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As part of its programme of workc ICWA ham established a Collaborative
 
and Special Projects Programme 
 (COSPRO) to strengthen the capability of
 
Tis tnational to develop agrotorestr- systems In order to.institutionsC 


avd#spectrum-of-agrotcologica.-an.
ar socioecoo conditio7COSPROsis orjanized ne the basis of geographical regions, on theassumption that regional land management systemts share broadly similar 
cultural conditions. Within each of these regions, thee or four major
ecological zone are sepected, to build a geographical/ecological
ramework in which potential research sites are 
to tieloated. Sub-
Saharan Africa isone of such 4cographical regions.
 

This third case in the ICRAF Series on Case Studies inAgroforextry
Diagnosis and Design is the result of such Collaborative activities
between scientists from ICRAF and the Kenya Agricultural Research
Institute, the'National Dryland Farmting Station at Katumani, and theNachakos Integrated"Development Frograume. 
 The joint exercise led to the,
formulation of a*research project, which isnow being implemented by theKenyan Institutions with the technical back-stepping of ICRAY and the 
sponsorship of IDRC.
 

The aim of the research project is to develop improved system ofagrotorestry land management which are appropriate to the oAxedfarmingsystems characteristic of Kenya's semiarid zone, ioth parcticular
attention to the farming situation In Machakos district.
 

The case study Is the result of an application of TCRAx' DiAgnostic
Design methodology (D&D) by a multidisciplinary 
and
 

team 6f scientists fromthe participating' n,titutions. The purpose of the initial 'riApidappraisal'DD 
exercise was to diagnose existing and fture landmanagement constraints And agro.orestry potentials, design appropriate
agr.forestry systems and formulate plans 
for research to develop the ,
candidatearoforestry -technologies through a combination of on-farm and
field asition research. As 
the project progressaes, the iterative DO
,proctas is repeated in modified form to take stock of project experie.e,
refine the diagnosis and the desi&n, and introduce appropr:atomodifications into the research plan in order -to optimize the productivity,sustainability And adoptability of the oxperimental technologies. - J 

In due course, prototype agrotorestry technologies And land managevent.ystems arising from this process will be evaluated for extension A.d
adaptive research throughout a wider recommendation domain in Kenya and in similar farming situations in other parts of the world. 
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l.' THE pSEMIARI D LANDS 0?"KENYA 

Rapid population growth in'Kenya (approx. 38-4.0 percent per annum),
limited arable landiand a shortate of employment opportunities In the 
Industrial CNI service seetors have led to a substan~tiail g~rovth in the i','7 

" num. er of, small-holders farming and ranching on Kenya's marg nAl.l.n.
 
This trend is expe;,tfed to continue into the twCnty- irt 'centu.
 
Whl-icim4dsit'''etadepotto of these lans; proviWe1

basis for the liv~elihoed& of small-scale' farmers, the rtsulti-~x-- mixed,

The soil6'j:especially those on the -teeper slopes,'dre subjtz to
 
serious erosion. M~uch of the>ratige land has been overgrazed and th~e grond
 
cover in someareas is badly degraded ,' Also, reinfall in the aiemi-arld
 

one is low (60 'to 800mhm on average) and subject to consider a-YariabCJti" 
These tactors, combined with traditional uethods of farming and 
ranching, have led to a low standard of living for many of' the rural" 
popilaceIn these areas. "During'times of rainfall deficiency the')Government of Kenya has had '%o divert scarce Treasury fu famie 

relief for those most seriouslyi affectcd. Moreover, the restltIng
 
depletionlf the natural' resources (forestry incdd'do.s.n.t augur

well for future generationi iho are expected to-live onth'ese marglnal
 
lands.
 

A pro-investment inventory study of the marginal/sesi-arld lands in Kenya 
was conducted during 1,977 and 1978 by the Consortium of ntrnatlon ar
 
Development, the U.S. Soil. Coneryation Service (U.S.D.A.) and staff of
 
the Hinistries of Agriculture, Water DeVelopment And Natural Resourtces
 
The principal theme running throughout thit study is that major .
 
Investments In soil conservation works, farm production technology and
 
infrastructure are needed to reverse the rapid decline In the quality of
 
life and the condition of the physical envIronment IA the selmirid lands. 

Several Institutions are now geared to fulfil this goal. The Katuman . 
Research Station incollaboration with a team ot' r.A.0. experts and
 
KARin collaboration with U.S.A.I.Doexperts are presently engaged in
 
researching appropriate agriulturalisystems for the xemi-ard ,areas

while the European Development )'und'sponsors an integrated development

programme in )achakos District (M.I.D.P.) .. So far, most reaearch is .
 
focused on purely agricultural and/or livestock systems, Although the,

potential role of troes, expecl:llyin solving the imminent energy

shortage, has been clearly recoinksed by each of those institutioni.
 

It isin this context that the formulation nf An agroforestry research - -: 

project is an important and appropriate contribution to the overall ' 
development of the semi-arid iands.' 'The research plan discussed In thiscase study, report proposes the refine'ment of. results Of station spC Ion 	 
and provenance studiesoio far accumulated at Kibveal, Hola, Ramog. and

) 	elsewhere :through application to the farming situation, At Kakuyuni,
[-ehotos District, Kenya. 
2. HEODOLOGY () , 

The identification of appropriate agrororestry systems And resec~i needs

for the target area was based on an application of ICRAF1s diano, i'and

design methodology (DAD), whichr'is described In greater detail In Lundgren

and Raintree (1983)Land ICRAF (1983i, 1983b). A summary of the

methodological steps taken in the preparation of this case study is
 
rresented below.
 

