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INTRODUCTION
 

What has Landscape got to do with Agroforestry?
 

Landscape is the visible expression of the Interaction of land 
and people and their cumulative mutual influence, it is a 
kind of signature in spatial terms but is not static. 
 Land
scape often reflects the influence oft
 h e past, whether of
 
a long association between ono people and the land, or of a
 
series of different Inhabitants"'each In turn leaving their
 
mark, as described",by Sauer (1941). 
 The present landscape
 
can also provide us 
witha point of departure for Improveftent
 
of existing land use systems 
or for design of entirely new
 
systems. Landscape Is the drawing-board for integrated
 
agroforestry diagnosis and design beyond the single plot or
 
'the individual farm.
 

The science of agroforestry, like 
that of ornamental hor.i
culture, hinges on 
the combined manipulation of the 
 eo.etry
 
of landscape and the spatial relations among diverse plant

components and between plants and their environment. Whil 
'
 
ornamental horticulture focuses on an aesthetic product,
 
agroforestry exploits the logic of spatial relationships and
 
ecological and economic interactions 
to provide subsistence
 
and/or commeicial benefIts for people. 
 One emerging field of
 
agroforestry (AF) science and practice is the Incorporation
 
of AF Systems tnto 
the design of sustainable landscapes to
 
serve rural people (Hook, 1983), 
This involves a fusion
 
of agroforestry technical skills, landscape analysis and,desigi,
 
ecosystem analysis and planning, and social 
analysis and
 
organizational skills. 
 Such an approach can serve 
a wide range
 

of research and development Interests including farming
 
systems, watershed management, social 
forestry, Agroforestry
 
systems, and soil and water conservation programs.
 

....
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Theg_gene-raI-espcie isntnw'-n U''Pv a dev-lop-ed
 
in the works of geographers (Sauer, 1941; MIoss, 
 I Hroo if e 1, 1983landscape architects (McHarg, 1969;,DuV'hh4rt Hectu&n, 1470 athro
pologists, (Geertz, 1972; Brolkesha cc. al 1983), ecolog"Isttudunj andJOdum, 1976), agroecologvs$ :(Hart, 1980, 1982),and agrofo;rest:rs
 
(Lundgren, 1982; [udowski, 1982; Raincree,, 1983). 
 Several
 
disciplines can provide theoretical and practical background

for such an approach to agroforestry. The geographer sees,


C'regions, component landscapes and functional jpl,'aionships 
in place between land and people 
 (Ifarvey, 1969). 
 The land
scape arch|tt,,L sees pattern, visual form, physical a ,syr|oboc . 
stability, comfort, 
 compatlbility of form and function; objectq;

of H udy Include roads and draiage networks, buildings, L ..ogra.hy,
boundaries, meeting places and vegetation of all kinds, whether
 
in a region, town, neighbourhood or vtllage. 
 AithropologL.s
 
and social ecologists see decislon mikers (Individuals, 
households, communities, polici[es) affecting the land a rxl
being offt{ted by it, stiping cultural landscapes and dst'ncc 
human"ecosystems ,trris 1966 lSyscms ecologists see ni[erac .ns 
of organi\\.w with their environment% In terms of trkteria 



cycles and,. -ows of energy in nested hierarchle ofs 
(Odum, 1982). Common to all of these dA'icLp!inet iq c L 
tudy of the human use of the land over a sliding scAloof


observatiot, although eAch focuses on different procossv% arA 
objects of Interest through their t60escopic ens.
 

Agroforesters are 
no exception. We see trees, crops and livestock cobi n spce and rfro and mainageJ by p.e. to ... 
produce c-ash or subsistence. The level of resolutton e...,
the scale at which we can 'focus clearly on those comblnatlon5) 

. .  :+ : "2 ,: , . ' ' : j J J 0+L 2-'+ . .L:;' ',: : 
2 
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is not limited to farmstead or plot (Huxley, 1982).
 
.-necro bet~ween components ma eur suiso ico 

'biology, 'hile feasibility arsnaisls of 
z new AF system for
 
rural development may require community or regional 
level.
 
studies. It is the larger-than-farm community or village
 
scale which is of concern In this case 
 since this is the
 
level at which analysis anddestgn of lanuseape can be of
 
greatest,use and, in which the greatest 
gap exists bectween (
 

, separate 'farm,forestry, 
soctal forestry and conservation
 
approaches. Much-of the research and development work in 
agroforestry systems has focused on 
farm or forest' plots, and
 
more recently on farming systems. 
 However, the agroforescry 
diagnosis and design .D&D) methodology developed at ICRAF 
for farm level application is readtil expanded Co accomodato 
communities, watersheds and administrative units.
 

Why the need for a special approach?
 

There are several practical reasons to designrfor larger
than-farm units. Rural development programs need to reach Ai'
 
wider group than a particular farming system (Weber dim 
Hoskins,

1984);,they may need to Include landless people. tondwelel:.
 
and part-time farmers., ,+The latter three 
g'oups are oicen 
dependent on public lands, and /or on other people's land".or 
subsistence or cash 1income.'
 

Technology alore will noc fuel the rural developmenc process
 
(Woods, 1983) atu it is 
 critical 
to consider the disttibution
 
of benefits both between 
households 
(Berry, 1983; Chambers,
 
1983;) and within households (Hoskins, 1983; Fortmnn ana
 
Rocheleau, 1984; Jones 
1984; 
Peters 1984). This requires the
 
mental ability to jump fences, whil% 
acknowledging their
 
existence, and It requires technology designs% chat help to
 

http:land".or
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open doors (but niot 
kick them down) for those with Iimiced
 
access to land,-water and other factors of production beyond
 
th own I b-r........ .r 


Land tenure, tree tenure, water rightc and use rights of 411 :l
three, are critical conslderations,,Fortmarq 1983; -lddeii .1983;.. Simple public-land sotutions are often not viabtl. 
(FoLey and Bernard, 1983) and de not guarantee fatr distribution 
of 
costs and benetits whether between communttitos (Noronha9,
1982)

between householdi ( HihiVI Team, 1983) or within heuseiolds 
(Sharma, 1981; Joshi, 1982). 
 1he incorporatiioi of 
women in

AF is one example where Landscape can
units provide a practical

"focus 
for defining opportunitLes for 
improved production, W1
• classifying landscapq niches o ov offf.arm that 
are acce,,stbte


to, and/or controlled by women ,we can arrive at more realisttc 
designs to serve them (especially for producition of fuetwood and
 
other products now gathered 
as free goods). Landscape ufteni
reflect's division of ownership, control and decsion-.making, and
 
ts 
tin, expression of existing opportuinitlies to AF Interventions.

As such landscape analys% with
s ecological and social inpu S coan
provede the framework 
 for combined farm and community-level designs. 

Another Issue in agroforestry is the role of traditional 4tn semi
traditilonlt association, that and/orown manage land as groups. I
 
T'eir land management, and agricultural production 
acttvitIes arealten integratei into a single group management unit, However, i t. many places such associations are based on reciprocal exchange of
commodities, services and rights to land-based resources among

separate houaseh61ds (Dove, 
 1983). Traditional ;nd more forimaltzedli
 
woments mutual groups
aid 1are SUbstantial forces contributing, torural dovelb&pment and natural resource management (irch nnt

'alu, 1982). Throughout africa, Asia Latin
and America, there are exa,,ptes of women's self-help associations participating In soil conservation (Wilf, 1977), crot,.production Cbarnes, 1980),

forest protection (htt, [980) afforestaiton(losktns, 11982, 198 3)and fuetwood management (Wijnganrdoi, 1983). Farmer's association

: :  5..i~",• ,': . ::: :':7'; 7:..* :.7:' E,=::i :? •]•-'{:" , " .,,a 

, . ?.., ,,> ..... ::.:9;. . .:. ;< : . ,, :,2;:?,!4 ji !!.,; . } <, 5.: < ,; ':,,r, ",:, '-. -.'-. 
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and mixed men's and women's self-help and cooperative groups,_
 
are similarly widespread iSawadogo, 1983). 
 Where these groups
 
exist it is' Important to consider the whole grou?(s) and
 
their combined control and use of resources.(Fortmanrn 1983).
 

Even where groups do not exist there'is often a need to deal
 
with the "hollow middle" (Roe and FortmIann, 1982), chat 
scale of natural resource nanagement that falls outside both
 
the individual farm, and political jurisdiction (government
 
services), yet impinges on both. This applies to a wide range
 
of natural resources and services critical 
to farm families
 
and rural populations in general. Physical infrastracture that
 
could affect agroforestry potentials in rural areas includes:
 
roads; paths; boundaries; drains; irrigation works; soil
 
conservation works-
 water supply,storage and distribution
 
facilities. These Lnfrastructural components of landscap4
 
can provide sites (land) or 
services Cwater, drainage, protection)
 

-for AF Interventions and AF in turn can help tostabilize
 
and define the Infrastructura! network whiLe providing sub
sistence or commercial products for ;residents. Both in cases
 
of larger-than-farm infrastructural networks and off-farm
 
shared source areas for ,fuel, fodder,etc. ,tenure and rights
 
of usLIfruct are key factors to be considered In AF design. 
Naturalt'resources from off-farm sources often include such 
indispensible items as water, fuetwood, timber, fodder, 
medicinal herbs, raw materials for crafes and other products 
of foiest, rangeland, tai low and boundary Lands (Hoskins, 19831 
many of which are managed by women or may be informally managed
 

by groups (~ua ',l~ 

Irregardless of the type of management unit, cften the.Ve are
 
both biophysically and sociaiy determined opportunities in 
specialization already exhibited in the landscape. FArm level 
studies focus. on self sufficiencyf or subsistence, or trade with 
large commercial centres. However,rural people often have

'I ! 



