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{ INTRODUCTION

The International Council for Research in Agroforestry (ICRAF) is en
outonomous, non-profit international reseerch council with a broed
mandate to underteke work within the tropical and subtropical regions “te
improve the nutritional, economic and social well-being of the pecples of
developing countries by the promotion of ayroforestry systems designed to
result in better land use without detriment to the environment™ (ICRAF
Cherter).

Although, the generetion of appropriste egroforestry technology is the
ultimete objective of ICRAF's work, as a research council rather then an
institute, at present ICRAF has neither the mandate/nor the resources to
undertake lerge-scale independent field research on the CGIAR model.
Rather, ICRAF seeks to accomplish the necessary technology-generating
research through collaborative undertekings with national and
internationel partners. Thus, although ICRAF maintains e small field
station of its own in Kenye, mainly for purposes of demonstration, training
ond some small-scale research of a pilot nature, the Council’s involvement
in technology-generating research is almost wholly through “outreach”
activities. The ultimote purpose of these ectivities is to strengthen the
capability of national institutions to undertake meaningful agroforestry
rerearch on the scele that is required to meet the burgeoning global
detnand for sound egroforestry technologies.

Initially, the main thrust of the Council's work was on the conceptual and
methodological development of agroforastry as & raw ond, many psople
v:ould ergue, long overdue brench of applied science, emphasizing a
holistic epproach to land management. Although this on-going work of
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concept development is far from complete, in the opinion of & recent
external review committee (Cummings e/ 8/ 1985) sufficient progress has
been mode to justify confidence in the general soundness of the
agroforestry epproach and o more aggressive ‘rale for the Council in
research and development of agroforestry technology in the field.
Consequently, at the present time the Council is becoming increasingly
involved in the direct staffing and joint menagement of collaborative R&D
projects with e growing network of partners.

2 OBJECTIVES OF AGROFORESTRY SYSTEMS RESEARCH AT ICRAF

In established fields of agriculturel commodity research there are
normelly meny valideted technologies for improving the production of
individua) crops. Under these conditions, the main objective of farming
systems research is to identify ccastraints to the odoption of existing
technologies by farmers. If possible, such technologies are then adapted
to meet the preveiling circumstances. In agrcforestry, however, there are
only e few research-validated technologies. Many promising agroforestry
technologies, whether found in exisiing farmers' practice or newly
conceived by researchers, require considerably more research attention
before they can confidently be recommended for wider adoption.

A systems approach eppropriate to egroforestry, therefore, must be able
to define the role of various egroforestry components in overceming
diagnosed lend use problems, specify the desireble component
characteristice, and indicate oppropriate spetial arrengements eond
management practices. In other words, it must go beyond diagnosis to the
design and evaluation of notional tachnologies, from which research needs
con then be derived. Accordingly, the main objectives of agroforustry
systems research at ICRAF are:

1) to inventory and catelogue existing agroforestry systems,
compere their strengths and weaknesses, and evaluate their
potential for improvement and extrapolation to other areas;

2) to develop a practical aond effective methodology for the
diagnosis of agroforestry-related land management problems and
design of appropriate ogroforestry systems (at varying scales of
analysis with ancilliary tools and methodology modules);



3) to utilize the above methodologies and comparative perspectivas
on egroforestry systems to identify priorities for egruforestry
research ond actively support the development of technology
genereting research networks.

3 STATE OF THE ART

Agroforestry mey be defined, following Lundgren (1982), as an appreach to
land use in which woody perennials (trees, shrubs, palms, bamboos, etc.)
orv deliberotely comoined on the seme loand management unit with
herbaceous crops and/or enimals; 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 sconomic
interactions among the different components.

“Agroforestry™ is a new word representing & new focus of orgenized
scientific activity, but the practice of agroforestry is an ancient tradition
amohg farmers in many perts of the world. As a new scientific field the
novelty of agroforestry lies in the realization that many different land uge
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 eny sustematic ettention
whatsoever-- all share 8 common denominator worth exploring in @ more
systematic and scientific manner; nemely, the role and potential of woody
components to increese, sustain and diversify the production from the land
(Lundgren 1962).

3.1 COMPONENT RESEARCH

Hultiourpose Tree Inventory

Eerly identified as o key orea of agroforestry reseerch, the focus on
multipurpose tree species (MPTs) has resulted in an ICRAF project to
systematically inventory and cotologue the broad range of trees and shrubs
which fit this cetegory. To sharpen the focus on the most importent
species, & "systems approach” is evident in the concept of multipurpose
trees adopted for this project:



A multipurpose tree is a tree which cleerly constitutes on
essential component of an agroforestry system or of other
multipurpose land-use systems. Regardless of the number of its
potentiel or actual uses, a multipurpose tree has te have the
cepacity to provide in its specific function(s) in the system o
substantial and recognisable contribution to the sustainability of
yields, to the increase of outputs and/or the reduction of inputs,
and to the ecological stability of this system. Only e tree which
is kept and maintained or introduced inte on agroforestry system
especially for one or more of thess purposes quelifies as a
multipurpese tree (von Corlowitz 1984).

Although numercus useful publications on multipurpose trees have come
out in recent years, much of the information is onscdotel or not
specificelly comparable. Hence, to tuild up a dato base of reliable and
compareble information a "Multipurpose Tree Data Sheet” was devised and
distributed widely for completion by persons with expert knovledge of
particular MPTs. To date, more than 600 records on over 400 trees have
been entered intc the MPT Data Base at ICRAF. This information is
maintained on an |BM PC microcomputer at ICRAF headquarters in Neirobi
ond is accessible through a user friendly software package based on the
"Knovledgeman™ DBMS. It is used constantly to conduct interpretive
searches and to answer queries about MPTs received by ICRAF.