I  
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step-'wasThe first to select a specific?tudy 'rea" o by on,analysis of.... i ....baa.line data anid atwoindshieldl reconnaissancsurvey of the area coupled, ith prelininarY intezviews with qualified 0inffrmants'-(articulate farmers, 11ei'Oferclls, reseacers, etc.) in
the area The output of this step-was a basiccntrdctdltuecio"a
undertanding/decriptio 
of: thtrarea and its predoxini .land use.I.. a ,.. 
Thes condut a brief farm classification sur.ey te
 

P Identify one or two farming system types on
would Ahih sbsequeatresearchfocus a~id'jo 'choose' a sample of, re~eettilefrs 

Subsequent to the slectin o i-.tcMy 4of representative farmwas conducted,folowed by a diagnostic.analysjtof problems, Constraints and potentials for agroforestry interventionsto improve the performance of thexoslected farming system(s)., 
This led to the bormuUtion of design proposal. for agrotostry systemsand technologies and, subsequently, to the Id .atificatioo revearch7'needed 'to generate and test the candidate technologies AM systeas, 
3. BIOPHfYSICAL AND soc!oCQOc CHARACTISTICS OF M TAROET AREA 

4- . ... . 3.1 Location of the target area4 
)r Pre

The Kakuyun''catchment?: and ". to ~ seleonarea of theislocated in Machak4slihc W District on the Tatta 'Plateau. It falls whthin agroclimatic sone 5 (Sombrook et~at., .1982),whichacorn rises about one million hectares (i.e. 69%.! the district's
lan
ara ,andsupports 465,000 persons (1979 cen-sus), I.e. 4.% of thedistrict's population. 
 Kakuyuai isconsidered t* be reprosent~tive ofthe more densely populated 'areas of zone 5, w"here faruers are mere dependenton agriculture than grazing (see Figure 1).
,::'ded nu 

3.2 TerrainandSoils ~ '' 

The catchmient area is About 1,20~ meters above sea leVel And the terrain isgently to moderately sloping.
 

Soils in the catchment area are described as well drained, shallow, to44deep dark red, friable claylin many places-rocky (nito rhodlc ferrailsolsand nito chromsic cambisols, including lithic and bouldery~phases).
some depressions a poorly, drained, In jvery dark groy13h-brow.;: to black,very firm, slightlycalcercou3, cracking c1ay Can be found,places with A saline and sddic.,deeper subsoil 
In ma&ny

(pellic Ve'rt1301S,,'$rtl'ysaline - sodic phase, with eutric or rertic gloysols) (Sombraeketol., 1982). 
The ferralsol-cambisol soil association, Including lithic pbases, suffersfrom lowInherent fertility the~orgxaiconce matter content to lowered, atsit-quickly is by arable cropping, and also has a low capacity to retainadded nutrients (although ZhIa is still worth doin&N. Maintaining orraising the organic matter content Is particularly important. 
The dark vertisols found in'
poorly drained depressions ire vet'T difficult
to cultivate because Clays are heavy, sticky and stiff ~taen vet and hard
when dry. 
 The poor drninage Also Causes problems for mostthan rice'. "' 

crops other 
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S3.3Climate 

The main climatic paraet-rs or the 	 atei 	 target area,rmaps and formulas bpublished by 1oodhead (1968),and the i(enya
 
-"Meteorological Department,are presented oarcimatei diagra (Fig. 2) ).
 

It can be seen 	 that optimal water riquiremen (E on aera are
 
ee -while- t -1I" riimll i -if 
 wate rplao -16ruianeeds (0.4 Eo) is exceeded by prcpttoni pi, oe M 

December only." y c ai i ,v
 

These already unsavondable clmatic onditonsare further aggravatd
by the variation in rainfa,<rom one season and one year to the 'e
(see Table 1). 	 ,t

le tnh.Seasonal rainfall probability for the projectfite UlJtold, 109). 

Percent probability of receiving more thaz: . 

10e mm 15is 2W wop 2a0ie 300 M 
~ % March-May 

(Mean 1i9S'ii) 75% 54% 38% 2.3% 15% 

October-November 
(Mean 305 mm) 96% 901A 74% 58% 39% 
The projected onset and Cessation of the rains in the projetv 	area arv,
as follows: 

'hise Cessation Duration
 
"Long rains" 12-16 March 1-5 May 	 dy
"Short rains" 18-22 October 22-26 December days 

This 3hows that the names "long rains" and "b yrt
rains" ard somewhat
 
misleading in the survey Area, as 
the rany period Octobe.r-Des.be i
longer than the seASOn March-May. urthermor the rainfall quantity is
 
higher and the probability of receiving a certain amount. tends to be
 
greater therefore one can conclude 
 that the tainy season lctober-Dece er
 
poses less risk to cropping activtiea.
 

3.4 Woody vegetation 

The dominAnt tree/shrub vegetation In the Area Is comprised matly ofCombi'.tw' motl*, Acacia abujaeini%2, 84aim a ws Aoand 
Thereinalia broweto. While these species are main lyfound on the rcd
 
clay l, Acacia dlepanoebi is cormon on th bla6k clay 30s .
ny 


'3.5 Service Infrastructure 7 

Marketing or agriculturl pro6uce, hmainly beans, takes placeaIscazan 
thtiough maiddlemen (shopkeepers), who in turn seli to the lAtional
 
Cereal and Produce Bloard 
as well to privaite traders free, elsewhere.

Thtre isone market day trach week in nearby Kitangi'market.V42though

there is some form of price control, the farm jAte prie received by'

the farmer Is often lower. The Xenya rarmers' Association se1Els
Agricultural InputA, such An Ae"s, cherni-als. Artificial fertiliz:ers
and livestock feed in its store |in 4achi.kox town (40 kI). Verylittle
is availablelocally, although the KichAknsIntegrated Develoreent
 
Prcgrae Is making an effort to imp~ove this situation.
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The govezieent provides ag cultre AM livestock
 
mostlY at 'helocation level, wherea farmer mayj,,go to .setk advice,

Credit oSmal1 subsistence farmers ishardly available...
 

-3.6' Population and tlnd9use 2 I 

The majority of the population in Machakos District. are Mcaab people'
who, have gradually shifted their emphasis from cattle grazing to
arable cropping over the past fifty years. . 