developed integrated trade (in cash orIn kind) for speciali zed 
 -products ndservcesbtween'farms,.betw-ee-r 

or-n .
dist:inct groups. 
 Two examples of land 
us 
 strati cation are
gIven in Figures I and 
.
2. The functional lInks between
.land use systems may present onstralncs or 
opportuniies. 
A
landscape level design could help to reinforce 
ex sting
exchanges of grazing rights for plowingosrvicesor tuelrw'od
gathering rights for food crops, 
between people who control 
land
 

resources of very different prOdUCtion capabilttes. De~sinat targer-than-farm scale can 
also help to project comln Ity
capacity for Improved production with a more optimal 
use of
the diverse natural 
resource base, 
If there Is enougn social
cohesion to support 
fair and sustained local 
trade or if 
 "here
are 
secure enough markets for commercial specialization,
 

The management of tropical upland watersheds and other fragilh
environments also requires a larger-cthin-4rm approach with e mphas 1I
waters'hedOt 
 other Qco1ys 
 8untu.,0,(lmilton
, 1983; Pervir., 19,I; Run..!,4tQ81; Antonini vt atl. 19)75). Agroforestry diagrlosts and aesign 
, 

for reclamation and/or sistatned prodtirion in s+ch
 areas requires an Lntegrdted systeios 
 inalysis of nested
hierarchies of watershed and land use units. For example 
 "ome
erosion and runoff studtes have combined small 
plor and wicvr,
shed scale analyses,(Edwards, 1977; Edwards and 
l~ackQ, l98l;
* Thomas et' al, 1981; Rocheleau, 10)4: 
 RappBrry and Temple (eds)
1982; StromquisL, 1981), and 
some land use 
plans Incorporttin 
 .


have used nested wa(.,ershed studles of 

agroforestry systems 


soil
* and water 
toss under varying compositlon, denstiy and management

of land cover 'rejwani, l981). The 
net results of larger
scale land use analysis and watershed measurements may sometimes contradict simplistic direct extrapolations 
fromsmll

scale plot studies because 
 of the functlonal relationshilps

between certatn Infrastructural elements of l-ndsc. Pe adi
specific land:uses, or between 
 seeminly disparate land use, 

,I
* -- , I-: 
+ 

:.
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Rochdleau, 1984). The need to combine these scales o'f 
observation and design and to combine structural consorvation
 
measures with improvement of the production system, including
 
grazing and woodlands (Pereir-a, 198L ),can be addressed by a landscape 
ecology focus (Johnson et 41. 1Q, within AF diagnosis ariO design. 

The actual geometry of the existing landscape plays a signi
ficant parc In AF potentials. .The degree and pattern of land
 
subdivision (whether by property lines or 
by phy4ical boundaries
 
within property) will determine the relative tmporzance of
 
boundary lands and linear features vs. whole area treacments
 
(Johnson, 1983). .he potential role of living fences nn"d 
fenceposts in (uciwood (Poulsen, 1981) and fodder tBaruio, 
1982)
 
production has been estimated at ?, 20 of total product.ion poter
tial for farmlands. In fact tie amount and relative proportion 
of production from such linear features depends heavily on size 
and shape of plots, as Illustrated In Figures 3 and 4
 
and Table I. This is particularly Important in the cne of 
smaliholders with plots S I ha. In the case of India Uohnson, 1983) 
estimates show the potential of boundary tree-planting on bunds 
to meet 1OO current fuetwoou den'nds by smaliholder households 
wt h _ I ha. Choice and priority of AF designs for diffeoent 
types of landscape niches strongly affects the distribution of
 
benefits within household and' rate of adoption between households--* 
In many cases boundary plantings on private or public land (with 
secure use rights) wilt more directly benefit women and sgall
.holder households In general. In systems where they do nor 
cqntrol croplands women may be better able to get 
access to 
such boundary zones for partial replacement of dwltxdlingof-form.. 
fuel and fodder iesources. This would reduce ttm anU labor 
spent on collection at distant sites and would provide betteor * 

security of supply. 
 ThiJ viphasis will also have a proportimately
 
greatereffect on smaliholder families and as such providesa 
leverage point for reaching the poorest f st."
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~As ide from initial AF design, evaluation of AF t ec hnolog i s
 
can also benefiC from an 
 expans~on to the community orlevel.te enl V ies n singIle,1.Lv4 arm anclsngIc
watershed studies appear as 
real cos and b i tin nested+++++Pa++++,tn ++ S.++b +++h +h + a+li,n osels classesof people (sex, age,, status), eg aphialfhf eAsI.. facets or.
land uses can be included inanalyses of current iutol
 

anpoecedefet 
of 'A!deigs This approa~h'can
 
account for di strlbutlon of local1 
 vs. region~l, effct's' of,

ruznoff, erosion, and sedimentation. LikeI se, the cu Iupjlv

effects of widespread adoption of new technology on rhe conwounity's

economic Input-output Aa 
on local and regional m6arketing

conditions may be critical to the longterma success of many

projects. 
 jyVen shorctetrm sucess mazy depend on marketing,or
other conscraInts at the next higher level (1%iha~t etRti I("Ai~), 

The extrapolation of tencattve design and production astilmee
 
onto the framework of existing Landscape (At wharCCVer 3cale;

helps keep reaIlisnV(ind honestI) in feasibility anaLyses and in,
aftr-the.fact evaiuations. 
Opportunity cost, of other
vegetation displaced or 
of altrnative
uses Is often vLtbC
 
in the lanidscape or can bedeuefrmjxaotlnf 


Usit nLso andscape Onl matps. 
il
 

For example, is your dream hedgerow repacingsoneonols, onlysource of sib;al for handicrafts A,qu~ick lookat,dimosl~ons,

spacing and excent of live sisal-fencing on aerial, phoc(s or ,
in landscape sketches may provide a 
quick anst~er or suggos 4 

'a : compromise11, design'wichouc loss++ . . + , + ...... ) oft sisaIl produce'4,on+++ a t+' .Or cn +:++++ ::++++: ++: ,(o ++v : i++:u f t';6h++ +Sf+++++o + ?+ h ( + : ++ +++++ ! o +:+:.+++. +'+. ++++;:+/ ++++P : P+
versety, one may find thac untis of land with slitalr tippearanc~e
may serve quite dlstinct purpose~ (Kurray 1981), hetrce the need 't6orlyCype, Lntonsity and ciming of landuse on Che visible Ilandscape. ,AH! other t~hings being equal; z Lnat emergency (reserve) gra~n

area thai: serves 10 Enmtles once every 2'3 years viUiIo
be as dtifficult a site for new 
 fodder tree planting as one 

http:level.te
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that is continually grazed by a small 
number of animals from
 
one household, By the same token a pasture thiat Is part of a1
 
private scattered landa.ling, 2 kmn distance fromthe home,
 

.-	 hadaunr~ t-o Apo o r1
ential- for-vfand.;v ecrtifd'bai r 


systern, wheareas a more degraeud site close, to the home may
 
have a much higher potential foi- conversion to a cut-and..
 
carry lot, given the farm households's constraints.
 

All 	of the points cited Indicate the advantages of combining
 
landscape and systems analysis to maintatn a balance of formn 
and function in AF design and evaluation criteria. 'The Imp'or
t~ance of social and ecological questions for AF are widely 
accepted, and the ability to address both Is a major Assoc of
 
this approach. It remains 
to describe 4nJ demonstrate how
 
this can apply to research and development projects.
 

Who-would apply this method?
 

As in the AF diagnosis and design for farmlng,systems(ICRAF',
 
1983) the landscape diagnosis and design is best carried out 
b y
 
an 
interdisciplinary team of variable.composition, depending
 
on the type of project and the system itself. The tem might
 
vary from landscape architect, forester, sociologist, and
 
agronomist 
to watershed management specialist, anthropogis'
 
farming system specLaiLst, tree crop expert. Pie initial
 
analysis relies henvily on maps and aerial 'photographs itih go04A 
potenr'iat for use of remote sensing imagery (where available)
 
to choose sample sites 
for rapid appraisal, subsequlent surveys
 
and implementation. 
 From rapid appraisal ch rough implementation
 
both qualitative and quanti tative techniques are used,- the
 
balance being determined by project needs, team abilites. and
 
available resources.' The level of training among team m-mb4,r 
 .
 

* 	 may also vary, ranging from 2 years technical or college trainin.
 
to wide internationAl experience, depending upon the avAilable
 
reSOUCes and the requirements of the task at hand.
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The implementation of such an approach, Ideally, shouldS
 
cake place under drainatically'differenE circumstaices Inrural 
extension education and development services (Woods, 198)
 
but within the current framework In most countries an ince
graced plan can be implemenrged In small areas by 'proje team
drawn from existing research and extension Institutions
 
(Torres, 198$3). Such projectb 
can then serve as models for
 
local and regional zoams 
from extension services, non-govern
ment organtsattons, and/o\\infornal networks of-'se~f-help
and cooperative associiatons (Idsert. I 4), 44 

[low do you systematically apply such an approach? - ', 

The best reply co 
this question Is a case study exampleto, 
illustrate the need for this approach, Its scope for develop
ment, and how i t works. The methodology is still 
rentacive-,and
 
che procedures followed so :ar reflect a search by Inter
disciplinary researchers. 
This Inctludes trial and error i nd 
an c perlental, Informal approach to Cte social aspects of 
tritvemnrncntton,supplemnented by cartographic -naly-s,erosion, 
runoff and yield es~timaes, and a socially condicioned time 
and labour e Inatc.. We expect that Cho earlter stages of 
diacnosis and design will become more sys.e.n..tIzd with
 
fucure applications or 
the approach and we welcome sugestions 
co chat end. 

i 4 '- . .44- .. 44 
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CASE STUDY EXAMPLE: KATUAMA RESEARCH SITE
 

This study began as 
an extension of the Kathama" Agroforestry
 

Projecta-fip-l teitoof_ the...agrf oresrysystems diagnsi
 
and design (D&D) methodology. LandIscape analysis and design
 
were introduc'ed to extend the D&D procedures to development
 

of productive, adoptable agroforestry (AF) technologies for
 
public, semi-publtc and boundary lands managed by smaWl
groups or individual fIouseholds. The landscape study 
 oc.se..
 
on roadsides, property ILnes, gultlies,.and degraded hillslope
 
grazing lands (Hock, 1983). A systems approach combining
 
aspects of landscape, land use, ecosystems and community
 
(social) analysts related the findings and activities of
 
farm and larger-scale studies.
 