A related activity ot ICRAF has focused on the compilation of date on the
feed value of tree foddsrs, following a literature review of the role of
woody perennials in agroforestry with animals (Torres 1983). The data
base, compiled by P.J. Robinson, centeins over 1500 records on the
chemical composition of fodder samples taken from different tree parts
under various conditions. Maintained on "Dbase-I1" software for 64 X CP/M
operoting systems, interpretive anatyses and searches can be cerried out
in response to queries.

ICRAF hes recently joined forces with the Nitrogen Fixing Tree
Association in Hawaii to promote coordinetion among verious MPT dote
bases in different parts of the world and to streamline future work ir data
collaction, eveluation and dissemination. In eddition ICRAF has racently
begun work on a Multipurpose Tree Seed Directory which will serve as &
practical, up-to-date register of sources of MPT seed supplies.



Methedolegy for Experimentol Research on Multipurpoga Trees

Another major research concern in agroforestry is the investigation of.the
properties of and interactions between MPT's und other plant and animal
components in managed agroforestry essociations.  Although the
methodology for this kind of research draws on stenderd disciplinery
methodologies for investigation of the individual component types, a fully
adequate and integrated methodology for experimental iavestigation of
interactions emong components of complex agroforesiry systems is
lacking. Consequently, this has been an erea of concerted methodological
effort at ICRAF.

These and other concerns relating to the investigation of multipurpose
trees heve recently been addressed in the form of e massive end
periodically updated compiliation of “Source Materiels and Guidelines on
Methodology for the Exploration and Assessment of Multipurpose Trees.”
See Huxley (1984) for an introduction to this materiel. Meny of the
technical issues of concern in this work were addressed in on
international expert consultation on Plant Research ond Agroforestry
(Huxley 1983). More recently, an informel network has been formed to
further this work.

Qther Comoonent and Disciplinary Research

It is beyond the scope of this paper to attempt to cover all of the various
other component and disciplinery research activities at ICRAF. For an
overview of these activities the reader is referred to ICRAF (1983c) end,
of course, to the Annual Report of the Council. A current ligting of ICRAF
publications is available from ICRAF's Information and Documentation
Programme. ‘

3.2 SYSTEMS RESEARCH

Agroforestry Sustems inventory

One of the most important prerequisites of an effective effort to generote
improved agroforsstry technology is a systematic inventory of existing
ogroforastry systems and practices. This has been the objective of the



global Agroferestry Systems Inventory Project (AFSI) at ICRAF, which is
now naering completion of its initial phase. Begun in 1982, the project hes
finished the first round basaline inventory, date analysis and cataloguing
of the most prominent agroforestry systems in the following regions:
Southeast Asia, South Asia, East and Central Africa, West Africe, the
Americen Tropics and the Pacifc. :

Records of the catelogued systems are maintained in an ogroforestry
systems register on microcomputer at ICRAF headquerters in Neirobi for
consultation in responce to queries. Collation end enelysis of the
inventory deta have led to the proposel of a gene!al purpose classification
scheme for agroforestry systems and practices (Neir 19850), although it is
recognized thet no single classification cen purport to be definitive, since
which of many possible classification schemes is preferred will depend
upon the purposes of the enalyst. Maintenonce of the standerdized
inventory date on versatile DBMS software allows sufficient flexibility in
the retrieval and interpretation of the data to accommodete a wide variety
of anelytical purposes.

In addition to the use of the AFS| daota banks as a tool for answering
specific queries about existing agroforestry practices, a number of system
descriptions from different ecological and geogrophical regions have been
published in an on-going series in Agra/erasiry Systems journel end 8lso
reissued in the ICRAF Reprint Series (Fernandes &¢ &/ 1984, Boonkird &/ o/,
1984, O'Kting'ati &/ 2/ 19684, Fonzen ond Oberhclzer 1984, Evens ond
Rombold 1984, Bourke 1984, Liyonage &! o/ 1984, Johnson ond Nair 1984,
Allen 1985, Escalonte 1985, May #f o/ 1985). Speciel purpose anelyses
using early AFS! date have also been published (Nair ef o/ 1984, Neir 1965)
and undoubtedly others will be forthcoming as the deta base becomes fully
operational. Since it is unlikely that an inventory of this type con ever be
considered finally completed, the intention is to meintain and update the
AFSI files continuously as new information comes in. Further anelyticel
work is planned with the inventory deta to identify promising agroforestry
systems for in-depth study, to assess the extrapolability of such systems,
end to tdentify directions for system-improving reseerch.



Diggnosts ond Design of Agroforestry Systems

A “systems approach” was mendated to ICRAF from the very beginning and
written into its institutionel charter. ICRAF's founders felt it was
impossible to deal with e field of the complexity; and scope of
agroforestry without adopting a systems perspsctive. The task of
developing one wes felt to be especielly importem for a new ¢ield like
agroforestry. Otherwise, lacking an established research tradition of its
own and without the benefit of a holistic perspective on the land use
potentials of agroforestry, the fledgling interdisciplinary science vras in
denger, during the critical “proof of concept” psriod, of squandering its
limited resources on &7 Ao, plecemes) research (Steppler 1931).
Eschewing disciplinary or "pet technology” biases in the identification of
research priorities in agroforestry, ICRAF begen work in 1981 on the
development of a farming systems type of eppreach, especially designed to
meet the needs of agroforestry (Steppler and Raintree 1983).