Because Of th rather unavourabltuclimatic condition in oneS , peopi le
 
moy.edinto theseareaa only fairly recently maixly because of a
population increase"In the higher potential zones. The Kakuyuali catcihment
 
area is no exception to this pattern si,~e farnerA started settling

in :nly~ as late as the 1950's. Until now no 
 land has been official1l adjudicated .to invididual ftraers'in the area, although adjudication

has been completed In some other parts of Nachakos District.,''
 

Population density in Kinyatta Location, of which the Kakuyun1 catehafstt
 
area is a part, is 65 p..rsons/k. 2 (1979 census). Thi confirms the
S fact that the catchment Is reprcientative of the more 'dcnsily populated

areas of agroclimatic zone 5, whero. the overall popclation density is
 
47/62,
 

According to a recent aerial survey (Ecosysteps Lt., 1481), land" uin

Kinyatta location is as follows: 9,975 hectares are classified As

cropland, '965 hectares as fallow, 5,065 hectares an 4nftrastructural

overhead, while the rcmn$ng 29,604 hectares can hta"ed foragtling.

Most of the area which is suitable for grazing is-=;nn±~~6d bushland
in whic~h the farmers invest very, little labour. -The fact that so much of the area is still in this condition does su~est that,.&Iven the
 
present method of agriculture, labour is,& constraining factor. 

1y.:: :
' + ? ::: 
 :'4 :+ . :: : : +:::> ::+ . . r - 4 ':
; : ', ... . :+
The livestock population, accordingto the same source, vas est-imated 

at 12,326 heads of cattle and 8,207 shoats. B8ased on heri opsto

data from the area, a stocking rate of about;04 AU. hctare- ,of.

grazing land was computed. This appears to be well Above the stocking

rates recomended by Rossiter and Ndegwa,(1974), .e..0.16 A.u.
 
The main crops grown by the farmers kre maize, covpeas, beans and pigeoa
peas. The most common trees/shrubs and their uses arb uhovn In Table 2. 
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3.-h r am shown thfrom 3r t 17 ' , n doblIowinll histogram. 

N~umbe r 

Al far par of e d forrsn opokan- [q.t. r : i: tI
 
as lvestock (cattlt- aad soato). The dstribution ofthe ivestock
Population over farms is presented In the roloowine h soneem o, 

: the ir 
-


7 Number ofI 
Fncreaes- 3. !ar caNltr tOn in"0,15+53x :|uvn Inarbyhan WLocalron;: r:0.[ ~ h-- '4 - 1~ -41 ~i. doc - I 

Fi ie) ioretion oiFiguar 3.l= ear dr 14iijchent h earrNf: 
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Figure 4. Livestock ditribution on far i iLn :k.UsYni C. t hpoei.: 

A regression anaryit ori4e farm sie data indicAte that t; crop a4cl-crgoincreases with rarin sizo i ACcording to a Sul-Vey in no-IrbyNW41,A oaio 
MIachakos District, this c3 tcaus6d byhthe (Act thtt ot (arirs vAnt toreserve part of their land 
 or grazing (Rukandema. 1931).
Y - 0O15 i53X (r .' 0.91, n -43) in whlich y Acreage'of cropland (in hectAres)
 
x - fare size On hectares), r ,correlation coefficient.n - numer of
observations. .,
 

bIt is doubtful, however, that thin straight line would continue once 
 tho crop
acreage has reatched a certain Size, Since it is exptocted that labour AnWfor

draught 
 animal power would become constraining rtctori.
 
Although on averiago the larger farm.%were 
 founit to keop illghtly morlivestock units thnthe smallevr arm.s, no clear' relaton,could..be

round between famgrazing area 4nd numbtr or.:livestock units. >This
expl~tined by factmay be the that most sMaller frarmM ret.additionalgrazinig land during the latter part of dry seiothe Pwtin Alus-- ov) 

'The grating Area or the ftirm is not only a -sourcce of f(ood ror the 4iniffu~s.but it in alsio the farmer's main *Sourive of ruciwoo4, pole., 4nd tiltber-, 
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Most farmers rely entirely on family labour to produce their crops 

and to tend 'their lietok The average farm family consists of two.
adults and a varying number oft hildren who assist on apart-tine bass. 

The farm's capital resources are limited'to land, liveitock, buildings
and ox-plough(s). 

.... ' ; .l e n ie ., .'.. . . .... . . .. ..o i
4. DIAGNOSIS OF 'FAAKIK SYSTM 
4.1 Present resource uti-laation patterns and proble. 

4.. 'Cropping activities
 
*The cropland is cultivated on a permanent basi 'and is usually panteJi


twice a year, following tho bLmodal rainfall pittern, with a mixture
 
of maize, beans, cowpea. and pigeon peas.
 

Land preparation takes place at the onset of the rains and most faraer* 
use oxen. Farmyard manure is applied to part of the cropland usually
prior to the start of the short rains (October-Noyember) Due 'to lack 
of appropriate means of.,transport, bost of the:manure is applied on the 
cropland nearest the cattle coral (bona). The soil nutrient status 'and 
organic matter content of the remaining cropland Isa,therefore, rather low. 

The moat common planting practice Involves a simultaneous ploui.ng/pAntin 
operation. One person follows behind the plough and puts the seds in
the furrow and each plough line covers the seeds of the prvvious furrow 
with soil. Intercropping, in-row as vel. as in alternating rows, Isthe rule.
 

Owing to the rather short duration of the rainy seaSons, planting tint . 
is critical and ploughing has to be completed as early as possible.
The larger farmers, who like to cultivate as much .rea as possible to 
raise cash, arc usually faced with a labour and draught animal constraint. -
A rev maybe able to hire some additional lahour, 'but mostrely on. , .' 
family labour. oreoyer, at field prepAratioe/plantlng time, when : i, . 
fodder resources for the animals are at their lovost, vork pterformance.
of the oxen is rather poor. The smaller farmers have'similar problem
with their oxen and some also seem to have labour problems because. 
they hire themselves out to larger farmers to earn some etra cash for 
housphold expenses. 

The labour constraint I's further compounded by the fact that the firit 
weeding has to take place one to two weeks after planting. In practice, 
planting and weeding often take 'place simulteneously. 

Rukaundema (1981), calculated monthly labour requirements for an average
farm in Nvwla, i.e. 7,47 hectaresvith 1.95 hectares cropped twice a 
year. The following labour profile is based on these data (rig. 5). 

