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A6ROFORESTkY RESEARCH IN FARMING SYSTEMS PERSPECTIVE:
 
THE ICRAF APPROACH
 

J.B. Raintree and F.Torrest 

INTRODUCTION 

The International Council for Research in Agroforestry (ICRAF) is an 
autonomous, non-profit international research council with a broad 
mandate to undertake work within the tropical and subtropical regions "to 
improve the nutritional, 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" (ICRAF 
Charter). 

Although, the generation of appropriate agroforestry technology Is the 
ultimate objective of ICRAF's work, as a research council rather than an 
Institute, at present ICRAF has neither the mandate/nor the resources to 
undertake large-scale Independent field research on the CGIAR model. 
Rather, ICRAF seeks to accomplish the necessary technology-generating 
research through collaborative undertakings with national and 
international partners. Thus, although ICRAF maintains a small field 
station of its own in Kenya, mainly for purposes of demonstration, training 
and some small-scale research of apilot nature, the Council's involvement 
in technology-generating research is almost wholly through "outreach' 
activities. The ultimate purpose of these activities is to strengthen the 
capability of national institutions to undertake meaningful agroforestry 
research on the scale that Is required to meet the burgeoning global 
demand for sound agroforestry technologies. 

Initially, the main thrust of the Council's work was on the conceptual and 
methodological development of agroforastry as a raw and, many people 
would argue, long overdue branch of applied science, emphasizing a 
holistic approach to land management. Although this on-going work of 
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concept development is for from complete, in the opinion of a recent
external review committee (Cummings et N 1985) sufficient progress hasbeen made to justify confidence in the general soundness of the
agroforestry approach aand more aggressive -'rle for the Council inresearch and development of ,3groforestry technology in the field.
Consequently, at the present time the Council is becoming Increasingly
involved in the direct staffing and joint management of collaborative R&D
projects with a growing network of partners. 

2 OBJECTIVES OF AGROFORESTRY SYSTEMS RESEARCH AT ICRAF 

In established fields of agricultural commodity research there arenormally many validated technologies for improving the production ofindividual crops. Under these conditions, the main objective of forming
systems research is to identify constraints to the adoption of existing
technologies by farmers. If possible, such technologies are then adapted
to meet the prevailing circumstances. In agroforestry, however, there areonly a few research-validated technologies. Many promising agroforestry
technologies, whether found In exisdfng farmers' practice or newlyconceived by researchers, require considerably more research attention
before they can confidently be recommended for wider adoption. 

A systems approach appropriate to agroforestry, therefore, must be able 
to define the role of various agroforestry romponents in overcoming
diagnosed land use problems, specify the desirable component
characteristics, and indicate appropriate spatial arrangements andmanagement practices. In other words, it must go beyond diagnosis to tthe
design and evaluation of notional technologies, from which research needs 
can then be derived. Accordingly, the main objectives of agroforestry 
systems research at ICRAF are: 

1) to inventory and existingcatalogue agroforestry systems,
compare their andstrengths weaknesses, and evaluate their 
potential for Improvement and extrapolation to other areas; 

2) to develop a practical and effective methodology for the
diagnosis of agroforestry-related land management problems and
design of appropriate agroforestry systems (at varying scales of
analysis with encilliary tools and methodology modules); 
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3) to utilize the above methodologies and comparative perspectives 
on agroforeatry systems to identify priorities for agroforestry 
research and actively support the development of technology 
generating research networks. 

3 STATE OF THE ART 

Agroforestry may be defined, following Lundgren (1982), as an approach to 
land use in which woody perennials (trees, shrubs, palms, bamboos, etc.) 
ar deliberately cornoined on the same land management unit with 
herbaceous crops and/or animals; either In some form of spatial 
arrangement or temporal sequence. To describe such an association as an
"agroforestry system" implies that there are ecological and/or economic 
interactions among the different components. 

"Agroforestry" is a new word representing a new focus of organized 
scientific activity, but the practice of agroforestry is an ancient tradition 
amoig farmers in many parts of the world. As a new scientific field the 
novelty of agroforestry lies In the realization that many different land use 
systems and practices--some of which have traditionally fallen under the 
heading of horticulture, some under agriculture, some under forestry, and 
many others of which have not attracted any sUsternatic attention 
whatsoever-- all share a common denominator worth exploring in a more 
systematic and scientific manner; namely, the role and potential of woody 
components to Increase, sustain and diversify the production from the land 
(Lundgren 1982). 

3.1 COMPONENT RESEARCH 

Multiourose Tree InventoQ 

Early identified as a key area of agroforestry research, the focus on 
multipurpose tree species (MPTs) has resulted in an ICRAF project to 
systematically inventory and catalogue the broad range of trees and shrubs 
which fit this category. To sharpen the focus on the most important 
species, a "systems approach" is evident in the concbpt of multipurpose 
trees adopted for this project: 
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A multipurpose tree is a tree which clearly constitutes an 
essential component of an agroforestry system or of other 
multipurpose land-use systems. Regardless of the number of its 
potential or actual uses, a multipurpose tree has to have the 
capacity to provide in Its specific function(s) in the system a 
substantial and recognisable contribution to the sustainability of 
yields, to the increase of outputs arid/or the reduction of Inputs, 
and to the ecological stability of this system. Only a tree which 
is kept and maintained or Introduced into an agroforestry system 
especially for one or more of these purposes qualifies as a 
multipurpose tree (von Carlowitz 1964). 

Although numeroks useful publications on multipurpose trees have come 
out in recent years, much of the information is anecdotal or not 
specifically comparable. Hence, to tuild up a data base of reliable and 
comparable information a "Multipurpose Tree Data Sheet' was devised and 
distributed widely for completion by persons with expert knowledge of 
particular MPTs. To date, more than 600 records on over 400 trees have 
been entered into the MPT Data Base at ICRAF. This information is 
maintained on an 1IM PC microcomputer at ICRAF headquarters In Nairobi 
and is accessible through a user friendly software package based on the 
"Knowledgemon" DBMS. It is used constantly to conduct Interpretive 
searches and to answer queries about MPTs received by ICRAF. 

