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Farming systems research methodologies and experience (Chambers,
1981; Collinson, 1981; Hildebrand, 1981; Rhoades, 1981; Zandstra et al.
1981) have served as the basis for system-level methodology development
at ICRAF (Raintree, 1983). An interdisciplinary team, led by an
anthropologist, adapted the rapid appraisal and technology design
procedures to agroforestry applications. Much of the initial development
of the method and its further refinement were based on field experience
in Kenya in cooperation with governmentKenyan institutions I 
non-governmental organizations (NGO's).2 

and 
Field tests have also been
conducted at several sites in Asia, Africa, and Latin America through 

collaboration with national and regional institutions.
 

The diagnosis and design (D+D) methodology takes a problem-solving
approach with an emphasis on farmers' priorities for fulfillment of basic 
needs (ICRAF, 1983). The major needs categories are: food, water, fuel,cash, shelter and infrastructure, savings/investment, and social 
production. Initial rapid appraisal and technology design focussed on
the individual farm as the management unit and on individual heads ofhousehold as farm managers. Agrofoi.estry designs for prototype farms 
were intended to serve the needs of the household-as-a-unit within farmboundaries. 
 Recently ICRAF has devoted more attention to the division of

labor, difference in interests, differential access to resources, and
distribution of benefits within households and within communities.
 

T INSTITUTIONAL CONTEXT
 

The need to look 2loser within the household and at larger-than-farm

community and ecosystem issues surfaced in some of the rapid appraisal
exercises for collaborative projects outside Kenya (Costa Rica, India).
However, continuous contact with farmers and the st'rounding community at
 
two Kenyan sites in Machakos District has provided the stimulus and theopportunity to refine the diagnoses and to re-design technology trials to

reflect within-household and community level criteria.
 

In the case of the Kathama Project, ICRAF was the lead institution 

lKenya Agricultural Research Institute (KARI), Ministry ofAgriculture Katumani Station (DFSRS), and Machakos Integrated Develcpment
 
Project (MIDP).


2 Mazingira Institute, CARE Kenya, and Kenya Energy Non-Gov't. 
Organizations (KENGO).
 



and conducted field work in collaboration with Wageningen University
within the context of a small methodology development project based on
farming system surveys and on-farm trials of agroforestry innovations 
(Raintree, 1983; Rocheleau and Hoek, 1984; Vonk, 
1983). ICRAF is

continuing the project (on a limited scale) as a vehicle for testing
implementation approaches and variable scale diagnosis and design.
 

In the second project (Kakuyuni Dryland Agroforestry Project) three 
Kenyan institutions 
(KARl, MIDP, NDFSRS) are conducting on-farm and

on-station research for 
a small semi-arid prototype catchment, with
technical backstopping from ICRAF (Hoekstra, 1984; arap Sang, 1984).
project began 

The
with parallel approaches to watershed management and farm 

production, and has developed into an integrated treatment of sustainable

production throzighcat the catchment and the larger community that depends

on its water yield to the Kakuyuni Dam. Research and extension are
 
linked, as 
are group and farm level activities.
 

In both Kathama and Kakuyuni, on-farm trials and group activities
have demonstrated the importance of off-farm resources for farm
production (varying by farm and family type), 
the common use of private

property, the role of group labor in farm management, the variable effect
of individual farm management on the community resource base, and the
participation of 
women in all of the above. The field experience at
these sites has changed the researchers' perception of clientsthe and
their farming system, and lessonsthe from these two sites are being
incorporated (and tested) in the planning and early implementation of a
third project, the CARE-Kenya Siaya Agroforestry Project. The latter

includes a research component within a development context, and combines
community nurseries, self-help groups (predominantly women), and farm
trials of AF technologies. As such it provides an excellent opportunity
for testing/development of variable-scale, participatory research
methodology for AF projects. 
The contrasting physical and social
environment and the district level scale of the project also provides anexcellent contra,.t with the Machakos sites, to broaden the scope of case 
study comparisons.
 

CASE STUDY RESULTS 

The experience from each case is presented separately, in order todemonstrate the empirical and practical basis for the methodological and

research policy conclusions which follow. Kathama is treated 
first,
Kakuyuni second, and Siaya third, reflecting chronological order as well 
as a progression from exploratory research carried out by ICRAF, to
testing/application of methodology in a collaborative role, to

application/modification 
 of the approach by an independent project withICRAF as an interested observer/consultant. The sequence of surveys and

trials in the Kathama project is treated in greater depth, to set the 
stage for comparison with the other two cases. 

The Kathama Case Study 

The case of the Kathama Project illustrates the evolution of the
methodology-in-general (Figs 1 and 2) and the self-correction of the 



project and technology designs in 
response to social, economic,

biological, and physical performance criteria. 
 The experience in this

community also illustrates the general importance of social factors in
existing produc*ion systems, and 
in the planning, testing, and

dissemination of new technologies. In particular, the project has called
 
our attention to the need for designs that 
transcend farm boundaries,

both within and without, according to both social and ecological

criteria. Although the case 
described below deals specifically with

agroforestry technologies, many of the methodological and substantive
 
issues apply to 
farming systems research in general. Moreover,

agroforestry technologies 2er 
U have relevance to a broad range of 
farming systems and commodity-based research programs. 

Initial Surveys and Trials
 

Preliminary studies included a descriptive survey of the local
 
farming system(s) (Gi 
len 1982) and a botanical inventory of local 
trees

and their uses (Fliei voet, 1982). Following these baseline studies ICRAF
initiated a two year test of the D + D methodology (Vonk, 1983). Therapid apprai3al diagnostic survey identified farm-level potentials andproblems that could be addressed by agroforestry interventions (Figs. 3 
and 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). 
 Ten farmers agreed

to test these "best-bet' options on their farms (Vonk, 1983). 
 The

technology trials included species elimination trials of promising
multipurpose (exotic) trees, methods of 
tree establishment in cropland
and grazing lands, hedgerow intercropping of Leu.aena 1 and 
C s with maize and pigeon pea to improve soil moisture andfertility, and fodder/fuelwood lots to produce high quality fodder at the

end of the dry season.
 

While most species failed to establish with direct seeding under the

drought conditions which prevailed during most of the 
two year study,

several species of exotic and indigenous trees and shrubs (Table 2)
showed high rates of survival when planted as seedlingn. The study

incorporated monitoring of labor inpvts for establishment and farmer's

reactions and suggestions during establishment and early growth. 
 The

changes suggested by farmers reduced labor 
for land preparation and

provided a simple low-input alternative for rehabilitation of individual
 
plants in small plots of grazed woodland (Vonk, 1983). A combination ofdrought and normal time-lag for tree establishment prohibited monitoring
of the productive/service roles of the hedgerows and fodder lots within 
the two year study.
 

During this same period four additional special studies were carried 
out by Wageningen graduate students on: nutrient balance in the croppingsystem (Nijssen, 1983); stickwood increment in the grazing lands (Beer,

1984); potential role of local voluntary organizations in agroforestry

activities (Wijngaarden, 1983) and a landscape analysis and design for
the surrounding watershed (Hoek, 1983). 
 The first two studies provided

quantitative information to 
refine the farm level diagnosis, while the
 



latter two helped lay the foundation for a sliding scale of AF diagnosis

and design. They called attention to 
the role of women in self-help

groups, the role of those groups in farm production and watershed 
management, and the interaction between waters-ied degradation, farm 
production, and management of off-farm resources and public spaces.
 

Follow-up Study 

The project continuation built upon the results of the original farm
 
trials and special studies, with emphasis on farm trial

monitoring/implementation and an larger-than-farm D+D and trials. The
 
landscape analysis led into a watershed scale D+D and a follow-up project

with self-help groups on AF in soil and water conservation (Rocheleau and
 
Hoek, 1984).
 

Farm Trial 

As information began to filter back from the continued monitoring of
the 10 farm trials, there were strong indications of interaction between
on-farm AF technologies and management of the surrounding environment. 
Three of the participating farmers attempted to propagate their own newseedlings for independent continuation and expansion of species trials,
fodder lots, and hedgerow intercropping. Two of the three failed (and

others refrained from trying) due to water shortage and difficulty of 
access to permanent water sources. The one participating farmer who

succeeded in growing his own seedlings had prior experience with a homecitrus nursery and has a permanent water source on his property. The 
same is true for the other two farmers in the community who raise fruit
and multipurpose tree (MPT) seedlings. For most other families, access 
to water involves use of public sources.
 

Water rights in the area range from private ownership and exclusive 
use 
of open shailow wells on-farm, to free public access to low-yielding

hillside springs and flowing rivers, to temporary shallow wells in dry

river beds dug and fenced by small ad hoc groups that may also share
 
water collection and stock-watering trips. Access to water is 
a major

determinant of location preference and is reflected in the location of

t'.e largest 
and/or the most prosperous landholders. The latter are
 
concentrated along the base of the Kanzalu Range (Figs. 5 and 6) where
 
permanent shallow open wells are easy to establish and maintain. These
 
are 
 usually reserved for exclusive use by the owner's household and areconsidered to be property held and controlled by the head-of-household. 
Proximity to the Athi River (Figs. 5 and 6) is also advantageous, as is
proximity to the springs on the upper slopes of the range. 
Both of these
 
are considered public domain, with ease of access influenced by location

of owned property and means of transport. This implies a need to
 
consider such differences between farms in 
planning for plant

propagation, which may in turn influence AF technology designs and/or
choice of species. Alternatively, plant propagation for some or all ofthe farms might be organized at the group or community level, on either R
 
private or public basis.
 

