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l-Isbpl,i1 r(,1( to larmi ng(Chambers, 1t i; Col ii rs, 11l 
sysi ems research 

, )8 ; Iildebrand, 1981; Rhodes, 1981;
Zandstra 
et al. 1)81) served as the basis for system-level
methodology 
 developmetn 
 at ICRAF (Raintree,1983). 
 An
interdisciplimary team , ], by an anthropologist, adapted rapi,.
appraisal and 
 techniilogy design 
 procedures 
 to agroforestry
appl ications. Much of the init 'a] development of the method and
further refinement
its were based on field experience in
cooperation Kenya in
with Kenyan g-vernment institutions 
and nongovernmental organizations (NGO's). 
 Field tests have also
conduLcted 
 at several sites in Asia, 
been
 

Africa and 
 Latin Ame-ica
through coliaboration with national and regional institutions.
 

Thrie diagnosis and dies ign (D+D) methodology takes a problemsolving approach with aniemphasis on farmers' priorities
fulfill IIment forof basi( needs (ICRAF,1983). The major needs
cat,!gories are: food, water, fuel, cash, shelter and infiastructure, savings/investment , and social production. Initial rapidappraisal and technology design focussed on the individualas the management unit and farm 
on individual heads of household asfarm managers.Agroforest rv designs for prototype farms
intended 
 to serve 
 the IcIt needs 

were
 
of the household-as-a-unit
 

wit'in farm boundaries.
 

Recently ICRAF has devoted more attention to the division of
labor, differenc 
 in interests, differential access to resources;,
annd distribution 
 of benefits 
within households 
and within
corunities. 
 In the field tests of 
the D-qL the potential
alp.plications and the needs for agroforestry (AF) technologies
nave often extended beyond and within the farming systen 
as a
unit . The probrlems encountered thus far on-farm and indevelopment ruraland watershed management projects have indicated theneed for rapid appraisal, technology design and implementation at
varying 
 scales of analysis. Larger-than-farm 
analysis is
particularly 
important for diagnoosis and solution of 
 watershed
problems (including conflicts in land and water 
use) soil and
water degradation; dev-lopment problems affecting the 
 landless
and near-landless; 
 and use of comron, public, and 
 otherwise
shared lands 
 by farm households. 
 On the other hand, intrahousehold analysis 
 is needed to deal 
 with environmental 
 and
production problems that 
affect household 
 members differently
based on age, sex, 
kinship and marital status.
 

For cases where the 
farming system has been 
 identified 
 as
the primary focus, 
 there 
is a need to identify 
 and influence
farming 
 systems opportrrnities 
and limits that resid, (or
originate) 
 in the next larger systems of which they are a 
part,
or in sub-units of the I[ron household. 
 A brief look 
 at thenext level in the hiera, rh,' can indicate whether the externalconstraints oil farmiu 'arr ,ms are ciangeable, and whethersrulr-svsltrrs ;nrrrl/an [i, ,. 
tier nt e.a Irre re''i ient e rsougrh I Ir rt 
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.ilIh' lllhili Ii t tiht It iI liIhoiI li( ld IIiUit ble Considered.Tln, Iil×xd m;nagement of goods such as water and fuel, with"free" 
owned land, cattle and equipment, and the combination of family,communal and paid labour in man" rural production systemsrequires a scale of analysis beyond the farm. Changes in farmterlrnilegy may affect the larger systems thenand feed backindirect impact on farmthe household in the form of changing
prices, availability 
food, shelter, 

or quality of basic r-sourccs (fuel, water,raw materials; or production inputs (agrochemicalj, 
 labour, equipment). The rr.s&lts may also be a change
in demand for farm products. 
 Both production and sustainahility
of farming systms 
 are subject to "boomerang effects fromtechnology change (farm-ecosystm.-farm or farm-cot, iunity-farm). 

'rhe interdependence beLween household members and the farmingsystem 
is equally important. intij-household units 
may vary
according to circumstance, distinguishing between: men, women and
children; wage-earners anu non-wage arners; heads of houc-hold
and "others"; producers and dependents. The differential demands
of existing and new technologies 
on these groups, their distinct
knowledge and 
 skills, and 
 the variable returns 
 for their
respective inputs will influence the welfare of the entire family
and the farm as a whole.
 