The larger-than-farm D & f iterative cycle
follows the same 

(Figs 5 and 61 as that described by Ratntree (1983) with che
 
added interplay between different scales of analysis (it
 
this case farm, watershed, community). The landscape Systems
 
O & D fur Kathama followed a D6D exercise at 
the farming
 
systems level and two years of on-farm trials, all of which 
provided an usually rich sourc-. of baseline information. The 
details of the MD0 approach (ICRAF, 1983), the research area 
(Vonk, 1983;Gtelen, 1981) and the on-farm trials (Vonk, 1983) 
have been described elsewhere.
 

Land.
 

The Kathama study site ( 
30 km') is In Kathame sub-Location, 

Mbiuni Location, Northern Division of Machakos Diqtrict, 
Kenya (Fig. 7). The Kathamn market place is approximately 
100 km east of Nairobi, within the watershed of the Athl River 
(Fig.8). situated between the Kanzalu Range and the Yatta Plateau
 

I. A JoLnt research project of ICRAF, Narlobi and the
 
Department of Forest Management, Wageningen University from 
1980 to 1983,followed uo (1984) through the Diagnosis'and
Design Project, S'stemq Progra , ICRAF. 
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FIG. 5: 
 D&D AS AN IRATIVE PROCESS IN THE PROJECT CYCLE
 

(Source: Raintree, 1983; ICRAF, 1983)
 

FIG. 6: DIAGNOSIS
1AND DESIGN (DAD) PROCESS
 
(Source: Raintree, 1983 ICRAF, 1983)
 

DtD is an iterative process 
which continues throughot:
the lIfe of 
itproject ns part of ts Internal guidnce
system. Note feedback ltnkges. 
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(F~gs. 9 and 10). The river traverses the site following the
 
edge of the Yacta Plateau (Fig. 9). The climate Is transi
tional from sub-humid to semi-arid, with a mean annnual
 
(bimodal) rainfall of 850 mm (Fig. 11), 
and a mean annual
 
temperature of 211C (range 131 270~C). Rainfall_ 1-is
-

extremey unpreictbl boh ihin year's-a-nd -be".tween years;
 
seasonal ralnfal. can vary between 140 and 730 mmm (vonk, 1983.
 

Slopes are gentle over most of the area 
[ 5%),, however, hw
 
upper slopes of the escarpment exceed 50% and farmers cultivate
 
slopes in excess of 30%. (Figs. 
10 and 12). The lower
 
slopes are densely populated and Intensively cultivated
 
relative to the rept of 
the area, making this land unit important
 
beyond It's proportional share of the total 
study site.
 
Overall the slopes of the Kanzalu range and the slopes 
to the
 
Athi River both warranc extra emphasis because of proximity
 
to permanent water sources (springs and Athi River, respecti
vely). The same is true for the sll 
h( depresilon at the foot
 
of .he Kanzalu range where temporary welLs are made in the dry
 
river beds and permanent shallow (opept) wells can be found on
 
farmlands (Figs 12 aIdN13). (Hoek, 1983).
 

Most of the soils are alfisols (sandy loams over sandy May
 
oans to sandy clay), (Coltinson, 1979) with some ultisols
 
(deep well-drained sandy clay looms) along the upper fonslopes
 
of the Kanzalu Range, and along the Athi River 
 Vonr. 118)0
 
A strip of pellic vertlols runs through the center of the
 
area (Figs. .9 and 13). All of the soils in the area show
 
some signs of erosion or degradation (Fig. 12). Along the
 
upper slopes of the Kanzilu range rockslides and landslips
 
occur, as well as sk'rt erosion. The mid-to..lower slopes
 
show the effects of both gully and sheec erosion, varyfng
 
from moderate to severe, depending on slope and land use
 
history. The undulating uplands are characteri?.ed by slight
 
to moderate sheet and MY 
erosion, while the vertisols in
 
the central depression are both compacted (grazing lands)
 

.:,,
 

http:characteri?.ed
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o K H Awot . w.........
 

FIG. 9: STUOY SITE CATCHMENTS
 

(Hook, 1983)
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KATHAMA 
14 Location 10 12' S mean annual rainfaU 850 m 

37*23'E 0 ae pol.evapot. 196mmEalts 1240 m agr ecological zone LM,/ LM( 

k4AN UAtt WAItdAgNVAU 

.110 
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setONP C, 0j%&.". -

FIG, 11: CLEMATE SUMMARY FOR KA'IIIAH'A 
(Drnhofe, ICRAF) ..
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and eroded (gulliesalong paths). The soils along the slopes 
to the Athi River show the effects of both1continlucs culti-,
 