Because of the Labour constraints at planting&time, weeding ; is often ':
 

not done 'properly, resuilting in moisture stress for the agricultural'
 
crops 'as Well as an increase in the weed population. 1he latter Is
 
particularly evident on 'the larger farms, where couch grass (DE inri 
soainrlum) has infested piarts of the croplAnd. fv nt ally farmers 

r 

abandon such areas and open ne cropland 'within' the grazing land to 
compensate'fkr the lost land. However, the couch grass Isnot suepprtsed
during'grating and the land is therefore pvrnanentily lotfor cropping 
if no measures are taken to remoye It. 
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Figure 5, Labour profile of crpig oiitokW ,~A~ far"
in Hwala Location, KAchakos District. Sourcet Rkandao" (1981). 

In sp';te af the widespread concern overinsect and other pest problevs,the overvhelming majority or rarmers do not 
take any measures to

protect their crops. Insect damage is therefore quite high for maize ,
pigeon peas and cowpoas. Nome of the early sown mai:c Is often eaten 
by squirrels. 

Ilarvesting Is a laour-lntensive hand opcratkon for all crop,. Tran it r
of produce from field to home is nornmilly done by hcad~tshoulder ILad aribi 
sometimes with ox-cArt or Wite I-barrow,' After harvest, most farmers.
allow their livestock to browsc crop rex1ldues In the field, especially

pigeon pea leaves. Some crop residues, mostly maiie stover, are

collected and used as supplementary feed in the borae, ospecially -&t the

end of the dry season whon the quality of the grazing I.% lmot nil.

The removal of such crop residues IN considrred beneficial from a field

sanitation point of vicw :it itiso leads 
 to a further reduction in the
organic matter content of the soil, 
 Wind erosion occurs during the
 
months of August, September 
 and October, when most fields Are h~rvested
 
and bare, at the same time strong rinds are comon.
 

Crop produce is stored in ximple %torage structvr, ranging in quality
from gras%-thatched to more sophisticated tin roofted ntructures.
 
After drying, maize I, usually stored on the cob while the other crops
are mostly threshed after drying and 
 then put into gourds. Ashes 4r
used frquntly to combat insect problems during the *storagi perir. 

Due to limited land resource-t and swom of ttr outlined production,,conf,,i tants, the smaI ler farmers are usuail i unable to provide qufficient.
food for the family. 

All %mall farmers- interviewced reported foodI ShttAA0s durinr the perlodSeptem.ber to February because or insufl int cropland AereAges copbined
with uisually poor harve.sts from the long rains crop Otrch. April). On 
average KShs. 100-500 month-l was reportedly Spent to pur ,:.
additional food for the faaily during that. period (see food profile,
Figure 6,). 
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requirements ant sell, partp o" th surplus prodiuce Lo raise cash.
 

good shortages do occur,: however, :in years wth poor r~infll. 1 :' r
1 
" 

Cattle ure of small K;ast. Afvlc tt Zobu type which are used to provide

dra ught power (bul'locks only) and milk and are soltd 
to meet big ca 0:.expepses. Sheep and goats are mainly kept for U10 :r some fri r3 A13o0conskme Anj hoac consuapt.iongoat mnk.prtqio~nts tean slparea o ng bhadrl s rodec ord. ah

Due to, th pooru vrgertt6 cover io the rttng |ld :and over-sgckin.
on mlt farms, there Ubuatly
n 
 , a reed shortage,towArdsthe end or
 
the dry season. Some fa rmers, usua lly the. sm~ller: one*,, rent addition!t :.grazing land at.I(Sbq-. 500-700 : .for a peri o QF to 3 mooths. :These ,expenses are met. by sellitng anim |s. Because of'overstocking&, siglnificant:.,i ., 

Over the pst yeAr3, smaller a ,mar s have ,eenh deline in their idne ' 
land area becau e itwas given ovrto fooid prdu:tionl most likely

because o an Increased dand 
for oodby grownrg feaniles and Attlescope for off-farm employment. . . -

. 

The labour rrqli~temont.s for herdJing the catl Ar quite........ .ce
catt hae htto e prevented from enterinAgei r ng the crop arn, (ivdl ilzeror no fenin ui
very scarce In the dry seAion, drinking water rfoth vedtk b cwsthe faradNmers ave t her ter nis to the
 
Athl River (appro utteKly 7 km) every otherd of y. . T
2 t 3m.h. .. 

Tck-bornshaco dsesa e.b, likengaist Coast fever. oovrstofor a emlytt.-
heart.w-tegs And-.l, ooff ~~ioyt, fr *!tfrwo.3otl . 

Na irobi Shec) JJtes,eporton of as. well -1i pneumoni., c.occidoliit And anthe Yatta tareau (Neunhuerg:d 41, 1983). At V*" ;/":. , 

Whlk labour s useid fos crop n ove tofd rivotiesn, it is k1eoyo ecolect ruelwood, to keep bees, to engage in 'ood carvin to pard, ke
 

fromuthe raing land the tncement e-,bkit rannual e qte stinc 
veretation Is very low ie 1-2 m3 hectare -1aKR% U . Snce p.. 



of this amnIa Increment is used 'for fencing purposes, the actua~l
 
'u~Odff-take be lower.
may even 

Consumption of fuelwood is estimated at between 1 to 2 m3 capita- nd
 
although it is doubtful that consumption is a linear function of
family stie, it is not difficult to see,that most farm the can only meto 

:their requirements by consuming the standing volume and/or-Oborroving'
from friends and neighbours. The small farmers in prticular, spend
 
a considerable amount of time (labour) collectig uelwood~ from

neighbouring places. This shortage of fuelwood on the 
 sma2lfarms''ay be

J'urther. compounded .ecause.of .the- anticipated -epanion -of .the-crp

areas. This may lead,. inturn, to an increasing amount of labour bing

spent on this activity If no appropriate measures are taken.
 

