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Abstract

This study was undertaken in the drylands of southeastern Kenya to identify and rank important indigenous plant
feed materials for cattle. Through the use of a skuctured questionnaire administered at the household level, farmers
were asked to identifu and rank the plant feed rnaterials. The households were selected tluough systematic sampling
along road transects in three agroecological zones namely LM4, tM5 and IL5. Samples of edible plant parts of top
ranked feed materials were collected and nutritir:nal analysis done at University of Nairobi, Departrnent of animal
production nutrition laboratory" Farmers' pref,erence, nutritional value rankings and climate variability were used to
give the final ranking of the feed plant materials.

The top ranked grass species werc Cynodon plectostachys ard Eragrostis superba. Other grass species included
Cenchrus ciliaris and Panicum maximum. Anrong the browse species, Combretum exalatum and Duosperma
kilimandscharicum were the top ranked specics. Ilowever, Acacia tortilis, Melia volkensii and Combretum
apiculatum were also valuable browse plant species in the study area. The most important crop residues were from
maize, pigeon peas and cow peas. However, rnair-e stover may not be reliable especially with increasing aridity and
hence more drought resistant cereal crops such as sorghurn and millets should be promoted.
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lntroduction

Climate change is affecting drylands ecosystems with observed increase in woody plants species
(Morgan et al 2007 , IPCC 2007 , Galvin et al 2004). This has a negative effect on cattle
production that relies heavily on grass species. The growing seasons are expected to become
shorter (Galvin et al2004, Gimenez 2006) increasing difficulties in crop production hence more
households will opt for livestock production (Thornton et al 2007). However, some climate
change predictions suggest wetter seasons and longer growing seasons in northem Tanzarua and
southern Kenya (Thornton et a|2002). Efforts to reduce these constraints and improve cattle
nutrition in the drylands have led to the introduction of feed plant species from higher potential
areas but their survival and production in these drylands has been observed to be poor. Feeding
cattle especially during the dry seasons and drought periods still remains the major challenge in
drylands. Though cattle arelargely grazers, trees and shrubs forage play an important role during
the dry seasons and drought periods when the quality and quantity of biomass from herbaceous
vegetation is low (Kamalak et al2004). However, within the drylands, there exists a rich
biodiversity of highly productive, nutritious and adapted plant species that can support improved
cattle production all year long.

With increasing human population, changes in land tenure and land use, and decreasing
agricultural productivity (Little et al200l, Galvin et al2004), clearing of more land for crop
production and settlements are on the rise. This leads to many of the indigenous plant feed
species being cut down and lost from the drylands ecosystems (Teklu eat al2011). The main
reason for this continued degradation of indigenous plant species is the low importance placed on
them by the agro-pastoralists. Additionally, lack of information on their nutritive value compared
to exotic feed species introduced to the drylands worsens the problem (Osuga et al2008,
Aregawi et al 2008). To rescue some of the indigenous plant feed species, efforts must be made
to add value to them by generating and disseminating information on their usefulness as

livestock feed. This study was an effort to identify and generate information on some of the most
preferred plant species in the southeastern Kenya drylands.

Materials and methods

This study was carried out in Kibwezi district in the drylands of southeastern Kenya. Kibwezi
District lies between the latitudes 206' S and 30 S and longitudes 37036'E and 38030' E (CBS
2000) and covers an area of 3954.6 km2 (GoK 2009). The human population is 258,120 persons
with a density of 108 persons per Km2 (GoK 2009). The district is predominantly occupied by
the Akamba agro-pastoralists (Musimba et a12004, GoK 2009) whose main activity is livestock
keeping (GoK 2009). The livestock populations are I ,020 dairy cattle , 52,925 beef cattle,
183,500 goats, 91,000 sheep and 142,460 poultry (GoK 2009). Other livestock species are kept
but their numbers are low. The District is low lying with Athi River belt being the lowest (300
metres above sea level) and Chyuilu Hills the highest (1100 metres above sea level). Kibwezi is
largely a dryland district being covered largely by Agro-Ecological Zone (AEZ) LM4 (Lower
Midland: Marginal cotton zone), LM5 (Lower Midland: Livestock - Millet zone) and IL6 (Inner
Lowland: Ranching zone) (Jaetzold et al 2006)" The annual rainfall is low and erratic averaging
between 351.8 mm and 681 .4 mm while the diurnal temperatures vary between 1 i .00c and
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35.80c (GoK 2009). The soils are dominated by the orthic, rhodic and xanthic ferralsols
(Sombroek et al1982)The dominant plant genera include Acacia sp, Commipltora sp, Adansonia
sp, Tarmarindus sp and Grewia sp, cenchrus sp, chroris sp, paniiu* 

