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1. INTRODUCTORY NOTES (E. Zulberti) 

This is the 9th report of the USAID/ICRAF Cooperative Agree­
ment. 
 Project No. 936-5545, for the period October-December,
 

1984.
 

According to the three year agreement which became effective
 
as of I September 1982, ICRAF receives support from USAID
 
for three projects of ICRAF's Programme of Work. These are:
 

* Agroforestry Training
 

* 
 Diagnostic and Design Methodology Development
 

and
 

* Agroforestry Systems Inventory 

The respective project leaders prepared the attached progress
 
reports for the three projects. The third ICRAF/USAID Agro­
forestry Course was held in October in Malaysia and the
 
second ICRAF/USAID Course report was 
written and disseminated.
 
Further conceptualization, documentation and dissemination of
 
the D&D methodology through training and participation of
 
ICRAF staff in international meetings added an important dimen­
sion to the development process of 
the D&D. The data evalua­
tion phase of the Systems Inventory Project is ongoing; several 
methods for computer coding of data were tried and analyzed
 
systems 
data is being coded and stored on the IBM PC micro­

computers.
 

Following the individual project progress reports is the
 
financial statement for the period.
 

2. AGROFORESTRY TRAINING (E. Zulberti)
 

The main activities of the Octoher-December period focused on 
the implementation of the third ICRAF/USAID Agroforestry Course 
held in Serdang, Selangor, Malaysia from I to 19 October 1984.
 
Hosted by the Universiti Pertanian Malaysia (UPM), 
the course
 
was jointly organized by the Forestry Faculty at 
UPM and ICRAF.
 



2.1 First ICRAF/USAID Agroforestry Course, Kenya
 

1-18 November 1983.
 

Follow-up activities cortinue (see previous quarterly
 

reports). Analysis of 
returned questionnaires will begin
 

in early 1985.
 

2.2 
 Second ICRAF/USAID Agroforestry course, Kenya
 

4-22 June 1984.
 

A report on the course above was 
printed and distributed
 

during this quarter. 
 It is a narrative report of activities
 

undertaken week by week together with a 
description of the
 
training materials distributed to participants and summary
 
of evaluation results and recommendations. Copy of 
the
 
report is in Annex 
1. Follow-up activities are going on.
 

2.3 
 Third ICRAF/USAID Agroforestry Course, Malaysia
 

1-19 October 1984.
 

The third course on Agroforestry Research 
for Development
 

was successfully held in 
Malaysia. Co-organized by ICRAF 
and the Universit. i Pertanian Malaysia the course was attended
 

by nineteen participants from COSPRO Collaborating countries/
 

institutions in the 
ASEAN region and India. 
 A total of twenty
 
two participants were expected 
to attend but unfortunately,
 

three positions requested by USAID to nominate candidates
 
from the 
region were not filled. Mult idisciplinary country 

teams from Mal.aysia, Indonesia, Thailand , Phililppines and 
India met 
at the Center for Continuing Education and Extension
 

(PPPL) within the UPM campus. The list of participants is
 

presented in Annex 2. 
 The course programme followed the model
 
of the previous courses. Activities began on I October with
 

the official epening session by the 
UPM Vice-Chancellor -

Prof. Dr. Nayan Ariffin 
- and the Dean of the Faculty of
 
Forestry - Assoc. Prof. Mohcl 
Zin Jusoh. E. Zulberti addressed
 

the audience on behalf of the 
Director of ICRAF.
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National institutions from Malaysia provided a 
strong input, 

to the course programme. Presentations were given by the 
Universiti Pertanian Malaysia (UPH), the Malaysian Agri­

cultural Research and Development Institute (MARDI), the
 
Rubber Research Institute Malaysia (RRIM) and the Forestry
 

Research Institute (FRI). From ICRAF a team of three people
 

(F. Torres, D. Hloekstra and E. Zulberti) participated in
 
the course on a full 
time 	basis while four staff members
 

(P.K. Nair, J. Raintree, P. luxley and B. Lundgren) joined
 

in for short periods according to the programme requirements.
 

Dr. Napoleon Vergara, from the East West Center in 
Hawaii
 

joined the course for the first two weeks, le gave a presen­
tation on "MPT in Agroforestry". A course report is under 

preparation. 

2.4 	 Fourth ICRAF/USAID Agroforestry Course, Peru
 

3-21 June 1985.
 

Following the course announcement (see last quarterly report)
 
nomination of candidates are beginning to come in. E. Zulberti
 
is to undertake a coordination mission to Yurimaguas in
 

February '85.•
 

2.5 	 Fifth ICRAF/USAID Agroforestry Course, Kenya
 

4-22 November 1985.
 

This is to be the last course under the ICRAF/USAID Agreement.
 
In-house programme planning and coordination activities are
 
already underway. The course is to he announced during the
 

next 	quarter.
 

2.6 	 Major Activities Planned for the next quarter 

(January - March 1985) 

" Printing and distribution of the third ICRAF/USAID Agro­

forestry Course Report.
 

" A 	mission to Peru 
is to be undertaken to coordinate
 

programme and administrative aspects of the fourth
 

ICRAF/USAID Agroforestry Course.
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* 	 Start analysis of information of follow-up questionnaire 

sent to participants of the first ICRAF"USAID training 

course.
 

* 	 Send follow-up questionnaire to participants of the second
 

ICRAF/USAID Agroforestry Course.
 

" 	 Print and disseminate a leaflet announcing the fifth and 

last ICRAF/USAID Agroforestry Course in institutions in 

Africa.
 

3. DIAGNOSTIC AND DESIGN METIODOLOGY (J.B. Raintree)
 

The focus of work in the D&D project this quarter was on 

review, documentation and dissemination of the methodology. 

3.1 External and Programme Committee Reviews
 

The objectives, progress to date and future plans of the 

D&D project were subjected to intensive scrutiny by the 

External Review Team in the context of its overall review 

of 	 ICRAF's activities. The Systems Programme and the D&D 

Project in particular were also the focus of an extended 

review session by the Programme Committee. Both reviews 

were helpful in consolidation an up to date perspective on 

the Project and both expressed general satisfaction with the 

timely accomplishment of Project objectives. The widespread 

dissemination of the draft D&D manuals was noted with approval, 

along with the integration of D&D with other components of 

the overall Programme of Work (i.e. the use of D&D in COSPRO 

missions and as a central module in the ICRAF short courses). 

Among the constructive suggestions for further work were: 

1) to give increased attention in future to the adaptation 

of the "prototype" methodology to the different needs and 

circumstances of different users; 

2) to monitor the use of the methodology by collaborating 

institutions and to give special emphasis to efforts to
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assist users in implementing the D&D logic throughout the 

entire progression from planning, to research, to the extension 

follow through;
 

3) to actively pursue the integration of D&D methods with
 

land evaluation methods for agroforestry in order to develop
 

a comprehensive approach to the planning and implementation 

of agroforestry systems at the full range of potential scales 

of application (i.e. household, local community/ecosystem, 

national and regional/zonal levels).
 

3.2 Documentation and Dissemination
 

Several opportunities arose during the quarter for tie further 

documentation and dissemination of the methodology. 

New training materials were prepared for the Malaysia short 

course (see addendum, previous quarterly report). The course 

featured a field application of D&D procedures by the partici­

pants which, with its focus on problems of joint land use in 

a forestry reserve, throught a new dimension into D&D training 

applications (previously concentrated on application to farm­

ing systems). 

Dr. Rochelean attended the Farming Systems Research Symposium 

at Kansas State University, October 7-10, and presented a 

paper entitled: "Criteria for Re-Appraisal and Re-Design: 

Within-Ilonsehold and Between-Ilousehold Aspects of' Farminig Sys­

tems Research and Extension in Three Kenyan Agro forestry Pro­

jects" .n addition to being a very well received 

contribution to focus of the Symposium on aspects of implemen­

tation and monitoring in farming systems projects, the paper, 

also represents an advance in the documentation of the "vari­

able scale" and "feedback monitoring" aspects of the methodo­

l-oky, which was the primary focus of Dr. Rocheleat,'s Methodo­

logy development work over the past two years. These additions 

to the D&D methodology will be incorporated into the revised 

manuals in 1985.
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Another paper' on "Land Use Planning with Rural Farm Families: 
Particularly Agroforestry Research", was presented by Dr.
 

Rocheleau to the Workshop on the Role of Anthropology and
 

Rural Sociology in Farming Systems Research, held October
 

26-28 in Zambia. This paper highlights communal aspects of
 
the variable scale methodology for agroforestry development.
 

Dr. Raintree was invited to attend (as an observer) the
 

restricted CGIAR meeting on "Inter-Center Consultation on the
 

Use of System Oriented Research in Eastern and Southern 

Africa," 
held in Nairobi, October' 18-20, and attended by re­
,earchers from CIAT, CIMMYT, CIP, ICRISAT, IFPRI, IITA, ILCA,
 

IRRI and ISNAR. The purpose of the meeting was to review
 

commonalities and differences among the various FSR methodo­
logies used by these Centers and to arrive at a basis for 

a coordinated approach to work with national institutions in
 

the region. Dr. Raintree prepared a paper entitled "Brief
 

Notes on ICRAF's Diagnostic and Design Methodology for Agro­

forestry" (see Annex 3) which was distributed to all partici­
pants for' comparison with their own methodologies. One in­
te:'esting conclusion which can ibe drawn from this workshop 

is that the only Center whose methodology entails a specific 

and derailed focus on technol.ogy design, comparable to D&D, 
is IRRI (represented at, the meeting by Dennis Greenland and 

Jim Iooper) . What, all the ot.hers mean by "design" is their 
terminologies is experimental design (which comes as a 
separate item under the "planning" stage of the D&D procedures). 
It is interesi.ting to not,e tile probable reason for- this is 

that both ICRAF and IRRI deal, with corplex cropping systems 
(agroforestry and intensiv,! rice-based systems), which 

necessitate a more explicit treatment, of design consider­

ations (in the engineering sense). 

Dr. Raintree was also invited to attend an informal meeting 

on rapid appraisal of' irrigation systems, organized by Robert 
Chambers, at the new International Irrigatio.n Management Ins­

titute (IIMI) in Digana (near Kandy) in Sri Lanka, December 
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8-9. A presentation of the major lIssons from the D&D methodo­
logy development at 
ICRAF by Dr. Raintree provided a focus for
 
discussions on methodological approaches to irrigation systems
 
(attended by the initial IIMI 
staff of 2 scientists and the
 
Director General. 
Tom Wickham, and by Robert Chambers and Hick
 

Moore of IDS).
 

Following the Sri Lanka meeting, Dr. Raintree went on tile to the 
Phi./ppines for the VI World Rural Sociology Congress, December 
15-21, on the theme "Inter-Disciplinary Approaches to 
Development,"
 
In addition to chairing a session on "The Role oi National and 
International Research in Rural 
Development Programs," 
Dr. Raintree
 
also presented a paper 
for the final summary session ("A Systems
 
Approach to Agroforestry Diagnosis and Design: 
 ICRAF's Experience
 
with an Interdisciplinary Methodology," see Annex 4 ). Considerable 
interest was 
expressed in the D&D methodology as an example of
 
a workable interdisciplinary approach and important 
contacts were
 
made (e.g. with Michael Cernea, Sociology Advisor to the World
 
Bank and Odd Grande of IFAD).
 

Dr. Young presented a paper entitled "Evaluation of Aaroforestrv
 
Potential in Sloping Areas" (see Annex 5 
 to the International
 
Workshop on Land Evaluation for Land 
 Use Planning and Conservation
 
in Sloping Areas in the Netherlands in December. 
 This paper
 
contains a concise comparison of D&D methods with 
 those of stan­
dard land evaluation surveys and concludes, 
 among other, things,
 
that the methods of land 
 evaluation appropriate to ag-roforestry
 
must go beyond existing methods for 
rainfed agriculture and forestry 
to include an increased emphasis on existing land use patterns,
 
a diagnosis of problems, and increased 
 scope for a research com­
ponent in the followup to the planning exercise in order to develop 
the agroforestry technologies needed to complement those presently 
suitable for immediate implementation. Aspects of the emerging 
lines of integration with D&D are outlining in this paper. 

Opportunities for further conceptualization, dissemination and 
feedback from colleagues, which often take tile form of invited 
papers at international meetings such as described above, are an 
important dimension of the continuing D&D development proces.3. 
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4. AGROFORESTRY 
 SYSTEMS INVENTORY (P.K.R. Nair) 

4.1 Data Collection
 

Although the data collection pha:ie has formally ended, efforts were
 

continued, mostly as continuation of previously initiated acitivities.
 

Some significant voluntary contributions were received including
 

detailed descriptions on AF Systems involving babassu palm
 

(Orbignya spp.) 
in Brazil, AF systems in Auroville, Tamil Nadu,
 

India, and organic farming and AF systems in Rwanda.
 

4.2 Data Evaluation
 

Abstraction of all data sheets continued in order to transfer the
 

primary data to the 
secondary data format mentioned in the
 

previous QR (July-September 1984). 
 This work is in progress
 

both at ICRAF and the University of Reading, U.K. It needs to
 

be emphasized that this extraction and transformation of primary
 

data (Co-ordinator returns and other reports) is 
an essential
 

step in computerisation of the data.
 

4.3 Data Bases
 

The computer program for storing the system data was devised;
 

transfer of data from the secondary data format to the computer
 

has started. Examples of two such computerized data registers
 

are appended as Annex 6 and 7.
 

4.4 Systems Description Series
 

Six system descriptions have already appeared in Agroforestry
 

Systems vol. 2, nos. 2 and 3. Copies of nos. 
I and 2 of the
 

Series are appended as Annex 8 and 9.
 

A paper entitled "Dynamics of fallow successions and introduction
 

of robusta coffee in shifting cultivation areas in the lowlands
 

of Papua New Guinea" by B.J. Allen was 
sent to the joarnal as
 

No. 9 of the Systems Description Series. (Annex 10). gork
 

on several other papers in the Series 
Ls in progress.
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4.5 Other Outputs 

- P.K. Nair delivered a lecture on global overview of AF Systems
 

to the ICRAF/USAID training course iiiMalaysia, October 1984
 

and moderated the participants' presentations of country
 

reports on existing AF systems.
 

- Various outputs from the AFSI project were distributed to the
 

participants of the training course e.g. slide sets, system
 

descriptions and other training materials.
 

- P.K. Nair, who is a member of the Commission on Ecology (COE)
 

of the International Union for Conservation of Nature and
 

Natural Resources (IUCN) participated in the COE meeting on
 

November 3-5, 1984, on the occasion of IUCN General Assembly
 

in Madrid and presented the theme paper "Agroforestry", which
 

contained some results of AFSI project.
 

- The progress of the project was evaluated by ICRAF's Programme
 

Committee in December, 1984.
 

4.6 Major Items of Work Planned for Next Quarter
 

- Continuation of data evaluation
 

- Corputerization of Systems data
 

- Up-dating of data bases
 

- Formulation of programmes for publication of final
 

output(s) of the project
 

- Publication of more system descriptions in AFS journal
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4-22 JUNE 1984
 
NAIROBI
 

by 
ESTER ZULBERTI
 

with
 
JAMES WAHOME
 

SEPTEMBER 1984
 



REPORT ON THE SECOND ICRAF/USAID
 

AGROFORESTRY COURSE
 

4-22 JUNE 1984
 

by
 

ESTER ZULBERTI
 

with
 

JAMES WAIIOME 

SEPTEMBER 1984 



II
 

THE AGROFORESTRY COURSE IN PICTURES*
 

Registration Day
 

Participants filling pre-course forms
 

* 	 This is a compilation of pictures taken and so arranged 
as to record the main activities cf the Course. Unless 
otherwise stated, acknowledgement for photographs goes
 
to Dr. Ester Zulberti.
 



III 

The Conceptual and Technical Background of Agvo­
forestry
 

An intruduction to 'lechnology and Agr'o-forsctry by 
Dr. Peter Huxley
 

Dealing with the Environmental Base ot Ag rno'oestry 
with Dr. Anthony Young (standing) and Applied Meteo­
rology for Agroforestry with Dr. TilIl 
Dlaruhofer 
(sitting, wearing glasses)
 



TV
 

Field Trips
 

Observation of agi'ofor (!stry syst.ems in the tea­
producing areas of Kiambu District 

At Mr. Mbogo's farm participants observed terrace
 
risers stablilized with napiergrass; bananas planted
 
in channel in fron of terrace risers; and bananas on
 
terrace planted in holes.
 



V 

At the ICRAF Field Station in Machako:.i 

Being introduced to the Field Station by Dr. P.K. Nair 

A demonstration tour of rI it t iIrpose t. ret species. Mr. 
Peter Wood explains to the parlt, icipnt. sorme of the most 
relevant char;,cter.istic o Prosopis Jul i i'lora 



VI
 

This will shortly be our tree nursery, explains
 
Mr. Peter von Carlowitz (third from the left,
 
standing by the pole).
 



VII 

ICRAF's Diagnostic and Design Methodology
 

Present.ation of the India Case ;tudy by Dr. I) irmne
Rochceleau. The (extTci se gaI've p;rt ic ipallts all linder­
standing of what, to eXpect. with Ia )&) application. 



VIII 

Field Surve,
 

Interviewing farmers arotind the KakuyUni site. 
(Photo E. Fernandez) 

Carrying out more house-hold interviews, under
 
the friendly shade of a tree.
 

(Photo E. Fernandez)
 



ix 

A t ented caump wva.s4 set t.) on the gt(mrlds (I F a 
school o" the U itptgu Agrictl ttital s)ic , itn 
Katarigi Market,. where pirt ic i pitt -; and I (R..F 
sta ff spent, ore nie[Iiht. wh i I e l t ak i g tinund( 
two-day field survey. 

The setting 
interactions, 

was a 
(rom 

good 
L.eft 

occasion Fo' 
to ri ght) Dr'. 

part ic i.ptnts 
Arap-Sang 

from Kenya seen chatting with .S. Adegbanke From 
Nigeria & G. AgbahUngba Cuom beenin. 



Lively discussions took place around the 
fire!
 

It was 
hard to believe, 
but the group ate
 
three goats!
 



XI 

Back in Nairobi, each field team met to diagnosc land 
use problems and design specifications for' problem­
solving interventions. Dr. J. Raintree (sittiig by 
the blackboard) leads the analysis by this working 
group. (Photo E. Fernandez) 

The group of participants worked out the diagnostic 
analysis and design recommendations for the farming
 
system they surveyed.
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Economic Appraisal of Selected Agroforestry Interventions 

Ir. Dirk Iloekstra introduces 
the participants to MULBUD
 

[lands-on experience ,,ith the compLIt'er! 



XlIl
 

Plenary ses sionA 

Part ic i pant. p e s entat. or, o t dia.nosed pro­
blems and pot ent i a I in t ervent. ons for syst em 
improvement 

Part i ci pants' present at ions and discnssion of ex­
per imental approaches to genevat e agl'o forestry
techno Iogy. 



x IV 

Part, ic ipant's Co il t ;It its wit'll IC(RAI stal' 

11g. Manne Vi ( 01-i i oinn 'vort PE-RU & D 1'.P.K. Nair 

o: -
t L 

Georges A\gbalxiigbo from BENI N & Ii'. Dir'k Iloekstra 



xv 

The Library
 

A p! ace re(Iltent ed tCov consi'lt at iono ft books, 

jOlllfial Is , alId ot I d('herdocumnt 

44
 

as well as for social interaction with 

Col a-Pli(s. 
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last I)ay - Cl oSing Session 

kit, 

PaPt i c il)ant s I j n a 1 e aliat ion alld recommenda t, ionsPilot 0 . e'rnanlez 

Cep,t if icat Cs of' Attendance. 
(Photo E. Feirnandez) 



XV IIivi 

Dr. John Raintree, Officer-in-Charge, during
 
the closing session.. Time to say Good-bye,
 

Adios, Kwahei'rni , Au revoir.
 

(Photo E. Fernandez)
 

Farewell reception...
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ON 0 

Just before I leave, I would like to take a 
picture of a live fence of Erythrina aby­
ssinica in Ethiopia.. .said Imadeldin Abtnaib 
from SUDAN, and so he did! 

END 
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1 . 4TUTRODUCTION
 

1.1 BACKGROUND 

The Second ICRAF/USAID Training Course on 
Agroforestry Re­
search for Development was held in Nairobi, Kenya from 4 to
 
22 lune 1984. [t was carried out as part of 
a series of 
training courses lauanched by the Intcrnational Counc: I for 
Research in Agroforustry to disseminate available knowledge 
on Agroforestry practices and systems, and on methods 
for
 
assessing land 
use problems and evaluating agroiore.try po­
tentials. Like the previous one:, it 
was made possible 
through a Cooperative Agreement between ICRAF and the United 
States Agency for International Development (USAID). 
 It.was
 
organized by ICRAF.
 

ICRAF's multidisciplirary scientific and professional 
r.eam 
participanted in the development of the training progranme 
covering a wide range of conceptual, methodological and pra­
ctical aspects of agvoforestry. The co-ordinator of the
 
course was Dr. 
Ester Zutberti, ICRAF's Training Officer. 

1.2 PARTICIPATION
 

Twenty-four professionals from Africa and 
Latin America
 
attended the course. 
 The distribution of participants by 
countries was as Follows: 
 Benin (I), Botswana (1), Costa Rica 
(1) , Ghana (1), Kenya (5), L iberia (1), Nigeria (2) , Peru' 
(2), Senegal (i), Sudan (2), Tanzania (I), Uganda (3) and 
Zimbabwe (2). A complete list of participnts - including
 
invited speak:rs and members of 
I[CRAF staff - is givon ir 
Annex I of this report. 

1.3 OBJECTIVES
 

The ovvrall objective of the course was "to enhance the pro­
fessional capabilities of 
research scientists and development
 
planners from developing contries for initiating and imple­
menting agroforestry research, leading to the development 

The Fir'st- TCRAF/USAID ogrofor.stry Course was held in, Nai robi 
from I to IS Novembe 1983. For lurther in formation ce Est. r
Zniberti: Report 
on Co rs.the First ICRAF/USAID Agrolorst.rv 
January 1984. 

http:Agrolorst.rv
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of systems and Lechnologi(.s that are both suited to local 
conditions and adoptable by farmers. 

To accomplish the above objective participants were 
exposed
 
to:
 

the concepts and practices of' agroforestry as a land tise 
system;
 

ICRAF's methodology to diagnose agroforestry-related land use problems and potentials and the design of appropriate

interventions 
to overcome the diagnosed constraints (the
 
D&D Methodology);
 

available agroforestvy research information; and
 
appropriate experimental approaches to generate agro­
forestry technology.
 

2. 

PROGRAIMlE
 

2.1 REGISTRATION DAY 

Participants reported to ICRAF headquarters in Bruce House,
Nairobi, 
on Monday 4 June for registration. 
There they had
their first chance to get acquainted with some 
of the ICRAF
senior and support staff; 
they received the package of' 
training
materi.., 
 general information about 
t-hf course and 
sett [(!!
administrative and fin;.ncial matters with the Course Coordinator.

All participants 
were accommodated at 
the Sixeighty Hotel,
across the street 
from ICRAF. 
 An evening reception 
was held
 
at Dr. Zulberti's residence 
to welcome participants.
 

2.2 OPENING SESSION
 

It took place on 
the morning of Tuesday June 5. 
Dr. Peter
Huxley, Officer-in-Charge, highlighted the Council's efforts in
training research scientists and development planners from deve­loping countries and declared the course 
official].y 
open.
 

The Course Coordinator then provided the participants with 
a
technical overview of the programme, outlining the objectives
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of the eVent and the steps that have been t.hken to ro acl these 
goals; 
she also introduced ICRAF's Role and 
Programme of Work.
 
The rest of the morning was devoted to participants' self­
introductions. 
A very positive relationship evolved a.s 
a re­
sult of this exercise where individual members highlighted their
 
current professional 
activities and agroforestry interests.
 

2.3 STRUCTURE AND CONTENT
 

The focus of the course was on 
ICRAF's multidisciplinary meth­
odological approach to 
land use systems and technology develop­
ment, in particular, on 
how to 
undertake the interdisciplinary 
identification of priorities for research to develop and test 
sound agroforestry technologies to fill the identified gaps.
 

The programme was organized in 
three modules; the scope anti
 
sequence of content for each module is 
indicated in Table 
1.
 

Three field 
trips were undert.aken during the 
first week (module
 
1) to complement 
ulassroom presentations. They provided the
 
opportunity to observe a wide range 
of land use systems . from 
the fertile coffee - and tea - producing uplands of Kiamhn Dis­
trict to the semi-arid regions of 
Machakos District. 
 Dr. Lill
 
Lundgren, Regional Soils conservation Adviser with the Swedish
 
Tnternational 
Development Agency (SI)A), provided the partici­
pants with an 
introduction to 
soil conservation in Kenya, follo­
wed by field observations in the Kiamhaa Division of Kijmbu

District. 
 At. the ICRAF Field Station participants vis ited tte 
demonstration plots on multipurpose 
trees and were 
introduced
 
to on-going activities related to microclimate monitoring and
 
soil 
sampling and monitoring in agruforestry.
 

ICRAF's rapid appraisal. Di agnstic and Design M thodo logy (modIc 11 
was introduced at 
the beginning of 
the second week of 
the course.
 
The sequence of activities as 
they occurred 
was as follows:
 

Introduction to the D&D conceptual 
framework and methodologi­
cal procedures by Dr. John Raintree;
 

.Example of a D&I) 
application, specifically the India Case
 
Study, by Dr. Dianne Rocheleau;
 



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

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

Table 1. 
 SCOPE AND SEQUENCE OF CONTENT
 

MODULE 
 MAIN TOPIC 
 PROVIDED ANSWER TO 
 @DURATION
 

I 
 The Conceptual and Techni-
 What is Agroforestry? 4 days
 
cal Background of Agro­
forestry 
 What are some of the
 

existing systems and
 
practices?
 
What is the role of (trees,
 
crops, animals, economics,
 
the human factor, etc) in
 
agroforestry?
 

II The Diagnostic and Design 
 What is the conceptual frame- 7 days

Methodology 
 work?
 

What are the steps and stages?
 

What examples are there of
 
D&D applications and with what
 
results? (Case studies).
 

How does it work in practice?
 

III 
 Appropriate Experimental What do we 
know that can be of 3 days

Approaches to Generate Agro- immediate use?
 
Forestry Technology .
 hat appopriate eyperimental
 

designs to generate agroforestry
 
technology?
 



Pre-diagnostic analysis of the Kakuyuni Case Study. Base­
line information on the project site 
was presented by Dr.
 
Anthony Young and Dr. Till Darnhofer and discussed among 
participants in preparation for the field survey;
 

Organization of Field Survey teams in four small multi dis­
ciplinary groups to carry out interviews with farmers (see 

Annex 2). 

Field Survey was carried out during two consecutive clays 

(Tuesday 12 and Wednesday 13 June) at the site of' the Kaku­
yuni Agroforestry Project. A tented camp was seL up in the 
grounds of an Agricultural School in Katangi where the part­
icipants and ICRAF staff spent one 
night. The "safari" 

type of arrangement fully justified the organizational 

efforts involved, as the group had a lively interaction 
with the ecological as well as the human environment. in the 

area.
 

Diagnostic and Design exercises were carried out in four 
simultaneous working group-i (the same field survey teams) 
with the aim of evaluating diagnosed land use problems,
 
design specifications for problem-solving interact ions,
 
analyzing technology opticns to address the 
 identifi'ed
 
design specifications, and evaluating 
design alternatives 
to select 'best bet' optioi,. 

Following the steps above, Ir. .9irk ]lockstra led the course 
participants into the "economic appraisal of selected agro­
forestry interventions". A full (lay (Tuesday 19 June) was 
spent in the economic analysis atnd practicdl MULBUD cxercises.:. 

The next step in the development of the programme was 
to 
identify research needs to generate the required technology, 

wherever it was riot readily available, and to discuss specific 
research planning and implementation of investigations (module 
TIT). During two full clays (Wediiesday 20 and Thursday 21 June) 
participants and ICRAF staff addressed themselves to siich 

questions as: 

MULBUD is an interactive packav uesigned to assist in the 
economic appraisal of land use systems involving trees, either 
as 'sole' enterprises or in co-ibination with other enterprises. 



What do we need to know about planning field trials 
that have different spatial arrangement? (Dr. Pctr' Huxley 
and Mr. Peter Wood) 

How can we experiment on 
tree/crop mixtures? (Dr. Peter
 

Huxley)
 

What environmental/social factors do we need to mcasure 
and how? (with Drs. Dianne Rocheleau, Anthony Young
 

and Till Darnhofer)
 

Working groups were 
assembled to develop experimental models
 
for three selected agroforestry technologies based on problems
 
identified during the Diagnostic stage. The topics for the
 
design nodels were: a) species/provenance trials; b) hedge­
row intercropping; and c) 
 fodder. Conclusions of the grouips 
were presented in a plenary session on Thursday 21 June. The 
pre-established focus of the course on ICRAF's D&D methodology 
did not allow for further involvement in technology generation 
issueswhich justifiably merit a separate training course. 

The course timetable and the detailed day-to-day account. of 
the programme activities and responsible staff involved can 
be found in Annex 3 of this report. 

2.4 PARTICIPANTS' CONSULTATIONS WI'Il ICRAF SCIENTIFIC STAFF 

-Time was assigned during the three-week period for participants 
to consult with ICRAF scientific staff on matters of their own 
professional interest. Meetings were arranged either on an 
individual basis (participant and ICRAF staff) or in a col­
lective way (small group of participants and ICRAF staft'). 
Consultations covered 
a wide range of issues - from discussions
 
on site-specific agroforestry research problems and/or poten­
tials to gathering of information/references on particular
 
agroforestry aspects, e.g. tree 
species, provenances, etc.
 

2.5 SPECIAL ACTIVITIES
 

During the course period participants were guests of different 
ICRAF staff on several occasions. Fun-tours to wild animal
 
reserves were also organized. Tourist, attractions in and 



7­

around Nairobi were visited over the weekends, especially by
 
those participants visiting Africa and/or Kenya for the first
 

time.
 

2.6 MONITORING
 

Monitoring procedures were applied throughout the development
 
of the three-week course with the aim of detecting programme 
deficiencies, if any, and applying corrective measures in time. 
Formative evaluations were carried cut by the Course Coordinatol
 
at. the end of the First, second and third modules as part of 
the programme of activities. Minor adjustments were introduced 
in the programme as a result of this action; on the whole, the 
structure and content remained as originally planned. 

2.7 FOLLOW-UP 

On the morning of Friday 22 June, ICRAF staff met with the grout 
of participants to discuss possible follow-up actions. A doublh 
channel of communication between ICRAF and the participants 
was identified as highly desirable to: a) provide ICRAF with 
feed-back information on the extent to which the course know­
ledge/methods are put. Lnto use by participants upon return to 
their home country institutions; b) update participants on 
agroforestry research developments; and, c) identify possible 
cooperative activities between ICRAF and national institutions
 
in developing countries. Agreement was reached on the 
follow­
ing specific actions: 

ICRAF will include all participants' on the Council's mail­

ing list;
 

ICRAF will send a Follow-up questionnaire (see Annex 4) to 
all participants 4-6 months after the end of the course; 

Participants will send to the Training Unit at TCRAF a copy 
of the reports presented to their respective institutions 
with detailed recommendations on possible agrororestry re­
search alternatives and potentials at 
national/regional
 

levels:
 

Il 



Participants will collaborate with ICRAF in the identifi.­

cation of qualified colleagues who would benefit most from 
participating in fCRAF's training activities. 

2.8 EVALUATION AND RECOMMENDATIONS
 

As was called for at the beginning of the course, participants 
were requested tu evaluate and formulate recommendations on 
specific aspects of the programme at the end of the three-week 

course. An evaluation form was enclosed in the trainin;g pack­
age handed out to participants. N copy of this form wil be 

found in Annex 5 of this report. 

Twenty-three evaluation forms were filled and returned. Tn 
genoval, participants expressed very positive comments about 
the course. Particularly appreciated was the inormal and 
friendly atmosphere which made it easy for direct relationships 
to be quickly established among the participants and ICRAF staff 

involved.
 

The detailed evaluation information is present.ed in Annex 6. 
A summary of participants' main observations and recommendat Ion­

is given below. 

* 	 the course objectives - as defined - were considered irelevant 

to the participants' professional activities and they were 

fully achieved;
 

* pre-course information was, in general, adeqttate; some rec­
ommendations to complement the information package were
 

made;
 

* the course was considered 'too short'; recommendations for 
lengthening the duration go from 4 to 6 weeks more; 

* 	the training materials were adequate;
 

* 	the distribution of participants by discipline and sex 
should improve to reduce the bias towards foresters and 

male participants; 

* more time was in general, requested for Experimental Designs
 

http:present.ed
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in Agroforestry, Economic Appraisal, and consultations with 

ICRAF staff.
 

2.9 CLOSING SESSION
 

The official closing address was given by Dr. John Raintree, 

Officer-in-Charge. Course participants were presented with 
certificates of attendance by ICRAF staff. A farewell rerrrp­
tion was then held for participants and the ICRAF scienti hic, 
professional and support staff involved. 

3. 
 TRAINING MATERIALS
 

3.1 TRAINING PACKAGE 

Since agroforestry training is a new area, so is the (levelop­
ment of appropriate training materials. A systematic method
 
is being followed by ICRAF - under the ICRAF/USAID Cooperative 
Agreement - to develop such training materials. This is essen­
tially the same as in developing research methods, viz. col­
lation 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 cxi sting 
knowledge and selected information about agroforestry princi­

p].es, practices and methods garcred from different sources 
and arranged to foilow the course programme of activities. A 
preliminary version or this package was developed and tested 
during the First ICRAF/USAID Agroforestry Course. Training 
materials were placed in a two--in hinoder to be used as a 
portable system which could be easily revised and to which 
important information could be easily added. 

Dividers were established to identify modules on "Technical 
and Conceptual Background of Agroforestry", "Diagnostic and 
Design Methodology", and "Experimental Approaches in Agro­
forestry". For each module the training materials included 
main notes or key articles, practical exercises (case studies, 
field trips, MULJBUD) and a list of recommended readings or 
references. Additional information and hand-outs were provided
 



- 10 

during the daily activities.
 

A slide set on "Agroforestry Practices and Systems in De-relop­

ing Countries" was made available from the on-going ICRAF 
global Agroforesty Systems Inventory project, also sponsored
 

by the ICRAF/USA1D Cooperative Agreement. The 20 --slide set,
 

plus a two-page d0scription of the main systems invoLved, had
 

a nominal cost of U3b 3.00.
 

As mentioned at the beginning of this Report TCRAF is 
in the
 

process of developing the model of a training course on 
Agro­

forestry Research and Development, together with the training 

materials. Both are still undergoing testing/trial as they 
are expected to be in its final form for distribution by the 
end of the TCRAF/USAID Agreement in late 1985. Thus, the
 
decision was reached riot to enclose copy of the training material 

with the present report but rather to include a list of the main 
articles, documents, working papers etc. used which can be made 

available to the general public on request. (See Annex 7.) 
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ANNEX 1.
 

LIST OF PARTICIPANTS
 

1. 	ABUNAIB, Imadeldin
 
Agricultural Research Council
 
P.O. Box 2404
 
Khartoum, SUDAN
 

2. 	ADEGBANKE, Samson
 
ILCA
 
P.M.B. 5320
 
Ibadan, NIGERIA
 

3. 	AGBAHUNGBA, Georges

Unite de Recherche Forestiere
 
B.P. o6 707
 
Cotonou, R.P. BENIN
 

4. 	 ARAP-SANG, Francis
 
Kenya Agricultural Research Ins.
 
P.O. Box 74
 
Kikuyu, KENYA
 

5. 	BA, Ibrahima
 
Ecole des Eaux et Forets
 
P.B. 5 Ziguinchor
 
Dakar, SENEGAL
 

6. 	 BIRIR, John
 
Ministry of Agriculture &
 
Livestock Development
 
P.O. Box 30028
 
Nairobi, KENYA
 

7. 	CHACHU, R.E.O
 
Department of Forestry
 
University of Science &
 
Technology
 
P.O. Box 1917
 
Kumasi, GHANA
 

8. 	CHAMSHAMA, S.A.
 
Faculty of Agriculture
 
Forestry & Veterinary Science
 
University of Dar-es-Salaam
 
P.O. Box 3009
 
Morogoro, TANZANIA
 

9. 	GARCIA, Mario
 
IVITA Research Centre
 
Ap. 	245 
Pucallpa, PERU
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10. 	 JIMENEZ, Ramiro
 
Direccion General Forestal
 
Ministerio de Agricultura
 
& Ganaderia
 
Apto. 10094
 
1000 San Jose
 
COSTA RICA
 

11. 	 KADZICHIE, F.B.M.
 
Energy Studies Unit 
P.O. 	 Box 30452 
Lilongwe
 
MALAWI
 

12. 	 KASOLO, Wilson
 
Forest Department
 
Ministry of Agriculture
 
& Forestry
 
P.O. Box 82
 
Jinja, UGANDA
 

13. 	 KTRIINYA, Charles
 
Kenya Agricultural Research Ins.
 
P.O. Box 74
 
Kikuyu
 
KENYA
 

14. 	 MHUNGU, Johnson
 
Rural Afforestation
 
(Forestry Commission)
 
P.O. Box HG 139
 
Harare
 
ZIMBABWE
 

15. 	 MOMO, Jonathan
 
College of Agriculture
 
& Forestry
 
University .of Liberia
 
Monrovia, LIBERIA
 

16. 	 MORAPEDI, Ntwetsile
 
National Institute of Dev.
 
Research & Documentation
 
University of Botswana
 
P.B. 0022
 
Gaborone, BOTSWANA
 

17. 	 NYAMAI, Daniel
 
Kenya Agricultural Ressearch Ins.
 
P.O. Box 74
 
Kikuyu, KENYA
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18. 	 OKORIO, John
 
Ministry of Agriculture
 
& Forestry
 
Forestry Department
 
P.O. Box 1752
 
Kampala, UGANDA
 

19. 	 OMARA-OJUNGU, Peter
 
Department of Geography
 
Makerere University
 
P.O. Box 7062
 
Kampala, UGANDA
 

20. 	 OYATOGUN, Moses
 
Kainji Lake Research Ins.
 
P.M.B 666
 
New Bussa, Kwara State
 
NIGERIA
 

21. 	 SAUNGWEME, Dorothy
 
Agricultural & Rural
 
Development Authority
 
P.O. Box 8439
 
Causeway, Ilarare
 
ZIMBABWE
 

22. 	 VILLAVICENCIO, Manuel
 
Tropical Soil Project
 
(INIPA-NCSU)
 
Yurimaguas (Loreto)
 
PERU
 

23. 	 WANDERA, Foustiie
 
National Dryland Farming
 
Research Station (Katumani)
 
P.O. Box 340
 
Machakos, KENYA
 

24. 	 YAHIIA, Abdalla
 
Jebel Marra Project
 
P.O. 	Box 9025
 
(K.T.1) 
Khartoum, SUDAN
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ICRAF STAFF AND INVITED SPEAKERS
 

1. Dr. Bjorn Lundgren 


2. Mr. Peter von Carlowitz 


3. Dr. Till Darnhofer 


4. Mr. Denis Depommier 


5. Ir. Dirk lioekstr'a 


6. Dr. Peter A. Huxley 


7. Dr. P.K.R. Nair 


8. Mr. Richard C. Ntiru 


9. Dr. John Raintree 


10. Dr. Dianne Rocheleau 


11. Dr. Filemon Torres 


12. Mr. Peter Wood 

13. Prof. Anthony Young 

14. Dr. Ester Zulberti 


15. Dr. Lill Lundgren 


Director
 

Forester
 

Bioclimatologist/Agrometco­
rologist
 

Forester
 

Farm Economist
 

lHorticulturist/Agronomist
 

Agronomist/Soil Scientist.
 

Publications Officer
 

Ecological Anthropologist.
 

Geographer/Systems Ecologit
 

Range Management/Livestock
 

Production 

Forester 

Land Evaluation/Soil 
Scientist
 

Training Officer
 

Regional Soil Conservation
 
Adviser/SIDA
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ANNEX 2
 

FIELD EXERCISE IN KAKUYUNI: group organization
 
and farmers identification
 

GROUP GROUP LEADERS PARTICIPANTS 	 FARMERS TO INTERVIEW
 

NO. 	 (Interpreters)
 
TUESDAY 12 WEDNESDAY 	13
 

FARMER 'S HOUSEHOLD FARR' S HOUSFLtOLD

NoNAME 	 NO? NAM 

1. 	 Ester Zulberti ABUNAIB 1. ,hangi ?iinyoki 40 3. M'inyao Nzima 47 
SAUNGWEIME 

Richard Mwendandu MHUNGU 

GARCIA 2. Katubalu Katunda 16 4. Kilei ?tisya 44 
4.' VILLAVICENCIO 

NYAMA I 

2. 	 Dirk lHockstra AGBAIIUNGBA 1. bomu ,uitinda 49 3. likivlya Kaula 2 
MORAPEDI 

4 	 (Joseph Mutinga) OYATOGUN 2. Kimweli ,bithulia 48 4. ,bithi Ngeam 6 -

WANDERA 
4. 	 C HAISHAMA
 

KIRIINYA
 

3. 	 , Dianne Rocheleau OKORIO 1. buya Iyuva 43 3. Maingi Mwilu 18 
KADZICHE 

(Jackson Wambua) MOMO 2. Koti Ngee 45 4. Kionnyi Ndolo 46 
BA 
BIRIR 
KASOLO
 

4. 	 Peter von Carlowit.7 CHACHIU 1. aWmbua 5 3. Maia Kithumbi 36 
MU NOZc~i 

(Joyce Mutinda) ARAP-SANG 2. M4tiso Luvai S 4. Ngului Nzeki 39 
ADEGBANKE
 

4YAIIIA
 
OMARA-OJUNGU
 

S. . .. ... .. .l.) 
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KAKUYUNI WATERSHED WITH HOMES, ROADS, PATHS
 

"t I\ / \ k (Highway not yet built)
ot.,,r oo (d t ,, . 