Further discussions with farmers also raised 
the issue of
 
within-household distribution of labor for plant propagation. 
 While men
 



were the main participants in the farm trials, women were required to 
collect and transport the water for seedlings in the farm nurseries, and

the women were unwilling to continue this extra task when water shortage
forced them to obtain the domestic water supply from the Athi River 
(2-5

km distance), carrying water on their backs in Thiscontainers. 
demonstrates the to
need involve women as individual
 
beneficiaries/clients, and to consult them about feasibility if they are
 
to play the role of water-bearers for plant propagation.
 

Other issues of major importance that surface in farm trials 
included pest control, browsing damage by domestic and wild animals, and 
the need for protected fodder reserves. 
 All 10 farms experienced

problems with termites and/or other insect pests, and all of the trials were affected to some extent by browsing, which varied with the degree of
protection at the planting sites. Seedlings placed in grazing lands
fared very poorly (up to 100% mortality), while those established incropland showed higher survival rates (70 to 80% survival) and more 
vigorous growth during the first six months. The importance of a
protected Codder bank was demonstrated by the decision of one farmer to

allow controlled dry-season browsing of the _Q 2.. in his mulch
hedgerow by his own catt2e and goats. He requested help to expand the
fodder-tree planting and refused to replace the L-qkc.rIA J_. with asuperior mulch tree. 
 He clearly prefers to use hedgerows in cropland for

fodder, rather than to improve soil moisture and/or soil fertility for 
crop production. Two other participating farmers also requested moreseedlings and assistance for establishing fodder trees in marginal
cropland. As in the 
case of water for nurseries, fodder production and

animal management 
involves use of off-farm3 ' resources and thecooperation of other farmers (control of herds and more careful 
management of gathering). Any interventions of this type would require a
closer consideration of land tenure, use rights and terms of access to 
land, water and plants.
 

While most of the land in study site wasthe adjudicated over 10 
years ago, exclusive use by one household applies only to cropland

(permanent, terraced), home compounds and small grazing plots. 
Woodlands

and large holdings of wooded grazing land 
are controlled by single

households but are perceived as conditionally available to the larger

community or to sub-groups thereof (Cantor, 
 19811). Many smallholders 
occupy plots that have been reduced to a minimum area required forsubsistence food crops, and they depend heavily on this system of
discretionary common use of private land. They obtain most or all of 
their fuel, fodder, timber, thorn-fencing, and minor forest products from

off-farm sources. 
Access is unevenly distributed between households and
also varies with seasonal and periodic drought, the latter being 
an
 
emergency and considered just cause grantingfor broader privileges than 
usual. 
Use of such lands and terms of use vary considerably.
 

3The term "off-farm", as used here, refers to 
the use of land
 
outside of a given (consumer) farm, even if it involves sharing 
or
 
"borrowing" of resources on someone 
else's farm.
 



Gathering rights for fuelwood are seldom compensated, although some
farmers report buying trees from neighbors forMore commonly charcoal or fuelwood.the practice is referred to as "borrowing",indebtedness one incurs has but the 
donor. 

to do with social status and deference to theThe usual understanding is that "borrowers"
stickwood, and the least desirable species. 

take deadwood, small 
Some gathering withoutpermission also occurs in the denser, more1984). remote woodlands (Cantor,While fodder and fuelwood are almost free goods,material, fencingtimber and charcoal trees are perceivedpurchased directly. as commodities to beIn some cases charcoal makers may rent access to
land for tree harvesting and burning (Hoek, 1983).
for The favored speciescharcoal and timber also produce

activities pods and/or leaf fodder, so theseimpinge strongly on actual carrying capacity of shared landsfor domestic animals.
 

Both cattle and goats are confined in corrals at night, boch forprotection and for easy collection of manure. 
 During the day, management
of grazing and browsing varies from tethering to careful herding to
almost free range. Social pressure to control grazing is strongest whengraia crops are vulnerable to attack, but "social fences" fade during the
dry season. Animals are driven long distances to water holesAthi or to theRiver. Off-farm fodder sources play an importantperiod. role during thisRoadside and gully sites provide grass, shrubs, and high-proteinpods to supplement on-farm fodder. 
Many larger landholders also grant
grazing and browsing rights to several other householdsor other social t.es based on kinshipor in exchange for cash or Lervices. Changes inanimal management for fodder tree protection would necessarilythe community-at-large. involveEnrichment planting in public lands and
common-use private lands would also require group decisions andmaintenance.
 

WatershedTrials.,
 

The D+D for 
the community and surrounding watershed identified
excessive runoff and soil erosion as major problems (Table 3) limitingindividual farm production as well as 
threatening water supply and road
networks throughout the area 
(Rocheleau and Hoek, 1984). 
 Overharvesting
of valuable multipurpose trees (Lcaci jj , .single-purpose exploitation (charcoal) 
]f ) for 

shared has also depleted common-use andsources of fodder and forest products for the community-at-large.
Overgrazing, overstocking, and lack of alternatives for cash earnings and
savings/investment also contribute to economic hardship and ecologicalinstability throughout the Kathama sub-location (Table 3).
 

The drainage network emerged
feature as the predominaut structural landscapein need of stabilization; !t formed thestratification and basis for furtherdetailed study at the Kathama site. A morequalitative detailedanalysis, including informal interviews, cartographicanalyses, aerial photographic interpretationobservation, and detailed fieldwas conducted in three small catchment sub-unitssites 1, 2 and 3). (Fig. 5The detailed landscape analysis identifiedsources of excessive runoff, points 

the major
of concentration, and sites ofand gully erosion (see Hoek, sheet

1983 and Rocheleau and Hoek, 1984
detailed maps, discussion and technology 
for 

designs). The grazing lands on 



the upper slopes of the Kanzalu Range (Fig. 6), and along the slopes tothe Athi Piver were 
both major sites of prior sheet erosion under annual
cropping) and currently major sources of runoff, due to soil 
compaction
and poor infiltration of rainfall. 
Home compounds also contribute torapid runoff. The points of concentration included roads and footpaths,
drains from grazing lands, home compounds, and bench terraces, oftenalong property lines (Hoek, 1983; Rocheleau and Hoek, 1984).
 

Residents interviewed cited the following causes of gully erosion on
mid-slope to footslope sites: 
compaction of 
grazing lands;
construction newof upslope homesites, terraces and drains; and re-alignmentof farm drainage toward parallel boundaries along the slope (followingthe pattern of roads laid down by the land survey). Some residentsconstructed cut-off drains and check-dams ir,gullies to 
have 

preventcontain gully erosion, orand most farmers have terraced their croplands;much of the construction on and off-farm has been carried out byself-help groups. 
 Gully and drainage control structures appear on
private, public, and boundary lands, usually at 
or near tne site of
damage to roads, paths, homesites, or cropland. 
In spite of interest and
awareness, the overall drainage network is AA b. and representscumulative the(and often unanticipated) effect of many separate decisionsand actions by groups and individuals upslope on the private and publicland and water resources immediately downslope.
 

Gully reclamation, coupled with more intensive management andincreased fuel/fodder production emerged as a priority for exploratorytrials, given the existing involvement of self-help groups in gully
reclamation, the importance of the disrupted drainage,relationship and thebetween overgrazing, soil compaction, depletion ofwoodlands, and apparent decline of favoured species. 
 The watershed level
D + D exercise indicated additional needs for, multipurpose trees asidefrom the soil 
and water conservation aspects. 
Discussions with
individuals and women's groups about fuelwood and fodder availability and
management revealed that smallholders rely very heavily on off-farm
fuelwood and fodder souo'ces and many consider fuelwood supply a problem.The current role of gully sites as off-farm grazing lands and fuel woodsources for many households, further strengthened the cause formaintaining these productive functions at such sites under a sustainable 
system. 

Other "leverage points" for application of AF or combined AF/soiland water conservation technologies included:
grazing lands 

the degraded hillslope(sources of excessive runoff and andsources of fuelwoodfodder for many households); the roadsides and boundaries (often points
of concentration and channels for runoff); soil conservation structureson croplands (often unstable and/or unproductive); and home compounds(points of concentration for runoff, convenient for closer
management/protection of plants).
 

The development of AF designs for these niches focused on theKanzalu range catchments (Fig. 5 Sites 1 and 2) because of the higheractivity level of self-help groups, the higher population density and the
diversity of problems and potential solutions concentrated in one area.The landscape design emphasized structures along linear features such as 



gullies and several types of planting(see Rocheleau on areas and on linearand Hoek 1984). features
included Designs forenrichment treatmentplanting (grasses, of grazing landsshrubs,and water conservation trees) combined withstructures. soilDesignsexisting structures and features for improved vegetationranged from on on bench risers in alley cropping orcroplands plantingto plantingor grass combinations of more productive tree,on boundaries shruband around home compounds. "Filler"planting along and in gullies was also suggested,
supports for temporary as well as livegully structures and productive borderon roadsides (especially in/around drains). 

plantings 

The resulting integrated landscape(Fig. 7) shows the design in cross-seotionfit of these technologies into 
viewsustainable agricultural landscape. a productive
The before-and-after
design sketches (Figs. oblique view

site along the 
8 & 9) show the extrapolation to theKanzalu Range. larger studyimplementation current conditionof the design 

The 
and the idealare juxtaposed to illustrate the scopethe potential effects. of 

In order to better evaluate the feasibility and probable effects of 
the proposed design, a parallel ecological azd spatial analysis was
 
conducted to quantify some of the existing conditions and
changes. 
A representative small potentialwatershedRange was chosen(Fig. 10) including the on the Kanzalu
of different Kalama catchment.land use Results includedand land areascover aategories (Fig. 11, Table 4), thetotal length and area of various linear landscape features (Table 5),

the relationship of various land cover types (including linear features)
 

and
to runoff, erosion, and productionThe analysis problemsalso extended and potentials (Table 6).to the functional relationshipsvarious structural landscape features, land uses, land tenure, and family
 
between 

composition. 