"p, 
E)agrostis sp,

Digitaria sp and Enteropogoz sp (Nyangito et aI2008). However, expansion of cultivated land ischanging the composition of the vegetation with introduction of planted exotic plant specieslnj
loss of indigenous plant species.

The listing and ranking of the preferred plant species was done through a questionnaire that was
administered through a reconnaissance survey. The questionnaire wai administered to t our"t otd
that were selected through a systematic sampling method along a road transect placed in.".f, 

"ithe three major agro-ecological zones (Lly'r(, LM5 and IL6). The respondents were asked to
mention the most important cattle feed materials in the study u."u *hil" the ranking *u, Otrr"
through the pairwise ranking method (Defoer and Budelman 2000). Data collected was *itir"a
using the frequency and descriptive tools of the Statistical Package for Social Sciences (ri;t, -
version 12 (SPSS 2003) and weighted using the Likert scale weighting procedures (Vag[- iOd'l.

Samples of important plant species were collected for nutritional analysis. Grass species samples
were harvested from dry standing hay in natural pastures. The samples were collected i, pr*-"
bags and oven dried at 60uc for 48 hours to determine the Air Dry Matter (ADM). 1'fr" ai. Ji.O
samples were then ground through a 1.0 mm sieve hammer mill and samples stored in faUrff"J
containers. The ground samples were oven dried at 1050c overnight to determine ttre Drytvtatter
(DM) while the percent Crude Protein was determined through the Kjeldal procedur. feOAC'--
2005). The percent NDF, NDL and ADL were determined through the Van^Soest et al f l qs1)
method while the ash content was determined by buming the sample in a muffle fu;;;; "
5500c. The MDMD was done through the Tilley and Te,iy pro".drr" (Tilley and Terry 1963;.
The tannin content was determined using the Folin Ciocalteu method (Makkar 2003). io r*rfi
the feed materials using the nutritive quality, the CP, TVDMD and the mean percentage of the
fibre components were used.

Results

The highly valued grass species were Cynodon plectostysus and. Eragrostis superbabtil
Cenchrus ciliaris replaced Eragrostis superba rn the drier IL6 ltaUte t)" For trees and shrubs,
shrubs were more important than trees in the drier in IL6.Maize stover was the top ranked croo
residue used for feeding cattle in all the three zones. Pigeon peas and beans pods residu.;;;;
only important in the higher potential zone (LM4) and were replaced by cowpea. ard gr..n
grams pods in the drier LM5 and IL6 zones.

All the grass species had low CP of less thmTYo (Table 2). However, the indigenous trees,
shrubs and crop residues had a CP of morethanT%o.
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Tabie 1 : Farmers' i-anking of indigenous plant feed rnaterials iar caftle in Kibwezi District,
south-easter:r Karrya
d,&{4 r-M5 {L6
Grass species

1. Clmodon 1. E. superbaPey. 1. C. plectostathys {K
plectostachys {K. 2. C. plectostachys ilK. Schum)
Schum) Schurn) 2. C. ciliaris T,.