The development, still continuing, of what ceme to be known as the
“Diagnesis and Design®, or "D&D", methadelogy has been recorded in
numerous documents to date (ICRAF 1982, Raintree 1982, Lundgren end
Raintree 1983, Hoekstra 1983, ICRAF 1983a,b, Raintree 1584s,b, Rochelesu
1984, Huxley and Wood 1984, Hoekstra 1985, Young /7 pross). Some
llustrative case studies have been published (Raintree 1683a, Torres and
Raintree 1984, Hoekstra 1984, Rochelesu and ven den Hoek 1964) and &
more complete volums of cose materials is planned. '

The logic of the D&D methodology is is at least implicit in most varfants
of the ferming systems approach. it is, fundementally. the logic of any
problem-solving approach. in the development of the D& methodlogy we
hava consciously striven to eliminate ideosyncratic elements and reduce
the methodologicel framework to its essential "common sense” logic. In
some cases this has resuited in the apperent addition of methodological
steps (in the more detailed guidelines). In fact, what we have done is to
make axp/icit certein aspects of the underlying logic which often remoin
Implicit in other farming systems methodologies.



Table 1. Besic logic of the D&D discovery procedure (Raintree 1984a). See
ICRAF (19630, 1983b), Huxley and Wood (1984), Young { /7 press) for more
detelled listings of suggested step-by-step procedures.

KEY FACTORS 70 CORSIDER MODE OF RIOURY

PREDIAGNISTIC HOY DOES THE SYSTEM WORK? PRODUCTION OBJECTIVES AND  SEEING THE SYSTEM
(what does it look lke, how is it COPING STRATEBKES
put together , how does it funotion?)

DIADNOSTIC HOW WELL DOES THE SYSTEM WORK ? PROBLEMS N MEETING SYSTEM  TROUBLESHOOTING
(Mhﬂsprabhms, Himiting OBJECTIVES (production short-  THE SYSTEM
oonstraints and problem-generating  falls, sustainabiltty prodkens)

syndromas ?)
CAUSES OF THE DENTFIED DENTIFICATION OF
PROBLEMS INTERVENT ION POINTS
DESION HOW TO BMPROVE THE SYSTEM? SPECFICATIONS FOR PROBLEM ITERATNVE DESION
(what is necded to improve system  SOLVING OR PERFORMANCE AND EVALUATION
performance?) ENHANCING INTERVENT IONS OF ALTERNATNVES
PLANNING WHAT TO DO TO DEVELOP AND RESEARCH AND DEVELOPMENT RESEARCH DESION,
DISSEMINATE THE MPROVED KEEDS, EXTENS 10N NEEDS PROJECT PLANNING
SYSTEM? (what specific R&D &
extension aotions ire meeded?)

Assuming femiliarity with the general FSR approach, it will suffice simply to
highlight the most distinctive festures of the D&D methodology. As compared with
othar ferming systems methodologies, the disgnostic and design pracedures for
agroforestry are generally cherectertized by :

1) wider diegnostic scope

2) amore deliberate connection with the objectives of the land user

3) o veriable scale of application

4) 8 more elaborate technolagy design step

S) greeter emphasis on the iterative nature of the basic D&D process

Disgnostic scapa

All extent diagnostic methodologies in FSR tend to be limited in scope by
the technologicel biases impossd by the institutions in which they have
developed. They tend to be restricted in their sensitivitias to those aress



of the farming system which their technologies have the capability of
affecting. In this respect, agroforestry poses relatively few limitations on
the scope of the required diagnosis. In order o do justice to the
technological scope of agroforestry there is not much ebout & farming
system thet an agroforestry diagnosticien can afford to ignore. Moreover,
in contrest to most other fields, agroforestry is ¢s much concernad with
conservation of resources as with increased production in farming systems.
This is generally reflected as a grecter emphasis on the sustoeinabilty of
production. Teble 2 gives an indication of the broad scope of potentis!
agroforestry interventions in farming systems. At ICRAF we usuzlly prefor
to speak of “land use systems" rather than "farmiug systems" to allow
greater scope for forestry and livestock-oriented components of land use,
although for most purposes the terms are interchangzable,

Gijectivas of the Jand user

What is the best entry point for egrofeorestry diagnosis? What
diagnostically accurate end yet somehow simplifying logic cen we apply to
stresmline 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 tesm = agronomist plus social scientist) the
esgential goel of the diagnostic exercise is to discover “leverage points”
for technological interventions in the ferming system. The first clue to the
existance of a leverage point is the recognition by the agronomist of a
technical "compromise™ in the existing ferming practice. He recognizes
such compromises by compering whet he sges on the ground with the
technical stendards for recommended practices which he carries eround in
his haed. The sociel science partnsr in the tesm then proceeds to
investigate the farmer's ressans for doing things in this "compromised"
way. Together they eveluate whether things have to be done this way or
whether, in fact, there is an improvement that would be adoptable by the
farmer.

Unfortunetely this technique is not as useful tn agroforestry for the simple
reagon that, in the current eorly stage in the development of the
interdisciplinary field, we have no established standerds of what the
recommended agroforestry practice should ba and, therefore, no simple woy
of recognizing technical compromises when we see them.



11

Table 2. Potential contributiens of trees and shrubs to bssic needs production
subsystems. After Rainiree (1983b), Reintree and Lundgren (1965).

FOOD SUBSYSTEM

1. Human food from trees (fruits, mits, leaves, o eal substitutes, etc)

2. Livestock feed from tress (one slep down ths trophic chiin)

3. Fertiliser from trees for ioproving the nutritional status of food and: feed corops
through ) nitrogen fixatior, b) acoess to greater volume of sofl nutrients through deep rooting
trees, o) improved availabflity of nutrfents assoslated writh higher CEC and organio matter levels

4 Sofl ud water owuervation effected by runoff and erosion contolting arrangaments  of
trees tn farming systems (indirect benetits through enhanced substainability of cropping systems),

% Mioroolmate mmeloration  associated with properly designed arrangemante cf trees (eg.
shelterbelis, dispersed shude trees) h orop end grazing lands (indirect production bemefits}

YATER SUBSYSTEM

1. mmprovement of sofl molsture retention i rainfed cropping systems nd pastures ttrough
improvsd sof structure 2nd microotimatic effects of trees)

2. Regqulation of sireamflow for reduotion of flocd horzard and more even supply of water
through reduotion of runoff and improvement of intsreuption and storzge n infiltration galleries
through various watershed protection prictioes volvig trecs.