A related activity at ICRAF has focused on the compilation of dato.on the 
feed value of tree fodders, following a literature review of the role of 
woody perennials in agroforestry with animals (Torres 1983). The data 
base, compiled by P.J. Robinson, contains over 1500 records on the 
chemical composition of fodder samples taken from different tree pmrts 
under various conditions. Maintained on "Dbase-lr software for 64 KCP/M 
operating systems, Interpretive analyses and searches can be carried out 
In response to queries. 

ICRAF has recently joined forces with the Nitrogen Fixing Tree 
Association in Hawaii to promote coordination among various MPT data 
bases In different parts of the world and to streamline future work in data 
collection, evaluation and dissemination. In addition ICRAF has racently 
begun work on a Multipurpose Tree Seed Directory which wil! serve as a 
practical, up-to-date register of sources of MPT seed supplies. 
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Methodology for Experimental Research on Multiguron Trees 

Another major research concern Inagroforestry is the Investigation of.the 
properties of and interactions between MPT's und other plant and animal 
components in managed agroforestry associations. A!though the 
methodology for this kind of research draws on standard disciplinary
methodologies for investigation of the individual component types, a fully
adequate and Integrated methodology for experimental investigation of 
interactions among components of complex agroforestry systems is 
lacking. Consequently, this has been an area of concerted methodological 
effort at ICRAF. 

These and other concerns relating to the Investigation of multipurpose 
trees have recently been addressed in the form of a massive and 
periodically updated compillation of 'Source Materials and Guidelines on 
Methodology for the Exploration and Assessment of Multipurpose Trees.' 
See Huxley (1904) for an introduction to this material. Many of the 
technical issues of concern in this work were addressed In an 
international expert consultation on Plant Research and Agroforestr
(Huxley 1983). More recently, an informal network has been formed to 
further this work. 

Other Comonent andDisciolnInay Research 

It is beyond the scope of this paper to attempt to cover all of the various 
other component and disciplinary research activities at ICRAF. For an 
overview of these activities the reader Is referred to ICRAF (1963c) and,
of course, to the Annual Report of the Council. Acurrent listing of ICRAF 
publications Is available from ICRAF's Information and Documentation 
Programme. 

3.2 SYSTEMS RESEARCH 

Agroforsstr uSystems Inventory 

One of the most important prerequisites of an effective effort to generate
improved agroforestry technology is a systematic Inventory of existing
agroforostry systems and practices. This has been the objective of the 
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global Agroforestry Systems Inventory Project (AFSI) at ICRAF, which Is 
now nearing completion of its initial phase. Begun in 1982, the project has 
finished the first round baseline inventory, data analysis and cataloguing 
of the most prominent agroforestry systems In the following regions: 
Southeast Asia, South Asia, East and Central Africa, West Africa, the 
American Tropics and the Pacifc. 

Records of the catalogued systems are maintained In an agroforestry 
systems register on microcomputer at ICRAF headquarters in Nairobi for 
consultation In response to queries. Collation and analysis of the 
inventory data have led to the proposal of agene'al purpose classification 
scheme for agroforestry systems and practices (Nair 1985a), although It Is 
recognized that no single classification can purport to be definitive, since 
which of many possible classification schemes is preferred will depend 
upon the purposes of the analyst. Maintenance of the standardized 
inventory data on versatile DBMS software allows sufficient flexibility In 
the retrieval and interpretation of the data to accommodate awide variety 
of analytical purposes. 

In addition to the use of the AFSI data banks as a tool for answering 
specific queries about existing agroforestry practices, anumber of system 
descriptions from different ecological and geographical regions have been 
published In an on-going series in Agro4ra-stryS/stm journal and also 
reissued in the ICRAF Reprint Series (Fernandes et &l1984, Boonkird at al 
1984, O'Kting'ati at e 1984.. Fonzen and Oberhelzer 1984, Evans and 
Rombold 1984, Bourke 1984, Liyanage at a1 1984, Johnson and Hair 1984, 
Allen 1985, Escalante 1985, May at 7l 1985). Special purpose analyses 
using early AFSI data have also been published (Nair et al 1984, Nair 1985) 
and undoubtedly others will be forthcoming as the data base becomes fully 
operational. Since it is unlikely that an inventory of this type can ever be 
considered finally completed, the intention Is to maintain and update the 
AFSI files continuously as new information comes in. Further analytical 
work is planned with the inventory data to identify promising agroforestry 
systems for in-depth study, to assess the extrapolability of such systems, 
and to Identify directions for system-improving research. 
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QDugnosts and Design of Agroforestlj.%.t ej 

A "systems approach" was mandated to ICRAF from the very beginning and 
written into its Institutional charter. ICRAF's founders felt it was 
impossible to deal with a field of the complexiti and scope of 
agroforestry without adopting a systems perspective. The task of 
developing one was felt to be especially important for a new 5ield like 
agroforostry. Otherwise, lacking an established research tradition of Its 
own and without the benefit of a holistic perspective on the land use 
potentials of agroforestrj, the fledgling Interdisciplinary science was in 
danger, during the critical 'proof of concept" period, of squandering its 
limited resources on ed ho., p!ecemeal research (Steppler 1991).
Eschewing disciplinary or "pet technology" biases in the identification of 
research priorities in agroforestry, ICRAF began work In 1981 on the 
development of a farming systems type of approach, especially designed to 
meet the needs of agroforestry (Steppler and RaIntree 1983). 

The development, still continuing, of what came to be known as the 
"Diagnosis and Design', or "D&D', methodology has been recorded in 
numerous documents to 1982, RaIntreedate (iCRAF 1982, Lundgrin and 
Raintree 1963, Hoekstra 1983, ICRAF 1983,b, Raintree 1984a,b, Rocheleau 
1984, Huxley and Wood 1984, Hoekstra 1985, Young i pros). Some 
illustrative case studies have been published (Raintree 1983a, Torres and 
Raintree 1984, Hoekstra 1984, Rocheleau and van den Hook 1984) and a 
more complete volume of case materials is planned. 