Family composition affects both household and individualneeds and pri6rities for AF 
interventions. 
 Women, men, and
children in same
the household 
 have different knowledge,
interests and responsibilities with respect to specific landunits and landscape features, specific plants and animals, and
particular activities. 
 Amopg households there aretypes; a woman-heaJed household with young children 
also distinct 

cannot be
treated 
 the same as a household with several adults (menwomen) and school-age children. 
and 

Neither will a given 
household
remain static; future 
 developments 
must be considered in 
 AF
technology 
 design (e.g. land sub-division, marriage, outmigration, re-distribution of labour and control between 
nen and
women, or by age group). Projects geared toward specific farming

systems or agroforestry production 
 research per would be
concerned with -cosystems and 

se 
intra-household analyses rrimarilyin this context. Individual 
- farmhuusehold 
 - ecosystem
interactions 
are viewed with respect to their eventual impact on
'the farm. A 
more explicit emphasis on 
sliding-scale 
 (intrahousehold, farm, ecosystem, community, region) 
 diagnosis and
design is 
 appropriate for regional development 
 and settlement
projects, and for special 
 interest projects for fuelwoodproduction, watershed protection, environmental rehabilitation orlarge scale 
 diversification 
 of agricultural 
and forestry


production. All of these serve a broader client group than aparticular type ofn farm household. Projects directed towards 
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h 1 ofc:;(ld I. lll IIl ;llII l I" y t[lli I ;'ll ; W1 1 lil agroforesLryresearch for rural development. What is not so clear is just how
to do this in a way that is practical, frugal and yields useful
result.s for 
rural people. 
 A first approximation variable scale
D+D is emerging from observation, 
analysis and participation in
field research projects in Ker.ya and elsewhere.
 

The most direct source of ideas, questionsbeen and results havethe continuous contact with farmers and the surroundingcommunity in 
Kathama sub-location, 

The Kathama project 

Machakos District, Kenya.

is a small methodology development 
 project
initially based on 
farming system surveys and on-farm trials
agroforestry innovations (Raintree, 

of
 
1983; Rocheleau and 
 Hoek,
1984; Vonk, 1983). 
 ICRAF and Wakeningen University collaborated
in the initial field work and 
ICRAF is continuing the project (on
a limited scale) 
 as a vehicle 
 for testinS implementation
approaches and 
viable scale diagnosis and design.
 

The experience from 
 both the original trials
variable-scale and the
follow-up are presented in order 
 to demonstrate
the empirical 
 and practical basis for the methodological

research policy conclusions which follow 

and
 

This 
 case illustrates 
the evolution of 
 the methodology-ingeneral (Figs. 
 I and 2) and the self-correction of the projectand technology designs in 
 response 
to social, economic,
biologicd2 and physical performance criteria. 
 The experience in
this community also illustrates the general importance of socialfactors in 
 existing production systems, 
and in the 
 planning,
testing and dissemination of new technologies. In particular,
the project has called our attention to the need for designs thattranscend farm boundaries, 
 both within and without, according to
both social and ecological citeria. 
More importantly, this 
case
has provided the stimulus and 
the opportunity 
to refine diagnoses
and to re-design technology trials to 
 reflect within 
household
and community level criteria within a farming systcmns project.
 

Initial Surveys and 
Farm Trials
 

Following 
 a descriptive 
study of the 
 local farming
systems and a botanical 
inventory (Gielen, 1982; Fliervoet, 1982)
ICRAF initialed 
 a two year test of the D+D 
methodology 
 (Vonk,
1983). 
 The initial diagnostic exercise

potentials identified farm-level
and problems that could be addressed by agroforestry
interventions (Figs. 
 3 & 4, Table 1). 
 The farmers' objectives,
basic household needs, 
 current strategies for 
 problem-solving,
and available resources guided the 
 design of promising
agroforestry technologies (Raintree, 
1983). Tell farmers agreed
to test these "best-bet" options on 
their farms (Vonk, 1983).
 

