams,fencing 

mater ial. 

coffee shade,fuelwood,building
 

material,beehive construction.
 

coffee shade,fuelwood,fodder,
 

anti-inSEct properties.
 

anti -nematodc?;:;.
 

''/all.labl E ti mber.
 

22 



Dracena usambarensis 

Dracena afromontana 

Ehretia spp. 

Eriobotrya japonica 

Fi cus ,spP. 

Gardenia spp. 

Grevillea robusta 

Iboza multiflora 

Markhamia platycalyx 

Morus alba 

Newtonia buchananii 

Olea welwitschii 

F'ersea ~;pp. 

Psidium guajava 

Rauwolfia caffra 

Rauwolfia inebrians 

Ii -,'1,' tt'IILf?, bUUntJdl'Y ll1ilrl:et-. 

hedge It-(-:E'. 

l.l'tensi 15, an': i --i n :;r~.:: t proper't i es. 

coff2~ shade, fu~lwDOd, 

building m2t~r121" 

livo fenco,leaves fed to cattle 

anti-Bilharzia properties. 

termite proof building poles, 

fuell"iOod. 

fudder,fuelwDod,relnforCE liv~ 

fruit.
 

fruit, fuell'iooci.
 

fuelwood, bark for" -f)r-ewi.flg,
 

anti-pest properties,U5ed as
 

store for maize cobs which are
 

hung in its branches.
 

cQff~e shade. fuel wood.
 



. ,,.t! e,l J l,e:' llI:!cfl C 111:,1 !', . '_' 'L't!·Ricinus communis 

( , ~ .. i t'l ~lLl(:.. r \.1 ! l ..Syzigium africanum 

: ~ I \e-t1 J • e I j mh -or MTectonia grandis 

: orl d £.'r ., iH I jTrema guineensis 

us(~d medicinally. 

Trichilia emetica 

~,I 'j-hE:lmlnlhlc. 

Uvaria !::;~'p. 

Vangueria tomentosa 

. l:hl?," '.l!~8f~\1 pI ant spr"... i ;;,'5 Illr,. ," "'.1 fled in !'\OmFI]< I'd ,I1S 

Aloe volkensis 

Cynodon dactylon 

Pennisetum purpureum 

Senecio kilimandscharica 

~'J ne ailme:,t:::. 

Setaria sphacelata 

Jel-iIlV'I~ zizanoides 

II' ,,' 
Ct·i,~(~IM··: 
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AllSTRACT 

The Forest	 Village scheme \~as intruduced by the Forest Industries 

Organisation (FlO) 0 f Thail anti in 196 7 a~ an il t tempt to stop furthe r 

spread of the fa~t increasing shifting cultivation ,lIld deforestation 

in the country. The IInderlying principle of the scheme is to relate 

reforestation with sucial welfare of the people involved. It is 

essentially	 a modification of the traditional taungya method of 

plantation	 establishment. 

The salient	 aspect of the scheme is to induce the shifting cultivators 

to settle down in villages where each family is given tenure over a 

plot of land to construct a house and develop a homegarden around it. 

The farmers	 are required to help establish and maintain forest planta

tions, in which they are permitted to raise agricultural crops during 

the first three years of its establishment. The farmers are also given 

free medical	 and educational facilities, and technical advice on crop 

and livestock husbandry. They can also earn cash rewards for successful 

plantation	 establishment. 

Although the scheme has not achieved its full target in terms of area 

covered and number of families settled, it is proving to be a success

ful method of luring peopl.! away from destructive shifting cultivation. 

The approach is applicable to other countries and regions with similar 

land-use problems and socio-cultural background. 

The paper also examines the constraints ,to the effective working of the 

scheme, provides some si~ple suggestions for improving its functioning 

and identifies some of the ifisues that can easily be tackled by research. 

Key words:	 Thailand, Forest Villages, Shifting Cultivation, Agroforestry, 

Home garden, Refores~dtion. 



LIST OF nGUREf: 

Figure 1:	 A rough land-use map of Thailand. 

Figure 2:	 Photograph showing the houses and the hcmegardens 

surrounding them in a Forest Village in Northern 

Thailand. 

(Photo: P.K.R. Nair) 

Figure 3A:	 First year of establishment of a teak plantation in 

the Forest Village with rice as the major agricultural 

crop. 

(Photo: P.K.R. Nair) 

Figure 3B:	 The second year of establishment of teak and eucalyptus 

in the Forest Village with rice as the agricultural crop. 

The decline in soil productivity is already evident from 

the relatively low vigour of the rice crop in comparison 

to that of the first year rice crop shown in Fig. 3A. 

(Photo: P.K.R. Nair) 
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1. IN'l'RUDUC'l'iON 

'l'hu numlwr of puoplu eng:lgud LII ~hifLi.ng cultiv;ltion in Thailand i~ 

u~timated to Ilave risen trolll JOO,lHJO to WI>] lover lUU,OOU in the past 

15 years (d). Thi~ pheuolllenal increa~u ha~ been c;lll~ed 1II:1inly by 

migration both frolll the neighbouring Lao~ and Ilurma as well as \~ithin 

the country from the lowland agriculLUral lands into the forests. 

Consequently, the forests in the country are under severu pressure. 

Nnreover, the length of the fallow periods in shifting cultivation 

cycles is drastically shortened, and as a result, the land is rendered 

unsui table to sus tain repea ted croppings and hence abandoned. Sub

sequent regeneration of forest species is very slow and poor in such 

abandoned sites. Shifting cultivation is thus causing large-scale 

forest destruction and land degradation in Thailand. It has been 

estimated that the country had around 0.8 million ha of land under 

shifting cultivation in 1980, and that increasing encroachment into 

the forest was causing forest destruction in over 400,000 ha each 

year (4). 

With a view to arresting deforestation and reclaiming the degraded 

forest areas, the Government u1troduced and encouraged the taungya 

plantation system (5). The results were, however, not satisfactory, 

primarily because the scheme had no provisions for the social welfare 

of the people involved (2). 

In 1967, the Forest Industry Organization (FLO) launched the Forest 

Village system in the northern highlands, in an effort to rehabilitate 

the degraded forest land. It is essentially a modification of the 

taungya system, and its main objectives are: 

- to attract shifting cultivators and landless people to establish 
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themselves in forest vi llages which offer illlilroved fad li tics 

,\Ild greater stability than nomaJic life; 

- to elH:ourage vill;lge people to establish Llllllgya plantation 

in order to reforest .;lre;lS degraded by shifting cultivation. 

This could alsl) result ill opportunities for long term forest 

employment (3). 

The scheme, thougn originally designed for the hilly areas of Northern 

Thailand where shifting cultivation has been most con~on. now extends 

allover Thailand. In 1981 there were 26 forest villages spread over 

the country, and they undertook plantation establishment in a total 

of 4,000 ha annually. 