The logic of the D&D methodology is is at least implicit in most variants 
of the farming systems approach. It is, fundamentally. The logic of any
problem-solving approach. In the development of the D&U methodlogy we 
have consciously striven to eliminate ideosyncratic elements and reduce 
the methodological framework to its essential "common sense" logic. In 
some cases this has resulted in the apparent addition of methodological 
steps (in the more detailed guidelines). In fact, what we have done Is to 
make eVplicit certain aspects of the underlying logic which often remain 
implicit in other farming systems methodologies. 
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Table 1. Basic logic of the D&D discovery procedure (Raintree 1984a). See
ICRAF (1983a, 1903b), Huxley and Wood (1984), Young (in prfs) for more 
detailed listings of suggested step-by-step procedures. 

UI S B1 TIS TO AREM R KEY FMCTr2 TO ClMUIS IR 

PfRDIAMNSJC HOV DOES THE SYSTEM VORK? PRODCTIM OJECTIVES MD SEEM THE SYSTEM 
(What does itlook hko, hoy is it COPra STRATEGIES 
put togwr, how does It fiNotlon?) 

DIAGNOSTIC OV VtL.OOES THE SYSTEM VORK? PROBLEM INMEETIG SYSTEM TROUBLESHOOTING 
(wt re itsprobmns, lIimtt OECTIVES (pro uo short- THE SYSTEM
oowatts and probhm-gwmrat" fans, sustUbfltt pr msn) 
syrodrmm?) 

CAUSES OF THE IDENTFIED VENTIFICATION OF 
PROLEMS INTERNTIKON POUETS 

DESION NOV TO IMPROVE THE SYSTEM? 
(tut isneeded to iroye system 
performae?) 

SPE.CFICATIOS FOR PROBLEM ITERATME DESION 
SOLYIO OR PERFORMANCE AMEVALUATION 
ENHANCING 1DTERVENTIONSOF ALTERNATIVES 

PLANNINO WHAT TO DO TO DEVELOP AND 
DIEMINATE THE IMROVED 

RESEARCH ANDDEVELO"PXT 
NEEDS, EXTENSION NEEDS 

RESEARCH DESIGN, 
PROJECT PLAKINO 

SYSTEM? (what speoffio R&D & 
extdoion actions are needed?) 

Assuming familiarity with the general FSR approach, it will suffice simply to
highlight the most distinctive features of the D&D methodology. As compared with
other farming systems methodologies, the diagnostic and design procedures for 
agroforestry are generally charactertized by: 

1) wider diagnostic scope
2) amore deliberate connection with the objectives of the land user 
3) avariable scale of application
4) amore elaborate technology design step
5) greater emphasis on the iterative nature of the basic D&D process 

Dinostic se 

All extant diagnostic methodologies in FSR tend to be limited In scope bythe technological biases impos;U" by the Institutions in which they have
developed. They tend to be restricted in their sensitivities to those areas 
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of the farming System which their technologies have the'capability of 
affecting. Inthis respect, agroforestry poses relatively few limitations on 
the scope of the required diagnosis. In order to do Ju3tice to the 
technological scope of agroforestrj there Is not much about a farming 
system that an agroforestry diagnostician can afford to ignore. Moreover,
in contrast to most other fields, agroforestry is as much concerned with 
conservation of resources as with Increased production in farming systems.
This is generally reflected as a grec:er emphasis on the sustainabllty of 
production. Table 2 gives an indication of the broad scope of poteriti61
agroforestrij interventions in farm"Ing systems. At ICRAF we usually prefor
to speak of "land use systems" rather than "farmitig systems" to allow 
greater scope for forestry and livestock-oriented components of land use,
although for most purposes the terms are Interchangeable. 

ej.ti ws of the A*nd 4er 

What is the best entry point for agrofeorestry diagnosis? What 
diognosticdlly accurate and yet somehow simplifying logic can we apply to 
streamline the diagnostic task? Collinson (1981) has shed light on one of
the most widely employed entry points in FSR. Making use of the "pairing
principle" (minimal diagnostic team =agronomist plus social scientist) the 
essential goal of the diagnostic exercise is to discover "leverage points"
for technological Interventions In the farming system. The first clue to the
existance of a leverage point is the recognition by the agronomist of a 
technical "compromise" in the existing forming practice. He recognizes
such compromises by comparing what he sees on the ground with the 
technical standards for recommended practices which he carries around in 
his head. The social science partne- in the team then proceeds to 
investigate the farmer's resnns for doing things in this "compromised" 
way. Together they evaluate whether things have to be done this way or 
whether, in fact, there is an Improvement that would be adoptable by the 
farmer. 

Unfortunately this technique is not as useful Inagroforestry for the simple 
reason that, in the current early stage in the development of the 
interdisciplinary field, we hove no established standards of what the 
recommended agroforestry practice should be and, therefore, no simple wag
of recognizing technical compromises when we see them. 



Table 2. Potential contributions of trees and shrubs to basic needs production 
subsystems. After Raini.ree (1983b), Raintree and Lundgren 0985). 

FOO SUBSYSTEM 
I. Human food from trees (fruits, rts, Weaves, cereal substitutes, etc) 
2. 	Livestock feod from treot (ow stp dou'n the trophic chain) 
3. 	Fertfliser from treer for- iniproving the rutritional status of food and feed crops 

throug a) nitrogen fixation, b) aooss to greater vokbm of soil nutrients through deep rooting 

trees, o) improved avyflabfllty of ritnts as-ociated vith higher CEC and organio matter levels 

4. 	 Soft and water oonmery)tion effcted b runoff and erosion contolbg arrangements of 

trees in farming systcnu (irdirect Lwefts through enhaned substainability of cropping systems). 
relioration assoiated vith properly dtsi d arrangements c f trees (e.g.5. 	 Ioroolfrnate 

trees) Inorop tnd Vazi4 lands (indirect production berefits)sweiterbeMt, diftpr.ed sh. 
VATER SUBSYSTEM 

In rainfed croppg sstemns and pastures ttrough1. 	knprovyeint of soil moisture retention 

improved soil structure and microolfrnzo eff*cts of tren)
 

even water2. Regulation of strearflow for reduation of flood harzard and more supply of 

through redution of runoff and improveym.n of intirreption and storup in -filtration galleres 

trough various wat!rsted protection practices involvg tree. 
3. 	Protection of irriyatn works by hodoros of trees 
4. 	 k Wovffnwt of drais.ag from wattrirggod or salie soils by Okretoph tic trees. 