Household surveys (Cantor, 1984) indicated 
a marked division of
to 

labor, control, and interests within and between households, with respect
present and future management of fuel and fodder supplies and the
 
wooded grazing lands in general. Basedanalyses on qualitativeof the and quantitativesurvey (Rocheleaucriteria differentiated the households with respect to needs, priorities,
 

and Cantor, forthcoming) two majorand available resources for AF technologyof landholdings development:(eg. land value size and qualityand productivecomposition Potential),(male vs. female-headed, and familymale vs. female-managed,of resident family members of working age). 
and number
 

The land size and 
 quality was closely relatedbetween "borrowers" and "lenders" of fuelwood and grazing land. 

to the division
 

a general division of There is
interests betweenneeding the two groups, with the formerto integrate subsistence production of fuel and fodder into

intensified food and cash crop production on their limited smallholdings,
and the latter tending toward conversion of lands currently used by
 
borrowers into crop production or private fodder-and-woodlotssemi-commercial enterprises). (all 

Cutting across this land-based division of interests are 
three types
 
of households with labor-based differences. 
Within this watershed 33% of
 



the households are headed by women, 47% are headed by men, and another20% are managed by women. 
In the latter case the male head-off-householdlives and works away from home, returns at intervals ranging from monthly
to annually, and retains varying degrees of decision-making authority in
the household. 
The women are farm managers and make most or all of theday to day operational decisions, but consult or defer to the men inplanning decisions (e.g. new cropping systems or 
land uses). These types
of households would usually be designated "male-headed", but have verydistinct needs, constraints, and resources compared to households withresident male heals. 
 With few exceptions, woman-headed and woman-managed
households have less labor available than those headed by men, have
different priorities for allocation of labor (subsistence vs commercial;domestic vs whole-farm; group vs farm), 
and have different types of labor
exchange and other reciprocal arrangements for use of grazing land,
fuelwood, and draft power.
 

Smallholder households headed or managed by very young or very oi1women present both a challenge and a special opportunity to AF researchand extension in this area. These women are extremely limited by labor(often only their own) but even more so by lack of mobility andMothers of very small children, 
time. 

and older infirm women were particularlyinterested in concentrating fodder and fuel resources 
(currently gathered
off-farm) on cropland, home compounds, small lots, and boundaries.additional real Thelabor for establishment and management (including fodderlopping) would be more than compensated by the accommodation of theirmobility and time constraints for off-farm activities.
 

These household types are more than academic categories; they imply
distinct sets of technology designs and landscape niches at the farmlevel, and set 
the context for reconciliation of conflicting interests at
the community level in watershed scale designs, land use plans, andproject organization. 
While men-headed largeholder households want
timber, cash crop trees, and living fences to better protect their
croplands and grazinglands, the smallholder women-headed households wantfodder 
and fuel close to the home and low-input cash crops that cancombine with f'ood crops and that can also be consumed on-farm.group may well lead the way in 
The first
 

technologies, 
grazing land improvement, sylvopastoral
and development of commercial 

group are the 
tree crops, while the latterlogical choice to pioneer intensive production of fodderand fuel in croplands and on boundaries, and introductionmulti-purpose cash and offood crops into subsistence cropping systems.These two contrasting groups with conflicting interests illustrate thepotential for design of complementary technologies at the watershedcommunity scales. andRecognizing that the 
conflicts may not 
always be
easily resolved, and new ones may develop later, the survey informationwas 
used for grouping clients, stratifying designs, and integrating
research and project management to serve 
the groups separately, within a
larger context of landscape design.-


In this landscape, especially given the interestboundaries of all groups inand live fences, linear features can play a major role inproduction (Table 5) as well as 
in soil and water conservation.
prominent linear features The most 
(Fig. 12). 

are the drainage and transportation networksInterpretation of aerial photographs revealed the importance 



of property and internal plot boundaries as well (Fig. 12). Based on
relative area occupied these features have a high potential as production.
sites; 1.8% of the total area is in gully and stream borders, 0.7% in 
paths and roadsides, and 2.3% in property and internal boundaries, which
places 5% (nearly 5 ha) of the total area in linear features (Table 5).
The greater availability of water in gully and stream channels and in
roadside or boundary drains ilso represents a production advantage over 
many block planting sites, such as grazing lands. Moreover, internal
boundaries in croplands and home compounds offer the benefits of existing

fences and protection and 
ease of access for maintenance.
 

Conservative estimates for andfodder fuelwood production potential
for drainage, transport, and boundary features (Table 5) indicate t!iat 
more than 50% of current fuelwood and almost 40% of fodder needs can be
 
met by planting trees, grass, and shrub combinations along these ribbons
and corridors of land. While the same production could be allocated to
blocks, hedgerows, or dispersed plantings in grazing and croplands (Table

4), the real or perceived opportunity cost of land utilized may be much 
higher in croplands, and the real costs of establishment and maintenance

would be much higher in grazing lands. The need to proL.eLc young fodder 
trees from browsing may tip the decision in favor of small well-protected

fodder lots in grazing plots close to the home compound, depending onavailable space, species used and proxiwity to wildlife habitats or
cattle and goat trials. In upslope plot3 the added incentives of
reclamation, soil improvement or water, harvesting would, however, often
weight the decision in favor of some area treatments on strategically
located grazing land (Table 6), in combination with carefully chosen 
placement of road, path, 
and farm drains planted to productive
 
vegetation.
 

While the potential benefits were estimated during the first cycle
D+D (Table 5), 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 of 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
activities necessary to implement the landscape design within the D+D
context. 
 The exercise also provided a practical context in which to test
 
and evaluate the method, 
 the design and the component technologies forapplication in similar environments in the Machakos District (ranges and
hillslopes, Zone 4). The specific objectives of the pilot project were:
1) to 
develop AF methods suitable for implementatioA, monitoring, and
evaluation of larger-than-farm scale group projects; 2) to build rapport
with the groups and assess 
their organizational and technical

capabilities and potential; and 3) to mod±fy AF designs and 
implementation plans to fit "2". 

The implementation consisted of weekly work sessions with five

self-help groups at the two sites (Fig. 5, 1 and 2) chosen by the team 
and the groups respectively. An analysis of the time and labor 
(Tables 6
 



and 7) required to implement the original design revealed a vastdiscrepancy between group capabilities within the public works context,
and the demands of the overall plan. However, the entire emphasis on
public works was repudiated by the qualitative information from
observation of, and participation in, group work sessions.
 

The groups were found to be small associations of individual 
households (20-50) engaged in exchange/rotation of services and pooling
of resources for the benefit of individual members and their households.

While the results of the household survey confirmed the importance of group labor for .ndividual management, they also revealed a de facto
exclusion of some types of households from participation in group
activities and benefits. Women-heads of small households (usually veryyoung or 
elderly women) who were isolated geographically from relatives

and/or the community-at-large, reported being unable to attend group
activities due to limited mobility (due to sole responsibility for child 
care and domestic work, or due to ill health). By contrast, some of the 
wealthiest and/or largest households found group membership unnecessary.
The self-help groups are thus not fully communal in either objectives or
in composition. As in other AF studies (Dove, 1983) 
the difference

between communal groups and associations of independent households proved

critical to project and technology design.
 

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

consecutive sessions at the same site, but must maintain some semblanceof rotation. While they might undertake gully repair at any site that 
impinges on members' lands 
or at sites where public roads and schools are
threatened, tle groups still find continuous long term investment at any
 
one site unacceptable. Moreover, the group leaders insisted that future

activities be limited to one or two groups, rather than the combination

of five groups as was the arrangement for the first season. 
 They blamed

much of the problems in the group trials on inter-group rivalries 
(Mwendandu, pers. comm. 1983).
 

During the course 
of the group work the participants requested

seedlings for their own farms and negotiated group soil conservation 
labor as an exchange for 15 seedlings (sampler package, multiple species)for each member (Table 8). On-farm and group fnllow-up during thesubsequent planting season (no public works at that time) resulted in 
requests for a switch to nurseries for individual groups (located near 
water, at a member's home), to .supplyseedlings for group members' farms.
Farm planting -esults showed that while most people planted all of the 
trees they were issued, they reserved the cropland sites and special 
carefor fruit and fodder trees. Timber and shade trees planted on the home
compound also received special care in some 
cases.
 

Trees planted at soil conservation sites were protected, 
if at all,

by property owners, not by the groups as such. Since one of the two
sites (Fig. 5, site 2) was badly degraded, poorly protected, and
traversed by water collection and cattle paths, most 
of the planted

seedlings died. However, the small water-harvesting structures made by
the groups did foster improved growth of the natural vegetation 



(especially grasses and small I_owne's also managed to protect some 
S U trees). The property 

located close to the home. 
of the planted grasses and seedlings

At the other site (No. 1) the owner took fullresponsibility for planting and protection. He convertedjust adjacent to the group site a small plotinto an individual farm tria:l of AF forfodder and wood production and rehabilitation of a gullied grazing land.
 
The results from 

the choice of 
this first cycle of group tree-planting influencedspecies and planting sites for the seedlings producedthe group nurseries during inthe next season. After theactivities focus of the groupshifted to plant propagation

self-help groups asked to join 
for members' farms, two morethe project. While somzeto for groups continuedask advice on placement and constructionworks, they of soil conservationgave priority to nursery constructionactivities (fruit and plant propagationtrees and a oftrees). Some groups 

mixture fodder, fuelwood and timberalso recruited new membersin seedlings interested specificallyand grasses for their farms, including one farm trialparticipant who expanded his fodder lot.
 