2. Eragrostis'superba 3. P. maximuncJacq. 3. E. stryerabPeyr.
Pe)rr. 4. S. nervosum (Rottler) 4. P. maxitnwm Jacq.

3. Panicttrn maxitnwn Stapf 5. Enteropogan
lacq, 5. Cenchrus ciliaris I-. rnacrostachysu;s (Hochst

4. Cenchnts ciliaris L. ex A. Rich)
5. Sehima ?xet"vosL*tl

(Rottler) Stapf
Tree and shrub species
1. Acacio, tortilis (Forsk.) 1. A. tortilis (Forsk.) i. D, kilimandscharicum

Hayre Hayne 2. C, exalatumEngl.
2. Combrettnn 2. Melia volkensij (Gurke) 3. Cadaba farinose Forssk

apiculatwn Sond. 3. Grewia hexamita 4, A. tartilis (Forsk.) Hayne
3. Dtrosperma Burret 5. G. hexamita Burret

kilintandscharicum 4. C. exalatumEngl.
4. Acacia mellifera 5. Premna ologotricha

(Vahl) Benth Baker
5. Combrelunt exalatum

Engl.
Crop residue species

Maize {Zea mays L.
ssp mays)
Pigeon peas (Cajanus

cajan (L). Millsp)
Beans (Phaselus

vulgaris L.)
Cowpeas (Vigna

unguiculata)

Maize (2. mays L. ssp
mays)
Cow peas (Z

unguiculata)
Green grams (Vigna

radiata (L.) Wilezek)
Pigeon peas (C. cajan

(L). Millsp)

Malze (2. mays L. ssp
mays)

Pow peas (2.
unguiculata)

Green grams (l/. radiata
(L.) Wilezek)
Pigeon peas (C. cajan

(L). Millsp)
LM4 : Lower Midland: Marginal Cotton zone, LM5 : Lower Midland: Livestock - Millet
zone, IL6 : Inner Lowland: Ranchinp zone
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I
I
Isoutheasterq,I{e},Ya -"-.-:-.-* i%%%%%%%DhTz-nrittl

LiI.,4 CP l{DF AI}F ADX- nsh I./D},{D I

C.-*-t W-i-- I
Cltnotlon Z9 .2 4.93 77 .3 42.3 25 .1 0.C8 35 .2 

I
I

itlerrosrnchyt (Y 
i

southeasterq,I{e},Ya
%%%%%%%DhTz-ru:]rtt

Scirum) i

Er"agrostis 89 .4 4 .?:g 1 5.5 41 "Z 19' 1 0'C8 44 '9 - i

I

,rp*"bnP"yr. i

Pcnicuisa maxi,unutn 91 .5 3 .36 11 .5 48 'u 12.'6 2.5i 34 '2

3acq.
Cenchrus ciliat'is 92.1, 3.60 77.1 46.9 U,.* 1.68 36'9

L.
Sehima,'telnosutlj, 92.3 1.-/8 76.5 50.4 2{}.3 ii"6 34.4

(R.ottler) Stapf
Enteropogott 9i.6 3.90 80.5 4l'5 12.4 2'43 39'2

macrostachystts
(Hochst ex A.
R.ich)

T'rees and slirubs sPeeies

Combreturn 96.4 i5.B
exalatwmEngl.
(leaves)
Duosperma 95.2 18 ' i
kilimandscharicunt
(leaves)

Crop residue species
Pigeon peas 94.8 1.41

(Cajanus cajan
(L). Millsp) (pods)

Cow peas (Vigna 95.6 7.14

unguiculata)

35.5 25.1 8.64 8.42 39.A 5.5

54.5 18.5 7.76 18.1 71.8 1.26

53.9 36.6

67 .0 45.9

9.4s 3.86 59.0

7.74 3.78 56.3
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Table 2; Ni-rtriti.re va-iue oi important 
"mdigencus 

plani ibeC niatoriili it Kibwezi *istr-iit I
soutleastern Ken;ua

%%%%%%%
DM CP NDF ADF ADL ash II,/DMD

Grasses sgleeies

C1'nodon
plectostachys {K.
Schum)
Eragrostis
swperba Fe3,r.