Encouraged by the success of the FlO Forest Village system, the Royal 

Family of Thailand and the Royal Forest Department (RFD) have also 

recently set up forest villages similar to those developed by the FlO. 

The underlying approach in all of them is to promote rural development 

and sound land usc by relating forestry work with social welfare for 

the people involved. 

This paper exan,ines the details of working of the FlO Forest Village 

system. Since the scheme encompasses the whole of the country. it is 

relevant to give a general account of the biophysical and land use 

aspects of the country in order to understand the system in the proper 

perspective. 

Z. GENERAL DESCRIPTION OF TilE AREA 

Figure 1 shows salient aspects of the geographic location and land 

use systems of Thailand. 

FIG. 
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2.1. Geographic location 

The Kingdom 01 Thai bnd is located on the Nalay peninsula (5.45 

20.300 hand 97.:.10 - lOS.llSo E). It has ;11\ area of around 5lll,000 kill2 

and has four main geographic regions. 

- The Northern region (lb.Yu million hal comprises a range of fold 

mountains which extend along the western border through the peninsula 

to Na1aysia. TlIese mountains have an average elevation of 1600 m 

and are interspersed wi th fertile valleys through which flow the 

four tributaries of Thailand's major river - the Chao Phraya. 

- The Northeastern region,which includes the Khorat platcau,covers 

around 16.86 million ha. The elevation of the plateau is around 

200 m while the mountains to the west average between 800 - 1300 m. 

This region is characterised by saline soils and is quite dry and 

windy in the sununer. 

- The Central plain has a total area of 10.39 million ha and is the 

rice bowl of Thailand. In the north, three tributaries flow 

together into the Chao Phraya river and in the south is the 

fertile Chao Phraya Delta. 

- The Southern region (7.07 million hal is the peninsula which in 

the west is composed of mountains with an average elevation of 

lOOO - 1500 m. Nost of the rivers and streams here flow eastwards 

into the Gulf of Thailand. 

2.2. Biophysical environment 

2.2.1. Climate 

Thailand receives 90 percent of its annual rainfall from the southwest 

monsoon which lasts from Nay to September. During the period from 
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October to April, the soutlll'i1stern Asiatic cyclonic storms bring 

irregular amounts of additional rain to the southern regions while 

most of the north and northeastern are,lS Iwve a long dry se'lson. 

Annual rainfall is highest in the southern and ,.,estern parts of the 

peninsula and in the southeastern region and rilnges from :WOO - 4000 nun+. 

The central plain which 1:'es in the rain slwdow of the western mountains 

receives between 1000 - ]lIDO nun, while the northeast gets between 1000 

2000 nUll. 

Temperatures nr~ relatively steady throughout the year, averaging 

between 24 0 C and 300 C (750 F and 86 0 F). In the north, frost may 

occur at higher elevations in December, while in the south climate is 

modera ted by the mari time influence. The co ld dry win ter ai r produces 

frequent morning fogs especially in the north. 

2.2.2.	 Soils 

(See UNESCO/FAa Soils Hap of the I~orld - sheet IX). The predominant 

soils are Acrisols with a Lithic phase i.e. the presence of continuous 

coherent or hard rock within 50 cm of the surface. In general, the 

soils are podsolized and have low base saturation and cation exchange 

capacity. Soils in the northeast are saline. 

2.2.3.	 Vegetation 

Thailand has a wide variety of vegetation types reflecting the wide 

range of ecological and climatic conditions. The major vegetation 

types include: 

Evergreen and semi-evergreen forests 

Dry and moist deciduous forests 

Dry dipterocarp forests 
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Fresh water swamp forests 

Nangrove fores ts 

Savanna forests 

llamboo forests 

lleach forests 

Coniferous forests 

Scrub formations 

2.3. Land Usc Systems 

2.3.1. Agriculture 

The alluvial soils of the inter montane basins of northern Thailand 

arc very suitable for the cultivation of rice, tobacco, fruit trees 

and vegetables. In addition, maize, peanuts, beans, garlic and onions 

are also produced. On the upper slopes, tea is grown both by large 

estates and also by smallholders. The fonner produce tea for drinking, 

while the latter ferment the tea leaves to produce a product for chewing 

("miang") (6). In addition, the Hmong Hill tribe cultivate opium (at 

elevations between 1000 - 1500 m) as a cash crop and maize as a sub

sistence crop. There is a UN-supported crop-substitution project to 

e~~ourage these fanners to give up opium cultivation in favour of 

agricultural crops such as coffee, maize, beans, etc. and flowers 

such as tulips (8). 

The fertile Chao Phraya Delta region of the central plain is intensively 

cultivated. The main crop is rice although sugarcane is also produced. 

The alluvial deposits of the streams on the southeastern part of the 

central plain are also used for rice cultivation while the higher 

well-drained areas are used [or rubber plantations, fruit orchards, 

sugar cane, cassavn and pineapples. In 1979, Thnilnnd's rice production 
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was estimated ill 15.6 million lonne~. Only IU perccnt of the total
 

riec nrea receivc~ controlled irrig'ltion. The alluvial dcposit~ of
 

thc rivers Nun and Chi in the northe'l~tl'rn I'c/',ion, althou!~h not vcry
 

fertil,~, are extcnsivel:; used fvr rice. The production per unit area
 

is low and increa~ing soil salinity is a problem. Streams flowing off
 

thc peninsu la in to the Gulf a [ Thai land 0 f ten have bui 1t up de 1 t,w
 

which .1re uti lis(!d [or wct rice cuI tivation.
 

2.3.2. Forestry 

At thc cnd of 1980, it ',:as estimated that the natural forest area of 

Thailand amounted to 16.17 million ha or about 31 percent of the country's 

total area (4). This contrasts dramatically with a forest area of 57 parcent 

in 1961 (1). 

There are numerous types of forest types (sec 2.2.3.). The main
 

timber species from Thailand's natural forests are:
 

1'ectona gl'al1diu 

Dipterocarpuu alatus 

Shoma spp. 

Ptel'OCQr'pus spp. 

Toolla ciliata 

Instia palenbanica 

Parauhorua s te llata 

Da lber·gia cochinchinensiu 

FAD estimated that in 1980, the annual value of all non-timber forest
 

products from Thailand such as Dipterocarp oil. gum damar, bamboo pulp.
 

edible bamboo shoots, ennes, resin, honey, camphor, etc. was about
 

US $ 30 million (4).
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In addition to natural forests, there were around OJd million ha of 

successfully established h:Il'd and softwood plantatiuns ill l~fl:J. The 

cal'pus. and lJl:!)il!1'OCtll'{JI/;; spp. Uther species that havl' heen successfully 

established are t!uucl:a catechu, (.'W;UW'I:1l11 ,illll[jhuhniwlu, (.'WHl'!l~~/la 

equisetij'oZia and Ellcalypiuu spp. Softwood species used are Pinus 

keBiya and j'inus mel'klwi,:. Rubber is one of the main tree crops wi th 

1.35 million ha planted in 1~7~. 