5. 	 kceased b cmzs vtorage of water for inal oonsLnption in fora" and foider tre#s 

(higher water content of tree fodder Mdry season) 
EI "EY SUBSYST.M 

1. Firewood for direot ccnoztion 
2. Ptjrolytic conversion producius (charcoal, oil, gas) 
3. Prodhow gas from wood or charcoal feedstooks 
4. Ethanol from fermentation of high cmbohydrate fruits 

woody fedstocks5. Methanol from destrwuctve dtstilation of ctal i o synthesis processes ustin 

6. 	Oils, latex, other ccmbustitle s.ps & T irs 
of tees to create venturi7. Augrenlation of windpower using opriate ,arr&enwqts 


effects (windpowtr is proportosal to the oubo of veind velooiy)
 
S=fLTER SUBYSTEM 

I. 	 uilding matrils for shelter construction 
2. 	 Shade trees for hunans, livestocU and shade lovkn cropi 
3. 	Vindbraks and shelterblts for protection of stl"mnts, oropland and pastures 
4. Lvirg fences 

RAV MATERIALS SURSYSTEM 
1. Wood for a varet ofcraft purpses 
2. 	Ftber for weaving tiu'msrits 
3. 	Fruits, nuts, etc. for drying or oftr food processlng inustries 
4. 	Tannins, esiffnil oils, medicinal inre-ients, etc. 

CAIh 	SUBSYSTEM
 
Direct oah b"nfits from siatl of ibove listrd products
 

2. Infireot cash benefits -from prodttvihj tyxi3ese of associated crops or lvestock
 

SAYUB3/wJSTMIN StatSYSTEM
 
I. 	Addition of aviable, enrgency savings or inestment enttrprtze to farms now lcking one 

on the hoof)2. kIrovement of existing zvings/invst mnt enterprises (eg. fodder for oattle as saying 


SOCIAL PRODUCTIO SJBMW TEM
 
(e.g. cattle for brid price, eemonial foods, ol)I. Production of goods for socially rnotivatod exohang 

Inoretsed cash for socal prposes (ritual expensts, developmA levies, politioal oontrtliois, eto)2. 

http:drais.ag
http:diftpr.ed
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What then is the entry point for an agroforestry diagnosis? Faced with a 
diagnostic task of potentially great complexity, the D&D methodology 
focuses straightaway on assessing the performance of the system In 
meeting the objectives of Its human managers. Thus, somewhat more 
explicitly than In most other farming system methodologies, it Is the 
judgement of the farmer which provides the pivotal clue to problems in 
the system, supplemented, of course, by the observations and judgement 
of the diagnostic team in the field, particularly In matters relating to 
sustainability problems. 

The basic principle behind this approach is applicable across the whole 
FSR field. Since we are dealing with land use systems which are, In the 
final analysis, organized by human purpose to accomplish certain 
objectives, It Is only reasonable to begin the diagnosis of the system with 
the managers' own assessment of the system's performance in meeting its 
objectives. ris3 method has the advantage of ensuring that the technical 
improvements suggested by the exercise are more directly relevant to the 
farmer's own perception of problems and priorities and, thus, more likely 
to lead to a favourable adoption response. All other things being equal, 
diagnostic methods which only indirectly address the objectives of the 
farmer and, instead, take their conscious starting point straight from the 
analysis of technical relationships in the farming system cannot offer the 
same assurances. 

From the assessment of problems in meeting production objectives within 
each of the relevant "basic needs subsystems" (listed in Table 2), the logic 
of the D&D discovery procedure progresses through a trouble-shooting 
exercise, tracing out the causality of the Identified Problems, toward an 
Identification of the leverage points, within the network of causal factors 
and constraints, at which agroforestry (or other) technological 
inter/entions could make significant improvements in the system. The 
general "system specifications' for an appropriate functional intervention 
at each of these points are then derived, followed by the detailed 
"to3chnologij specifications" and, finally, by a concrete design for 
technology capable of meeting these specifications. 
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V-~a/le-5c6le dogagnsis anddesign. 

In most cases the intial focus of D&D activities Is on the household land 
manligement unit (the family farm, the household herd, etc.) for the reason 
that this Is where most of the land managerrient decisions are mode. It 
must also be acknowledged, however, thOt the origin of many land use 
problems relevant to agroforestr' cannot always be ascribed to individual 
forms and may, In ary case, require a larger-than-farm approach to the 
design ani implementation of solutions Watershed problems are a typical 
case in point, where erosion processes on one form may orginate or have 
impacts on other parts of Zhe watershed. Adequate diagnosis and design of 
treatments for such problems cannot be approached as simply the 
aggregate of numerous household lev.] D&D applications, but require an 
appropriately scaled approach of their own to complement the household 
level activitj. 

Likewise with smaller-than-farm scale or intra-hause/; d level problems 
and potentials associated with the Internal division of production 
responsibilities and opportunities (usually along gender role lines). These 
aspects may be particldrly signtficrnt for ogroforestry in regions where 
women, In addition to a heavy burden oi domestic chores, may also have 
primary responsibility within the household for subsistence food 
production, fuelwood supply ind cure of livestock, and where production 
deci,.ions and responsibilitiles may ooerate Ihsexually segregated spheres 
(Hoskins 1980, Fortmann rnd Rocheleou 196l4). 