'I;
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Wil I It frl';t tl land i heill V std(lyIl yars agr, 
ie .'as adjudicated over'XI 'luse use by one iiOusehsld applies onlyroplard (permaneit, toerraced), home compoundsI l 

and 
and small grazinguts. Woodlands ;Irg, hol dings of wooded grazingcontrolled land areby single households but are perceivedconditionally asavailable to the larger community or to sub-groupsthereof (Cantor, I1Y). Many smallholders depend heavily onsystem of discretionary use 

this common of private land.most ,or all of They obtaintheir fuel, fodder, timber, 
 thorn-fencing
minor forest products and
from off-farm sources.
distrihted Access is unevenlybetween households and also varies with seasonal and1eriodi( drought, the latter beiig an emergencyjust cause and consideredfor granting broader privileges than usual. Use ofsuch lands ano terms of cse vary considerably. 

Gathering rights for fuelwood are seldom compensated.commonly Mostthe practice is referred to as "borrowing",understanding with thethat "borrowers" take deadwood,
and the small stickwood,
least desirable species. 
 Some gathering
permission without
also occurs in 
the denser,

(Cantor, more remote woodlands
1984.). 
 Many larger landholders also grant
grazing and dry-aeason
browsing rights to several other households based on
kinship or other social tic 
 or in exchange for cash or services.
When the cropping season ends, 'social fences" fade and roadside,
woodland and gully sites provide grass, 
shrubs, and high-protein
pods to supplement on-farm fodder. 
 Changes in
for fodder tree animal management
protection 
would necessarily the
involve
community-at-:arge. 
 Enrichment 
 planting 
 in public
common-use private lands andlands would also require group decisions and
maintenance.
 

While fodder and fuelwood are almost
material, free goods, fencing
timber and charcoal trees are perceived as commodities
to 
be purchased directly. 
 In some cases charcoal makers may rent
access to land 
for tree harvesting and burning (loek, 
 1983). The
favoured species for charcoal and timber also 
produce pods and/or
leaf fodder, so 
tho'se commercial activities 
impinge strongly 
on
actual carrying capacity of shared lands for domestic animals and
on the production 
of gathered 
 food, fibre, medicines and
 
fuelwood.
 

Group Activities/Watershed 
Trials
 

The D+D for 
 the community and 
 surrounding 
 watershed
initiated as a separate, perallel study. 
was
 

It identified excessive
runoff 
and soil erosion as 
major problems

individual (Table 2) limiting
farm production as well 
as threatening 
water supply
and road networks throughout the area (Rochelea and lnlek, 1984). 
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In spite of 
interestthe cumulative (and often unanticipated)
decisions effect of many
and 
 separate
private 

actions by groups and individuals upslope on 
and public
downSlo lpe, land and the
water 
 resources 
 immediately
e e i t l
 

o re.m 


The watershed level
for multipurpose trees 
D+D exercise indicated additionalas well needsand water conservation as for better planning ofaspects. the soil
Discussions with individuals and
women's 
 groups
management about fuelwood 
and fodder 
availability
revealed that smallholders rely very heavily on 


farm and
fuelwood 
 and 

supply fodder sources and off

a problem. many consider
The current fuelwood
grazing lands and fuel 
role of gully sites aswood off-farm
 

iithene 
sources for many households,t the ca use further 

ions at 
.tuict for main in I iig these productivesuch sites under a sustainable system.
 

Other 
 "leverage 
 Points"
AV/sild ani for application of AF or
water 
 conservation combined
technologies
degraded hillslope grazing included: 
 the
sources 
of fuelwood 
lands (sources of excessive runoff and
fodder
roadsides and 

and for many households); 
 the
boundaries (often under-utilized,
or con'centration 
 and also
s:ructures and channels for points
on runcff);croplands (often unstable and/or 

soil conservation

home 
 unproductive);compounds (points of concentration and closer
for mianageinit. for runoff,/pro convenienLec titnilt eritetir lantscap, desig 

of plants). The resut lt iigu in cros.i sctio 
vicr.(il. 
5) sltoi.
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aa ,:; . ; wa oldu Ied t o quant i fy somecondit, ion.s 0l the exist I igand potent ia I changes in a representativewatershed smallon the Kanzalu Range. Resultsdifferent land inc luded areas ofuse and land cover categories,and area of the totai lengtLvarious linear landscape featuresrelationship and theof variou,,s land cover types (includingfeatures) linearto runnff, erosion and productionpotentials (Table 3). The 
problems and

analysis also extended
functional to therelationships 
 between various 
features, structural landscapeland uses, land tenure and 
family composition.
 