2.3.3.	 Agroforestry 

Various agroforestry systems/practices can be identified in Thailand: 

swidden/shifting cultivation for growing rice as the main crop 

with a variety of other food and cash crops (6, 7) -- in some areas, 

the woody vegetation of the long fallow peri?d is deliberately 

managed for a variety of products, e.g. fruit, honey, fodder, resin, 

etc. (6) 

- 110me gardens dominated by a wide variety of fruit trees; 

sericulture, where various species of silkworm moths are reared 

on the foliage of mulberry trees; 

- aquaculture in mangrove forests; 

- intercropping of coconut with cacao (17zeobroma cacao); 

-	 grazing of cattle in coconut plantations;
 

forest villages.
 

3.	 ORGANIZATION AND STRUCTURE OF THE FOREST VILLAGE SYSTEM 

3.1. Organization 

The FlO selects the degraded land where a forest village is to be
 

set up for reforesting the land. The benefits and features of the
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scheme are pul>licised \~idely within the locality through extensivc medi,! 

coverage and other extension methods. The sl:rvi"es of the religious 

and other leaders 'In: also solicited tu disseminate such infonnation 

and to allay any suspicion alJlong the vi I lagl:rs. Fami.lies \~ho comc 

forward and agree to give up shifting cultivation in favour of settled 

land use are provided with a piccc of 1.1nd within the selected villagc 

unit for building a dwelling and setting up a homestead garden around 

it (sec section 4.1. for details). Moreover, they arc also permitted 

to grow crops between the young tl'ees in the forest plantation that they 

will have to help in establishing according to the plan that would 

already have been prepared by the FlO. 

The FlO has also set up "Development teams" having multidisciplinary 

expertise for each forest village. These teams provide agricultural, 

educational and medical services (see section 11.2.) to the people 

covered by the scheme. The objective is to encourage farmers to 

develop permanent bases in the forest village. 

3. Components 

3.2.1. Crops 

!loth SUbsistence and cash crops are grown. In the forest plantations, 

the major crops grown are dryland rice, maize (Zea mazJs). sesame (SesaJ71wn 

indimvn), sweet potatoes (Ipomoea batatas), cassava (Manihot escuZenta), 

and water melons (CitruZus lanatus). Tobacco (Nicotiana tabacum) and 

kenaf (/IibiucU6 cannabinus) are also grown in some areas. 

The main crops in the home gardens are maize, cassava, pumpkins
 

(Cucul'oita spp.) and chilli pepper (Capaicwn f1'l~tescens). A large
 

number of conunor. agricultural crops are also grown. These include 

legumes such as beans (JIhaaeolua spp.), lablab hean (DoZicho8 ZabZab), 
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soya uean (Glycine 1IIa.:I:) ;lI1d winged bean (Psvphocar'pus tetragolloZoblls); 

tuller croJls sllch a:; s\~eet potalo (//,011/00(/ bltaf.alJ), taro (Colocaaia 

all tiquol"/,un), and yams (l>iOIJC01' a SJlp.); CUCII rui t aceous crops such as 

cucumber (CuClunilJ sativus), loofait (Lilla acutanguZa) and snake gourd 

(1'lichosanthes cucwner'ia); other vegetaules such ilS egg plant (Solanwl/ 

melongena), and tomato (Lycopel'sicon euculentwn); minor millets such 

as Italian millet (Setaria italica) ilnd finger millet (E'Zeuuine coracana); 

and spices and medicinal plants such as coriander (FoeniculWII vulgare), 

garlic (AZliWII sativus), lemon grass (Cyn~pogon citratus), mint (Mentha 

arvensis) and onion (AlliWII cepa). 

3.2.2. Trees 

Teak (Tectona grandis), which is native to Thailand, is the major
 

FlO plantation species. In 1983, there were about 30,000 ha of FlO
 

teak plantations. Other major plantation species include Eucalyptus
 

camaldulensis (6,500 ha in lY83) and Melia azedarach (2,045 ha in
 

I !ltl3) •
 

In addition to growing crops between the trees in the forest plantation 

the forest villagers also grow fruit trees e.g. Parkia speciosa, P. 

javanica and Anacardiwn occidentale. In some areas rubber trees 

(Hevea brasiliensis) are also grQwn between plantation trees and the 

proceeds from the latex sales are divided on a 70:30 basis between 

the forest villagers and the FlO. The 30 percent share retained by 

the FlO covers the cost of fertiliser and tools advanced to the forest 

villagers. 

Other plant species maintained by the forest villagers in their home
 

gardens (and their functions/uses) are listed in Table 1.
 

'l'AllLB 1 



- 10 

3.2.3. Animals 

For()st villagers keep a variety of domestic animals ill the home 

gardens [or food, ritu,\l/l'eligi.olls sacrifices ;11I<1 prestige, COllunon 

animal s include c'.l\~s pi;;s, chickens 'lIId ducks.J 

1.2.4. Management aspects 

Degraded forest is cleared and burned and trees planted in holes 

(20 x 20 x 20 cm). Teak was originally grown at a spacing of 4 x 4 m 

on a 60 year rotation. Hece, tly, however, a spacing of 2 x 8 m and 

40 year rotation has been adopted. 

Where soils :Ire poor and dry, Eucalyptus camaldulensis (four-month-old 

sep..dlings) and Melia azedarach (l year-a Id-plants) are planted at 2 }; 8 m 

spacing. Eucalyptus plantations arc grown on 10-15 year rotation for 

fuel or 20 year rotation [or timber. 

After planting the trees, the forest villager plants his crops in the 

interrows. Cropping occurs for the first three years and the villager 

then moves on to another area. It is the responsibility of the villager 

to weed and tend the trees while tending the agricultural crops. 

Some villages have ;1 herding coopel'ative for their cattle. The owners 

of cattle take tlrns to herd the village cattle within the plantations 

where grazing is permitted. 

4. SYSTEM FUNCTIONING 

4.1. Resource iJput and utilisation 

Each family in the forest village is allocated 1.6 ha annually for 

clearing and planting with plantation trees and food/cash crops. In 
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addition, U.16 h;1 i~ al located 1.or lll)u~c hui lding and home garden. 

Fig. ;! depicl~ a lypi,:al (ore!;l vi Il;lgl' ~CC\ll' with hou~ef, of the 

farmers i.n lhe midsl of the individual home ganlens. Cnlpping in 

the forest p!;Jntatillll uccur~ for upto 3 ye;lrs ;lIld hence ;I villager 

call have upto II.!) ha per year Oil which to !',row llis crops. Since 

the intended lllllnbet- of families I,,'r forest: village is 100, upto l60 

ha of land may be cleared and planted with trees and crops each year. 