For these reasons o flexible, variable-scale approach to agroforestry 
diagnosis and design is required. Preliminary guidelines have been 
developed L. assist users of the D&D methodology In the choice and 
Implementation of ap)ropriat6ly scaled diagnostic methods (ICRAF 1983b). 
Case studies Illustrating the elaboration nnd application of these methods 
at woaershed and intra-household scales of analysis have also been 
published (Rocheleau and van den Hook 1983, Rocheleau 1984). 

The latest developments have focused on methoos for very large scale
"macro D&D" applications which involve the Integration of D&D with land 
evaluation methods (Young in. ss). Macro-scale D&D applications are 
now underway at a countr,,; level to Identify regionally slgnficant 
prototype technologies as inniiis .o the development of "master plans" for 
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agroforestry in the various -igroecological zones of the Agroforestnj 
Research Network for Africa (AFRENA), which is described below. The 
AFRENA effort will be further strengthened by a buildup of ICRAF's 
capacity for macroeconomic and regional policy analysis Through this 
regionally Integrated approach to diagnosis and design we hope to avoid 
the trap of site-specificity into which many FSR programmes have fallen. 

Tecmnoloy desin
 

In most forming systems work when one speaks of "design" what one Is 
usually referring to iseXrim tal dign,whereas at ICRAF what we 
generally have in mind Is tenology oesig This seemingly minor 
terminological difference belies a major difference in the emphasis of 
systems research in agroforestry as compared to other farming systems 
approaches.
 

This difference In emphasis is due to two factors. In the first place, in 
contrast to other forms of FSR, the rote of the farming systems 
perspective exercise is not to decide which of many proven technologies It 
would be appropriate to "pull down' into the farming system for trial and 
adaptive research. In agroforestry there is no large stock of scientifically 
proven technologies to draw upon. Inmost cases the purpose of the D&D 
exercise isto envisage wat)'tc/lmilgqies ought lo be develoed. This 
requires a much more elaborate technology design step than most other 
farming systems methodologies. 

Secondly, I:,research on ogricultural cropping systems (e.g. varietal 
introdt)ctions, fertilizer trPi's, etc.), the tichnologj design problem is 
often relatively trivial, and so the ottention of the researcher quickly 
moves on the more important question of experimental design. When an 
agronomist puts up a fertilizer trial or introduces a new variety of maize 
in an on-farm experiment, it is not necessary to spend much time trying to 
visualize what this new tochnologU will look like. Itwill look like a 
maize fieldl In agroforestr., however, the design problem is far from 
trivial, since the integrntlon of trees into farming systems for 
productivity and sustainability may take many different forms. 

To arrive at an appropriate agroforestry design for a given farming system 
an answer Is required for each of the following Interrelated design 
questions: 
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1. Whet function(s) should the tree or agroforestry combination 
perform within the farming system? 

2. 	 At what location(s) within the farm or wider landscape should 
these functions be performed? 

3. 	 What components or component combinations are best used to 
perform these functions? 

4. 	flow many of each component are required to meet production 
targets? 

5. 	 Whet precise arrangement of components is envisaged? (details 
of spatial ,idtemporal associations at ogiven location) 

6. 	What meag.imeni prarctices are envisaged in order to achieve 
the desired performance characteristics? 

The itgeaienorts of UR 

The utility of the basic process of diagnosis and design does not 
necessarily end with its initial application in a farming system. Once the 
experimental prototype is in place and functionhig in the system a new 
round of diagnosis is called for to evaluate the changed situation and to 
assess opportunities for further improvement. Indeed, given the 
Innovative nature of most agroforestry research, itIsunlikely that the
 
first design will be the best and final design. What can be expected from
 
the 	initial, usually "rapid apprsisal", oppiication of the D&D process isa 
design for a prototype technology that is o ar/yapproaeto the land 
use system in question, but further R&D will normally be needed to make it 
-Te i f icallY apWPrrit,t .
 

By Insisting on the Iterative nature of the process and making provision
 
for successive phases of -edianv'isand redesign the D&D methodology 
seeks to institutionolize the feedback mechanisms necessary to zero-in on 
an optimized technology. A, such, it becomes part of the "internal 
guidance system" of aconscienciously designeJ R&D project (see Figure 1). 

4. 	 ON-FARM AND OF,-STAOrIoN RESEARCH 

The complementarity of on-farm and on-station research is implicit in all 
farnng system methodolog!es, but rarely isItmade an explicit part of 
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the logic of the methodology. In D&D we have tried to do this by stressing 
the necessary end complementary nture of the feedback provided by each 
type of research in the context of the Iterative D&D process. It Is too 
early for ICRAF to have hod much experience with this aspect of the later 
phase of D&D applications but w9 envisage It working somewhat as 
follows In the R&D project context: 

rnInt lateper i eSnce , 

Figure w. process as
Components of project design Incorporating the DO 
part of the project's internal guidance system. Note feedback linkages. ' 

Periodically, during the active R&D phase, the research team pauses to 
reconsider current plans Inthe light of accumulated experience, asking: 
"What have we learned from our on-form work on the one hand, and our 

on-station work on the other, that will help us to improve the technology 
design?" From the on-station research come the results of investigations 
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of component interactions under controlled conditions, component
screening and breeding results, etc. From the on-farm research comes a 
general deepening of the diagnosis, which inevitably results from longer
and more intimate exposure to the farming system, as well as information
about new or revised design requirements, based on results of field
testing of the experimental technology and on the updated diagnosis of the 
new situation. One of the most valuable kinds of feedback from on-farm 
research Is the farmer's own evaluation of the technology and his/her
suggestions for ways to make It more adoptable. 

The feedback from these two complementary sources Is then synthesised
to come up with an Improved design and a revised plan of research.
Something like the process depicted by the feedback linkages shown in
Figure I Is implicit in most FSR work but the process is rarely carried out
in a systematic way, although to do so could often result In a more 
coherent and cost-effective research programme. 