vation (sheet and il ersion) and overgrazing (compaction,


~~~~~.. ....... ,
... ++ sparse cover) (Hock, 1983).
 

The natural vegeta' ion on the site is desc ribed by Fliervoet
 
(1982) as Acacia-C'6mbretum woodland. The domiinant species are
 
Acacia ,ortiltsCCombretum Zeyherl, Teriunala brownil and
 
Lantana camara. 
Large mature trees are rare, particularly
 

in the case of Acacia tortills which has been felled exten
sively f~or charcoal-making,
 

Wildlife includes hares, small antelope, several species of
 
birds, squirrels and some Itzards and snakes. Termites are
 
widespread, and along with the hare and an:elope, Impose
 
constraints on the species selection and/or management 

practices for agroforestry systems.
 

People.
 

The Akamba people have occupied this region ( achakos aid KituL 
Districts) for several generations. and although the oral 
history varies with respect to the area of oriin there is a 
concensus as to migration from another region(poss b the
 
coast). The group as a whole is In a transition froim pasto
ralism with some agriculture to permanent cultivation with 

some animal production (mixed farming).
 

Within the region occupied by the Akarba, Kathauazpresentsa
 

'
relatively densely poput.ed site with 172 persons, K.'( t able .
2,
 
The access to water along the Kanzalu Range and the Athi Rive'r 
probably accounts for the relative popuation concentration,.
 
Population pressure has already cuse some families to leave,
the area for the more sparsely populated Yatta Plateau. -Others, 
have moved into more marginalrareas within the st'iy site: 
upstope on the range or out onto the valley and Away from the 

water sources. 

ngero on ; .O 


8-j 

http:poput.ed
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>Table 2,: ouaio n Dsrjibution fr 
Disrict, Mbtunt Location~ and the Research area 

0se ch.L 5' 

A-icit IVA, At atiww'M 
___hao c"haikcaio 

Total 	Area, Q 14,245 9980OO 160 144 14
 
KhPuliatio, ParkU 1,019,700 456,XX) 376,000 19,900 241-5
 
dest /Iqn 	 47. 147 69 1 '7
 

Cropl and 
 ' 6 14 10 1 27 

household ha 113 ,90.4 	 1.11 1 
Grativa-


Craztng
lanid/

h~us"hod ha t.,7 9.1 2,4 3.1 .
 

units 	lh.
 
grazinglArmJ AU/b.ha 4 

EItvrptvl frta Vn, 083 

1a) 	Data on Machakos District ecotoRicaL zones 4 & 5$AndMbtunt from
 
Ecosystems Ltd. (1981).
 

b)An eigro c i mAtologtc4l zone (etl ,evd by the rainfa&Il potentt

evdpotansprAtion rato zonet 
 1:PP:1'E 67%.; zone 3- 524 6M 
zone 4: 374 -. 32X; zone S.: 22% .- M7,lb aw"1981 I. 
Data, on Xathama research area 	 from H1.CLelon 4198Z)1. 

3.Ahousehold Is ossumed to he comprilied of six (6) m64rsHokta 
1983), except for the KathamA Arta, w~here It Is 7 porsowrA (Ctelen, M.~8) 

4. 	Most households have 10 goats, up to) cattle; I. aialal unit~ 
5 goats, I Adult cattle; 2 cattle I year,; 10)cattle I I ytars4
i Rukandrnmd,,t al. 1(181) 

Jil 
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* 	 The people at the study site are almost all farmers (partici

pating members of farm households) with rel.biAvely few people 

25) engaged in trades or small businesses. Both men and 

-women~engig6in-cul-civ~acion dwi' formowo-en resp-ons-ibl'e 6sL'

tasks ocie"r than plowing. Most women make sisal baskets and 

rope for cash income and many people (men and women) burn 

bricks or charcoal for home use and sale (Wijngaarden, 1983; 

Kantor, Personal communication). nwever, for most households 

the main source of Income other than farming is remittance 

income from people employed off-farm (usually men, residing in 

cities). Nearly half of the households in the Location (Mbiuni) 

earn incomes below the poverty level ( Kshs. 1,500/- Yr [ 

including farm products (WaliiS and Waning, 1976; Vonk, l95$.). 

The natural rate of increase in Kathama is 4% (Cinneken, 1981) 

but the population growth rate is only 3%, due to the high rate 

of emigratio,,. Those who leave are mostly men from 20 to 

50 years of age seeking employment in Nairobi or large towns. 

Large numbers of men have left during drought years (GCnneken, 

101; Gtelen, 1982; Vonk, 1983). Crop failure due to drought 

is common (at least one season in five) and periodic famines 

are offset by food relief. 

The high rate of natural Increase and the emigration of young 

men has resulted in a high proportion of women-headed households 

with a very high ratio of depetidents to "producers" (children" 

to adults). The women of the area are, therefore, under double 

and often conflicting pressures to produce more crops than before
 

with less adult labor than was previously available. 'The
 

average household size is 7 persons, with a wide variation In
 

avnilble Labor force depending on family composition.
 

While chiLdren do participate In herding, gathering and
 
other tasks, the small ones have limited capabilities and
 
the older children are in school.
 

4 ) i) 



Land use,
 

The relatively advanced position of Kathama in the shft
 
from agro-pastoralism to permanent intensified cultivation
 
of food provides R iwuurfor.crops flrpsq of__e
 

~> Machakos District (Table 2). Over 25% of the area 
is in crop
land and 
more than 50% is devoted to grazing. Of the remainder , " 
most is bush regrowth or woodland (includingRu1y andi ravine
 
vegetation) chat is at 
least occasionally subjected to grazilig
 
and browsing. The woodland serves as a SOUrC'e Of fUIWOOd
 
(usually cuttings, sometimes whole trees)'and wood for' charcoal
 
and brick-burning (whole trees, usually larger hardwoods). 
The
 
denser woodlands are concentrated in inacessible areas or on
 
sites extremely unsuitable for cropping or grazing.* These sites
 
serve a number of households as sources 
of stickwoooJ although
 
most of the land Is privately owned. The same is true 
to a.
 
lesser extent of 
the more open graized woodlands In the valley.
 

The farming system in the 
area i:i fairly uniform; the ratio of
 
cropland to grazing land and the relatlve importance of the two
 
enterprises vary altong 
i-continuum limited 
to mixed farming.
 

y Most farmers raise twc 
crops per year of intercroppod maize,
 
beans, cowpea and pigeon penls, for subsistence. Somae fruitt
 
crops (citrus, mango, banana, papaya, guava) are nlso grown
 
around the home compound or interspersed with annuals on the
 
cropland. Small quantities of fruit, 
as well as sunflower seeds
 
and cotton, are 
sold' as cash crops; mango and papaya are the
 
most wLdespkread as smll-scalecash crops 
 (Vonk, '983i.j.
 

Labour, manure and -iced are the major inputs with very little
 
use ofchemical fertilizer (cost limits kso) or other agro-

c,"cimI calIs. Almost till of the cropland Ls terraced, even
 
In slightly undulating topography. Most farmers use draft
 
animals for plowing, usually just after the onset of the rains. 
The cropping calendar shows peak labor deands at 
 anting'and
 
weeding times (Aprtl/May; Oct.fNov.) and at 
harvests(Dec.-/Jan;
 
June/July). 
 Each household plows and plants concurrently on
 
ChrcalI wd."
 

Charcoal 
Is widely used during the rainy season-and is a
minor but strategically timed source Uo cash at tth enda

of 
the dry season. IL also ZISSUneS more Importance, as a;i"icash crop" when crops faiL. 
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their respeccive plots, but self-help groups (rotating 
labour exchange) often help with weeding, terrace construction
 
and repair, tree crop planting and fencing on farms of group
 
members.
 

Cattle and goats 
are the most important domestic animals in
 
this system (rable 2). Oxen serve as draft animals and also as
 
an investment. Goats are investments and a periodic source
 
of ready cash and provide milk and occasionally meat fir the
 
farm household. Both cattle and goats In
are confined orrals
 
at night; farmers collect the manure and apply It 
to pne
 
bench terrace per season, in rotation (Nijssen, 1983;
 
Vonk, 1983). Management of grazing and browsing varies
 
from tethering to careful herding to almost free range,
 
depending on landholding. Social pressure to control grazing
 
is strongest when grain crop, are vulnerable to attack but
 
"social fences" fade during the dry 
season. Animals are
 
driven long distances to water hoies 
or to the Athi Rt er..
 
Off-farm fodder squris play an important role during this
 
period. Roadside and gully sites provide grass, shrubs and
 
high protein pods to supplement on-farm fodder. Many larger
 
land holders also grant grazing and browsing rights to several
 
other households based on kinship or other social 
tio. or in
 
exchange for cash or services.
 

Land Tenure, Use Rights and Water Rights
 

Most of the land Inthostudy site was-adjudicated over ten
 
years ago, with the exception of the woodlands(kJust across
 
the Atht River on thc Yatta Plateau and a very limited area
 
of government land on the Kanzalu Ridge, 
 However , exclusive
 
use by one household is 
pplied only to crcpland (permanent,
 
terraced), home compounds and small grazing plots. 
 Wood
lands and large holdings of wooded gra2ing land are controlled
 

by single'households but 
are perceived ns conditionally
 
available to the larger community'or to sub-groups thereof.
 

r [os~b-rouptheeof
 



In general all but the Largesc landholders rely to some
 
degree on off-farmt fuel and fodder sources,sometimes only
 
seasonally. Moreover, some smallholders now occupy.
 
property that has been subdivided and reduced to little
 
-more-than the minimum area-requt d f o -. +_... . . .. ... . 
duction of food crops. These households depend almost 
completely on off-farm sources of fuel, fodder, Limber, thorn
fencing and mLnor forest products. Acves to this discrec
ionary common use of private land is unevenly distributed
 
between households and also varies with seasonal and periodic
 
events such as prolonged drought, the latter being an 
emergency and c/)nsidered Just cause 
for granting broader 
priviteges tha' usual. Forms of payment vary as well. Crazing 
rights may be1,ented, exchanged for services (for exampit,
 
plowing) ormay"'be simply granted on the basis of family or
 
social ties. Rentals may apply to Individuals or to groups;
 
one group in Kathama has banded together to rtent a large
 
parcel of supplementary grazing on
land the Yatta Plateau along 
thd river (Wijngaarden, 1983). 

Gathering rights for fuelwood are 
seldom compensated
 
* although some farme~s r'eport .buying felled trees from 

neighbors formcharcoal or fuelwood. 
 Hore commonly the
 
practice , referred to as 
"borrowing" but the indebtedn,s 
 .
 
one Incurs has to do with social status and deference
 
to the donor. The usual understanding is that "borrowers"
 
take dead wood,small stickwood and the least desirable specel.
 
Some gathering without permission also occurs In the denser
 
more 
remote woodlands (Kantor, personal communication). While
 
fodder and fuelwood are almost free goods, fencing materiaL 
timber (building poles) and charcoal 
trees are perceived as
 
commodities to be purchased directly. In some cases eharcoal 
makers may rent access to 
land for tree harvesting and
 
burning (loek,; 1983).
 

Off-farm" In this case refers to areas 
outside their oi
farms, Including pubLic and boundary lands as well as other
 
people's private farm property.
 

-4,
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The same plots now availnble for restricted common use are
 