In 1981, however, there \"as an average of nearly 59 families per forest 

village with each family cultivating 2.61 ha per year, i.e., a total 

of 153.63 ha annually per 1.orest village. 

In 1981 the average size of forest village families was 5.56 members. 

In addition to their annual responsibilities for establishing the 

forest plantation (on a minimum of 1.6 ha) and growing of crops in 

the plantation and home gardens, it was estimated that each forest 

village needed labour equal to 200 man days per year. This would be 

required for various plantation operations e.g. weeding, pruning, thin

ning, fire prevention, road and trail maintenance, etc. If a nursery 

was at tached to the vi llage ;,n addi tiona 1 50 man days per year would 

be required. Thus, depending on the number of families in the village, 

at least two members per family are guaranteed work on a continuous 

basis within the forest plantation. They are paid according to the 

prevailing minimum agricultural wage. Such labour is recruited 

exdusively from within the forest village. 

4.2. Other facilities 

In addition to providing land (4.1.), the FlO provides numerous other 

inputs and facilities. These include: 

provision of drinking water and electricity free of charge to 
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each house in the forest village;
 

- FLO medic:al team dispensing free medicines ;lIld advice to villagers
 

on health, rami ly planning, sanitation, etc:.;
 

- forest vi llage prim;lry school in accordance wi th the Ninistry of
 

Education regulations. text books and uniforms being provided free
 

of cost.
 

- Nonetary incentives for successful establishment of forest planta

tion trees. 

payment of a bonus of about us $ 60 for clearing, planting 

and two weedings of each hectare of allocated land; 

a reward of about US $ 27 per ha if tree survival is 100 

percent after harvesting of agricultural crops and third 

weeding. (This reward may be graded and related to 

percentage survival over 75 percent); 

a bonus of US $ 75 for successfully tending 4.8 ha of 

forest plantation over 3 years payable at the end of the 

third year; if tending continues, the villager receives 

US $ 25 per ha per yqar for each successful 1.6 ha. 

- Transport is provided for 

taking workers to plantation site; 

moving construction materials of forest villagers' 

houses; 

taking forest villagers' agricultural produce to market. 

Advice on the market performance of various agricultural crops. 

Table 2 provides a comparison of cost per hectare to FlO for establish

ing forest plantation with and without forest villages. 

TABLE ;1 
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FIG. ]A
 

FIG. 313
 

TABLe; 4 

.. I] 

4.3. Production 

Vata on the producti'1I1 and incoIIK' frolll muize, catlsava and kenaI" grown 

in forest. plantations in 1981 are given in Table J. 

The soils especiilily in the dry northeastern region are generally pOLr. 

This tends to exaggerate the competitive interaction between the trees 

and crops. Thus, often, yields of dryland rice intercropped betwccn 

the plantation trees tend to be the bedt in the first year. Yields 

decline markedly in successive years. Photographs of a teak + eucalyptus 

+ rice plot during the first and second yeartl of cropping, given as
 

Fig. 3A and 3il respectively, illustrate this point.
 

Production of upland r1ce is typically of the order of 0.5 - 1.5 tonnes 

per hectare per year. Generally, the r1ce produced is used for home 

consumption although occasionally sorne of it may be sold to raise cash. 

This is also the case with pigs and chickens. 

In 1981, the forest villagers earned an average of US $ 266 per family 

from the sale of agricultural crops gro~1 in forest plantation and in 

their home gardens. 

Added iucorne from rewards, bonuses and daily wages from forest plantation 

operations gave a total income of US $ b93 per family per year (Table 4) 

or	 US $ 10.38 per person per month. 

Estimates of timber production from the plantations based on local 

3	 3experience are 75 m per ha in a 40 year rotation of teak and 75 m 

from a 15 year rotation of Eucalyptus. 

5.	 SYSTEN EVALUATION 

5.1.	 Rate of growth 

The original target was to stilrt with 2000 forest villages covering 
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J2 ,000 ha (at the rate of l.u hn per family per year, and 100 fami lies 

in each village), inerensl'lg pJ'ogressively to (.,500 villages undertaking 

plantation establishment In 7J,OOO ha annually by the ye.lr :WOO. However, 

by lY&l, there were only 26 such vi llages, which undertook planting in 

a total of about 4,000 ha per year. Thus, the scheme has not been able 

to accomplish the target at expected levels. 

5.2. Merits 

1.	 The forest village system is proving to be a successful but slow 

method of ensuring the long-term improvement of national and export 

wood sources. 

2.	 The" rehabilitation of the country's forest resource is being achieved 

by people who would normally be engaged in the present destructive 

practice of shifting cultivation. 

3.	 Opportunities are provided for landless people to form settled 

conununi ties. Long term employment, raising food and cash crops, and 

better health and education facilities result in a higher standard of 

living for the forest villagers. This is especially important 

in the strategic border areas that are prone to the destabilising 

insurgency activities. 

5.3. Weaknesses/constraints 

1.	 Enforcing the policy of forest reserves becomes difficult and 

expensive where forest land is still plentiful. Shifting c:nl t';'lfators 

are still able to operate illegally and it is difficult to inducp. 

them to settle in a forest village. 

2.	 The initial years in a forest village can be hard and frictions can 

arise with other families in the village(5). This is often com

pounded by a casl. flow problem since payments of rewards, bonuses, 

\'\
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etc. are not made till the end of the first year of participation. 

3.	 Some forest vi llagers Lind the p;ly and otlter rinilnd;l] incentives
 

10\~ resulting in their deserting the fllre~;t vi llagl' and seeking
 

em!' ]oyment l~ I sewhe re.
 

4.	 Setting up large numbers of forest villages with free electricity,
 

water, schools, medic.11 facilities and other financial incentives
 

requires a significant amount of capital expenditure.
 

5.	 Often funds arc not available because of misunderstandings about 

the inclusion of social welfare expenditures in reforestation projects. 

6.	 Some selfish politicians and unscrupulous businessmen undermine the
 

concept of forest villages in order to ensure the availability of
 

cheap labour force at their disposal.
 

7.	 Some reforestation sites are on steeD slopes and the forest
 

villagers find it difficult to cultivate and harvest their crops.
 

Also, some soils arc very poor and this results in minimal yields
 

of acriculcural crops.
 

8.	 There is a scarcity of capable managers (conversant with forestry,
 

agriculture, administration and sociology) to take charge of forest
 

villages.
 

4.	 Potential 

The concept and philosophy of forest villages represent a sound approach 

to tackling the problems of shifting cultivation vis-a-vis land degrada

tion. The benefits o'1ccrued from the scheme can, however, be enhanced 

by removing the observed bottlenecks and constraints as far as pOlosible 

and improving the efficiency of working through appropriat~ ~echnological 

interventions and social improvements. For example, providing forest 

villagers with improved varieties of seeds, appropriate types of
 

fertilizers and sound advice on their proper use, credit facilities,
 

'\}

\ 
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social facilities such as realistic raLes of pay, bonuses and rewards, 

and so on, increasing the al"ea uf home ganlens frum the presenL r;lte 

of lJ.lb ha per fami ly La a more acceptable size, etc. 