Interation of GrouD and Farm Trials. 

Although it was not originally planned,activities the farm trials and groupbecame closely linked as resulttaken by the 
a of actions and decisionsindividual farmers and the groups themselves.established complementary Theydomains 

activities (tree 
of group-based and household-based AFpropagation and plantingthey set limits on scale of 

is a new class of work) andthe community-level
nursery per group, 

group collaboration (onewith some joint
occasional training and evaluation activities andjoint public works activities with tree-plantingconservation). and soilThis, in turn, established the social 
terms of reference
for the further development, testing and dissemination of AF technologies

in the area.
 

Farm trials combined with group activities had several advantages.It allowed the farmers (especially women) to speak more freely as part of
a majority, when dealing with researchers or with their own families.
also stimulated Itnew ideas and sharing of new technologies suggested bygroup members.
 

The nursery activities served to train individualfull cycle of farmers in theplant propagation, and thefor training at same time provided a forumand discussion re: tree planting, choice of speciessites, and management andof AF technologies on-farm.other The farm trials, onithe hand, provided a kind of AF "sampler" that(individually allowed farmersand in groups) to observe and discuss resultsrealistic context within theof a neighbor's farm. 
 People were
choose better able tospecies (indigenous and exotic) and to consider alternativeplanting arrangements and management techniques, once
the new trees they could see what
and shrubs looked like, andperformed how these and indigenous treesin new niches on-farm. The group members also contributedthe farm trials by totheir honest appraisal and constructive criticismthe trials; ofthey often helped to 
more 

elicit suggested modifications from thetimid or biased individual farmers. 

\ 



Out of this consultation and 	 testing cameemphasis 	 a suggested change offrom 	alley cropping for mulch tofruit, alley cropping for fodderwith wider spacing between hedgerows. 
and 

To improve soil fertility
most farmers prefer concentrated mulching of cattle pens (pre-composting)
with 
tree biomass from fencerow and dispersed trees in grazing land
few are still interested 	 (ain widely spaced hedgerows for mulch).groups and project team also began 	 The 
a search for indigenous wildand exotic drought-resistant 	 fruitsmarketable

cropping systems 	 fruit compatible with foodand/or live fences (on insideinternal boundaries). of living fences or on 
pesticides available 

Both groups also initiated a search for tree-basedin the area, with the helplocal herbalists. 	 of KENGO foresters andThe relationship of these and other research linesthe original D-and-D are 	 tooutlined in Table 9. 
Asi'd
prescriptions for research, several general conclus:,ons can be drawn from
 
from 	these specific
 

this 	experience.
 

Lessons From Kathama 

Both farm and watershed (group) activities converged on the gap andfalse dichotomy between treatment of farm and larger-scale units. 
 These
themes were common to both activities:
 

l. the need to mobilize group labor, group skills,and shared access 	 group learningto land and water, tc
technologies on-farm (for 
support productive AFthe benefit of individual members andhuseholds);
 

2. the need to better integrate women into thetrials and to 	 initial D+Dbetter 	 and farmserve their interests in technology design andorganization of group trials/activities; 
in 

3. 	 the need to better address questions of shared use andsustainability of farm production and to consider the production benefits
to individuals from off-farm, public and shared lands;
 
4. the need to adjust technology

objectives and different 	
designs for different productionlevels of access

households) (within households and between
to the means and fruits of production (on and off-farm);4
 

5. the need to withplan farm familiestechnology and landscape designs 
and community groups for
that can adapt to5 land subdivision,
 

4 One 	 approach would be to designof access 	 separate AF options forand domain of control. 	 each levelAnother solution wouldcomplementary 	 be to integrateresources of different groups, whetherlarger-than-f arm 	 at farmscale. Feasibility 	 or
of separate vs. integratedwill vary, depending 	 designson the existing distribution of resources, controlover 	them, and access to them.
 

51n many cases the technology and landscape designs can also help to
determine the future of the system by stabilizin.gparticularly 	 development cycles,with 	 respect to land subdivision and land use conversicon. 



labor pool fluctuations, land 
use conversions, migration, and other
 

aspects of household and community development cycles.
 

Extrapolation To Other Cases
 

Can this type of research and its results make 
a difference in
"real-world" research and development projects conducted by nationalinstitutions or non-government organizations (NGOI-)? Will thosedifferences matter to the real clients of AF research-for-development?
Both the methodological and substantial lessons from the Kathama projectare being incorporated (and tested) in the planningimplementation and earlyof the Kakuyuni Dryland Agroforestry Project andKenya Siaya Agroforestry Project. the CARE

The highlights of project experienceto date are presented to illustrate the relevance of theapproach, the importance of 
general D+Dwithin-houaehold and between-householdcriteria for diagnosis, design, and monitoring,this multiple-scale approach and the adaptation ofto the objectives and available resources of 

each project.
 

KakuvuniProject 

The project difinition, technology designs, and research designswere all based on the D+D approach. ICRAF conducted the originaldiagnostic survey and reconnaissance work, in collaboration with MIDP and
NDFSRS (Hoekstra, 1983).
 

The study area consists of a small watershed (<5 kin2 ) on the Yattaplateau (agro-ecological zone 5) in Machakos District, and was settled in
the 1950's and 60's by Akamba people from(higher potential) areas in the 
the more densely populated

hills and along the slopes ofisolated theranges, including the Kanzulu Range in Kathama. The soils andregetation are similar to those of the drier plains in Kathama, while the
2opulation density and land use intensity are both low relative,onditions in Kathama6. to the
As such the diagnosis (Figs 13 and 
14)
3imilar was quiteto that for Kathama, with less advanced land pressure and soillegradation. This diagnosis also included separate analysesind small farms for large(e.g. between-household stratification).
liagnosed two clusters of problems amenable 

The group 
to AF solutions: 1)ry-season fodder shortage leading to 
land degradation and low cash
ncome from animal sales; and 2) poor soil fertility andonditions resulting in low food crop 

soil moisture 
yields, and subsequent food andash shortages.
 

This information formed the basis for specific research projectroposal, with research priorities outline in advance (ICRAF.he collaborative 1983). 
Leld 

team of KARI, DFSRS, MIDP, and ICRAF began two sets oftrials during the first year of implementation: 1) on-station 

665 persons/Kin2 ; Land cover 22% cropland, 2% fallow, 10%
Lfrastructure, 66% grazed woodland 



trials of alley cropping7 for mulch (for croplands);'and 2) on-farm trials
of fodder tree establisnment and management (for grazing lands), andmultipurpose (fodder and fuel) 
trees for living fences and block
planting. Both sets of 
trials reflected farm and plot-level design

criteria.
 

Toward the end of the first year the project personnel participated
directly in a atsecond D-and-D exercise the site, as part of a trainingcourse for a larger group (Zulberti, 1984). The exercise benefited fromthe field experience of the Kakuyuni team and the diagnosis was refined 
to reflect the new information. 

The same project team has also conducted surveys on the use of trees(Arap-Sang, 1984; Mwendandu, 1984), and h's collaborated in household and group surveys on the use of andwater forage on and off-farm, and therole of self-help groups in the management of private and shared lands(Caplan, 1984; Janssens, 1984). some theIn cases issues arisin inKathama prompted surveys and meetings at Kakuyuni to determine if thesame general conditions existed (household composition; role of groups infarm management; role inof groLps resource management by women; role of women in use, management, and propagation of trees; 
common use of private

property, and net conversion of grazing land to cropland).
 

HOUSEHOLD SURVEYS AND DESIGN IMPLICATIONS
 

Approximately 33% of the households at Kakuyuni are headed ormanaged by women and 67% are headed by resident men. As at Kathama there are marked differences between households managed by men and women,particularly with respect to labor zonstraints, mobility, and opportunity
costs of time. There is also a difference between women headwho large 
vs small families.
 

Within households headed by men, men's and women's interests intrees vary primarily with respect to fodder vs fuel. Men tend to beresponsible for day-to-day management of the grazing land, and the womenfor both cropland and domestic work (fuel and water collection, plus
child care and food preparations). 
 Men also tend to take more interest
in beekeeping, timber, charcoal, and carving-wood sources (allcash-based), whereas women know more about wild foods (fruits andgreens), medicines, fibers for handicrafts, and dyes. Both might takeresponsibility for shade or ornamental trees on the compound, but menwould be more concerned with establishment, and women with maintenance,of property line fencing. In the farms managed by all ofwomen, theseconcerns would be addressed by the head woman but with different 
priorities, experience, and constraints.
 

All types of households want, and could readily benefit from,
intercropping of fruit trees with food crops. 
 Most households could also
 engage in some form of tree-leaf mulching, but labor constraints and
 

7high-risk, least known option, relegated to on-station research for

first two years 



priority of fodder 
over mulch would rule 
out alley-cropping for small
labor-limited households. The use of non-fodder tree biomass in bomamulching (corral pre-compost) would be more appropriate becauseflexible timing and oflow opportunity cost of trees and land used.live fences Sinceare not yet widespread, the mulch would come from dispersedtrees and shrubs (eventually from live fences as well). 
 Intercropping of
fodder/fuelwood trees with food crops, small fodder/fuelwood lots closeto the home, and live fuelwood fences would also be appropriate for small

households managed by 
women.
 

In larger households labor would probably be allocated first to cash
crops and staple food crops, but surplus labor could bealley-cropping (or used for 
improve crop yield. 

a spatial variant thereof) for high-fertility mulch to
Timber and fuelwood fences and grazing landimprovement/intensification would also apply to larger households,

especially those managed by men.
 

Groun Surveys and Follow-up.
 