4.1.3 Cash constraints
 

Because of the 
uneven inflow of cash, farmers usually experience serious

cash shortages during the growing periods of the crops. At the S .,

time the total amunt of cash is usually insufficient to meet'the farmer's
 
basic needs, let alone improve his production resources (for example
 
fencing).
 

While relatively little cash is spent on the purchase of agricultural

inputs (aside from the rental of additional grating land by the smller
 
farms), considerable amouilto-of cash 
are spent on additional food 
(especially on the smaller farms), clothing, children's school fees
 
and maintenance and/or improvement of buildings. In this respect, It
 
is orth mentioning that dwellings are often damaged by strong winds
 
during August-September.
 

Owing to the rapidly dvitdling tree resources on the farm in the area,

farmerb who engage in charcoal making or wood carving have to purchase
 
trees, thus increasing the cash outflow.
 

4.1.4 
 Summary of present problems and constraints
 

The relationship between the identified problems in both the smaller and
 
the larger farms are presented in causal diagrams (rigs. 7 M 8).
 

Both farming systems sufrer from a vetry low level of productivity in crop 
as well as the livestock activities. The causes for these low production
levels are basically the same for both farm types except, perhaps, that

the shortage of labour contributes more to the low level of productivity
 
on 
the larger farms than on the smaller fars, while the lack of l nd
 
resources at the present moment is only affecting the product on 
of the V
smaller farms. 

4.2 Fg!tg 

The present conversion of gra.ing areas-into croplaM on the smAller 
farm Is expected to erode even further the production base for livestock,
firewood, timber and poles. 'Because of the apparent preference for, 
crop activities, it is very likely that the grazing areas on the smal l
farm will gradually disappear, forc-ing the farmers to abandon livextok 
altogether or reducC their number and adopt a new feeding strategy (cut
and carry), since herding tends to become too labour-iniensive per

livestock unit 
when the herd sle decreases.
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Such a reduction in livestock numbers may hrve4various effects on the 
farming sy~tems as can be seen in the causali diagram. 

Effects on the crop production system: 
loss of manure
 
loss of draught pover
 

.	 .. ffects on the food system;
 

loss of part of the food supply (livestock products) 

Effects on the cash system:
 
* 
 loss of part of the cash income and/or loss of saving function 

The scope for conversion of grazting land Into crop l4M seessto be 
'. 	 limited on the largejfares due to a lack of labour vandraught animal 

power. It seems, therefore, realistic to assme that the large farms 
in the medium term wil still have grazing areas am vell as be engaged
in livestock activities. 

These trends as well as the other Identified factors affectinga the 
sustainability and productivity of the production systems will v to 
be addressed when designing appropriate igroforestry research. 

5. APPROPIATE TECJANOLOES 

5.1 Design specifications 

The following set or specifications for dsign of appropriate, tochnoogical
interventions are derived from the diagnosii of farming systemproblems 
and potentials. The specifications are expressed in 'terms of fiPIti~me 

papoflcotne (i.e. the general type of improvewnt an the spsicfic 
constraints to be addressed by the intervention) and relevant l mo,. 
reeouroe restrictions (i.e.the limits within which the design must b .
 
conceived in order to fit the system).
 

5.1.1 Functional design specifications
 

Improv'e produtivity of the. crop prcoiuotio sysvtem 
1) Maintain or improve soil organic matter 
ii) Improve soil nutrient status 
iii) Reduce erosion and water run off 
iv) Remove labour bottlenecks at field preparation and 
v) Improve post and diaease management 

impro've productivity of the liveetook prodmotiom #Wagon 
I) Improve quantity and quali~ty of fodder 
1i) Improve seasonal distribution of fodder 
iii) Improve drinking water avAilability 
iv) Reduce labour requirements of feeding 
v) Improve veterinary service
 

Improviw cash b&,emo,of the farm 

i) Decrease (future) cash outflow 
- reduce need to buy food
 
- reduce need to buy building materials
 

veeding tim.e - 

- reduce need to buy raw materials for on-farm cottage s -ndustre 
- reduce need to buy agricultural inputs 

- -,. -
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i)Increase cash inflow
 
-lIprove productivity of crop and livestock production

-Improve raw materials supply fr on-farm cottage industries
 

iii) Improve seasonal 'distribution of cash
 

.2 Farm resource. restrictions. 

Large fa"s 
T) =Ample land resources
 
U) Insufficient labour resources
 
III) Low level of', capital
 

OW 11.famess
 
,I) Insufficient land resources
 

-no grazing areas on some farms
 
ii) Insufficient labour reaourcei
 

- part'time engaged In off-farm activities
 
III) Low level of. capital
 

-no draught animal power on some farms 

5.2 Non-agroforestry alternatives 

Improving the service Infrastructure as vell as creating off-fxre employment
opportunities were not explicitly mentioned In the design specificAtions

but there should not' be any doubt that these areas notd attention in
order to raise the general standard of living of the farmers. 

Some of the previously mentioned design specifications are also difficultto achieve by means of agrofuorestry, e.g. Improve crop post' anddisese manageuent, reduce storage losses, improve drinking water 
availability for livestock, improve veterinary services.
 

The Kenyan institutions responsible for project Implementationare, in act,
already pursuing some of these objectives with nonagroforstry technologis,

e.g. improve storage facility structures, construct dam to collect
 
and store water, etc.
 

Alu the other design specifications may be accomplished with agroforeatry

as well as non-agrofores try technology, Insome cases these may be
mutually exclusive while others may complement achother.
 

Itisdifficult, howveor,,tosay at this stae whether the agoforestry-
alternatives arr suprior to the non-agroforestr alternative, The
resultsof the non-agrofores try experimentfdeveloparents at present-+bingconducatedby the mplementing Institutions should thertfor, beI 

carefuliy compared with the results 'of the agroforestry exrperiments.Some of the non-agroforestry experiments/demonstr ations usei ofArtificial fertilizersand crop rotation to ipro /rstortsoil
fertility,soil Conservation works, etc. 

53 eAgroforestry Technologieseh 

5.3.1 Hedgerows with or without an upper storey of fuelwood or fruit troo 

in the nropland ('Alley aropping')
 

The main purpose of the hedgerova would be to improve the prod c:vity
of the crop production system which, in turn, would reiuce the cash outLov 
V.>; : + : ' 

I 
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from the smaller farms while the cash inflow of the larger farmerv would 
be increased. 