llouseholh surveys (Cantor, 
 1984) indicated a marked division
of laour, 
contrcl and interests within and between
with respect to households,present and future management of fuel andsupplies and fodderthe wooded grazing lands 
 in general.qualitative Based onand quantitative analyses of the sirvey (RocheleauCantor, fortlhcoming) andtwo major criteria differentiatedholds with respect the houseto needs, priorities, and available resourcesfor AF' technology development:
(eg. land 

size and quality of landholdingsvalue and productive potential) and
(male family composition
vs. 
female-headed, male vs.female-managed, 
and n,,iber of
resident 
tamily members of working age) 
.
 

The land size and quality was closely related to
between "borrowers" the divisionand "lenders" of fuelwoodThere is and grazing land.a 
general division of interests between the two groups,
with the 
 former needing to integrate subsistence production
fuel and of
fodder into intensified food and cash crop proiuction
their on
limited smallholdings. 
 and the
conversion latter tending towardof lands currently used by 
borrowers

tion or into crop producprivate fodder-and-woodlots (all 
 semi-commercial 
 enter
prises).
 

Cutting across this land-based division of interests are
types of three
households with labor-based 
 differences.
watershed Within this
33% of the households are 
headed
headed by men, by women, 47% are
and another 20% are managed by women.Incase the the lattermale head-of-household lives and works awayhome, returns at intervals ranging from
from monthly to annually, and
retains varying degrees of decision-making authority in the household. 
 The women are farm managers andday make most or all of the
to day operational decisions, 
 but consult or deferin planning decisions (eg. 

to the men 
new cropping
uses).These types of households 

systems or land
 
headed", would usually be designated "malebut have very distinct needs, constraints,compared and resourcesto households with resident male heads.
tions , woman-headed With few excepand woman-managed householdsavailable have less laborthan those 

allocation 
headed by men,have different priorities forof labor (subsistence vs commercial; domestic vs whole-

AJ
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both (:hll (,agevery lI WI lliltpr.,tI it)ll! a t.id a special o pportuinityto AF research anld extension in this area. These women are extremeliy imited by labor (often only their own) but even more so bylack of mobility ;,ad time. Mothers of very .muad] children, andolder infirm Women were part icularly interested in concentratingfodder and 
 fuel resources (currently gathered of f-farm) on
 
and boundaries.


croplands,home compounds, amal lots, The additional real labor fur estallishment and 
 management (including
fodder lopping) would he more than compensated by the accommodation of their mobility and time constraints 
for off-farm
 
activities.
 

These household 
 types are mole than academic categories; theyimpl y distinct sets of technology designs and landscape niches atthe farm level, and set the context for reconciliation of conflicting interests at the community level in watershed scale designs,land use plans and project organization. 
 While men-headed largeholder households want t irmber, cash crop trees, and living fencestat bet ter protcct their croplands and grazinglands, the 
 smallholder women-headed households want fodder and fuel close to thehome and low-input cash crops that can combine with food crops andthat The first group may well lead
 
can also be consumed on-farm. 


the way in grazing land improvement, sylvo-pastoral technologies,
and development of commercial 
tree crops, 
 while the latter group
are 
the logical choice to pioneer intensive production of 
 fodder
and fuel in croplands and on boundaries 
 , and introduction 
of
multi-purpose 
cash and food crops into subsistence cropping
systems. 
These two contrasting groups with conflicting 
 interests
illustrate the potential for 
design of complementary tectnologies
at the watershed and community 
scales. Recognizing that the
conflicts may not 
always be easily resolved, and new may
ones
develop later, 
 the survey information 
was 
used for grouping
clients, stratifying designs, and integrating research and project
management to serve the groups separately, within a larger context
 
of landscape design.
 

While the potential 
benefits of the AF designs were estimated
during 
 the first cycle D+D (Rocheleau and 
 loek, 1984), several
questions remained as to 
feasibility, 
and distribution of 
 costs
and benefits, given the 
 existing conditions and practices in
Kathama. 
 These questions were 
left to the second cycle of D+D,
on-site 
 trials with self-help groups and selected households (to
complement the continuation of the second cycle on 
the original 10
 
farm trials).
 