While land pressure is not as high as at Kathama, "borrowing"widespread due to isthe uneven distribution of land.especially to fuelwood and grazing, in 
This applies 

some cases to charcoal trees, butnot to timber. Labor exchange is also widely practiced,self-help groups. based on 
(deadwood) fences 

Groups weed, fix bench terraces, and make thorn-branchfor individual members. The latter contrasts withKathama, where fencing is do.:e individually,
common. Groups also 

and live fencing is morerepair gullies and dig cutoff drains, usuallyspot treatments asand in public places. Given
(watershed-based) the nature of the projectthere was a strong interest in working with groups onsoil conservation activities.
 

The groups were consulted about their own prioritiesproject-related work, forincluding: farm trials on members' land; communityor group nurseries at the Kakuyuni Dam site; tae(fodder, fuel, timber) in 
use of vegetation

gully stabilization; and combinationphysical structures with vegetation for grazing 
of 

land rehabilitationmemhrs' land. Group onmembers expressed
nurseries, and requested that 

the most interest in three
vegetable plots be allowed at the same

site.
 

Members of three groups worked with project staff to construct thenursery, vegetable beds, and fencing, with separate areas allocated toeach group. Many of the women mentioned the possible sale of theseedlings and vegetables as goals of their nursery work. 
They also
planned to establish fruit trees on-farm and to improve family diet withfruits and vegetables. 
 This group activity gave many women access to
seeds and other inputs that they would not have had the cash, orpermission, to experiment with as individuals. It also provided accessto a common water source and training. The management ofgroups, rather than individuals, also 
the plots by

allowed for rotation of wateringand weeding, which minimized the time and travel demands. 
 This, in turn,
allowed participation by women with time and mobility constraintsthey were group members). Yields (if
and cash earningsand vegetables were low due to 

from both seedlings
drought and unusual pest infestation 



("army worms"), but the prospects areand vegetable plots, 
good for expansiongiven the of botL nurseryperf iance of the groupsconditions under adverse(Mwendandu, 1984).
 

As at Kathama, AF for gully reclamationrelative receivedto other activities. low priorityGully erosion is less of anthreat at Kakuyuni, although there are numerous 
immediate 

on private property that small (treatable) gulliescould serve as moist planting sites, if treated.Such work, however, is carried out on a short-term rotation basis in spot
treatments. Long term treatment of gulliedwill be difficuit and degraded grazing landto accomplish
arrangement. with group labor under theWhile most usualhouseholds require weeding, bench repair, andfencing, the need for grazing land reclamation is not evenly distributed,
nor is the size of plot or intensity of degradation.paid and group labor Some combination ofmight be more appropriate, or direct payment of thegroup by landowners, Particularly large holders.
 

While members approved of group participationactual involvement in farm trials,of groups in establishment the 
sporadic, of farm trialsand constrained wasby conflicting commitments of group labor atpeak demand poriod for several concurrent 
activities:
vegetable bed preparation, bench nursery and
 
preparation, and fencing for trials. 

terrace repair, gully repair, site 
dig Also, many farmers weretheir own planting repared toholes and/or fence the plots.could complement individual Group involvementefforts and should beactivities programmedwhich can be completed during for those

"slow" periodsof group and on-farm work. for other forms 
some 

As in gully and grazing land rehabilitation,form of direct payment or exchange (by owner, to group) may also beappropriate.
 

The surveys and follow-up provided information for the design of AF 
fences 
trials for grazing land improvement, soil and water conservation, live
and small nurseries. Further inquiriessons, and future about subdivision amonguse of plots, will guide theplacement, technologyand species design,selection
grazing lands. 

for live fences and contour-plantingSelf-help groups have been in 
information, incorporatedparticipants as sources ofin groupat their own request) nurseries (including vegetable plotsand participants in AF technology trials onmembers' farms (Arap-Sang, 1964; Mwendandu, 1984). 

group 
and performance The variable responseof the groups also indicatestechnologies are of general interest, and which are appropriate for group
 

which activities and 
vs individual participation. The explicit study of family and group
participation has recently been integrated(Hoekstra, 1984). The into all trials at theresults will help siteto evaluatecosts and distributionbenefits offrom existing trials,trials to modifyand demonstrations, designs of futureand to plan expanded research-extension 
programs.
 

THE SAY2A PUJFCT 
The Siaya Project differs substantiallyKakuyuni projects in from the Kathama andthat it is district-widezones), (spanningit is an NGO effort 4 ecologicalin collaboration with government, and it is 



primarily a development project with a research component. 
Project staff

(Vonk, 1984) and nonsultants (Buck, 1984; Rocheleau, 1984) have modifiedthe D+D approach to emphasize community scale activities in support of
farm-level improvements. 
 Research (on AF technologies and participation)

is nested within extension and monitoring activities, except for the
rapid appraisal surveys, which form the basis for subsequent technology
design and project planning/adjustment.
 

The proje t is based on low material inputs and high (national and 
local) personnel input. The organizational approach is decentralized and
relies heavily on extension workers and their constant contact with both
clients (groups and farmers) and senior project staff (researchers and
managers). Project management (2) and researchers (2-1 social, 1technical) focus on supervision and documentation, respectively, and both
 
act as trainers/consultant3 to first level extension staff (6). 
 These in
turn train and supervise second-level (local) extension workers ( 15) who 
are primarily responsible to consult and assist farmers and groups and tointerpret their requests, comments, and suggestions. First level
extensionists also collect information for technical and socialmonitoring and take responsibility for constant readjustment of project
action to community needs and practical field constraints (Vonk, 1984).
 

The extension staff is also actively involved in evaluating and
adapting the D+D methodology. 
During the first year of operation both
community and farm level diagnoses have been conducted by first level
extension staff, with training and assistance from the manager andconsultants (Vonk, 1984; Rocheleau, 1984). 
 Group interviews and meetings

(Vonk, 1984) have provided the basis for detailed project planning,
survey design, choice of community and farm trial sites. Conflicting
interests aired in group interviews called attention to sexual division
of labor and implications for planting priorities (fuel vs fodder trees).

Further discussions revealed that "men, not women, should plant trees."Subsequent interviews with key informants have influenced the choice of
species, planting sites, and terminology, so as to facilitate planting of
 some trees by women, and women's access to some of the other trees 
planted by men.
 

A wide variety of priorities, needs, and resources were identified,
demonstrating the need for such exercises at subregional level (using
extension-level personnel). Group interests ranged from fuelwood for
smoking fish, to dry season fodder, to small timber (poles) for cash, to
seedlings-as-cash-crops. Issues common to all groups were 
the importance

of fencerows as a planting niche and as protection for plants in theenclosed area, and the need to resolve related tenure questions
(adjudication, grazing rights, shared ownership of fences). 

Based on this initial experience in Siaya and prior experience in
Kathama (Kyengo, 1984), the form and content of the group interviews has
evolved to allow for more reflection and internal discussion by the groups. This has had two effects: 1) to provide a one-week interval forthe group, as-a-group, to consider their priority needs re: trees (fuel,
food, fodder, shade, erosion control, building material, ornamental, soil
fertility improvement/intercropping); 2) to allow the group to consider
which species they want to best fill those needs, often resulting in 



greater emphasis on known indigenous trees vs exotics (Vonk, 1984). A
third ef.'ect (not documented) might well be that those individuals who 
are less 7ocal and influential would have the time and means to make 
tI'eir views known and to include them in the group's reply.
 

Following the continuing series of D+D exercises the project staff 
have built up a network of 70 small nurseries in one year (1/3 primary
schools, 2/3 self-help groups mostly women), which are primed to produce
500,000 seedlings for the next planting season. 
 As in Kathama and

Kakuyuni, the groups are important not only for plant production ends,
but alno as means to involve and serve women farmers, and poor

households.
 

The major criteria for project participation are: 1) that the group
is established and already working (not necessarily on trees); and 2) that 
group objectivcs for nursery work place priority on plant production for 
members' farms, overz cash income from sale of seedlings. Participating 
groups have diverse bases for organization, ranging from clan,
neighborhood, occupational 
or craft groups, and self-help marketing

cooperatives, to in.ormal farm labor rotation groups.
 

The Siaya team has also paid special attention to the character of
the groups relative to the larger commLnity (e.g. wealth, influence,
educational level, language, special skills, and access to land).

Extension staff have 
 tried to assure that wealthy or influential groups
do not dominate or exclude other groups re: project activities. Records 
of nursery activities also require an accounting of distribution of

plants and/or cash earn!.ngs within groups to assure an equitable share to
all working members. Care is also taken to stratify household level D+D

exercises within groups, to include different types of farms and farm 
households in technology design and farm trials.
 

The application of D+D at both community and farm scales by both

first and second level extension workers has had an impact on the

quantity and quality of information available for technology design and
 
continued project planning. 
The inclusion of intra-household and between

household concerns into all facets of the project, from D.LD to project

management, has affected 
 the baseline information as well as the way it

is used. Hiring of both women 
 and men in research and extension
positions, and hiring of social scientists from the region has affected
both the form and substance of the project, from organization and 
management of farm trials to the design of specific AF interventions 
(Vonk, 1984).
 

All three projects demonstrate the empirical and practical basis for 
the inclusion of social science theory, methodology and practice in AF 
research and extension in Machakos and Siaya Districts. The observation
 
and analysis of these projects has raised procedural questions about
participation and nested client groups, as well as substantive questions
on the adaptation of AF designs (or vice-versa) to tree tenure, tree 
rights, grazing rights, water rights, gathering rights, and distribution 



and subdivision of land (within and between households). Some of these
issues will be addressed in depth within a special project (Rocheleau,
1984) on AF technologies to replace or enhance use of off-farm lands by
women of smallholder farms. This study will also focus on Siaya andMachakos Districts in Kenya, with some comparative discussiou of other
regions and extrapolation from the Kenyan examples. The objective ofthis type of research is to help design more appropriate AF technologies
and to help define the way in which these are tested, evaluated, 
modified, and disseminated.
 