Lopping the hedges, 15 cm above ground, would take place twice a year two 
to three weeks before land peparation and tbrachesbplanting. d 
spread in the alleys in between the hedges Mnd the woody omponats woMldbe removed Just before ploughing and to be used as fuelwood (in a similar 
way as the traditional pigeon pea items). The remaining, alreadydecomposing -leaves-and -smaltlig ou ti ofl/
 

Such a system aims at improving the moil nutrient status, maintainng
moil organic matter, controlling erosion (by reduced runoff) and

making better use of land, labour and draft animal resourr,&s.
 

An ex ante economic analys s of such a land use system was conducted
(Hoekstra, 1983) on the following assumptions: 

I) between-row spacing is 2 meters
 
ii) rowwidth 1 meter
 
iii) production starts after about 
 IS months (after transplantlng)

iv) total dry matter production w.1 year-, it 0.9 kg.

v) 60% of the dry matter is leafy mulch and 40% woody stems

vi) organic N in the leafy material in 3.75 percent
vii) a mixture of malze and beans is growv 
 in thd alleys (tradit.ionar
 

cropping pattern)

viii) A kg of organic N results In 13.5 kg of additional maise, while the


bean production remains the 
sme (yield per unit area doubles) 

The analysis indicated that the addition of nutrients to the maise and

beans In the alley as well as the fuelwood output would result In 
abetter use of the land, labour and draught animal resources as compared to
the traditional maize bean mixturet 

Hedgerows Trd tional
 
N.PV.* hectare'I year - 1 

1,286 631 
N.P.V.* man- aay-
 1.2I 8.6
N.P.V.* draught power unit 
 1,459 435 
* at 12% 

The potential addition of organic matter by the leafy mulch and the roots
of both themaiae/ esna mixture and the hadgerow is estimated at 1,630
kg hectare year which is computed as follows: 

above gOund bicmos, production of 2 orope of Incise and beans 
ocokpbring 0.5 hectare isabout 6,400 kg year- (hoin'eet 'index
0.4). white the above ground bjo seof Cho retininv 0.5. hectarvof h odgoroe i. 4,500, kg 7U percentage of rots isT. 
eat , ud at 2s% of the above gmoud bio as prodution u~ile the
conversion factor of root drifmattr Or"ganic +fl is stusutedat 0.4i i.e. added organio mattel0r 2,00 kg h " ar1"- hear1.f 
anma q itV of eafy mu 1A added to the " L 1,a700 rad
the oonversiont fact os of Leafy utch to dry matter.to organic
matter ine ontimtod at 0.1.i2 . added orgwtic matter' S40 kg heoccrC-*
bivar.1 



I 
The loss In organic matter due to cropping depends on the organic mattercountent of, he siu IAssuming a 1% soil organic 'matter co.ntefit (common
for soils In semi-arid regionb under Tatural conditions) the loss it 
estimated at 1,500 kg hectare-1 year- , while, if the soil organic'patt'er content has ialready wtlenIlowered,'beva se of cultivation, to ' 

about 	0.5%, the o s would be 750 kg heetarehryar-l;. 

Thadd tion of r annuaaltotooria~bgeed antho derie. "'
f 

asumwptions: top~soil;depth 0.2%, 'apeoify gtatysoil 

----- )- an --a-coed oent -o 

fuue(k 0) of 01,06. 

may, therefore, beirncluded that the hjodgerow system will preventa

fuuedecline in the 'organic matter status of the soil& however, ItIs
 

unokly that it would be able to 
raise 	it significantly In the short
 
run.
 

The following tree/shrub
species were Identified for the hedgerows;
 
Leucaena leucocophala, Combratun. sp., Eryfthrina op.,* Cassia siamea 

The addition of a top storey of fueltood treesas meant to decrease presentand future labour requtirements to collect fuolvood or to prevent A future

cash outflow. The trees would be coppiced on a regular basis. The

following tree species were identified for this purposet 

Azad'ircwhta indioa, Jacaranda mieoifola. Ccaoia sa~ac 
2 on of a
The additi top storey or fruit trees aims at increasing' the
 

farm's cash ifl.ow as 
well as to improve the seasonal distribution of
 
cash.
 

The following tree species were idontified for this purpose;
 
Carica papaya (paaLa*W, Zisyiphus miiana (Bartrae) 

5.3.2 RehAbilitation of useful tree species in the grazing land
 

The purpose of managing existing woody vegetation in the grasig land
 
Is to improve the quantity and quality of fodder and woodruel (firewood

and charcoal) produced on this part of the fam. Ustfutaltrqes aro :
 
present in most grazing areas but their productivity is liated by

browsing pressure on the 
snwller trees and poor infiltration or r.in wAter.
 

Improved management practices would inclodet 
 :
 
1) construction of individual acrocatchomnts for each tree to be
 

treated
 

ii) 	 protection of small trees against browsing..by l estockby 

appro rlite fencing practices (e,g. cut thorn bushes around
 
trees 


2 

111) 
 thinning And/or prunning of tree shoots and branches a propping

up to encourage vertic.l-growth beyond browsing height (for.
 
eventual management by lopping or, 
in the case of pod-producing
 
trees, simply letting the pods drop to the ground) 
.	 2 

The local tret species identified for this treatment are:
 
Acaoc totiZ'is, &4lantea aegyptiaoa, Comiphaora aftricana, and 

Terminalia browni 

*'
 

*2 ,,2.,..... 2' '12 .2. ' 2 '.''r 
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5.3.3 Fodder/browse trees in the grating'land 

The purpose of these trees would be to improv the quantity, quality and

the seasonal distribution of fodder on the farm. This,' Jn turn, will
increase the farmer's cash Income.4 

This System is more appropriate for the larger than for the smaller f~m,.__
sincet -the -lat ter~imy-ol have'veiryismall gri-ifng- areas lf (ee 4for small farm design). 