The team initiated a small pilot project within the 
 Kalama
catchment 
 to 
further explore the research methods, technologies
and organizational 
activites necessary 
to implement the 
 landscape
design within the D+D 
context. The exercise also 
 provided a
 



IIr II itllIl 
I I i Il '111 

1:I)I III ll Illll,! ltl~rlI I i'( 

i i Iit o I( 
I lU r~l 

I. I, I 
VVVelq 
 AFi" Il, h ,I ;I 
 1,, 
 I, n110 'l'l o l nl) 1 1ofi g[eI a dOvaIlluit ion Iar,,i 1; thI I; Iui gle('lIsrapportI p projects; 2.wi h Ith. grop., aid I 

tri butiId 
sstechn i- their organizationalI capai iiI anfde. ;ard potent ia ; and 3. to modify AF designs
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The 
 imp 1men tat ion rcon-sistd of weeklyfi ve self-help groups work sessions withat Iw sI Is chosenIgroups respectively. by the team and theAn analysis of theto implement time and labor requiredthe original design revealedbetween a vast discrepancygroup capabilities within
Ih demands of 

the public works context,the overallIplan. andI1ow-ever,
on public works was repuiimaed the entire emphasisby the qualitativefrom observation informationof, iiin part icip;t ion in, group work sessions. 

hliproup were found tohouseholds (20-')0) be small associationsengaged in exchange/rotation of 
of individual 

po inI ig servicesof re:;oures andor th( beriefi t of individuallhei r hosieho I ds. Wh I II- the members andresults of
COnI i rmed the import anice the household surveyof group labor forthey also individualrevealed management,a defacto exclusion of
holds some types of
from participation housein group activities and
head,; of small households (usually very 
benefits. Women
 

were isolated young or elderly
who 
geographically women)
 

community from relatives
-at-large, and/or the
reported 
 being unable 
to attend 
 group
activities due to limited mobility (due to sole responsibility
child 
 care and domestic work,or due to 
for
 

some of ill health).
the wealthiest and/or largest 
By contrast,
 

membership households 
unnecessary. found group
The self-help groups are
communal thus notin either objectives or fully
in composition.
st'idies (Dove,1983) As in other AF
the difference between communal
associations groups
of and
independent households proved critical to project
arid technology design.
 

The groups requested 
 changes
organization and choice of sites, 
in the 
 work schedule,
because too much time was
spent on being
the property of non-members.
groups cannot Even on members' farmsspend several consecutive the

but must sessions at the same site,maintain some semblance of rotation.
undertake gully repair While they might
 
or at 

at any site that impinges on members' lands
sites where public roads and schools
groups are threatened, 
 the
still find continuous long term investment at any
unacceptable. 
Moreover, one site
 
activities 

the group leaders insisted that
be limited future
to one or two 
groups,
combination rather
of five groups as was 
than the
 

season. the arrangement for
They the first
blamed much of the problems in the group trials
inter-group rivalries (Mwendandu, 1983).
 
on
 

Du ririg the course of the group workquesled seedlings the participantsfor their own refarms and nlegoriated group soil 
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Trees pla;tted at sFoilconservation 
at all, by sites were protected, ifproperty owners, not by tIh groups as such.of Since onethe two sites was badly 
 degrad , poorly protected,t raversed by andwater 
 col lectio +1F; ai an 't t.lepaths, most o the
plaLtet seedlings died. 
 However,
sl r"FI Fores nmade by 

the small water- harvesl ingI he groups d id fFost yr improvednltural vegetat ioF growth of the(especially grasses
Wrees). The prolert y 

and small Acicia tortiJis 
owners also managed to protect some of 
 theIl vaFdgrasses ant
Ft seedlings located closeother I re to the home. Atthe owner took thefIuFI responFsilility for planting and

plnF I ioni and ouvertId 
si';i Fnt 

a sira lI plot lust adjacent to tie gronpan individual farm trial of AF for fodder and wood
product ion and rehabilitation fit a gullied grazing land.
 