Todate the forest village system has proved to be a sust3inable system 

al though the growth of the system has been slow due to the various 

problems mentioned earlier. Suggested improvements in the system 

should assure the system's sustainability i.e. attracting shifting 

cultivators to settle down and help rehabilitate the degraded forest 

lands. This provides long term employment and better living standards 

and thus the shifting cultivators are prompted to stay within the ambit 

of the system. The system should be thought uf as a multi-product 

enterprise rather than a system that provides supplementary income 

through forest land tenancy. 

The forest village system has been tried s'Jccessfully in various 

countries e.g. Kenya, Gabon, Uganda, India, Nigeria and Cambodia. 

Although it is more expensive than traditional taungya system it is 

particularly suitable for countries with a large natural forest resource 

and high numbers of shifting cultivators and other landless people. 

The system envisages the sustainable use of forest land for food 

production by landless people who would otherwise be engaged in forest 

destruction. Thus, it encompasses the concept of sound agroforestry 

approach to providing a viable alternative to resource-depleting and 

environmentally degrading shifting cul tivation (9, 10). With appro

priate technological back up and infrastructural improvement, the 

system can prove itself to be quite acceptable and adoptable under 

other situatiJns with comparable land usp problems and socio-cultural 

cons traintJ . 
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:>.5. I{esearch IIl'eds 

The foregoing allalysis of thl' [unl:lioning of the system reveals that 

the major cOilstr;lints to its effective functioning arc hoth biologi.cal 

ttechnological) and socio-cultural. Wlereas some of the socio-cul tural 

problems are so intimate.)' tied up \"ith thl' general situation in the 

country and hence cannot easily be overcome. there are certain hiological 

constraillts that c.ln be tackled effectively through research efforts. In 

fact it is a serious drawback of the scheme that research input has not 

been built into its operational framework so that the management techni

ques are based all the knowledge that was available at the time of project 

formulation. Horeover, no effective system exists for mitigating some 

of tile simple problems through research-supported "mid-term corrections". 

Some of the issues that can be tackled through simple research are: 

the role of fast-growing nitrogen fixing multipurpose woody species 

in association with plantation trees; 

- use of manures and fertilizers, at least to a limited scale, for 

ameliorating soil fertility decline that occurs after the first 

year of cropping; 

- adjustoent of planting patterns and management schedules of the 

plantation (forestry) species in relation to agricultural crops so 

as to facilitate profitable cultivation of agricultural species 

for as long a time as possible; 

- use of appropriate varieties of crop species adapted to specific 

situations such as low light availability, soil reactions (acidity, 

salinity), soil conditions (poor drainage, low fertility), and so on; 

monitoring the visual interaction effects between the tree and the 

herbaceous components in order to devise .1ppropriate ways to over

come sOllie of the neg.ltive interaction effects to the extent possible 

even during the life of the project. 
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Table 1: Plant species other than the COlllllon agricultural species 

found in forest villagers' homegardens and their functions/ 

ust!s 

Speci~~ 

A1'cca cu tcehZl 

A1'tocm'l)z/[) S pp . 

BaJI11mna spp. 

Calwl/1w spp. 

(S t,'lfi! spp. 

Cocos mwifera 

Dcnw.'ocalaJm18 spp. 

Dcsmodiwn plllche7.lwn 

Imperata cylindlica 

Mayni j(n'a indica 

Moyhaniu :) tmbi lifem 

/>101'U8 spp. 

Musa spp. 

S(lcchm'wn spp. 

1111jl'BOS tachys s pp. 

Functions/Uses 

masti ca tory nut 

fruit, vegetable 

construction, mats, furniture 

furniture, baskets, mats 

fruit 

food, oil, thatching, fuel 

construction, mats, furniture 

insent repellent 

roofi ng grass 

frui t, shade 

insect repellent 

sericulture, fuel 

fruit, mulch 

frui t 

food 

construction, furniture, mats 



'fable 2: Cost (Uti $ per nectare) uf est;lblishing FLO forest plal1t<ltion 111 

Thailand with and without the Forest Vill;lge schemel 

-_._._._-_._----------.--------------------------------, 

Without Foresl Hith Forest 
Village Village 

----------- --1-------,-------1 
Teak l~on-teakTeak 

--------------+----1-.-----+------+-----1 

First Year 

Labour 205.60 235.05 71.20 82.07 

Administrative cost 287.28 287.28 287.28 287.28 

Fixed cost (huuse, macninery, etc.) 7/1 .00 71•. 00 74.00 74.00 
2Stump or seedling and re

planting charges 3 19.57 32.61 17.93 29.89 

Forest village expense - 168.29 168.29 

618.70 641. 53 Total 5U6.45 628.94 

tiecond Year 

Labour and/or Reward 74.46 95.92 74.46 95.92 

Stump/seedling 3.26 8.15 1.63 4.08 

Total 77.72 104.07 76.09 100.00 

Third Year----------

Labour and/or Reward 56.79 68.86 56.79 68.86 

Stump/seedling 1.63 4.08 0.82 2.04 

Total 58.42 72.94 57.61 70.90 

Maintenance & protection 

per year 52.45 52.45 

Total for 2 years 104.90 104.90 104.90 104.90 

- ..L L !.•. ---L. _ 

1 
L'aily wage rnte per labourer = ./1 38; 1 US $ = ../1 23 

"L- Cost per teak stump = us :> 0.03; cost per non-teak seedling US $ 0.04 

3 Replanting at the rate of 

"With Forest Village". 

207, in "Without Forest Villnge" and 107. in 

.i\(\
\ ' 
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~~~~~_S~_!£~~~_~£~~~ 

4 
Hain ten:lllce & protection 

per year 

I~i thou t Forl'sl 
Vi.llage 

IHth Forest 
Vi llage 

'fe,lk Non-teak Teak Non-leak 

2U.65 20.65 20.65 2U.65 

Total for 5 years 103.25 103.25 103.25 103.25 

Q~Q_IQI~_EQg_I~~_y~~g~________ 930.74------ _!:.l.12h~~!:.Q__ 960.55----- -!l.02Q..:.~~ 

4 Thinning cost is not included as the output from thinning will cover 

the expenses involved. 



Table J: Area and Lotal val-ue uf produ~e of tIlt' three agricultural cropli 

grll\m in th,' lun'lil village schcme in Thai Lllld i.Jl l'JHl 

Crop Area uf cultivation in plantation (ha) Income (US $) 

Haize 1,661 163,568 

Cassava 1,782 75,874 

j(enaf 380 49,348 



laDle~: Income from the FLO forest village scheme in different regions of Thailand* 

I
 
I

I 

NEAl, INCONE (US $) FOR 1981 

PER VILLAGE 

Hean Area (ha) Hean Area (ha) From Income:-12 an :'~o. 