1. Protection of ¥riaticn works by hedgorows of irees

4. Improvement of draineg: from waterkogged or salioe soils by drestopty tic trees.

% moreased bimiss storage of water for avinal oconsumption in forage ad folder trees
(higher water content of tres fodder fa dry ££as0n)

ENERSY SUBSYSTEM

. Firewood for direot combustion

Pyrokytic conver sion products (oharcoat, oil, gas)

Produoar gas from wood or charcoal feedstooks

. Ethanol from fermentation of high carbolwdr ate fruits ,

Mathano! from destructive distiflation of citalylis synthests prooesses ustng woody feedstocks

. 0ids, latex, other combustitle s2ps & resins

. Augmenlstion of windpower using eppropriste arringements of irees to oreste venturl
offeots (windpower is proporiicnal to the oube of wind velooity)

TEELTER SUSSYSTEM

1. Buflding materials for sheller construction

2. Shade trees for humins , Hivestock and shady loviyg crops

3. Vindbreaks and sheRerbells Tor protection of sottlsmants, orcpland and pastures

4. Living fences

RAY MATERIALS BUBBYETEM

1. YWood for a vartety of craft purposes

2. Fidwr for weaving dustries

3, Frutts, nuts, elc. for drying cr oiher foed provessing industries

4. Tarning, essantial oils, medicinal ingradients, elo.

CASH S8UBBYSBTEM
5. Dirsot oash bensfits fram sale of above lsted products
2. bvitreot cash benetits from procuctivity e e ases of kssoclated crops of Hvestock
SAVIRO3 / AVESTHERY SUSSYBTEM
1. Addition of 3 viable smergency savings or investment enterprize to farms now lacking one
2. improvement of existing savings/investrent enterprises (9. fodder for cattle as savings on the hoof)
SOCIAL PRCOUCT K SUBTYSTEM
1. Produotion of goods for soolathy motivated exohange (v.g. oattle for bride price, ceremontal foods, etc)
2. Inoressed cash for social purposes (ritual expenses , development levies, politioal contributions, eto)

NPAR NN~
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What then is the entry point for an agroforestry diegnosis? Faced with 6
diagnostic task of potentielly great complexity, the D&D methodology
focuses straightawey on assessing the performance of the system In
meeting the objectives of its humen menegers. Thus, somewhet more
explicitly then in most other farming system methodologies, it is the
judgement of the fermer which provides the pivotel clue to prablems in
the system, supplemented, of course, by the observations and judgement
of the disgnostic team in the field, particularly in metters relating to
sustsinabllity problems.

The basic principle behind this epproach is applicable across the whole
FSR field. Since we are dealing with land use systems which are, in the
final analysis, orgenized by humon 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. 1nis method has the advantage of ensuring that the technical
improvements suggested by the exarcise are more directly relevent to the
farmer's own perception of problems end priorities and, thus, more lkely
to lead to & favourable adoption response. All other things being equal,
diagnostic methods which only indirectly eddress the objectives of the
fermer and, instead, take their conscious starting point stroight from the
onelysis of technical relationships in the farming system cannot offer the
seme assurances.

From the assessment of problems in meeting production objectives within
each of the relevant "besic needs subsystems™ (listed in Table 2), the logic
of the D&D discovery procedure progresses through a trouble-shooting
exercise, trocing out the cousality of the identified aroblems, toward en
identification of the leverage points, within the network of causal factors
ond constreints, ot which egroforestry (or other) technological
interventions could make significant improvements in the system. The
general "system specifications™ for an eppropriate functional intervention
ot sach of these points ere then derived, followed by the detailed
"tachnoiogy specificetions™ and, finally, by a concrete design for
technology capable of meeting these specificetions.



Vertoble-scole Glomrasis and dasign

In mos{ cases the imtial focus of D&D activities is on the household Tand
management unit (the family form, the household herd, etc.) for the reason
that this s where most of the lend menegerent decisions are made. It
musl also be acknowledged, however, Lhat the origin of many lend use
problems relevent to agroforestry cannot always be ascribed to individusl
ferms ond may, in ory case, reauire 8 /srger-thon-rerm approach to the
design ani implementation of solutions Yetershed problems are e typicel
case in point, where erosion piocesses on one farm may orginate or have
impacts on other parts of the walershad. Adeguate diagnosis and design of
treotments for such problems cennot be opprosched as simply the
oggregate of numerous househsld leval D&D applicetions, bul require en
appropriately scaled approech of their own to complement the household
level activity.

Likewise yith smaller-thon-farm scale or /ntro-Household Yeval prablems
and potentials associated with the Inferns) division of production
responsibilities and apportunities {usually elong gender rols lines). These
aspects may be particularly significent for agreforastry in regions where
ywomen, {n addition to a heavy burden of domestic chores, may also have
primary responsibility within the household for subsistence food
production, fuelvood supply ang cere af livestock, and where production
decizions and responsibilitiles may operote i sexuslly segregated spheres
(Hoskins 1980, Fortmenn and Rochelesy 1964).