Establishment of the trees will be a major problem because of the esting
free grazing system. 
Trees will therefore require protection in the,

Initial years. Making use of the existing thormy bush vegeta ion May

be considered, i.e., heaping dead 
 thorn bushes taround the seedlings, or
 
planting the seedlings within the area covered by thornbush . 

o.d-producing trees With a fairly light canopy to allow grass or shrub
 
growth underneath should be given priority.
 

The following sprcies were identifiedi
 
Protfopis pallida, Aoaai~a a~bda., Vvyphus op. , Botanic#* aegyptiamw
 

5.3.4 Cut and carry fodder systems in the grazing land or farm boundarleA
with or vithot an upper storey of fueliwood, timber, poles and/or
craftvood trees 

The purpose of such system is also to improve quantity and quality as VVll asesasonal distribution of fodder, especially on 
the smaller farms.
 
Such a system will also contribute to lowering the labour Inputs required 
. 
per A.U. as compared to the existing practice of herding a smail nwpbr of
 
animals.-I
 

Tree species identified for this purpose are: 

Prosopis pallida. Leucauna loucocaphata, Acdiiaa eatigna, Stylosarthe. scomb? 
The addition of an upper storey if fuelwood trees 
serves a similar purpose
 
as in the hedgerov system explained earlier (see 5.31).-

The addition of an upper storey of timber/pole trees and/or craftwoo tr43saims at reducing (future) canh expenditures for building mterials and 
on-farm cottage industries. 

The following species wereidentified !or these purposes: 

Craftwood: ERmhyLeana hutchirtei, Dalo~brg4 ,seLan"on
Timber/poles: T..r.a ta bromii, Casuarina tqueat ifot/O, Agopt(siAG 

Living fences around the grating land with or vithoutan upper 
storey of fuelvood trees 

The purpose of this fence Is to reduce the labour input requirements ef
the free grazing system on the larger farms as well as to reduce the ,
need for cash expenditures on fencing materials. ,
 

Two species were Identified for this purpose: 
Parkinsoniaaculeata, C f.ramphora a-fa can 

The addition of an upper storey of fue:lvod trees serves a similar purpose 
as inthe hedgerow systems (see 5.3.1).
 

5.3.5 
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5.3.6 Windbreak around the home compound 

1he purpose of this system is,in the first instance, to protect the
 
b sinside thehome compound from damage by wind and so reduce the
need''for cash expenditure.. The use of fruit trees'or this Ipurpose would
 

help to increase the fare's cash Inflow as 
well as the seasonal 
distibution of the inflow. 

. . .... foifr this purp 7proposed . 
A hedgerow withs me of the proviouslyidenhfied species may be added a an:.,' 
understorcy.
 

5.3-71 Fruit trees In the home compound 

These trees would provide the-necessary shade and improve the infliowrCash 
as well as its seasonal distribution.
 
tMangifera indioa is proposed for this purpose. 

6. RESEARCH PROGRAMME 

6.1 On-farm versus on-station research
 

Five factors were considered to determine whether research an these
candidate techneioglea should be Carried out on farm and/or on stat ion.
 
Readines of propoied technology: 

The principles of living tences and boundary planting are more or leos
known in the area, however tree planting in the grazing land to. provido
animal fodder, the hedgerow system in the cropland ard, the windbreak
around the homestead are relatively unkno-is to the farmers, though 
soot
are knoin 
In other parts or Kenya. The proposed tree Species And MAAgemt

practices are not well known nor 
tested in the ara, perhaps vith the

exception of th'" 
mango tree's proposed for the windbreak and the hose 

FarmpO extnd.o officers attic~uf tcwarde ont fam trials: 

M.I.D.P. in its program in the Kakuyuni CAtchont Atarted introdhcing somin trees. Farmers appear to be very ieen to plant trees, often even without 
knowing their useful purposes, with the Possible exception Of tree
 
planting in the cropland itself. 

Riekinese of the proposed teohnology: 
The positive effects as well as the feasibility of establishing a hedicrv
system in the cropland are atill.relatlvely uncertain, whilaat the *AMe
time the introduction of these hedgerowv may result in a reduction of th 
 .arable land and therefore in the- production of basic food crops. The risksimposed by the other candidate.,technologies are considerably lower sinco . . .the opportunity Cost of the land used (production forgo,,,) is low. Crishould be taken, however, with regard to the'introductin of trees In the
grazing areas which may have the potential of becoaing a weed (Proopi. ,
Leu.aena?). 

Need for the cand4iato avroforestry technolog to be id to dif...... 
environmiental conditions: 
Because the recommendation domain for the proposed candidaite agroorestrytechnologies is limited to part of agroclimat'.z zoneS, s..e of the
differences in rainfall conditions have been 'iliainated, reducing the needto test the technologies at many differentrSites. However soll conditionsin this zone d.ffer considerably, r quiring:the testing of the 'ienologies: 
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on'different sites. The soil types found in the project area-offer this
 
opportunity.
 

*Need for th~e candudta teoThnologyj to be exposed to real fardling system
 
conditions:
 

. ,Due to the absence of free grazing oditionsion the Research'Station,
establishment trials (0speCiAlly protective measures) in the. gratsing

area-and Jiving-fence~.trials -have, to '-bc,conducted-oh, farm; Simi lary~p-77
windbreak trials have to suit the specific farme ondirions am are 
therefore beat conducted on far . Furthermore, farmer evaluatioaof .all the 
technologies is essential. . 

A summary or 
the weighing of these 5 factors for the candidate agroforestry ; 

technologies in the study area is presented below. 

Table 3. Weighting of on farm/on station research i.ctor . 