Watershd boundary. ..........
 
\ / \4\ Road ............ ..
.................. 


pI ........... ...
Poth ............... 


I 4 ...............
Dom .............. 

Compound 
-. \ rmrs 'interviews
 

\0 26 
33 .26
 

/-"I- * .,-_I
 

/ ,-'" 
,.*.\ ,',. -


- . " \ 0.27 ,-.. 

12 - -


P,,' J 15 • 

100 .,/\ .38 "25 /0 "2 .4 \7 


1,,* 28. I
,'23 . 32. 

~ 22-

I ,/Iota 

• ) 410
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MD)DAY 	 TUESDAY WEDNESDAY THURSDAY FRIDAY 

(June 4) (June 5) (June 6) (June 7) (June 8) 

PARTICIPANTS .Opening session, Agroforestry fiel .Concepts in AF .Participants' con-

ARRIVE introduction to thE trip technology sultations with 
course and partic- a)envirorTnent ICRAF Staff 

----------------- pants -i.ntroductic-z- ...-.- hJsoils .-- --------------
AG ICRAF Programme Overview of Aa c)eultisurpose .Field tri to 

REstemsAnON trees Kiaxnbaa Division 
REGhe concept of A y d)animals 


4 P e)tree/crops
Participants' 

consultations with f)economics 

-ICRAf St ff . . . . . . . . . . ..-- - . . .. . . . . 
, Reception Independent work Return to Nairobi 

(June 11) (June 12) (June 13) (June 14) (June 15) 
.First week review .UG's presentations 

"Introduction to Field Survey in Field Survey .L'agnostic and discussion of 
the 	D&D methodolojy t,,,lAnysis (in potential interven­
---------.. theJ~aKi '----K-k-- Pm.Tt d .... -- rki- _gro&s)- _.tion point_ _ _ _.The India Case 

Study area. .General "systems 
) "|specifications" foi 
4 .Pre-c candidate technol-

V information on the 	 ogies. 

Overnight Return to Nairobi 

(June 18) (June 19) (June 20) (June 21) (June 22) 
.Identification o .Economic apprais .Planning research .Experimental .Last participants
candidate tech- al of selected on species and designs for selected consultations wit 
nologies & service agroforestry int- provenances AF technologies ICRAF Staff 

r 	 functions erventions .. - PARTICIPAN 

.General technol- ., ,LBUDexercise trials 
ogy specificatio, .Closing session & 
Scentific &tecEnvirorental 	 & certificatesci i e 	 Social factors in 

"U 	 nical ndinformationweek 
 FAREELLLsu- -I-- -- ---	 -- --­- - - - - --ehoct.
 

.Secord week revipw
 

SATURDAY SUNDAY 

(June 9) (June 10)
 

A visit to
 
ICRAF's
 
Field 
Station in 
Machakos & 
Nairobi FREE 
Game Park 

(June 16) (June 17) 

FREE FREE 

(June 23) (June 24) 

LEAVE 



(Annex 3 cont.) 	
is 

AGRO FORESTRY RESE,ARCI IFOR DIVI"I. PMENT
 

Trai n i rig ('u r'se
 

Nairobi, 4-22 June 1984
 

PRO (GRAMNIE 01 ACTIVI'I'IIES 

DATE: MONDAY 4th .June, 1984 

T UME TOPIC/ACT I V I I' 	 RESPONS l I. 

Registrat, ion Day 	 Estur Zutllh 

Amina Msa 

19.30 	 Reception at Dr. Zulberti's
 
residence
 

i 
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AGROFORE.S'IRY RFM El'iC II "OR DI' VI:I. 

'rrai ning Cotir;e 

Nairobi, 4-22 Juie 1984 

PRO(CRANINIE OF ACTIV! TIE's 

DA IT": TIJESDAY 5t.h ltnie, 1984 

TI ME TO Pl.C1 ACT IVI lY 


08.30-09.30 Opening session 


Introdict, iot1 ,o the cou rse: ob--
Ject,i wes, st iricture anl(i
organi Zat,:i oil. 

09.30-10.15 Participants int. roduct ions and 
description of professional 
act, ivit'ies andl agrot'orestrry 
i n o rest s . 

10,1,5-10.45 Collec- break 

10.45--I 1.45 (ont. i nnod 

11.45-12.30 1(RAF:s Rolt, and Programne 

12.30-14.00 Lunch 

14.00-15.30 The Concept. of Agroiorest.ry 


15.30-16.00 Cofee break
 

16.00-16.15 1ntrodtction to TCRAF I ibrary 

r ndep(*ndent,. work 

II'ENT 

RE. PO NM I JISLE 

Pet.er lhuxley 
Off ier - in-Clharge 

1"st er ZI] ber't i 

Par.ti cipa1t,s 

Ester Zulbes.i 

Fi Irmon Tores 

Stlephen Okeno 

Par-. -i pallt. 

http:16.00-16.15
http:15.30-16.00
http:Agroiorest.ry
http:14.00-15.30
http:12.30-14.00
http:11.45-12.30
http:10,1,5-10.45
http:09.30-10.15
http:08.30-09.30
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A(;IR FORiiR Y RI';.SIARCII IOR I)EVI;I.LIMIENT
 

Tpaiini ng Cot "vs,
 

Nairob i, 4-22 .JItr I 984
 

PRO(GRAMME OF ACTIVITIES 

DATE: WEDNESDAY 6th June, 1984 

T [ME TOP I C/ACTTV ITY RESIONSTiLI. 

08.30-12.00 An agroforfstry field trip to Peter luxley
Kiambu District P. von Carlowit.z 

Ester Zulberti
 

12.30-14.00 Lunch 

14.00-15.30 An overview of agroforestry 
systems in developing countries 

P.K.R. 
Erick 

Nair 
rnernandez 

15.30-16.00 Cofl'ee break 

16.00- Part.icipants' 
ICRAF staff 

consultations with 

http:08.30-12.00
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AGROFORESTRY RESEARCII FOR I)I;VEI.OPMEINT 

t'eTra in lug Cous 

Nairobi, 4-22 June 1984
 

PROGRAMPE OF ACTIVITIES 

DATE: THURSDAY 7th June, 1984 

TINME TO1PIC/ACT I VI TY 	 RESPONSI I.I" 

08.30-09.00 	 Technology fov agroforestry: an Peter Huxley
 
introduction
 

09.00-10.00 	 The environment.al basis of Anthony Young
 
agroforestry
 

10.00-10.30 	 Coffee break 

!0.30-11.30 	 Soil productivity aspects of P.K.R. Nair
 
agroforest, ry
 

11.30-12.30 	 Multipurpose trees: opportunities 1'. von Carlowit., 
and Limitations 

12.30-14.00 	 Lunch 

14.00-14.45 	 Animal production in agroforestry Filemon iorr, s 
systems 

14.45-15.30 	 Tree/crop mixtures - The benefits Peter huxley
 
(or otherwise) of mixed marriages
 

15.30-16.00 	 Economics and agroforestry Dirk iloekst.ra 

Independent 	 work Participants 

http:iloekst.ra
http:15.30-16.00
http:14.45-15.30
http:14.00-14.45
http:12.30-14.00
http:11.30-12.30
http:0.30-11.30
http:10.00-10.30
http:environment.al
http:09.00-10.00
http:08.30-09.00
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AGROFORESTRY RESEARCH FOR DVEL()PMENT 

Training (ou.-'e
 

Nairobi, 4-23 June 19S4
 

PROGRAMME OF ACTIVITIES 

DATE: FRIDAY 8th June, 1984 

TIME TOP [C/ACTIV I TY 	 REI'PONS I BIE 

08.30-09.30 	 Introduction to a 'ield trip on Lill Lundg,',n 
muil conservation 

09.30-10.15 	 Participants' consultations with
 
ICRAF staff
 

10.15-10.45 	 Coffee break 

10.45-11.30 	 Cou intined 

11.30-13.00 	 Lunch 

13.00-17.00 	 Field trip to Kiambaa Division Lill Lundgren 
Prter Wood 
Ester Zulvert.i 

http:13.00-17.00
http:11.30-13.00
http:10.45-11.30
http:10.15-10.45
http:09.30-10.15
http:08.30-09.30
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AGROFORESTRY RESE7 ARCI1 FOR D1:VIEIOI'M ENT
 

Training Cours.
 

Nairobi , 4-22 ,tumnc 1984
 

PROCRAMME or ACTIVITIES 

DATE: SATURDAY 9th June, 1984 

TTME TOP IC/ACT] VITY 	 RESPONSI BI. 

08.15 	 Departure from Nairobi 

A visit to ICRAF's Field Station 
in Machakos District. 

- Introduction to the Field P.K.R. Nair 

Station 

- Visit. to the demonstration P.K.R. Nair 
plots P. von Carlowitz 

Peter Wood 

- Microclimate monitoring Till Darnhofer 

- Soil sampling and monitoring Anthony Young 

12.30-13.30 	 Lunch at. the Field Station 

13.30-	 A visit to Nairobi National Park Est.e Zulbcrti 
and return to hotel 

t-J 

http:12.30-13.30
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AGROFORESTRY RESEARCH FOR DEVEIOPMENT
 

Training (ours'
 

Nairobi, 4-22 June 1984
 

PROGRAMME OF ACTIVITIES 

DATE: MONDAY 11th June, 1984
 

TIME TOPIC/ACTTVI TY 	 RESp'nNS I11.. 

08.30-09.00 Review of first week Ester Zulberti 

09.00-10.15 Introduction to ICRAF's Diagnosti( John RaitiLree 
and Design Methodology 

10.15-10.45 Coffee break 

10.45-12.30 	 Independent work Participants 

12.30-14.00 	 Lunch 

14.00715.30 	 An example of a Diagnostic and Dianne Rochelvau 
Design application: the India 

Case Study 

15.30-16.00 	 Coffee break 

16.00-17.00 	 Pre-diagnostic information Anthony Young 

Till Darnhofer
 

http:16.00-17.00
http:15.30-16.00
http:14.00715.30
http:12.30-14.00
http:10.45-12.30
http:10.15-10.45
http:09.00-10.15
http:08.30-09.00
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AGROFORESTRY RE*:SEARCII FOR DEVE'I.OPI-MNT
 

Training Course
 

Nairobi, 4-22 June 1984 

PROGRAMME OF AC'IVITIES 

DATE: TUESDAY 12th June, 1984 

TIME fo p C/ ACT [V ITY RESI'O NST BI.I, 

08.00-10.00 Travel to the Kakuyutsi area Group leaders & 
ICRAF sta"f
 

10.00 Diagnostic survey in four work­
onwards ing groups
 

(Overnight at Kakuyuni) 

i'­

http:08.00-10.00
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AGROFORES'IRY RESEARCII IIR DEVELO PMIENT
 

Training Course
 

Nairobi, 4-22 June 19H4
 

PROGRAMME OF ACIrVITIES 

DArE: WEDNESDAY 13th June, 1984 

TIME TOPIC/ACTIVrTY RESPONSIBLE 

OR.0-12.00 Diagnostic survey continues in (Same as previou 
rour working groups day)
 

12.00-14.00 Lunch in Machakos town
 

14.00-15.00 Return to Nairobi
 

http:14.00-15.00
http:12.00-14.00
http:OR.0-12.00
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AGROFQRESTRY RESEARCII FOR I)IEVIiOIPMENT
 

Training Coiiirsw
 

Nairobi, 4-22 June 1984
 

IROGRAMME OF ACTIVI'TES
 

DATE: THURSDAY 14t.h June, 1984 

TIME TOP IC/ACri VITY RESPONSI BLE 

08.30 Diagnostic analysis (in four 
onwards working groups) 

10.00-10.30 Coffee break 

12.30--14.00 Lunch 

15.30-15.45 Coffee break 

http:15.30-15.45
http:12.30--14.00
http:10.00-10.30


AGROFORESTRY RSEARCII FOR EIIVEI.OPIENT
 

Traini ng Coir.e
 

Nai.robi, 4-22 June 1904
 

PROGRAMEIE OF ACTIVITIES 

DATE: FRIDAY 15th June, 1984 

TIME TOP IC/ACTI VI TY 	 R.SPONS I IllE 

08.30-10.00 	 Group presentation and discussiono' 
problems and potential interven­
tion points for system improvement Dirk Iloekstra 

10.00-10.30 Coffee break 

Continued
 

12.30-14.00 L.unch
 

Continued
 

15.00-1S.30 Coffee break
 

15.30-17.00 	 General "syslems specifications" John Raintre: 
for candidate technologies 

\f 

http:15.30-17.00
http:15.00-1S.30
http:12.30-14.00
http:10.00-10.30
http:08.30-10.00
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AGROFORESTRY RI:SEARCIH FOR )EVELOPMENT 

Training Course 

Nairobi, 4- 22 June 1984 

PROGRAMME Or' m'IuisAC'T lv 

DATE: MONDAY 18th June, 1984 

TiME Tel'LC/AC'r [VI TY 	 RESPONS I BI.E 

O.30-10.00 	 Tdentification of* candidate tech­
nologies and service functions 
(within existing system) John Raint'ee 

10.00-10.30 Coffc break 

10.30-12.30 General technology specifications 	 Peter 1luxley 
Peter Wood 

12.30-14.00 	Lunch 

14.00-15.30 Scientific and Technical Tnforma- Richard Ntiru 
t.ion Sources. Data Bases Anthony Young 

P. von Carlowitz 

15.30-16.00 Coffee break 

16.00-6.30 Conti.nited 

16.30-17.00 Second week review Ester Zulierti 

http:16.30-17.00
http:16.00-6.30
http:15.30-16.00
http:12.30-14.00
http:10.30-12.30
http:10.00-10.30
http:O.30-10.00
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AGROFORESTRY RESEARCH 1OR DEVEI.PMENINT 

Training Coull.tI 

Nairobi, 4-2'2, Jutn 1984 

PROGRAMME OF ACTIV IIES 

DAT'E: TUESDAY 19th June, 1984 

TIME '1'1 IC/ACT IV 'ITY 	 RESPONS I BIL. 

08.30-09.30 	 Economic appraisal of a selected Dirk floekstra 
intervent,ion 

09.30-10.30 	 Practical MULBUD oxercise Lubaina Fidaali 
Margaret. Muta 
Simeon Kanani
 

10.30-11.00 Coffee break
 

12.30-14.00 Lunch
 

14.00-1500 Practical exercise continues
 

15.00-15.30 Coffee break
 

15.30-16.45 	 Continued 

http:15.30-16.45
http:15.00-15.30
http:12.30-14.00
http:10.30-11.00
http:09.30-10.30
http:08.30-09.30
http:Coull.tI
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AGROFORESTRY RESEARCil FOR DIV.OPMLENT 

Trainiiin-g CoIIIsV
 

Nairobi, 4-22 .itte 1984
 

PROGRAMME OF ACIIVITIES 

DATE: WEDNESDAY 20th June, 1984 

TIME TOPIC/ACTIVITY 	 RESPONSI 1B.1; 

08.30-09.00 	 Recapitulate steps 10 and 11 Peter Huxley
 
(Prioritized specifications and
 
detailed Technical/Scientific/
 
Economic/Social appraisal of tech­
nological choices that best, fit 
the specifications) 

09.00-10.00 	 Planning research on species and 
provenances
 

10.00-10.30 Coffee break
 

10.30-12.30 Planning field trials e.g. spacing
 
arrangements, and experiments on
 
tree/crop mixtures
 

12.30-14.00 Lunch
 

14.00 What environmental and social Till Darnhofer 
onwards factors do we need to measure and Anthony Young 

how? 	 Dianne Rocheleau
 

http:12.30-14.00
http:10.30-12.30
http:10.00-10.30
http:09.00-10.00
http:08.30-09.00
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AGROFORESIRY RESEARC FORUEVEIOPMENT
 

Training Coir e
 

Nairohi, 4-22 Jne 19H4
 

PROGRAMME OF ACT IVTIE'S
 

DATE: THURSDAY 21st June, 1984
 

TIME TOPrC/ACTIVT Y 	 RESPONS I lFI.i 

08.30 	 Experimental design for a selected 
onwards 	 agroforestry technology in working
 

group s 

A. Species/provenance trials
 

B. Hledgerow/intercropping
 

C. Looking 	for fodder
 

10.00-10.30 	 Coffee break 

Continued
 

12.30-14.00 	 Lunch 

14.00-15.00 	 Working groups presentations Rapporteurs 
of experimental designs on the 
above topics
 

15.30-15.45 Coffee break 

15.45-16.30 Wrap-up session Peter Hluxle)y 

http:15.45-16.30
http:15.30-15.45
http:14.00-15.00
http:12.30-14.00
http:10.00-10.30
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AGROFORESTRY RISEARCII FOR DEVIl.PM'NT 
,Trai ninig CoLtirs 

Nai vobi, 4-22 .Jm 1984 

PROGRAMME OF ACri VI IiS 

DATE: FRIDAY 22nd June, 1984 

TTE 'OPIC/ ACTI VVTY 	 RESPONS 1 Ii.I' 

08.30-10.00 	 Final individual par, icipants'
 
consultations with ICRAF star'"
 

10.00-10.30 	 Coffee break 

10.30-11.30 	 Summary session and course ICRAF Staff and 
evaltiat. ion participants 

11-30-12.30 	Closing session. Presentation of John Raintree
 
Certificates. Farewell to part- Officer-[n-Charge
 
icipants
 

END 

http:11-30-12.30
http:10.30-11.30
http:10.00-10.30
http:08.30-10.00
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ANNEX 4 

ICRAF/USAID AGROFORESTRY COURSES FOLLOW-UP
 

Nairobi, 4-22 June 1984
 

Participants' Feedback Information
 

1. Please indicate whether there have been any changes in 

your employing institution affecting your position and/or 
responsibilities since you attended the June course. 

Tick as appropriate.
 

NZ
 

D YES. Briefly describe your new responsibilities.
 

During the three week training course, time was approximately
 

distributed as follows:
 

Week I - The conceptual and technical background of agro­

forestry
 

Week II - ICRAF's Diagnostic and Design Methodology
 
First half
 
of Week III
 

Second half - Agroforestry research information and relevant
 
Week III experimental approaches
 

/ 
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2. Please indicate whether you have been able to use infor­

mation presented during the course in Research Activities 

D NO 1 YES (Please, specify below) 

Name the project or activity. How many people are involved? 

3. 	 Please indicate whether you have' been able to use iiifo'­

mation presented during the course in extension activities 

D NO - YES (Please, specify below) 

Briefly describe the activity.
 

Indicate how many farmers you are reaching.
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4. 	 Please indicate whether you have been able to use infor­

mation presented during the course in Teaching Activities 

n NO 1 YES (Please, specify below)
 

Give title of courses/seminars.
 

Indicate approximate duration and number of students attend­

ing the actlvity(ies).
 

5. 	 Have you used coUrse information in any other activity? 

NO YES (Please, specify below)
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At the time of the course 
you received a rather voZuminous
 
training package.
 

6. 	 Have you been able to go over or read in 
depth the written
 
information provided upon return to your country?
 

D1 	 D-NO F]YES PARTIALLY 

7. 	What information did you find 
most useful?
 

8. 	What. information would you like Lo add to your training
 

package?
 

9. 	Have you been able 
to dissaminate the course 
information
 
among yo,,rcolleagues/stude7ts? Please specify.
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10. Do you have any specific plan to use the agroforestry
 

course information in the future? Please, briefly
 

specify.
 

11. Have you had 
contacts with any of the ICRAF scientific
 

staff during the past five months?
 

D jNO YES (Please, specify below)
 

In relation to what subject/area?
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12. 	 Your general afterthoughts and recommendations about
 

the course and training materials.
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ANNEX 5 

ICRAF/USAID AGROFORESTRY COURSE 
Nairobi, 4-22 June 1984
 

(Post -Course)
 

EVALUATION SHEET 

The purpose of the present evaluation sheet is to seek participants'

opinions about 
the general structure, organization and co-ordination
 
of the course, as well as suggestions to imlprove 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.
 
Your country is 
 DAY MON'i1I 

1.2 	 Did you receive the pre-course information before TICK 
coming to Nairobi?
 

YFS r 
1.3 	 Was pro-course information adequate? 
 T[CK 

1.4 	 Suggest any pre-course improvements. 

SECTION 2. Please give us your, views on the structure of the couirse. Were 
the following adequate? 

COURSE STRUCTURE TOO LONG ADEQUATE TOO SHORT 

2.1 	 The lengtih of the course 

2.2 	Daily working sessions
 

2.3 	Field exercises
 

2.4 	Independent work/study sessions
 

2.5 	 Other (Please, specify) 



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

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

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

--------------------------------------------------
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SECTION 3. The main objectives of the course are shown below. Indicate
 
how appropriate you believe they were and to what were
degree they achieved. 
Before completing this section note these definitions: 

Appropriateness: the relevance to your work and usefulness of the 
course 

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

1 rtt TRqriate/effetiv 5 = va~y q~Tria/efecdie 

OBJECTIVES APPROPRIATENESS EFFECTIVENESS 
____________2__ 1 32134 5 1 1 2 131 4 '51 

(Main) 
3.1 To become famiLliarized 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
 
1CRAF's institutional organization
 
and programe of work.
 

3.3 To develop/enhance an under­
standing of the concepts of AF as
 
a land use system, and of its po­
tentials and constraints. 

3.4 To become updated on available 
AF research information and appro­
priate experimental approaches. 

L 
3.5 Suggested improvmnts 

1A\
 



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

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

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

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

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

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

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

---------------------------------------------------------------------
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(Post-Course/3) 

SECTION 4. We would like your views on the physical resources and admin­
istrative supox)rt t'ov the course. Were they adequate? 

1 = nd adt,2e 5= a,a-U, 

Physical Resources and administrative support 1 2 3 4 5 

4.1 Conference room 

4.2 Meeting rooms 

4.3 Library services 

4.4 Computer services 

4. 5 Secretarial assistance 

4.6 Per diem payments 

4.7 Travel arrangements 

4.8 Hotel accommodation 

4.9 Meal arrangements in the field 

4.10 Trasportation arrangements 
during field exercises
 

. . . . . . . . . . . . . . ..-----------------------------------------------------------­

4.11 Other (please specify) 

4.12 Suggested improvements 

A'b 



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

-- -------------------------------------------------------
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(Post-Course/4)
 

SECTION 5. Indicate your- opinion about th; urgani,,ation of" training 
sessions ard general. co-ordination of the course. 

I = not adequate vry adquate 

Aspect to evalu.te 	 1 ­[1 22 K 
5.1 	 Training ir-.Acrialls, wrxitten i nforeuwition
 

given to particiants . . . . .
 

5.2 	 Quality of presentations (clarify of
 
speaker, use of visual aids, tim)
 

5.3 	 Availability -)f* visuial equiyment.
 
traini[ng aid(.-;, stat ionL-~v
 

5.4 	 Availaility col' Aaif for, crjnsiltatjions 

5.5 	 Other (please spocify 

5.6 	 Suggested imirov.f,,nas 

SECTION 6. 1'.%AL is your uiknion about the cou'.c participants? 

I not satisfactory 5 - very satisfactory 

Aspect to evaluate 	 1 2 3 4 5 

6.1 	 The size of the qroi~n of pirtCicioants 

6.2 	 The variouIs discip~lines re!presenited------------­

6. 3 	 The interaction ,mong patti cipants 

6.4 	 'lie interaction between participants 
and ICRAF staff
 

-6.5 Other (please specify) -	 -L 

http:evalu.te
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(Post-Course/5) 

6.6 Suggested improvements to Secin 6. 

SECTION 7. Your general comments about the course. 
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ANNEX 6 

SUMMARY OF PARTICIPANTS EVALUATION & RECOMMENI)ATIONS 

PRE-COURSE ARRANGEMENTS
 

Invitations to submit candidate-,' nominations were mailed to inS­
titutions in Africa and Latin America five months before the bhgitn-­
ing of the course. Twenty-two participants (out of twenty-three) 
indicated that they received the pre-cotirse information between 
February and May 1984 - 2 in February, 8 in March, S ill Api1 "il!d 
4 in May. Table I summarizes participants' responses on "prC­

course arrangements", followed by their recommendations on how to 

improve this aspect in future courses. 

Table 1. Summary of participants' responses on 
pre-course arrangements 

Aspect evaluated 	 YES NO

(%) 	 ,' 

Did participants receive the pre 
course information before the start 
of 	the course? 96 04
 

Was the pre-course information 
considered adequate? 81 	 19 

* In percentage of total number of responses
 

Suggested improvements were: 

" 	 If possible, send to the future participants more intlormat toil 
about; the D&D methodology; 

" 	 Request participants to bring information on planned or on­
going agroforegtry activities in their countries; 

" 	 Advise institutions to distribute the information to other
 
selected organizations.
 

OBJECTIVES
 

Participants were requested to express their views on 
the appro­

priateness and effectiveness of the course objectives using, for 

that purpose, a measuring :-;ale form I to 5, where I - less appro­
priate/effective and 5 . very appropriate/effective. The terms 

were defined as follows: 



-- 46 

Appropriatness - the relevancU., and isefulness of the course 

object, ives to the part icipants' work 

Elfectiveness - whether appropriate or not, the extent. to which 

the objectives were fulri.liec. 

Final information is summarized in Table 2. All the four ob­

jectives were assigned .1 or higher than 4 average values. 

Table 2. 	 Summary of' information on the appropriateness 
and effectivwness of the course objectives-: 

ObJectives 	 Appropriateness Effectiveness 

(MAITN) 

I. To become familiarized with 4.6 4.4 
the concepts and procedures of 
ICRAF's methodology to diagnose 
agroforestry-related landl use 
problems/constraints and design 
appropriate agroforestry systems 

(COMPLEMENTARY) 

2. To become acquainted with 4.4 4.2 
ICRAF's institut ion.l organi­
zation and programme of work 

3. To develop/enhance an under- 4.8 4.6 
standing of the concepts of Al 
as a land use sy tem, its poten­
tials and coastraints 

4. To hecome ii)(tated on available 4.6 4.0 
AF research informat ion and appro­
prLate 'xperimental approaches 

* Expressed in average values of the total number of responses. 
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STRUCTURE OF TIlE COURSE
 

Participants' views were requested on the adequacy and duration/
 

length of the course, the daily working sessions, tile field
 

exercises and the independent/study sessions. These aspects were
 

evaluated in terms of too long, adequate and too short. A higher
 

percentage of the total. nu ,,er ol' participants thought that the 
"course" and the "independent work/study sessions" were too short 

while the daily working sessions were adequate. As for the "field
 

exercises", about half of the participants thought they were
 

adequate and the other half indicated they were too short. Table
 

3 summarizes the infoviiation on this section of the questionnaire.
 

Table 3 Summary of participants' views on 
tile course structure 

Aspects evaluated 	 TOO LONG ADEQUATE TOO SHORT
 

(%) ( ) (%) 

The total length of tile course 	 39
0 61
 

Daily working sessions 22 69 9
 
Field exercises 5 
 50 45
 

Independent study/work 
 4 31 65
 

* 	 In percentage of the total number of responses 

Suggested improvements were:
 

" 	Extend the 
length of the course - from four to six weeks - to
 
allow for more in-depth study/information mainly ocithe follow­
ing: experimental designs; !cwonomic evaluation and computer
 
exercises; and independent consultations with ICRAF staff;
 

" 
Some ICRAF staff could not be around throughout the course
 
period, due to other engagemen,,s; some efforts should be made
 
to invite experts with similar backgrounds to replace them
 
during training periods;
 

" 	Fridays could be used for consultations with ICRAF staff; in
 
this respect ICRAF needs to recruit more staff in animal hus­
bandry/range management.
 

U
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" Stre. (in content, and time allocated) the experimental design
in AF systems; 

" The course should aim to 
provide more hard data/information

about tested technologies.
 

PHYSICAL RESOURCES AND ADMINISTRATIVE SUPPORT
 

These aspects were evaluated using a 
I to 5 scale, where 
I - not 
.adequate and 5 
 very adequate. 
 Table 4 summarizes the information 

provided by participants. In general, the physical resources atnd 
administrative support were considered adequate as indicated by the 
values higher than 4.0. Information is given in Table 4 below.
 

Table 4. Summary of information on physical 
 resources 
and administrative support 4* 

Aspects evaluated 

X 

Transport arrangements during field exercises 
 4.9
 
Meal arrangements in the field 
 4.8
 
Hotel accommodation 


4.7
 
Travel arrangements to 
and from Nairobi 
 4.7
 
Secretarial services 


4.7
 
Meeting rooms for small working groups 
 4.4
 
Computer services 
 4.3
 
Conference room 


4.2
 
Library services 


4.0
 
Per diem payments 


3.8
 

Expressed in average vilues of the total number of responses
 

Suggested improvements were:
 

* Increase the per diem rate 
as 
Nairobi is quite expensive;
 
* Pay the 
same per diem rate to all participants, regardless of
whether they are resident in Kenya or not;
 

* Arrange to display books produced by ICRAF staff and have them
 
for sale;
 

e Arrange for participants to be able to borrow books from the
Library during the course period; D
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GENERAL ORGANIZATION AND CO-ORDINATION 

Participants views were requested regarding the adequacy of train­

ing materials, the quality of presentations, the use of visual 

equipment and training aids, and the availability of ICRAF staff 

for consultations. Again, a scale from I to 5 was used, where 

I not adequate and 5 = very adequate. As shown in Table 

below most aspects were considered more than adequate (values higher 

t1- 1 4). Once more, the time factor was considered the main con­

straint to consulting with ICRAF staff. 

Table 5. Summary of information on general course
 

organization and co-ordination
 

Aspect evaluated
 

Adequacy of training materials and hand-outs 4.6 

Availability of visual equipment and train­
ing aids 4.6
 

Quality of presentations (clarity of speaker,
 
use of visual aids, time). 4.2
 

Availability of ICRAF staff for consultations 3.9 

, Expressed in average values of the total number of responses 

Suggested improvements: 

" More time to be spent. in consultations with ICRAF staff;
 

" Dr. Raintree needs to use a microphone, he has good material
 
but his vocal projection is low; Dr. Rocheleau needs to slow
 
down her presentations;
 

" Installation of a switch close to the speakers to control
 
the lights;
 

" Hand out written information before the end of the clay to
 
allow for preparation for the next day;
 

" Avoid having too many speakers on the same day, otherwise
 
participants lose interest; 

{
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e Use video tapes to demonstrate field experiments and practices,
 
where constraints make actual trips to the sites impracticable.
 

PARTICIPANTS
 

Participants were requested to express their views about the size 

of the group, the various disciplines represented ,*nnd the inter­

action among themselves as well as with the ICRAF staff. A five­

numeral scale was used, from I . not satisfactory to 5 very 

satisfactory. Table 6 summarizes the information on this section. 

In general, all aspects were considered more than satisfactory 

(valkes higher than 4). 

Table 6. Summary of information about the
 

course participants 

Aspect evaluated
 

Size of the group 4.4
 
Interaction among participants 4.3
 

Interaction of participants with ICRAF staff 4.2
 

Various disciplines represented 4.2
 

* Expressed in average values of the total number of responses 

Suggested improvements were:
 

" 1re time should be allowed for interaction of participants
 
ith ICRAF staff;
 

" Improve the distribution of disciplines represented; there
 
was a strong bias towards foresters. As a result there was
 
a strong hard-science impact at the expense of socio-economic
 
concerns.
 

" More women participants should be cncouraged as they have a
 
strong input in rural development programmes.
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GENERAL COMMENTS
 

The participants were prolific in their comments and recommendations 
for the organization of similar events in the future. This is what 
they said (with minor editorial changes);
 

" My overall view of the 
course is good. There are 
a few
things that I would like to suggest for improvement:
a) give more emphasis to Experimental Design;b) ICRAF staff is a multidisciplinary group but duringdiscussions they do not always act in an interdisciplinary 
fashion;

c) there is a strong interest in meeting the ICRAF staffon an individual basis but when we wanted to meet for alonger period we had to sacrifice part of the lectures;d) I expected more interaction with ICRAF staff at the 
Kakuyuni site. 

" In my personal view, the cour-se was very well orgarized.informative and successful. ICRAF and USAMD are highlycommended. I am particularl.y grateful for this opportunityprovided by the two organizations to enable the part.icipantsto attend the course, the multidisciplinary approach toagroforestry is highly appreciated. It has been a job verywell done. The course has exposed me to ICRAF and agro­forestry, and has provided a forum for sharing my experienceswith ICRAF staff and col leagues all over the world. Onbehalf of my country, and my inst. itution, The Kain ii LakeResearch Institute at, New ihussa, I am very grat.eful for this 
opportunity.
 

" The training course was very frui tful and rewarding. I wasvery impressed by the manner n which it was conducted. was properly planned and implemented on schedule. 
it 

I ;tcqiredtremendous knowledge about agroforestry during the threeweeks. I would, however, like to suggest that in the futuremore emphasis be put on field/practical training and infor­mation. I extend my profound thanks and appreciation to theDirector and the able ICRAF staff. 

" Personally, I have gained a lot from this course, though itwas very short. I have gained much knowledge, but I fearthat I will be coming to you at the time of the implemen­tation of the principles I have learnt. I have every hopethat the gaps will be filled by mail returns. As Ileaving, I have more or less 
am 

designed an experiment for myinstitution. You will soon receive a copy for comments andsuggestions. I wish thet in future you increase field visits 
and independent work.
 

" Congratulations! than you very much. The training coursewas very good. I think ICRAF should, in future, offerspecific courses according to the interest of candidates. 

" The course was very interesting and full of important exper­iences and research recommendations in agroforestry. Thefacilities, training materials, and written information wereexcellent. All participants had the opportunity to discusswith the ICRAF staff relevant aspects of both AF relain ion 
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to the course and in relation to specific projects on-going 
in our home countries. I think extending the duration 
by 1-2 weeks is di ffic"IL to achieve., but 2-3 days could he 
squeezed during the firs't week for further discussions about 
the D&D methodology. I am very grateful to all ICRAF staff 
for' having given us all up-to-date information. Also, for their 
kindness and Lrriendslp . 

" 	 The course was cert:tny ver'y usef'ul in my case for teachitg 
purposes, research, and practical iutroduct ion to farmers and 
government people. Inf'ort.unately, but understandably, i feel 
that the tim.: was rather short, especially For farm inter­
action and computer techniques. I expect that communications 
with ICRAF should continue from now on, especially in bringing 
to our attention vmerging issues and literature neews. 

" The duration of the cotorse should be extended to 6 weeks instead 
of 3, to give both the speakers (lecturers) and participants 
enough time to cri t ica ly analyze and understand the information 
being presented. In the Diagnostic Survey, more attent,ion 
should be paid to the mothod of selecting the rarmers to be 
interviewed so a4 to give an insi.ght into the representativeness 
of the faros in tho area. ThiN did not come out clearly and 
one wonders whether he (ata and/or the designs carri ed out. were 
representative of Lite atea. If possible, the t,rials at Kaki­
yuni should be replicated in various parts of the semi-arid 
areas since: KakuyMi is a recent1y settled area even withoit 
land tenure; has different farming system from areas like Kitui, 
Lower Embu, etc.; 'armn size are much larger than in the other 
areas of Machakos: thre are areas 1 ike Lower Emhrr where the 
use of oxen is l imited Itue to rockiness and farmers are confined 
to hand-tool technologies. All these variations require tech­
nology testing For' ,adaptabi.ity to different farming syst'ms 
and lite styles. O(.herw ise, Lhe course was ver'y tieIp oI. in 
understanding th:.' conc.epts of agroforestry in general, and in 
particular, the last week that dealt very well with experimental 
designs in agrofore.;Lr'y, was oF great help to researchers try­
ing to incorporate f'orestr'y into crop production and solving 
shortage or animal feeds on small-scale farms in semi-arid areas. 

" 	The course was very helpful in clarifying the goals of ICRAF,
 
agroforestry systems, agroforestry experimental desigr' 1"d
 
and diagnostic design. I hope such training courses will be con­
tinued Lo make the researchers who are interested in agroforestry
 
are ,ware of what is important in designing agroforestry systems.
 

" The course wits generally well organized and properly coordinated. 
In fact, we all should appreckate this good work. 1, .n parti­
cular, congratulate Ester 'tlWheti for hu. tireless effort in 
ensuring that everything was correctly done, Regarding the 
academia aspect, I Feel ICRAF has Fairly - if not very - quali­
fied staff with vast experience and practtical orientation. This 
academic wealth has been adequately shared out in their prsen­
tations and discussions with the participants. This tendency 
should, if possible, be intensified in future courses. I must 
say that I am leaving For my place of work with broadened AF 
information. Lantly, there should be an increase in the female 
fox because if their number is little, they tend to be dominated 
in discussions by the male Fox. 

" 	The course was in general, satisf'actory to participants of cf
 
U 
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different disciplines. But there are some 
very important
 
areas that were not given enough time, e.g. the computer
 
exercise.
 

" 	 The course has been so 
fruitful to the extent of generating

the concept of agroforestry to be the general management of
 
land use system into the mind of participants. I would like
 
to suggest here that 
I feel the venue of this type of valuable
 
training course should not be concentrated in one particular
 
area. Maybe the organizers should plan the next one in another
 
country in Africa?
 

" 	Very useful. I wish it could be extended to French-speaking
 
countries, too.
 

" 	The course was excellently organized. I felt very comfortable
 
from the start of the course to the end. This was possible

because of the relentless efforts of Dr. Ester Zulberti 
to make
 
the course a success. However, I should also mention that all
 
the disciplines were well represented and I am positive to 

that I shall be in a position to impart some knowledge on AF 

say
in
 

my organization back home. Since economic analysis of AF is 
a
 
very important part, 
I feel that it should not be left out until. 
the final week hut be introduced on the onset of 'he programme 
so that participants get, acquainted with it right from the begin­
ing.
 

" 	 The course was useful and enjoyable. But it can be more usefuL
 
if enough time is given for oral discussions; sometimes the
 
exchange of views among participants is more interesting than
 
the lectures. Why doesn't ICRAF conduct 
research, since it
 
is a Council for research and has well qualified staff? Why
 
not include more scientists from developing countries? A cast!
 
study should be presented by at least one of the participants.

Last but not least, my best wishes to all 
ICRAF staff who made
 
this course possible.
 

" 	I have attended other training courses 
before (two) and I con­
sider this one as having been the best organized in all aspects.

Congratulations to the course co-ordinator and all ICRAF staff.
 

" 
 The course was properly and efficiently organized. The only

suggestions are: ICRAF should be more 
available for consultaLiols
 
with course participants; and allocate more time in the course
 
programme for "Experimental Designs in AF".
 

" 	The course is excellent. Staff dedication most commendable al-­
though they pushed in too much in such 
a short time. It is
 
proposed that: the time be increased to 5 weeks, siting be
 
changed to a remote hotel; a longer time# say 
3 days be given
 
to 	experimental design, planning and use of computer; 
the
 
familiarization with the computer should result in preparatiot

of 	project plans; 
a wider scope of computer programmes should
 
be worked out by ICRAF staff; course materials should h:ve an
 
appended section on relevant exercises; the objective o the
 
course should be changed from "familiarization" to having a
 
"deeper understanding" of the subjects in question
 

" 
 I must sincerely say that the course has been very successful 
and has added more and now knowledge to my work. I have learnt 
new concepts and practices related to land use and, no doubt, 

)
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these will give me new avenues in planning for both research 
and extension work in agroforestry. I would suggest that more 
field exercises in different ecological zones - arid, semi-arid, 
and high rainfall - be added. Mlore time for computer exercises 
and the use of computers should be given. It is my feeling that 
the three-week period for the course was too short as there is 
still a lot to be learnt about agroforestry. Suggested 6 weeks
 
duration of the course would give brighter views and research 
in-sight of agroforestry fotr development.
 

" 	 I am quite convinced that the course arrangement, design and 
approach have adequately covered and achieved the purpose. 

" 	To me the course was useful as it has made clear the concept
 
of agroforestry, which has many features in common with rural 
development, on which the project I am working is based. For 
sure this new understanding will help me and my colleagues to 
reconsider the project and our priorities taking into consider­
ation livestock, crops and trees as an integral part of the 
farming system for improved production. One should express 
gratitude to ICRAF staff for their co-operation, help, commit­
ment and devotion to ICRAF objectives. 

* 	 The course is fairly good. It has reached a high scientific 
level, well appvcrlahnd by the participants. Discussions among 
participants and ICRAF staff - mainly group work presentations ­
have led us to feel at. a fruitful scientific workshop on Agro­
forestry. I pet'sonally appreciate the kindness of all the ICRAF 
staff. The feeling started from the airport, and has continued 
throughout the training course period. I am very grateful to 
them. 

" The course, in its present form, is very stimulating. The period 
chosen to start the course is particularly appropriate, in view 
of the world-wide environmental degradation, which is parti­
cularly serious in the Third World. If the participant had been 
working in some form of agroforestry institution, he/she is 
mostly likely to have many of his doubts cleared by the end of 
the course. If the course was to stimulate interest in the po­
tential benc fits to be realized from the agroforestry system of 
land use, then this objective has been achieved admirably. The 
only bottle-neck is that the participants did not have enough 
time to assimilate the course materials. The theories itlI'oduced 
during the training were not sufficiently backed by field pra­
cticals. Such a situation may affect the application of theories 
into field realities. It is gratifying to know that ICRAF staff 
are ever-ready to assist,as much as is practicable. There is, 
however, an excellent probability that most participants will 
make an attempt to practise this new land use method they have 
been introduced to. Such individuals will learn how to practise 
agroforestry by ACTUALLY PRACTISING AGROFORESTRY, THE SEED OF 
AGROFORESTRY HAS BEEN SOWN. THIS ALONE, IN THE UNLIKELY EVENT 
OF NOTHING ELSE, IS AN EXCELLENT ACIIEVEMENTI!! 
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ANNEX 7 

THE TRAINING PACKAGE
 

On Registration Day participants received 
a binder containing a
 
set of training materials (approximately 200 pages). A general
 
description of the content of' the training package by sections
 
and a list of documents by title and author are presented below. 
Some of these materials can be made available on request. 