For these ieasone a flexible, verioble-scele opproach te agroforestry
diegnosis end design is required. Praliminary guidelines have been
developed o assist users of the D&D methodology in the choice end
implementation of appropriately scoled diagnostic methods (ICRAF 1983b).
Cose studies illustrating the elaboration and applicetion of these methods
at wolershed end intra-househoid scales of anslysis have also been
published (Rochelsau and van den Hoeck 1983, Rocheleau 1984).

The latest developments heve focused on methocs for very large scale
‘macro D&D" applications yhich involve the integration of D&D with land
evaluation methads (Young /7 mress). Hacro-scole D&D applications are
now underyvray at a counlr:; level Lo idenlify regionsliy signficant
prototype technologies as inpiis tg the development of “mester plans” for
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egroforestry in the various agroecoloegical zones of the Agroforestry
Research Network for Africe (AFRENA), which is described balow. The
AFRENA effort will be further strengthened by a buifldup of ICRAF's
capacity for macroeconomic and regional policy analysis Through this
regtonally integrated approach to diagnosis and design we hepe to avoid
the trap of site-specificity inte which many FSR programmes have fallen.

Techmalagy dasign

In most farming systems work when one specks of “design™ what one is
usuelly referring to is esperrmenial cosign whereas at ICRAF what we
generally have in mind s flechrolagy design  This seemingly minor
terminological difference belies a major difference in the emphasis of
systems research in egroforestry se compered to other farming syster:s
approaches.

This differance in emphasis is due to two factors. In the first place, in
contrast to other forms of FSR, the rofe of the farming systems
perspective axerciss is not to decide which of meny proven technologies it
would be appropriate to “pull down” into the ferming system for triol ond
adaptive research. In agroforestry thers is no large stock of scientifically
proven technoiogies to draw upon. In most cases the purpose of the D&D
exercise is to enviscge wyrad lachnalogies ought to be developed  This
requires a much more eleborate technology design step than mast other
farming systems methodolog!as.

Secondly, 1> resserch on agriculturel cropping systems (e.g. varietal
1ntrod|}ctions, fertilizer trials, atc.), the technnlogy design problem is
often relatively trivial, and so the astiention of the researcher quickly
moves on the more important quastion of experimental design. When en
agronomist puts up a fertilizer triel or introduces a new variety of moize
in an on-ferm experiment, 1t is nol necessery to spend much time trying to
visuolize whet this new technology will look like. It will look like o
maize fieldl In agroforestiny, however, the design problem is fer from
trivial, since the integration of trees into foarming systems for
productivity and susteinability mey teks many different forms.

To arrive ot an eppiopriate agreforesiry design for @ given farming system
on enswer is required for soch of the following interreloted design
questions:
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. What function{s) should the tree or agroforestry coinbination
perform within the farming system?

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

3. What componants or component combinations are best used to
perform these funciions?

4. How meny of sach component ere required to meet production
targets? \

5. Whet precise arrangoment of components is envisaged? (deteils
of spatial wid temporal essociations at 5 given location)

6. What maiiagament practices are envisaged in order to achieve
the desired performonce choracteristics?

e Fierative nolive of G50

The utflity of the besic process of diegnesis end design does not
necasserily end with its initial applicetion in o farming system. Once the
e«perimental prototype is in place ond functioning in the system a new
round of diegnosis is catled for to evaluste the changed situation and to
ossess opportunities for further improvement. indeed, given the
innovative nature of most agroforestry resesrch, it is untikely that the
Tirst design will be the best and finel design. ¥hat can be expected from
the initiel, usustly "repid appraisel”, appiicetion of the D&D process is a
design for & prototype technoiogy thet is gemerelly opprapsiole to the land
use system in question, but further R&D will normaliy be needed to make it
speciricelly aporoprieia

By insisting on the iteretive nature of the process end making provision
for successive phases of rediegnesis ond regesign the D&D methodology
seeks to institutionolize the feedback mechanisms necessary to zero-in on
an oplimized technotogy. A3 suchk, il beccmes pert of the “internel
guidance system™ of o censcienciously designeJ R&D project (see Figure 1).

4. ON-FARM AKD OH-STATION RESEARCH

The complementarity of on-farm and on-station research is implicit in all
farming system methodnlogies, but rarely is it made 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 nature of the feedback provided by each
type of research in the context of the iteretive D&D process. It is too
sorly for ICRAF to have hed much exparience with this aspect of the later
phase of D&D applications but wo envisage it working somewhat as
follows in the R&D project context:

P4EOTACMOSTIC
DLICAIPTION

( DLACNOSIS

TECRHOLOCY DELON f¢ -
AND EVALOATION

oM-SITE rLAYNINC | ow-sTATION
ST DECTSIONS szsrARCH

DLESONIRATION

Figure 1. Components of project design incorporaeting the D&D process as
part of the project’s internsl guidance system. Note feedback linkages.

Periodically, during the active R&D phase, the research teem pauses to
reconsider current plans in the light of accumuleted experience, usklng
"what have we learned from our on-farm work on the one hend, end 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 investigetions
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of component interactions under controlled conditions, component
screening and breeding results, etc. From the on-farm research comes o
'generol deepening of the diagnosis, which inevitably results from longer
and more intimoate exposure to the farming system, as well os informaticn
about new or revised design requirements, besed on results of field
testing of the experimental technology end on the updeted diagnosis of the
new situation. One of the most veluable kinds of feedback frem on-farm
research is the farmer's own evaiuation of the technology and his/her
suggestions for weys to make it more sdoptable.

The fesdback from these tvro complementary sources is then synthesised
to come up with an improved design and o revised plan of research.
Something like the process depicted by the reedbeck linkages shown in
Figure 1 is implicit in most FSR work but the process is rarely corried out
in o systematic way, although to do so could often result in a more
coherent and cost-effective research progremme.