Polzicwm ruaxitnuw't
Jacq.
Cenchrus cilio-t'is
L.
S e lti.nt a n etn o s Lt.t't'J

(R.ottleri Stapf
Enteropogon
ntacrostachysus
(Hochst ex A.
R.ich)

Trees and sleruhs speeies
Combretum 96.4
exalatumEtgL
(leaves)
Dercsperma 95.2
lcilintandscharicutt
(leaves)
Crop residue species
Pigeon peas 94.8
(Cajanus cajan
(L). Millsp) (pods)
Cow peas (Vigna 95.6
unguiculata)

15.8 35 "5 25.1 8.64 8.42 39.0 5.5

1 8.1 18.5 7.76 18.1 11.8 1.26

7.4r 53.9 36.5 9.45 3.86 59.0 1"79

2.7 567.0 45.9 7.14 3.78 56.3

29.2 4.,o3 77.3 42.3 25.i, *.*3 ?,1:):

89.4

91.5

92.i

JZ.-A

si.6

4 .88 1 5.5 4l .2

3.36 71.5 48"0

3.6* 77 .r 46.9

i.18 76.5 s0.4

3"90 80.5 4r.5

19.1 0.08 44"9

'i2.{, 2.5i 34.2"

14"0 1.{}8 36.9

2*,3 11.5 34.4

iz.4 2.43 39,2

54.5

7.14
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1-lle rrrosr prefb;"roc grass sile;rt e::: t* thttrib',r.rezr disl;-ict .itarc: c. frt'ecrcsitrcit1,;;. g supei.br., ,i.cilicTis a;:rdF t'ttct'xilttu;tt' d*t'^'*,,, F. t'rt*xi;niim la-a{i prc&;ired t:t f.e-rrrttrtn cl.*-tared &.lll:r.
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soutlreasteru Ket'tya {carrr.vallt 
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)11t_i4:i;.lr.i: zi*e; iri!{irni}r.,airdfuiglli.lpicfLli"ed t? p!eci' ,r'i::,:'r;siur=*i"nirrrrrrr;rriarurtstievi;;,rirr.'r,*;sedennatuia_i
pasti-irts t:specraliit iu highcr pr:t'-'*iiai *-ir.*oii*ut*u.-i;.;= ,rr*yi*-i"iu,*]',,:ias ft*i ileer.r',,,::: ff;i #:,.";J:.; iiruy*,;;*::i::e:lti;lj*jij:, u,,*u 

"i ffi .,_
re'lst scienrisi {}4ganga et a:2,c1c, Eul,- er' ^i=iri i#,*'.; ;H;lii|:#^"r::r?Ji;;-r- rl
idutr-rtr*iiai anal ysis sltoi'reci E' siq;ei''ba as ihr. super,i*i- gras.r spe e ies vyittr tlle l:igliest peie !-i:ri
{YD^,'D a*d the seeon'i lowesi y- r'n:p a*.er i. tTrii-rr.r&1,,,5" 1go* *,rtr,-',!.:. superbaprcc!:.,r.:r,,:ta.'tt iea{y rnatefia'l bicmass witn i::ost}iomass rr*.g * iir* ***r, *;;';;; rhr roots {.};rga-:rga :,al 2010' opi'vo et at 20tr 1)' using-p"rod*ction d";-;;;i-the saine **ri.orr,,r*i:ta_r ccaditiccsIt.ganga- et ar (2010) ra;rked c )7ti*ri, a-s rhe n out pr:"*urui* r"ii.rr"r;';,}, susserbc antl rmcrcrostcckvus in the second and third e";,i;;;J*-*r-1, simiturly,:*,,r-rLi"g in sourrrea_srr,-:.,Kenva, l'rvangiro et al {z,a'} fb;"; -,# "; ,;;;r;:;::,o"r, p. wctxi*,rr,,r, a.ac Et. superbctcotltributed s,bstantially to the tota-i energy intake *r*uil*" From rr.iilirr- a,*ers, ra_n*ri'g a;rri

nutriti:t e analysis'. c' pl)ctostarlrl,r-una i"r,prrbn*#'rrr" top ranked grass species for cattiefeeciing in dryla,ds oiuoutl'"uu'"*k"v^. uo*"r,*r*;,,* ab,ove goouioi hiomas production"
?"::J';::,:;S:'^?{;,!;;:,* ir,. ".,gr,u;;il;;;;i lii,,,, rantr<eh E n ac-rosraci,yushigher