DESCRIPTION OF CONTENT BY SECTIONS
 

Preface - By Dr. Bjorn Lundgren
 

Introduction - By Dr. Ester Zulberti
 

Provides an overview of the couse objectives and programme of
 
activities, as 
well as a description of the organization and
 

content of the training package.
 

Section I - ICRAF Role and Programme
 

The ICRAF information brochure, "An account of the Activities of 
the International Council for Research in Agroforestry", providos 
inro:'nation on ICRAF's mandate and objectives as well as on the 
eight programmes. 

Section 2 - The Conceptual and Technical Backgrounds to Agro­
forestry 

Is a compilation of key articles/notes dealing with the definition 
of the agroforestry concept, its potentials and constraint.s for 
land use. It. provi !es background information on ICRAF's global 
Agroforesl.ry Systems Inventory Project; introduces the newly estab­
lished concept of 'agroforestry research' focussing on woody peren­
nial species and land use; 
outlines ICRAF's approach to agroforestry
 
technology; and includes hand-outs for the field trips. Suggested 
readings on various aspects of Technology for Agroforestry are in­
cluded e.g. on environmental, economic, animal husbandry, and 
others. Documents enclosed are:
 

Ca\ 

http:Agroforesl.ry
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(Section 2 conLinued)
 

2.1 Main Notes 

" Torres, F., Agroforestry concepts and practices. Ini 
lloekstra, D. and Kuguru, P. (eds). Agroforestry Systems
for Small-scale Farmers. Proceedings of a Workshop,
Nairobi, 5-10 September 1982. Nairobi: ICRAF. 1983. 

" Lundgren, B.O. and Raintrec , J.lH. Sust.ained agrororeo-ty. 
Reprinted from "Age'icull atl Research for Developme nt: 
Potentials and challenges in Asia". Report of a Conference 
hold 24 -29 OcLobe . 1982, .Jakart.a, Indonesia. The ij.,,. 
ISNAR. PP. 37--49.
 

2.2 Practical Exercises/Field T'ips 

* 	 Huxley, P. and Owino, F. Agroforestry Field Trip to 
Kianbu District, April 1181. 

* 	 Lunclgren, L. Ex'ursion to Kaimb" District/Kiambaa and 
Lari Divisions. June 1984. 

2.3 Supplementary Materi a1/Readings 

a 	 Nair, P.K.R. and Fn'rnandcz, E. An Output from ICRAF's 
Agroforestry Sy:Ltem:; Inventory Project. I184. 

* 	 Huxley, P. OuLl.ing the ObjectiLvts, Outputs and Immediate 
Inter-programme Links. June 19N,. 

a 	Young, A. an Environmental Data BAse for Agrororestry. 
Working Paper S. Nairobi : CRAF, 1983. 

* 	 Nair, P.K.R. Soi I Produc.tivity Aspects of Agroforestry. 
Science and Practice of Arororestry I. Nairobi: ICRAr. 
1984. 

0 	Torres, F. Rul. -i" Woody Purennails in Animal Agroforestry.
Reprinted from "Agrol'orestzy Systems" 1: 131-163. 19S3. 

6 	Huxley, P. Intercropping wi.th trec-/opLimising r,.,-,ci, 
Combinations. In A Manual of Methodology for the Exploration 
and Assessment or Mut pupose rrss. Huxley (ed. 

* 	 Iloekstra, I). The Use of Economics in Agroforestry. WOrk­
ing Paper 2. Nairobi: ICRAF. 1983. 

M 	Darnho'cr, T. Plant-Wator' Reqinrement and Water Avai l­
ability Assessments/Temperatures and PLant Developmert. 
Taken from Resources of Agrolorestry Dangosis and Deia". 

Section 3 - 1CRAF's Miagnos! and Design Methodology 

Documents included in Lhis section cover the conceptual Irram­

work of the methodology; an ontline and description or thr 
step-by-step procedures; preliminary information on the inOia 
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(Section 3 continued)
 

Case Study; and pre-diagnostic information on the Kakuyuni water­

shed. Practical field tools, including a diagnostic survey guide­

line and maps are also found in this section. A marual and a pra­

ctiual exercise to undertake the economic appraisal of select.ed agro­
forestry interventions complot.es the sect.ion. Docuiments by title 

aid author arc as follows: 

3.1 Main Notes 

* 	 ICRAF. Guidelines for Agroforestry Diagnosis and Design. 
Nairobi: ICRAF. 1983. Working Paper No.6. 

3.2 Practical Exercises/Field Work
 

" 	Case Study Review in India (Preliminary and In.ormation) 

* 	 Pre-Diagnostic Information on the Kakuyuni Watershed.
 

* 	Diagnostic Survey Guidelines. 

* 	 Map of the Kakuyuni Watershed with homes, Roads and Paths. 

" 	 Iockstra, D. Analysing Alley Cropping for Semi-Arid Con­
ditions: The Kenya Case Study. ICRAF Training Maturials/ 
The MULBUD Series No.2. May 1984.
 

3.3 Supplementary Material/Readings 

4 	 List of Centres Pai,'ticipating in AGRIS 

* 	 Etherington, D. and Matthews, P.J. MULBUD User's Manual. 
Australian National University. 1982. 

Section 4 - Relevant, Experimental Approaches to Agroforestry 

Research Needs
 

It provides background information on research planning consider­

ations with emphasis on relevant agroforestry experimental designs 

and plant management. Notes. hand-outs and supplementary materials 

included in this section are as follows:
 

" Wood, P. Notes on Species and Provenances: A Guide to
 
Field Practice. 

" 	Darnhofer, T. Meteorological Elements and their obser­
vations. Nairobi: ICRAF. Working Paper No. 14 

" 	Rocheleau, D. Update of ICRAF Methodology/Procedural 
Sequence for the Multi-lnstitutional Collaborative Pro­
jects.
 

http:complot.es
http:select.ed
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" Assessment of Experimental Sites* 

" The Scope and Design of Field Trials"} 

* Systematic Designs for Field Experimentations 
with Multipurpose Trees.' 

" Considerations when Experimenting with Changes 
in Plant Spacings.* 

Section 5 - Course Information
 

The last section of the binder contained general information about.
 

the course objectives, timetable and daily programme uf activities,
 

and the names and addresses of the participants. The Evaluation 

Form was also included. The organization and content of' this 

section is as follows: 

" Course Objectives
 

" Particiapants' Names and Addresses
 

* ICRAF Staff and Invited Speakers 

" Timetable 

" Programme of Activities (by day) 

" Evaluation Form 

i From luxely, P. (ed). A Manual for the Exploration and
 

Assessment of Multipurpose Trees. In preparation.
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1. INTRODUCTION
 

Although ICPAF is not a 
member of the CGIAR system it does

collaborate with a 
number of CG centers in the area 
of Farming

Systems Research relevant to agroforestry. In order to meet

the need in agroforestry for a practical approach to 
the iden­
tificatisn of research priorities in a 
field like agroforestry,

which lacks an established tradition of research, ICRAF is
 
in the process of developing a "Diagnostic and Design" meth­
odology. 
Now, after more than twenty trial applications in
 
a wide range of sites around the world, draft manuals of the

methodology have been produced for wider dissemination and
 
testing.
 

This methodology development activity takes place within the
 
Agroforestry Systems Programme at 
ICRAF and is part of the

Council's overall 
thrust in systems methodologies for agrofor­
estry. Other projects in 
the Systems Programme deal with
 
the adaptation and development of methodologies for economic
 
analysiE in agroforestry &land 
evaluation for agroforestry.

Other current projects in the Programme include an 
Inventory

of Agroforestry Systems and Practices and a 
project on Land
 
Tenure and Agroforestry. The Agroforestry Technology Programme

at 
ICRAF deals with the collation and synthesis of 
information
 
on 
component technologies and with methodologies for technology
 
generating research.
 

The "D&D" methodology is currently being used mainly to 
formu­
late agroforestry R&D projects in collaboration with national
 
and international partners 
through the activities of ICRAF'S
 
Collaborative and Special Projects Programme and as 
a major

part of three week Agroforestry for Development courses offered
 
by 
ICRAF'S Training and Education Programme. D&D activities
 
provide a context 
in which ICRAF's other methodologies are
 
brought into play.
 

The D&D methodology is basically an FSR type of approach,

adapted to the special 
needs and potentials of agroforestry.

As an observer at this meeting 
ICRAF is interested to learn
 
of commonalities and differences 
in the Fariing Systems meth­
odologies being used by the CG centers, with 
a view toward

improved coordination of collaborative activities. 
One poss­
ible future activity of the D&D Project 
is to develop a meth­
odology module 
for use by national research institutes al­
ready using FSR methodologies, with the aim of aiding research­
ers to identify agrnforestry potentials and research poss­
ibilities within the FSR context.
 

Although ICRAF's client institutions include forestry depart­
ments interested in 
integrating farmers, agricultural crops

and livestock 
into forest management schemes, the wain body

of current work in agroforestry focuses on 
the integration

of trees 
into farming systems to play a variety of production

and service roles, leading to improvements in the productiv­
ity and sustainability of farming systems through integrated
 
land management.
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2. OBJECTIVES
 

The aim of 
the D&D Project is to develop an efficient pro­
cedural framework and practical 
tools for the diagnosis of
 
agroforestry-related problems and potentials in 
land use
 
systems and design of agroforestry systems and technologies
 

to solve or mitigate the identified problems and develop the
 
latent potentials of the system. 
 The focus on land use systems

Provides a broad context 
for diagnostic activities appropriate
 
to the wide scope of potential agroforestry designs.
 
In accordance with its role as a 
research council and with
 
an opperating budget that does not currently allow scope 
for
 
direct management of technology generating projects, the main
 
use of the D&D methodology is to assist national'and inter­
national 
partners to develop projects which they themselves
 
implement, with backstopping from ICRAF. It 
is possible,
 
however. that in future ICRAF will 
become more directly invol­
ved in project management.
 

One of the main differences between D&D and other FSR ap­
proaches is the emphasis on 
a more el-borate technology/land
 
use system design objective. The second D 
in D&D stands for
 
"design" in this concrete engineering sense.
 

As in the other methodologies being discussed at 
this meeting

the emphasis on D&D is on providing a basis for technology

generating research, although the potential 
is also present

for direct application in development-oriented projects (with
 
a research component) as well 
as for policy applications.
 

3. PROGRAMME STRATEGY
 

In its methodology development activities ICRAF follows a
 
three phase strategy: I) develop 
 in-house capability,

2) expansion of in-house capacity (i.e. 
to handle an adequate

volume of methodlogy applications), 3) transformation of the
 
developed capability into a methodology which can be 
indepen­
dently implemented by clie'ts, 
through documentation (manuals,
 
case studies, etc.) 
and training activities. The D&D method­
6logy is now in phase 3. A revised version of the draft man­
uals will be published in late 
1985. An eventual synthesis

with technques of 
land evaluation for agroforestry now being

developed will provide a means 
for larger scale land use
 
planning 
 in which D&D will provide system specific

"ground truth" 
information.
 

4. STRATEGY FOR COLLABORATION WITH NARS
 

NARS are here taken to include 
forestry research institutions.
 
watershed management authorities, etc., in accordance with
 
the broad scope of agroforestry uses.
 

The main outreach arm of ICRAF is the Collaborative and Special

Projects Programme (COSPRO), whose aim 
is to strengthen nat
 
ional 
capacity for agroforestry research aad development.

COSPRO has participated in seven 
project formulation exercises
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to date, in which Joint multidisciplinary teams of ICRAF and
national 
scientists have applied the D&D methodology 
to arrive
at 
plans for technology b'enerating projects. 
These applica­
tions have resulted in the training of 
some 50 national and
regional scientists in the 
use 
of D&D for project formulation
 
purposes. 
COSPRO also seeks to assist 
in the institution­
alization of agroforestry research capacity through catalyzing

the formation of national 
and regional research networks.
 

The Training and Education Programme of ICRAF also seeks to
build national capacity. To date 
some 62 scientists have

been trained in 
ICRAF's approach to agroforestry. 
The three
 courses held so 
far have included a 
Ii week module on D&D•
built: 
around a central 
case study exercise in which the train­ees participate. 
 ICRAFS Information and Documentation Program­
me is, another channel 
for dissemination of the buildup of
agroforestry knowledge (databases. etc.) 
and methodologies.
 

In all 
of these outreach programmes ICRAF has collaborated

with CG centers. 
One of the most interesting forms of colla­boration is in 
the formulation and backstopping of national
 
research projects.
 

5. SCOPE OF D&D
 

To identify agroforestry-related needs and potentials of land
 use systems we have to cast our 
diagnostic net pretty wide.
While D&D concentrated initially 
on 
the basic land management

and decision-making unit 
(usually the 
family farm, household

herd, etc.). it 
was soon realized that many AF-related problems

and potentials require a larger-than-farm scale approach 
to
diagnose problems whose origins cannot be assigned exclusively

LL, idlividual management units and/or which require

larger scale, often cooperative approaches to 
the design.
of solutions (watershed management problems and the 
overex­ploitation of communal 
fuel and fodder resources are typical

examples). In principL6 
this same situation may arise in

non-agroforestry oriented diagnoses as well, although they
are not 
often addressed by most FSR methodologies (even those
purporting to 
be "whole system" approachet, let alone those
which explicitly restrict the 
focus to the "enterprise" level).
 

The point is that 
it is more difficult, 
if not impossible.

to 
ignore larger than-farm scale factors in agroforestry diag­nosis and technology design. Likewise with smaller scale

factors. 
 In Africa. where women often have quite distinct
production opportunities and responsibilities from men 
(includ­ing often primary responsibility for fuelwood and fodder col­lection as well 
as the main burden of food 
production),

was found necessary to focus D&D activities onthe 

it
 
intra-house­

hold scale of analysis. 
Tenure problems vis-a-vis both land
and trees cut across all 
levels of analysis and have a 
major
impact on agroforestry potentials within existing land 
use
 
systems. Accordingly, the D&D methodology attempts to address
3 levels as a 
routine practice: 1) watershed/community level.

2) management unit 
level 
(usually the household but 
it could

also be a forest management unit), 
3) intra-household 
level.
 

'V
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In taking the "land 
use system" as the focus for D&D activities
we have been 
led toward a hybrid concept of "the system" for
D&D purposes. As suggested by the following figure. a
use system is conceived as that part of the total 
land
 

human eco­system of 
an area which is comprised of all 
those interactions

by which by which Man exploits his perctLved Resource Base
by means of available Technology to satisfy Human Purposes.

Accordingly, the diagnosis of the systems starts from an
analysis of the production objectives of the land 
users.
Those production subsystemi in which the land user experiences
difficulties in meeting his/her production objectives are
then subjected to a "trouble-shooting" analysis to expose
the constraints and causal factors implicated, in the etiology
of these problems. 
Although the D&D methodology attempts
to provide a logical and efficient sequence of queries, heavy
reliance 
is placed on the competance of the multidisciplinary


D&D team, using the quldelines and checklists, to trace the
lines of causality through as many levels in 
the sociobiophys­ical 
system as necessary to define the syndromes behind prob­lems whose main "symptoms" are ap'e- experienced as particular

types of failure 
in meeting the objectives around which the
 
system is organized.
 

Again, this approach to the analysis of systems which are
organized by human purpose needn't apply only to agroforestry
oriented FSR, but in agroforestry, where the relevant product­ion objectives can be quite wide ranging, a more generalized

approach of this type is virtually unavoidable.
 

MAN 

A 
.10 

A U
C U 
C C 
[
 

N 0 

EUVIWNT 
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Faced with a 
diagnostic task of potentially great complexity.

we have attempted to simplify the type of systems analysis

required for agroforestry by definiing subsystems in 
terms
 
of the desired outputs. A "production subsystem" in 
this
 
sense is comprised of any and all 
resources, activities and
 
factors involved in the production of a-desired output. 
 As
 
a kind of checklist for 
rapid entry into the diagnosis of
 
any system (but particularly relevant to household production

systems) we 
have taken a "basic needs" approach to the iden­
tification of subsystems. 
The following needs are considered
 
basic and universal: 
 food, energy, water, cash, savings/in­
vestments, raw materials for 
local processing industries,3mCZA-r

and social proO,.ction. 
 The heuristic hypothesis is that,

whatever else they might do, land 
use systems are organized
 
so as to sati.,y these basic needs. 
To describe the system

it is merely necessary to identify the preferred

products or 
forms of needs satisfaction (e.g. maize rather
 
than sorghum, etc.) 
and describe the location, resources used
trrhnology tployed and 1 activities involved in meeting

the production objectives of the management unit.
 

This approach provides a quick entry 
into the system and sets
 
the stage fo-
 the assessment of problems and trouble-shooting

exercise which follows in 
the diagnostic phase, but it may

need to be supplemented by similar analyses at different levels
 
in the 
nested hierarchy of system organization (watershed/

community and intra-household 
levels). It has the advantage

of clearly linking technical subsystems to the objectives

of the producers and of streamlining the diagnosis to 
focus
 
on those subsystems in which problems are evident. 
 Of course,

it always has to be broadened to deal with potentials not
 
suggested by the analysis of presently percieved problems,

but this is where the skills of the multidisciplinary team
 
come into play in 
 rounding out the diagnosis of problems

and potentials. In agroforestry, where conservation is the
 
other side of the 
coin of production, 
it is oten necessary
 
to make an independent assessment of resource degradation

problems (particularly those amenable to 
an agroforestry

solution). 
 But this criterion can be operatienalized in terms
 
of the "sustainability" of the existing production subsystems,

thus relating conservation objectives to 
the production object­
ives of the land 
user. and suggesting possibilities for tech­
nology "packages" which make use 
of the "piggy-back principle"

to address a 
wider range of system needs and potentials than
 
are currently percieved by 
the unit managers.
 

Again, there is nothing to restrict this kind of approach

to agroforestry applications, but in agroforestry, where exper­
mental systems take a 
long time to establish and test and

where, once established, they are likely to be a long time
 
on the ground, there is 
a 
higher premium on well conceived
 
designs.
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6, APPROACH
 

We think of Diagnosis and Design as a basic process which
 
is fundamental to all problem-solving approaches and we have
 
made a deliberate attempt to reduce it to its fundamental
 
components and logical requirements, weeding out unproductive

ideosyncracies as we've gone along, in response to user feed­
back. We also think of it, in its elementary form, as an
 
iterative process which continues throughout the life of a
 
technology generating and disseminating project from formula­
tion, through implementation of R&D activities, to dissemina­
tion and adaptive research. As such it becomes part of the
 
"internal guidance system" of 
an applied "research for devel­
opment" project. Uses of D&D at different stages in the life
 
cycle of such a project and the basic structure of feedback
 
linkages are suggested by the following illustrations.
 

PRE-MOECT MDb MD-EDJKcT D&D PUS-ElTENS1ODOD IZTASO 00 

OBSERVATION TRIAL ONSERYATIO TRIAL 

DEISG DIAOMIF DEJUN DIA0lSOSS DEUIC DIA llZS DEI11 DIGOSIS 

INITIATE lfN[E ASSESS EXTEND 
R&D PROTr PE EXTIAPOLASILITY A" ADAPT 



RESEAPR! OA-NTSTIO 
DESCRIPTION
 

C DISSEHtIATEOK T 

Diagnosis-and "esign is an iterative process which continues
 
throughout the life of a project as part of its internal
 
guidance system. Note feedback linkages.
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In presenting the D&D methodology to potential users we have
 
encountered different responses to the 
level of detail in
 
the guidelines we are currently able to provide. Some users
 
want only minimal guidelines, the basc.bones and logic of
 
the basic procedures, with full freedom to workout the details
 
themselves. Others want detailed "recipies," step by painful
 
step. We also note that 
interest in more detailed procedural

suggestions increases with exposure to and familiarity with
 
the methodology in the field$ (we notice the same 
effect with
 
all of our training materials).
 

Accordingly, the current documentation (rela'ing mainly to
 
the project formulation process) is.. presented ip terms of
 
a four stage breakdown of the procedural logic (level I. "min­
imal guidelines," summarized in the following table), a further
 
subdivision into twelve steps (level 2. "semi-detailed guide­
lines," given in outline form in the succeeding pages), and
 
a companion "resource" document (level 3, "detailed guidelines'

which also contains a substantial number of optional resource
 
materials keyed to the different steps). (cf. Raintree, 1984.
 
ICRAF 1983a and 1983b, respectively.) Comparable guidelines

for the later phases of the project cycle have yet to be
 
developed, due to 
the longer time required to gain experience

with these phases on the ground. Four case studies of the
 
D&D project formulation process, undertaken in collaboration
 
with national and in some cases international (CGIAR) partners.
 
have been published in the ICRAF Working Paper series and
 
others are in preparation. A computerized D&D databank is
 
being established at the Nairobi offices to record D&D results
 
for comparative analysi.s and generalization.
 

In the next phase of the D&D development effort it is hoped

that we may find national partners to collaborate in revising

the current 
guidelines to incorporate adoption facilitating

adaptations to local needs and resources and to simplify the
 
presentation and cast 
it in the local research
 
idiom.
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Table 1. Summary of level 1 guidelines for project formulation
based on a four stage breakdown of the Im-nimal' logic of the
 
D&D process.
 

r1D STAGES 

PREDrAGno$siC 

BASIC QUESTIONS TO ANSvXER 

HOW THE SYSTEM VORKS 

(what does It look like,
how is it put together, 
how does it york?) 

Y FACTORS TO CONSIDER 

PRODUCTION OBJECTIVES 

AND STRATEGIES 

NODE OF INQUIRY 

SEEING THE SYSTEM 

DIAGNOSTIC HOW WELL THE SYSTEM WORKS 
(what are its problems, 

limiting constraints andproblem-generating 

PROBLEMS IN MEETING 
OBECTIVES 

CAUSES OF IDENTIFIED 

TROUBLESHOOTING 
THE SYSTEM 

DERIVING 

DESIGN 

PLANNING 

syndromes?) 

HOW TO I PROVL THE SYSTEM 
(what is needed to improve 
system performance?; 

WHAT TO DO TO DEVELOP THE 

IMPROVED SYSTEM(what specific R&D actions 
are needed to develop and 
implement the cnvisaged 

PROBLEMS 

PROBLEM SOLVING OR 
PERFORJANE EHANCING 
INTERVENTION 

R&D PRIORITIES 

SPECIFCATIONS 

DRAIPSTORNING 
AND EVALUATING 
ALTERNATIVES 

PROJECT PLANNNG 
AND H G 

ANDRESEARCH DESIGN 

improvements?) 

Level 2 'Semi-detailed' Guidelines
 

To give greater detail to the suggested procedures, ICMAF (19
further subdivided the basic four-stage process 
83a) has
 

into a set 
of 12 steps,
3 for each of the above listed stages. These are presented in outline
form below, along with the suggested output of each step, sources of
information, the main 
factors to consider, and an optional list of
usefuZ tools 
 and resource materials which the user might wish to consult
at the various steps (the latter are found in ICRAF, 1983b).
 

PREDIAGNOSTIC STAGE
 
Step 1. Environmental Description of the Study Area
 

Output: 
 A descriptive understanding of the diagnostically
relevant characteristics and organization of the selected

environment
 

Sources of information: 
Mainly existing documentation on the
study area, supplemented by limited field survey and interviews
with qualified informants
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Factors to Consider:
 
- Iiophysical parameters
 
- Socioeconomic parameters
- Structure and function of the human ecosystem of the area
 
Useful Tools: Environmental Data Base for Agroforestry (Young,
1983); worksheets for relevant biophysical and socioeconomic
 

data and guidelines for description of the human ecosystem
 
(ICRAF, 1983b)
 

Step 2. Differentiation of Land Use Systems Within the Study Area
 

Output: Identification of distinctive land use systems requiring

separate D&D treatment; selection of priority system(s) for
 
D&D attention
 

Sources of Information: as above
 

Factors o Consider:
 
- Land units (possessing a similar set of biophysical
 

characteristics)
 
- Management units 
(with similar production objectives and
 

resources)
 
-
Land use systems (distinctive combinations of land units and
 

management units)
 
- Criteria for system selection
 
Useful Tools: Worksheet for differentiation of land use systems
and suggested criteria for selection of systems for D&D
 
attention (ICRAF, 1983b)
 

Step 3. Preliminary Description of the Selected Land Use System(s)
 

Output: A preliminary characterization of the objectives and the
internal organization of the land use system(s) (for reference
 
use by the D&D team at the Diagnostic Stage)
 

Sources of Information: As above
 

Factors to Consider:
 
-
Structure and function of supply subsystems at the mandgcment


unit level
 
- Additional descriptive information on production activities
 

(agricultural, forestry, livestock and agroforestry practices;
 
water management)
 

Useful Tools: Various worksheets, guidelines and appendices on the
 use of ICRAF's 'basic needs' approach for description and diagnosis
of household production systems, with supplementary guidelines

for forestry and watershed applications, input-output analysis,

matrix tools, modeling techniqeus and other useful tools
 
(ICRAF, 1983b).
 

DIAGNOSTIC STAGE
 

Step 4. Diagnostic Survey
 

Output: Information necessary for a diagnosis of land 
use problems
and potentials (both agroforestry and non-agroforestry) at the
 
management unit (farm) and ecosystem/community level
 



Sources of Information: Area reconnaissance and diagnostic

surveys of representative management units (the latter is based
 
on a 'trouble-shooting' procedure for identification of the
 
causes of problems within the supply subsystems)
 

Factors to Consider:
 
- Problems and potentials at the ecosystem level
 
-
 Problems and potentials at the management unit level
 

(supply problems, causal factors involved in the creation

of supply problems, present constraints and problem-causing

syndromes, future sustainability problems, undeveloped potentials)
- Farmers' strategies for coping with identified problems
 

Useful Tools: Suggested survey techniques and interview guidelines,

sample diagnostic survey instrument (ICRAF, 1983b)
 

Step 5. Diagnostic Analysis
 

Output: A diagnosis of major land use problems and potentials
 
Sources of Information: Findings of the diagnostic survey;

information provided by all preceeding steps
 

Factors to Consider:
 
- Present problems and potentials at the ecosystem level
 - Present problems and potentials at the management unit level
 
- Sustainability problems
 
Useful Tools: Analytical worksheets, detailed analytical guidelines

and queries, causal and functional diagramming tools (ICRAF, 1983b)
 

Step 6. Derivation of Specifications for Appropriate Technology
 

Output: 
 A reasonably complete set of design specifications for
problem-solving and potential-realizing technologies
appropriate to the needs and potentials of the diagnosed land 
use system
 

Sources of Informatioz: All preceeding steps
 
Factors to Consider:
 
- General develogiment strategy for the system
- Functional potentials for problem-solving interventions
 
- Potentials for improving resource utilization 
- Possible constraints on candidate technologies 
Useful Tools: Checklists and guidelines to assist in developing
a complete set of specifications for appropriate AF technology
(ICRAF, 1983b) 

TECHNOLOGY DESIGN STAGE
 

Step 7. TechnologyAppraisal
 

Output: A relevant set of candidate technologies with potential for

inclusion in 
a design for an improved land use system
 

Sources of Information: Review of the body of technical knowledge
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Factors to Consider: Main criteria are given in the design

specifications (output of step 6); 
state of the art with respect
 
to the various candidate technologi-s(both agroforestry and
 
non-agroforestry)
 

Useful Tools: Classification and examples of agroforestry systems

and practices from around the world, lists and characteristics of
 
multipurpose trees and shrubs, their uses and ecological
 
requirements, selection considerations, design concepts, etc.
 
(ICRAF, 1983b).
 

Step 8. Technology Design
 

Output: General design for an improved land use system and
 
specific designs for component technologies
 

Sources of Information: 
 Creative synthesis of relevant information
 
from all preceeding steps; supplementary design information
 
from aC4itional sources, as needed
 

Factors to Consider:
 
- Design specifications (Step 6)
 
- Candidate technologies (Step 7)
 
- Function and location of components within the system,
 

component species, number and spatial arrangement of
 
components, and management of component combinations
 

- Overall productivity, sustainability and adoptability of
 
the design
 

Useful Toils: General design principles for agroforestry systems,
 
an iterative initial design algorithm, plant arrangement
 
considerations, notes on shelterbelt design, etc. (ICRAF, 1983b)
 
see also design materials listed under step 7
 

Step 9. Design Evaluation
 

Output: Ex ante evaluation of the design; improvements in the
 
design suggested by the evaluation process
 

Sources of Information: Relevant information from all preceeding
 
steps; farmers' preliminary evaluation of the design proposals;

the D&D team's own experience and judgement
 

Factors to Consider:
 
- Productivity
 
- Sustainability
 
- Adoptability
 

Useful Tools: Design evaluation scoresheet, guidelines for ex ante
 
economic, ecological and social evaluation (ICRAF, 1983b, Hoekstra,
 
1983; Etherington and Mathews, (1984).
 

FOLLOWUP PLANNING STAGE
 

Step 10. Research Needs.
 

Output: Identification of the type of research needed to develop and
 
test the component technologies and overall land use system designs
 

Sources of Information: Team review and assessment of the following
 
factors
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Factors to Consider:
 
-
State-jaf the technology art and the suilability of different
 
classes of technology (notional, preliminary, validated) for
 
different types of research (on-station, or-farm)
 

-
Whether the envisaged followup to the D&D exercise is essentially

research-oriented or development/dissemination-oriented
 

- Farmers' and research/extension officers' attitudes toward
 
on-farm experimentation
 

-
Riskiness of the proposed technologies
 
-
Need for candidate technologies to be exposed to a wider or more
 

realistic set of environmental and farming system conditions
 
(than would be available on research station)
 

Useful Tools: Suggested criteria for ir.itial state of the art
 
evaluation, notes on experimental approaches in agroforestry

(ICRAF, 1983b; Huxley, in preparation).
 

Step 11. Topics Requiring Further D&D Attention
 

Output: Identification of topics needing further diagnostic survey

or design thinking, particularly in rapid appraisal applications

where time constraints may have left gaps in the D&D outcome;

suggested procedures for collection and processing of additional
 
information required 
to deepen the diagnosis d/or refine the design
 

Sources of Information: Team review and assessment of D&D results
 

Factors to Consider:
 
- Requirements for additional diagnostic information and analysis

- Requirements for more complete information on candidate
 

technologies needed to refine the initial design
 
- Requirements for in-depth economic, ecological and social
 

evaluation of the proposed design
 

Useful Tools: N/A
 

Step 12. Project Implementation Plan
 

Output: Guidelines for implementation of followup project activities,
 
at different levels of derail appropriate to different stages in
the project cycle: a) a general outline of major project activities
 
(research and/or dissemination), suggested by the D&D team; 
 b) a
 more detailed project proposal suitable for submission to potential

donors, prepared by a small pre-project working group; c) detailed
 
project implementation plan, prepared by the project implementation

team; d) revised mid-project working plans prepared by the

implementation team from tin. 
to time, reflecting modifications in

technology design suggested by experience in the field or from
 
on-station research
 

Sources of Informatio-L: Results of previous D&D steps (a);

pre-project followup activities (b&c); the iterative D&D process

during the course of project implementation (d)
 

Factors to Consider!
 
- Topics needing f ,'ther D&D attention (output of Step 11)
- Research needs ,outpur of Step 10) 
- Feedback from on-site trials (including farmers' evaluation and

stiggestions) and on-station experimental work in the course of
the project (suggesting modifications and refinements in the 
technologies and the plan of work ).
 

Useful Tools: Forthcoming; see also 
ICRAF (1983b). 
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A SYSTEMS APPROACH TO AGROFORESTRY DIAGNOSIS AND DESIGN:ICRAFtS EXPERIENCE WITH AN INTERDISCIPLINARY METHODOLOGY 

SUMMARY 

Agroforestry is an ancient system of land management, but a new field
.of organized scientific activity. Recently arisen to fill the gap in
applied science created by the time honoured but artificial
separation of agriculture, forestry and allied disciplines, agroforestry

is an inherently interdisciplinary field. 
Although agroforestry

research by multidisciplinary teams is the order of the day, the high
degree of interdisciplinary synthesis which is needed to realize the
full po -1of agroforestry is not an easy goal to achieve. 
To
complett 
 . emerging paradigm for agroforestry research and
de"zlopmen. .number of interdisciplinary methodologies are needed.
 

To answer part of this need, the multidisciplinary staff of the
International Council for Research in Agroforestry (ICRAF) have beenworking since 1981 to develop a methodology for agroforestry Diagnosisand Design (D&D), as an aid to the identification of research aid
development priorities and as a basis for a coordinated interdisciplinary

approach to project planning and implementation. Based on more than twentytest applications with inte.-national collaborators in a wide rangeof sites around the world, ICRAF has published two draft D&D methodology

manuals and a number of case studies for wider review and comment.
 

This paper presents an introduction to the evolving D&D methodology
and discusses key features of the interdisciplinary systems approach
on which it is based. Beginning with a review of the requirements
which must be satisfied by any methodology which seeks to catalyze aninterdisciplinary approach to the improvement of land management
systems, the paper goes on to explain the general conceptual andprocedural framework of the D&D methodology, and concludes with anoverview of ICRAF's experience in developing and disseminating this 
interdisciplinary approach.
 

/
 



A SYSTEMS APPROACH TO AGROFORESTRY DIAGNOSIS AND DESIGN:
ICRAF'S EXPERIENCE WITH AN INTERDISCIPLINARY METHODOLOGY 

1. AGROFORESTRY AS AN INHERENTLY INTERDISCIPLINARY FIELD
 

1.1 Agroforestry Defined 

It is customary to begin a paper on a new subject area with a definitionof the field. 
As much as one would like to offer a universally accepted
definition of agroforestry, alas, it must be acknowledged that there
 are almost as many definitions of agroforestry as 
there are people who
deal with the subject (Editors, Agroforestry Systems, 1982). 
 This
diversity of viewpoint is in part due to the interdisciplinary nature
of the field and, in fact, the history of attempts to define
agroforestry reveals something of the disciplinary forces at work in

the development of the field.
 

The first widely acknowledged attempt to outline the scope of the
 
subject defined agroforestry as:
 

... a sustainable management system for land that

increases overall production, combines agriculture
 
crops, 
tree crops and forest plants and/or

animals simultaneously or sequentially, and applies
 
management practices that are compatible with the
 
cultural patterns of the local population
 
(Bene et at., 1977).
 

This definition gives explicit recognition to 
the variety of biological

components which may be combined in agroforestry systems and
implicitly acknowledges the various historical roots of the agroforestry
tradition in agronomy, tree crop horticulture, forestry and livestock

sciences. 
 By explicitly citing "sustainability" and "cultural
compatibility" as 
 'criteria of agroforestry, this early definition
also gives testimony to the formative role in agroforestry of two
other disciplinary traditions: 
 environmental/conservation and
 
social science/rural development disciplines.
 

It is 
a normative definition, which states not merely what agroforestry
is but what it should be, i.e. a land management system that is, by
definition, productive, sustainable and culturally appropriate.
Problems have arisen subsequently in maintaining a literal interpretation
of this early normative definition. 
Strictly speaking, there is little
justification for assuming that all land management systems which
qualiy as "agroforestry" from 
 the standpoint of the combination ofbiological components (trees with herbaceous crops and/or animals) would

automatically fulfill the above mentioned normative criteria. 
Poorly
designed agroforestry systems, in fact, may fail on one or even all of
these counts.
 

As scientific agroforestry emerges from the 
"awareness and enthusiasm"
stage and begins to 
settle down to serious work, the tendency has been
to retain these criteria as attributes of good agroforestry design
while noting, however, that they must be achieved by the developers
of agroforestry systems rather than merely ascribed to any system which
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happens to meet the minimal definition of agroforestry. A more
neutral and widely acceptable definition has been advanced which
 
conceives of agroforestry as:
 

... an approach to land use in which woody plants are
deliberately combined on the same land management

unit with herbaceous crops and/or animals, either in
 
some form of spatial arrangement or in sequence. The
 
concept of an agroforestry system implies both
 
ecological and economic interactions among the
 
components of the system (after Lundgren, 
1982).
 

The elevation of agroforestry to a field of study in its own right is
based on the recognition of the need for an integrated approach to
land use and the observation that many existing or yet to be developed
land use systems all have, in their particular combination of
 components, a common denominator that is worth exploring and

developing in a more systematic and scientific manner;, namely, the
deliberate use of the special productive and protective features of
woody plants to increase, sustain and diversify the total output

from the land (Lundgren and Raintree, 1983).
 

Multidisciplinarity and Interdisciplinarity in Agroforestry
 

A certain minimal degree of multidisciplinarity is virtually assured
in agroforestry by the very nature and complexity of the subject,
but the degree of interdisciplinary thinking that is needed to
develop the full promise of the approach is not often easily acheived.

In a field of applied science characterized by the study of interactions

which cut across the traditional lines of disciplinary specialization
it is not enough to understand each component in isolation. Nor is
it sufficient, or even necessary, for purposes of good research to
catalogue and study all conceivable interactions in detail ­ an
impossible objective in any event. 
What is needed for agroforestry

to progress as an applied science is an interdisciplinary research
paradigm which is capable of identifying crucial research priorities,
based on a structured but flexible and cost-effective methodology
for understanding those critical interactions which determine the
ability of land management systems to achieve the purposes for which
 
they are designed.
 

The need for this type of an approach to the organization of
agroforestry research is clearly stated in the charter of the International

Council for Research in Agroforestry (ICRAF) and the means foraddressing it have been carefully built into the Council's institutional
 
strategy (Steppler, 1981; Steppler and Raintree, 1983; 
 Lundgren and
Raintree, 1983) and its programme of work (ICRAF,1983c). 
Other

institutions and individuals active in agroforestry are coming to
similar conclusions, but everyone faces the same general constraints
 on the achievement of a coherent interdisciplinary approach:

disciplinary biase8 in the training of researchers, institutional
constraints on the conduct of agroforestry research, comnunicationproblems between members of multidisciplinary research teams, andlack of appropriate interdisciplinary methodologies.
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To elaborate briefly on these constraints, the traditional disciplinary
biases in the training of researchers ha: created a situation of acute 
shortage of well-rounded scientific manpower for broadly based 
approaches to agroforestry research. Although educational programes 
are beginning to be developed to broaden the interdisciplinary training
of agroforestry researchers (ICRAF, 1983), in the short and medium
 
term most of the scientific and technical manpower available for
 
agroforestry research and development will have been trained along

traditional disciplinary lines. Even in the longer term it is likely

that agroforestry workers will still need, in addition to their
 
interdisciplinary training, a strong foundation in at least one of the
 
major traditional disciplines. Discipline grounded !agroforestry
generalists" may in time emerge from educational institutions, but the
 
main strategy for meeting 
 the scientific manpo;:er requirements of
agroforestry for tha forseeable future will most likely be based on the
 
fielding of well-rowded multidisciplinaryteams, coordinated by

interdisciplinary-minded team leaders. This trend is evident today

in the multidisciplinary team approach which is becoming a standard
 
feature of agroforestry project planning.
 

The ability to field such teams, however, is currently hampered by
 
severe institutionalconstraints. 
 In government institutions and 
universities, departments dealing with different aspects of land use 
are often separated by rigid institutional boundaries, often
 
accentuated by fierce competition for scarce resources. Agroforestry
 
as such typically has no single institutional base and the recruitment
 
of an adequate multidisciplinary team must often depend upon fragile

ad hoc arrangements. for inter-institutional cooperation. While long
 
term arrangements for institutionalizing agroforestry permanent
on a more 

basis will have to be made (Steppler, 1981; Lundgren and Raintree, 1983;

Catterson, 1982). 
 the best hope for the short and medium term may be in
 
the form of pro.jects of prescribed duration, each with its own
 
agroforestry-oriented budget and programme 
 of work (Torren, 1983). 

Even when these problems can be overcome and a secure framework 
established for a multidisciplinary team approach to agroforestry

research and development, once the team is in the ficld enormous
 
coffiunication problems set in which, if not solved, wil prevent the
 
team from making the transition from mere multidisciplinaryto
genuine interdisciplinarityin its approach. With a few rare exceptions
perhaps, any one who has ever sat down with a multidisciplinary group
of scientists to thrash out a common interdisciplinary perspective will
be familiar with the frustrations of trying to resolve the traditional 
differences of interest or perspective which are inherent in such 
groups. The problems are both cognitive and motivational in nature, but 
one has the feeling that the latter may be of overriding importance.
Perhaps the best antidote to the pointless and often poisonous debates 
which arise in such contexts is to shift the whole activity out of the

academy and into a real life field situation. Only when confronted by

real and complex problems in urgent need of solution will individual
 
team members be able to cross the motivational threshold which 
prevents them from submerging relatively minor disciplinary differences 
in favour of productive teamwork on the really major interdisciplinary 
problems and .opportunitieswith which the field situation confronts them.
There is nothing like a healthy dose of undiluted reality in the field to 
generate a completely new and refreshing set of problem-oriented priorities. 
Very often this is the only feasible way of integrating the human 
dimension into agroforestry research. 
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If this transition is successfully made, there may be no turning back.
Scientists involved in this problem-solving or "mission-oriented" typeof work often express a deeper sense of personal satlijfaction with theirwork. Real problems are harder, not easier to solve than those

derived from a purely theoretical or disciplinary orientation.

Moreover, the inspiration afforded by the field situation for substantive

theoretical or "pure science" contributions can be quite significant.

Although the current emphasis on the interdisciplinary team approach
in applied land management science can be seen as part of the larger
society's strategy for coping with 
unprecedented human challenges

(i.e. nothing less will suffice at this hour in human history), the
high level of personal stimulation inherent in interdisciplinary work
 can itself provide sufficient psychological impetuous to keep the
 
process going, once the threshold has been crossed.
 