The results 
from this first cycle of group
influenced tree planting
the choice 
 of species and planting sites
seedlings produced in for the
the group nurseries the
After following season.
the focus of 
 the group activities shifted
propagation for members' farms, 
to plant


two more self-help groups 
 asked
to join the project. 
 While some groups continued to
advice on placemcnt and constiruction of soil 
ask for 

conservationthey works,
gave priority to nursery construction and plant propagationactivities 
 (fruit 
trees and a mixture of 
 fodder, fuelwood
timber trees). Som: and
groups also recruited new members interested
specifically in seeclings and grasses for their farms, 
 including
one 
farm trial participant who expanded his fodder lot.
 

Integr it ion of Gr'oup and Farm Trials
 

Although it was not originally planned,
group activities became closely linked 
the far, trials and
 

decisions taken by the 
as a result of actionn. and


individual 
 farmers

themselves. They 

and the groupsestablished complementary domains of group-basedand household-based AF activities (tree propagationis a new class of work) and 
and planting


they set limits on
community-level group the scale ofcotllalborat ion (one nurserysome per group, withjoint training and evailat ion 
 actiIvit ies 
 and occasional
joint 
 publ ic works activit ies with tree-plating
conservation). and soil
This, initurn, established tirereference fo>r social terms
tie further develpFipe t, 
of 

test ing and di ssinmint-iontf Al' le Initlogil's ill the a reat 



F;i1rn trials
advantaga es. 

ii l .l wi i r,,.I L a Io I t ed be I rm,.le; e 
iii l(,.had sevvraiI( :lf~l 


olre 
woI ) to speak
freely as 
part of a malJultiy, 
 wh, dea I ingor with w It researcherstheir 
 own fami i, 
 ItIIs. also st imulateLdsharing of new new ideas andtverhnologies suggested by group memi,,rs. 

The nursery activities served tthe ful cycle tIAM indi"Vidua |armersof plant propagation, In
 
proviled and at the same lime
a forum for training and discussion re:
choice of species and sites, 

tree planting,

and management of AF
on-farm. technologies
The farm trials, 
 on the other hand,AF "sampler" provided a kind ofthat allowed farmers (individually andobserve in groups)discuss 


neighbor's realistic context 

and results within the 

to 
farm. People of a
were better able
(indigenous and to choose species
exotic) and to considerarrangtem(nts alternative plantingand management techniques,


the new Once they could see whattrees 
 and shrubs looked iike,
indigenous anil how thesetrees performed andi new niches on-farm.members 
 also contributed ito The group
the
appraisal and const ruo 

farm trials by their honest 
helped 

iv.i it icusm oifthe trials;to elicit suggested modif icat ions 
they often 

from the more timid orbiased individlual farmers.
 

Out 
of this consultation and testing came a suggested
of emphasis 
 changefrom alley cropping for mulch to alley cropping
fodder and 
 for
fruit, with wider spacing between hedgerows. To improve
soil fertility most 
farmers prefer concentrated mulchinAg
pens (pre-composting) of cattle
with tree 
 biomass
dispersed from fencerows
trees and
in grazing land (a few are still
widely spaced interested iniedgerows for mulch). The groups and
also projectbegan a search for wild 
teamindigenous

resistant fruits ard exoticmarketable droughtfruit compatible
and/or live fences (on 

with food cropping systems
inside of living fences or
boundaries). on internal
Both groups also initiated a search for
pesticides available in 
tree-based
 

and 
 the area, with the help of KENGO foresters
local herbalists. The relationship of these and other research
lines to 
the original D + D are 
 outlined 
 in Table 9.
these specific prescriptions Aside from

for research, 
 several
conclusions can general


be drawn from this experience.
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0(11CH DIACOIO$ DS |CM DIACODSKS DESIC1 OIAC0I0t51AH SES0CMSIACOOOIS 

IHITIATE REIRE 
 ASSESS
P&O [ITEMO/RoDTTo)mpc EXT0APOlWlITT AD ADAIT 

FiG. D&D AS AN ITE'RATIVE PROCESS IN THE PPOJECT CYCLE 

(Source: Rairtree, 1983; ICRAF, 1983)
 

An CAS(0100 

FIG. 2 : DIAGNOSIS AND DESIGN (D&D) PROCESS 

(Source: Raintree, 1983; 
ICRAF, 1983)

D&D is al iterative process which continues throughout
 
tile life of a projectsy s tem. Not e, Fee(thacl(as part of itsI illajges. internal gtidance 
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