thl'j main sources of land for conversion to cropland, subject
 

to exclusive use by the owners. Since the demand for food
 

is less elastic than the demand for grazing, cropland
 

parce Is tend to -preserve.. from,one-- ion
hesame size generat 

to the next, while the grazing land dwindles. 

Water rights in the area range from private ownership and
 

exlusive use of open shallow wells on-farm, to free public 

access to hillside springs and flowing rivers, to temporary 

shallow wells in dr-y river 1-d-_ dug 2nd fenced by small ad 
holc 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 

the largest and or most prosperous landholders. The latter 

are concentrated along the base of the Kanzalu RanSe (iig.12) 

where permanent shallow open wells are easy to establish J 

and maintain. These are usually reserved for exclusive use 

by. the owner's household and are considered to be property 

held and controlled by the head-of household. Proximlty to 

the Athi River 1s also advantageous, as is proximity to the 

springs on the upper slopes of the range. Both of these 

are considered public domain witheaseof access influenced 

by location of owned property. 

The complex and ambiguous mix of land tenure, use rights and
 

water rights has strong implications for the development of
 

agroforestry technologies and thv" r Integration Into the
 

larger system. Control of the f'ctors of production for
 

agroforestry systems (land, water, labor, capital, Information)
 

will determIne In large part the distribution of costs and
 

benefits from new technologies. the design of agroforestry
 

systems should take into account the variability In amount
 

and type of resources aval lable to different groups. One
 

approach would be. to include agroforestry options scaled to
 

each level of access; a second Approach would be to creatively
 

integrate complementary resources at a larger-than-farm
 

scale.
 



Government Services and Organization.
 

The-cbief-of _the- locat-Lon .(Mbiunt)} represents-the gove rflnmen 
in the area. He exercises hi; authority through direct
 
contact and decision making and through delegation of authority
 
to the sub-chief (Kathama sub-location) and village headmen
 
(recognized elders with local. government. ties). rhe self 
help (Mwethya) groups at the study site answer directly to the 
sub-chief but are considered to be non-government associations 
registered with government and answerable to local authorities.
 

In Kathama the group members are mostly women (80 - 100t)
 
and the organizations are based on traditional 
labor xchange
 
groups. Leaders may be men or women and span a broad r"nge
 
of income or status. Speaking ability, Integrity and natural
 
leadership quaitis are major criteria, and often one 
leader
 
(of two) will be a large landholder. These mutual aid
 

societies have been actively encouraged and registered
 
(formaLized) since 1981 throughotit Kenya. 
 The groups in Kathama 
range from very traditional older women's agriculturol groups 
to mixed men's and women's public works groups, to wome 's 
crafts and marketing associationls. All of thee aire designaced 
.sself-help groups and in Kathama most of these engage in 
public works (road and gully repair) one morning per week 
during the dry season. Some groups work as often as 3 days
 
per week and a few tire limited almost exlusively to sisali rope
 

* production and sales and to farm-level w~ork.
 

Church groups are a strong focus of community organiation>and 
service. However, the influence of the churches Is often,
 
mediated through the sell-help groups rather than Into 
separate direct-action projects. The churches sometimves
 
channel food aid anti construction materials for self-help
 
projects and the self-help groups often have some r -' "gtctus
 
afIilation in common among mer~oers.
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• • 	 The University of Nairobi operates a weekly medical clinic 
for mothers and young children (infant and mother health 
c 1andfail'y-plaIn Ini.. MoIst-residents travelI to Ka W,,, 
(10 km) 	or Kangundo ( 10 kin) for both routine and emergency
 

health care.
 

The district level grain storage ar ! agricultural supply
 
centers 	are 
not widely used by Kath,na residents. Marketing
 
depends heavily on Individual connections with middlemen ,d
 -


haulers, and on informal networks among producers within
 
Kathama 	sub-location. Market place facilities 
are limited 
to c'nlectlon points for charcoal, a amall area for vroye
tabLe, fruittand grain sales, a maize mLIl and storage
 
building, a hide tannery, a tailor's shop, a few small 
tea
 
shops and two shops wtth a limited selection of household
 

gonds.
 

DIAGNOSIS 	 AND DF.SION 

Farming 	Systems Problems and Potentials.
 

The farm Level D & 0 was cardied out eari),er and as such
 
formed the basis for the later 'expanded D & D for the
 
community and surrounding watershed. The rapid appraisal
 
(diagnosis) of farming system problems and potentials in
 
the area (TabLe 3 ) Identified two key po nts limiting cash 
income and food production. The dry season (odder st 
limits animaul produccion, which is r major source of ready 
cash (especially when food stores are depleted) and functions. 
as a bank for savtngs/invostment (Fig. 14 ). Soil fertility, 
soilLmoisture and soil erosion problems limit production on 
cropland, causing both food and cash shortages (Fig. 15). 

Several 	technologies (A and non-AF) were evaluated for
 
overfll 	feasibility and problem-solving pucentlal. The
 
designs 	chosen for form trials included: alley cropping
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The partijil cauStil diagraM deLctscausce, Or rood problemus
in the mixed farming system of Kathamat, with suggested
techtiological Lntervetitions. (Source: Raitrec-, 191.,), 



37
 

(hedgerow intercropping) with woody perennials In food
 
crop plots (Figs. 15 and 16 enrichment planting and 

~treatment- -f -existing -vegetation- (arnd "stc-) 'tn silC L'O"o --
degraded graz.ing land; establishment of small fodder lots 
on protected cropland, fallow or grazing plots; 
and establishment
 
of livtng fences for fuelwood and/or fodder. The purpose of
 
these trials was to implement the technologies derived from
 
the D & D survey and to follow some on-farm trtals through the
 
full 	cycle of iterative D & D procedures so as to test,
 
refine, and demonstrate the methodology. The specific
 
technologies tested were useful by-products of 
the study,
 
applicable to the 
larger scale D & D study and to the agricul
tural development of the area.
 

Preliminary results from the grazing land species trials by Vc
 
(1983) (Table 4) indicate a need for improved methods
 
of direct-seeding and other low-tmput methods of plant
 
propogation and establishment. Where nursery seedlings were 
successfully established there 
was a need for low-input pest
 
control technologies and/or more rigorous selection of pevt
resistant species. Termites wereamajor problem at these
 
sites. Better protection and/or preventive design against,
 
browsing are also necessary, given the damage sustained in many 
of the trials (Vorki"1983). The alley cropping trials were 
also established with seedlings (after direct seeding failures) 
using Leucaena Ieucocephala (Var. Peru) and Ca-sin sianaea 

" hedgerows superimposed on a plot of intercropped maize(Zen mays)
 
and pigeon pea (Caanascaaj.) (Vonk, 1983). The hedgero,-!j 
have -'Pqn coppiced for two seasons at 30 and 60 cm heights
 
(in respective segments throught the field.) 
 The mulch has not 
yet had a major effect but both stLckawood and mulch have heen 
harvested twice and the hedgerows have exhibited vigorous rowth 
A thIn the dryland context, Some variations on the desi t . 

I. 	 Hedgerows are composed of alternate Leucaena leucocephala

and Cassia stamen plants at 0.5 m in row spacing and 3 m"
 
between -row spacing.
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have 	been suggested by other farmers
i n the area during
 
vtsits t6dtW&e trilis Sev- iIIfarmers wouId pIace
 
single or double rows of 
M.P.T.'s for mulch-and-fue Iowood
 
or mulch-and-fodder on or al'8ng the bench risers of their
 
terraced cropland. Others expressed an Lnterest in blocks of
 
mulch-fuelwood and polewood (small timber) trees. 
 Some
 
farmers with hedgerow trials have also begun to use 
the Leuca
ena. as 
a dry season fodder bank to supplement the maize
 
stover and pigeon pea leaves that farmers 'normally allow
 
cattle and goats to browse/graze in September (Rocheleau,
 
1984), In addition to 
the farm trials, team members
 
observed the performance of indigenous and exotic trees and
 
shrubs under normal conditions, as well as their response to
 
prunning and waCer-harvesting treatments. (Vonk, 1983).
 
Published data and reports from trials at 
similar sites
 
(A.. Cetahun, personal communication) also provided indications
 
foi modification and expansion of AF trials at 
the site
 
(Vonk, 1983; Teel, 
1984). Several promlsing [ndisenous and
 

exotic species were identified for further application to AV
 
designs for Kathama 
(Table 4) within the continuing D 6 D
 
cycle In the farm trials.
 

D & D Larger- than-Farm Scale - Ist Cycle -

The larger-than-farm D & D took the prior studies of 
self
help groups and the 
farm 	level results from cropland and
 
small grazing plots as a point of departure. The p.rpo
 
of this endeavor was two-fold:
 

1. 	 to extend the D: & D procedures to development of

productive adoptable AF technologies for.small group
 
or farmer management of public, semi-public or
boundary Land (Including gullies, degraded hillslope

woodlands and grazing lands, roadsides, and property

Lines);
 

2. 	 to investigate methods of coordinating watershed
 
management objectives with on-farm management of
 
soil and water.resources and use of productive

agroforestry technologies.
 

?IultlpurpoNC trees.
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The environmental field reconnaissance, map Interpretation,
 

aerial photographic interpretation, and landscape analysis
 
study . Identified soil-erosion-and -excessive-.runoff -as-maj
landscape problems (Figs. 
12 and 13; Table 5). The drainage.
 
network emerged as the predominant structural Landscape feature
 
In need of sabilization; It formed the basis for further stra
tification and detailed study at 
the Kathama site. A more det4"iled
 
qualitative analysis including informal Interviews, cartographic
 
analyses and detailed field observation was conducted In two
 

small catchment sub-units (Fig 9 sites 1 and 3). The diagnostic
 
maps for sample sites in catchments I and 3 show the land cover,
 
sources of excessive overland flow, points of runoff concentra-

Lion, and active sites of channel and gully erosion (Figs. 17 nd 18). : ' + ? i:
 

The site along the Athl River (fig. 17) shows a close association
 
of degraded compacted grazing lind (b on map) with active gully
 
erosion. In this case the grazing lantd and cattle pahs to
 
water were the major Immediate causes of gul ) erosion. However,.
 
the same plots had been previously cultivated, exhausted and
 
subjected to severe sheet erosion (loss of topsoil, exposurQ
 
of subsoil over much of the area(b)l. The owner of one of cite
 

larger degraded plots reported that productivity was 'so low he
 