Table 3 on the next page summarizes some of the main experimental
cheracteristics of the verious components of ogroforestry systems. In
view of the complexity of agroforestry systems and what would appeer to
be rather severe limitations on the use of conventional stetisticel and
economic techniques in the evaluetion of egroforestry systems, the role of
airect farmer eveluation of technicel innovations, end hence of on-farm
trials, would eppeor to be that much mere important for agroforestry than
for simpler production systems (Fernandes 1965).

9 LINKAGES WITH NATIONAL PROGRAMMES

Collaboration between ICRAF scientists and multidisciplinary leams of
nationai scientists in DG.:: applications for research planning purposes has
been actively undertaken since 1982. Table 4 shaws some of the results
of these activitiss. A totel of some 19 institutions from the agricultural,
forestry and academic sectors have been octively involved in the project
planning ectivities depicted in Tabie 4 (less formal collaborative
activitles with several other institutions are not shown). At the present
tims, six of the eight sets of research activities shown in Table 4 have
been taken up for joint implementation by coiteborating national
institutions. Two of these projects are alresdy on the ground end four are
in the fund-searching phase.
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Table 3. Cheracteristics of crops, livestuck and trees and implications
for experimental research on agroforastry systems. Adepted from
Fernandes (1985) and Bernsten =t al. (1983),

FACTOR  ------=-eum

CROPS
Component  Cenerally
arangement  standarired
Life cyole Geraralky tess

thiti 4 manthe
Produotion  Wits generalk)
phases T synetwonized
Outputs Crain, tuber,

residue
Nonmar ket Fav
inpuls/outputs

Experimental Small, divisle

unit size

Local custorns  Sorne social/
ritusl uses

Management  Relatively low

variability

Obsorvation Muy

units

Genetio Relatively

compostion  homogetaous

Benefioiai Crop residue

nteractions  for feed

Harmful Competitien,

teractions  alkkopatiy

LIVESTOCK TREES/SHRUBS

Mobile /stall fed

Generalk; over
one year

Units zekdom
syncivonized

Multiple swiputs

(rmwat, hides, mik,
manure, pover)

Many

Large, non-
divisdh

Yarious taboos
High

Fow

Rel. homogeneous

(domestioated)

Manure for crops

Browsing damage,
& trampling

Zonal, mixed,
multistorindg

Meord; abwiys
OVEr ONE Yeor

Units seldorn
synchronized

Multiph cutputs
(fuel, foddsr, fruit,
tinber, pokes, etc.)

Moy,

Lirge, divisile

Often complex tree
terwre rules

High

Foew

Yery heterogentous
(often wild)

Fodder , mulch &

or4ch mawre for
orops, shelter for
Hvestook & crops

Shade, competttion,
lelopathy

IMPLICATIONS
FOR AGROFGRESTRY
EXPERIMENTS

Difiioult to mexsure and
controt non-exparimnental

Tactors

horeased oost, tkelthood
of losing experimental unfls

Diffioutt to find comparsble
units

Difficult to measure &
evaluate treatment effect

Difficult to value inputs
& autputs, especially for
protective roles

boreazed cost, risk to
partiopatir ) farmers

Limitation on treatments

Diffioult {0 tsolate
treatment effects

Lirge statistionl varisbility
Large stattstical vartability

tnore2sed cost of more
complex experimental desiy:

oreased 0ost of more
complex experimental design
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Table 4 Partial description of resuits from joint D&D exercises with national
pertners in ICRAF's Collaborative Programme, showing representetive sample of
agroforestry interventions suggested os focel points for notionel research

progremmes.
COUNTRY ENVIRONMENT PREDOMINANT MAIN AGROFDRESTRY
LAND USE SYSTEM INTERVENTIONS
Philppines  Humid tropioal ow-  Subsistenoe orfented hiliside  Hedgerow interoropping with N-fixing
Linds w/ dry season  plough agriouthure with water  trees to control ercsion & oorrect
buffalo for draught power nitrogen deficincy assosiated with
low maize glelds
Malysia  Permanently humid Government reforestation Joint production schames designed to meet
tropioal lowlands soheme with enoroachment ubjectives of both Tarmers and foresters:
by small sozle market 1} Timber trees alternating in contour strips
oriented farmers w/ anowsal cash nrops & pasture
2) mixed assoofations of timber trees and
hortiouttural tree crops
ndia Monsoons! sudtropical Subsistence farming on 1) Hedgerows on risers for fodder &
to temperate montane  teraced hillsides with runoff control, 2) fruit trees on rear of
environment in cuter  bullooks for draught terraces using labour released from fodder
Himalayas power & waler buffak collection by ®1, 3) improved management
for mitk of Yodder & fus! trees on eroded commons,
4) trials on minimum {iMage w/ view toward
reduction fh number's of unproductive buliocks
to ease fodder pressure on forests & labour
Kenya Sublumid to semiarid  Subsistence mixed farming 1) Hadgerow interoropping with N-fixing,
equatorial midlands  with cattie for draught muloh & fodder producing shrubs for eroston
with bimodal rainfall  power & savings oontrol, moisture conservation, fertility
maintenance & fodder for dry season Teed
gip, 2) rehabititation of pod-producing trees
in grazing land, %) fruit trees for cash, 4)
water shed protection with produstive trees
CostaRica Subbumid seasonally  a) Small soale coffee-based  a) Hedgerow interoropping for fertility main-
dry vukanio highlands  subsistence farming tenanoe & erosion control on sieep shopes
of Contral America  b) Medium scale commercial  b) Timber trees in contour strips protected
mbord farmming by lving fencerows of fast ¢ ing Todder
trees, alternating with pasture, to arrest
erosion and diversify produotion
Peru Humid tropieal Semi-commercial bush 1) Fallow enriohment by N-fixing trees to
Towlands in fallow oultivation acorlerate restoration of sofl fertitiy &
Amazon Bagin oontrol of weeds, 2) hedgerow interoropping
operiments with acid tolrant tree species,
3) high value timber & fruft trees on farm
boundaries, in home gardens & interoropped
w/ plantaing for cash & longterm fnvestment
Peru Seasonally dry Commerotal mixed Fodder producing tving fenoes to reduce
humid tropioal farming & dairying capital requirement of rotations! grazing on
Towlands in improved pastures and to supplement dry
Amazon Basin season feed resouroes for dairy herds
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Indirect influences on ihe research activities of internetional end
associoted national Institutions which have periicipated in these project
planning exercises ore evident. Even before the formal project got
underwey, the dorth Coroline State University Tropical Soils Program at
Yurimaguas adopted D&D recormmendations to include ressarch on hedgsrow
intercropping in its programmie to devolop love-inpul technologies.