Table 3 on the next page summarizes some of the main experimental
characteristics of the various components of agroforestry systems. In
view of the complexity of agroforestry systems and what wnuld appear to
be rather severe limitations on the use of conventional statistical and
economic techniques In the evaluation of agroforestry systems, the role ofdirect formerevaluation, of technical innovations, and hence of'on-farm 
trials, would appear to be that much more important for agroforestry than 
for simpler production systems (Fernandes 1985). 

5 LINKAGES WITH NATIONAL PROGRAMIIES 

Collaboration between IRAF scientists and multidisciplinary teams of
national scientists in I,.;- applications for research planning purposes has
been actively undertaken since 1982. Table 4 shows some of the results
of these activities. A total of some 19 institutions from the agricultural,
forestry and academic sectors have been actively involved in the project
planning activities depicted in Tabile 4 (less formal collaborative 
activities with several other institutions are not shown). At the present
time, six of the eight sets of research activities shown InTable 4 have
been taken up for joint implementation by collaborating national
Institutions. Two of these projects are already on the ground and four are 
In the fund-searching phase. 
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Table 3. 	 Characteristics of crops, liveqtuck and trees and implications
for experimental research on ogrofornstryj systems. Adapted from 
Fernandes (1985) ond Bernsten 3t a. (1983). 

FACTOR ------------CHARACTERISTICS ---------- IMPLICATIONS 

CROPS 

Componeit erraliv 
arraingenren standwlz4I 

Life cyole 	 G1r3riral his 
V" 4 rrmths 

Produotion U;kits geiwraTj 
phasts s5'jnk"e 

Outputs 	 or&, tuber, 
rtsiduk 


!4 lrtt 	row 
*iput/outputs 

ExpertmentAl Small, d"vjst)le
unit sz 

Local customs 	 Soretocial/ 
ritual uses 

anagemen Relatively low 
varlabfilt 

observation 	 M&N 

units 

Gmet1o 	 Rekt1aekW 
compostion 	 homogeo*cs 

swfoiW Crop residue 
Interaotk4u for feed 

LIVESTOCK 

Mobifl/stafl fed 

GenraTl over 
ont wtr 

Units sldom 
;ynronized 

Multiple ouPuts 

TREES/SHRUBS 

Zowil, mtxed, 
mulfttor*ed 

Newkjralways 
over omneer 

Units seldom 
s£1WAh(A1zfd 

W iJ"91*outputs 
(meat, ides, milk, (furl, fodder, fruit, 
rr~aue, power) 

mau 

Large, non-
dkftis 


Yarious taboos 

NI 


Fev 


R0. homogeneous 
(domtstod) 

Pinut for orops 

timber, poles, etc.) 

Mavr 

U....
,d1ystlt 

Oftn ocmnplx tree 
Wnurt rules 

HO 


Few 

Wery hetwo9ernous 
(Wienwild) 

Fodder, mulch & 
9rKn mwnure for 
crops, slelter for 
Hvstook & crops 

FOR AGROFORESTRY 
EXPERIMENTS
 

Diffioult to m 	sure and 
oonlrol non-experk nhal 

factors 

breased cost, lcelItiod 
of losing experlmental unil 

Difflovlt to f*Wd oornable 
units 

Dtffult to measwe & 
evaluate tret 	 ent effet 

Dtrficult to value Inputs 
& utputs, esp iallyfor
 
protetv roles
 

Increased cost, risk to 
pabout aW fIrmers 

Loitaton on treatmets 

Diffcult to isolate 
treatment effects 

Lrv tistioal varlabflfty 

Large statistical varlablty 

Ihoreas.d oost of more 
oolex experimental deWig, 

Harmful 	 Competition, Browslg damage, Shadt, competition, Increased oost of moreinteractions 	 aflelopati & trampling allelopmhq complex experimental design 



Table 4 Partial description of results from joint D&D exercises with national 
partners In ICRAF's Collaborative Programme, showing representative sample of 
agroforestrg interventions suggested as focal points for national research 
programmes. 

COUNTRY ENVIRONMENT 

Phlptns 	 Humid tropical low-
lands v/ &r seao 

Malaysia 	 Permawtly humid 
tropical lowlands 

dia 	 Monsoonal sutraploal 
to tqmperate mntane 
enVtnnmnt in outer 
Himalaas 

Kea 	 Subhiuid to semiad 
equatorial midlands 
with bimodal rainfall 

Costa ic 	 SuMtid seasonally 
dry wulcoani higlands 
of Contral knerioa 

Peru 	 Humid tropical 
lowlands in 
Anazon Basin 

Peru 	 Seasonaly 
humid tropical 
lowlands In 
Amazon Basin 

PREDOMINANT 
LAND USE SYSTEM 

subastea oriented hillside 
plouh aWlourture with water 
buffalo for dr'aht power 

Govermet reforestation 
sohtme with eroaohment 
by small scale market 
oriented farmers 

Subststenoe farming on 
teraewd hfllside with 
bulloc s for drught 
power & water buffalo 
for mlk 

Subsist~ 	 mbixd farming 
with cattle for drougt 
power & sav*; 

a)Small mcalt offe-w ad 
subsistence farming 

b)Medim scale coown roal 
mxed farmn 

Semai-counerolal bush 
fallow oultivation 

Comeroal mix 
farmi &dalrjtin 

MAIN AGROFORESTRY 
INTERVENTIONS 

Hedgerv Inteoropping with N-fxg 
trees to control eoion & correct 
nltrogen deflorncy asooated with 
low maize ields 

Joint production s nes desI ed to mt 
objeottv of both farmers and foresters: 
1) Tkrber trees alternating incontour strip 
w/ amal cs reap & pasture 
2) mixed associations oftwmber trees and 
horticultural tree crops 

1)Hedgerows m risers for fodder & 
runoff control, 2) fruit trees on rear of 
terraos using laour releae *m fodder 
collection by eN, 3) improved managenent 
of fodder & fuol trees on erodid ooumons, 
4) trbials en ninimum tillag w/ view toward 
reduction tn numbers of unroduct#/ bullooks 
to ease fodder presue an forests & labour 