was considering leaving the grazed plot fallow to recover.
 
tie indicated other recovered plots nearby, tho Lim* taken to
 
reestablish vegetation and the variability of results based on 
soil typejcondition. tie wn.s tear, aoweffidl( I-ty erosion
 
since It ,as not well developed enough on his own land to
 
directly threaten farm production or use of major footpaths
 

The hillslope site on the Kanzalu Range (Fg.18)also 
Illustratei$
 
the role of compacted grazed woodland and degraded grazing lands
 
as, sources of excessive runoff and causal agents of gully
 
erosion on croplands andypaths downslope. In this more konsely
 
populated catchment the Jihproperly constructed bench terraces,
 

'rw ' , - -- i ¢r%.: ; + +:L'tr: 
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home compound drainage and paths all serge as points of
 
concentration for runoff, and compound the problems of
 
soil moisture loss upzlope and gully erosion on the mid to
 
Aiower slopes. the drainage network is ad hoc and represnts
 
the cumulative (and often unanticipated) effect of many
 

fseparate decisions and actions by individual landowners upslope
 
on private azid public land and water resources immediately
 
downslo;oe. 
 The drainage network also shows evidence of reactions 
to downstream effects, in the form of spot treatments by
 
individuals on private Lands and by groups on public and
 
boundary land,. Small check-dams in gullies and numerutA cut
off drains attest to the interes. taken by some'residents in
 
some consequences of the d'ksrupted hydrologic cycle in the
 

catchment.
 

In general Interviews about farming practice and land manage
ment, some people revealed a high degree of awareness and
 

comprehension vis-a-vis Increased runoff from overgrazed and 
barren itreas upslope, and new home and terrace construction. 
The addition ofi new draius from these sources was frequently 
cited as a cause and/or aggravation of gully erosion on down
slope farms and public paths. One woman attributed the
 
formation and/or dramatic growth of several nearby gullies 
to
 
the establishment of parallel roads (e.g. drains) running
 
downslope. Land adjudication was followedby a Land survey 
(ca. 1Q72) whitch placed roads between all of 'he landholdings
on the slope, leading to rc-alLgnmenc of home compound atid
 
bench terrace drainage along the new linear network of roAds 
and paths. This same pheromenon has since been observed 
in many other areas of the stop,4 of the Kanzalu Range as a 

major cowitrlbuting cause of gully erosion features. This
 
process had P multiplimr effect whci coupled with the degra
dation of upsLope grazing land and the poor design of terraces
 
and farm drainage on the fragile hillslopes,
 

• -:I,
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Given the results of the flrst cycle of diagnostic surveys.
 
Ole teamo ConcludedI chat:.,
 

1. 
there exists a high potential for direct action on
 
watershed management problems att the Kathama sJe; atnd 

2. agroforestry can address these problems in part
coupled with improved planning of structure thc ';,t
 
choice of techniques and construction.
 

The first point is supported thby fact that people 4re 
aware of the problem, that Individuals and self-help groups
 
are already engaged In remedial work at present, and that 
they acknowledge liff tculties with placement or treatment, choice
of technology and maintenance/stbitlizAtlon of more permanent 
structures;. The team also saw need toa supplement or tipliaze
temporary trutureF with vegetation and to increase the pr(
duct!vity ,f andland labor tit such sites vis-a-vls fodder,
 
fuel timber and/or 
 food production. 

The appllcabilLty of agroforestry technologies waistjpportvd
by the results of farmthe level D & D exercise, both ivilterms 
of fodder, fencing and timber problems on-farm anid In torms of
 
the success of some species and AF designs 
 tested on-rarm. The

watershhed level D A D exercise indicated additional needs fk*r
 
multipurpose trees aside from the soil and water conservlttow 
aspects. Discussions with indtvidualts and women's group about

fuelwood and fodder 
aval lability and management revealed 0141t 
smaliholders rely very-heavlly on off-farm fuelwood and fodder 
sources and many consider fuelwood supply a problem. The 
current role of gully sites as off-farm grazing lands and
fuel wood sources for many households, further stretithens the 
case for maintaining those productive functions at quch sites 
under a sustainable system. 
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Gully reclamatLon,coupled with more intensive management 
and
 
-
 increased fuel/fodder productLon emerged as.apiorry for
 

exploratory trials, given the existing involvement of
 
self-help groups in gully reclamation. Other "leverage
 
points" for application of AF or combined AF/soil and 
water
 
conservati.on technologies included: 
the degraded hillslope
 
grazing lands (sources of excessive runoff and sources of
 
fuelwood and fodder for many houieholds); the roadside-, and
 
boundaries (often points of concentration and channels for
 
runoff); soil conservation structures on croplands (often
 
,unstable and/or unproductive); and home compounds (points of
 
concentration for runoff, convenient for closer managemetn
 
protection of plants).
 

The development of AF designs for these niche3 focused on the
 
Kala.a catchment 
(Fig.9 Site 1) because of the higher activity love
 
of self-help groups, the higher poplatlon density 
 and the
 
diversity of problems aud potential solutions concentrated In
 
one 
site (Fig, 18 ). Trhe landscape design for the stce as
 
a whole emphasized structures 
(Fig. 19) along linear fcatures
 
such as gullies (Fig. 20) and sevoral 
types of planting on
 
areas and on linear features (Fig. 211. 
 Designs for treatment
 
of grazing lands (Figs. 2(0 and 21) 
Included onrichmcnt plant
ing(grasses, shrubs, trees) combined 
with microacchments
 
(Fig. 2 2),'pLttLng (Figs. 23 and 24) 
cut off drains (it.2
 
contour wattLing (Fig. 26) and contour planting In furrows
 
(Fig. 27). 
 Designs for Improved vegetation on existing
 
structures and features ranged from alley cropping (FIg.16) 
or planting on berch risers in cropland (Fig. 28) to planting
 
of more productive tree, 
shrub or grass combtnatlons on
 
boundaries and around home compounds IFig. 29). "Filler"
 
planting along and in gullies was 
also suggested, as wvIl as 
border plantings on roadsides (especially In/around drains),
All of the %turttrAl interventions will of course require slte- itk 
d calctintionv ha~xcJ o,, rainri1 inten~ity. 41opc .%tndrunoff.
 

a')ii~ 

http:conservati.on
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FIC.20: PRODUCTIVE GULLY RECLAMATION DESIGN
 

(Hoek, 1?83)
 

ri
 

__ --

Stage . Stage 2 
Wooden ,heckclams and a bed of Recovery of natural vegetation 
stones, brush, and grasses Is supplomentled by tree, shrub 
are placed in the gully, and grass planting, around, in, 

(I to 2"seasons) and along the gully. 
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FIG: 24: DETAIL 

PITTINC FOR WArR HARVESTING, 
INCREASED PRODUCTION ON SLOPES 

[ 2. .. .0 Depth 0.75m 

Pitting: Plan vitew 1.0 - 4.0 

Pitting:Section of slope

i t Stage t l)
 

, Section of 
_ teslope (2) 

(Hock, 1983) 
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FIG. 25: DETA1L.! CLIT-OFF DRAIN 
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FIG. 28: FANYA JUll TERRACi N4C 

O'c, 19 3
 



57
 

Tree 

'7,h rubs 

Ilse* o"t in t!rn.a I bou %dlivIe. f or oi I
 
con-i erviit I on. wd.cr ha rveit I rig dra I noge
, 

arld product Io. 
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The resulting Integrated landscape design in 
cross section
 
view (Fig. 30) 
shows the fit of these technologies into a pro
ductive sustainable agricultural landscape (Fig. 3).:Th.
 
before-and-after oblique view design sketches 
(Figs. 32 and 33)

show the extrapolation to the larger study stoe along the
 
Kanzalu Range. 
The current condition and the ideal 
Implementation
 
of the design are Juxtaposed to illustrate the scope of
 
potential effects.
 

In order to 
better evaluate the feasibility and prob4-ble
 
effects or 
the proposed design, a.parallel ecological and
 
spatial analysis was conducted to quantify some of the
 
existing conditions and potential changes. 
A representative
 
small watershed(J) was chosen on 
the Kanzalu Range (Fig. 34)
 
nciding the Kalama catchment. 
 Results included areas of
 

different 
land use and land cover categories IFIgs. 35,
 
Table 6,) the total 
length and area of various linear land
scape features 
(Table 7) and the relationship of various land
 
use ant 
land cover types (including linear features) to ruiort,
 
erosion and production problems'and potentials (Table 8)(2),

The analysis also extended to the functional relatlonshLps
 
between various Land uses &nd 
the relation of structure and
 
function in the landscape.
 

In this landscape linear features can play a major role In

production (Table 7) as wel.l 
as in soil and water conservat[on.
 
The most prominent linear features are the drainage and trans.
 
portation networks (Mig. 36). 
 Interpretation of aerial photo

grauphs(3 ) revealed the Importance of property and Internal plot
 

Choice of the small 
research sites and the representative
 
watershed were based on a knowledge of the area, and on
interpretation of aerial photographs. 
 However, methods
could be devised ,
for choosing sets of sample wateesheds
from satellite Imagery, aerial photographs, or maps.
 

(2) Areas and lengths measured, runoff and erosion rates estlami 
 .
(3) Aerial photographs; 1980; 
black and white; 1:20,000; property of Machakos Integrated Development Project, Machakos.
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FIG. 30: INTEGRATED AGROFORESTRY SOLUTIONS NF.STED IN
 
THE LANDSCAPE
 

. Tree, shrub and grass combinations... 

* on the farm ... 

on boundaries, in gullies and along roads
 

Landscape Niche Affected:
 

Gullty and Croplamd Home com- Inernal Croplardt RoaW 
grazing lands pound b ry. 

eroshi controlin rasa arl t res gras for: h dgrow Crf
gllyand grazing fruit trees aroud the erosion systew* trets al"' the 

lnfo:on the hameK and control,* amu planted rond or
Imp~rovemen~t of benches of bcvm. prockictI o r m4s path for:
the drainag the terrace. (cor-at) of fodder between the stwide wd
ccryltion by for: for: crops to:, decoratto-checkdani and -erosion fodder 'r€videci... ro-..
natural vegeta- control production, aid Van of
tion -improvmn ,shade, woddrainmg

" control of of fruit, shelter -control corditt 
grazing and fodder, anda= erosion,
inirovemnent of adgrass decoration dra.iaprvv 

grass, fodder wproduction itip con
and fuel'.vod dition
prodtlton 

(Hoek, 1983) 
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*FIC.31 GENERAL S"~ECIFICATIONS FOR LAND AND WATER DEELOPI1RNT 
BY LAND UNITS
 

X.. Q2 ec accichedj
 
'I % 

- egenAjZneii 

08-6
 

b I, q 
'6 " 


• (Hoek, 1983).i :
 



LEGEND, FIC. 31
 

1. Woodland Kanzalu Range, Upsope::
 

- slow down and divert the runoff
 
-
 direct 	runoff to stable or permanent drains
 

improve the itfiltration capacity of the soil
 

2. 	Gullied Mid and Lower slopes:
 

- Improve thedrainagecondiction (see 1)
 
- stabilise the gullies with soil 
conservation struc