REGIONAL RESEARCH FRONTIERS IN AF/FSRE
 

The examples cited all refer to mixed farming systems practiced by
sedentary populations in areas where land adjudication (by household) isrecent, in progress, or imminent. However, the suggested combination ofland-use planning with AF research and extension can apply to any tenure
situation, provided that there is interaction of public (or group) and
private resources in AF production for individuals, farm households, and

the community. Such an approach may be even more important in cases
where the community, rather than the household, directly manages some 
aspects of agricultural (or AF) production.
 

The development of a sliding-scale AF/FSRr approach for the 
"communal lands" of eastern and southern Africa presents a specialchallenge to interdisciplinary AF researchers. The mixed pastoral and

agricultural systems of the semi-arid and sub-humid zones, and theshifting cultivation and bush-fallow systems of the humid areas are bothchanging rapidly in response to population pressure, land allocation,
national economy, and new technologies. AF technologies for transition 
to sustainable intensified systems should build on existing local
organizations and institutions for management of trees, crops, animals, 
water, and land.
 

Farming systems researchers have documented the distinct objectives
and conditions of communal farmers for cattle (Avila, 1984; APRU, 1983;Hayward, 1984), crop production (ATIP, 1984; Kean and Chibasa, 1981;

ARPT, 1983; Mugabe, 1984; Qasem, 1984) and land 
and water management(Peters, 1980; Roe and Fortmann, 1982; Silitshena, 1983; Harris, 1981;
Castelli-Gattinara, 1984). -in addition to the differences in resource
base and objectives, the basis of control and ownership (Peters, 1980;
Roe and Fortmann, 1982), and the codes of group decision-making in
"communal systems" contrast sharply with both large-scale commercial farm
 
management and individual smallholder practices.
 

Issues of community and intra-household resource management, impinge
heavily on individual behavior re: management of animals, fodder, fueland water collection, land preparation and demarcation, and seasonal
migration. While the extensive grazing systems are the most widely
recognized examples of communal tenure and management, similar issuesarise in the management of water-harvesting, small-scale irrigation,
contouring, dry season fodder banks, tree crops, and introduction of new
annual crops and practices. On-site work in communal systems will

require interdisciplinary expertise, and an approach that goes beyond 

(p 



ousehold-based research to treat community and within-household 
uestions of tenure, water rights, and grazing and collecting rights
fuelwood, food, fodder, crop residue, medicine, fibre, dung). 
 The

hallenge is to integrate such information into self-correcting research
nd rural development programs that can change to accommodate new 
nformation, new questions, and nested sets of clients-as-participants.
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TABLE I 
 SUMMARY OF FARM LEVEL DIAGNOSTIC AND DESIGN INDICATIONS FOR A TYPICAL FARM
(3.5 ha) AT THE KATHAMA RESEARCH SITE. (From Vonk 1983, Raintree 1983) 

XA'flIAMAtVACIIAXOS DISTRICr 
K,.E.4Y 

SYSTEHt DESCRlPTION 

cli mate 

Se:mi arid

Gall-ui 


Sandy loaim 
 over 

s.tdy clay luan 

Co s.nJy clay;

imp.rCCLly 

drained in places 


Fartang System 

Mixed farming 


Crops 


? ai ',*bea n : 

coupeas 


Livestock 


Zebu cattla, 


goats and 

shecp 

Subsia tcnce 


faraniuce 

P op~ ion 

122/., 2 


CrowthRate 

3. Rde 

SITE SUD?IARY OF ACROFORESTRY DIACHOSIS AND 	 DESICK 1N.DICATlOMS 
O( A REPRESEHTATIVE FARl 

1.,. ,;SE- SYS'TEM DIAGNOSIS "-"ACROFORC$TR' 

IHOUSEIHOLD SUPI'LT PROBLEMS 

Prblm in14i 
 ed upySb 


FOOD -
 Seasonal staple food shortages

normal, mst purchasel drought 
related crup failura on 
avg. of 

once in every livC ycars; low milk 

and ,.'Lcproduction due 
to dry 

season feed shortarc for 	livestock 

FUEL- It.ufficient production from,nefficient 
 u~' o
o£t 	land, must 
purchase fuelyood for 

household and CotLage industry uses;

lack 	of laree 
trees fnr'hrick
b rnin g .
 
btirning 

SIIEI.TER - Lack of construction 

qua 1it
chose; tirber and poles,
lack of larGe tree must pur-
for 	brick
burning; 
lack of fencing and shad& 


trees. 

SLAW?IATERIALS FORIIOUSEIIOl.D INUSTRY 

tHuit purchase fuetwood for brick 

mking. 


CArIW 	 - Lows netin part
i ho uschold [ncom a du,foods. to cnh outflou for staple
fuelvood, and 
construction 


vood; uavwncs and earning potnc 
 ai
of 
livwotock enterprise lid;
mted by 

dr. season ced hori ltge 


CON:SERVATION PROLEHS 

Erosion 
Declining Soil Fertility
 
DeCradaclon of Lirazing land
 
vegetation
 

PRODUCTION CONSTRAINTS 

Antacedent Causal Factors 


Crop Lindobte 

1, 	Lo fertility and declIning
yields 

2. 	Lack ofmanore 

3. 	Low available moisture 

4. 	Oxen too sesk for dry"
season 


ploutlhing/plantingi hence 

lamird soil 


oilsture. 

. 

5. 	Soil erosion and voter loss due 

to heavy runoff.
6.	 Vsterl o g g ing on loU spots 


7. 	Labour bottleneck at ploughing 

and teading ; 


1. 	Insect pests. 


CrazingLand 

1. 	Small grazing area 

2. 	Insufficient dry season [aad 

production.
3. 	Injufficient production of 

fuelvood 


DESICH CO STRAI TSL./ov 	capital 


Low 	available 
labour' 

Long dry season, frquent 

drouthts 


Termites A other pests 


POTENTI .LS 

--- '--"-

S ecif.ic Problcm-Solv.Ing ARroforoa.
 
tial 

1. Zlimination of dry 
season fead gapby planting of multipucpose fodderLrc in gra &n: areas and a
 
hedgcro ngr.oplnd w 
 h can
cormaicant 
erosion c.ntrol 
effects 

and fuclwood and mulch coproducIon
 
possibllitlas; 
improved feed
 
situation should allow dry season
 
ploughing/planting.
 

2. Cur-and-carry fodder
cir -a dc a f od iartrees for e
s abl 

Increased pan cedin 
and usable
 
manure production.
 

3. Alley croppin/c/ulch 
 arming with
leum in/an 
 Ioh 	tres
lclumnoua 	 te 	 ad other treaes to 
infiltration, conserve 
soll
 
moisture, improva'soil ferci.tty
 

and 	 Atructure,tLil.ruaand reduce the need
lessen ostha 	labour.
requirment for acdlng. 

insect repalicnco 
 .
i noc rwa ll n goi rdn fnd• hich-yfIlding l won spce a ndtuelugod specios and 
fruit producing thorn bushes 
(as a
 
hedge against famine in bad years,

for aupplcgsuntary livestock 
feed in
 
average years)'.
 

S. Hultistorcy fruit trees 
with 

underso n grass-legwus, pase:ra. 
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LAND UNIT RELIEF SLOPE 
A.KANZALU 	 AI. ridge A1.4. flat to very gentleRANGE 	 A2. dissected hilly slopes


A3. steep slopes with rocks 
 A3.l. steeply slopingA4. rolling footslopes A4.1. moderately sloping 

UNDULATING 	 BI. undulating uplands
UPLAND 1.1. flat to very gentle


BI.2. gently sloping
 
BI.3. moderately sloping82. flat/almost Nlat depression B2.1. flat to very gentle 
B2.2. gently slopingB3. rolling slopes B3.1. flat to very gentle 
1B3.2. moderately sloping 

C. 
ATHI RIVER Cl. river island
 
LANDSCAPE 
 C2. floodplains
 

C3. riverbed
 

D. 
YATTA 	 DI. plateau
PLATEAU D2. slopes 

RV'PLATEAU 

FIG. 6: TOPOGRAPHIC PROFILE WITH LAND UNITS
 

(Hoek, 1983)
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Table: 3 
----. .... U utCEIMI*t-lRY"g."tJiLINi'1Y 

SUemy flk'r5J
sul - lxation ieldsuencIL0-Low, grain yields on or~tstnroogh.uc 
fra other districts,subloatin.dcpmc~food reliefo 'po
In d-rougi.. years. 

W4111 - inadequate supplies fordcrestic .nd agricultural use;unseven distribution of access byw.ealth. relative location; 

inadeq e dev., 
 ent of m-inadeqjaccdev-1#vocnof nrx-u-

- %rcal aid brick-. 
turning trees scace through-

sub-location;ou t nigh 

lal r to pr ure f re- .ooj ;labor diprocurft 
 o uneven distribution of 
r liLY, quantity by la 
facets, fanm size. 
IWkS1HIpLJRE - Drainage
roads inadequate to servicesub-location; lack of in-tegraori within each 

netork aid between net-

-orks. 

RAW4hIERIALS - Comiercial 
charcoal and brick- rningsources depleted chroughouct
location; shortage of coi-strution pales - purchased
from other locations. 