1)Hegow introropping with N-fixing, 
muloh & fodder prodcg siv-b fo erosion 
control, moisture oswkwvrtlon, fwetlj 
maintenan & fodder fqr drj soon feed 
gap, 2) rehabilitation of pod-producing tres 
Ingrazn land, 3) fruit trees for cash, 4) 
watershed protection with productive tres 

a)h1egrow interoropping for forlft main
tenM &erosion control on steep Slo"e 
b)Timber trees incontour strips protected 
by lt tfenoerows of fat Ing fodder 
tres, alternating with pasture, to arrest 
erosion and dtversiffj production 

1) Fallow ertluet by t-fbdng trees to 
aeolerate restoration of soil frtl t & 
control of weeds, 2)hedgerow intaroropping 
experiments with acid tolerant tre qes, 
3) hih vaue timber & fruit trees on farm 
boundaries, inhome gadens &interoropped 
w/ plantains for cab & lonetrm invstwme 

Fodder produo" l fenoe to reduce 
capital requemnt of rotational gazing on 
kiproved pastures an to s dryfplemn 
season foed resouroes for dalry herds 



Indirect Influences on the research activities of International and 
associated national Institutions which have participated In these project 
rplanning exercises are evident. Even befole the formal project got 
underway, the North Carolina State University Tropical Soils Program at 
Yurlmagua3s adopted D&D recommend;.ions to Include research on hedgerow 
intercropping In Its pr ograriime to devolop low-Input technologles. 

Subsequent to other D&D missions, CIAT Tropical Pastures Program started 
screening for shade-tolerant leguminous pastures for the Amazon and 
CATIE commenced investigations of mulching with tree leaves. In the 
Philippines, a large World Bonk sponsored upland development project has 
been using an adapted versitu of the D&D methodology to plan Its 
agroforestry activities, with training support from the agricultural college 
team that participated in ICRAF's first D&D mission to the Philippines. On 
the NGO front, CARE has adapted the D&D methodology and put It to work in 
an agroforestry exteinsion project in western Kenya, which will serve as a 
pilot for other agroforestnj prolects in CARE's worldwide network. 

A number of factors combine t) enhancp ICRAF's role as a catalyst for 
collaboration among natlonl Institutions In joint agroforestry research. In 
the first plece, ICRAF's staff repr.sents the most comprehensive 
multidisciplinary N~am in the field of agroforestry and, operating in an 
Interdisciplinary way under the umbrello of o 'second generation" farming 
systems approach, this gives ICRAF an instiutionl capabilitg which Is 
unique in the field. What mag bs eve! more Important, however, Is ICRAF's 
Inherent neutral;ty with regard to tie traditional disciplinary biases and 
age-old conflicts between agriculture and forestry Institutions, which 
enhances ICRAFs ability tn function os a convenor of collaborative activies 
among orgonizations hat might not otherwise bu pepared to undertake 
joint endeavors. 

On the internationai scene, it is fair to say that the collaborative role of 
most research centres tends to be limited In scope by their commodity 
focus. The broad scope of agroforestry technology poses fewer limitations 
In this regard and may qualify 1.RAF as a les3 biased Institution to 
Integrate the efforts of international contres around common land use 
problems. 
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6 LOOKING AHEAD TO LARSER NETWORKS 

Up to now, ICRAF has been able to gain experlance with land use systems
In a wide variety of environments and to establish a track record of 
Institutional collaboration by taking a somewnat opportunistic approach to 
the selection of Institutional partners within an ecological and 
geographical framework. The time for solving urgent development
problems is running out, however, and a more comprehensive strategy is 
needed to promote resorch on the scale required to solve accelerating
land management problems. To meet this need ICRAF has developed a 
networking strategy (Torres 1985) and is In the first stage of applying this 
strategy to the development of on Agroforestry Research Network for 
Africa (see AFRENA below). 

ICRAF'e Networking Strategy 

Why networks? The rationale for networking In agroforestry can be 
summarized In three points: 

1. Given the disciplinary nature of existing research institutions 
and the scarcity of resources, inter-institutional networks within 
and between countries could help assemble the multidisciplinary
critical mass" required for effective technology--generating research. 

2. Countries shr-lrq a common agroecolooicol zone may also share 
common land usE prob!ems with similar agroforestry needs and 
potentials. Between-country networks could provide the 
organizational means of sharing In the work of technology generation, 
avoiding undue duplication of effort and making better use of scarce 
resources. 

3. A zonal approach to training of national cadres within a region
would provide a wider spectrum of lund use problems, case 
studies and project sites for on-the-job training and comparison of 
alternative approaches to lend use problems. 
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The principal objective of ICRAF's networking strategy Is to sftrengthe 
the capability of natlionalin.stittins to evaluate land use systems and 
Identify their realistic agroforestry potentials, derive research plans 
from such evaluations, and carry out'a coordinated programme of on-farm 
and on-station research oimed at meeting the country's need for various 
forms of agroforestry tecnnology. in addition, the strategy calls for ICRAF 
to play a direct Implementing role, together with selected IARCs, in the 
screening and development of imrproved woody components and prototype 
technologies (spatial arrangements end management practices) which can 
then be adapted to fit location-specific circumstances. 

Programmes developed to achieve these objectives will be guided by the 
following principles. 

1. An ecownm sce for tecrledogyI gwi~af, Increasing the 
probability of matching agroecologiccl crcumstances and the 
possibilities for sharing of technological components; 

2. Inter-istitutilnai cooperation at nationa/ ad zmv/ levelg 
providing the required multidisciplinary inputs and avoiding 
duplication in the use of scarue resources; 

3. n-,rvicw teraining ofneiinmelca&rs on methods for the planning 
and Implementation of agroforestry experiments; 

4. A sysematic aproachto tb deve/?pment of tec4noogies, based 
on an understanding of the ogroecological and socioeconomic 
circumstances under which land use systems operate and on the 
Identificotion of roles for agroforestry in overcoming prevailing land 
use problems. 