Reward Bonus Daily Total peragricultural01 far.li cultivated per cultivated per 
cropslies per village family family 

vi llage 

10 bU.I.)':' lU~!'\)J 15,493 5,618 1,767 24,865 ~7,743 783.441. 79 

IJ 20,888 2,948 19,634 .';5,166315.05 4.87 1,696 698.41 

41.75 8,246 4,5262.15 652 21,489 34,913 321.54 

! 
1 - 5b.~5 153.63 2.5b 15,623 4,909 1,697 23,139 41,868 692.76 

; I \ 
______ i .I -L ..l- --'I.-- '---- -'-__-"-. -'- '-- -'~  

in l~~l ther~ were a total of 1530 families cultivating a total of 3994 ha in different regions of Thailand. 
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AIlSTRACT 

An inventory uf plant species was conducted on f:lnns. l"tllI illlllllU.1l ies 

and homesteads in the Kilimanjaro at:roforestry system. The survey 

covered JU farms in I.l villat:es in Hai District on the slopes of Hount 

lI.ilimanjaro, T:U12:lIlla. Uver IUU plant species spread over tfD families 

were identified and their uses obtained through iil:.erviews with farmers. 

'fne species identified include 53 tree species, 2Y food crop species, 

n non-woo<ly plants ..,f economiC value and l:l weed species. The food 

crops, trees and other economically useful plants are carefully chosen 

by the local farmers and intimately intercropped on the same unit of 

land. In mos t cases, the p liin ts had two or more uses of which food, 

lUld\J:.llHi, medicine. p(,I,,~;. timber :lnd fodder \Jere the most important. 

~ey words:	 Agroforestry, Multipurpose plants, Hultiple cropping, 

Kilimanjaro, Li.agga home gardens. 



I. INTRUIJUCT lON 

In 1II0St of the tropicl;, se lected tree spedes always form a component 

of the lIIultiple cl'opping systems in farms and in rangelands. These 

multi-cruppillg systems, popularly called agroforestry systems, have 

becn till, subjcct of recent discussion alliong agronomists, foresters 

and animal husbandry specialists 0, 5, ~, 11), and a few such agro

forestry systelllS havc been described in dctail (B, 16). 

A recent study on the Chagga homegardens in northern Tanzania brought 

out the salient opcrational aspects and functional characteristics of 

that traditional agroforcstry system (4). As a follow-up, an inventory 

of plant species was undertaken in 30 farms and their surroundings in 

the Chagga area on the slopcs of Mount Kilimanjaro, and this paper 

sUllllnarn:cs i ls resul ts. 

L.. THE STUUY AREA 

Mount Kilimanjaro is in Tanzania at 2.Y - 3.3
0 

S latitude and 37 - 37.50 E 

longitude. Its peak is the highest mountain in Africa, rising to 5B9S 

r.J.a.s.l. The study was conducted on the southern slope of the mountain 

in Hai ~Iashariki Division. The area surveyed rises from BOU to 2500 

III. a. s. I, 

The slopes of Hount Kilimanjaro havc a mild climate with mean annual 

temperatures of L.2 u 
C i1t SOO to lUllO m••1.s.1. and ISu C at 2UOO m.a.s.l. 

The ;lIl11ual total rainfall rilnges fr ,m suu nun i1t luwer altitudes to over 

LUllLI 111111 al 2JOI) l1I.a.5.1. The rainfall is hi-modill falling betwecn October 

...nl/ .JIIlle with 01 dry :qll' I I ill ,);lllllilry ilnd Febrllary. Soil types ill the 

011"'01 IlolV,' oIlrt',ldy b,":11 li';ll'd (I,). Th ... Plll'lII.-ll.illl1 d"III;ity 011 th,' sl"pe:; 
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of Noullt Kilimanjaro is 190 peuple/km~ with an annual growth r;lte of 

J.77. 05). Land is highly fragmented giving an avera!~e fami ly farm
 

size of U.l> ha. This has led to a highly intensive mixed farming
 

system with multiple cropping as its mainstay (lU).
 

J. NEl'Il0D OF STUDY 

An inventory of plant species was conducted on farms, farm boundaries 

and around homesteads in 30 subjectively selected fanns. Five farms 

were selected from each of the following villages, Nwasi Kusini, Nwasi 

Kaskazini, Kushimundu, Mruwia, Kyaseni and Materuni in the study area, 

as shown in Fig. 1. 

Plant species were identified by us. Ilerbarium samples are kept at the 

National Forestry Herbarium, Tanzania Forestry Research Institute, Lushoto. 

Vata on the local names and uses of the plant species were obtained through 

interviews with farmers. 

4, R1SULTS AND DISGUSSION 

Plant species identified and their economic importance are presented in 

Table I, A total of III plant species spread over 42 families were 

identified. They include 53 tree species, 29 food crop species, 21 

economically useful non-woody plant species and 8 weed species. Excep t 

[or the weeds, the other plant species are carefully interplanted on 

the same unit of land to form a very dense multistorey ecosystem as 

described in the system description (4). ~lost of the plant species arc 

maintained in the farm for two or more uses, For the trees, the main 

uses were fuelwood (~U7. oi the t r!'l' species) I medici nl'S for humans and 

livI'st.,":k (hlZ of til(' ln'e ,qll'l·j"S). 1!,,1,!s (1.57. of t.h,' trel' species), 



MOSH! DISTRICT
 

N
 

I, 
\ 

( 
j 

; 

,..J.-'
/ 

~ 

To Dare es salam 

\, 
\ 

\ 

\. 
\. 

' 

_. -' - District boundary 
----Division boundary 

@Z> ViII ages 
• Town ./ 

/ 

/ 

./ 

Rivers 
.... lIl. ...

"... ,,""'"........... Forest reserves 

LOLOJi 011\ o{" \J ~ \ \c._~ c..t;
~\~. 1.. .:£0'( +~ic;; d-U.&.4. 



- '\ 

shade (2 /17, of the trec species), timber production (23% of all the tree
 

species), fodder production (lUi. of all the tree species), other uses
 

(lYi. of all tree spccies). Nearly all the non-woody plant species and
 

climbers arc gL'own for fodder or medicinal purposes.
 

The use of nearly all the trees to provide fuelwood is a reflection of 

the importance of this resource for the day-ta-day life of rural commu

nities in the tropics (2). 

Nearly 3U food crop species are used in the multicropping system on the 

same unit of land. In one of the surveyed farms (2 ha in size), more 

than l5 food crop species I.·ere planted. This phenomenon is very different 

from the conventional two-crop intercropping that is often reported in 

the literature (for example, I, 7, 12, l4), and provides the farmer with 

the insurance for b.1sic necessities that is so crucial under poor economies 

:Illd the vagaries of dim<lte. 