Subsequent to ather D&D missions, CIAT Yropical Pastures Program started
screening for shede-tolerant leguminous pastures for the Amezon end
CATIE commenced investigations of mulching with tree lsoves. In the
Philipptnes, & large World Bank sponsars¢ uplend davelopment preject has
been using an odapted versicn of the D&D methodslogy to plen its
agroforestry activities, with treining support from the agricuitural 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 extension piojort in western Kenys, which will serve as a
piiot for other agroforestry projects in CARE's woridwide netwoerk.

A number of facters combine to enhance ICRAF's role 6s o cetelyst for
collaboration emong nationcl institutions fn joint agroforestry research. In
the first place, ICRAF's staff represents ths most comprehensive
multidisciplinary twam in the field of ogroicrestry end, opereting in an
interdisciplinery way under the umbrello of & “second generetion™ ferming
systems opproach, this gives ICRAF an /nsiitutions’ cepoli/rty which is
untque in the fieid. what moy be evei: more important, however, is ICRAF's
inherent meuiro/ity with regard to the traditional disciplinary bieses ond
age-old conflicts between agriculture and forestry institutions, which
enhonces ICRAF's shility tn function as & convenor of collsborative activies
among orgenizations thal migiht not othsrwice bu prepared to undertoke
joint endeavors.

On the internationai scene, 1t is fair (o say that the collaborative role of
most resserch centres tends to be limited in scope by their commodity
focus. The broad scope of agroforastry lechnology poses fewer limitotions
in this regard and moy quelify !CRAF es & less biesed institution to
integrote the efforts of international contrss eround common lend use
problems.
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6 LOOKING AHEAD TO LARSER HETWORKS

Up to now, ICRAF has been able {o goin experignce with lend use systems
in o wide variety of environments and to establish a treck record of
institutional collaboration by taking & someynat spportunistic approach to
the selection of {nstitutional partners within en ecological end
gecgraphicel framewcrk. The time for solving urgent development
problems is running out, however, end a more comprehensive strategy is
needed to promote rescorch on the scale required te solve accelerating
land mansgement problems. To mest this need ICRAF has developed &
networking strategy (Torres 1985) and s in the first stage of opplying this
strategy to the dsvelopment of en Agroforestry Research Network for
Africs (sae AFRENA helow).

ICRAF's Netwrorking Strateay
Why networks? The rationale for networking in agroforestry cen be
summorized in three points:

l. Given the disciplinary noture of existing research institutions
ond the scarcity of resources, inter-institutional networks within
oand between countries could help assemble the multidisciplinery
“critical moss” required for effective technology-generating research.

2. Countries sharirg n common agroscolonical zone mey also shore
common lond use probiems with similer egroforestry needs end
potentiais.  Between-country nelworks could provide the
orgenizational means of sharing in the work of technology generation,
avoiding undue duplication of effort and making better use of scarce
resources.

3. A 2onal epproach to training of nationel cadres within a region -
would provide & wider spectrum of lund use problems, cose

- studies and project sites foi" on-tha-~job training and comperison of
alternotive approeches to Jand use problems.
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The prircipel objective of ICRAF's networking strotegy is lo sirengthen
the copatilily of netional Institutions to evaluste lond use systems and
fdentify their realistic egroforesiry notentials, derive research plans
from such evaluations, and cerry out a coordinated programme of on-farm
and on-stetion research aimed at meeting the country's need for verious
forms of agroforestry technology. In addition, the strategy calls for ICRAF
to play a direct impiementing role, together with selected IARCs, in the
screening end development of iraproved woody components end prototype
technologies (spatiel errengements and menagement practices) which cen
then be sdapted to fit location-specific circumstances.

Progremmes developed to achieve these sbjectives will be guided by the
following principles.

. An ecorane scope for (echmelagy geaeretion,  increesing the
probability of matching agroecolegicu! circumstences end the
possibilities for sharing of technologicel components;

2. Inter-institutional coogperotion of nelionsl and zonsl Jevels,
providing the required multidiscipitnary inputs end avoiding
duplicetion in the use of scarce resources;

3. In-service lreining of naiionsl cadres on methods for the planning
end implementation of agroforestry experimants;

4. A systemslic spproedh: to tha development of tecimolagres, besed
on on understending of the agroecological ond socioeconomic
circumstiences under which land use systems operste and on the
identification of roles for agreforastru in evercoming preveiling land
use problams.