All this is well and Aood, but experience indicates that catalysts

are needed to assist multidisciplinary teams to cross the threshold
of interdisciplinary activity. The field situation itself is one
such catalyst, good will and a shared problem-solving motivation are

also needed, but in the end little progress will be made unless the
team can arrive at a shared and detailed blueprint of how to proceed

in its investigation of the land management system at hand. 
This is
where the need for an interdisciplinary methodoLogy comes into the

picture. A good methodology can bring the other catalysts into
operation. 
Without such a methodology, no amount of good will and
motivation will enable a multidiciplinary team to achieve a coherent
 
interdisciplinary approach to the solution of complex land management
 
problems.
 

The remainder of this paper is devoted to a discussion of one such

methodology, the Diagnosis and Design (D&D) approach developed

by ICRAF in collaboration with agroforestry workers around the
world as a tool for agroforestry research and development projects.
 

2. AGROFORESTRY DIAGNOSIS AND DESIGN: 
 AN INTERDISCIPLINARY
 

SYSTEMS APPROACH
 

2.1 The State of the Art
 

How do you identify priorities and organize applied research in a field

which has no research tradition? 
How do you insure a conscientious
research-for-development orientation in a nascent subject like
agroforestry which poses so many fascinating and unanswered questions 
of
 a purely academic nature? 
How do you avoid disciplinary or pet
technology biases when designing agroforestry systems for rural
development? What is the most efficient and logical sequence of steps
to follow in analyzing existing land use situations to identify the
 
real needs and potentials for agroforestry?
 

These are some of the questions faced by ICRAF's multidisciplinary

staff in trying to develop a methodology for agroforestry Diagnosis

and Design (D&D) as an aid to the formulation and implementation of
relevant and cost-effective research and development programes in
agroforestry. 
Work to develop such a methodology was initiated at ICRAF
in 1981. 
Now, after trial applications in over twenty sites in Kenya
and elsewhere around the world 
(though ICRAF's Collaborative and
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Special Projects Programme), the methodology hasto a been tested and adaptedwide range of environmental and socioeconomic circumstances andbrought to a preliminary stage of completion in two draft manuals
(ICRAF, 19 8 3a, 1983b) which are currently being circulatedand comment before for reviewbeing revised for wider distribution and testing.The object of this open-ended processrefine is to continue to developthe methodology andon the basis of trial anduntil it user feedbackreaches its potential as a genuinely useful and practicaltool for agroforestry researchers and development workers in the field. 
Examples of practical field applications of the methodologyin a complementary are givenseries on Case Studies in Agroforestry Diagnosis andDesign, published within ICRAF's Working Paper series in orderfacilitate rapid todissemination of D&D results from around the world(see for example Raintree, 19 8 3a; Torres and Raintree 1984;Hoekstra, 1984; Rocheleau and van den Hoek, 1984). 
 The series also
provides opportunities for publication of selected case studies
resulting from application of the methodology by researchers outside
 
of ICRAF.
 

To facilitate access to and comparison
of sites, a coupugerized 

of D&D results from a wide rangedata bank of global D&D information is beingset up at ICRAF offices in Nairobi. From time to time, analysesbook length collections andof case study materials relating toenvironmental particularor problem-oriented themes will be published. Overhopefully, time,the analysis of case study information will assist in thedevelopment of agroforestry in a way which is analogous to the role played
by case studies in the development of medical science.
 

The various outputs from the Diagnosis and Design Project at ICRAF
represent one aspect of a coordinated effort to develop a full range
of useful methodological tools and information banks to service theneeds of the global community of agroforestry workers (see ICRAF 1983c
for information on other developments).
 

Requirements for an InterdisciplinaryMethodology: Ends andMeans
 
The considerations evoked in the first section of this paperfundamental touch onaspects of the "charter" of interdisciplinarywhat specifically could teams, butwe expect of an interdisciplinary methodologyfor agroforestry? What specific ends should it address, and what meansmight it use to achieve these ends? These questions from part of the
essential background to the D& 
methodology. 
Indeed, the working out
of appropriate means-ends linkages is the fundamental core of any
methodology development process. Before proceeding to moremethodological considerations, detailed 

it may be usefulgeneral requirements to first indicate thewhich the D&D methodology attempts to meet. Forthe sake of brevity the various requirements are listed under only four
major headings. An interdisciplinary methodology for agroforestry should:
1. 
Provide a neutral, comprehensive and generally acceptable overallframework for collaboration between all disciplines relevant toidentification theand implementation of applied researchagroforestry's potential to develop
as a source of appropriate technologyimproved land management systems. 

for 
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We will return to this point shortly, but for the moment let it be
 
said that the failre f institutions to achiev'e a smooth 
 running
integration of these two types of research may be the single most
 
important reason for the relatively ln yield of society's investment
 
in rural development through applied xdnd management research.
 

Let us examine a familiar case in point. The adoption over the past

decade of a Farming Systems Research (FSR) approach (Collinson, 1981;

Hildebrand, 1981; Zanstra et al., 1981; Shaner, et al., 1982)

by many international and national agricultural research institutions
 
may be seen as part of society's effort to improve ti return on its

investment in applied agricultural research. 
Faced with mounting and

interrelated problems of resource degradation and failing production

systems throughout the developing world, international support for the

Farming Systems approach is part of the global society's response to
 
a crisis situation. In essence, the introduction of FSR as part of
 
the overall research strategy of these institutions is an attempt to

bring about a proper balance between systems research and component

research, the lack of which was recognized as a constraint on the
 
achievement of applied research and development goals.
 

The attempt to correct existing imbalances and broaden the research approach

to focus more effectively on neglected aspects of farming systems has,

in most cases, required the addition social scientists to existing

multidisciplinary research teams. 
 Unfortunately, the inevitable
 
institutional "growing pains" involved 
in the adoption of FSR methodologies

and the close association of social scientists with this institutional
 
adjustment has in many institutions tended to divert the debate on the
 
proper balance between systems and component research into unproductive

lines based on a 
false dichotomy between social scientists and
 
biotechnical scientists. Be that as it may, the real issue in the
 
Farming Systems debate is not between the social vs. the biotechnical
 
sciences, but between discipline-oriented vs. systems-oriented

scientists of any disciplinary background. In other words, while the

adoption of the FSR approach does indeed involve a very necessary and
 
productive debate on the overall balance of disciplines in applied

scientific research, the real issue is between thosa applied scientists
 
who derive their research objectives and satisfactions from 
disciplinary traditions and incentives vs. those who get their
 
inspiration from attempting to satisfy the technological needs of real
 
world farming systems.
 

Until the real issue is taken up, the intrinsic complementarity between 
systems and component research in the technology generation effort will 
not be perceived, the interdisciplinary threshold will not be crossed,
and multidisciplinary teams will fail to achieve "takeoff" to sustained
interdisciplinary interaction. Ultimately, of course, the real losers
will be the rural people themselves, insofar as this lack of institutional
 
coherence retards the development of adequate interdisciplinary

approaches to the solution of the complex land management problems which 
they are facing.
 

As the history of science tells us, obsolete paradigms are rarely ever
 
conclusively "disproven," they are merely abandoned in favour of newer

and more adequate ones (Kuhn, 1962). Agroforestry, lacking an established

research tradition of its own, is in a unique position to learn from 
past experience and build a more adequate interdisciplinary approach into
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What is needed to
the very foundations of its emerging research paradigm. 


avoid unproductive impasses is a clear understanding of the conceptual
 

basis for fruitful collaboration between component researchers and
 

systems reseachers in the technology generation effort.
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E'C
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Figure 1. Complementarity between systems and component
 

research with respect to a) the definition of a particular
 

technology, b) specifications for technology design, and
 

the technology generation effort at projectc) inputs to 

planning and implementation stages. The lefthand "systems"
 

portions of this diagram correspond,and righthand "component" 

circles of Figure 2 and,
respectively, to the upper and lower 

the lefthand "on-site" 	andsomewhat less precisely, to 


righthand "on-station" 	boxes of Figure 3. 



- 9 -

The conceptual basis for 
the synthesis behind the 
D&D methodology
 
was 
laid some years ago by Herbert Simon (1981) in his lucid
 
discussion of the nature of technical artifacts. 
The essential
 
complementarity between systems research and component research is

revealed when we consider what is needed to define any particular

technology (Figure 1). 
 Any piece of technology in this sense (or

specific application of technological knowledge) can be 
seen as an
interface between two environments: an outer environment which defines
the purpose and functional requirements which the technology 
serves
 
within the larger system (for our purpose, the "land management system"

of which the technology is 
a part) and an inner environment which is

defined by the particular arrangement and mode of action of the
 
constituent elements (components) by which it 
serves its purpose (i.e.
the "nuts and bolts" of the technology). Both sets of specifications
 
are necessary to completely define any particular piece 
of landmanagement technology, one corresponding to the information provided by

systems research (system requirements and functional specifications)

and the other to that which is provided by component research (component

selection and management specifications).
 

As a research manager at one of the CGIAR centres once- put it, "You
 
cannot have systems without components, but components without systems
are meaningless" 
 (Nores, personal communication). The methodological
corollary to Simon's interface concept is that, in the effort to
 
generate appropriate land management technology, the respective roles
 
of systems researchers (social scientists, economists, land resource
 
specialists, climatologists, cropping systems specialists, etc.) and
 
component researchers (foresters, agronomists, horticulturalists,

livestock specialists, plant pathologists, etc.) should be 
seen as

entirely complementary and mutuaLLy supportive. 
 If either input is
 
neglected, the technical specifications remain incomplete and 
the

likelihood of the technology finding a niche in the intended system is

correspondingly lowered. 
Without both sets of specifications, the
 
technology generation effort remains a hit-or-miss affair.
 

The schematic conception given in Figure 2 illustrates the role of
 
diagnostic and design activities in a research-for-development
 
programme based on active complementarity between component technology

and systems research. Fruitful collaboration at the "technology

assessment" interface might take the form of the following dialogue:

Systems researcher to component researcher, "What have you got for System

X?" 
 Component researcher to systems researcher, "What do you need for
System X?" A lively discussion would then ensue on the specifications
(external "system" and internal "component") for technology which would
be appropriate and feasible in the context of System X. 
In due course

this would lead to the design of appropriate technology and the
planning of research to develop and test the identified technology. 

Needless to say, it is neither necessary nor likely that individual 
scientists can be neatly classified once and for all under one of these
 
two researcher categories. 
 In practice individual scientists may

contribute to 
both types of research. In the final analysis, the
 
conceptual synthesis which is necessary to generate appropriate technology

must take the form of a shared construct in the minds of all concerned,

but 
some division of labour between members of an interdisciplinary
 
team may be invoked in the development of this construct.
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Figpz-e 2. Schematic conception of a research-fordevelopment progra-n-e
bwed on complementarity between on-site systems 
 research involving .heitmative D&D process and component technology research involving
rigirous experimental work on-station mainly but also, for some purp, !es,om-aite. After the first round of the upper cycle (activities indic.tcdim caps), the rrocess is repeated as many times as needed to develop thesytem (activities indicated in parentheses). Interaction between thetw 
circles at the "technology assessment" interface is designed to
insure that the two mutually reinforcing types of research activitymove in concert toward the shared goal of developing the system through
the generation and application of appropriate technology. 
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If in principle there are no insuperable problems of interdisciplinary

collaboration between resea'rchers operating within the framework of

the complementarity concept, there are nevertheless certain practical

logistical constraints and requirements. The main one, which is

implied 
the third criterion in our list of methodological requirements,

is the limitation on time and personnel resources available for the
 
type of survey work which is normally part of the discovery procedure

needed to define the functional attributes and other system specifications

for technology appropriate to a given land management system. 
We may

refer to this as the "rapid appraisal" constraint, which has been the

subject of considerable attention in recent years (Chambers, 1981;

Longhurst, 1981; Pearce and Jones, 1981). 
 Where research planning is
 a resource limited activity and where opportunities to accurately

determine the appropriate direction for technology development are pre­
empted by decisions taken in the press of time, systems researchers who

ignore the rapid appraisal constraint do so at great peril to the
 
success of their role in providing adequate systeid specifications for
 
technology design.
 

Experience would indicate that lengthy survey work is neither necessary

nor, in itself, sufficient to the information needs of the research

planning phase of project development. The premium really is 
on adequate

analysis of the system, rather than on any preconceived notion of the
 
amount of survey work which ought on principle to be undertaken. Where

the target land management systcz is already fairly well documented, very

little survey may be needed to fill in the gaps in the knowledge required

to derive appropriate technologic~l specifications. Maximum use of
 
available information can be made, but even where there is little or no
baseline data, the information requirements of D&D can be rapidly met

by steaulined survey procedures 
which involve senior members of the
multidisciplinary R&D team directly in the collection of the essential 
information on which they will ultimately base their technology designs.
Recalling what was previously said in section 1.2 about the need to focus
 
on critical interactions, essential information may be defined as 
that

which is needed to a) understand the critical means-ends linkages which
 
govern the functioning of the target system (i.e. how the existing

system wrks, its objectives, resources and technical means), b) diagnose

its inherent problems and constraints (i.e. how well the system works),

and c) 
assess the potential of the system to accommodate and benefit

from discrete technological interventions of various types (leading

to the development of design specifications).
 

The rapid appraisal approach to agroforestry Diagnosis and Design
pertains mainly to the initial D&D exercise which is undertaken at the

research planning stage to formulate an agroforestry R&D project.
But diagnosis and design is a continuing, iterative process which can be

repeated throughout the life of a technology-generating project to
progressively deepen the diagnosis, assess the impact of introduced

technology, and refine the prototype design to fit better the needs and

potentials of the system. 
Once the project is on the ground with

coordinated research activities on-station and on-site with farmers

representative of the target land management system, the rapid appraisal

constraint is 
no longer operative but the principles of efficient diagnosis

and design continue to be applied as part of the projects 
"internal

guidance system" (the basic mechanism in D&D for meeting the feedback

requirements of criterion 2). Continuation of this same process into the
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adaptive research activities of the extension stage of the project

cycle is part of the DD approach to satisfying the requirements of 
criterion 4.
 

The generalized flowchart given in Figure 3 illustrates the movement of 
information between the various research and development activities in
 
an R&D project incorporating the D&D process, first as a basis for 
project formulation, then later as a means of coordinating feedback 
between on-going research activities (on-station and on-site) during
the mid-project implementation stage, and finally as a means for handling 
feedback from a wider range of adaptive research trials at the 
dissemination stage. Figure 4 elaborates on the various roles served 
by the D&D process at different stages in the life cycle of a research 
and development project. The resulting process of "zeroing in" on an 
optimized land management system or component technology which the 
iterative use of D&D procedures can facilitate is illustrated by Figure 5. 

AND EVALUATION
 

I SSEMNTION
 

Figure 3. Components of project design incorporating the D&D
 
process as part of the project's internal guidance system.
 
Nte feedback linkages.
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Figure 4. Repetition of the basic D&D process in diffterent forms for 

different purposes at successive stages in the life of a technology 

generation and dissemination project. 

OBSERVATION
 

DESIGN TRIAL
 

ESIGN
 

~DIAGSIS
 

AN 
OPTIMIZED
 

5. Beginning with an initial "best bet" design for a generaltyFigure 
appropriate technology, the iterative D&D process leads, through a 

series of trial-and-error-reducing steps, toward the goal of a 

specifically appropriate technology for the target land use system.
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2.3 Key Conceptual and Procedural Elements of the D&D Methodolog~y 

The foregoing discussion of methodological requirements and the generalmeans by which the D&D methodology attempts to answer them has brought

out some of -the main principles of the approach. 
For purposes of this
brief introduction to the methodology it still remains to give slightly
more specificity to key elements in the conceptual and procedural
framework of D&fl applications.
 

Definition of "the System" for D&D Purposes
 
Given the concept. of agroforestry as an approach to the improvement

of land management systems, one of the prerequisites for successful

application of the D&D methodology is a clear idea of what is meant

by a "land management system." 
 The concept adopted by the D&D
methodology is based on the notion of a concrete, self-organizing

"living system" as developed in General Systems Theory and widely
applied in the biological and social sciences. 
 This conception emphasizes
analysis of the interactions among concrete system elements governed

by the 
 organized flow of matter, energy and informatio. It is
distinguished from the alternative concept of "abstract systems" which
deals with system variables at a more abstracted or idealized level of

analysis (e.g. systems of causal relationships between components or
states of concrete systems). 
 Both types of systems analysis figure
prominently in the D&D methodology, but the definition of "the system"

for D& 
purposes is based on the concrete systems approach.
 

Figure 6 illustrates the con:cept of the "land management system" which
underlines the D&D approach. 
 As shown in the illustration, the land
management system, represented by the central pyramid, is part of thelarger Man-Environment complex or "human ecosystem," represented by thesquare. At the top of the pyramid is Man, the manager, whose organizinginfluence (advertant or inadvertant) is felt throughout the human

ecosystem but most clearly 
and directly expressed through the landmanagement system. The base of the pyramid consist of those aspects of
the Environment which are directly manipulated by Man to achieve his
production objectives. 
The critical intervening variable in this
interaction 
is the set of existing technical means by which the resource

base is exploited to satisfy a given set of human purposes. 
In the
functioning of the land management or production system, management flows
down from Man (amovement of organizing information and energy) and
production flows up from the resource base to Man (a movement of informed
 
matter and energy).
 

The central point of this rather generalized dynamic model is that if
 any of the three main elements (human purpose, technology, resource

base) 
were absent, the system would not function. The methodological

corollary 
is that if any of the three essential elements are ignored,

it will be impossible to understand 
how the system functions.

Without such understanding, the effort to generate appropriate technology
for the system will remain a hit-or-miss affair. Of course, it is not
 necessary to understand everything about the system in order to meet
the information needs of good agroforestry design. 
What the model attempts
to convey is 
a general notion of the kind of information that is

essential for D&D purposes, i.e. an adequate knowledge of the means-ends
linkages by which the land management system is organized to use
available technology to exploit the resource base to satisfy human
 
purposes.
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Figure 6. Concept of "the system" for D&D purposes.

Within the "human ecosystem" represented by the square,

the "land management system" which is the focal point of
 
D&D activities is represented by the pyramid,

illustrating the functional linkage of human purpose,

technology and resources. 
 An incomplete understanding

of the system results if any of these three elements
 
is ignored.
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Just how the D&D methodology approaches this task is taken up shortly.

For the moment another key aspect of the definition of "the system"

for D&D purposes needs to be explained. Given the importance accorded
 
in the above model to the central organizing role of human purposes, it

follows that the analysis of the system must focus on the activities of
 
the relevant decision-making units within the local human ecosystem.

Identification of the focal units for D&D purposes gives additional
 
specificity to the definition of the "land management system" and also

defines the scale of relevant diagnostic and design procedures. Because
 
the nature and composition of relevant decision-making units may vary

widely from one geographical location to another, the D&D methodology
 
has adopted a variable scale approach.
 

In most cases the primary focus for D&D activities will be on the
 
household land management unit, i.e. the family farm, the household
 
herd, or other elementary kinship-based production unit, for the simple
 
reason that in most systems this is where most of the major land
 
management decisions are made and it is these decisions which must
 
be affected if agroforestry is to have any visible impact on the landscape.
 

Having said this, it must also be acknowledged that the househild
 
management unit may not be the only relevant decision-making unit
 
to address in many cases. Agroforestry is an increasingly important

management alternative for larger scale forest management units with
 
their own forms of organization which must be taken into account. 
Even

in farming systems applications many problems require a larg r-than-farm 
scale of diagnosis and design. Watershed problems are a typical case in
point, where erosion processes on one farm may originate or have impacts 
on other farms in the watershed. Boundaries between farms, roadsides,

communal grazing areas, etc. 
are areas which may have problems which
 
cannot be assigned to individual households and which may require larger

scale landscape and community level solutions (Rocheleau and van den 
Hoek, 1984).
 

Smaller scale approaches to D&D may also be required to deal with
 
intra-household level problems and potentials associated with the
 
internal division of production responsibilities and opportunities

(usually along sex role lines). 
 These aspects may be particularly

significant for agroforestry in regions where women, in addition to a

heavy burden of domestic chores (food preparation, water supply, child
 
care, etc.), may also have primary responsibility within the household
 
for firewood collection, care of livestock and subsistence food production

(Hoskins, 1980; 
Fortmann and Rocheleau, forthcoming).
 

For all of these reasons, a flexible variable scale approach to D&D
 
is required. A systematic attempt to assess the role of scale factors
 
in agroforestry diagnosis and design is currently underway At ICRAF

(Rocheleau, 1984) to supplement the basic guidelines for variable scale
 
analysis given in the current D&D documentation (ICRAF, 1983b).
 

A Diagnostic Approach to Design
 

There is a saying in the medical profession that "Di gnosis should
precede treatment." We wouldn't dream of entrusting our health to a
medical practitioner who made a habit of prescribing treatments without
 
first diagnosing what ails us. 
 We expect the same approach from
 
automobile mechanics. What a strange anomaly it is, then, that we have

tended to accept a lesser standard of practice when it comes to treating
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problems arising from man's use of the earth. 
 The fundamental
rationale for a diagnostic approach to agroforestry design, and indeed
to all systematic attempts to rectify land management problems. is
that this same standard of professional practice should apply when
devising strategies for technological interventions in existing land
management systems. 
 The time, if ever it existed, when we could
settle for a hit-or-miss approach to land management is long past.
 

Diagnosis, however, is not an end in itself. 
 To have impact on the
land use scene a diagnosis 
 must be followed by an appropriate technological
prescription. The diagnostic process, conceived as a "discovery
procedure" is, nevertheless, usually the most direct and logic route to
an appropriate agroforestry design. Intuitive leaps leading to very
good agroforestry designs can, of 
;ourse, occur, but the essential point
is an epistemological one: 
 how does one knoW that the design addresses
the real needs and potentials of the system unless it is substantiated
by a diagnosis of the system? 
For a careful, professional approach to
agroforestry, it must be acknowledged that the ability to solve a problem
begins with the ability to define precisely what the problem is
 
(Steppler, 1981).
 

It is a common experience (grounded, one suspects, in 
some fundamental
and evolutionarily significant feature of human cognition), that the
very act of seeing a problem clearly can itself suggest the nature of
the required solution. One could perhaps go so far as 
to suggest a
methodological corollary to this observation: If the analysis of a problem
does not suggest at least the general outlines of a solution, then the
analysis is not yet adequate and should be pursued further. The D&D
approach is, in essence, a kind of algorithm for evoking insights of this
type into the connection between problems and solutions. 
 As such, it
really contains nothing fundamentally new, but merely suggests an
efficient procedure for taking advantage of the remarkable human capacity
for problem-solving which is somehow wired into the very nature of our
thought processes. Troubleshooting the system: 
 The particular form of
the algorithm used in the D&D approach is suggested in 
a general way in
Figires 2 ­ 5 and described in more detail for the project formulation
 
stage of the D&D process in section 2.4 of this paper.
 

Criteria of Good Agroforestry Design
 
There is no substitute for good design. The world is littered with land
management schemes that have failed because the intended users of new
technologies did not take them up. 
Numerous factors are cited as
reasons 
for failure, but one suspects that in most cases it is due, at
base, to faulty design. 
 The criteria adopted by the D&D methodology for
good agroforestry design are threefold: p-oductivity, sustainability and
 
adoptability.
 

The productivity criterion is a self-evident and virtually universal
measure of the success of any technological innovation. 
 There is no
need here to elaborate much on 
this nriterion except to note that 
the
D&D approach embodies a somewhat broader type of productivity assessment

than is normal, partly due to 
the b,oad range of productivity
improvements which are within the :;cope of agroforestry to address, and
partly as an attempt to correct for an implicit bias in conventional
productivity assessments toward coruercialized systems of production. 
 It
is often tacitly assumed that the raising of cash income will
automatically improve the ability of farmers to satisfy their consumptionneeds. Cash, in todays world is certainly a basic human need, but it 

\'4
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will not solve the problem of food and firewood shortage in areas
 
characterized by absolute scarcity of these commodities. In other
 
words, cash is not always readily convertible into forms which
 
satisfy other basic needs. These needs must often be addressed directly
 
and, since it is in many cases within the scope of agroforestry
 
to do so, the survey protocols of the D&D methodology encourage its
 
users to make an independent assessment of problems with respect to each
 
of the several "basic needs supply subsystems" and the ability of the
 
land management system to meet these needs either directly through
 
home production or indirectly through cash transaction.
 

The needs which are considered basic and universal, and which therefore
 
enter explicitly into the DO protocols are: food, water, energy,

shelter, raw materials for local industry,cash (for normal expenses),
 
savings/investments (for extraodinary expenses or development), and
 
social production (for ceremonial exchanges and the like). Although

the adoption of this "basic needs approach" does give the DO methodology
 
the capability to effectively address the nods and problems of
 
resource-poor farmers, it does not necessarily imply an anti-commercial
 
bias. 
 The assessment categories are there to be used as needed. In
 
highly commercialized production systems, the D&D methodology directs
 
attention mainly to improvement of the cash subsystem; in poorly

developed market economies, the methodology may suggest opportunities
 
to satisfy the basic needs more directly. Agroforestry can contribute
 
in various ways to each of the above listed subsystems (see ICRAF,
 
1983b, pp. 157-160 for elaboration of this point).
 

The sustainability criterion in agroforestry design reflects the special
 
ability of agroforestry to solve or mitigate resource degradation
 
problems in respect to deforestation, soil and water conservation,
 
fertility maintenance, pasture regeneration, etc. In the DD methodology

the conservation objectives of agroforestry are expressed in terms of
 
sustaining production for the simple but expedient reason that most
 
smallholders are primarily concerned with production objectives and only

secondarily concerned, if at all, with conservation objectives. To
 
awaken interest in new technology it is often necessary (and with
 
multipurpose agroforestry systems, entirely possible) to offer packaged

solutions which meet both conservation and production objectives
 
simultaneously. Assessing the sustainability of the existing system

and designing for sustainable agroforestry systems is, therefore, a
 
primary feature of the DD approach. It could be argued that this is
 
a neglected aspect of other diagnostic methodologies in the land
 
management field. In agroforestry, certainly, it is one which is
 
harder to ignore.
 

The adoptability criterion is simply a way of operationalizing all of
 
those social and economic factors which interact with the particular
 
attributes of any given technology to determine whether or not the
 
technology is acceptable to the intended users. If a given technology
 
is not in fact adoptable by the intended users, there is not much point

in it. An analogous observation is made by nutritionists in noting that
 
the nutritional value of any food that is not eaten is zero, regardless

of its chemical composition. It has been more or less standard
 
practice in the applied land management sciences for researchers to take
 
their inspiration for new technology from the research tradition itself,
 
rather than from an assessment of the chances for a specific technology

in a given land management system. The result, all too often, has
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been the failure of the intended users to adopt the new technology

because it simply does not fit their system (with its inherent
 
technology biases, resource limitations and other constraints).

Unfortunately, the tendency in such cases has usually been to blame
 
the intended recipients or, in many cases, the extension system for
 
failing to sell the new technology to the farmers. In most cases,
 
however, it will be more productive to take cognizance of adoptability
 
criteria in the design of technological innovations, in the first
 
instance, and to build the appropriate characteristics into the new
 
technology from the very start of the R&D process. This, in fact, is
 
the explicit rationale behind the incorporation in the D&D methodology

of adoptability as a criterion of good agroforestry design, on an
 
equal footing with productivity and sustainability (see Raintree, 1983b
 
for further discussion of adoption strategies in agroforestry).
 

2.4 Procedures for Project Formulation
 

As indicated above, the D&D methodology recommends an iterative process

of diagnosis and design which continues throughout the entire life
 
cycle of a research and development project, from the project planning
 
stage, through the technology generation stage to the filial stage of
 
technology dissemination and adaptive research. In its present state
 
of development, the existing draft documentation on the methodology
 
gives primary emphasis to a set of general guidelines (ICRAF, 1983a)

and optional detailed procedural suggestions and resource materials
 
(ICRAF, 1983b) for the project planning stage of the project cycle.
 
Additional guidelines and resources are currently being developed for
 
later stages and will be incorporated into revised editions of the
 
manuals. This staggered process of methodology development is partly
 
due to the longer time required to gain experience with the latter
 
stages of the project cycle, but partly also to the priority placed
 
in this early period in the development of scientific agroforestry on the
 
formulation of well-conceived projects. 

1n order to fit the needs, resources and levels of interest of the
 
widest possible range of potential users, the D&D guidelines for project

fermulation are presently offered at three levels of detail.
 

Xivel1. Minimal Guidelines
 

'Daidelines at this minimal level of detail consist of little more 
than
 
uxging scientists and development workers to adhere to the basic
 
3rinciple that diagnosis should precede treatment. In applying this
 
pinciple, there are many possible ways to proceed and workers are
 
cemouraged to use their ingenuity in devising ways and means appropriate

' their own needs and resources. As long as one first takes the time to
 
diagnose the target land use system before starting to design 
iiqrovements for it, the minimal requirements of the D&D approach will 
to satisfied. Still, it may be helpful to pass along some useful 
hints and suggestions, based on ICRAF's experience with the approach, on 
haw one might organize one's thinking in approaching this task. Table 1 
suggests a four stage breakdown of the D&D process and the basic 
qJestions and key factors which ICRAF field teams have found useful 
m consider at each stage.
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Table 1.. Summary of level 1 guidelines for project formulation
 
based on a four stage breakdown of the 'minimal' logic of the
 
D&D process.
 

D&DSTAGES AASICQUTIoNS TO ANSWER KEYFACTORSTOCONSIDR NODEor INoUIRY 

PtREDIASTIC HOWm SYSTEMWRS PRODUCTIONOBJECTIVES SEEING TH SYSTEM 
(what dos it look like, ANDSTRAtrSIES 
how is It put together. 
how do" it work?) 

DIAGNOSTIC NOVWEL THEssim WORKS FROBLH IN MEETING 1tOUBUIZMTING 
(what ara its pmeoSua, OIBICYIVES THESYSTEM
lUiitig constraints and 
dysfunctional synaromsaa?) CAUSESOF IDENTIFIED DiRIVING 

PROBLES SPECIFICATIONS 

DESIGN HOWTOIMPROVETHESYSTDE PRODLkXSOLVINGOR mAINSTORMING 
(what is needed to improve PERFORMANCE ANDEVALUATINGENHANCING 
system performance?) INTERVENTIONS ALTExNATIVES 

PLANNING 	 WHAT1 DOTO VTuM THE PAD PRIORITIES PROJET PLANNNG 
IXPROVEDSTSTE ANDRESEARCHDESIGN(what specific R&D actions 
are neded to develop and 
Implemet the envisaged 
improvments?)
 

Level 2. Semi-detailed Guidelines 

This is the 	level of detail contained in the draft Guidelines
 
for Agroforestry Diagnosis and Design (ICRAF, 19 8 3a, 25 pp.). At 
this level of detail the suggested procedures for project formulation
 
emphasize a 	"rapid appraisal" approach (Chambers, 1981) and consist
 
of a series of information gathering and analytical steps, leading

logically from one to the next. 
 This stepwise procedure entails an
 
hierarchical progression from the general to 
the particular, which is
 
designed to economize on time and effort by excluding irrelevant
 
information from further consideration while developing a progressively

sharper focus on essential information. By means of this structured
 
but open-ended approach the level 2 guidelines attempt to avoid the
 
seemingly endless and needlessly detailed data gathering task which is
 
often characteristic of less structured approaches to systems analysis.

In the level 2 methodology the four stage pr'acedure suggested at level 1 
is further subdivided into a series of 12 discrete steps, as follows: 

Prediagnostic Stage (Steps1 - 3) 

This stage covers 1) background description of the study area, including
diagnostically relevant aspects of the biophysical and socioeconomic 
environment, 2) differentiation and selection of land use systems

within the study area for further D&D attention, and 3) preliminary
description of diagnostically relevant aspects of the selected systems. 
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Diagnostic Stage (Steps 4 - 6)
 

This stage includes 4) diagnostic survey of the selected systems and
 
relevant aspects of the environmental setting, 5) diagnostic analysis
 

and identification of major land use problems and potentials, and 6)
 

derivation of specifications for appropriate technology (including
 

non-agroforestry options but with special attention to agroforestry
 

potentials).
 

Technology Design Stage (Steps 7 - 9) 

This stage involves 7) appraisal and selection of candidate technologies
 

for possible inclusion in the design, 8) synthesis of a general
 
design concept for an improved land use system and development, if
 

possible, of initial 'best bet' designs for component technologies,
 
and 9) ex ante evaluation and refinement of the proposed design. The
 
activities of this stage may involve reiteration of the above steps.
 

Follow-up Planning Stage (Steps 10 - 12) 

This stage covers 10) identification of research needed to develop
 
and/or test the identified agroforestry technologies, 11) identification
 

of areas needing further D&D attention in followup activities and
 
12) development of a detailed project implementation plan to carry out
 

the envisaged R&D programme.
 

Table 2 presents a summary overview of the four stage process in
 
slightly greater detail than Table 1. The Guidelines document itself
 
goes a little further than what is shown here in the form of a step-by-step
 
outline which suggests ways to proceed at each step, listing the 
expected output of each step, the relevant sources of infornation, a more
 
detailed list of factors to consider, and a brief catalogue of potentially
 
useful tools and materials.
 

Level 3. Detailed Guidelines
 

For uqprs of the methodology who, when developing their own set of adapted
 
proceuures, might be desirous of having the benefit of the full range of
 
detailed methodological suggestions which ICRAF's experienced
 

multidisciplinary staff is currently able to provide, a third level of
 
detail is given in the draft Resources for Agroforestry Diagnosis and Design
 

(ICRAF, 1983b, -383 pp.). This collection of optional resource materials
 
contains a more detailed set of procedural suggestions for each of the
 
12 steps in the level 2 methodology, along with over 35 resource modules
 
describing useful diagnostic tools, analytical techniques and design
 
materials for possible consultation at appropriate steps in the project
 
formulation process. It would be unlikely, and indeed impossible in a
 
"rapid appraisal" type of project formulation exercise, that all of the
 

suggested procedures, tools and materials would be needed or used.
 

What must be emphasized, in any case, is that users of the D&D methodology
 
in its more detailed form will almost always need to modify and adapt
 
the suggested procedures to fit the particular application. This
 
resource collection is designed to serve as a source of ideas to aid the
 
user in this process. Many of the resource modules may also have value
 
for agroforestry independent of the D&D process.
 

'iv
 



Table 2. 
Summary overview of level 2 project formulation guidelines showing how the D&D process

relates to the concepts of the 
"land management system" and the "human ecosystem" illustrated in
Figure 6. 
Stages of the D&D process are shown at the top of the table, the major analytical

techniques at the bottom, and the key questions and factors to consider in each of the internal
 
cells of the table.
 

PREDIACHOSTIC 
DESCRIPTION 
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Even in its most detailed form the D&D methodology cannot anticipate

and provide answers 
(or even suggest ways to find answers) to everyquestion which could arise in site-specific applications,. At its present
stage of development the D&D methodology is really tool for ana
interdisciplinary group process approach to agroforestry diagnosis anddesign by a multidisciplinary team of experts (or, in some cases, byan interdisciplinary-minded individual with backup from a multidisciplinary
pool of experts). 
Like all tools, the successful application of the
D&D methodology relies heavily on the flexibility, competance and
 
creativity of its users.
 

Level 4 Guidelines?
 

It is not clear just how far it is practical or useful to go in developing
methodologies like D&D. 
Perhaps after the draft manuals are revised to
incorporate user feedback it will be decided that ICRAF has gone far
enough in this effort and the emphasis will then shift to the
accumulation and analysis of case studies and the development of broader

geographical perspectives on agroforestry needs and potentials.
Certainly, it is only through application that the methodology will bear
fruit in concrete form and have the kind of impact on 
tfie landscape of
rural development that is intended. 
 However that may be, it is still
conceivable that this type of a methodological approach could aspire to
a higher level of rigor and detail, as would be required to achieve the
capability of positive diagnosis and precision design, with less
reliance than at present on the knowledge and skill of particular

multidisciplinary teams. 
 Such a methodology, essentially an elaboration
and refinement of level 3 procedures, would involve the use of system
specific "diagnostic keys" and detailed "design algorithms," )at it would
require an empirical and theoretical understanding of agroforestry,

indeed of land management systems in general, that is well beyond the
present capabilities of the field. 
 Whether or not this is 
an attainable,
or even desirable, goal is a moot point, but perhaps it is one that should

be kept in mind for the future.
 

3. PRELIMINARY EVALUATION OF ICRAF'S EXPERIENCE WITH THE D&D METHODOLOGY 

It is much too early to give anything more than a very preliminary account
of ICRAF's experience with the interdisciplinary D&D methodology. 
It
is difficult, moreover, to evaluate that experience without sounding

self-serving. Nevertheless, it does seem possible at this early stage
to draw certain tentative and reasonably objective conclusions about
ICRAF's experience in developing and applying the D&D methodology. It
should be noted, however, that the perspective expressed here is the sole
responsibility of the author and, while I have no 
reason to anticipate
substantial disagreement from my colleagues, the following statements have
not been subjected 
to systematic in-house review and, therefore, do not
necessarily reflect the considered institutional judgement of ICRAF as
 
a whole.
 

Let it be said straightaway that any success which may be attributed to
the D&D methodology effort at ICRAF is in large measure due to 
the very
favourable climate created for such work by the Council's mandate,
institutional strategy and programme of work. 
 The ultimate goal of
ICRAF's work, as stated in its Charter, is "to improve the nutritional,
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economic and social well-being of the peoples of developing countries by
 
the promotion of agroforestry systems designed to result in better
 
land use without detriment to the environment." As a research council
 
without extensive field research facilities of its own, ICRAF's role is
 
mainly to assist national and international institutions to develop and
 
implement well-conceived research-for-development programmes in agroforestry
 
The current programme of work, thus, emphasizes three main focal points:
 

1) 	 the development of methodologies for identifying social, economic
 
and ecological constraints in land-use systems and for assessing
 
the potential of agroforestry technologies to overcome such
 
constraints;
 

2) 	 the syst,matic collation and assessment of agroforestry knowledge
 
and the development of methods of studying and evaluating
 
agroforestry technologies;
 

3) 	 the efficient dissemination of methodologies and knowledge to
 
scientists and development planners in the tropical and sub-tropical
 
developing world (ICRAF, 1983c).
 

The need for a methodology to assist agroforestry worker's to identify 
research and development priorities, based on a clear-eyed assessment 
of agroforestry-related constraints and potentials in existing land use 
systems, was identified as a priority focus for the Council early in the 
development of its institutional strategy (Steppler, 1981). Consequently, 
the D&D work was initiated in 1981 and later formalized as a project which 
received a major share of ICRAF's personnel and financial resources 
within the overall programme of work. A key element of ICRAF's strategy 
was to recruit a multidisciplinary team of 15 or 16 scientists whose first 
task would be to pool their collective experience to develop such a 
methodology. 

3.1 	 In-House Development Phase
 

A brief discussion of some of the key elements of the institutional milieu 
in which the D&D methodology was developed may be of some relevance to the 
thee of this congress. In the first instance, the very complexity of 
agroforestry as ar approach to the development of improved land 
7ranagement systems created an unusually favourable climate for a systems 
perspective among ICRAF's scientific staff. The newness of the field, 
lacking strong disciplinary conceptions of business-as-usual and, indeed, 
7ossessed of a kind of revolutionary elan, was no doubt another important 
and very favourable factor in the setting in which D&D developed. Few, 
ff any, ' the current systems methodologies in the land management field 
.have enjzyed such a fivourable institutional setting. 

At the initiation of concerted D&D development activities in early 1981, 
the senior staff consisted of the Interim Director General and four 
scientists. While this might seem an inordinantly small staff 
complement for an organization with such a large mandate, it did promote 
. unusually intense aid fruitful interaction among the scientific staff. 
ihe long, almost continuous, and sometimes very animated discussions 
lyhich occured in this "think tank" atmosphere laid a sound foundation 
.rf shared interdisciplinary understanding which has formed the basis for
 
mmch of ICRAF's subsequent work.
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Early in the D&D methodology development two of ICRAF's scientists
 
joined forces to spearhead the methodology development effort: an
 
ecological anthropologist (later named project leader) with training
 
in tree crop horticulture and psychology and a strong technology bent,
 
and a livestock/range management scientist with an early background
 
in agronomy and considerable experience in the management field. Two
 
points are worth noting here: First, the interdisciplinarity of the
 
indiviouils themselves, and secondly, the basic social science-biological
 
science complementarity between these individuals, which in effect
 
invoked the "pairing principle" which has figured so prominently in many
 
of the Farming Systems methodologies. Another important element in the
 
early D&D equation was the strong committment of this core team to the
 
"new professionalism" (Chambers, 1983) of the research-for-development
 
paradigm. The general committment of the Council as a whole to the ideal
 
of an applied agroforestry science and the critical support of the other
 
staff members (a horticulturalist and an agronomist) constituted a rich
 
nutrient broth for the nascent D&D methodology. It was during this
 
period that the basic framework for the D&D methodology was laid down.
 

One further element of the early methodology development work which was
 
absolutely crucial to its success was exposure of the D&D team to
 
realistic field conditions. Most of the early applications took place
 
in Kenya at a variety of sites representing a range of ecological and
 
socioeconomic conditions. One of these sites was developed as a special
 
project site for in-house methodology development work and is now into
 
its fourth year of on-farm agroforestry trials (Lundgren and Raintree, 1983;
 
Rocheleau and van den Hoek, 1984; Vonk, forthcoming).
 