CASH - Reliance on charcoal
cash crop by poor sau3p-haldof.rs; 

airist 
no o'(-farm
aurketing disadvantage relatle
espoimn:;
to nearby towns; roirttance 
inccm. from absentee mn sporadic, 

SAVItGS/It,. ".EbLN1fodder gap Dry seasanforces urtirely saleof goats, sale or loss of 

- shce ofn rices plot 

tree 
sub-

CASH-os,: 

j 1 ~ ~ ~ b E j"- • 

yieldsSUclilning yields prldcaltc eion exist 

tsdegradation anticipated for ne.-y n crop lard; poor yield~atxrIilad 
opened marginal lards. 

Existing 6ater 
___ 

sources subject todeterioration by siltationfloodinglowered water table. 

rowsing keeps trees at shrub size-Degradation of source areas (soil 
ccapaction) is preventing regne, 
ration of favored species. 

Existing roads, drains, crossirgsthreatened by gully erosion, sil-
tation individ,-Aldecisions Ipieceme.al)to ffiify drainage and 


paths. 


Degradation of source areas in

over-grazed over-harvested wood
lands is preventing regeneration ofPole w-ocd species; degradation

will hamper future efforts 
tore-establish favored species. 

Rlia*:eonRemitancincomeharcale~irane iccrr dwndls,dwindlesL .cmeshelp unocae sless dependable with Land
tire away, 


ad rising urban uerrploymnant;
charcoal stock being depleted Inadjacent source areas - enter-prise not sustainable as is. 

Degradation and subdivision ofgrazIngland; widespread conver-
sion of grazing areas to croplaon 
sizeclauder ur-entatce.herdon 

.l/ i kiAti) !,tJI~}N:t~tI ANJ I.ICN 

..U I u~RII/'I... t'C 'Cii 

High cost of fertilizers imade-

soil fert~lcy; Inadequate labor 
for -WLnrg- adoe 

quate supply Of imisre. aid low 
at peak dan-d 


periods; introjueclo
 
n of graincrops Lr-appropriate to ecologi-

cal 
zone; expansion of grain cropsOnto marginal sites isceep, dry.
gullied). 
 (tedy 
Excessive r xoff on grazed lands

srpslope reduces Infiltration and 

plague foos
river-bd;it tio els.lue ...orde. 

Overgrazing hillslope woodlands
and sall plots downslope by all 
huseholds on slope. 

Frequent mzroesenc of cattleupslope causes severe gullies 

floods removeIn raidslope woodlands;even trees in 
use of sledges for 

ater carts erodes roads. 

disrupts drainage. 
Lack of training and 

flash 

infrasznj 
ccure aid organiza-e
tional) toy or aate desiredspecies within the sub-location. 

cannot acccrnrajte new-full-sized holdings of young families 
fod cropspromoted cash cropsgiven priority;high riskfor zone (cortoni, market 
other cash crops tiarellable. 

for 

Nest dryI season fodder trees.re-s (podhave been harvested foralrange freely
charcoal; rig longanimals d).allowed 
to 

i~..rangefrelyorgl~ao rops 

IRytE S'/ iltIlEHI'IAL OF I;itQnj Iy L I2. 

Ur.ltcaoPrrmote fruit and rvt trees to subletefnt 

dietgroup throughVegetable garde wirhgrap nurse ryprojectsnrseriet M'xP ro noteen ansuch (green enure)r wit restrategytgee ustregy
 
through group 
participation in farm trialsto determnpne best species. nanagerent. 

Lse group contacts to locate riseries, veg.gardens at permaen- 'auertioles on 
%crtie orProperty. Cbuin 

r t 
ater-harstmaterials, AFsoil=ireI wih C) onservation groups;meris uir availableusecT'S ard grasses to protect 

PreoCe zonation of fuelwod 
upper slope, trade for food; 
selected llies forlocs 

lots if controlled access). 

to ravine 

Inlormns. 

production on 
convert 

(fodder 

Increase fuel
su-Ddprci onInded-aroduprod lardscofape.lo cion in sa-lary la ds of f nely 

Divert drainage from selected drainagechar-ls to croplands and/or fodder lots. 
and stabilize permanent drainage andnetwork, utle produing poles. fuel. 

toad 

Plant poleood trees on intesnuj farm pathsPaysicalad alongn roads. 
anaora s.Integrate charcoal and brick-turning
inreie trees~doseenurseries, falleroseed collection with elf-Devhelop 

groups.
 
Integrzte fruit (citrus, guava) andinucademia, nutcashew) trees into terraced 

r pl dwih cra-urrentcofaret channels already organizationused byfcti farmers. aIncegraze :raining intogroup trials, nursery work. 

Use HT's to sub-divlde larger grazing
lards for rotation. 
IJse -fixing species planted in strips orgrazingmicrocatchnients
areas; to reclair degraded
Plant pole trees for cash
(An farm and along roads, 
 uith tree rightsissired Igrotp.ldividual. throttgh chicf. 
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FIG. 7 
 INTEGRATED AGROFORESTRY SOLUTIONS NESTED IN
THE LANDSCAPE
 

Tree, shrub and grass combinations
 

on the farm
 

on boundaries, in gullies and along roads
 

Landscape Niche Affected:
 

Gully and 
 Cropland 
 Home com-

grazing lands 

Internal Cropland Road
pound 
 boundary 

erosion control in zonegrass and treesgully and grass for:grazing hedgerowfruit trees treesaround the erosionland for: systemn:treeson the along thehome and
Improvement of control, are planted
benches of road or
boma.
the drainage productior in rowsthe path for:terrace (corral)condition of fodder betweenby for: the shadefor: and-checkdams cropsand -erosion to: decoratiofoddernatural vegeta- -providecontrol production, muci ,iprov
tion fodder and-improvemen ment ofshade,- control of wodof fruit, drainageshelter

grazing and -controlI fodder, t condiLioand
improvement of erosion,and grass decoration
grass, fodder improve dra-
Q production


and fuelwood to inage con
dition
production 
 dt 

(Moek,1983)
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Fig. 9 Landscape Design Sketch
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FIG. 10: STUDY AREA FOR DETAILED LANDSCAPE ANALYSIS
 
AND GROUP WORK
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FIG. ii: LAND USE IN THE WATERSHED
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I. Woodlands - some grazing 

2. Pasture - sustainable 4
 

3. Degraded grazing lands 1
 

4. Cropland 3
 

5. Public land, sparse cover
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Table 4: 
Estimated Land Use in the Watershed Aggregated by Category
 

Wooded Grazed Sustainable Degraded 
 Cropland Public Total
Ravines Woodland Pastures 
 Grazingland 
 Lands
 

ha 
 5.6 17.3 18.0 
 11.6 52.8 
 1.0 106.Sha
 

% of total 5% 16% 17% 11% 50% 
 1% 100%
 



lable 5 Producrioi- Potential* Estin.ates From
 
Length ann 
Area of Linear Features 
and Boundaries
 

Roads and Paths 
 Gullies and Channels Property ana 
Internal 
Boundaries 
 lotal
Ma jor Minor Major 
 Minor 
 Existing ilench Risers 
or Rows
Length m 
 2,600 
 2,400 
 4,200 
 3,200 
 8,340 15,d00 f 3 )
 

Width m 2 1 3 2 1 3
 

Area n" 
 5,200 2,400 
 12,600 
 6,400 
 8,340 15,000 
 49,940 (5.Oha)
 

Potencial fuel
produ. ion 
 10,400

ig yr - I 4,800 25,200 12,800 16,680


1 
 300 

Kg vr 30,000 80184.0
10 0r

IOOt
- 100, Odk,
 

in waterhhe 7" 3%; 17% 9%I 
 110 
 20% 
67k
 

Hotencial fodder
production 
 10,400 4,800 
 25,200 
 12,400 16,680 15,000 
trees kg yr 84.680 I(gyr- I
 

grass kg yr-I 
 4,576 2,112 
 12,600 
 6,400 
 6,458
Cojbined kg yr-I 13,420 
6,& ;I( riser only) 38,746 Kgyr
5,856(4) 16,632(2) 8,448(2) 20,943 (
4) 19,356 
 8L,,655 kg-yrA-,suLe 5 k-. 

A.L. dax, 
 61/. 3%8% 
 4% 
 6% 

39
 

L'timatI d assuimin. I lopped trcc pei' m2 producing 2kg DH leaC and -11 . m- se.son-h, arid 2kg 141 wood tree anti 1k m-1 of Napier 0 i )igullies (based 
.- 'k,, m ' yr r..S%on rapid appraisal ,,,,ddataand ULealdi. 19 3; aggio, 1982). fr'om krol g 

:2.ara in grtss strips, with Aarea in fodder trees 

3. Assume only 5OOm per farm 30 farms 

4- Grass produiction redLICed by a to acecount for weeding near trees. 



Table 6. 
 Estimated1 Ideal Requirements
 

for Structural Treatments and
 
Plants Within the Watershed
 

Gully repair with related land treatment
 

Major channels 
 Minor channels
 
4200m 
 3200m
 

No. Check Dam
 
Structures 2502 
 2502
 

Length of Drains,

Diversions 
 450m
 

Volume of storage3 
 4500m
 3 45,000 structures of
in pits or micro-

catchments i-i grazing- 3
 

O.1m storage each
 
land upstream
 

No. trees and shrubs4 
 25,000
 

Napier grass (initial 3,000 units
 
beds for seed, demo. 
 (slips)
 

I. Based on rapid appraisal 
 and rough calculations
 
2. Assume direct treatment of 1,000m. at 
the upstream
 

end, small structures every 4m
 

3. Assuming 5cm rainfall storage
 

4. Assuming grass to 
be seededornaturally re-seeded.
 



1
1. Drainage Network 

- ':.. .. 