This inventory brings out for the first time the totality of plant species 

ubed in the multicropping as practised at the farm level in the re~ion. 

~Iost of these species are under-exploited and the:'r role ~11',; ~'llpo(lance 

tn the rural conullunities little understood by (.utsiders. undoubtedly, one 

ui tile opportunities in agroforestry lies in el;\Jloiting the vast potential of 

such species, large numbers and forms of which can be fOI,r,d to exist in 

the various localized agroforestry systems .ocouu,; the world (6, l3). 
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Table 1. Plant species in the Ki lir,lanjaro agrofores try system, Northern Tanzania 

Family name Botanical name Common name Vernacular name Uses Remarks 

Alangium chinense Hringonu Fuelwood, fodder and shade fast-growing tree to 

Achyranthes aspera 
Amaran~hus dubius 

Kisoka 
Shaana 

Fodder, medicinal 
vegetab',' 

shade tolerant shruh 

.4i'ACA?LJI~Ci:..~r.: Anacardium occidentale 
Mangij"era indica 
Sor-~r~eia maaagascariensis 

cashew 
mango 

Mkorosho 
Nwernbe 
~lngwera 

edible 
edible 
sh~de, 

fruit and seed, fuelwood 
fruit, fuelwood 
fuelwood & edible fruits 

tree 
tree 
tree 

to 12 
to 20 
l()-15 

m 
rn 
In 

Annona murica ta. 
lIvaria sp. 

Mstafeli 
Mrisirisi 

edible 
timber 

fruits, fuelwood 
and fuelwood 

tree 5-8 m 
woody climbers. 
or small tree 

>'''1"\::' 

APVCi'I//,Cf:.J.. !:.· nauwolfia caJJra 

Taoernaemontana usambarensis 

Hsesewe 

Hracha 

timber, fuelwood, catalyst 
for brewing, medicinal 

fuelwood, medicinal 

tree 12-20 m 

Colocasia esculenta taro Maduma edi b le roo ts 

Cussonia holstii ~lnengere fodder tree to 8 m high 

HAL5'Al-!IliACcAE Impatiens kilimanjari Sunguala weed, ornamental 

Jacaranda acutifoli2 
Kigelia a:r-~car~ sausage tree 

not available shade, :uelwood, ornamental 
Irnomo fuelwooj, years and sponges 

from fruits 

tree 

tree 

to 12 rn 

6-15 m 

!1arkhamia p latycalyx Htarawanda timber, fuelwood, poles tree to 22 r:l 

i:;OPJiGli,.:"C':'.4i:.' Cordia _a!?yssiT}j£~_ 
Ehretia cymosa 

Hringaringa 
Nnemvu 

timber, shade, fuclwood, 
poles, medicinal 

fodder tree to 20 IiI 

BRONi:.LIACZ.4E .4nanas comosus pineapple ~lnanasi edible fruits 
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Table 1 (Cont'd) 

Facily na::le Botanical name Co=on name V.. rnacular name Uses	 Remark~ 

Commiphora zimr£rmannii Hfifina tree 10-20 Co 

Ca.....-.ica papaya pawpa\~ Hpaipai edible fruits 

Co~eLina LatifoZia Torontoro fodder rambling her;' 

CO:·:20SITA=. Ageratu~ conyzoides 
Conyza sumatrensis 
Ga Ziro..5oga parvifZora 
HeLichPdsum spp. 
Senecio spp. 
Vernonia subuZigera 

sweet potato 

Hafuna 
Inanzie 
Shimakamaka 

Ifuifui 
Iduhuduhu 

Shisowia 

fodder 
weed 
vegetable 
weed 
medicinal 
medi cina 1, weed 

edible roots, vegetable 

shrubs 

herbs/shrubs 

:;hrub or sr:1all 
6 m 

: : . 

C~UCI:E?~=' 3rassica oZeracea cabbage Kabichi vegetable 

;!..>~:./R3ITACEhE Te Zfairia pedata Hakungu fat from seed	 cl imber I.'i th s :":-, 
30 m long 

_;:CSCORE...;CEAE	 Diosco2'ea aLata yam, Ngao, Shia ediblp. tubers 
D. buZbifera	 yam ~duu edible tubers 

Diosypros mespiZiformis Hsindesinde timber, fuelwood tree to 20 ::-.
 
'::ucZea divinorum Hkiny:myi fuelwood, red dye from bark shrub or small ::·~·c
 

I 
:".~IJ.VI:.CE'AE. Agauria saZicifoZia Not available fuell.'ood	 tree 12-15 ... 

::'DPHO?5IACEAE	 Bride lin r.r~crantho. Mmarie fuelwood, poles, withies,fodder tree to 15 ... 
Croton mac~ostachyus Mfurufuru shade, fuell.'ood & goat fodder tree to 15 , .. 
Jatropha curcas Hchimbakaburu boundary and grave marking tree to 6 ." 
Ma.'1ihot escul.enta cassava Huhogo edible root, vegetable shrub to ~ .:; .., 

Margaritaria discoidea Mshamana fuell.'ood, poles, fodder 
Ricinus cOmnT~nis castor oil tree HbarL.b. purgative oil, medicinal short lived shru~ ,-
Synadenium ~olkensii Mracha for making g:'aves and bounda

ries, poisonous	 sap tree with :r",5:: :-:.. ;'.. 
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Tabl~ 1 (Cont'd) 

Fatuity name Botanical name Common name Ve rnacular name Uses Remarks 

Stinging nettle	 Kimangima 
Shiwawo 
Kilachia 

finger millet	 ~Ibege 

fowl-foot grass	 Kikwale 
Hlaa 

sugar Fane Niwa, ~l"uwa 

Guatemala grass 
vetiver Khuskhus grass 

(manzao) 
maize	 mahindi, meemba 

lsuwambewa 
Tarambe 
~Iombo, Ombo 
Ikachi 

avocado	 Nparachichi 

mauritius thorn	 King'utuo
 
lwinu
 
Ototo
 

Nruka 
Huula 
~lkufi 

grains are used in the prepararion 
of local brew (mbege) and making 
porridge 
pasture grass 
pasture grass 
edible stem 
fodder 

thatching, anti-erosion 
staple food 

weed 
he9.ges, fodder 
medicine for stomach ache 
medicine for stomach ache 

& fever 

edible fruits, shade, fuelwood 

boundary marking, hedges 
purgative, antihelminthic 
weed 

leaves 
thorny ;;ilu:, 
shrub to 

fuelwood, shade 
poles, fuelwood, shade 
timber, shade, fuelwood 

tree 
tree 

20-30 
to 12 

Tragia brevipes 

~Leusine coracana 

c. inaica, G. africana 
Panicu!1l montico La 
Saccnarum officinarum 
Tripsacum La:rum 
Vetiveria zizanioides 

Zea mays 

Geniosporum ro tundi fo Lium 
EosLundia opposita 
IDoza riparia 
Ocimum suave 

Persea americana 

Li:.liuli1l',OSAi:. 
(CAz~AL21NIOlutAE)CaesaLpinia aecapetaLa 

Cassia diaymobotrya 
C. fZoribunda 

:..:' (j[;/·ilfiCJSA c' 
(.~:I!·!a.';;O I iJEAi:.) ALbizia schimpe2~na 

A. petersiana 
!,ewtonia buchananii 

-.j.:._-...i.f.li.:c....;i:.. 