Need for Nee4 for
Technology Readiness Attitude Riskiness env. Exposure fars 
ex
 

3.1 L L H M H 
3.2 .-N -H M H 
3.3 1.-N It L. M 
3.4 M H H

3.5 H H L 1-, H
 
3.6 M H L "'. L-K 

L -Low M Medium H * High 
Based on a simultaneous weighing of these factors it is recomoended to <1 
conduct simultaneous on farm/on station research for the following technologvilw

5.3.3. - 5.3.5 s~quential on station/ontrarm researoh for . 3.1 and o i
farm research only for 5.3.2, 5.3.6 and '5.3.7 (see also section 6.a) 

6.2 Research required on candidate agroforestry technologies
 

6.2.1 Hedgerows in the cropland
 
purpo.e: see 5.3.1
 
Variable factors 

a) species
 
b) establishment mothods
 
c) spacing In and between rows-
 . 
d) cutting height and froquency 
e) rate of application of mulch
 
f) time of application
 
Parameters to be.imonitored 
a) labour inputs for establishment, maintenance and harvesting

b) survival rates and growth
 
0) yield of mulch
 
d) resistance to termites
 
0) rate of decomposition
 
f) nutrient content of mulch
 
g) soil nutrient status and moisture balance
 
h) erosion
 
i) weed development (including labour requirements)
 
k) crop yields
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The addition of an upptr storey will add the foll'awig variable factors: 
a) species I 
b) in-row spacing 
0 harvesting frequtcy ano method 

As a result, the fol'loving additional parameters have to be measured; 
a) labour inputs, establishzaent,umaintenance and harvesting . 

b)_ yield ritr s)-''
c) yield'adjacent i4rops
 

Tyjpe of research 

On-a.tation 
Species selection +eliuination, survival/vigor, phonology) establishment 
methods and manage!aent prectices required in the first years of this land 

use system. Suitai6lity of species will not only depend on growth
 
performance in general but also on the suitability of the leafy componcnts
 
to improve soil nutrient status, water holding capacity and O.H.
 
status of the soil. To analyse these aspects a sorias of Independent
 
mulching trials -v1l be carried out, using different treeoleves. Such
 
experiments will 3've to be complemented by soil and leaf analyfis. This 
on-station research will continue over the entire life of the project. 

On-farm 

Testing of some olfthe best 3pecies and establish nt methods developed . 
on station in the previous year of the project (researcher uanaged +inpmts
and evaluation jointly by farmers and researchers). A 

6.2.2 Rehabilitation of useful trees in the grating'land
 

P[rpoe: see 5.3.2 

Variable factors 
a) species
 
b) protection oethods (block vs. individual trees)
 

Parameters to be mnitored
 

a) existing vegetation (for block approach)
 
b) labourinput, for fencing, treatment of trees, construction of micro

growth (tree height and ground cover; latter only for blok approach)
d) farmers' reaction 
 , . 

Tyjpe of research 

Onfarm 
Effects of microcatchments, growth form managementad 
on woodfuel and fodder production (researcher managed, inputs and evAluation 
jointly by farmers and researchers). 

6.2.3 Fodder/browse trees in the grazing land 

Purpodi.e see 5.3.3 
Variable factors 
A) species
b) spacing 
c) estAblishmtnt methodsI, .... ...>. . . . . . . .!: 



Parameters to be monitored 
a) labour inputs for establishment, maintenance (harvested4 by anim.Lls

b) survival 
 rates and growth (termite resistance)
 
c) fodder yield
 
d) seasonality fodder production

e) palatability of fodder.. 
 . 

.*"-.

f) nutritive value of.fodder
 
g) additional products (fuelvood and nectare production)

h)-yvcgdtation growth underneath'the troes
 

Type of esearch
 
On-station
 

Species selection and establlshwent trials including nutrient analysis

and palatability analysis. The screening trials and analysis will 
take
 
place during the entire project life.
 

Species selection trials and establishment trials aimultaneous with n

station research during the entire life of the project. ?HanA&gmnt

trials of the 'best bet' species and establishment methods 
 In the last
 
two years of the project (researcher managed, inputs,supplied jointly

by farmer and research.'r).
 

6.2.4 Cut and carry fodder systems
 

Purpose: see 5.3.4
 

Variable faotorie 
a) species
 
b) establtsh-ent' othods
 
C) spacing
 

d) 'harvest management
 
Parameters to be monitored 

a) labour inputs for establishment, maintenance and harvesting

b) survival and growth (termite resistance)
 
c) yield of differet products
d) quality fodder, timber, poles or cruft'eod 
e) nectar production 

Type of Ea.F 

On-aation, On-farmn as in6.2.3.
 
6.2.5 Living fences around the grazing land
 

Purpose: sea 5.3.5 

Variable faacors 
a) species 
b) establishment methods 
c) in-r'ow spacing 
d) tri'ml:ing frequency 

/,A
 



a) labour inputs estabishocnt, maintenance
 
b) survival rates and grovt (termite resistance)
 
c) additional products (including nctare .producton)
 

Type of research e). . 

Species selection and establishment trials . 

On-farm 

Species selection and establishment trials simultaneously with the
 
on-station research. Both~research activities will last for the entire
 
project life (researcher managed, Inputs and evaluation jointly by

farmers and researcher4).
 
The addition of an upper storeyay be treated In the same way as the
 

hedgerows in the cropland.
 

6.2.6 Windbreak around, the home compound
 

Pur 'v . see 5,3.6 

Variabla factors 
a), variety/cultivArs or .ngo
 
b) in row spacing
 
c) tree 'Management
 

Parameters to be monitored.. 
a) labour inputs for establishment, maintenance
 
b) survivaltrates and growth (termite resistance) .
 
c) wind speeds
 
d) additional products (including nectare production)
 

Type of research 

On-farm only 

Selection of var-loty, Inroy spacing (rescarcher managed, Inputs and 
evaluation jointly by farmeors and researchers). 

6.2.7 Fruit trees In the home ceompotind 

Purpooe: see 5,3.7 

Variable factors 

a) Variety/cultivar
 

Paramotera to be monitor'ed 
a) labour inputs for establishment and maintenance
 
b) survival rate and growth (ternite resistance)
 
c) additional products (including nectare production)
 

Type of research 

On-farm only 
Selection of variety (researcher managed, inputs and evaluation jointly 
by farmers and researchers).
 



6 3 Initial 41p'erimental designs 

The folloving experimental layouts have been designed for on
 
experimentation on the hedgerow/mulch farming systes (6.2.1). 
'Cther
 
experimental designs are being created as the project progressep.
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