A four phase plan is proposed for the development of zonal networks, 
incorporating the elements shown in Figure 2. 
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Figure 2. Strategy for the delvelopment of agroforestrq research networkcs, 
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In order for the envisaged inter-Institutional cooperation to become 
functional, institutional 'niches" are needed to promote network activities 
within and among countries os well as between countries and external 
agencies. Given the realities of scientific and institutional specialization
and competition for scarce research resources, we believe that the 
development of the desired cooperation should be based on the principle of 
intefratedp/tan but idpennt ,n mpXnnadati of components of the
overall research plan by the specialized institutions. Integration of 
research planning within a country would thebe responsibility of a 
"National Committee" composed of representatives from ministerial and 
academic institutions dealing with agriculture, forestry, livestock,
research, extension, rural development and training. The National 
Committee will be responsible for developing an agroforestry "master 
plan" for the cQuntry. Cooperation among countries wlthin the ecological 
zone will be discussed by decision makers of collaborating institutions at 
a workshop ot which the country master plans will be presented. 

Phase.2. L ,d U/se Plahnnin 

Activities of this phase include a kind of "macro-level diagnosis" and 
preliminary design exercise, based on existing knowledge of land use 
systems in the country with supplementary reconnaissance visits by
members of the national "Task Force" appointed by tt~e Committee to 
develop the master plan. The specific objectives of this planning exercise 
are: 

I. To identify and describe the main land use systems within the 
selected ecozone of the country; 

2. To make a first assessment of the nature and severity of problems 
In these systems; 

3. To evaluate the potential of agroforestry to assist In solving 
these problems; and 

4. To appraise on-going agroforestry research in relation to the 
assessed problems. 
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It is envis jd thit Ut1ona8 Committees and Task Forces will take 
prirra re:sp.v.fb ll tu for activities 1,2 and 4, while 3 will be the joint
responslbilit U oy IPAF ai 1h rotional team. To the extent decided by
the collaborath:,j Institutions, national plans may be combined Into azonal 
plan of resenrch ot ths propoced zonal workshop. 

Afs :Fcmu6'tiw ofA e rch Projects 

Actfi tieo In tiIs p 3o ore 8tistt.matically coordinated with the training
of 'tlfrnal cadres. A- project implementation activities are initiated,
perscnne! development activities will evolve from training researchon 
planning Wk training on oxperimental methods and techniques of field 
resoarch in ogroforo stry. The coordinqtion of project design and training
objectivs is uchi.evd thrGugh the following sequence of activities: 

1. C& St D, 
This is the pilot for the project design exercises (see 3 below)
undertaken btj multidisciplinor teams within the network. The team 
for this icseIs composed of the task force leaders of each of the 
national teems and thq exercise is developed, with the full support of 
ICRAF's exptrionced D&O team, as acase study for use In training the 
national cadrec to carry out similar exercises on their own. The 
methodology for this step Is based on adapted versions of the D&D 
field survy procedures described In ICRAF (1983a, b). 

2. SAm,7Ar &i Prwojc Design t/4do/al
Featuring the previoujly developed case study and carried out at the 
case study s .;.witi the participation of all teams from the 
parttcipdting countries, the purpose of the seminar is to develop
wider capecbility to apply the D&D methodology, which will be used 
for subsequent proj.sct development throughout the network. The 
seminar will LuyoI,,izud by a Joint team of ICRAF staff and the 
country task force loaders. 

3. Projetr[ nE .ses 
To be cariod out by the national teams at each of the in-country
sitos designated by the respective master plans, with backstopping 
from ICRAF staff. 

http:re:sp.v.fb
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4. Desin WfrA p
With the participation of ICRAF and all country teams the purpose of
this workshop is to discuss the projects designed in the previous
step, Identify common problems and compare proposed agroforestry
interventions with a view to discussion of potentials for 
Inter-country collaboration on "technology-specific" (see below)
research projects of relevance throughout the zone. 

5. Re.atrc-M Prr O/sas
To be finalized by country Task Forces following Workshop discussion
and submitted for approval to national research systems and, If
appropriate, to external assistance agencies for fundir. 

ms 4. Techtnoogy Seerdtion 

Three types of technology-generating research proposals are expected to 
emerge from the activities outlined above: 

I. C7o t-.peccresarc. derived from the macro-level land use planning activities of phase 2 and aimed at providing essential 
biological components for the location- and technology-specific 
projects in the ecozone; 

2. Tec.nooy-specific researcy., producing information on prototype
technologies, i.e. widely applicable component combinations,..plant
arrangements and management practices, which address common 
agroecological and socioeconomic problems and potentials of the 
zone; 

3. Locatior-specificrsearo>, addressing land use problems which
arise from a particular combination of land use circumstances 
specific to sites within participoting countries; though not of direct
significance to other countries in the network, such research
activities may be important for solving land use problems in the
concerned country and in providing a meaningful framework for the
integration of national institutions around agroforestry research. 

All of these projects will be carried out .at sites within the participating
countries of the network. The location-specific projects will be the 



26
 

responsibility of the relevant national institutions and should normally 
Include both on-station and on-farm trials, in accordance with the 
principles discussed In this paper. Component- and technology-specific 
research projects will be carred out at national research stations, but It 
is expected that they will receive more substantial Inputs from ICRAF and 
other international research Institutions. 

The Agrororestru Researchl Network for Africa (AFRENA) 

Development of a network along the lines of the strategy outlined above is 
already under way in Africa. Four broad ecozones have been Identified for 
networking purposes in intertropical Africa: 1) the subhumid unimodal 
highlands of southern Africa, 2) the subhumid bimodal highlands of East 
Africa, 3) the humid lowlands of West Africa and 4) the semiarid 
lowlands of northern Africa south of the Sahara. Currently, Phase I 
institutional arrangements are being developed In the first three ecozones 
with the following countries. Malawi, Tanzania, Zambia and Zimbabwe In 
zone 1; Burundi, Kenya, Rwanda and Uganda in zone 2 ; and Cameroon, 
Ghana, Ivory Coast and Nigeria in zone 3. Subsequent activities are also 
planned with countries in the zone 4. 
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