Gradually 	as other disciplines were added, notably a farm economist who
 
brought fresh insights and greater rigor to the methodology and a forester
 
who supplied an essential missing element, the basic framework of the
 
methodology was fleshed out in greater detail and multidisciplinary
 
rigor. It was not until 1983, however, that the full complement of
 
disciplines originally envisaged for ICRAF's multidisciplinary team was
 
reached (see ICRAF, 1983c for a listing of the more than 10 disciplines
 
represented in ICRAF's current complement of 18 senior scientific and
 
professional staff members). With the addition of a bioclimatologist,
 
a land evaluation expert and a geographer/systems ecologist, the D&D
 
methodology project was able to draw on a multidisciplinary staff whose
 
breadth and sophistication is unlikely to be equalled anywhere else in the
 
agroforestry field. This might, at first glance, seem to indicate a
 
constraint on the application of the D&D methodology outside of ICRAF
 
where such well-rounded multidisciplinary teams are rare, but this would
 
be an erroneous conclusion since, as everyone knows, there is an
 
enormous diffe,-ence between the development of a methodology and its
 
application by users. Right from the beginning, ICRAF's institutional
 
strategy has distinquished three phases in the development of any of
 
its methodologies:
 

Phase 1: 	 Development of the in-house capability to accomplish a
 
particular methodological objective
 

Phase 2: 	 Expansion of ICRAF's in-house capacity to carry out a
 
sufficient amount of methodology application work (as
 
a service to clients)
 

Phase 3: 	 Attainment of the status of a fullfledged methodology
 
by transfer of the developed methodological capability to
 
others for independent application (i.e. through
 
documentation and/or training)
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The DO methodology is in the early stages of Phase 3. Conceived from
the start as an activity which would involve the collaboration of
potential users of the methodology in its development, the MD methodology

will not be complete until the current review period is 
over and
suggested improvements have been incorporated into revised versions of 
the present draft manuals.
 

3.2 Dissemination Phase
 

There has been a high degree of overlap between the development anddissemination phases of the D&D methodology, inasmuch as the developmentof the methodology was largely accomplished through trial application andrefinement at a range of sites around the world. Most of theseapplications have been organized under the umbrella of ICRAF's Collaborativeand Special Projects Programme (COSPRO) and have involved collaboration
of ICRAF scientists with 
 local multidisciplinary teams of national
and international scientists and, therefore, automatical!y involved
dissemination of the evolving methodology. 
This repeated exposure to
new ecological and socioeconomic circumstances, along with the feedback
received from scientists representative of the methodology's main client
group, has been a key element in the elaboration and r~finement of the
methodology. Few farming systems methodologies have been exposed to such
 a wide range of geographical conditions and user feedback.
 

For the purposes of this congress it may be instructive to consider how
scientists exposed to the D&D methodology as part of the COSPRO

project formulation experience have responded to the approach. 
The
typical initial reaction to the methodology has been one of scepticism.
"Is all this really necessary?" is the typical initial comment, recently
expressed by an Indian scientist at the beginning of a D&D exercise
in the Himalayas. 
Scientists have been formulating research projects
without the benefit of the D&D methodology for years and the initial
 response is characteristic of scientists' reaction to what they often
perceive as an intrusion on "business-as-usual" in 
a form which, at least
implicitly, seems to call their professional competance into question.
For the most part, the scientists recruited by their superiors for
participation in ICRAF led D&D training-cum-project-formulation exercises
 are there not because of a burning interest on 
their part in improving
their ability to identify meaningful priorities for applied agroforestry
research, but because the need for such improvement has been recognized

by higher management levels in their organizations. This is what one
would expect. Research managers are more directly exposed to politicaldemands for practical "results" that are part of society's response tothe crisis situation facing many developing countries; while scientists,still relatively secure within the present system of disciplinary
retwards, are sheltered from these pressures. 

Be that as 
it may, given the long gestation period for the agroforestry
technologies initiated by the D&D process, one of the few sources ofempirical confirmation of the validity of the D&D process which we canpresently offer iz the fact that scientists initially expressingscepticism regarding the methodology, at the conclusion of the typicaltwo week field exercise consistently express acceptance of and oftenreal enthusiasm for the approach. Quite often it is the most vociferous
sceptics who become the most vigorous champions of D&D. The phenomenon
is so striking that one is tempted to compare it to the psychology of
the classical "conversion experience." 



- 27 -

The typical comment at the conclusion of a D&D field experience is
 on 
 the order of "You know, I really wasn't too impressed with all this
D&D business to start with, but I really did learn a whole new way of 
thinking about my research AND it wasn't really all that complicated
or time consuming. It will be useful to me in my future agroforestry
 
work."
 

Of course, the reaction is not always so positive. Individual scientists
 
are differentially susceptible to innovations in methodology. 
In trying

to discover whether there are any patterns in the response to D&D, 
we don't seem to find any clear cut disciplinary biases. Some soils
 
scientists and foresters are as receptive to D&D as many economists and

sociologists. 
The only clear pattern of resistance to D&D that we can

presently discern is in cases where the individual has a strong personal

committment to some "rival" methodology or deep ego i,. lv~eent in

previous work of a similar nature at the site. 
 In the former case, the

resistance may be misplaced, since ICRAF has aever claimed to be in
exclusive possession of the methodoiogical holy grail. There are many
ways to skin a cat, and the D&D methodology has always been presented as
only one, perhaps more than usually systematic and efficient, example
of what is after all a very general and fundamental problem-solving
approach. 
 In the latter case, we are confronted with a more delicate
 
problem, which may indicate the need for caution in accepting the host
 
country's nomination of a D&D training site at which there is 
a long

history of prior scientific involvement, particularly when demonstrating

the methodology for the first time in a country. 
In some cases it won't
 
matter, but normally such sites involve psychological complexities that
 
are best avoided in training exercises.
 

What, in fact, do participants in ICRAF led D&D demonstrations actually

take away with them from the experience? What indications are there that

D&D is being successfully adopted and adapted for independent service
 
in host country institutions? 
 Several D&D-based agroforestry research

and development projects are underway at various places in the developing
world and certain countries and regional research organizations have
expressed the intention of adopting the D&D methodology as a basis for
project formulation in national and regional agroforestry research
networks but it is simply too early for the methodology to have diffused
outward from its point of introduction and, therefore, too early to
 
evaluate the actual adoption'and adaptation process. Likewise with the
 
ultimate impact of the methodology on the agroforestry landscape.
 

It is not too early, however, to profit in the methodology refinement
 
process from early feedback on the D&D approach received from collaborators
in the field, participants in ICRAF training courses which rrominently
feature the DD methodology, and comments and suggestions received from
reviewers of the current draft methodology documents. The positive
aspects of the methodology more-or-less speak for themselves. Let us
 
concentrate, instead, on the negative feedback, since this is the source
 
of valuable course correction information. What are the difficulties
 
users have with the methodology and/or its current forms of presentation?
 

One relevant point is based more on observation of first time D&D 
mrticipants rather than comments received. To handle the complexity

of the on-the-spot data processing task involved in the rapid appraisal
of complex land management problems and potentials, the D&D methodology
relies on a flexible but structured "first things first" approach. In
 



~developing methodology ogia we-hv
the atoooythog reaedtrial aP~licationtavriatwtat sems reueate of steps for anose efficient

ar' .timely: procedure.., While. the metodoilogy; allows ,and 4suggests2 . "Xi < 

V, tmwen(e rom general tojparticular and 'froi <dii0" 1e ignored only'at great"pril,t oafs to design)th'e timely 'o~pletioiIofSSome such"'blueprint" a coherntfor the ,exercise adapted.... nd agreed,the particilatinscieis at,'the outset i s'. crulcial,'~z~ ~ u~afixu~cat for fruitful multidis'cipliary collaboration.' Vithout it, ~ ~ f i affe~zejdrection.Safter, having agreed IT I em is thapio'on the pro c e d ural'"agendai many. sceti 
-it, aLae trouble tcigtd_ sCm te!Lrcse

-Lamn- fi iiioruglfmlar4a ~D it te demandsof his,D& Lxercise~ i's rol 
Rsn a the Ieroptestronger'CAFs;ixp'erience, :consiste.ntwiht I 

is about ight, fora smooth application ,paos=imthodology. of the D&Dgroup ~If a largrgopiS
'' '"" n l r" "oup"ps d 

novd it is best'broken~ch..........
*4v -io tea=s of, about this size. ' <.. . ... .of ,prio-t:S r 

.e..problem,& .. if nemay be allowed a bit of onSre! iziue processes involved, seems to be a lack of prior training in3"" MWBa; roaches to 'data. h~ocp f"tutrdpormig
kn t t;x+o;u,:t< f ield isthe cleare t o structm programmwing"~a ;roach to problem solving: ito tackle a complex)~ non-linear,
task, i is helpful to first break the problemdowninto a....... 
 problems. .blockout the main analytical' tasks and thenwzr"M&1xvle-rkouttes tals The advantages of~this "top down"
*t_-. :xprogression f roM, Lthe general: to the particulara are so, 

...... S. compared to just "muddling through," t s _iteal must beessentialetEa ingredient of a rapid appraisal'approach L' "to
j+i -ljis. 7The morencomplex the system and~~ tti!L! task, the shorter the'timethe greater the need to-stick to -a- structured 
-

!:acessarily meanV1 
)jj~e~ .~-7L 

.1zi:vn, following the detailed- MD guidelines,,to thedoes requir~e an understanding of the general' concept and! :ructured systems analysis, at least on the part Lof theizzxi zid the~grace and goodwill of the team in' sticking to the-ast common problen, often causing great frustration to
Swho have caught onto the approach and are tryngPreep the 'discussion 'focused 'is that everyr team seems to~ ~ som mebes wo ae nable or unwilling to stick toL.~ Th~ major, disruptive cognitive, factor is <the ,tendency Lto~m~mucc~Jy ino~deailed treatment 'of,one-apc * 

ftesse
f4m1qjgI's.speciality Larea) bef ore 'biniging.,the, analysis -,of'other­iiseuwr;t.xM sUspccts. of 7the -system to a, comparable, point. While they&£~ovtt='r9 ~ ot~ 
in principlei' in'practice many first time DOD participants ­~ ie4ixury in setting aside a problem and comin back to it later.,, ''i~~Mhs~nat;- insuperable difficulty, but it is one~that needs the~4wcaiiit'i :good interdisciplinary-mindd group leader.
 

-jpi& ~ nthe currentso+;<:++
e+<m<mbers who draft documentation'++;are : of the D&D L 
'ihave bee'n~confronted with a bit, of a paradox. On Lthce~2~c-ia~y reviewers have suggested that. the documentation ~zju j%Vm' wsii.rtned andrsimplified, while on the other hand, hr r..xpressed, the desire for more -detailedguidelines on,rof3ti 
 spccs. Before simply accepting Abraham Lincoln's dictu 
n 4 ~
 

fs--AA; 

http:iiseuwr;t.xM


- 29 ­

that "You can't please all of the people all of the time," ICRAF's
writers will attempt to effect a reasonable compromise in the upcoming
revision process. 
Our feeling is that both demands need to
satisfied, be,
and that is why we will attempt to improve the documentation
without changing the current two volume draft manual format (ohort form
Guidelines plus optional Resources collection). In this regard, it is
pertinent to note that the individual users' demand for written
documentation seems 
to increase with increasing acceptance of the
general approach. In the developing country context, where the printed
word seems to exert a less dominant influence on the scientific subculture
than in more 
leveloped countries, it may be too optimistic to expect
first time D&D team members to read even the short form Guidelines
before the field eAercise; whereas, after the exercise, once the general
approach has been grasped and the relevance of the more detailed guidelines
and resource materials more readily perceived, the demand for more
detailed documentation of the suggested procedures and analytical tools
may be expected to rise sharply. This suggests the primacy of a
"hands-on" approach to D&D training, in the first instance, with written
documentation playing a secondary, backstopping role.
 

Once again, it may be worth pointing out the extraordinary impact of
the field situation on scientists who have previously confined themselves
to research stations. For many of them it may be tht 
first time they've
really seen a village in terms intimately related to their r-search
concerns. 
 The psychological impact of just being in the village
(surrounded by real people with real and unignorable problems) is
enormous, but the main impact comes with the realization that one isthere for scientifically respectable purposes which may, in future, be
a factor in the success of one's carejer. This reaction is often
indicated by the somewhat bemused or occasionally stupified expressions
one reads on the face of such scientists in the first day or two of
fieldwork. 
What a relief it is then to discover, after another couple
of days, that the research improving process really isn't that difficult
 
to carry out.
 

Having said that, it must still be acknoledged that there may be a
tradeoff in any methodology, as 
-*n the technology-generation 
process
itself, between professional standards of technical adequacy and the
pragmatic standard of easy adoptability. 
While the latter criterion
must be satisfied if a methodology is to have any chance of widespread
adoption by scientists, compromises with respect to the technical
complexity of the methodology can only be pushed so 
far without
endangering the overriding objective of solving the complex land management
problems of rural people. 
The reason these problems have proven so
resistant 
to more casual approaches is that, in many cases, they simply
are rather difficult to diagnose and solve. 
It is a bit superficial
to insist on too much simplicity in methodologies for solving complex

problems.
 

Paradoxically, it often seems to 
be the representatives of aid donor
organizations who argue most 

standards in order to 

forcefully for the lowering of professional

ease the adoption of systems methodologies by
developing country scientists. 
 These same organizations have played
a major role in promoting the general policy changes behind the new
research-for-development emphasis in developing countries. 
 It would be
good of them now to ;ollow through with well orchestrated support for
the methodologies which have arisen to meet the more stringentobjectives of th,, new pol icies. 
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The "new professionalism" (Chambers, 1983) demands higher, not lower

standards of applied scientific excellence. If, in the final analysis,

methodologies like D&D entail an unavoidable conflict of interest
 
between sciertists and the people they are commissioned to serve, it
 
is clear whom we must ask to shoulder the additional burden. In

thinking about how much room 
there is for improvement in this regard,

I am reminded of a developing country scientist who once asked me
 
"When is ICRAF going to put out a short description of the D&D

methcdology?" "But the Guidelines are only 25 pages," I answered in
bewilderment. "Ah yes," he said, "but they are A-4 size pages!" 
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ABSTRACT
 

Eight examples of agroforestry systems in sloping areas are described
 
with two examples of economic analysis of agroforestry systems. The
 
ICRAF diagnosis and design methodology is outlined, exemplified and
 
compared with land evaluation procedures. Distinctive features in land
 
evaluation for agroforestry are that surveys commence with a phase of
 
diagnosis; that the performance of systems, and hence the land use
 
requirements, cannot be precisely specified at present; 
 and that as
 
a consequence, the output from agroforestry surveys is frequently a
 
research programme. The ICRAF/FAO project, Land Evaluation for Agro­
forestry, is outlined. Classification of an agroforestry land utilization
 
type as highly suitable for a given area is not related to environment
 
alone but depends on existing land use systems and problems. The major
 
benefit that agroforestry can bring to sloping areas lies in its capacity
 
to combine soil conservation with productive functions. Agroforestry may
 
often be the preferred form of land use in sloping lands which have
 
problems of soil erosion, soil fertility decline and shortages of fuelwood
 
or fodder. Sloping areas should be a priority environment for Lhe
 
application of research and developwent in agroforestry.
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1. QUESTIONS
 

The title of this paper covers three entities: land evaluation,

agroforestry and sloping areas. 
 Since relations between two of

these, land evaluation and sloping areas, is the subject of this
 
symposium, this leaves two other sets of relationships as the primary
 
questions, namely:
 

i. How can land evaluation be applied to agroforestry?
 

ii. 	 What benefits can agroforestry offer as a kind of
 
land use in sloping aieas?
 

Anticipating that the answers to 
these are broadly positive, that is,

that agroforestry does have a potential in sloping areas and that
 
this potential can be evaluated, then two further and more specific
 
questions can be asked:
 

iii. Under what circumstances, and in what respects, is 
agroforestry superior to other kinds of land use in 
sloping areabt 

iv. Are sloping areas a priority environment for the 
application of research and development effort in 
agroforestry? 

2. AGROFORESTRY
 

2.1 	Agroforestry as a major kind of land use
 
Agroforestry refers t3 land 
use systems in which trees are grown on

the same land as agricultural crops and/or animals, either in 
a
 
spatial arrangement or a time sequence, and in which there are both
 
ecological and economic interactions between the 
tree 	and non-tree
 
components (Lundgren, 1982, modified). 
 Note 	that 'tree' is here
 
used 	as an abbreviation for woody plants, comprising trees, shrubs
 
and bamboos.
 

The second part of 
this definition, the need for interactions, is
 
an essential feature of agroforestry land use systems. Economic
 
interactions can mean simply that the 
tree 	and the crop (and/or

animal) each suppi.y part of the farmers' needs; or could involve,

for example, the tree harvest providing capital which is put into
 
improvements to crop production. 
 Ecological interactions are
 
numerous; examples are fertilization with litter from nitrogen­
fixing trees, feeding of high-protein leaf litter to cattlc, .i,
 
manure from which is then applied to crops, or the soil conservation
 
functions of trees.
 

Is agroforestry more closely related to agriculture or 
forestry?

Neither. Most agroforestry, probably over 90%, is carried out 
on
 
agricultural land, and by farmers; 
 as will be illustrated below,

the commonest starting point for agroforestry developments is farm­
land that has problems. Yet it is the discinctive features and
 
functions of trees which are 
the essence of agroforestry. Given that
 
the concept of a major kind of land use 
is in any case loosely
 
defined, agroforestry can usefully be regarded as such.
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2.2 Terminology
 

Agroforestry components refer to the three elements of a land use
 
system, the tree (- woody perennial), herb (agricultural crop or
 
pasture plants) and animal. The first two are always present, the
 
last sometimes. This leads to a simple classification of agro­
forestry systems:
 

Agrosilvicultural systems: crops and trces
 

Silvopastoral systems: pastures, animals and trees
 

Agrosilvopastoral systems: crops, animals and trees
 
(with or without pastures)
 

Other systems: e.g. mangrove with fishing,
 
apiculture in trees
 

The tree component is almost always a multipurpose tree. After
 
extensive consideration of both concepts and examples it has been
 
found that the land use system within which a tree is grown is an
 
essential part of this definition. Hence multipurpose trees (MPTs)
 
are those which are grown, or kept and managed, for more than one
 
major purpose (product or service), economically and/or ecologically
 
motivated, in an agroforestry or other multipurpose land use system
 
(vor, Carlowitz, 1984, modified). Expressed more simply, multipurpose
 
trees are those which provide more than one significant contribution
 
to the production and/or service functions of the land use systems
 
they occupy (Huxley, 1984). The main functions of multipurpose
 
trees are listed in Table 1.
 

Thus the same tree species can be monopurpose where it is managed to
 
optimize one output only, as in a forest plantation managed for
 
timber.products; or multipurpose where management is intentionally
 
directed towards two or more outputs, e.g. fuelwood, fodder, shelter,
 
conservation.
 

Agroforestry practices are the more common arrangements of components
 
in space and time, coupled with the major functions of the tree component.
 
This is more easily illustrated than defined, as in Table 2.
 

An agroforestry system is a set of agroforestry practices within a
 
specified physical, economic and social setting; the land use system
 
itself may be based on agroforestry, or the agroforestry system may
 
fulfill certain functions within the broader context of the land use
 
system as a whole. Agroforestry systems are described in terms of
 
their biological, technical, economic and social aspects.
 

This term, widely employed in agroforestry literature, is so nearly
 
equivalent to the standard definition of a land utilization type that
 
agroforestry system and agroforestry land utilization type may be
 
taken as synonymous. As with land utilization types, existing agro­
forestry systems are frequently specific to a local region but are
 
potentially extendable to other areas with similar environmental,
 
economic and social conditions.
 

'7 



Table 1 	 FUNCTIONS OF MULTIPURPOSE TREES. Adapted from the ICRAF
 
multipurpose tree data sheet (von Carlowitz, 1984).
 

Wood 	 fuelwood (inc. charcoal)
 
timber (sawnwood)
 
poles (domestic timber)
 
other (e.g. carvings)
 

Fodder browse 

cut-and-carry 
i 

inc. leaves, seeds, shoots 

Food fruit, nuts 

oils 
beverages 
other edible products
 

Other products 	 oils, gums, waxes, dyes, tannin
 
fibres, thatching
 
latex
 
medicinal uses
 

Services 	 shade (from sun)
 
shelter (from wind)
 
soil conservation (inc. reclamation)
 
soil improvement
 
fencing (- barrier function)
 
moisture conservation
 

Table 2 	 AGROFORESTRY PRACTICES. 
Adapted from the ICRAF agroforestry
 
systems inventory (ICRAr, 1983d; Nair, 1984).
 

Improved tree fallow
 
Taungya
 
Alley cropping (hedgerow intercropping)
 
Boundary planting
 
Live fences
 
Multipurpose trees on:
 

- cropland
 
- rangeland
 
- pastures
 

- homesteads
 
Woodlots (with multipurpose management)
 
Trees as shelter for:
 

- crops (windbreaks, shelterbelts)
 
- animals
 
- homesteads
 

Trees for soil conservation:
 

- on bunds, terraces
 
- strips
 
- hedges
 

Tree gardens
 
Agricultural tree/shrub crops with:
 

- lower-storey tree/shrub crops
 
- herbaceous crops
 
- upper storey trees
 
- pastures and livestock
 

Aquaforestry (mangrove)
 
Apiculture with forestry 
 A

\ 
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3. SLOPING AREAS AND THEIR ENVIRONMENTS
 

Sloping areas are here assumed to refer to slope classes c and bc on
 
the FAO/UNESCO Soil map of the World, that is, areas with dominant
 
slopes over 170/30% or a combination of this with areas of 50 - 17o/8­
- 30%. This paper is largely concerned with sloping areas in tropical
 
and subtropical latitudes.
 

It may be remarkable in passing that the slope classes on the world
 
soil map are not the outcome of a primary inventory of landforms,
 
but are supplementary to classes and map units determined primarily
 
on the basis of soil type. Since there are now also eatisfactory
 
world or continental maps of geology, climate and vegetation, the
 
lack of a treatment of landforms at comparable intensity and coverage
 
is deficiency in the inventory of land resources, which could lead
 
to substantial errors in world-scale land evaluation or other
 
estimates of production.
 

Within the tropics, sloping areas may be grouped on the basis of
 
temperature and altitude into lowland and upland, separated at
 
1200 m altitude. These correspond approximately to the division
 
between K~ppen A (hot) and B (warm) climates, and between the
 
'warm tropics' and 'cool tropics' of the FAO agroecological zones
 
inventory. On the basis of amount and duration of rainfall, these
 
lands may be further subdivided into humid climates (K~ppen Af, Am
 
and Ca, growing period >270 days), and subhumid climates (Kdppen
 
Aw and Cw, growing period 120-270 days). Sloping lands with semi­
arid climates are mainly of very low potential and will not be
 
considered. This gives the following classes of sloping land in the
 
tropics and subtropics.
 

i. Lowland humid tropics Hot, humid for all or most of the year,
 
vegetation evergreen or semi-evergreen rain forest. Relief commonly
 
either V-shaped valleyv with narrow interfluves or convex inter­
fluves, steepening downslope until they pass abruptly into flat
 
valley floors ('demi-orange relief'). Soils are normally ferralsols
 
or acrisols, with nitic properties if on basic rocks.
 

This is by far the most extensive tropical sloping-land environment,
 
found in all continents but particularly in Central America, at lower
 
altitudes in the Andean states of South America, in the West and
 
East Indies, the south-east Asia mainland, Pacific islands and
 
eastern tropical Australia.
 

Common land use systems in this environment are:
 

- extractive forestry;
 

- perennial, non-food crop plantations;
 

- shifting cultivation of annual food crops, cereals or
 
roots; often with shortened fallow and consequent soil
 
degradation;
 

- terraced cultivation, including swamp rice (especially in Asia);
 

- ranching (especially in South America).
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The principal environmental hazard is the very severe rainfall erosivity.

Others include rapid oxidation of soil organic matter, high soil

acidity with associated P fixation and aluminium toxicity (the 
last
 
especially, for 
reasons not well understood, in South America), 
and

rapid leaching. Besides soil erosion, there may be a hazard of
 
accelerated landsliding.
 

The most common land use problems are the cutting of rain forest 
faster

than natural or managed regeneration, and shortening of fallows with
 
consequent soil degradation and over-grazing, tha 
two latter sometimes
leading to soil erosion. 
 Shortening of fallows is particularly likely

in areas which lack the flat valley-floor land that permits swamp rice
 
cultivation.
 

ii. Highland humid tropics 
 This is 
a less widespread environment,

since most high-altitude regions have a dry 
season of sufficient
 
length to fall into the subhumid zone. It occurs in parts of the
 
Andes, and the highlands of Malaysia and 
the East Indies. A high

proportion of 
relief is sloping. 
 Soils become humic ferralsols and
 
humic acrisols at higher altitudes.
 

Land use systems are similar to those of the lowland humid zon' ixcept
that commercial forestry 
is less common. Land use problems include
 
shortening of fallows with soil degradation; overgrazing and pasture

degradation: and over-cutting for domestic fuelwood and 
timber
 
leading to reduction in 
area and species depletion of remaining
 
forests.
 

ii. Lowland subhumid tropics This is 
the savanna zone of Africa and

the cerrado of South America, with one or two wet seasons (K ;ppen Aw or Aw" respectively) and at 
least one long dry season. A high

proportion of this climatic 
region is not sloping, other than on
isolated inselbergs. 
Areas of sloping lands occur, however, particularly

in escarpment zones separating erosion surfaces.
 

Common land use systems include:
 

- -cultivation of annual crops, often more or less without
 
soil rest periods;
 

- certain perennial 
crops, mainly towards the more humid margins;
 

- extensive grazing (ranching or nomadic);
 

- afforestation.
 

Although rainfall erosivity is 
less than in the humid zone, Th .:c. 
erosion hazard is almost as high, owing to the slower growth and

less complete cover of the vegetation. Drought becomes a haz.ard 
in

the drier parts of the zone 
(mean annual rainfall <800 mm). The wost

widespread land use problems are first, decline in soil 
fertilitv
 
brought about by over-cultivation; 
 secondly, degradation of natural

deciduous woodlands through over-cutting with consequent futlwood
 
shortage; and 
thirdly, erosion, which is particularly common on
 
grazing land.
 

iv. HiShland subhumid tropics 
 This distinctive environment, some­
times loosely caLled the 
'highland tropics', is extensive in the

Africa (especially Kenya and Ethiopia), 
the Andes and the Himalayas,

in the 
last of which it occurs 
under a climate of monsoonal origin
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and regime. Much of this climatic zone is not sloping, being either
 
upland plateau or intermontane basins, but sloping land occurs at
 
the borders of these. Notable examples are the extensive, steeply­
sloping and deeply dissected lands of Ethiopia, and the so-called
 
'foothills' of the Himalayas.
 

Land use systems include annual crops, perennial crops in the wetter
 
parts of the zone, grazing and commercial afforestation. Terraced
 
cultivation is common in the Himalayas.
 

Loss or degradation of natural forests is often considerable, and
 
soil fertility decline and soil erosion 3re both common. The Ethiopian
 
highlands combine severe soil erosion with almost complete destruction
 
of natural forests. Systems of terraced cultivation have become poorly
 
maintained or abandoned in some areas.
 

4. AGROFORESTRY IN SLOPING AREAS
 

4.1 Examples
 

To illustrate the range of agroforestry practices and their potential
 
in sloping areas, eight cases will be described. The first five are
 
existing systems, 'traditional' in the sense of being evolved largely
 
by the farmers of the area concerned, although incorporating some
 
relatively recently introduced crops. The sixth case is a develop­
ment project, the seventh an example of experimental trials, whilst
 
the last gives systems suggested in one of the ICRAF collaborative
 
design projects. Two of these examples are drawn from Africa, three
 
from south-east Asia, one from south Asia and two from South America.
 
In these accounts, some added descriptors for land ucilization types
 
are employed, explained in Section 6.1 and Table 5 below.
 

i. Terraced hill farming, west Nepal The first case has been set
 
out as a formal description of a )and utilization type (Table 3).
 
The Tinau watershed of west Nepal has a lowland subhumid climate, with
 
the excessive concentration of rainfall into four very wet months that
 
is a feature of climates of monsoonal origin. This still further
 
increases the erosion hazard on the steep slopes. Despite the relief,
 
the region is densely populated, and the remaining area of natural
 
forest reduced and degraded. Most farming takes place on sloping land
 
under rainfed conditions, although some farmers also possess a low-lying
 
area of irrigated rice. Whilst giving the appearance of being based
 
on annual crops, chiefly maize, livestock products also play an important
 
role, both for subsistence and cash purposes.
 

The main agroforestry practice is the planting of trees as strips on
 
two kinds of sites: along the risers of terraces and as vertical
 
(downslope) rows along farm boundaries (Figure 1). These rows are
 
quite densely planted and give the landscape a compartmented appearance.
 
Over 30 species are recorded, nearly all having a function as fodder,
 
most also as fuel, and a smaller number as fruit (not to mention the
 
presumable medicinal use v. Wrightia antidysenterica). Up to half the
 
livestock feed comes from the tree strips, and there is a further
 
interaction in that the manure from stall-fed animals is returned
 
to the fields. The major service function of the trees is of course
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Table 3 DESCRIPTION OF AN AGROFORESTRY LAND UTILIZATION
 
TYPE: TERRACED HILL FARMINC, NEPAL.
 

Title Terraced bill farming, western Nepal. 
Environment Lowland subhumid climate (K8ppen Aw) 

of monsoonal origin, 7-8 dry months; 
slopes steep, 200 - 350 (36-70%). 

Socio-economic setting Dense population, severe land shortage, 
average farm size 1 ha, low income, 

poor infrastructure. 

Summary dencription Slopes ('bari' land) are terraced, 

with maize and other rainfed crops on 
sloping treads, MPTs on risers (contour 
strips) and farm boundaries (vertical 
strips) (Fig. 1). 

LUT descriptors 

Outputs Products: maize and other rainfed annual 

crops, cattle products, fuelwood. 
Services: soil conservation. 

Market Dominantly subsistence, plus local 
marketing. 

Capital intensity Low 

Labour intensity High 

Technical knowledge Of modern agricultural methods, low; 
moderately amenable to innovations. 

Land holdings Small, average 1 ha; some have 

separate lowland irrigated rice holding. 

Tenure Owner-cultivated. 

Land improvements Terracing; unlike some other parts of 
Nepal, terrace treads are initially 
sloping, older ones becoming level. 

Infrastructure Low; family processing of products; 
requirements need for road access to local markrt. 

Power Ox-ploughing, plus much manual power. 

Mechanization None 

Input level Low; no artificial fertilizers, mainly 

local seed. 

Cropping Maize, with subsidiary wheat, finger 

millet, mustard and legumes. Numerous 
vegetables and fruit in home gardens. 
MPTs on terrace risers, over 30 spp.. 



(Table 3, continued)
 

Cultivation 


Conservation practices 


Irrigation 


Livestock 


Yields 


Economics 


Agroforestry descriptors
 

Type 


Main interactions 


Time 


Space 


AF practices 


Functions of trees 
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Ox ploughing, hand weeding. Trees
 
pruned for fodder, cut for fuelwood.
 

Achieved through contour terraces,
 

stabilized by trees.
 

Only on separate lowland fields, for rice.
 

Cattle, buffalos, goats, poultry; for
 
food, cash, draught, manure. Partly
 
stall-fed, partly grazed. Contour
 
tree strips may supply 40-60% of fodder.
 

Low; sample survey, maize 930 kg/ha,
 
wheat 580 kg/ha.
 

No data
 

Agrosilvopastoral (crops, trees,
 

livestock).
 

Space, including off-site.
 

Static, interpolated.
 

Zonal, row.
 

Main: MPTs for soil conservation,
 
on terraces.
 

Other: boundary planting,
 
MPTs around homesteads, live fence
 

Soil conservation, fodder, fuelwood
 

food, fencing.
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I~100m
 
Slope
 

Figure 1 	 PLAN VIEW AND CROSS-SECTION OF TERRACED HILL FARMING,
 
W4EST NEPAL. After Fonzen and Oberhoizer (1984).
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soil conservation, through the medium of stabilizing the terraces.
 
In addition, the tree rows form an effective barrier, permitting
 
livestock to be let into specific fields, and keeping off those
 
of neighbours.
 

Summarizing the agroforestry features, this is an agrosilvopastoral
 
system (crops + trees + livestock), interacting in space, with the
 
trees zoned, as rows. The main practice is trees on soil conservation
 
works, in this case terrace risers: subsidiary practices are
 
boundary planting and home gardens. The functions of the trees are
 
particularly varied, namely fodder, soil conservation, fuelwood, food
 
and fencing. (Source: Fonzen and Oberholzer, 1984.)
 

ii. Chagga home gardens, Mount Kilimanjaro, Tanzania This system
 
occupies the south and east slopes of Mount Kilimanjaro, Tanzania,
 
with a subhumid climate and an altitude range extending from lowland
 
to highland. Land is scarce, income low to medium, capital scarce,
 
marketing facilities and other infrastructure moderate. It is a
 
mixed cash and subsistence economy, labour-intensive, owner-occupied.
 

The home gardens consist of a random and dease arrangement that
 
includes food and cash crops, and herbaceous crops and trees of
 
both plantation (agricultural) species and timber (Figure 2). The
 
main cash crop is coffee, others being cardamom, and surplus bananas
 
and food crops. Food crops include bananas, maize, beans, root crops,
 
vegetables and fruit.* Farmers deliberately retain and manage numerous
 
species of tree (over 40). Cattle and poultry are kept, mainly stall­
fed from tree fodder, banana and cultivated grasses.
 

This system is agrosilvopastoral, interacting in space, static in
 
time and with a mixed, dense multistorey arrangement of the tree and
 
shrub component. As its name indicates, it is an example of the
 
home garden practice, widely found in humid to the moister subhumid
 
environment (cf. e.g. the Kandy home gardens of Sri Lanka, and the
 
example which follows). The trees fulfil productive functions of
 
cash crop income, food, fuelwood and fodder; and besides the soil
 
conservation achieved by the dense, multistorey canopy, there is a
 
substantial element of soil improvement, or maintenance of fertility,
 
through incorporation of leaf litter and manure from stall-fed cattle.
 
(Source: Fernandes et al., 1984).
 

iii. Hillside agroforestry, western Sumatra This is a further
 
example of home garden practice, chosen fcr description as being
 
in a different continent, a more humid climate and with differences
 
of function. The area around Lake Maninjau, in the central part of
 
west Sumatra, has a lowland humid climate (K~ppen Af), with rainfall
 
>3000 =n and no dry months. As the slopes are very steep, reaching
 
to over 40' (84%), it ueed hardly be said that the erosion hazard
 
is severe; there is also a serious hazard of accelerated land­
sliding if the slopes are cleared. The forests which remain have
 
been taken over by the State. The farmers grow swamp rice where
 
possible, in conjunction with the tree gardens of the hillsides.
 

The gardens are largely multi-storey tree arrangements, with
 
herbaceous crops being only subsidiary. Among the commonest species
 
is the beloved durian, cinnamon, coffee, nutmeg, and many timber
 
species. These are farmed in various combinations, at least partly
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planned, e.g. durian + cinnamon + timber species. It is an agro­
silvicultural system, interacting mainly in space, although gardens
 
are sometimes abandoned or new ones established, giving an element of
 
long-term fallowing. As in all home gardens, the spatial arrangement
 
is mixed and dense. The trees fulfil functions of food and cash crop
 
production, fuelwood and timber production, and erosion and landslide
 
control. (Source: Michon et al., 1984.)
 

iv. Coffee-Erythrina-Cordia systems, Costa Rica. Systems of coffee
 
with an upper storey or trees, especially Erythrina poeppigiana and/or
 
Cordia alliodora, are widespread in Central and South America, sometimes
 
on gently-sloping land but often on sloping areas, in part because
 
these provide some of the best sites for coffee. The same two species
 
are also grown with cacao. Such systems are found in humid to the
 
moister subhumid lowland and highland environments. They are exemplified
 
in the vicinity of Turrialba, Costa Rica. The typical socio-economic
 
environment differs from the preceding examples. Land is only moderately
 
scarce, income levels at a low-intermediate level and infrastructure
 
moderate.
 

The farming system is based on cash-cropping of coffee. Erythrina
 
and/or Cordia are planted in the cropland, in some areas as rows,
 
in others on a mixed, random, open to moderately dense arrangement.
 
Erythrina are pruned several times a year, keeping them as a low,
 
stubby life form, and the prunings laid as mulch. Cordia are allowed
 
to grow into tall trees. Erythrina is a nitrogen-fixing tree, and its
 
use for soil fertility maintenance is intentional.
 

This is an agrosilvicultural system, interacting in space, with the
 
components either in a mixpl arrangement or as rows. The functions
 
of the trees are:
 

Erythrina poeppigiana Cordia alliodora Coffee
 

Shade Shade Cash crop
 

Soil improvement Timber
 

Mulch Fuelwood
 

Soil conservation Soil conservation
 

(Sources: Budowski, 1983; Escalante, in press).
 

v. Improved tree fallow, Philippines In Cebu Province, Philippines,
 
a system of improved tree fallow using Leucaena leucocephala (leuco)
 
is found. Although lowland subhumid, it is wet enough (1620mm) for
 
rapid growth of leuco. Part of the farm is under crops, part planLed
 
to leuco for about three years. The leaf production restores soil
 
fertility. When the trees are cleared the wood serves two purposes:
 
fuelwood, and to make pegs used in check-barriers to control erosion.
 
The farmers recognize both the fertility maintenance and the soil
 
conservation functions of the trees.
 

This example is included as a case in which the dominant interaction
 
between the trees and non-tree components takes place in time, as a
 
rotation. (Source: Eslava, 1984.)
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vi. Alley cropping with soil conservation, Rwanda The project
 
Agro-Pastoral is a development project in Nyabisindu, Rwanda. The
 
environment is highland subhumid and described as 'mountainous'.
 
Land is very scarce, income very low and infrastructure poor. There
 
are problems of soil erosion, soil fertility decline and
 
deforestation. The efforts to combat these problems by the project
 
include a wide range of methods, only some ot which involve trees
 
namely:
 

i. Afforestation of denuded hilltops and badly degraded 

farmland. 

ii. Planting of fruit trees 

iii. Planting of fuelwood species along roadside and 

boundaries. 

iv. Alley cropping with soil conservation 

In this last practice, trees are planted in field as rows, with 10 m
 
between rows and 3.5 - 4.5 m between trees, giving a canopy of
 
approximately 10%. There are planned to be felled for fuelwood and
 

replanted on an 8-year rotaLion. Using Grevillea robusta, 300 trees/ha
 
3 ha-­cut after 8 years are estimated to produce 6 m Fper yehr of fuel­

wood, enough for one family. Early results from trials of Grevillea
 

have given results that it is hard to believe will be maintained,
 
namely three times the growth rate when planted as tree rows than
 
that from classical afforestation on similar soils. The cropping
 
component is mainly mixed cropping and includes fodder crops,
 

livestock being part of the farming system as a whole. Tree leaves,
 
particularly from the boundary planting where there is a greater
 
variety of species, are cut as fcdder.
 

Thus the farming system as a whole is agrosilvopastoral, with three
 

agroforestry practices and at least six functions of trees. The alley
 

cropping practice has the main functions of soil conservation and
 
fuelwood. (Source: Behmel and Neumann, 1982.)
 

vii. Soil conservation hedges, Philippines Distinct in appearance
 

from the previous example of alley cropping, although fulfilling the
 
same functions on sloping land, is the practice of leuco conservation
 

hedges tested under experimental conditions in the Philippines. The
 
environment is lowland humid, and the socio-economic context one of
 

moderate levels of land shortage, income and infrastructure. Leuco
 

is planted as narrow hedges, sown very close; in the experimental
 
example described, spacings of 10, 15 and 20 trees per metre were
 
tried. They are pruned several times a year, keeping the form of a
 
low but dense hedge, 30-50 cm high; prunings are laid on the soil
 

around intervening crops. As has commonly been found desirable with
 
leuco fertilization, low levels of artificial fertilizer should be
 
added for best results. In one rather extreme experimental
 

trial, leucaena hedges 1.5 m apart were planted alternately
 

with single rows of maize, with a control plot of maize only. The
 
yield per plant was 70 g with leuco as against 49 g with maize only,
 

but owing to the larger number of plants in the control there was no
 

significant difference between total yields (in the short term), at
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I
2.5 t ha - . The ICRAF collaborative project with Philippines
 
recommended a similar system, with its dual functions of soil
 
conservation and fertility improvement. Designing a research
 
programme to test the system, it recommended first, that trials
 
should be conducted with 1.5, 3, 4.5 and 6 m spacings between hedges,
 
and 1-5 intervening rows of maize; and secondly, that studies should
 
be made to see if cash crop& could be included in the hedgerows, namely
 
black pepper, ginger and pineapples, thereby increasing the number of
 
functions. (Sources: de la Rosa, n.d., and Torres et al., 1984.)
 

viii. Design of agroforestry practices for Pucallpa, Peru The
 
final example to be given consists of the recommendations of the
 
ICRAF collaborative project with Peru. Since this illustrates also
 
the ICRAF diagnostic and design methodology, it will be described in
 
the following section. It is listed as a case study also, partly so
 
as to include the only example of sylvopastoral practices reported.
 

4.2 Summary
 

Table 4 is a summary of the eight examples described. It has no
 
statistical value, but illustrates first, the range of agroforestry
 
practices commonly found in sloping areas, and secondly, the most
 
common functions fulfilled by the tree component.
 

Eight practices are represented, with ,!LIe variants of trees for
 
soil conservation. Of these, tree fallows, plantation crop combinations,
 
boundary planting, live fences and MPTs on pastures might equally he
 
found on non-sloping lands, the last-named more commonly so. Alley
 
cropping systems can be designed for non-sloping areas, where they
 
would be directed towards soil improvement, fuelwood and/or fodder;
 
but where found on sloping lands, they are intentionally designed with
 
soil conservation as a major function. The various conservation
 
practices are clearly of greatest applicability In slopiag areas,
 
whilst tree gardens are one way of creating a sustainable and productive
 
system on land which would otherwise have a severe erosion hazard.
 

Of the various functions of the tree component, only that of soil
 
conservation is specific to sloping lands. The other functions 
are
 
those inherent in multipurpose trees and thus agroforestry systems.
 
The fact that fuelwood provision and soil improvement appear so
 
frequently reflects the problem-solving aspect of agroforestry: both
 
are problems typical of sloping areas in which the initially high soil
 
fertility, perhaps coupled with socio-political factors, has led to
 
high population with consequent problems of over-cultivation and
 
forest clearance.
 