A four phese pian is proposed for the development of zonal networks,
incorporating the elements shown in Figure 2.
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Fhose 1: Institutional Orgsiization

In order for the envisaged inter-institutional cooperation to become
functional, institutional “niches” are needed to promote netwark activities
within and emong countries s well as between countries and external
agencies. Givan the reslities of scientific and institutionel specialization
ond competition for scaerce resserch resources, we balieve thot the
development of the desired cooperation should be based on the principle of
intagrated planning but indepandent implemantation of components of the
overell rescarch plan by the specialized institutions. Integration of
research planning within a country would be the responsibility of a
"Notional Committee™ composed of representatives from ministerial and
academic institutions deeling with agriculture, forestry, livestock,
research, extension, rural development and training.  The Netional
Committee will be responsible for developing an agroforestry “mester
plan” for the country. Cooperation emong countries within the ecological
zone will be discussed by decision makers of collaborating institutiong at
a workshop at which the couniry mester plons will be presented.

Fhase 2- Lond Use Flanning

Activities of this phase include o kind of "macro-level dtagnosis™ and
preliminery design exercise, besed on existing knowledge of lend use
systems in the country with suppiementery reconnoissence visits by
members of the natioral “Task Force" eppointed by the Committee to
develop the master plan. The specific objectives of this planning exercige
are: :

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

2. To make o first essessment of the nature and severity of problems
in these systems;

3. To eveluate the potential of agroforestry to essist in solving
these problems; and ,
4. To appraise on-going egroforestry reseerch in relstion to the
assessed problems.



24

It 18 envisagsd kel (he ilationa! Committees and Task Forces will take
primary vespuacibilily for octivities 1, 2 and 4, while 3 will be the joint
responsibitity ef ITRAT end the notional teem.” To the extent decided by
the colleboratiing Institutions, national plans may be combined into a zonel
plan-of researca at tha proons=ed zonal worrshop.

Finese 3: Fermuloticy ef Reseerch Prajects

Act! ities In this piicae are systematicelly coordinated with the training
of -aticnal cedres. Ac preject implemsntation activities ere initiated,
perscnnet developmient activities will avolve from treining on reseerch
plerning te troining on cxperimental methods ond techniques of field
resoarch in ajroforestry. The coordination of project design end training
objectivie is echisved thraugh the following sequenca of activities:

L. Losn Stig.e Davelopmamt

Thiz is the pilot for the project design exercises (see 3 below)
undertaken by multidisciplinery teems within the network. The team
{or tiis geercise is comnosed of the task force leaders of each of the
natfonal teams ond ths exercise is developed, with the full support of
ICRAF’s expertenced D&U team, 8s o cose study for use in training the
national cadres to cormy out similar exercises on their own. The
methedolegy for this step is based on edapted versions of the D&D
field survey procedures described in ICRAF {1983a, b).

- 2. Seminar a1 Frojoct Design Netlodalogy ‘
Featuring the previously developsd case study and cerried out at the
cese study siic witn the participation ef a1l teems from the
participating countries, the purpose of the seminer is to develop
wider cepchility to apply the D&D methodology, which will be used
for subsequent projact development throughout the network. The
seminar will be oryenized by a joint team of ICRAF staff aond the
country tesk force laaders. .

3. Fraject Design £xoreises

To be carriod outl by the national teems at each of the in-country
eitos decignsied by the respective master plens, with backstopping
from ICRAF staff.
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4. Design Warkshap

With the participation of ICRAF end all country teams the purpose of
this workshop is to discuss the projects designed in the pravious
step, identify common problems and compere proposed agroforestry
interventions with a view to discussion of potentials for
inter-country collaboration on “technology-specific” (see below)
research projects of ralevance throughout the zone.

S. Kesesrch Fropasals

To be finalized by country Task Forces following Workshop discussion
and submitted for epproval to netionsl reseerch systems ond, if
appropriate, to externs! essistance agenctes for fundir:).

Fhase - Technalogy Generotion

Three types of technology-gensrating research proposels are expacted to
emerge from the octivities outlined above:

VL. Companent-specitic reseorch, derived from the macro-ievel lend
use plenning activities of phase 2 ond aimed at providing essential
biologicel components for the locelion- ond technology-specific
projects in the ecozone;

2. Jechnology-specitic reseorch, producing information on protoiype
technologies, i.e. widely epplicable compenent combinations,. plant
orrongements ond menagement praclices, which address common
agroecological and socioeconcmic problems and potentiels of the
2o0ne;

3. Lacation-specitic resesrcy, addressing tend use problems which
erise from a particular combination of land use circumstances
specific Lo sites within participsting countries; though not of direct
significonce to other countries in the network, such research
activities mey be importent for solving land use problems in the
concerned country end in providing o meaningful framework for the
integration of national institutions eround agroforestry resenrch,

All of these projects will bs cerried out at sites within the participating
countries of the network. The location-specific projects will be the
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responsibility of the relevant notional institutions and should normally
include both on-stetion and on-ferr trials, in accordence with the
principles discussed in this paper. Component- and technolegy-specific
research projects will be carred out at national reseerch stations, but it
is expected that they will receive more substential inputs from ICRAF and
other internetional research institutions.

The Agrororestry Regearch Netyrork for Africa (AFRENA)

Development of a netyrork along the lines of the strategy outlined above s
already under way in Africa. Four broad ecozones have been identified for
networking purposes in interiropical Africa: 1) the subhumid unimodal
highlends of southern Africe, 2) the subhumid bimodal highlands of East
Africa, 3) the humid lowlonds of West Africa end 4) the semierid
lowlends of northern Africe south of the Sahera. Currently, Phase 1
institutional arrengements are being developed in the first three ecozones
with the following countries. Melawi, Tanzenia, Zambia and Zimbabwe in
zone 1; Burundi, Kenys, Rwenda and Uganda in zone 2 ; and Cerercon,
Ghene, Ivory Coast end Nigeria in zone 3. Subsequent activities are also
planned with countries 1n the zone 4.
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