Linear Features
 
Composite
 

3. Boundaries Exclud
ding I and 2)
 

2. Road and paths
 

FIG. 12: LINEAR ELEMENTS OF LANDSCAPE WITHIN THE WATERSHED
 



Table 7 Time-and-Labour Estimates for
 
Self-Help Groups Working in
 
Watershed Rehabilitation1
 

Task 
 No. 
 Time 2
 

Small checkdam 
 2 
 1 session
 
Cut-off drain (narrow) 4 0m 
 1-2 session(s)
 
Pitting 
 140 
 1-2 session(s)
 

i ha 25+ 
sessions
 
Microcatchments 
 60 
 1-2 session(s)
 
Fencing sire 
 4 0 0mor 200 trees 1-2 session(s)
 
Planting Holes 
 400 
 1 session
 
Tree-planting 
 500 
 1 session
 

Realistic Goal for Planning One Year's Work,4 sites at
 
or near origin of gully, 
 each with "package" of tratmn-,ts:
 

5 small check dams with necessary
 
drains, diversions; 
 5001 2 treated
 
microcatchments 
or pits with trees
 
and shrub planting and appropriate
 

fencing or 
tree protection.
 

1. 
Based on 2 groups operating in this area, with 20 working
 
members each at every session, 32 sessions per year
 
of public conservation work, each session spanning
 
one 
morning, with 2 full hours physical labour per
 
person.
 

2. Varies with texcure-and structure 
 of soil, condition of site.
 



Table 8. Species included in first round of tree-seedling distribution to
 
group.
 

Citrus spp (rough lemon: 1 budded , 1 plain (2) 

Anacardium occidentalis 
 (1)
 

Psidium guava 
 (1)
 

Cassia siamea 

(2)
 

Carica papaya 

(1)
 

Leucaena leucocephala 
 (2)
 

Acacia holosericae 

(1)
 

Acacia albida 

(1)
 

A'adirachta indica 
 (1)
 

Melia Azidirach 

(1)
 

with Washington navel orange
 

* 
 all of the above had shown some promise in existing production systems
or in previous farm trials in the area. 
 In addition to the above
selected species, 
some farmers agreed to plant rooted cuttings of
Cliricidia sepium, Albizia amara and/or Sesbania sesban to test ease
of establishment and survival under farm conditions. All three are
potential components of fuelwood/fodder production technologies

for small farms in Kathama.
 



lTable gQrigi na 0+0. 
ORIGINAL DIAGNOSIS 

FAR[ LEVEL 


Cash Problems
 

Poor animal production due to dry 

season fodder gap; 


High seasonal cash outlays for 

staple food purchase 


Off-season animal sales due to 

both of above. 


FOOD PRODUCTION PROBLEMS 


Low yields and crop failures 

Soil capping - late tillage; 

poor soil moisture;poor soil 


fertility;soil erosion. 


FUELWOOD SHORTAGE
 
High dependence on off-farm sources;

fuelwood purchase.,charcoal tree 

purchase by some. 


COMMUNITY LEVEL
 

ca _ .
 
No facilities for plant propagation

marketing, and farmer training to 

support farm level technology tested 

(above) at farm level. Degradation of 

grazing lands.mantenance,farmer
 
Net purchase of construction wood 

from other communities, 


Food
Inadequate storage & credit & mkcg, 

facilities at community leval.
 
Degradation of gathering sites 


F u el 


Fuel 
Depletion of favoured spp. for fuel 

and charcoal in Kathama itself,

and uneven distributiotn of what
remains , 


Savings Investment
 
Need community-level support for 

improved savings mechanisms; alter-

native investments 


Disinvestment in land resources and 

infrastructure at community scale 

(degrada=) 
 of grazing and gathering

lands,water supply, roads and paths) 


ORIGINAL DESIGNS 


Enrichment planting in grazing

lands 


Fodder and fuel lots (cut and carry) 

on small unused plots 


Multistorey fruit'tree stands over 
grass and legume cover(fodder)
 

Hedgerow intercropping for mulch, 

(with N, O.M. additions and protective

cover for better soil moisture7 lower
 
temp.) and stick wood as by-product 


see above, plus:

Hedgerows and living fences with fruit 

bearing spp. and high 
- yielding fuelwood
 
Spp.
 

Provision of "sampler" seedling packages

(13 spp.) and some training to group

members in soil conservation projects, 


Involvement of groups in establishment of 

fodder and timber app. upstream of gully
 
sites.
 

Low priority 


See survey, below 


Distribution of sample fuelwood 

app. 


s e e s u rve y below.
 

Involvement of groups in 

resting AF(fodder and fuel 

trees with grasses, and livipg

structures) into public soil
 
conservation works.
 

No design:
Pilot survey on use of off-farm 

resources (water,fodder, fuel groups
labor row materials) 

RESEARCH PRIORITIES/PROGRAMS
R R I /O
 

Establishment trials, several
 
spp; various site preparation
 
planting, and mgt.techniques.
 

Same as above diff--ent spacing

and land pup. technique
 

(low priority)
 

Cassia siamea and Leucaena
 
Ieucocephals
 

at 2.5 m between-row and
 
pigeon
0.5 m in-row with maize and
pea, on cropland.
 

app. trials along fencelines and
 
in lots (low priority)
 

Follow-up to seedling distrib,
 
on 60 farms re: survival and
 
placement by spp. Qtrly follow-up


30 farms re: performance,
 

assessment, farmer learning.
 

Not pursued
 

Interviews with groups re:
 
wild fruits and other foods
 
preferred spp.?
 
dwindling sap? (inamt.or
access)
 

Follow-up of sampler seedlings
 
as above, special attention to

fuelwood app: suvival? willingness
u l o d s p u v v l i l n n s
to plant 
more? where on farm?
 

Informal polling of groups
re: alternative investments 
group savings,preferences of 
farmers.
 



Table 9b. Revised D+D.
 
Feedback D&D 


From Farm Trials 


- Hedgerow intercropping is still risky 

mainly due to apparent water compe tition 

esp. with pigeon pea, but farmers 

interested in "Zonal mulch". 


- Pest control, water harvesting and
browsing damage problems on grazing 

land left most farmers with mgc. of

existing trees as best option, 


- Water supply for on-farm nurseries poses
 

a problem for most individual farmers public supplies or access to 
others' 

private supplies is needed for nurseries 

(if seedlings used). 


From Croups 


- Groups are not public works or purely
communal in orientation; they 
are 


associations based on axchange/rotation
 
of labor on members' lands to benefit
 
individual members and families. 


- Follow-up of 
'sampler" seedlings

indicated 
greatest interest in fruit 

trees and fodder trees, both on croplands

(for estab, and protection) 


- Group requests for nursery project, 

participation and results show 
 need 

for training plus simpler, cheaper

methods of plant propagation, and pest 

control( confirms fruit and fodder priority; 

would consider local wild fruits) 


- From surveys plus Inceraction of Groups and 

Individual Farms: 


- There are 3 main design client-groups; 


l.Labor-short, land-poor, limited mobility
 
families.
 

Largeholders interested in investment over long
 
term .
 

3. medium-small holders interested in mixing fruit
 
trees ,fodder,tmproved practice into cropland.
 

- Subdivision of lands is 
a critical issue, as is
 
land conversion; we need to plan present placement
 
and spacing of trees accordingly.
 

Changes in Research Programs and
 
Priorities fcr Farms and Groups
 

Priority l:fruit 
 trees in cropland 
 and internal fencerows.
 
questions:spp? spacing? combinations?mkts? processing or

storage? multiple uses? 
(food, cash; fodder and fuelwood by
products?
 

Priority 2:fodder trees in cropland, intrcropped or in small
 
plots (one terrace)

questions: spp? spacing on 
risers? or 
in lots? fodder production?
 
affect on crop production? cut vs. once-a-year browse?
 

Priority 3:Use of tree biomass for pre-cmosting ( boma mulching")
and omposting.(co~,ln with fuelwood production).
 
Question: fencerow or dispersed trees? best spp.? timing?

quantities? labor input? nutrients and 0.2. 
 in mix? effect on
 
soil? 
yields? farmer assessment.
 

Priorities for related systems research 
(support)
 
Priority - la. progagation methods with and without nursiries
(e.g. cuttings, direct seeding; and bare-root and stumping)
 

lb. Pest control for 
propagation, establishment (local resources)
 

Priority 
2:serves 1, 2, and 3 :should be included in each 
case.
Landscape planning with families and groups, accounting for
access toand ownership of, different places within -farms
and within 
- communities.
 

Time-series planning to account for tenure and 
access shifts,

land subdivison and land use conversion at 
farm and community

level. Develop and propose various components, oixtures,

arrangements and social organization options, determine with
 
clients most acceptable avenues to pursue, then monitor
 
performance as-per-usual in 1, 2, 3 above.
 

Priority 3 
:also serves 
1, 2, 3 and 2 above (landscapu)
Training and Extension approaches- assessment of alternative
 

approaches and techniques (for Kathama and other similar areas)
 
development, and extension field personnel).
 
decision points, and decision criteria (usable by research,
 

- Use of boundaries is especially important to 
smallholders,
 
as 
is use of gullies; roadsides are also heavil
 
utilized by same, but lack definition re: righLs of
 
use (for example, for new trees). Women and poor men may

be able to use gullies and fencerowa. Most are willing


to start with fencerows.(for fuel, timber)
 

- Some members have triad boma-mulching(pre-composting
 
with tree biomass in corrals) and some have pits

for rough-composting; other group 
 members
 
interested in increasing ".Manure" 
yield from
 
corrals.
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Figure 4. Combined input-outputoh Unbroken lines and causal factors diagram( ) indicate the flo of inuts (large farms).and utpts within the 
farming ystem. Broken lines (- ) indicatft the chain of causal 
influences rcsponsible for diagnosed problems. 