5. RELATED METHODS
 

5.1 General
 

The preceding descriptive accounts give a qualitative indication of the
 
benefits that agroforestry can bring, or in some cases that it is hoped
 
it can bring, to problems of land use in sloping areas. They do not
 
answer two of the key questions in land evaluation, namely which
 
are the best sites for any specified land utilization type, and which
 
is the best kind of land use on any given site?
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Table 4 	 CHARACTERISTICS OF EIGHT AGROFORESTRY SYSTEMS ON SLOPING AREAS.
 
For explanation of terms, see Tables 1, 2 and 5.
 

U 0
 

Feature
 
1 P. 	 CL0~4 

'd4 0~5. 

Type: 	 Agrosilvicultural 4 4 1 4 

Silvopastoral 

Agrosilvopastoral I J / 
Interactions: 	 Space 1141 / 1/ 

Time 

Practices: 	 Improved tree fallow / 1
 

Alley cropping I /
 

Boundary planting I /
 

Live fences 4 /
 

MPTs on pasture /
 

Con:iervation: 	terraces ­

strips 

hedges I 

Tree gardens 	 4
 

Plantation crops with trees I 

Shade , I 
Tree functions: 	 Fuelwood 111 1 

Timber III 

Fodder (cut) / 

Food 	 /14 
 1 
Cash crop _ 114 
Soil conservation 4111,/ 

Soil improvement / 1 / /1 
Fencing. , 
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It should be said once that ICRAF is not :,et able to offer firmly­

based 	answers to either of these questions. Perhaps -irprisingly,
 

to the present audience, it has not so far applied the standard
 

procedures of land evaluation to its field projects. Instead,
 

these 	have been based on a set of procedures known as the diagnosis
 

and design methodology. This latter has many points of contact
 

with land evaluation; indeed, it is thought possible that the two
 

sets of procedures may prove to be convergent when applied in similar
 

circumstances. A brief outline of the diagnosis and design approach
 

is therefore a necessary preliminary to considering how land evaluation
 

can be applied to agroforestry.
 

One aspect of evaluation, namely analysis in economic terms, has been 

applied to agroforestry systems, and some examples of this are also 

given. 

5.2 Agroforestry diagnosis and design
 

The diagnosis and design methodology is one of a family of 'farmers
 

first' approaches to rural land development. Its ultimate purpose is
 

to design agrotorestry land use systems which will help to solve the
 

problems of rural land use. However, since the technology of agro­

forestry is in many cases not fully proven, the proximate objective 

is usually to design a research programme tbit will test systems 

which are belicved to have this problem-solving potential. 

Diagnosis and design is a methodology of some complexity, to which 

the present very nrief sunmary cannot do Justice. Those who are 

interested are urged to discover more about it, from the following:
 

- Guidelines for agroforestry diagnosis and design (ICRAF, 0983a).
 

A 25-page summary of the approach, including an outline of procedures
 

as 12 steps. This might be compared with the Framework for land
 

evaluation (FAO, 1976).
 

- Resources for agroforestrv diagnosis and design (ICRAF, 1983b).
 

A 383 	page vade mecum of procedures, including proformas. Comparable
 

with the Guidelines on land evaluation for rainfed agriculture (FAO,
 

1983).
 

- Technology and research considerations in ICRAF's "diagnosis and
 

design" procedures (Huxley and Wood, 1984). Amplifies the technology
 

design stage of procedures.
 

- One or more examples of application of the methodology. Comparable
 

with reports on land evaluation studies. Those at present most
 

accessible are based on Kenya (Raintree, 1983; Hoekstra, 1984a) and
 

the Philippines (Torres et al., 1984).
 

In barest outline, the phases in a diagnosis and design study are:
 

i. Diagnose the land use problems of an area.
 

ii. Formulate agroforestry land use systems that have the potential
 

to ameliorate those problems and which are sustainable and
 

adoptable.
 

iii. 	 Design a research program which will test and optimize these
 

systems.
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These phases lead potentially to a fourth, in which the improved
 
and tested systems are implemented in the area through a programme
 
of extension and development.
 

Set out in slightly more detail (but still simplified) the steps
 
become:
 

1. 	Identify and describe the land use systems with the study area.
 
A land use system has the same meaning as in land evaluation
 
terminology, namely a combination of a land unit with a kind
 
of land use. This is an initial stratification of the study
 
area, thn remaining phases being applied potentially to each
 
of the land use systems but in practice, to those which have
 
the most serious problems and/or the greatest apparent
 
scope for agroforestry assistance.
 

2. 	Conduct a diagnostic survey of the problems faced by farmers,
 
orotherlandusers, in the area. These may be supply problems,
 
that is, shortfalls in the farmers' needs for food, fuel,
 
shelter, cash, capital and social needs; or sustainability
 
problems, e.g. soil erosion, pasture degradation, reduction
 
in area of forests. Although the farmers are the focus, the
 
land itself may also be regarded as having problems.
 

3. 	Analyze the causes of these problems. This is done by a
 
causal net-work in which some of the initiating factors are
 
socio-economic whilst others derive partly or mainly from
 
the physical environment. Examples of causal chains taken
 
from such networks are:
 

Land reduction decline low crop food
 
-
scarce-- in length- ) in soil 0 yields shortage 

of fallows fertility 

land cultivation soil low crop 
scarce -------- of steep - erosion > yields 

slopes 
Seasonal low animal low cash 
decline in . -productivity -* income 
feed quality 

Rainfall recurrent recurrent 
variability ,)m crop failure . . food shortage 

Population destruction fuelwood 
growth ) of forests , shortage 

More complex relationships, including branching or Y-shaped
 
chains and feedback loops, are also examined.
 

4. 	Derive specifications for systems suited to the area.
 
These must: (i) have the capacity to ameliorate some of
 
the identified problems, through interventions in the
 
causal networks; (ii) be sustainable; (iii) be adoptable,
 
that is, within the financial and technical capabilities of
 
the farmers, implementable within the available (or a modified)
 
infrastructure, ane acceptable to them (i.e. 'if .... would you
 
try this?').
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5. 	Based on the system specifications identify technologies
 

which appear to have potential to make a contribution.
 
These may include both agroforestry and non-agroforestry
 
technologies; the report on the study draws attention to
 
the latter, but does not proceed further with them.
 

6. 	Analyze the candidate agroforestry technologies and select
 
the most promising from among them. Based on these, design
 
a land use system which, if it works, will help to solve
 
the 	problems.
 

7. 	Make a preliminary ex ante evaluation of this land use system,
 
including environmental, economic and social aspects.
 

8. 	Decide what is known with confidence about the functioning
 
of the proposed system, and what needs to be tested through
 
research. Those elements, if any, about which there is
 
reliable information can immediately be recommended for
 
adoption.
 

9. 	For the remaining elements, design a research programme
 
which will test the functioning of the proposed systems, and
 
so lead to their improvement. This usually consists of a
 
combination of on-farm research and on-station research.
 

10. 	Make the necessary institutional arrangements for implementing
 
the research programme.
 

Stages 8 and 9 incorporate a three-way switch, between implementation,
 
on-farm research and on-station research. Immediate implementation
 
can be embarked upon where technological elements which make up a
 
proposed system are adequately proven. On-farm research is appropriate
 
where the technology is less firmly proven, but the consequences to
 
the farmer if it goes wrong are not too serious (e.g. boundary planting
 
of fruit trees); it should also be adopted where there remains an
 
element of doubt about the capacity or willingness of the farmers to
 
put the system into practice. On-station research has numerous functions,
 
for 	example, the testing of unproven technologies, species and provenance
 
trials of multipurpose trees, or specialized studies of particular
 
elements, such as pruning practices on soil moisture competition.
 

5.3 Diagnosis and design: an e;.ample
 

The diagnosis-and design procedure may be illustrated from one of the
 
two 	areas, the most steeply sloping, in the ICRAF collaborative programme
 
in the Peru. The following account is necessarily highly s.mpiii..d.
 

The 	Pucallpa region lies in the Peruvian section of the Amazon Basin,
 
latitude 8030' S, altitude 250 m. It has a lowland humid tropical
 
climate (K~ppen Am) and rain forest vegetation; strongly acid
 
acrisols are the dominant soil type, and slopes are moderate to steep.
 
The main land use systems are fallow-based cultivation of upland rice
 
and cattle ranching.
 

The main problem of the upland rice system is low crop yields brought
 
about by a combination of low inputs with progressive shortening of
 
the 	fallow period. One those farms for which land area was limited,
 
the 	cattle ranching system suffered from low productivity of the
 
natural pastures. A further problem common to both systems was 	 U
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shortage of capital for investment in improvements. Constraints to
 
the design of interventions were that they should have low capital
 
requirements; not make use of inputs inaccessible to farmers; and
 
be consistent, in the case of cash crops, with marketing potentials
 
of the area. The constraint of capital shortage prevents adoption
 
of the high-itiput systems developed for annual cropping at the
 
Yurimaguas Research Station (e.g. Valverde and Bandy, 1982).
 

For the cattle system, one improvement which meets all the specifications
 
is not agroforestry, namely pasture improvement and development of
 
productive and persistent legume-grass associations. Possible agro­
forestry improvements are:
 

- improved tree fallows, based on N-fixing trees;
 

- as an alternative to this, alley cropping with N-fixing
 
trees, using a design which combines soil conservation;
 

- an increase in the number and variety of fruit trees, for
 
extra cash income;
 

- substitution of a herbaceous shrub in legume-grass pastures,
 
as a way of trying to avoid competitive exclusion problems
 
common to such mixtures.
 

- live fences on pastures, permitting some degree of pasture
 
rotation.
 

Of these possibilities, that of forest trees requires first, assessment
 
of environmental suitabilities and secondly, study of marketing
 
potential. If these can be completed, implementation can begin quite
 
soon. The remaining practices are not well tested for this environment,
 
and a substantial programme of on-station research is recommended.
 
(Source: Torres and Raintree, 1984.)
 

5.4 Economic analysis of agroforestry systems
 

As with the treatment of social aspects, economic analysis of agro­
forestry systems may be said to have reached a more advanced stage
 
than evaluation in relation to environment. A recent bibliography
 
lists 90 such economic analyses (Hoekstra and van Gelder, 1983).
 
A computer software package has been developed, MULBUD, which enables
 
users to model and analyze agroforestry systems (Etherington and
 
Matthews, 1982). It should be made clear that as the package stands
 
at present, all data on crop and tree performance, yields, et., is
 
input by the user; there is no element of biophysical modelling.
 

Two examples may be given. A recent collaborative project between
 
ICRAF and Malaysian institutions led to a design for an agroforestry
 
system for moderately-sloping dissected lowland, with a humid climate,
 
on dissected lowlands north-east of Kuala Lumpur. This differs from
 
the examples previously described in that it was designed for land
 
presently in, and intended to remain as, forest reserve. In part
 
because the main aim was to produce fast-growing softwoods, and in
 
part owing to a constraint set by the Forestry Department, that
 
perennial agricultural crops could not be planted, the design was
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directed towards modications of the taungya system. Two variants
 
were produced, both based on combinations of the planting of fast­
growing timber trees with annual crops during the first year, sheep
 
grazed beneath the trees for a further period, then trees only when
 
their crown cover becomes dense. The farmers move to a new area each
 
year, felling the secondary jungle, planting annuals plus trees, and
 
tending the latter. Unlike most taungya systems, in which the dominant
 
interaction takes place in time, 
this design involves substantial
 
spatial interaction as well. (There are reservations concerning these
 
designs, but these need not be discussed here.)
 

Two variants of this system were analyzed on the MULBUD package: 
 a
 
mixed sHstem in which the trees were regularly spaced, and a zonal
 
system in which the trees were planted as broad belts along the
 
contour. 
These were compared with a straightforward timber plantation,
 
using existing methods of the Forestry Department. The rest,t: Are
 
expressed in two ways: returns per unit area of land, 
as net
 
present value in Malaysian dollars per hectare over a 15-year cycle;
 
and as costs per unit volume of timber produced, in Malaysian
 
dollars per cubic metre. 
 The first is relevant from the national
 
aspect of maximizing land productivity, the second from the point of
 
view of the Forestry Department for which costs, and not land, is the
 
primary limiting factor.
 

Timber cost
I 1 3
Land use system NPV, MS ha-
 M m
 

Timber plantation 7960 
 9.15
 

Agroforestry, mixed system 11030
 

of which forestry component 8470 7.33
 

Agroforestry, zonal system 7130
 

of which forestry component 4000 9.00
 

The differences between agroforestry and forestry are not dramatic in
 
economic terms; but given that there are 
strong social pressures to
 
allow farmers 
to have a stake in this area, the economics are
 
sufficiently promising, even from the partial point of view of 
the
 
forestry component alone. 
The major saving to forest operations lies
 
in lower establishment costs. 
 In the mixed model there is no loss'of
 
timber and a gain from the crop and livestock elements; in the zonal
 
model, the latter compensates for a lower timber yield and revenue.
 
(Source: Hoekstra, 1984b.)
 

The second example is unusual among economic analyses in that it
 
includes 
an element of environmental differentiation, based on
 
different tree growth rates for rainfall regions. 
 It is.taken from
 
a study by the Beijer Institute of the fuelwood supply and demand
 
projections for Kenya (Openshaw, 1981). 
 The agroforestry model Is
 
based on achievement of a 15% crown on farmland, without loss of
 
crop production, yielding 4.5 m3 ha-1 
per year in the high rainfall
 

3 I
area and 2.6 m ha- per year with medium rainfall. There is a
 
sensitivity analysis of different assumptions for labour rates and
 
fuelwood prices, but taking the same set of assumptions for each case,
 
the internal rates of return are as 
follows:
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Land use system Rainfall region IRR
 

Fuelwood plantation High-medium 91
 

Taungya system plantation " 141 

Trees on farmland (agroforestry) High 29
 

" " " " Medium 171
 

Peri-urban plantation Medium-low 4J
 

Industrial timber plantation High 13J
 

" t o Medium (low alt.) 8
 

Fuelwood from natural forests High 54
 

Agroforestry comes out as markedly superior to various forest
 
plantation systems. This is just as well, for it makes an economic
 
virtue out of a practical necessity: Kenya's semi-arid lands do not
 
possess the growth potential to satisfy its projected fuelwood demands,
 
whilst its humid lands (many of which are sloping) are fully occupied
 
by farmers. The highest return, as would be expected, comes from
 
using natural forests, but the incremental growth from these falls
 
considerably short of fulfilling even present-day fuelwood demands.
 

6. L.ND EVALUATION FOR AGROFORESTRY
 

6.1 Modifications to procedures
 

With the above account of diagnosis and design methods as a background,
 
coupled with field experience of agroforestry projects, let us review
 
the procedures of land evaluation, pointing out to what extent they
 
appear to need special treatment when applied to agroforestry. The
 
diagram of procedures in Land evaluation for forestry (FAO, 1984) will
 
be taken as a basis (Figure 3). Ab compared with that in the rainfed
 
agriculture volume this has an added box, 'Economic and social data:
 
collection, analysis'. Note should also be taken of the three points
 

9 4
 for input of economic and social data given in the forestry volume (p. ),
 
namely at the stages of determination of objectives, formulation and
 
refinement of land utilization types, and economic and social analysis
 
in the comparison of land use with land.
 

"PLANNING THE EVALUATION: objectives"
 

Right at the beginning of land evaluation procedures comes the first
 
major point of difference. The Framework and its successor volumes
 
basically assume that the objectives of the survey are known bfoLe
 
fieldwork starts, and can be established by preliminary disL.ssion,
 
"between ... agriculturalists, engineers, economists, sociologists,
 
planne,6, government officials" (oh, and also) "representatives of
 
the local population likely to be affected" says the Framework airily.
 

The first feature of agroforestry is that the objective is often
 
problem-solving: that is, advice on the potential of agroforestry
 
is called upon for an area which has land use problems. Most commonly,
 
these are soil fertility decline, soil erosion, fuelwood shortage
 
(actual or projected) or pasture degradation.
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PLAIJNIN T I. EVALUATION 

- Objectives 
- Constraints 
- Data & assumptions 
- Programme of work 

LAND) UTILIZATION TYPES[ ECONOMIC A:SOCIAL LAND UNTS 
DATA 

- Identification No Collection [ - Identification
 

- Description 
 Analysis description
 

- Surveys 

LA0D USE REQUIREMEYS f LAND QUALITIES & 
ACFRACTERISTI CS 

For specified purposes - Selection 
as required by land 

1 I 
S 

nutilization types - airveys and speci­
alived studies 

COMPARISON OP LAND 
USE WrTH LAND 

- Matohing 

- Environmental 
impact 

- Economic & social 
analysis 

- Land suitability
 
classification
 

PRESENTATION OF RFwLTS 
- Descriptions of land utilization types (LUrs) 
- Land auJ ability classification 

- Mnagement specifications for LUTa an land units 
- ?hvironmental impact 

- Economic and social analysis of alternatives 
- Data .rom banc surveys and specialized studieo 

Figur-3 	 PROCEDURES IN LAND EVALUATION. After FAO (1984, p. 27). 
As compared with the source, an arrow has been added 
showing the use of economic and social data in the 
formulation of land utilization types. 
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Secondly, a fundamental principle is that diagnosis must procede
 
treatment. That is, given that an area is known to have land use
 
problems, a substantial period of field survey is necessary in order
 
to find out in detail the nature of these problems and analyze their
 
causes. There is no such principle in the Framework.
 

"LAND UTILIZATION TYPES: formulation and description"
 

A feature of agroforestry land utilization types is that they are
 
often conceived and formulated as interventions into the existing land
 
use, usually agriculture. Thus the approach is predominantly that of
 
improvement rather than transformation. Closely related is the fact
 
that practicability and acceptability is built into the proposals at
 
an early stage. This avoids the subsequent problem of "We've done
 
the research: now how are we going to get the farmers to accept the
 
system?". Based on the diagnosis of the present land use system ad&d
 
the constraints under which the farmers are operating, acceptability
 
is built into the design of the proposed agroforestry systems.
 
There is no reason, of course, why this should not be done for
 
non-agroforestry land utilization types.
 

"LAND UTILIZATION TYPES: description"
 

The standard list of descriptors for land utilization types (outputs,
 
market orientation, capital intensity, etc.) are almost identical
 
in the guidelines on rainfed agriculture and on forestry, apart from
 
minor changes in wording, e.g. cultivation practices/stlvicultural
 
practices. The same list appears in the guidelines on irrigation
 
with the addition of headings specific to water management. All of
 
these descriptors are relevant to agroforestry systems, as has been
 
illustrated in Table 3. In the current world inventory of agroforestry
 
systems being conducted by ICRAF, care was taken to include each of
 
them in the computerized summary of characteristics.
 

There are, however, additional features that are of particular
 
significance in the description of agroforestry land utilization
 
types. These could indeed be included under the standard headings,
 
Outputs, Cropping characteristics and Cultivation/Sylvicultural
 
practices, but as they define the essential distinguishing features
 
of agroforestry, namely Ahe tree/non-tree interactions and the roles
 
of the tree component in the land use system as a whole, it is better
 
to isolate them as a separate set of descriptors, as in Table 5.
 

"ECONOMIC AND SOCIAL DATA"
 

No special features for data collection. Data are incorporated into
 
objectives and design of land utilization types as well as during
 

comparison of land use with land.
 

"LAND UNITS"
 

No special features.
 



- 24 -

Table 5 	 DESCRIPTORS FOR AGROFORESTRY LAND UTILIZATION TYPES.
 
Based on Torres (1983), Huxley (1983) and the
 
ICRAF agroforestry systems inventory.
 

TYPE OF SYSTEM 	 Agrosilvicultural, silvopastoral
 
agrosilvopastoral, other (see
 
Section 2.2).
 

DOMINANT INTERACTION 	 Space: trees and other components are
 

(between tree and grown simultaneously, in a
 
non-tree components) spatial arrangement.
 

Time: 	 trees follow crops or pasture
 
in a rotation.
 

Both: 	 the system includes substantial
 
interactions in both space and
 
time.
 

ARRANGEMENT IN SPACE Mixed, dense (e.g. home gardens)
 
Mixed, sparse (e.g. most systems
 

of trees in pastures)
 
Row (single line of trees)

Strip (belt more than one tree in
 

width).
 
Boundary (trees on edges of fields
 

roads, etc.)
 

Block (as 	in tree plantations)
 

ARRANGEMENT IN TIME 	 Coincident
 

Concomitant
 

Overlapping-	 -------

Separate
 

Interpolated
 

(Time-dominant systems are necessarily
 
separate; space-dominant systems with'
 
annual crops are usually interpolated;
 
with perennial crops may be in various
 
time arrangements).
 

AGROFORESTRY PRACTICES 	See Table 1
 

FUNCTIONS 	OF THE TREES See Table 2
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"LAND 	USE REQUIREMENTS"
 

Performance of agroforestry utilization types is often not known,
 

hence neither are precise land use requirements. To meet this situation,
 

there is need for a period of research, and hence design of a research
 

programme.
 

"LAND 	 QUALITIES AND CHARACTERISTICS" 

No qualities or characteristics additional to those applicable to
 

agriculture and forestry have been found necessary. This applies to
 

qualities for management and conservation as well as those for plant
 

growth.
 

"COMPARISON OF LAND USE WITH LAND"
 

PHYSICAL REQUIREMENTS 	 Not precisely known, see above.
 

ENVIRONMENTAL IMPACT 	 Important in agroforestry systems;
 
information available.
 

SOCIAL ANALYSIS 	 Important in agroforestry systems;
 
methods available
 

ECONOMIC ANALYSIS 	 Methods available;
 
has been done many times, on an
 
ex ante basis.
 

LAND SUITABILITY Has not yet 'jeen attempted.
 
CLASSIFICATION
 

In summary, the main differences between land evaluation methods as
 

set out in the FAO guidelines for rainfed agriculture and forestry,
 

and those practised in, or appropriate to, the evaluation of agrow
 
forestry systems are:
 

i. 	The objective is often problem-solving.
 

ii. 	 Surveys commence with a stage of diagnosis or problems
 
and their causes.
 

iii. 	 To describe agroforestry land utilization types, a set
 

of additional descriptors is needed.
 

iv. 	The performance of agroforestry systems, in relation to
 

land qualities, is frequently not firmly established, and
 

thus the land use requirements cannot be precisely specified.
 

v. 	In part due to the uncertainties over performance, the output
 

from agroforestry studies is frequently a design for a research
 

programme, incorporating on-station and on-farm research,
 

together with a variable element of imrediate implementation.
 

vi. 	 In agroforestry surveys to date, there has been a relatively
 

greater emphasis on social features and less on environmental
 
features, as compared with most land evaluation studies.
 

* \ ~ 
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6.2 	 The ICRAF/FAO Project, Land Evaluation for Agroforestry
 

Recognizing that there is a need 
to applied methods of land evaluation
 
to agroforestry, and that simple adaptation of existing methods will
 
not be sufficient, ICRAF has embarked upon a project in land evaluation
 
for agroforestry (with the serendipitous acronym of LEAF). It has been

fortunate to secure the technical co-operation of FAO in this activity.

The rationale for the project as a whole has been set out in a Working

Paper, Land Evaluation for Agroforestry: the tasks ahead (Young 1984).

The necessary stages in the development of such a methodology are as
 
follows:
 

i. An environmental data base.
 

ii. The formulation of appropriate land utilization types,
 
as a basis for suitability analysis.
 

iii. 	 Land use requirements, for agroforestry components (trees,
 
crops, livestock) and technologies.
 

iv. 	Biophysical models of interactions between trees and
 
other components of agroforestry systems.
 

v. 
An assessment of the environmental impact, and hence
 
sustainability, of agroforestry systems.
 

vi. 	 A methodology for comparison between agroforestry and other
 
land use systems, on a given site.
 

vii. 	Case studies to test the above.
 

viii. The holding of an international workshop.
 

No specific research needs are included for economic analysis nor for
 
the examination of social impact, since satisfactory procedures for
 
this aspects already exist.
 

6.3 	 The ICRAF environmental data base
 

Since it is the particular interest of land evaluation, brief details
 
may be given of the environmental data base of information on agro­
forestry. Further details, with examples of computer outputs, are
 
given in Young (1983 and 1984).
 

There 	are two main files to the data base, a sites file and a
 
requirements file. The sites file contains records of the complete
 
range of environmental conditions to be found at sites associated with
 
agroforestry. 
These include locations of ICRAF's collaborative research
 
programme, sites of existing agroforestry systems and sites of agro­
forestry experimental work. The fourth kind of site that can be
 
entered is any area of interest to a user. By storing all such data
 
in a standardized form, it will be possible 
to identify and compare

sites with similar environments.
 

The requirements file is intended to store the environmental requirements

of agroforestry components and land utilization types. 
 At present it
 

V\
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contains only requirements of multipurpose trees. Crop requirements
 
will be added by assembling data from FAO and other surveys. In course
 
of time it is hoped to include the environmental requirements of
 
agroforestry land utilization types, but that achievement is some way
 
in the future.
 

A diagram showing the structure of the environmental data base,
 
together with an explanation of the structure of the requirements file
 
and examples of outputs, is given in Young (1984, Fig. 3 and Tables I
 
and 2).
 

7. DISCUSSION AND CONCLUSIONS
 

The four questions posed at the outset can now be reviewed in the
 
light of the information presented.
 

7.1 How can land evaluation be applied to agroforestry?
 

The first question is the adequacy and appropriateness of existing
 
procedures of land evaluation when applied to agroforstry. The
 
standard descriptors for land utilization types are all applicable,
 
but need to be supplemented by aspects distinctive to agroforestry
 
systems; the origin of these aspects lies in two features of such
 
systems, the interaction between the tree and non-tree components
 
and the multipurpose role of the trees. Comparison between land and
 
use can already be achieved satisfactorily in terms of environmental
 
impact, social aspects and economic analysis. It can only be carried
 
out for physical requirements on a generalized basis, owing to lack of
 
sufficient performance data for agroforestry systems in relation to
 
environmental conditions. This situation means that in many cases,
 
the output from an agroforestry study is a combination of a research
 
programme combined with a variable amount of direct implementation.
 

There is a further aspect. It seems likely that the classificiatl',
 
of a particular agroforestry land utilization type as highly suitable
 
for a given area is not related to the environmental conditions of
 
that area alone; it depends to a substantial extent on the existing
 
land use :vptems in the area and their problems. For example, an
 
agroforestry practice that combines soil conservation with fuelwood
 
production is highly suitable for a certain area not only because
 
its land has a high erosion hazard but also because of a fuelwood
 
shortage among its people.
 

A consequence is that, in the author's present perception, the
 
"Guidelines on land evaluation for agroforestry" will not be
 
simply an adaptation, following the same outline, of the guidelines
 
for rainfed agriculture, forestry and irrigated agriculture. There
 
are likely to be some substantial modifications in principles and
 
procedures, possibly including some element of integration with the
 
diagnosis and design methodology. This question is further
 
discussed in Young (1984).
 

7.2 What benefits can agroforestry bring to sloping areas?
 

Generalizing from the examples in Section 4, there are a range of
 
benefits, provided that the agroforestry practices and systems are
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based 	on sound design and their performance is proven by trials. 
 The
 
major element is that sloping areas invariably have a substantial
 
hazard of soil erosion, and well-designed agroforestry has the
 
capacity to combine conservation with productive functions. 
 Since
 
fuelwood production is the most commonly called-for output from
 
multipurpose trees, then insofar as 
sloping areas have an inherent
 
tendency towards a situation of fuelwood shortage, then agroforestry

has a further role in this respect. More generally, whereas crops

present serious problems for cultivation on slopes, trees do not,

leading to potential benefits from making use of interactions between
 
the two.
 

7.3 	 Under what circumstances is agroforestry likely to be
 
preferred form of land use in sloping areas?
 

Converted to the approach of land evaluation, the third que:scion could
 
be expressed as follows: 
 if for a sloping area, a land evaluation
 
were conducted which included one or more systems of agriculture,

agroforestry and forestry, under what circumstances would agroforestry
 
be classified as more highly suitable?
 

Suppose that a watershed fulfilled an important role as a water
 
catchment, that it 
was presently uninhabited, and that there was no
 
strong land pressure In the area; 
 then clearly, the preferred use
 
would be to retain that watershed under protective forestry. It is
 
harder to conceive of a set of circumstances in which agroforestry

should be equally clearly excluded in favour of agriculture, but
 
perhaps a well-maintained system of terraced ricefields, their ful­
wood and fodder needs adequately provided from other nearby land,
 
would qualify - if such a case exists.
 

The circumstances in which agroforesry appears to have the potential

to make a considerable contribution to the welfare of the people is
 
in those sloping lands of the humid and subhumid tropics which suffer

from one or more of the problems of soil erosion, over-cultivation
 
and soil fertility decline, or shortage of fuelwood or fodder. 
These
 
are land use problems which agroforestry, with its particular capacity

to 
combine produrtivity with sustainability, has special potential to
 
ameliorate.
 

7.4 	 Should sloping areas be a priority environment for
 
application of agroforestry research and development effort?
 

From the two preceding subsections, it is apparent that the answer
 
to this final question is a clear "Yes". Sloping areas frequently

have problems of land use of the kinds that agroforestry can assist.
 
Clearly, therefore, this should be an environment towards which
 
effort is particularly directed. It would go beyond the scope of
 
this paper to carry out 
a comparative review of other environments,

but it appears possible that there are none 
in which the combination
 
of need with potential for improvement is so clearly present.
 

There 	is 
some more or less independent confirmation of this situation.
 
The ICRAF collaborative programme is 
one in which agroforestry

research is carried out by institutions in a network of countries,

with ICRAF playing a role in design and co-ordination. The programme

is based on the diagnosis and design methodology, applied to selected
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target areas. These areas have not been chosen by means of land
 
evaluation surveys. They are selected primarily by the collaborating
 
countries, on grounds which vary in detail but which are broadly that
 
they 	possess land use problems which it is thought that agroforestry
 
could assist. To date there have been eight such study areas. Of
 
these, only one is classed as gently sloping; two are moderately
 
sloping whilst four include areas of both moderate and steep slopes.
 
The most recent, the Bhaintam watershed for the Himalayas is Uttar
 
Pradesh, India, has been covered by a survey of slope class; 92% of
 
the watershed has slopes over 190 (34%), i.e. stcep, whilst 56% has
 
slopes over 270 (50%) and 16% at over 450 (100%)!
 

There is no doubt an element of chance in this concentration of requests
 
for collaborative assistance on sloping lands, but it is strongly
 
indicative. Among requests to the recently-formed ICRAF Advisory Unit,
 
those from sloping areas again appear, for example areas in Rwanda
 
and Indonesia.
 

8. 	DESIGN, RESEARCH AND IMPLEMENTATION
 

It is well to end on a note of caution. Great as the potential
 
benefits of agroforestry to sloping lands may appear to be, It would
 
be unwise in most cases to proceed with immediate large-scale
 
implementation. Whilst some traditional agroforestry systems have
 
been functioning successfully for many years, most modern designs for
 
introductions have been subject to only a limited degree of testing ­
and still less to testing under specific local environmental conditions.
 
Hence the way ahead that is normally to be recommended at the present
 
state of technology is a well-designed research programme, tailored
 
to the needs of the area and incorporating both on-station and on-farm
 
research, coupled with a limited amount o: immediate implementation.
 

If an introduced agroforestry technology systC or is to be successful,
 
it is necessary to ensure:
 

i. 	That the trees selected will grow well in the area.
 
This is a fundamental requirement, without which
 
all other functions of agroforestry will fail.
 

ii. 	That the system is well designed. The altitude 'trees
 
are wonderful, plant them' is not enough. Trees alone
 
do not even achieve soil conservation: it is the design
 
which they are planted and the subsequent management that
 
matters (Wiersum, 1984). Every aspect of a proposed
 
agroforestry technologies needs to be subject to careful
 
analysis, to minimize adverse interactions and to obtain
 
the desired balance of beneficial functions.
 

iii. That the system has been tested. The design must be
 
tested under controlled field conditions; if it has
 
been found satisfactory in other regions, trials are
 
necessary under local environmental conditions (and with
 
locally realistic inputs and management practices). This
 
imposes a delay of some 5 years, but implementation of an
 
unproven technology which fails can cause an equal delay,
 
at considerably greater cost.
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iv. 	 Finally, that the system meets the needs of the people.

That is, the research programme itself should be designed
 
such that its output is a set of technologies, or one or
 
more agroforestry systems, that is adapted to the environ­
ment of the area, helps to ameliorate its land use problems,

and can be implemented by, and is acceptable to, 
its people.
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ANNEX 6 

COMPUTERIZED SYSTEM REGISTER No.1
 

AAA AA AA jSSS SS
 
~AA ~ A A AA AA 

AA AA A 

IC RAF, Nairobi Date: 01/I/85
 

A24M F RFESTRY SYET3M D-vCRIEI-I N Rec. No: 1/1 

CODE NUMBER: OO1i/ECMF SOURCE: Fernandes et al (1984).
 

SYSTEM NAME: 
 Chagga homeqardens: coffee-banana-multipurpose trees/shrubs ar 
d stall-fed livestoc-k. 

COMPONENTS ASSOCIATION : Trees: 
Crops: Animals
 

AGROFORESTRY PRACTICES : MP trees on c:ropland: NP Trees around Homesteads: MP 
Fodder Trees: MP Fuelwood Trees: Trees Sheltering Crops;
: Trees Sheltering Homesteads: Live Fences: Tree Garden 
s: Apiculture wi h Trees 

EXTENT OF SYSTEM: 1200 Sq Km 

MEAN MANAGEMENT UNIT: ".,8 HA RANGE OF MANAGEMENT UNIT: 0.,20 - 0001.20 HA 

GEOG.APHICAL 
 LOCATION
 

AFSI REGION: Arica (E.C 
 Z W) COUNTRY:Tanzania
 

PROVINCE: Ni them 
 AFAREA : Mt. KIilimanjaro
 

LATITUDE: 02.9 
 - 0j..0 S LONGITUDE: 0.7.2- 037.5 E 

ALTITUDE: 9('(') -1 (. 



ACROFOFRESTRY SYSTE-M IECFIPr ION Rec. No: 1/2 

BIOPHYSICAL DATA 

KOPPEN CLASS: Sub humid tropics 2 wet s:oasons 

MEAN ANNUAL RAINFALL: I000-1700m MEAN ANNUAL TEMPERATURE: 

SOILCLASS : Latosols: Immature: Temperate Types 

22.9 - C 

LANDFORM: Moderately T.;loping DRAINAGE:Well drained 

SOCIO-ECONOMIC DATA 

MARKET ORIENTATION: Subsistence with subsid commercial 

NUMBER OF PEOPLE INVOLVED: 5"0000 POPULATION DENSITY: 350/Sq.Km 

ETHNIC GROUP: Chagga/bantu DOMINANT RELIGION:Christians 

LAND AVAILABILITY: Scarce LAND TENURE TYPE:Freehold 

MARKET FACILITIES: Good CREDIT FACILITIES:Fair 

INFRASTRUCTURE: Fair COOPERATIVES: Present 

CAPITAL INTENSITY: Low LABOUR INTENSITY: High 

MECHANIZATION LEVEL:Hore & spadce LEVEL OF INPUTS: Low 

INPUTS : Labour: Seed: Pesticide: Capital 

SYSTEM OUTPUTS: Coffee~banarasmilkvegutables 

INCENTIVES TO UNDERTAKE AGROFORESTY 



AGROF =F ESTRY SSTEM DEESCRIPT ON-r Rec. No: 1/3
 

COMPONENT ARRANGEMENT DATA
 

;4OODY PERENNIAL-HERB ARRANGEMENT 

DOMINANT FEATURE: Space
 

ARRANGEMENT OF WOODY SPECIES IN TIME: Static
 

HORIZONTAL ARRANGEMENT OF WOODY SPECIES: Mixed dense
 

VERTICAL ARRANGEMENT OF WOODY SPECIES: Multistorey
 

4OODY--OODY ARRANGEMENT 

ARRANGEMENT IN TIME: Static
 

HORIZONTAL ARRANGEMENT: Mixed
 

VERTICAL ARRANGEMENT: Multistorey
 

HERB-HERB ARRANGEMENT
 

ARRANGEMENT IN TIME: Rotation
 

HORIZONTAL ARRANGEMENT: Mixed
 

VERTICAL ARRANGEMENT: Multistorey
 

UCODY-ANIHAL ARRANGEMENT
 

DOMINANT FEATURE: space
 

ANIMAL ARRANGEMENT IN TIME: static
 

LOCATION OF WOODY SPECIES: outside animal management unit
 

HORIZONTAL ARRANGEMENT OF WOODY SPECIES: n/a
 

VERTICAL ARRANGEMENT OF WOODY SPECIES: n/a
 

ANIMAL FEED METHOD: Stal.l..-fed
 

FACTORS DEGRADING THE SYSTEM:Land shortage,high populationlow productivity
 



A RF ORESTRY 


TYPE COMMON NAME 
Moody 
Woody 
Woody 
Woody 
Woody 

Woody 
Woody 
Woody Nvuli 
Woody Coffee 
Woody 
Woody 
Woody 

Woody Moonflower 
Moody 
Woody 
Woody 
Woody Cardamout 
Woody 
Woody Loquat 
Woody Fig 
Woody 
Woody Australian silky oak 
Woody 

Moody 
Moody Mulberry 
Moody 
Woody 
Woody Avocado 
Woody Guava 
Wooy 
Woody 
Woody Castor plant 
Woody 
Woody Tea: 
Woody 
Woody 

Woody 
Woody 
Herbaceous Banana 


Herbaceous Beans 

Herbaceous Cabbage 

Herbaceous Cow pea 

Herbaceous Maize 

Herbaceous Onion 

Herbaceous Potato 

Herbaceous Sweet potato 

Herbaceous Taro 

Herbaceos Taro 


cd.
 

SVSTE M DESCRIP'TION'J Rec. No: 1l/ 

SPECIES DETAILS
 

SCIENTIFIC NAME USES/FUNCTION
 
Albizia schipperiaka /fuelwood/building taterial/crop shade
 
Bridelia micraatha /fodder leaves/fuelmood/building material/drug
 
CaesalpiAia decapetala /soil conservation/live fence
 
Calpurpia aurea /building material/crop shade/anti-pest/tools & utensils
 
Carica papaya /food fruit/food vegetables/drug/latex/insect repellent/anti-pest
 
Cassia didoyobotrya /drug
 
Cedrella nexicana /fuelwood/timber
 
Chlorophora excelsa /fuelwood/tiaber
 
Coffea arabica /fuelwood/beverage/mulching
 
Coamiphora sp. /fodder leaves/fencing material/drug/insect repellent/live supporl
 
Cordia abyssinica /fuelwood/building material/crop shade/beehive construction
 
Croton nacrostachys /fodder leaves/fuelwood/insect repellent/anti-pest
 
Datura arborea /bee forage/anti-pest
 
Diospyros mespiliformis /fuelwood/tiaber
 
Dracena usavbarensis /soil conservation/live fencelboundary marker
 
Dracena afronontana /soil conservation/live fencelboundary marker
 
Eletteria cardanomup /food spices/soil conservation
 
Ehretia sp. /building material/tools & utensils
 
Eriobotrya japonica /food fruit/building material/windbreak/live fence/tools & utensil
 
Ficus sp. /food fruit/fodder leaves/fuelwood
 
Gardenia sp. /insect repellent/anti-pest/tools & utensils
 
Grevillea robusta /fuelwood/timber/building material/crop shade
 
lboza multiflora /drug/soil conservaticn/live fence/anti-pest
 
Xarkhaiia platycalyx /fuelwood/building material
 
iorus alba /food fruit/fodder leaves/fuelwood/live fence
 
Mewtooia buchapanii /fuelwood/timber
 
Olea welwitschii /fodder leaves/timber
 
Persea americana /food fruit/fuelwood
 
Psidius guajava /food fruitifuelwood/live fence
 
Raucolfia caffra /fuelwood/drug/insect repellent/anti-pest
 
Rauwolfia inebrians /iuelwood/drug/insect repellent/anti-pest
 
Ricinus coamunis /essential oils/drug/anti-pest
 
Syzigium africaoum /food fruit/fuelwood
 
Tectona grandis /timber/building material
 
Treva guineensis /fodder leaves/fuelwood/drug/insect repellent/anti-;.vt
 
Trichiiia ewetica /food oilslfats/fuelwood/anti-pest
 
Uvaria sp. /fuelwood
 
Vangueria toieotosa /food fruit/drug/anti-pest
 
Husa spp. /food fruit/food vegetables/food starch/fodder leaves/beverage/fit
 

Iching
 
Phasealus vulgaris /food seeds
 
Srassica oleracea /food vegetables
 
Vigna unguiculata /food seeds
 
Zea mays /food seeds/fodder leaves/uLihinq
 
Ahlium cepa /food spices
 
Solanun tuberosum /food starch
 
Ioonea batatas /food starch
 
Caiocassia sp. /food starch
 
Xanthosona sp. /food starch
 

http:repellent/anti-;.vt


... Species details continued
 

Herbaceous Tomato 

Herbaceous Yam 

Herbaceous Finger millet 

Herbaceous 

Herbaceous 

Herbaceous 

Herbaceous 

Herbaceous 

Herbaceous Vetiver grass 

Animal Cow 

Animal Sheep 

Animal Goat 

Animal Pig 

Animal Chicken 

Animal Bees 


Lycopersicoa esculentum 

Dioscores spp. 

Eleusive coracaaa 

Aloe volkeasis 

Cyhodon dactylop 

Pepoisetum purpareut 

Senecio kiliandscharica 

Setaria sphacelata 

Yetiveria zizapoides 

Ras iedicus 


/food fruit
 
/food starch
 
/food seeds/beverage
 
/drug/anti-pest
 
/fodder leaves/soil conservation
 
/fodder leaves/soil conservation
 
/drug
 
/soil conservation
 
/insect repellent/soil conservation,
 
/meat/milk/hides/manure
 
/meat/hideslmanure
 
/meat/milk/hides/manure
 
/meat/manure
 
/meat/eggs
 
/honey
 



COMPUTERIZED SYSTEM REGISTER 

AA 

{o 

AAAA" A h 
AA A AA 

ANNEX 7 

I C RAF, Nairobi Date: 01/18185 

AG F3 3EsTY 1TDESERIFrION Rec. No: 2/1 

CODE NUMBER: 0002/ECMF SOURCE: Sabine asp 02 

SYSTEM NAME: Gum gardens: Acacia senegal - millet - bush fallow.
 