tures and improved vegetation 
 .
 

3. Undulating Uplands:
 

-	 changes upsiope, as mentioned in (1) and (2) will
 
Improve the drainage condition and the channel
 

stability in this zone.
 

4. Depressional Area; 

- optimize the use of this relatively wet area
 
- protect the existing dams against erosion.
 

5. 	Black Cotton SlLs, (vertisols):
 

Improve the management and control grnzing to allow
 

recovery of natural vegetation.
 

- promote growth of useful 
shrubs and trees adapted
 
to this soil.
 

6. Slopes to the Athl River:
 

- improve the drainage condition of the grazing land
 
by closer control of herds
 

- combine soil conservation structures 
with the planting
 
of grass and trees.
 



Fig. 32 

IP I
 

PRESENT SITUATION 



Fig. 2 : Lanoscape Design Sketch
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MASTER PLAN
 



FIG. 34: STUDY AREA FOR DE'lAILED LANDSCAPE ANALYN"I'; 
AND GROUP WORK
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FIG. 35: LAND USE IN [HE WATERSHED 
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Table 6: Land use in the Watershed A,rezdted by Ctegoar 

MoodIej 
Kavnes 

Grdze 
kee, Ian! 

s stu-ia 
Pdsure, 

I C Degraded 
Ora: ingland 

Cropland Public 
Lands 

Total 

ha 5.6 17.3 11.6 52.0 106..ha 
of total 51 16-Y 17i 110 50%A I00% 



-1 7- r~ ncrs rkw 

r.,-. -. " 

aitr P! t. .. * 

Area 5.~ 2 C0 1 0 *.r±Lr 

6 
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Table 8. EstimatedI Ideal Requiremnts 

for Structural T reatments and 

Plants Wit hi n the atershed 

Gully repair witcth .ltd land treatment 

MaJor channeLs 

4 200m 

Minor channels 

3200m 

No. Check Dam 
Structures 2502 2502 

Length of Drains, 
Diversions 4 50m 

Volume of storaged 

in pits or micro-
catch enc. " grazing 
Iland upstcream 

-

450C00n 45,0OO 

0.Am3 

strue're; 

)r4i,: ,tch 

A 

No. tree:s and shrubs 4 25,000 

Napier gra.s (n IttIal. 
bed; for seed, demo. 

3,000 units 
(slip%) 

I. 	Based on rapid appraisal and rough calculations 

2. 	Assume direct treatment of I.,O00m. akt the upst reom 
end, small structures every 4m 

3. 	 Assuming 5c'm railfil1 storage 

4. 	 Assuming grass to be seeded or naturally re-seeded. 
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nsts natnc,tptedscrdsioagsIdrinfaerlolnddnggrazingtnorttee mircbbonswelpontdarand cr dofoddueros a'n.::!:ind
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rad, ath, au rmdaintsna Coss plaem.. i o...t.. gr - L a nd. 
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Compacted,and degraded grazing lands may produce 10 to 20 times
 

the runoff and soi lJoss of the original wodaInd vegetation
 

(Thomas et at.. 1981; Rochel eau, 19S4'; Greenland and Lal, 1977).
 

In this case the steeper slope, shallower natural soil profile
 

and areaL exten~tof the upstope grazing Lands, combined with 
.-- an to make these kinds of plotscurrent landus- ;isoil.conditton 


N*,. 2 and 3 Fip. 35) the major sources of rapid storm runoff on
 

the Kanzal~u Range. In terms of area treatments the upslope
 

grazing lands warrant first priority for structural and
 

vegetation improvements. Based on experimental results from
 

similar environments and land use conditions (Thomas et At. (1981)
 

it is reasonable to expect dramatic short term (1-2 year)
 

decreasesIn runoff and erosion rates under controlled, reduced
 

grazing combined with the proposed treatments. Further
 

reductions can be expected over the Long term. Less is known
 

about the indirect Impact on groundwater levels downstream
 

due to slower seepage from upslope soils.
 

Sheet erosion at degraded sites over the Last ten years was
 
4
ha -1
 

estimated at 130t hayr , slightly less than gully erosion
 

estimates (156t ha -yr a the same site. Gully erosion,
 

however, represents the more active process at this time, and
 

threatens more valuable croplands, home compounds and 

infrastructure downstream. The caseforparallel treatment of 

both Interrelated processes does not requtre detailed quantitative 

measurements for Justification. Detailcd'plannng can proceed 

on the basis of the, availabLe climatological data and the analyses 

of erosion processes. The estlmated number of structures and plAnts,, 

required to fully implement the design Is given ito Table A 

However, the actual placement of treatments and cholce of best 

site will depend on what is feasible in terms of time, material 

and labor allocations. 

While the potential. benefits wero estimated during th first
 

cycle D & D, several questions remained as to feasibiliy, cost
 

and distributonof 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 an't selected households (to complement the continuation of
 

the second cycle on the oritg nal 10 farm trials). 



, 	 h ethe rearch m 
DpDwirerthnFrdeig Se n CyDc 	 alo0
let hecrie 


phvided a pactcal context In whlch 
o testhand evhalae
 

the method, the design and the component technologies for -.
 
application in similar environments in Machakos Districc
(ranges and hillslopes, Zone 4).
 

The 	specific objectives of the pilot project were:
 
1. 
to deveLop AF methods suitable for im lementation, 

monitoring and evaluation of larger-than-farm scale
 
group projects;
 

2. 	build rapport with the groups and assess their organi-..

zatlonal and technical capabilities and potential;
 

modify AF designs/Implementatton plan to fit 
(2)
 

4. 	to 
Integrate proven or promising AF technologies (for
feed, timber, fodder and food production) into
 
existing and planned soil and water conservation 
works on and off farm within the study area (in
coordination with MIDP soil and water conservation
 
efforts);
 

5. 	to assess the time, personnel and materials required 
 ' 
for 	(4), and 
to modify AF designs/ implementat'on

plan accordingly;
 

9: . to IdentIfy both Indlg.,nous and exotIC multI-Purpose

trees for future Inclusion in landscape designs for

soil and water conservation under 
 similar conditions; 

7. 	 to test and/or monitor promising species and A' technologles and 
to promote proven species on private farm landS 
 -" 
through liaison with existing groups.
 

Initial discussions with Mwethya group leaders, 
the chtif, the 
sub-chief and local extension agents showed a willingness to . 
experiment with productive tree-shrub-grass combinations to' 
Supplement soil and water conservation measures, A specific 
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L 	 proposal was presented to one group (-20 membelrs) to stabilize 
a small active gully and to plant fuel, timber and fodder 
species on the pre-selected site. Following a tite visit 
and discussLon-the.group-agreed-to-work--one-mornng-per-week 
with the 1CRAF team and the affected property owners (who had
 
previously agreed to Implement the proposed design (Fig. 31).
 

On the third week the Kathama sub-chief directed several other
 
groups to send 
some members to assist. The original group asked
 
to be relieved of exclusive responsibility for work at tho., site
 
because the affected property owners were non-members and the
 
site was outside the group's mandate area ( a simill watershed
 
selected as a focus for MIDP-Mwethya Groups soil conservation
 
efforts). 
 The ICRAF team agreed to move to the designated area 
after one more session to complete work at the first site. 

After completion of three small check-dims in the gully (Fig. 37)
 
work continued on the initial site in the formof an on-farm
 
trial with the individual farmer most affected by the gully.
 
He offerec4 a small plot of grazing, land (tflOm'; adjacent to 
and threatened by the gully) (or a Iuel-and-fodder-Lot trial. 
The farmer, assisted by the ECRAF team, neighbors and family
 
dug 	60 micor-catchments for planting of grass and trees, antd
 
to promote growth of existing useful trees on the site. 
 The
 
micro-catchments and the Improved vegetation were chosen to
 
increase fodder production as well as to improve Infiltration 
and disperse runoff.
 

Species planted at the site and successfully established after
 
one season included:
 

I. Grazing land plot
 

Gliricidia septum*
 

Leucaena ikeucocephala*
 
Acacia tortills. 


. 

Acacia holosericac*
 

* unproven species to be planted and monitored as experimental

Introductions to this area.
 

# +. ..+ +: : : ++ " : + + + k ++ : :+ r 6+ ; + : :: e :+' + + + : + +++ + : ++ + + + + :t+? ++: : :+ + +# ++ + + ' 
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2. Gully 
Commiphora africana - for structural supports 
Euphorbia LerucaILL 

Croton megalocarpus uel .. 
Eucaiyptus spp - poleh/fuel 
CtIricidia septum* (cuttings) fuel, fodder 
Albizzia amara (cuttings) - fuel, soil stabilization 
Sesbania sesban ,cuttLngs) fodder, soil stabilization 

Na grass fodder, soil stabiltzation 

Local extension agents and Mwethya group leaders arranged for 
work at the new group site to be shared among five groups, 
alternating two groups one week and three the next (approximately
 
30 people present ,at any given work session). The area to
 
be treated was chosen by the lwethya group loaders. [CRAP
 
trainees and local extension personnel then chose the specific
 
site and planned the soil and water conservation stuctures.
 
The ICRAF team and the five groups worked one morning a week
 
through-most of the dry season (August to mid-November) to 
construct the required structures and to prepare the area for 
planting (Fig. 38). 

At this site three small check dams and two cut-off drains
 
were constructed. Fifty micro-catchments were also made
 
both for tree and .ra4s for existing trees. Severe
planting and 


soil degradation made construction difficult under dry season
 
conditions. Conditions for plant esLablishment were also quite
 
harsh. Species planted tit the site Included.*
 

.. Crazing land plot (micro catchments) 

Acacia holosericae*
 

Azadirachta indtca*
 

Cassia siamea
 

Melia azidirach*
 

Napier grass
 

+' 	 unproven species to be planted and monitored as experimental i .tr.d.tion 
to thia area. 
other species used for live checkdams In India have been %usetc IPOee..iCornea VlteX negando, Arundo donax, Agave aericani and A-sixa e ,nA11 
. Chinnamani, personal communication, 28g6-1984). 
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2. Gullies and Drains
 
same as for gully at first site, plus Acacia atbida
 

Throughout the group work sessions both formal and 
informal
 
discussions were held to determine which end-uses and which
 

. -:----species were-of-most interest- to-partcipants,-bh: Jor--
group work sites and for their own farms. Members also tried. 
some new techniques of land preparation (such as microcacchmentc
 
construction) and compared them with existing practices. The
 
extension and research personnel emphasized the utility of
 
micro-catchments and small gully control structures as niches
 

for useful trees, shrubs and grasses on farms and boundary lands.
 
Time and labour estimates for group work are provided in Table 9.
 

During the course of these discussions the participants asked 
for seedlings to tr~out on their own farms. The ICRAF' team 
provided seedlings and cuttings to the participants 

I. as an Incentive for cotitinued participation;
 

2. as an experiment In connecting community and farm
 

scale trials; and 
3. as an opportunity to observe variable species survival
 

and farmer assessment of species on a large number of
 