,"-~D!A7ni:. 

':"4iJ."?4CE.Ac 

-..J 
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Ia":l i ~ 1 t Co nt' ci) 

Fau:ily name Botanical name Common name Vernacular name Uses Re-r.la :.~:= 

:"=::~:·:l::C5;'~ I?A?ILIONOIDEAE) 

=.: '=C:.-o 0·':..4'=: ;:'LLICJIiJEAr.) 

:"::":.-o';'·:".:"E v.5PEODELOIDEAE ) 

:..:~.-.,;:.Ac. (i.J?.ACA£'NOIDEAl:;) 

.::.~;. ::.-iC':"4-c 

:·:'=''':''':':.'::'CE..4E 

.::=..~:.~dT,~·AC EAE 

:·:=i-::S?E?.f'!.4CE.4£ 

Cal.pumia aurea 

Erythrina abbssinica 

?haseol.us vul.garis 

Pisum sativum 

Tephrosic aequi l.ata 

Vigna unguiculata 

Al.l.ium cepa 

AZoe vol.kensii 

Uracaena afrornontana 

Sida acuta 

Trichil.ia emetica 

Tul'l'aea l'obusta 

Bel'sama abyssinica 

Stephania abyssinica 

beans 

peas 

COWpt:3 

onion 

Nletangawo 

Nriri 

Maharagwe 

Njegere 

Urutupa 

Kunde, Soko 

Vitunguu
 

Sale la njofu,
 

Iratune
 

Nasale
 

Mlenda
 

Mbomu
 

Mokyanyama
 

Mchakuru
 

not available
 

poles, fuelwood, antihelminthic, 
insecticide 

shade, fuelwood 

food 

vegetable 

fuelwood, poisonus seed 

food 

spice 

grave marking, sap medicine for ~ounds 

fence, boundary marking and grave mark~ 

fodder 

timber, fuelwood, poles, shade 

fuehJOod 

timber, shade and fuel~ood 

weed, climber 

~ 
~ 



& 
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rable I (Cont'd) 

Family l.am., Botanical name Common name V(:rna.:ular name Uses ;':~::1:i r;: 

;·:C:.:.. ..... .:....,.: At'tocal'!-'/.<S fle c€r'ophyllLtS Jack fruit ~Ifenesi 

~','2 ZO!IOpfI01-'C e'zc,,,: Z-sa 
Ficus e=astJe2'ar;a flg ~lsasa 

P. nacalen;is Hfumu 
F. vallis-cnOL<!:lCb Nkuu 
MO!T<A.S alba mulberry Ipala, I,era, 

IlJero 

-~·f.js.~t..·z:..~:. [.jusa nana banana/ KiBurulJe 
l-J. paradisiaca plantain Hshare 

i·;:fa~1 ..:.. ..;i:;..E l::ttcalyptus ccunaldulensis :lkara t us i 

E'. ci tr'ioaor'a ~lkaratusi 

c.. !i2'andis Nkaratusi 

c. robusca Nkaratusi 

1:;. saligna Nkaratusi 

Myrica saLicifoLia Nkaratusi 
Psidiwn guajava guava Hpera 

~llJi s i, Nmas i 

r..J~=-.~~:.:...;:. lea capensis Loliondo, Nchio 

?AS,:.:Pw?.i;/.:E;'i:. ?assiFLora edulis Jack fruit Isapiku 

?Rt;~~~'~i: Gr'evi llea robus ta Australian 
silky oak ~lkawilia 

edible 
timbet' 
shade, 
shade, 
shade, 

fruits, (uelwuod 

(ue ll.'ood 
ritual tree 
fuellJood 

:. :.\.-.~ 

.. ,'.... 
:"'L'L' 

:. rt.~\.· 

t1"\..'\' 

ll~ -. 

L' 

~. 

1"w _ 

1.')-_ 

boundary marking, hedges. 

edible fruits, fodder 
fodder 

edible fruits :~e~:c 

timber, fuellJood, poles. 

edible fruits 

fuelwood, poles, crushed 
relieve colds 

fuelwood, medicinal 
edible fruits, fuelwood 
fuellJood, edible fruits 

fuclwood, poles, crushed 
relieve colds 

fuellJood, poles, crushed 
relieve colds 

fuelwood, poles, crushed 
relieve colds 

fuellJood, poles. crushed 
relieve colds 

I.'ithies 

leaves 

leav(:s 

leaves 

l(:;:Iv"s 

leaves 

c 1 i mil" r 

tr~~ to : 

tre~ ~ll -
t rt:\.· ...!o- ;,~} ::. 

timber, shade, fuell.'oocl t rt.:~ to 1.' 

\.f"... 
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Table 1 (Cont'd) 

:- :llni 1Y llame Botanical name Common name Vernacular name Uses	 Rem:! f,,:

.-:,JS.4(".'C,..;E; F,;riobotrya japonica loquat Sambia? edible 
- ~Hstafeli edible fruits, fuelwood t rt.:c :. 

Rubus s teudneri Ha\~ero hedge, edible fruits shri.lh~ 

.-::~:...; L:.=:.-ii. ":0 ffea arabica 
coffee Hkahawa coffee, fuelwood 

?en tas l.anceo l.ata noL availabll! ·..Iced, 0 rnamen ta 1 
Vangueria madagascariensis Ndawiro, Ndol'o fuclwood. edible fruits i '·t't 

.-: ... '_.~:..:E/"E: itrus l.imon lemon ~Il imau, Ndimu edible fruits, fuelwood 
-. sinensis sweet orange ~lchun8l.1a , 

lchungwa edible fruits, fuelwood 

5 _·i.u~.:,::"C='..4r.. 'J'apsicum annuWl, red pepper Hpilipili spices 
. frutescens bird chillies Ngogwe edible fruits 

Da tura arborea llot available boundary marking t rei.: . " 
Lycopersicon escul.entum tomato Hnyanya edible fruits 
Nicotiana tabacum tobacco Mbatu snuff and tobacco 
50 l.anum incanum Nduo medicine for stomach ache and anti 

snake bites	 :-;hrnr 

5. nigrwn	 Nafu vegetable 

U"!.",,-'i:.A.E' Trema oriental.is Hrisio fodder, fuelwood	 f;"l$
 

~ret: .
 

:'.:..~= i:.,'l!iCEAc. La"ltana camara	 Singarere hedge, grave marking, weed sh r 

p:.c
 