COMPONENTS ASSOCIATION : frees: Crops: Animals
 

AGROFORESTRY PRACTICES : Improved Fallow: MP trees on cropland: MP Fodder Tree
 
m: NP Fuelwood Trees: Tree Gardens 

EXTENT OF SYSTEM: 600000 Sq Km 

MEAN MANAGEMENT UNIT: '.00 HA RANGE OF MANAGEMENT UNIT: 0.00 - 0000.00 HA 

GEOGRAPHICAL LOCATION
 

AFSI REGION: Africa (Sahel & S) COUNTRY:Sudan 

PROVINCE: CenLra] AFAREA : Kordofan 

LATITUDE: 12. C) - 13.5 N LONGITUDE:027.5 .- 032.0 E 

ALTITUDE: 350-500 m 



Rec. No: 2/2ASROFFRESTRV SVSTEtM DESCRFIFTION 

BIOPHYSICAL DATA
 

KOPPEN CLASS: Semi--arid,hot
 

MEAN ANNUAL RAINFALL: 
 250-500 mm MEAN ANNUAL TEMPERATURE: 28.0 - C 

SOILCLASS : Desert Soils 

LANDFORM: Depositional/flat DRAINAGE:Well drainned 

SOCIO-ECONOMIC DATA
 

MARKET ORIENTATION: Subsistence with Subsid. commercial
 

NUMBER OF PEOPLE INVOLVED: 0 POPULATION DENSITY: lO0/Sq.Km
 

ETHNIC GROUP; Arabic/nubian DOMINANT RELIGION:Muslim
 

LAND TENURE TYPE:Communal
LAND AVAILABILITY: Scarce 


MARKET FACILITIES: Fair 
 CREDIT FACILITIES:No data
 

INFRASTRUCTURE: 
Poor COOPERATIVES: No data
 

CAPITAL INTENSITY: Low 
 LABOUR INTENSITY: Medium
 

LEVEL OF INPUTS:Low
MECHANIZATION LEVEL:Hoe & spade 


INPUTS : Labour: Seed
 

SYSTEM OUTPUTS: Gum artabic
 

INCENTIVES TO UNDERTAKE AGROFORESTY : Not applicable
 

http:lO0/Sq.Km


AGRO FORESTrYF SYVSTEtM DESCRIFTION Rec. No: 2/3 

COMPONENT ARRANGEMENT DATA
 

WOODY PERENNIAL-HERB ARRANGEHENT 

DOMINANT FEATURE: Time
 

ARRANGEMENT OF WOODY SPECIES IN TIME: Managed rotation
 

HORIZONTAL ARRANGEMENT OF WOODY SPECIES: Mixed-sparse
 

VERTICAL ARRANGEMENT OF WOODY SPECIES: MUltistorey
 

ROODY-WOODY ARRANGEPIENT 

ARRANGEMENT IN TIME: Static
 

HORIZONTAL ARRANGEMENT: Mixed
 
VERTICAL ARRANGEMENT: Multistorey
 

HERB-HERB ARRANGEMENT
 

ARRANGEMENT IN TIME: Static
 

HORIZONTAL ARRANGEMENT: Mixed
 

VERTICAL ARRANGEMENT: Multistorey
 

OODY-ANI'AL ARRANGEENT 

DOMINANT FEATURE: time
 

ANIMAL ARRANGEMENT IN TIME: rotation
 

LOCATION OF WOODY SPECIES: inside animal management unit
 

HORIZONTAL ARRANGEMENT OF WOODY SPECIES: mi;:ed
 

VERTICAL ARRANGEMENT OF WOODY SPECIES: iultistnr-v
 

ANIMAL FEED METHOD: Browsing,grat:inu
 

FACTORS DEGRADING THE SYSTEM:Lonq fallow,drouCjht,poor gum price,land shortac
 



A!6ROFORESTRFY SYST'V EI1M DESCRIPTIDN Rec. No: 2/4
 

TYPE COMMON NAME 

Woody Gum arabic tree 


Woody Baobab 

Woody 


Woody 

Woody 


Woody 

Woody 

Woody 

Herbaceous 

Herbaceous Bullrush millet 

Herbaceous Sorghum 

Herbaceous Sesame 

Herbaceous Groundnut 

Animal Camel 

Animal Goat 

Animal Cattle 


SPECIES DETAILS
 

SCIENTIFIC NAME USES/FUNCTION
 
Acacia senegal /fodder leaves/fodder fruit/seedslfodder shoots/fodder flowers/bee for:
 

ge/fuelwood/fencing material/gum/resin/soil conservation/dune fixation
 
Adansoia digitata /food fruit/fibre/rituals
 
Acacia seyal /fodder leaves/fodder fruit/seeds/fodder flowers/fuelwood/fencing mate
 

ial/gum/resin/soil conservation
 
Acacia campylacantha /fuelwood/soil conservation
 
Acacia oubica /fodder leaves/fuelwood/fencing material
 
Acacia vellifera /fodder leaves/bee forage/fuelwood/fencing material
 
Zizyphus spina-christi /food fruitlfodder leaves/fuelwood
 
BalaAites eqyptiaca /food fruit/fodder leaves/fuelwood
 
Ceachrus biflorus /fodder leaves/soil conservation
 
Pecoisetum typhoideum /food seeds
 
Sorghum vulqare /food seeds
 
Sesatum iodica /food seeds
 
Arachis hypogeae /food nuts
 
Camelus dromedarius /meat/milk
 

/meat/milk/hides
 
/meat/milk/bides
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Agroforestry Systems 2:73-86. 
c 1984 MartinusN1hoff/Dr W.Junk Pubishens. Dordrech t.PrnedIn the Netherlands 

The Chagga homegardens: a multistoried agroforestry cropping 

system on Mt. Kilimanjaro (Northern Tanzania) 

E.C.M. FERNANDES', A. OKTINGATIV and J. MAGHEMBEI 

'The International Council for Research in Agzoforestry (ICRAF), 
P.O. Box 30677, Nairobi, Kenya 
'University of Dar es Saturm, Faculty of Agriculture, Forestry and Veterinary Science, 
P.O.Box 3009, Morogoro. Tanzania 

Key wocds Tinzania, Chagg. agroforestry, homegarden, multipurpose trees, 
livestock integrition, multistorled cropping, land tenure 

Abtract- The homegardens are characterised by an intensive Integration of numerous 
multipurpose trees and shrubs with food crops and animals, simultaneously on the ume 
unit ofland. 

The Chaggaare 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 large species diversity provides both subsistence and cash crops. It 
enables the farmer to keep his management options open and provides insurance against 
drought, pest and economic risks. 

1.Introduction 

The Chagga are Bantu ipeakers descended from Immigrants of various tribes 
who migrated into the once forested foothills of Mt. Klimnjaro. Then began 
the process of transforming the native forest. Trees that provided fodder, fuel 
and fruits were retained while the less useful species were eliminated and 
replaced with new tree and crop species. This process isstill continuing on 
Mt. Meru - aneighbouring mountain. 

Mt. Kilimanjaro is one of the most densely populated areas in Tanzania. 
This isdue largely to the ecological and economic success of the Chagga crop­
ping system. The homegardens enable the farmer to obtain a sustained 
production with a minimum of external inputs and thus represent a good 
model of landuse for extrapolation to other areas with similar ecological and 
socio-economic characteristics. 

Alth6ugh the Chagga homegardens'are oftca cited as an example of model 
laiduse [1, 7], the ystem has not been described in any detail. This paper 
identifies the major components, ,i.cribes their interactions and management 
aspects and presents an evaluation of the systerm's ecological stability, pro­
ductivity and sustainability. 

Contribution No. 1of the series on Agroforestry System Descriptions under ICRAF's 
AF Systems Inventory Project, funded partialy by the United States Agency for Inter­
national Development (USAID) (see Agroforestry Systems, 1 (3), 269-273, 1983. for 
project details). Series editor: P.K.R. Nair, ICRAF. 
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Fig=u1. Location of ML.KW~mnjuo Innorthern Tanzania. 

2. General description of the area 
Z.I Geographic location
 

The Clhawa homegardens are found on Mt Kilimanjaro Innorthern Tanzania 

(2.9-3.3-S, 37.0-37.5°E) (Figure 1). The bulk of the mountain coven 
about 3100km2 and the hil,1hest peak Is 5895m above sea level. The area 
above the 1900 m contour is a designated forest reserve and national park. 

2.2 Biophysicalenvironment 

2.2.) Climate. Mt. Kilimanjaro region has a bimodal rinfall pattern; 'short 
rains' from October to December and 'long rila' from March to May. The 
average annual rainfall ranges from 1000 to 1700 nn with-marked variation 
depending on elevation, exposure 'and aspectTh1.,Kflhzhanjaro gets more 
rainfall'on Its southeastern and eastern flanki (whre the saggathomegardens 
are) than on its northern and western sides which are eheltered fromthe wet 
southeast winds. 

2.2.2 Soils. There are four major groups (FAO/UNESCO Soil Map of the 
World - Sheet VI.3): 

(1)Humic nitosols and associated Hurnic andosols 
(2) Chromic cambisols and associated Eutric cambisols 
(3' Orchric andosols and associated chromic cambisols and vitric andosois 
(4) Mollic andosois and associated Eutric nitosols 
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In general, these volcanic soils are fertile with a high base saturation andcation exchange capacity. A major limitation is the step slopes whichprevent mechanization and require substantial erosion control work. Otherlimitations Include stoniness or a shallow petrocalcic horizon. 

2.2.3 Vegetation. Climax vegetation is montane rainforest. The forest variesin composition and structure along altitudinal and rainfril gr2dients. On thewetter southeastem slopes, there Is a zone of Ocotme uwmbarenss andPodocaqiu umnbarents. This occurs at an altitude of 1900 to 2400m.asJ.
and a rainfall of 1500 to 1800m. The drier end of Ocoteaforest sometimesgrades into a forest with much uzsspoureamaoan associated withMyricsalk-ifolla. At lower altitudes what little remains of the forest Ischaracterized
by the following spcies: Newronla buchananil Macwarw klifmandihAarcaand Pxadni excela. At around 1200m.a.sJ. and '1300mm rainfall, speciesinclude AlbiLa spp.,Bombax schumwnhmm, COloroo4excelsa, Diospyrosmeipllfonnis, Khaya nyauca Newtonla pauc#u and'Temnalla Almand.%cawr4. In contrast, the drier northwestern slopes (1000 to 2800m) haveJuniperus procera as the dominant species In association with Olea africana

and OleawelwIschli and sometimes in pure stands. 
2.3 Landuse systems
 
2.3.1Agricultur. The southeastern and eastern sopes are 
characterised byintensive smallholder production of both subsistence and cash crops.Individual homesteads are densely scattered and food crops are grown underthe canopies of banana and coffee. In addition, there are state owned coffeeestates and farms. The drier northern and western dopes are used mainly forextensive grazing by the Masai. 

t 
2.3.2 Forestry. Major plantation species are Cupressus lusitanica and Pinuspatu/i of which there are about 3000ha in the west and 3500ha in north­eastern Kilimanjaro. The Forestry Department carries out various silvicultural
operations in natural forests to encourage natural regeneration or root suckers
of Ocotea usambarensfs, Podocarpusgracglor,Podocarpus milanjianus and
 
Juniperusprocem
 

2 3 .3 Agroforestry. The intensive cropping system of the Chagga Involvesintegration of several multipurpose trees and shrubs with food and cash cropsand livestock simultaneously on the same unit of land. Within this croppingsystem several agroforestry practices can be identified. These include the use 
-f multipurpose trees/shrubs: 
- to provide shade for coffee 
- as live fences 
- for fodder and mulch production 
- for bee forage 
- with anti-pest properties.
Atypical homegarden scene isdepicted in Figure 2. 

http:1200m.a.sJ
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4J 

Figure 2.Chagga homOedn Showin8 large trees. P-g.Coadla abytinic, Atbhk spp. and
Grevillea robuita in the uppermost storey. Next are the banana and coffee canopies
and here lowest is comprised of fodder herbs (Photo:the layer and grasses.
E.C.M. Fernandes). 

3. Structure of the system 

The Chagga homegardens ('vihamba) cover about 1200km (120,000ha) on 
the south and east dopes of Mt. Kilimanjaro. Recent estimates indicate that 
the south slopes have a population density of 500 kn "2 and an annual popu­
lation growth rate of at least 3%. Marketing facilities are fair with Moshi town 
(Figure 1) being the nearest major market and a good road linking Moshi with 
Arusha, Tanga and Dares Silasm. 

The homegardens are located mainly between 900-1900m above sea 
level. In addition, each family has another plot ('kishamba) 10 to 16km 
away in the drier plains below the southern and eastern slopes. The kishamba 
has only very few trees and is used mainly for growing annual crops. 

3.1 Components ofthe homegarden 

3.1.1 Crops 

3.11..1 Fobd crops. Banana (Musa spp.), beans (Phaseolus vulgars), cabbage
(Brassica oleracea), cow pea (Vigna unguiculata), maize (Zea mays), onion 
(Ailium cepa), potato (Solanvtm tuberosum),sweet potato (Ipomoea batatas), 
taro (CoIncasia spp. and Xanthosoma spp.), tomato (Lycopersicon 
esculentum),yam (Dioscoreaspp.). 
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3.1.1.2 Cash crops. Coffee (Coffea orabica), cardamom (Eleti& carda­
momum) Surplus bananas and other food crops are also sold. Women 
are responsible for marketing the surplus bananas, vegetables and milk and 
they keep the proceeds. Men get the money from coffee, poultry and egg 
sales. 

There are at least 15 different types of banana grown on the homegardens. 
These include cultivars for food, brewing and fodder. Inaddition 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 the crop isgrown intercropped 
with beans on the lowland kishamba. Finger millet (Eleasine coiucam), an 
important crop used for brewing and making a porridge, Isalso grown in the 
lowlands. 

3.1.2 Trees and shrubs Chagga farmers deliberately retain and manage 
numerous species of trees and shrubs on homegardens. Table I provides an 
indication of the species diversity and their uses. The rinare responsible for 
lopping the fuel and fodder trees while the women harvest the fodder grasses 
and herbs. 

3.1.3Animals. Cattle are kept for milk, while goats and pigs are kept for 
meat for sale and/or for home consumption. Recently, some farmers have 
started keeping improved cattle. The more popular breeds axe Freslan, Jersey, 
Ayrshire and crosses involving these and local breeds. Each farmer has an 
average of 3 cows, 2 goats and 6 chickens [6]. In some cases a pig is also 
kept. Uvestock are stall-fed with fodder from trees/shrubs, banana plants and 
grasses grown on the homestead. Supplementary fodder isharvested from the 
kishamba in the plains or bought at 20Tshs* aheadload (30-50kg). 

3.2 AtrangemeptlInteraction ofcomponents 

The spatial arrangement of components is irregular and appears very hap­
hazard with the trees/shrubs and food crops intimately mixed. Vertically, 
however, several relatively distinct zones can be distinguished. A schematic 
presentation of the canopy structure Is presented in Figure 3. In terms of 
canopy depth, the lowest zone (0-1 m) consists of food crops like taro, 
beans, and fodder herbs and grasses. Included in this zone is the regeneration 
of the overstorey trees/shrubs. The next zone (1-2.5 n.) 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, vertical zonation is less distinct with adifluse zone (5-20 m) 
of the prefeired 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. 

*1US$ = 12.45 Tanzanian shillings (January 1984). 
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Table i. Woody species commonj' found Inthe Chap honegardes and their functions 
and uses 

Speles 

AibIzIa schilmperlana
Bridelk mkcrntha 

CaealpbnkL decapetalk
Celpumskaure 

Cear pae've 
Cariladldmyobo"ry 
Cedrela mezkawa 
Oslorophore exceim 
a&-u, spp. 
COM sors app.sa 

Cotbdabyutblca 

Ooros macrostacdy 

Datwauaboree 

Diopyros maplifornfl
Dracena usambarensir 
Dracena afroonontane 
Ethredl spp. 
Frfobotryef/ponice 
Fcus app.
Gardenia spp. 
Grevillea robutst 

Iboza muldflora 

Makhamb plarycalyx 
Aon: glba 

Newtonla buher.-andl 
OVe, weiwltchdi 
Perrea spp.
Psidlumgualava 
Rauwolra ceffra 

Rauwola inebrans 
Ricrns communls 

Syziur africanum 
Tecronagradl 
Deme gutn enrr 

Tr7hllla emetic, 

Ureria spp. 

Vangueria tometosa 


Functions/Uses 

fuelwood, building material. 
building poles, fodder, roots used
 
medicinally.
 
live fence.
 
coffee shade, poles, tool handles, leaf
 
decoction asantl-hahllathlc for cattle.
 
fruit, mosquito repellent.

medicinal uses polsomaus to cattle.
 
fuelwood, timber.
 
Valuable timber.
 
fruit.
 
fodder, ant-idnect properties, live
 
support for yams, felaig material.

coffee shade, fielwood, building
 
material, beehive construction.
 
coffee seade, fuelwood, fodder, anti­
intt Properties.
bee'forage, anti Arnssl anvlle, anti­
nematodes. 
valuable timber.
 
live fence, boundazv marker.
 
live fence, boundari, marker.
 
poles, tool handles,anti~lotc properties.

fruit, building material, hedge tree.
 
fodder, charcoal.
 
utenso, anti4nsect properties.

coffee shade, fuelwood, building
 
material. 
live fence, leaves fed to cattle asanti­
helminthic, roots have anti-Bilharzla
 
properties.

termite proof building poles, fuelwood. 
fodder, fuelwood, reinforce live fence of 
Ckeswpnia decapetns.
fuelwood.
 
valuable timber, fodder.
 
fruit.
 
fruit, fuelwood.
 
fuelwood, bark for brewing, anti-pes
 
properties, used asstore for maize cobs
 
which u hung InIts branches.
 
coffee shade, fuclwood.
 
seedoil used medicinally, seeds in bait as
 
rodent poison.

fuelwood, fruit.
 
valuable timber. 
fodder, antIinsect properties, used 
medicinally.
fuelwood, toot decoction asanti­
helminthic. 
fuelwood.
 
fruit, roots assnake bite remedy and
 
anti-helminthic.
 

.
 



79 

Tablc I (Coot.) 

Species Functions/Uses 

Other useful plant species maintained in homegardens 

Aloe volkensis antibiotic properties, gravemarking.
 
Cynodon dactylon fodder grass.
 
Pennlsertum purpureum fodder gru.
 
Senecio killnandscharlca medicinal useespecially against kidney
 

ailments. 
Setaria sphacelata fodder rass. 
Vetivefla zLanoldes prass planted along contours for soL' 

erosion control, roof thatch. 

homegardens have been 
listed in a separate publication 155 
Over 100 crop and other plant species that appear in the Chagga 

CAI 

UFOCU 

Figure 3. Typical vertical zonation in a Chagga honmegarden. 

The intimate arrangement of components results in the interactions between 
components occurring both in time and space. The nature of interactions 
varies and can be 
- direct, e.g. fodder trees/shrubs and livestock; tree/shrubs and bees; cattle 

manure and crops, tree/shrubs. 
- cyclic, e.g. crop residues and cattle. 
- competitive, e.g. bananas and coffee; tree/shrubs and crops. 
No data is available to indicate the magnitude of the direct or cyclic 
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interactions. Trials conducted at the Coffee Research Station, Lyamungu and 
over a part of the main coffee area on Mt. Kilimanjaso showed that bananas 
interplanted in either young or ature, lightiy shaded or unshaded Coffea 
arabicasignificantly reduced coffee yields [81. Other trials elsewhere showed 
that provided farmyard manure was applied to the banana clumps, the yield
of bananas planted at 960 stools per ha was not greatly affected by the 
presence or absence of interplanted coffee. Reduction of the density of 
bananas interplanted in coffee from 960 to 480 stools per ha resulted in a 
lower total banana production, which was partially offset by the higher rate 
of fruiting and larger bunches from the wider spsiced plants [2]. This is sig. 
nificant since it is bananas and not coffee thit is the primary crop in the 
Chagga cropping system. 

3.3 Management aspects 

The Chagga have an intimate knowledge of the various crops and plants and 
their ecological requirements. Management techniques applied today have 
been continuously refined and tested over the ages and handed down from 
one generation to the next. Thus, when the farmers think the time is right,
they carry out various operations such as opening up the canopy to ensure 
better fruiting of the coffee, spacing out the banana stools and manuring the 
different crops. They maintain plant species (e.g. Da.ura arborra,Rauwolia 
cafra) that repel or eradicate various pests and know the best fodder trees/
shrubs and when and how to lop them. 

Each homegarden has a network of irrigation/drainage furrows distributed 
over its area and linked to other homegardems in the vicinity. The farmer is 
thus able to tap and utilise run off from the forest reserve and other home­
gardens on the slopes above. 

The number of banana clumps and coffee bushes on a homegarden varies 
not only with altitude and aspect but also with the management capabilities 
and preferences of the owner. In general, the range of banana clumps per 
homcgarden varies from 200 to 800 (330 to 1200ha-') and coffee 300 to 
1000 (500 to 1400ha-'). There are in addition, an average of 39 other trees/ 
shrubs retained and managed on the homegarden. Shade tolerant crops 
e.g. taro, yams and beans are intercropped between the coffee and bananas 
(Figure 4, bottom) while the more light demanding species are grown in a 
section of the homegarden over which the canopy has been thinned to 
minimise shade. 

Coffee extension services provide advice on prunning and spraying against 
coffee berry disease and leaf rust. Most of the coffee trees have a single stem, 
while each banana clump is maintained with 3 to 5 pseudostems of different 
ages so as to facilitate a continuous banana harvest. 

Most Chagga farmers either plant or encourage any natural regeneration of 
valuable timber species (see Table 1). These young trees in the understorey 
experience considerable shade and this encourages straight stems with few 

'1f
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Figure 4.(top) Valuable timber trees are found on most Chaw homegardens. Teak trees
(to the left and centre of picture) are seen growing up through the banana canopy
kbottom) Taro together with young coffee and banana plants in the lowest storey. Nou 
the hoe used for tillage. (Photos: E.C.M. Fernandes). 

branches. When appropriate, the overhead canopy is thinned to allow the tree 
to grow into the upper stories. Fi ,ure 4 shows teak trees growing up through
the banana canopy. The trees are allowed to grow to asize approaching 0.6 to 
I mj i.e. a rotation of 60 to 80 years. A large tree (about I M3

) of Olea 
welwitschii can fetch a price of 1000OTshs. If such a tree is to be felled 
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during the lifetime of the present owner, then he in turn plants one so that 
the next owner will also inherit avaluable 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 abandoned. 

4. System functioning 

4.1 Resource utilisatlon 

4.1.1 Land. The average size of a siomegarden'is 0.68ha with a range of 0.2 
to 1.2ha. 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 ancestors and the soil [1]. Thus, once amember 
of the immediate family is buried in the homegarden, tenure is assured for 
the current owner and his descendants and .such a homegarden may even be 
abandoned for several years without the danger of someone else assuming 
ownership. This is in contrast to the lowland kishamba (allocated by the state 
and whose size is proportional to family size) where tenure ii on an annual 
and usufructuary basis. If this land is not used for one or two years it may be 
claimed by another person. 

4.1.2Labour. An average household size of 9.9 people provides aworkforcc 
of four family members. In the homegardens, planting, tending 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 [3]. This Isbecause coffee harvesting coincides 
with land preparation 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 human labour, whereas 
in the lowland, ploughing may be done by tractor. 

4.1.3 CapitaL Each farmer has an avernge of 560 Tshs worth of farm imple­
ments (axes, hoes and pangas). Only a few farmers own a tractor. These are 
leased to others for ploughing the lowland kishamba. 

4.2 Inputs 

Seeds are mostly obtained from previous crops although it ispossible to buy 
seed from the Tanzania Farmers' Association. Dung from the stall-fed live­
stock and other household wastes are.spread around the banana clumps and 
coffee bushes. Chemical fertilisers are generally not used. The Kilimanjaro 
Uremi Cooperation (KUC), a cooperative concerned with the production and 
marketing of coffee, supplies pesticides free of charge for use against coffee 

'IVr1 
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berry disease and leaf rust. Inaddition, the Chagga use a variety of plant
species with anti-pest properties (see Table 1). Credit facilities are offered by 
the KUC and the Tanzania Rural Development Bank (TRDB). The TRDB also 
offers soft loans for dairy cattle and pig production. 

4.3 Production 

An average homegarden of 0.68 ha produces about 125 kg of beans (184 kg 
ha'), 280kg of parchment coffee (412 kgha-1) and 275 bunches of bananas 
(404ha' t ) annually. In August 1983, Coffee fetched 16.85Tshskg-' while 
the average price of a bunch of bananas was 30 Tshi The maize harvest from 
the lowland plot averages 360 kg per year. Almost all the coffee produced is 
sold, although the poorer quality beans obtained towards the end of the 
harvest are retained for home consumption. No production data is available 
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 addition, bananas, *otherfruits, root crops
and livestock has never occurred. Each farmer keeps between 3-5 traditional 
bee-hives. It is conservatively estimated that each hive produces at least 
5kg of honey per year. Milk production by traditional breeds under stall 
feeding conditions is low (1-41 per day), whereas improved cattle produce
between 8-161 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 home­
garden, 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 
l-2m3 yr-1 (1.5-3 m3 ha-a yr'). If we assume aminimum consumption of 
I m3 per adult per year, then each family requires between 4-6 m3 yr-1. 
Thus a homegarden supplies I to I of the fuelwood requirements. The rest is 
obtained from the forest reserve or from the kishamba where Acacia app. and 
Combreturm app. are retained. 

S.System dynamics 

5.1 Growth of system 

There Is no more land (outside the forest reserve) on Mt. Kilimanjaro 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. Kill­
manjaro. Instead, existing homegardens are reaching the limit of intensive use 
at the present level ofmanagement. They are also becoming increasingly frag­
mented due to sub-division. This land scarcity has led to the migration of 
some Chagga to Mt. Meru (70km southwest of Mt. Kilimanjaro), an area that 
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has ecological conditions similar to those on Mt. Kilimanjaro. Local sources 
indicate that there has been some inter-marriage between the Chagga and 
Meru (the indigenous tribe on Mt. Meru) zid this has probably been an 
important factor in enabling the Meru (who were formerly pastoralists), to 
successfully adopt the complex Chagga homegarden !ystem within aperiod of 
about 50 years. 

5.2 Sustainability 

Although the Chagga cropping system has been stable over at least acentury, 
it Isonly recently that the system as awhole has come under pressure due to 
rapid population growth, diminishing land resources and change in dietary 
habits (maize replacing bananas as the staple food). Migration of youngsters 
to urban areas leads not only to labour shortages, but also disrupts the 
traditional transmission, from one generation to the next, of the knowledge 
and experience required for the successful management and perpetuation of 
the complex multicropping system. In recent, years, coffee prices declined 
markedly on international narkets and this combined with the labour inten­
sive nature of the crop, resulted in some Chagga farmers threatening to 
remove the coffee bushes from their homegardens. Despite these pressures, 
however, the system still appears to be working well with the majority of 
farmers. Nevertheless, If the system is to remain sustainable, then its produc­
tivity will have to be increased to cater for the rapidly increasing population. 

6. Evaluation 

6.1 Merits 

(1)The continuous ground cover and high degrce of nutrient cycling are 
the major factors that permit the Chagga homegardens to remain sustainable 
on the erosion-prone slopes of Mt. Kilimanjaro. 
. (2)Coffee produced by the Chagga contributes ssg-incantly towards 

Tanzania's foreign exchange earnings. Over 52% of Tanzania's export coffee 
comes from Kilimanjaro and in 1982 this represented an earning of USS 65 
million. 

(3)The varinus crop species and varieties in the homegarden represent 
years of natural selection for survival and farmer selection for better pro­
duction and quality. These species have a good resistance to prevalent pests, 
compete well with weeds and have agenerally high level ofgenetic variability. 
The Chagga homegardens thus represent avaluable gene pool for use In any
breeding programmes to improve crop varieties for multistorey cropping 
systems. 

In addition, the advantages attributed to intimate multispecies, multi­
storey associations are many. They include soil conservation, nutrient cycling 
and nutrient efficiency, microclimate enhancement (4) and other benefits 
such as labour efficiency, risk minimisation and continuous production. 
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6.2 lVeaknesses/Constraints 

(1) Although the Chagga homegardens are a stable landuse system, their
productivity is relat;vely low. In order to meet the demand for food of a 
rapidly growing population, the productivity of the hiomegardens must be 
increased. The problem lies in the need to increase productivity while retaining
the stability of the present system. 

(2) With the present trend of young people migrating to urban areas, it is 
mostly the older people left to manage the homegardens. Extension workers 
may thus find it more difficult to introduce innovations. 

(3) Present extension workers focus on individual crop4components. The 
absence of an integrated approach and subsequent lack of awareness of the 
possible interactions of the various components and their repurcussions can 
result in problems for the farmer and loss of faith in ihe extension service. 

6.3Potential 

On Mt. Kilimanjaro, the homegarden's potential as a productive and sustain­
able system can be enhanced by 

(1) Replacing the less productive trees/shrubs with fast growing nitrogen 
fixing species e.g. Leucaena leucocephala, Calliandra calothyrwus, GIrcidia 
sephum and Lespedeza bicolor. 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 husbandary so as to achieve, for example, alactation 
period of around 300 days per year. 

(3) Improved apiculture e.g. the use of top bar hives, better bee strains, 
irproved harvesting and honey extraction methods. 

(4)Introducing new crop varieties using the gene pool developed by
natural and farmer selection not only in Tanzania, but also from homegardens
 
in other parts of the world.
 

(5) Using fertilizers. Credit facilities could be provided by the Tanzania 
Rural Development Bank. Purchasing, storage and distribution of the fertiliser 
could be carried out by the Tanzania Farmers' Association or the Kilimanjaro 
Uremi Cooperation. 

6.4 Extrapolability 

Despite the need for intimate knowledge of the components and ahigh level 
of management capability, the Chagga homegardens can be extrapolated to 
upland areas (e.g. Kenyan highlands, S.W. Ethiopia, S.W. Rwanda) where 
ecological conditions are similar and farmers practise less intensive multi­
storey cropping. Preferences for local species/varieties can be catered for by
appropriate substitution or introduction. A demand for maize cultivation in 
such homegardens could be accomodated by growing the maize between rows 
of trees. Shade effects could be minindsed by an east-west orientation of 
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the rows. Ground cover can be maintained by intercropping the maize with 
beans or cow peas. 

6.4 Research needs 

Information Is required on the following possibilities that could be used to 
improve the overall productivity of the homegardens. 

(1) Optimal spatial and temporal arrangements of the various components. 
(2) Optimal crop associations. This includes component crops/varieties dif. 

fering in morphology, maturity period, shade tolerance, rooting depth and 
photoperiod sensitivity. 

(3) Since chemical pest control is no real alternative in small holder crop. 
ping systems, information is required on crop/species combinations with a 
greatei potential 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 investigated as a first step.

(4) Better soil management techniques e.g. green manure, mulches and the 
most apprupriate time of application. 

(5) Appropriate fertiliser prescriptions for the intimate multispecies associ. 
ations present in the Chagga homegardens. 
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Abstract. The Forest village scheme was introduced by the Forest Indusriks Organisation 

(FIO) of Thailand in 1967 as attempt to stop further spread of the fast increasingan 
shifting cultivation and deforestation in the country. The underlying principle or the 

scheme is to relate reforestation with social welfare of the people involved. It is essen­

tially amodification of the traditional taungya method of plantation establishment. 

The salient aspect of the scheme is to indue 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 plantations, 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 targct in terms of area covered and 

number of families settled, it is proving to be a successful method of luring people away 

from destructive shifting cultivation. The approach is applicable to other countries and 

regiors with similar land-use problems and socin-cultural background. 

The paper also examines the constraints to the effective working of the scheme, 

provides some simple suggestions for improving its functioning and identifies some of 

the issues that can easily be tackled by research. 

Introduction 

The number of people engaged in shifting cultivation in Thailand isestimated 

to have risen from 300,000 to well ovet 700,000 in the past 15 years [8]. 

This phenomenal increase has been caused mainly by migration both from the 

neighbouring Laos and Burma as well as within the country from the lowland 

agricultural lands into the forests. Consequently, the forests in the country 

are under severe pressure. Moreover, the length of the fallow periods in 
shifting cultivation cycles is drastically shortened, and as a result, the land is 
rendered unsuitable to sustain repeated croppings and hence abandoned. 
Subsequent regeneration of forest species is very slow and poor in such 
abandoned sites. Shifting cultivation is thus causing large-scale forest 

Contribution No. 2 of the series on Agroforestry System Description= under ICRAFs 

AF Systems Inventory IProjcct. funded partially by the United States Agency fot Inter­

national Development (USAID) (see Agroforestry Systems I (3), 269-272. 1983 for 

project details). Series editor: P.K.R. Nair, ICRAI:. 

9 
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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 [41. 
With a view to arresting deforestation and reclaiming the degraded forest 

areas, the Government introduced and encouraged the taungya plantation 

system [5J. The results were, however, not satisfactory, primarily because 

the scheme had no provisions for the social welfare of the people involved 

121. 
In 1967, the Forest Industry Organization (FIO) launched the Forest 

Village system in tle 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: (1) to attract shifting cultivators and landless 

people to establish themselves in forest villages which offer improved facilities 

iad greater stability than nomadic life; (2) to encourage village people to 

establish taungya plantation in order to reforest areas degraded by shifting 

cultivation. This could also result in opportunities for long term forest 

employment [3J. 
The scheme, though originally designed for the hilly areas of Northern 

Thailand where shifting cultivatirn has been most common, now extends 

all over Thailand. In 1981 there were 26 forest villages spread over the 

country, and they undertook plantation establishment in a total of 4,000 

ha annually. 
Encouraged by the success of the FIO 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 FIO. The 
promote rural development andunderlying approach in all of !iiem is to 

sound land use by relating forcstry work with social welfare for the people 

involved. 
VillageThis paper examines the co tails of working of the FIO Forest 

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. 

General description of the area 

Figure I shows salient aspects of the geographic location and land use systems 

of Thailand. 

2. I Geographic location 

The Kingdom of Thailand is located on the Malay peninsula (5.45-20.300 N 
and has fourand 97.30-105.45 ° E). It has an area of around 514,000 km2 

main geographic regions. 
The Northern region (16.96 million ha) comprises a range of fold mountains 

which extend along the western border through the peninsula to Malaysia. 

These mountains have an average elevation of 1600m and are interspersed 

http:97.30-105.45
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The Northeastern region, which includes the Khorat plateau, covers 
around 16.86 million ha. Thceldevatiun of the plateau isaround 200 m while 
the mountains to the west average between 800-1300 n. This region is 

charactcriscd by saline soils and is quite dry and windy inthe summer. 
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The Central plain has a total area of 10.39 million ha and is tie rice bowlof Thailand. In the north, three tributaries flow together into the ChaoPhraya river and in the south isthe fertile Chao Phraya Delta.
The Southern region (7.07 million ha) isthe peninsula which it the west iscomposed of mountains with an average elevation or IOo-1sOOm. Most ofthe rivers and streams here flow eastwards into the Gulf of Thailand. 

2.2 Biophysicalenvironment 
Z2.1 Climate. Thailand receives 90% of its annual rainfall from the south.west monsoon which lasts from May to September. During the period from
October to April, the southeastern Asiatic cyclonic storms bring ir. :gularamounts of additional rain to the southern regions while most of the northand northeastern areas have along dry season. 

Annual rainfall ishighest in the southern and western parts ol the peninsulaand in the south,:istern region and ranges from 2000-4000 mm*. The centr.lplain which lies in iic rain shadow of the western mountains receives between1000-1400mm, while the northeast gets between 1000­ 2000 mm. 
Temperatures are relatively steady throughout the year, averagin, etween


240C and 300C (75"F and 86"F). In the north, frost may occur at higher
elevations in December, while in the south climate is moderated by themaritime influence. The cold dry winter air produces frequent morning fogs
especially in the north. 

2.2.2 Soils. (See UNESCO/FAO Soils Map of the World - sheet IX). Thepredominant soils are Acrisols with a Lithic phase i.e. the presence of con­tinuous coherent or hard rock within 50cm of the surface. In general, thesoils are podsolized and have baselow saturation and cation exchange
capacity. Soils in the northeast are sline. 

2.2.3 Vegetation. Thailand has a wide variety of vegetation types reflectingthe wide range of ecological and climatic conottions. The major vegetation 
types include: 

Evergreen and semi-evergreen forest, 
Dry and moist deciduous forests
 
Dry diptcrocarp forests
 
Fresh water swamp forests
 
Mangrove forests
 
Savanna forests
 
Bamboo forests
 
Beach forests
 
Coniferous forests
 
Scrub forests
 



91 

2.3 Land use systems 

2.3.1 Agriculture. The alluvial soils of the inter montane basins of northern 
Thailand are very suitable for the cultivation of rice, tobacco, fruit trees 
and vegetables. In addition, maize, peanuts, beans, garlic and onions are 
also produced. On the upper slopes, tea is grown both by large estates and 
also by smallholders. The former produce tea for drinking, while the latter 
ferment the tea leaves to produce a product for chewing ('miang') [61. In 
addition, the limong flill tribe cultivate opium (at elevations between 
1000-1500m) as a cash crop and maize as a subsistence crop. There is a 
Un-supported crop-substitution project to encourage these farmers to give 
up opium cultivation in favour of agricultural crops such as coffee, maize, 
beans, etc. and flowers such as tulips (81. 

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 
for rubber plantations, fruit orchards, sugar cane, cassava and pineapples. In 
1979, Thailands rice production was estimated at 15.6 million tonnes. 
Only 10% of the total rice area receives controlled irrigation. The alluvial 
deposits of the rivers Mun and Chi in the northeastern region, although not 
very fertile, are extensively used for rice. The production per unit area is 
low an( increasing soil salinity is a problem. Streams flowing off the peninsula 
into 'ae Gulf of Thailand often have built up deltas which are utilised for 
wet rice cultivation. 

2.3.2 Fonrstry. At tl e end of 1980, it was estimated that the natural forest 
au-a of thailand amcunted to 16.17 million ha or about 31% of the country's
total area [4]. This contrasts dramatically with a forest area of 57% in 1961 
[I]. 

There are numerous types of forest types (see 2.2.3.). The main timber 
species from Thailand's natural forests are: 

Tectona grandis 
Dipterocarpus alatus 
Shorea spp. 
Pterocarpusspp. 
Toona ciliata 
hitsiapalembanica 
Parashorea stcllata 
Dalbergia cochinchinensis 
FAO estimated that in 1980, the annual value of all non-timber forest 

products from Thailand such as Dipterucaip oil, gun damar, bamboo pulp, 
edible bamboo shoots, canes, resin, honey, camphor, etc. was about US S 
30 million (41. 
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In addition to natural forests. there were around 0.43 million ha of success­
fully established hard and softwood plantations in 1983. The main hardwood 
species used include Tcciona gradis. Pterocarpus macrocarpus and 
Dipterocarpus spp. Other species that have been successfully established are 
Acacia catechu, Casuarina junghuhniana. Casuarina equisetifolia and 
Eucalyptus spp. Softwood species used are Pinus kesiya and Pinus tnerkusi. 
Rubber is one of the main tree crops with 1.35 million ha planted in 1979. 

2.3.3Agroforestn,. Various agroforcstry 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, 71- in some areas, the woody 
vegtation of tie long fallow period is deliberately managed for a variety of 
-products, e.g. fruit, honey, fodder, resin, etc. 161 : 

Home gardens dominated by awide variety of fruit trees: 
Sericulture, where various species of silkworm molhs are reared on the 

foliage of mulberry trees; 
Aquaculture in mangrove forests; 
Intercropping of coconut with cacao (Thcobronma cacao); 
Grazing ofcattle in coconut plantations;or in forest plantations. 
Forest -illages. 

3. Organization and structure of the forest village system 

3.1 Organization 

The F1O selects the degraded land where a forest village is to be set up for
 
reforesting the land. 
The benefits and features of the scheme are publicised
widely within the locality through extensive media coverage and other 
extension methods. The services of the religious and other leaders are also 
solicited to disseminate such information and to allay any suspicion among
the villagers. Families who come forward and agree to give up shifting
cultivation in favour of settled land use provided with a piece of landare 
within the selected village unit for building a dwelling and setting up ahome­
stead garden around it (see section 4.1. for details). Moreover, they are also 
permitted to grow crops between the young trees in the forest plantation
that they will have to help in establishing according to the plan that would 
already have been prepared by the F10. 

The FIO has also set up 'Development teams' having multidisciplinary
expertise for each forest village. These teams provide agricultural, educational 
and medical services (see section 4.2.) to the people covered by the scheme. 
The objective is to encourage farmers to develop permanent bases in the forest 
village. 

cVQ1
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3.Components 

3.2.1 Crops Both subsistence and cash crops are grown. In the forest 
plantations, the major crops grown are dryland rice, maize (Zea mays),sesame (Sesamum indicum), sweet potatoes (Ipomoea batatas), cassava 
(Manihot esculenta), and water melons (Citnllus lanatus). Tobacco (Nicotiana
labacum) and kenaf (Hibiscus cannabinus) are also grown in some areas. 