farms, informally.
 

Given that these groups are composed mainly of women ( 85%) 
this also provided a vehicle for initiating future farm 
trials of species or technologies of particular interest 
to women (e.g. fuelwood trees, sources of supplemental food
 
and cash, fodder for milk animals).
 

For the on-farm participants, weekly contact through the Hvethya 
groups has been supplemented with home visits by local field 

~The plants for the first two seasons (for both group sites 
and farms) were provided on the basis of ad hoc.(and r 
generous) assLstance by several nationaL Institutions. 
Seedlings ano cuttings were provided by the Ministry of Energy
and Agriculture nurseries at Kitui and Mutwapa. Grasses were 
provided by Katumani Dryland Research Station. 
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Table 9 Time-and-Labour Estimates for 

Self-Help Groups Working in 
Watershed Rehabilitationi 

Task 	 No. Time2 
>' 

Small checkdam 2 	 1 session
 
Cut-off drain (narrow) 40m 1-2 session(s)
 

Pitting 40 1-2 session(s)
 

Itha 254 sessions
 

Microcatchinents 60 1-2 session(s)
 
Fencing site 40tmor 200 trees 1-2 session(s)
 

Planting HoLes 400 1 session
 
rree-planting 500 	 1 session
 

Raltstic Goal for Planning One Year's Work,'i sites at.
 
,
or n,ar origin of gutly, each with "package" of creacments.:
 

5 small check dams w'ith necessary .".
 

drains, diversions; 5OOn2 treated
 

microcatchments or pits with trees
 
and shrub planting and approprtnte
 
fencing or tree protection.r
 

.. 1. 	Based on 2 groups operating In this arealwith 20 working 
members each at every session, 32 sossions perN year 

of public consrnrvntion work, each session spanning 
one morning, with 2 full hours physical tabour per ,< 

person.
 

2. Varies with dryness or wetness of sotL, condition of sIto. 
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Sassistants and by informal, training activities Prior to
 

planting time group members were asked co prepare adequate 

: holes or mtcro-catchments Ln their home compounds or cropland 

~LIn orde r-to~ 7urantee 'some minimaI prot ction -of the- seedItngs 

and to ensure greater visibility of the plants and observation
 

of their progress by family members. No other airections were
 

given as to use or placement.
 

ALL participants were visited at least once prior c planting 

and most had prepared some holes or mtcrocatchments before 

the on-set of the rains in early November. The planrs were 

distributed In Late November as part of the planting activities 
at the group work site.
 

Each of the regular members of the five participating groups
 

(about 120 people) received a collection of thirteen plants.
 

The species Included:
 

Citrus spp (rough lemon: I budded 2 plain 

Anacardium occidentalts (I) 

Psidium guava I) 

Cassia slamea (2) 

Carica Maaya (1) 

Leucaena leucocephtla (2) 

Acacia holosericae () 

Acacia albida '(I) 

Azadirachta indLca , (I) 

Mella azidirach (I) 

-

All of the abovehal shown some promtse In existing productot 


systems or Ln previous form trials in the area. In addition
 

to the above selected species, some farmers agreed to plant rooted
 

cuttings of CliricidLa seplum, Aibizla amara and/or Scsbanta sestan 

One group leader and three local nsistants were trairedhy
 
ICRAF on-the-job trainees in budding (from collection
 
of cuttings in Katham to huddtng,Irocedures n KItul). The
 
resulting budded citrus were prov.ed (one each) to the 120 group
 
members', and the trainLng session will be' ropeated In Kathama
 
with group members during the coming seasons.
 

(2) with Washington nav'el orange. m::::7.." ' . K *... ; .* A 



~o
tes C,ease of esrabishing and suzrvtval tinder Carm condit~ions.~. 
Allhreeare,potentil:componenits of fuelwood/fodder produtA~q 

~ teholgisfor imalt,.formsI~n__athamia. 

Fllowinglthe 'onset o~hoebrrts (983),,nd :dirtb
 
< of the41lat,groupiactivities focussed,,on wee 
 buaiiii~t
on 

tasksr oni members' fam ,tFnria''rcie o cropping, 
seasons. During this period thta'ean'and 

.ciits 
 Algroup work- sitesare, monitored quarterly' 
for plant survival: and .performance. The adequ.acy 'of.thciZ'soi I 
conservation structures f r l ab heto F tcn'gle is 
also being assessed (chrough.qualitative observatoe 4' ''is 

stabilit'y so0111moisture and soil accunulaiaon1.Team members,'"
also sollcited the observations,and optni'ons of group memberC ad--
.Vproperty owners about pl~ant perform nce anid so cnevto... 
treatments-. Quarterly photographic records are, Mai ntali4 f.or 4
both group sites and for selected fuims.
 

Local assistants returned to the farms of 60 group membors1 _(chosen. 2r
'at random from the total of 120) to' ideont Lf eah ,76 :6i ,t 


observe aMid record the chice ofpatn y~es eapl aeat
 
'practice, and the cond~tto of the ptanits. Itriw with 
 I 

these ,members focussed'ncoe of sie, recin ln
 
performiance, questions about,matntenance,.,'and, spec~ilatiton as to
 
more extensive planting in the future (location',end-use, specieos).
 

- At 30 of these farms ( random:~ su~b-sample )Indtvidu'pfl~I n't-,'
 
growth is measured quarterly lnAddition" to> rpeated 
 Isrvt~ 

; and interviews. yil surviva r'ors'anYear-end visits wi ~ 

farmers reactions/sUgest!bns .'from 'th age*apI .goup%*t6c"
 
Results thus~far indicate:60 tol 80% survival depend 
 ~ 'I'on 

51species and pIantIng s1ie, ith browsing a~nd -tczmit's, aim~
 
problems. : 
 -I 'I71 .#1 

Several tentative concltislons And new reerhpirte

ej~ I Ir t' eia.1 Imr 
1emred from thefrst vat in 'Teoealapoc, 

S to cr1 t~caL. review.I 'The conc Iusions ar asjoiou- : 

http:imalt,.fo


The general approach re a 

local parttcttpaiton an n rat on f , Pjou!zUunity 

* ~. 	 dects~onr~4nto eh-andscape-s ign o wtrs-ipi.g 

merit plan) at' an, earlier stage of qeveCl'mnt. oCA 7 

wrkdesionl should dependon, thIe i:6it cs I r rIt 
orexisting work'sites,.of the participantswI h#6 atIon 

a 	 " ssary to accommodate techniyal criterl 

2.I iew~4of the vasfr discrepancy between ideal an real e $Tg '.
 
(Tab. 8& 9) the group work, should be'-designed for 'rnaxinmum--1 

physical, dimonstration1 ~, traini g'effect4 4 1his, 6anibe'sjs. 
accomplished by concentrating the worka'tthe headlof a~few-' 
gulliesi and b~y successful' (dramatic) improvemen',.otfwatoer 

h arveV. i ng and fodder production onrfarmlands',upsilope,1 0 
* the treated gully.' The Criigh~l~m ooiaead 

practices collectively or i vidualjow thelr"own farms
 

AIn h emetodsused must be: idoptable. now under'f armu?~"' 
condit~lors arid f m 'e'erIace. Mroersa r 

training and *extension-need to be Integrated through6 ut,*,- ? W 
the series of;.project ac tivit es. ParticipantIneed som 

iniia training'(howveir informal) Inorderlto carry out''1' 
inital . - >..... 	 -',''4;.-.'on-'their role In the research 'process, andthrainerresearch 

managers'can leaarn much 'from- the "traine4es"- during the. cralringT 
4
 

'.' ~ sessiors,,about potential c"onstraints of the,-tocnologiosI ~~~

themselves arda'about likelydirectiohsfor f ture'exens i 

programs., , Manyof ,the questions an'sigs~nsro h et 

hel grus-h'vben s4talw I rqtt frtraining. 

It i's knowledge , nmb tlvation,- hch' limits. th e.Iand , ~ 
mangeen of~ tre .shrubs- to Il loca~l -nesTadtioal,n 

abundant ando 6 6.' 	 - A' 

'4y
'establishment anid Intensive management werenot-nece 
Most peop1e Irecognize "th'aco have changed many 

are keenly awareof the ne 

~f')-------manaement. and 4cr6op productt'1;'Wlese rar 

; Farmer, sug~estiona eerhadtaiigIcuelvnu'-'1. for fute 
pest control~ Ahmed et..ONu nue'spl i or 
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component ts generally appropriate Co such a projec, it 
particularly Important for people in transition from extensive 

_to-more Lntens tve,- forms -of-Land use- (and tre use)-;-------

3. The issues of tree cenure,land use and water use rights
 
need to be dealt, with within the design of AF Inerventions.
 

\<There seems to be scope for indiidual group members to
 
request groups to prepare land 
or plant live fence; tolder
 

SiLots, fodder trees/shruboi on cropland and other AF
 
* interven;tions. 
 However; there isalso the possibility of
 
extending tree harvesting rights to group mm'bers, sall
 
informal groups or individu 'is who repair and plant gullies
 
or degraded grazing land. 'rho 
 former has greater potential
 
since the gullied areas are not 
subject to conversion to
 
cropland and represent loss risk and short-tern opportunity
 
cost to the land-owner. Based on experience to da' 
at}ethe
 
first gully site the Inclusion of quick yielding fodder
 
plants such 
as Napier grass in Stilly reclam.ion provides 
a tangible Incentive for the owner and/or users to reinforce 
the structures and protect the site as a high quality dry
 
season fodder reserve. Small farmers donislope might well
 
work out a'~uutually beneficial arrangement with largeholders

upsLope to reclaim gully sections Li exchange f r'grass ii
 
or tree harvesting (coppIcLng).i.ghts., The problem
 
originates in largeholder grazing lands but it is the
 
smallholder who would be 
 enticed by small Increments in
 
available fodder "to perform the necessary land, reparation
 
and planting work. Thssavenue is berng exphured,.ort gr p .
work or farm trials over the next dry season.~ 

4. 	Boundary planting on property 'and internal boundarioes has 
been one of the most popular options for the on-farm use 
of seedlings by group members. 3This Ci the niche most often.
 
mentioned for timbter. and fuolwood tros~ and bench terraceI
 
risers could provide an internal boundary.'niche for fodder.
 
Although it has received Little attention within the corntext
 
of the group AF/soil conservation trialsboundary planting
 

I 



warrants' grea ter emphasis, for future group work. In view 6 f 

its obvious merit for private farm production ano demiarcation.
 
_hsmyb~readil y~ncorpo rated, into indtvidual,-.arm rotations. 

of group labour, 'rather than competing for: the limited time 

allocated to public works/soil conservation,- The'relative4 
benefits to-,poor smallholders avid young-women with smiall,, 
families (or wlidows) are especially high (labour savings).,, 

5. 	 The criteria for choice of representative study areas and...
sitee require further elaboration., Lands'cape, geometry 
(size and shape and sub-division of, plots-and netw~orks) 
coupled with land cover and land use can provide a basis for'' 
classification of landscapes from aerial photographs and1/or 
satellite imagery. This would be especially important for 
development or research projects where watershed plans, 
and landscape desi'gns would then apply to a large, 
recommendation domain. It is an, important step~in the 
methodology to transcend the uniquene s.of theI andscape 
study site and to apply the analysis /design to a cate~ AX 
of landscape (Young, 1984). 

All of 'the above provide points of departure for~ tho nex C 
year's research which: willu focus on the crominattwv~of researchVL 

extension/training and on the extrapolation of results A14,V 
experionce from the project into a more standard Ii'tutioiAl, 
framework within Hachakos District. 1 . ~ 71 

1.To be reported in A second ivork ng paper on the &6odal. tralnln# ,' 
extcs,s on and plianninj asp.ts, of, the oplco.*
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