Tlre most pref,erred trees and shrubs w,ere A. brtitris, c. api*tratunr, M" vorkensii, D.kilimandscharicutm and c. 
"*otntu*. T:y"L:, c ,u'rrrfrrum wasonry mentioned as a preferedspecies in the higher potential zone (LM4) rr*ougir,,ffie three zones, A. tortilis, D.kilimandscharicum and c' exalatum';ere the high"ty.-rr..g tree and shmb sp"cie.. osuga et ar

2008' working with goats 
""d.h;; used shrub;r"d r,"*., fi-om the semi_arid Egerronuniversity's chemeron Field station ln trta.igat o"rrr"r, iaringo District Kenya and foundAcacia brevispica to be. th; ,oorr nr"r"i"1,nJi... A;;;; fo".r., are important source oflivestock feed in most drylandt i" k;;;u shrubby pruo, ,i".i". ,." 

"uri". to manage and harvesrthan trees' Therefore' D'"kitimlutn-iinorr"u* una'c. 
"*o'iiy,i, *"important browse species forcattle feeding in Kibwezi district oiroutrr.rrt.* K.;;;.*iru. .on"ui, *irr.nroirgs by Nyangitoet al 2008' though working o" gouo, irrund that uotu i. itimancrscharicum and, c. exaratumwere the key browse rp".Gr. B;twe;;"D . k,imands)iorrLorand c. exaratum, D.kilimandscharicu't reaves *"* rrp"r-1i, r.r*{9i;;';;;""nrage cF and IVDMD. However,C' exalatum is a larger shrub 

'"d;;;;;.es more biomass than D. kirimancrscharicum.since 
the

tmportance of C' exalatum increaies with i.r.r"u.rofra,oi,, it shourJ b" ,r." #"., prefer.red prantspecies in rhe drvrands of southeas;;; K.rryu n";;;;;iri. tu*i, content of c. exaratum ishigh heuce *uv i"pr".s its pararauili,v 
1rq 

rigestibilit;.'i;. impo,tur"* ;;;;;*r. prant speciesto livestock especially during ir," o.v'Xra a-rigrrt p".iJa, .u*ot be over emphasized (Aregawiet al 2008).
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pigeo;t pea-s, beans, **u, puu, awd y-i'izru 

"qra-ftll. 
'ixarcugho*l a-ii l.ira z*{1fr3, niai:zt:, zt+..i;"t-,ria: tit:,

rnosrsrieibrreei. Tiiis ecileurs -',rrittrl I'ltre"lhru- et al (200ii that lrralze su-i',roi .ra i-1i€ liicsi it.;.y11.a:t rrr:yresi'lues .fbr taitie fbedlng tr,Kcn-yt. 'fhe ii-n;loil aoe,e of Isaa.;.rb irn* ;ti14r=:*rtp,:as ciil:iu ithe:, -.;tti,7-,,

i*creasilrg an,Jitrr,'being replaced-b,;' ,",trr;, .-;*ezs rund gt"*rL:}Te,{i;..,ii-r,_rreflr-,r.e" iii,;ih i}!r,rr:isjr,l:
clirna-ie variability cow p'eas a.nd greei-i grems si:ouid '*e-ptr:.;rr:;,r_d. ill"iill-r:-:1"1,,ec rcgiCu=
prcd-ucticn foi'eattie f*ediug" {n adoil-iol,, cther" *.ighar yiei*iog a_rrd ,i,r.*rigiitt*}*a:;t rrri.?;i .ilci:
speeies sur;li as sorP;hurLt and miilti- ,!hoirXd'r:re prornoted fc, i-*lp:,;ve tkrr pi,.-,.Cuii..,.,ir ,,,,1 lLi,vgi i-,,,,.
cattle feedii:ig i.n s"=uttrreasiem Y-*rtyr-,-. Ret.l.l*er i-he t.,azo crcp residu es tfri;r. ,r-,1: a-rt*l yzeii for tflrir"
nutriii*ne"l "rah,te. pigeon peas ha-d akiglner fjerrsil;ag. of'ClF at;{t{:lD-f.Ail,r rind ,:.*=e.12.;; r/" nt*ari
(I'{DF + A.lrF I AD{-} tiaan Cow peas. -iiov,,ever with i;r*reasing a-rtdi:r.y ti're i;rofei.er.ee *f p-igec,n,
peas clecreasfs clver that cf.eo*n peas,. Tirerefbr*, uncier inereas.irrg cliirrate tlzriabliii.y, o,o* ,i*u=
tleecme naore 'i;l,lr"pot'i.a-nl. f'rsr eattle teenJitrg ihait pigeoLr pcaz"Tri*r-z is ileeci it; evel-t:t.+ta ?,rL{L
pronro.ie dira-i purposfr e*l,ai peavar',c-tte,s fl:r intpr*ved eaitle ie*dlrrg in iir_rriancls rli. t,*thaastrrjl
Ken.ya-"