The main crops in the home gardens are maize, cassava, pumpkins
(Cucurbita spp.) and chilli pepper (Capsicum 'iuescens).A large number of 
common agricultural crops are also grown. These include legumes such as 
beans (Phaseolus spp.), lablab bean (Dolichos lablab), soya bean (Glycine
max) and winged bean (Psophocarpus tetragonolobus); tuber crops such as 
sweet potato ((pomoc "as), taro (Colocasia antiquorum). and yams
(Dioscorea spp.); cucu, . is crops such as cucumber (Cucumis sativus),
loofah (Lufa acutangu. .nd snake gourd (Trichosanthes cucumeria);other vegetables such as egg plant (Solanum melongena), and tomato 
(Lycopersicon esculentum); minor millets such as Italian millet (Setaria
italica) and finger millet (Elkusine coracana); and spices and medicinal plants
such as coriander (Foeniculum vulgare), garlic (Allium sativus), lemon grass
(Cymopogon citratus), mint (Mentha arvensis) and onion (Ailium cepa). 

3.2.2 Trce Teak (Trctona grandis), which is native to Thailand, is the majorFIO plantation species. In 1983, there were about 30,000ha of FIO teak 
plantations. Other major plantation species include Eucalyptus camalidulensis 
(6,500 ha in 1983) and Melia azedarach (2,045 ha in 1983).

In addition to growing crops between the trees in the forest plantation
the forest villagers also grow fruit trees e.g. Parkia speciosa, P. javanica and

Anacardium occidentale. In some 
 areas rubber trees (Hevea brasiliensis) are
also grown between plantation trees and the proceeds from te latex sales 
are divided on a 70:30 basis between the forest villagers and the FIO. The
30% share retained by the FIO 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 fu ctions/uses) are listed in Table I. 

3.2.3 Anibnalh Forest villagers keep a variety of domestic animals in the home 
gardens for fIood, ritual/religious sacrifices and prestige. Common animals 
include cows, pigs, chickens and ducks. 

3.2.4dManagenet 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 in on a60 year rotation. Recently. however, a spacing of 2 x 8 m and 
40 year rotation has been adopted. 

Where soils are poor and dry, Euca/.-ptus camnaldulensis (four-month-old 



94 

Tablk I. Plant species 01h, tihn [Ile collnon agricultural speciesvit"t-crs' hosnegardens and their functions/uses found in forct% 
Species 

csFunctions/uArec coechu 
A'fl

4 
ocwrpur spp. mAsticalOry nut 

Bainbusa spp. fruit. vegetable
Cala,us spp. construction, nils, furniturectru:$pp. furniture. baskets. msCocos nucirra
Dendrocalamu $pp. fruit 
Desmodium Pulchellum, food. oil, thatching fuel 

Construction, mals, furniture 
i m insect repellentperaa cyndrica 

Af anifera indica loofing grass,
 
Afoghania strobilifera fuit, shade 
Aforus spp. insect repellent

Muse spp. Sericulturc, fuel
 
Pridiu mguoaia fruit. mulch 
Sccharum spp. fru t
77
T'rsorlachysspp. food
 

construction, furniture, matsseedlings) and Meia azedarach (I year-old-plants) and planted at 2 x 8mspacing. Eucalyptus plantations are grown on 10-15 year rotation for fuel or20 year rotation for timber. 

Cropping occurs 

After planting the trees, the forest villager plants his crops in the interrows.for the first
another area. 

three years and the villager then moves on toIt is the responsibility of tile villager to weed and tend the treeswhile tending the agricultural crops.Some villagers have a herding cooperative
cattle take turns to herd 

for their cattle. The owners ofthe village cattle within the plantations wheregrazing is permitted. 

4. System functioning 

4.1 Resource input and utilisation 
Each family in the forest village is allocated 1.6ha annually for clearing and
planting with plantation 
trees and food/cash crops.allocated for In addition, 0.16 ha ishouse building and home garden. Figureforest village scene 2 depicts a typical
with houses of the farmers


home gardens. Cropping in 
in the midst of the individual


tile forest plantation occurs for upto 3 years and
hence a villager can have upto 4.8 ha/year on which to grow his crops. Sincethe intended number of families pe- forest village is 100, upto 160 ha of landmay be cleared and planted with trees and crops each year. In 1981, however,there was an average of nearly 59 families per forest village with each fanilycultivating 2.61 ha/year, i.e., a total of 153.63 Ila annually per forest villagc.In 1981 tUe average size of forest village familiesaddition was 5.56 members. Into their annual responsibilities for establishing the forest plantation(on a mininum of 1.6 ha) and growing of crops in the plantation and home 
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Figure 2. Photograph showing the houses and the homegardens surrounding them in a 
Forest Village InNorthern Thailand. (Photo: P.K.R. Nair). 

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, thinning, fire prevention, road and trail maintenance. 

etc. If A nursery was attached to the village an additional 50 man days per 

year would be required. Thus, depending on the number of families in the 

village, at least two members per family was guaranteed work on a con­

tinuous basis within the forest plantation. They are paid according to the 

prevailing minimum agricultural wage. Such labour is recruited exclusively 
from within the forest village. 

4.2 Other facilities 

In addition to providing land (4.1.), the FIO provides numerous other inputs 
and facilities. These include: 

Provision of drinking water and electricity free of charge to each house in 

the forest village; 
FIO mcedical team dispensing free medicines and advice to villageis o' 

health, family planning, sanitation, etc.; 
Forest village primary school in accordance with the Ministry of Education 

regulations, text books and uniforms being provided free of cost; 
Monetary incentives for successful establishment of forest plantation trees. 

Payment of a bonus of about US S 60 for clearing, planting and two 

weedings of each hectare of allocated land; 
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A reward of about US S27/ha if tree survival is 100% after harvesting 
of agricultural crops and third weeding. (This reward may be graded and
related to percentage survival over 75%); 

A bonus of US S75 for successfully tending 4.8 ha of forest plantation
over 3 years payable at the end of the third year; if tending continues, tile 
villager receives US $25/ha per year 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 of FIO for establishing forest 
plantation with and without forest villages. 

4.3 Production 

Data on the production and income from maize. cassava and kenaf grown
in forest plantations in 1981 are given in Table 3. 

The soils especially in the dry northeastern region are generally poor. This 
tends to exaggerate the competitive interacter between the trees and crops.
Thus, often, yields of dryland rice intercropped between the plantation trees 
tend to be the best in the first year. Yields decline markedly in successive 
years. Photographs of a leak + eucalyptus + rice pHi during the first and 
second years of cropping, given as Figure 3A and 3B respectively, illustrate 
this point. 

Production of upland rice is typically of the order of 0.5-1.5 tons/hal 
year. Generally, the rice produced is used for home consumption although
occasionally some 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 grown in forest plantation and in their 
home gardens. 

Added income from rewards, bonuses and daily wages from forest plan­tation operations gave a total income of US S693 per family per year (Table 
4) or US SI0.38 per person per month. 

Estimates of timber production from the plantations based on local 
experience are 75 m 3 per ha in a 40 year rotation of teak and 75 m 3 from a 
15 year rotation of Eucalyptus. 

S.System evaluation 

5. 1 Rate o grotrth 
The original target was to start with 2000 forest villages covering 32,000 ha 
(at the rate of 1.6 ha per family per year, and 100 families in each village).
increasing progressively 4.500 villages undertaking plantalion cstahlishmerr 
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Table 2. Cost (US Sper hectare) ol cstablishing 1:10 forest plantation in Thailand with 
and without the Forest Village scheme' 

Without forest With forest 
village village 

Teak Non-teak Teak Non-teak 

First .yer 
Labour 205.60 235.05 71.20 82.07 
Administrative cost 287.28 287.28 287.28 287.28 
Fixed cost (house. machinery, etc.) 74.00 74.00 74.00 74.00 
'Stunp or seedling and 
replanting charges' 19.57 32.61 17.93 29.89 
Forest village expense 168.29 168.29 

Total 586.45 628.94 618.70 641.53 

Second )'ear 
Labour and/or Reward 14.46 95.92 74.46 95.92 
Stump/%eedling 3.26 8.15 1.63 4.08 

Total 77.72 104.07 76.09 100.00 

Th ird year 
Labour and/or Reward :)6.79 66.86 56.79 68.86 
Stump/seedling 1.63 4.08 0.82 2.04 

Total 58.42 72.94 57.61 70.90 

Fourth and fifth rears 
%aintenance & protection 
per year 52.45 52.45 52.45 52.45 

Total for 2 years 104.90 104.90 104.90 104.90 

Sixth to tenth years 
'Maintenance & protection 
per year 20.65 20.65 20.64 20.65 

Total for 5 years 103.25 103.25 103.25 103.25 

Grand total for ten years 930.74 1,014.10 960.55 1,020.58 

'Daily wage rate per labourer = 0 38; 1 US $ = 3 23 
tCost per teak stump = US $0.03; cost per non-teak seedling = US SO.04 
'Replanting at the rate of 20% in 'Without Forest Village" and 10% in 'With Forest 
Village' 
'Thinning cost is not included asthe output from thinning will cover the expenses 
involved 

in 73,000ha annually by the year 2000. However, by 1981, there were only 

26 such villages, which undertook planting in a total ofabout 4,000ha/year. 

Thus, tile scheme has not been able to accomplish the target at expected 

levels. 

5.2 Merits 

I) The forest village system is proving to be a successful but slow method of 

ensuring the long-term improvment of national and export wood sources. 

2) The rehabilitation of the country's forest resource is being achieved by 

http:1,020.58
http:1,014.10
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Table 3. Area and total vJluc of produce of the three agricultural crops grown in the 
forcs viljt., %chene in Thjiland in 1981 

Crop Area of cultivalion in plantation (ha) Income (US S) 

Maize 1,661 163.568
 
Cassava 1.782 75.874
 
Kenaf 380 49.348
 

people who would normally be engaged in the present destructive practice 
of shifting cultivation. 

3) Opportunities are provided for landless people to form settled com­
munities. Lung term employment, raising food and casih 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 that are 
prone to the destabilising insurgency activities. 

5.3 Weaknesses/constraints 

I) Enforcing the policy of forest reserves becomes difficult and expensive 
where forest land is still plentiful. Shifting cultivators are still able to operate 
illegally and it isdifficult to induce them to settle in a forest village. 

2) The initial years in a forest village can be hard and frictions can arise 
with other families in the village [5]. This is often compounded by a cAsh 
flow problem since payments of rewards, bonuses, etc. are not made till the 
end of the first year of participation. 

3) Some forest villagers find the pay and other financial incentives low 
resulting in their deserting the forest village and seeking employment else­
where. 

4) Setting up large numbers of forest villages with free electricity, water, 
schools, medical facilities and other financial incentives requires a significant 
amount of capital expenditure. 

5) Often funds are 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 arc on steep slopes and the forest villagers 
find it difficult to cultivate and harvest their crops. Also some soils are very 
poor and this results in minimal yields of agricultural crops. 

8) There is a scarcity of capable managers (conversant with forestry, 
agriculture, administration and sociology) to take charge of forest villages. 

5.4 Potential 

The concept ant philosophy of forest villages represent a sound approach 
to tackling the problems of shifting cultivations vis-a-vis land degradation. 
The benefitsaccrued from the scheme can, however, be enhanced by removing 
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Figure 3. (top) Fill year of eabilhhment of a Icak planlatifn in the Iorc.zt Village %kithrice is the major agricultural crop. (botlont) The second year of' establishment of teakand eucalyptus in the Forest Village with rice asthe agricultural crop. The decline insoil productivity is al[cady evident front the relatively low vigour of the rice crop incomparison to that of the first year rice crop shown in Figure 3 (top). (Photos: P.K.R.
Nair). 



Table 4. Income from te FIO forest village scheme in different regions of Thailand" 

Region 

North 
Northeast 
South 
Weiehtd 

means 

No. of 
villages 

16 
6 
4 

-

Mean no. of Mean area (ha) 
families per cultivated per

villagc 

Nort 16 0.94109.360.94 109.03 
64.67 315.05 
41.75 98.87 
58.85 153.63 

Mean area (ha) 

cultivated per
family 

1.91.79 
4.87 
2.15 
2.56 

Mean income (US S) for 1981Per village 

From Reward Bonu% 

agricultural
crops 

15.493 5,618 1.767 
20.888 2,948 1.696

8.246 4.526 652
15.623 4.909 1.697 

Daily Total 

-family
24.865 47,743 
19.634 45.166 
21.489 34.913 
23.139 41.868 

Income 

per 

783.44 
698.41 
321.54 
692.76 

'in 1981 there were a total of 1530 families cultivating a total of 3994 ha in different regions of Thailand 
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ohseved bottlenecks and constraint tar 
efficiency of working through appropiiate technological interventions and 
social For example, providing forest villagers with improved 

the ;i, as pssihle and inpitiving the 

improvements. 
varieties of seeds, appropriate types of fertilizers and sound advice on their 
proper use, credit facilities. social facilities such as realistic rates of pay. 
bonuses and rewards, and so on, increasing tihe area of ione gardens from tile 
present rate of 0.16 ia per faisily to a muore acceptable size. etc. 

Today the forest village system has proved to be a sustainable system 
aulthough the growth of tire system has been slow due to tire various problems 
mentioned carlier. Suggested irproverrents ii tihe system shold assure the 
systems sustainahi i.e. hiflirg cillivators to settle down andattracting 

help rehabilitate the degradeo forest lands. Tins provides long term employ­
irent and better living standards and tirus tite shif'ting cultivators are 
prompted to slay within the arhinl of the system. Tire system should be 
thought of as a multi-product enterprise ratiher tihan a system that provides 
supplementary income through forest land tenancy. 

The forest village system has been tried successfully in various countries 
e.g. Kenya, Gabon, Uganda, India, Nigeria and Cambodi.. Although it is
 
more expensive than traditional taungya system it is particularly suitable
 
for countries witi alarge 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 other.
 
wise be engaged in forest destruction. Thus, it encompasses tie concept of
 
sound agroforestry approach to providing a viable alternative to resource­
depleting and environmentally degrading shifting cultivation (9,101. With
 
appropriate technological back up arrd infrastructural improvement. tire
 
system can prove itself to be quite acceptable and adoptable under other
 
situations with comparable land use problems and socio.cultural constraints.
 

5.5 Research needs 

The foregoing analysis of the functioning of the system reveals that the major 
constraints to its effective functioning are both biological (technological) and 
socio-cultural. Whereas sonie of the ocio-cultural problems are so intimately 
tied up with the general situation in tie country and hence cannot easily be 
overcome, there are certain biological constraints thatcan be tackled 
effectively through reseach efforts. iitfact it is a serious drawback of tile 
scheme thatresearchr has not been built operational frameworkinput into its 
so that are based tirattire management teciniques on tire knowledge was 
available at tie time of project forrmulation. Moreover, no effective system 
exists for mitigating soie of tie simple problers through research-supported
'mid-term corrections'. Sonic of the issues that carsbe tackled through simple 
research are: 

The role of fast-growing nitrogen fixing multipurpose wood species in 
association with plantation trees: 
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a lintited Scale, for a IeliratingUse of manures aid fertilizers. at least to 

occurs after tire first year of cropping;
soil fertility decline that 

Adjusthent of planling patterns and management schedules of [lie plan­

tation (forestry) species in relation to agricultural crops so as to facilitate 

profitable cultivation of agricultural species for as long a lime as possible; 

to specific situationsUse of appropriate varieties of crop species adapted 

such as low light availability, soil reactions (acidity, saliuity), soil conditions 

(poor drainage, low fertility), and so on; 

Monitoring the visual interaction effects between the tree and tIhe 

appropriate ways to overcomeherbaceous components in order to devise 

some of the ir:gatiye interaction effects of the exteit possible even during 

the life of the project. 

References 

t. 	 Btoonkird S (1979) Agroforestry t'raciice inThailand. In: Chandlcr T and Spurgeoll 
an I:ticinationalD (eds). International Cooperation in Agroforcstry. Proceedings ot 


Conference. ICRAF. Naiobi, pp 145-
 148 
Itoonkud S (1978) Taungya systcn: it, applications ways and treas of iprove­2. 
ment in Thailand. Inn:P'rocccdings of the t ighth World tares ) Cnngrc,%. Jakarta. 

Indonesia. FFF/IIt, pp 
64 2 --649 

3. 	 [FAQ (1978) Thailand. Forest Village System. li. F:orestry tar local coinununily 

development. FAQ Forestry Paper No 7. Rome 
Resources Assessnient Project tin the framc 

Resources of Tropical Asia. UN 32/6. 1301--78-04.
4. 	 FAO/UNEP (1981) Tropical Forest 

work of GEMS). Forest 

Technical Report 3, 475 p
 

-
3. 	 King KFS (1968) Agri-silvicultur : the iaungya system. Department of torestry. 

University of Ihadan, Nigeria. tulletin No I 109 1 
-6. 	 Kunstadter P, Chapman EC Sabashri S 11978) Farmers in the Foest economic 

development and marginal agriculture in Northern Thailand. East-West Center. 

University Press of tlavaii. Ilonolulu. 402 p 
Kyuma K, Paininta C (eds) (1983) Shifting Cultivation - An exptnrirent at Nam7. 	
Phrom. Northeast Thailand, and its implications for upland farrring in the monsoon 

tropics. Ministry of Sci Technol and Energy, Bangkok, 219 p 
luck of a land in the middle. National Geographic8. 	 McDowell B (1982) Thailand: 

162: 500-535 
to replace resource.9. 	 Nair PKR (1984) Alternative and improved land use systems 

depleting shifting cultivation. Paper for the Expert Consultation Strategies,on 

Aprroaches and Systems far Integrated Vatershed Management. Forest Resources 

Division, FAO. Rome 
10. Nair PKR. Fernandes ECM (1983) Agroforestry as an alternative to shifting 

cultivation. Paper for the Expert Consultation on Alternative to Shifting Cultivation: 
22-25 Fehruary. 1983, FAO, Rome 



ANNEX 10 

DYNAMICS OF FALLOW SUCCESSIONS
 

AND INTRODUCTION OF ROBUSTA COFFEE IN
 

SHIFTING CULTIVATION AREAS IN
 

THE LOWLANDS OF PAPUA NEW GUINEA
 

Bryant J. Allen
 
Department of Human Geography
 

I.-search School of Pacific Studies
 
The Australian National University
 

GPO Box 4, Canberra, ACT 2601 Australia
 

Contribution No. 9 of the Series on Agroforestry System Descriptions

under ICRAF's AF Systems Inventory Project, funded partially by the
 
U.S. Agency for International Development-USAID. (see Agroforestry

Systems 1(3), 269-273, 1983 for project details).
 
Series Editor: P.K.R. Nair, ICRAF
 

cv 



Page 2.
 

ABSTRACT
 

The traditional shifting cultivation system in the lowlands of Papua
 

New Guinea consists of mixed food crop gardens in which yams
 

(Dioscorea app.), bananas, taro 
(Colocasia esculenta) and sugarcane
 

predominate. The cropping cycle is usually for 18 months, followed by
 

a fallow cycle of up to 30 years. During the cropping cycle, two species
 

of fruit trees, Pometia pinnata and Artocarpus altilis are also planted,
 

the leaves of the former also being used as a mulch and green manure 
in
 

yam cultivation. Fallow succession follows rather systematic patterns
 

about which farmers have a tnorough understanding.
 

Robusta coffee, a cash-crop component, has been added to the system in
 

some areas since the late 19 Os. 
 It is usually grown inpermanent
 

blocks, but is-interplanted with Leucaena as shade, 
Food crops-are
 

planted in the establishment-stage, bananas and Xanthosoma being.
 

retained even in mature coffee gardens. The system seems to be a
 

potentially promising one. 
But very little quantitative information is
 

available on the production and performance of the system and practically
 

no systematic research has been undertaken. Since the Papua New Guinea
 

fallow gardeners are willing to accept innovations, it will be appropriate
 

and timely to undertake serious studies so that the system can be improved.
 

A few items that merit immediate research attention are indicated.
 

Keyw6rdsi- Agroforestry Fallow successions-, Papua New Guinea, Robusta
 

coffee, Shifting cultivation
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INTRODUCTION
 

Systems of shifting cultivation have long been characterised as
 

"primitive" and resource depleting. 
In situations where national and
 

multi-national timber companies come into competition for forest
 

resources with shifting cultivators, it is common to hear arguments
 

nat these primitive forms of land use should be replaced by permanent 

cultivation and the use of fertilisers and high yielding, introduced
 

plant varieties. However, recent 
interest in agroforestry and 

sustainable systems of agriculture is giving support to arguments
 

presented in the 1970s 
that many forms of shifting cultivation are
 

viable systems of land use and are critically important in the c6ntext
 

of increasing dependence on high inputs in modern agricultural systems. 

(4,5,7). Systems of shifting cultivation too are vulnerable to changes 

such as a shortening of 
 the fallow period where a grass fallow.replaces
 

a tree fallow. It is in this context that the concepts ofagroforestry 

and the development' of viable- sustainable tropical agroforestry systems 

have-much to offerttowards the improvement.of- systems, of.shifting:
 

agriculture. The agroforestry 
system described here is such a traditional
 

system of shifting agriculture, with a recently added tree crop component
 

A similar system involving open field cultivation of food crops, coffee
 

and CasuarinaIoligodon has been described recently from the highlands of
 

Papua New Guinea (PNG) (2).
 

2. GENERAL:DESCRIPTION OF AREA 

A general desriptioiiof. PNG in relation'to agroforestry'has recently 

been given by Bourke (2). Approximatelyone-quafter of the forested 

area of PNG is well developed secondary forest, created and maintained 

by shifting cultivation (11). The system being described here is 

located on the southern fall of the northwestern coastal mountains,
 

'V
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which run northwest and southeast and separate a narrow coastal plain
 

to the north, from the basin of the Sepik River, the second largest
 

in the country, to the south.
 

The foothills of the coastal ranges are Pliocene mudstones interbedded
 

with siltstones and sandstones, gently dipping to the south, which
 

have been eroded into strongly slumped, polygonally branching hill
 

ridges. The original lowland hill forest has been replaced with
 

secondary vegetation ranging from gardens under cultivation, village
 

coffee plantations, fallow garden regrowth (tall cane grass to tall
 

secondary forest) to relatively undisturbed forest. Soils are brown
 

forest soils, shallow dark clay soils, reddish clay soils (Eutropepts)
 

and strongly weathered red and brown clay soils (Dystropepts), the
 

latter two being widespriad over similar hill country in PNG (1).
 

Mean annual rainfall increases along the ranges from west to east
 

and is less.seaso.nable in the west. 
For the. station nearest the
 

site under description, mean annual rainfillhas-been.2,159 m
 

(12 years of record). May to September is notably drier than Novembet
 

to March. Mean daily temperatures are 26 degrees C (mean max.29.9, 

mean min-22.2).
 

All land use 
systems in the region are a variation of a forest
 

fallow system of shifting cultivation. To the east, fallow regrowth
 

has been reduced to tall cane grass and scattered low tree species as
 

a result of higher populations, lower total rainfall and greater
 

seasonality, whereas to the west, gardens are cleared from well
 

developed secondary forest. 
 The system falls into two fairly discret&
 

parts: mixed food crop gardens, which are cleared from forest each
 

year, cultivated for a maximum of 18 months, and then fallowed for up
 

/1 
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to 30 years; and permanent blocks of Robusta coffee, from which
 

almost all cash income is produced. 
 Some land has been cleared of all
 

forest and sown in pasture grasses for cattle, but in almost all cases
 

attempts at cattle farming have failed. 
Pigs are the traditional
 

livestock. :Most pigs are now Papua New Guinea-European crossbreeds.
 

Sows are allowed to roam in the forest and in fallow garden areas
 

where they mate with feral boars.
 

3. STRUCTURE OF THE SYSTEM
 

Land is cleared of fallow vegetation using axes and machetes and
 

the debris burned, at the end of the dry period. Planting then takes
 

place at the beginning of the wet period. 
The cultivated plots,
 

known as "gardens" consist of mixed 
 crop stands in which yams
 

(Dioscorea Rp), bananas (Musa M. ), 
 taro (Colocasia esculenta),
 

and sugarcane (Saccharum officianale) predominate, but in which at.
 

least 27 other-species.are also cultivated (Table 1). 
 During the­

cultivation period seedlings of two tree species, Pometiapinnata
 

and breadfruit (Artocarpus altilis), are planted 
and they form
 

"orchards" along the upper margins of ridges used most often for
 
gardening. Sago palms (Metroxlyn a.), coconuts (Cocos nucifera)
 

and Gnetum 
nenom are the other tree species which are grown from seed.
 

TABLE 1 ABOUT HERE
 

Between 1942 and 1945 Japanese and Allied armies fought across this
 

area with consequent severe disruptions to village life. After the
 

war many people experimented with radical changes to traditional life.
 

One experiment involved the cultivation of hill rice for sale as a
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cash crop. 
But the venture failed because of poor processing and
 

marketing facilities. 
 In the late 1950s the government introduced
 

Robusta coffee as a cash crop, recommending that each family plant
 

500 trees in bush gardens, shaded with Leucaena.
 

Coffee has been widely adopted, but the average size of coffee
 

gardens is small, consisting of 150 and 250 trees. .It is, however,
 

almost the only source of monetary income in the area, apart from
 

government or mission salaried and wage cmployement. Coffee gardens
 

and food gardens are located on discrete sites. However when forest
 

is cleared for coffee, food crops are commonly planted during the
 

Leucaena establishment stage, and when the garden is fully established
 

bananas and Xanthosoma are often found amongst the coffee trees. At 

present coffee gardens 
are stable with little replanting or expansion.
 

It is probable however that some people will shortly expand coffee
 

planting onto 20 ha "communal" gardens. 

Food gardens. fall into..three categories The first garden planted
 

following forest clearing is the most important and contains a
 

restricted number of species. 
Yams planted in these gardens provide
 

tubers used in ceremonies and exchanges and the gardens have many
 

ritual restrictions. After the first harvest, yams are replanted 

almost immediately in the holes left by the first crop. 
Thereafter
 

fewer restrictions would apply and more introduced species planted. 
A
 

third yam crop is sometimes planted foll6wing the second harvest, but.
 

this is a less-common practice, because it involves a-greater iffort
 

in weeding. 
After the last planting has.been harvested the garden is
 

allowed to return to fallow. But even in the fallow.period the land 

continues to produce food crops such as bananas, Xanthosoma and 

sugarcane which can compete with the invading tall cane grasses for
 

'k/I 
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FIGURE 1 ABOUT HERE
 

The general arrangement of the system is shown in Figure 1. 
Garden
 

Site A is the newly cleared garden, B the replanted garden and
 

C the less common third planting. After the garded site is
 

allowed back into fallow it is rapidly invaded by weeds and short
 

grasses dominated by Imperata. 
Within a year the short grasses will
 

be shaded out by the tall cane grasses dominated by Saccharum
 

robustum. 
This is an important succession providing cool, damp, dark
 

conditions for tree seedlings, particularly during the drier part of
 

the year. 
After about 12 years tree successions begin to shade out
 

the cane grasses and 25 years after clearing, a 10-15 m tree succession
 

becomes established. 
The pattern of species succession in fallow
 

regrowth is given in Figures 2and 3. 
New gardens are cleared in
 

from 15 to 25 year-old fallows, with land nearer the village being
 

cultivated more often than land farther away. 
Fallow successions
 

are categorised by type, not by time: 
 fallows ready for re-cultivation
 

are known as "ripe" fallows. Farmers avoid letting fallows go beyond
 

the "mature" stage, because of the dangers involved in felling tall
 

forest.
 

FIGURES 2 AND 3 ABOUT HERE
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Yam gardens are established along the upper slopes of ridges. Many 

coffee gardens are also found in these locations, as a result of
 

the extension advice to farmers to plant the introduced crop on their 

"best land". 

A particularly interesting aspeCL of the system is the use of
 

Pometia pinnata leaves during yam planting. The Pometia is a large
 

handsome tree, related to the litchi, with similar fruit. 
 The fruits
 

are borne on the ends of the branches between November and February.
 

Harvesting is accomplished by climbing and lopping off fruit bearing
 

branches. Later, during yam planting, the then dry leaves are
 

collected by women, carried to the gardens in large bundles and applied
 

into the ground with the "seed" yams. Gardeners believe that the
 

leaves "give the tubers room to grow", but the leaves, rich in
 

nitrogen, provide a good mulch in addition to their nutrient value.
 

The regular cutting back of the trees appears to have an effect isimilar
 

to pruning ond stimulates fruiting. Figure-4 illustrates the method 

used to carry Pometia leaves, and Figure 5 shows bundles of leaves in 

FIGURES 4 AND 5 ABOUT HERE
 

4. SYSTEM FUNCTIONING
 

Almost all inputs into the systems come from within the village
 

community. 
 Land is occupied under laws which guarantee.rights to
 

customary owners:and access to'land is controlled by the leaders-of
 

extended-families-. Inheritance-of land rights-is-normally'from father­

to son, but daughters, particularly widows have no difficulty in
 

'1
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obtaining land for food crops. !Many food gardens are cultiVated on a
 
usufructory basis and land which is not being cultivated is open to
 

all village residents for collecting fuelwood and building materials or for
 

hunting. Land for coffee is more restricted, and some families have
 

coffee gardens' at a distance from the village. However most people
 

build substantial "garden" 
 house in which they stay while they work
 

in gardens or coffee blocks 
away from the main villAge.. 

Most families clear land for gardens in co-operation with up to
 

15 other fa-.Uies. 
Once the heavy tasks of clearing and burning are
 

completed, each family becomes responsible for its own individual
 

block. 
Coffee blocks are established in a similar way. 
A very small
 

amount of paid labour is employed in coffee gardens, usually small
 

bands of youths or unmarried girls, raising money for such social
 

activities as a sports club or a youth club. 
During the introduction
 

of coffee- governmentinurseries were established, but now people raise
 

corree seedlings themielves from'ebtablished trees.
 

Productivity measurement in mixed gardens of this nature is very
 

difficult. 
Yields of individual species are highly variable within 

and between sites. Harvesting of some species occurs within a
 
restricted time, while others are harvested continuously over the life
 
of the garden. Yield estimates of the most important crop, Dioscorea
 

ranges from 10 20 t ha-I for D. esculenta =Ito and 16 t ha -for 

D. alata. 
 When rice was grown yields ranged from 0.45 to 2.8 t.ha-
 and
 

coffee yields are around 250 g per tree*.of!dried*Darchment-. orlabout
 

115 to 120 t ha 1 The.average.prlce of.ory.',varchment 
at the 'farm
 

gatetL'for--1982-vas O,55"kixper kg-(-kina-l.2 US$-)..tus-coffee­

provided the average family with a cash income of around US$60 in 

1982.
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Production of the yam staple is markedly seasonal, but other crops
 

such as sugarcane, taro and bananas are less seasonal. 
Coffee
 

production occurs mainly between May and September (Figure 1).
 

Variallity from year to year is low and is dependent sa rainfall
 

as well as social demands. Production is increased to meet the
 

requirements of large ceremonies, with planning occurring some years
 

ahead to build up planting materials and to select sites which are 

known to produce good yam harvests. 

All coffee production is for sale for cash and marketing is done
 

through a regional cooperative society, which is involved solely in
 

coffee marketing. 
Small amounts of food are sold in a bi-weekly
 

periodic market on a nearby government station, where the main buyers
 

are government employees.
 

An important feature of the system is that ground cover is maintained
 

almost permanently, except for ashort period. between clearing.-and
 

the development 
 of .the crops. Even durinz;;clearing and planting, the 

surface is disturbed as 
little as possible. Large trees are not
 

felled, but are pollarded and the bases burned to prevent regrowth.
 

Smaller trees, in particular some of the Ficus genera, do regrow
 

and help speed the recovery of a tree covex. 
 Branches from the
 

taller trees are cut up and stacked for fuelwood and only the leaves
 

are burned.
 

The proportion as well as. the spatial arrangement of cleared.land
 

in relation to land in regrowth/secondary fotest issucb-that broad 

scale erosion does not occur. 
Pules. are. laidalong the contour, 

supported by pegs, to reduce surface run-off and yams are planted
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in individual holes upslojoe from the barrier. 
Other crops are spaced
 
amongst the yams, also across the slope. 
However, much backward
 
rotational slumping occurs in the area and many gardens ara deliberately
 
sited on slumps to take advantage of the recent soils found there.
 
Thus small slumps within gardens are not uncommon. 
On the other hand,
 
some gardens are sited on slopes over 30 degrees and little soil
 

movement occurs.
 

Men and women share the labour of food and cash crop 
production
 
relatively equally. 
Men carry out the heavier tasks of clearing while
 
women sweep and arrange slash material for burning. Customarily women
 
may not cultivate the soil with digging sticks or spades in the first
 
yam garden, so men plant most of the yam crop, taro, sugarcane and
 
bananas. 
Women plant restricted varieties of yams in piles of ash
 
above the ground surface, and greens. 
Women do most of the weediag,
 
while men-attend to theother aspects of:.crop management such as
 
tying up vine.iand covering exposedtubersw"ih 


AnIl. 
The first yam
 
crop isharvesced'by'men~
4unLer 
 nar restrictions on women'to
 
harvest the crop are somewhat relaxed. 
Both sexes pick, process and
 
sell coffee. Children also help with garden work. 
The major bottleneck
 
in coffee production is the processing of the cherry to 
parchment.
 

5. SYSTEMDYNAMICS
 

The food production system Is a very old one. 
Recent changes, in
 
particular the introduction of malaria control Programmes and zodern
 
medicines'have 
contributed''to.a,.decline in:infant*'mortality, and. that,
 
coupled'with 
a relaxationof customary restrictions on sexual
 
'activities, have resulted in an increase in population. 
Emigration
 
has helped reduce the rate of increase in resident populations, but in
 
areas with greater.fseasonality and population pressure, the system In 
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degrading from forest fallows to cane grass fallows. 
The introduction
 

of steel tools and implements has reduced the amount of labour
 

required 
and allowed larger trees to be cleared.
 

The coffee production system is only 30 years old. 
 It involves a
 

tree cover and maintains sustained production without outside inputs
 

such as fertilisers. 
 However, most blocks are under-exploited,
 

probably because of lack of incentives for higher production and the
 

high labour costs of processing. Investigations are underway into the
 

possibilities of producing either wet cherry, or dried cherry to
 

encourage greater production. Meanwhile most people produce at a
 

level which just satisfies their day-to-daycash requirements for
 

imported food stuffs, local taxes and school fees.
 

6. EVALUATION
 

The system provides almost all the food and immediate cash requirements
 

of the household and inolves practically no external 'inpits. However,
 

it is vulnerable toany :changes which bringabout'a shorteningof-.the
 

fallow period to the point where a grass fallow replaces a tree
 

fallow. Robusta coffee, 
a new tree crop in the locality, has been
 

very quickly and successfully adapted to the system. 
But there is,
 

at present, a serious gap in the knowledge on the requirements of the
 

individual crops, relationships between the fallow vegetation
 

communities, and soil conditions so that sound advice cannotbe given
 

on methods of avoiding degradation of the tree cover in areasiwhere
 

the fallow period is beine shortpnpd, and on other aspectd of h6nagement 

of the system. The PNG,shifting cultivators have a deep kiowledge
 

of theftllo ~cnssTo-haracteristics,- and they are wflliing to_ 

accept innovations 
if enough incentives and motivations are provided.
 

%A 
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This strength of the farmer is a major aspect which should be built
 
upon in any attempt to improve the system.
 

Similar systems exist in many parts of lowland and mid-altitude PNG,
 
and results and experience of one syscem could, within limits, be
 
extrapolated to others. 
Critical site factors influencing the
 
stability of the system are rainfall and,to some extent, altitude,
 
which determine the rate of growth of successional tree species and
 
thus the vulnerability of the systems to degradation.
 

It is essential that research is undertaken urgently with a view
 
to providing appropriate guidance to improve the system and enable
 
the farmers to attain optimal productivity on a sustained basis.
 
Some studies that have been carried out in the mid-altitude localities
 
of the country (9, 3) are of significance in this context. 
Similarly,
 
in the immediate area of the system described here, land evaluation 
studies have been undertaken by.CSIRO ofAustralia (6, 8).- Some other 
studies on a country-wide basis are. also underway (10). Areas on 
which research needs to: be intensified on a priority basis include: 

- pattern and dynamics of grass and tree succession following 

cultivation;
 

- conditions which each succession provides for the. development 

of the following succession;
 

- relationship between the succession communities and soil 

fertility;
 

- effect of inLervention in natural succession (through 

shortening of fallow cycles, introduction of new species,
 

and so on) on the sustainability of the system; 
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- agronomic requirements of individual crops for optimal
 

production in the system.
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LIST OF FIGURES
 

Figure 1: The sequence of garden site clearing, planting and

harvesting, and natural regrowth.
 

Figure 2: 
 The pattern of regrowth of fallow garden sites: 
 (a) area
of low grasses (mainly Imperata) per ha; 
 (b) area of cane grasses
(mainly Saccharum) per ha; 

per ha; 

(c) total basal area of tree species
(d) number of stems.of tree species per ha. The horizontalaxis in each figure represents the number of years since clearing.
 

Figure 3: Cross-sectional transects through fallows of different
ages: 
 (a) 1 year after clearing and planting - the righthand slopehas been weeded and replanted for a third time, 
 the left has been
allowed to go back into fallow; 
 (b) a 5 year old fallow - tall cane
grass and fast growing softwood tree species dominate, but some food
crops still remain; 
 (c) 10 year old fallow ­ on the lower, moister
slope tree species have shaded out the cane grass, which remain
dominant on the upper slope; 
 (d) 25 year old fallow - all cane grass
has now been shaded out and the first tree species are being succeeded
by slower growing trees. 
 The large Pommetia has been planted during
some previous cultivation. 
This side is ready for re-cultivation.
 

Figure 4: 
 Large bundles of dry Pommetia leaves are collected together
and carried to the new yam gardens by woman, to be used by their
husbands in planting the yam crop. 
 Bundles commonly weight over 40 kg.
 
Figure 5: 
 A newly cleared yam garden during planting. Seed tubers
have been laid out near holes prepared for them and bundles of
PPimetia are ready for use. The trees which previouslycovered the
site have been pollarded and killed by burning, but are notfelled.
The surface of the garden has been swept of ash and debris.but
 
otherwise is undisturbed.
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Table 1. CULTIVATED AND NON-CULTIVATED FOOD 

CROP GARDENS 

FAMILY BOTANICAL NAME 

Acanthaceae 	 GraptophyZuwn piotim 

Amaranthaceae 	 Araranthuo hybridua
 
Agnaranthuo tricotor
 
DeeringiapoZyspenra
 

Anacardiaceae 	 Magifera indica 

Araceae 	 Alocaaia sp. # 
Cococaaia eacuienta 
Xanthosoma saggitifolia* 

Bromeliaceae 
 Ananas comosus* 

Bursuraceae 	 Canmariwn op. 

Caricaceae 	 Caricapapaya4 

Convulvulaceae 
 Ipornea batatas* 

Cruciferae Brassica chinensis* 
Nastertiwn homaiospermwn 

Cucurbitaceae 	 CitruZLua vulgarie 
czwuia sativue 
Cucurbita moschata* 
Lagenarid op.
frichosanthes anguina 

Dioscoreaceae 
 DioscoreaaZata 
D. butbifera 
D. escutenta 

Euphorbiae Manihot escZenta* 

Gnetaceae 
 Gnetw gnewmn 

Gramineae Saccharwn edule 
Saccharwn officianae 
Zea mays* 

Leguminosae 	 Arachis hypogeae4 

PhaseoZus vuZgazgas
Psophocarpus tetragonoobus 

L$liceae AtZium' odorwn4 

Malvaceae Abeimosohus manihot 

Abemosohue -moschatus-

CROPS IN THE MIXED 

(11 cultivars) 

( 2 cvs) 

( 2 cvs) 

(22 cva)
 

(43 cvs)
 

( 2 cvs) 

(14 cvs) 
( 9 cvs) 

2 cvs) 

( 2 cvs) 



Moraceae Artoearpue aZtiZi ( 3 cvs) 
Ficus copiosa 

Husaceae Mhea a (26 cvs) 

Myrtaceae Eugenia nrvZaoaenaie4 

Oxalicaceae Averrhoa cazmoxZa* 

Palmeae Areca catechu* ( 2 cvs) 
iCocoa nucifera 
MetroxyZon sagu 

( 2 eve) 

Piperaceae Piper nigrwm 

Rutaceae Citrus 8inensis8 

Sapindaceae Pormtia pinnata ( 2 cve) 

Solanaceae Capsicum frutescens-* 
Lycopersicwm e8a Zentwn4 

Introduced since c1900 #Cultivated outside of gardens
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Figure 1: The sequence of garden site clearing, planting and 
harvesting, and natural regrowth. 
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rigure 2: The patern of regrovth of fallow garden; sltes:., (a) area 
of low grasses (mainly Imperata) per'ha; (b) area of cane grasses 
(mainly Saccharum) per ha; (c) total basal area of tree species 
per ha; (d) number of stems of tree species per ha. The horizontal 
axis in each figure represents the number of years since clearing. 
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Figure 3: Cross-sectional transects through fallows of different
 ages: (a) 
1 year after clearing and planting - the righthand slope
has been weeded and replanted for a third time, 
the left has been
allowed to go back into fallow; (b) a 5 year old fallow - tall cane
 grass and fast growing softwood tree species dominate, but some food
 crops still remain; (c) 
10 year old fallow - on'the lower, moisterslope tree species have shaded out the cane grasb,'which remain­
dominant on the upper slope; (d) 25 year old fallow - all cane grass
has now been shaded out and the first tree species are being succeeded
by slower growing trees. 
 The large Pommetia has been planted during
some previous cultivation. 
This side is ready for re-cultivation.
 



Figure 4: 
 Large bundles of dry Pom-etia leaves are collected together

and carried to the new yam gardens by womn, to be used by their 
husbands in planting the yam crop. Bundles commonly veight over 40 kg. 
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Figure 5: A newly cleared yam garden during planting. Seed tubershave been laid out near holes prepared for them and bundlesPouetia are ready for use. of
The trees which previously coveredsite have thebeen pollarded and killed by burning, but are not felled.The surface of the garden has been swept of ash and debris but
otherwise is undisturbed.
 