CoaEeEEEsEoEls

u f. plectostachys and E. superbc rvere the top ranked grass speeres for cattle fee<ling ir:
dry lands of south-eastem Kenya.

* For the trees and shrubby speeies, D. kilimanclscharicw*t and C. exalatwnt lv*rc tlee
impoilant species. A. tortilis is alsc an important plarat species but its daily eontrib,,ltion to
catttre feeding in southeasteta Kenyais iow. The importanee of, C. exctiatu*z inereases
with increasing aridity, therefore, this shrubby plant species shoutrd be promoted for
improved cattle nutrition under increasing climate variabiiity in the dry'ands of
southeastern Kenya.

* Cow peas and green grams should be promoted foa" improved residue productiorr.u To replace maize stover as the most importa:rt crop residue, other high yielding and
drought tolerant cereal crop species such as sorghum and miIlet should Le promoted to
improve the production of cattle in southeastern Kenya especially under increasing
climate variability.

R.eferemces
Aganga A A amd Tshwehyane S 2004: Potentials of guinea grass (Fanicum maximum) as forage crop iu livestock
production. Pakistan Journal of Nutrition Wolume3(1), pp. 1-4.

AOAC 2005: Ofiicial Methods of Analysis of the Association of Analytical Chemrsts. 18d, Edn., A3AC,
Gathersburg. MD USA.

Aregawi T, Melaku S and Nigattl L 2008: Management and utilization of browse species as livestock feed in
semi-arid district of Nofth Ethiopia. Livestock Research for Rural Development. Vriiume 20, Art. # g6.
CarnevalliR.A,SilvaSC,BuenoAA0,UebeleMC,BuenoF0,Hodgson.f,SilvaGNandMoraisJFG
2006: Herbage production and grazing losses in Panicum maximum CV. Mombaca under four gtazing
managements. Tropical Grasslands Volume. 40, pp. 165-1j6.

Central Bureau of Statistics (CtsS) 2000: R-epublic of Kenya, Ministry of Economic Flarning and Devetropment.
Nairobi, Kenya.

Burlle H, h4amo lVf and Geikuku F 20tr0: Comparative evaluation of Cllolis gayana(Kunth), Eragrostis superba
(Pey) and Cenchrus ciliaris (L) for pasture production in Marsabit central district, northem Kenya. proceedings of
the i2th KARI biennial scientific conference. Sth - I2th November, Nairobi, Kenya, pp 826 - g30.



t

1. .: "..a!(,1iii.-,t..'l. POyal'r .."-.nrr:'1 lrtsiirlr-, , :i.. r:"i. .

Gai:rln ii '4, T'h*a"re'csxn F K, -Fj+one F. E aitd Sutfoeriaiad "i Z*szi.: clitrar.- -{ar:L&i,ti:Li 
+-rr,-r r:rf-ozclj o,ii a;_sl f.,.ir.t;:attlruestock lield.ers: thel.Atasr,_i of irlgorcngoio consr:i:va.ti..11 ai€a Ta1zr.niz.. !,,.ii.ir:aa.xc,_r.il,tl rirang: ay:,t].{ata.et

scrc11ce, 2I(.1:),pp 183 189"

Ginaenezl' 2ss6; cliniaje ci-rar-rge a:rrd'tatiabtrit;y:i. the r'rlxeci crcp/livesiocj< priii:,ir:iiclr;1),s,ri-1iis.]itilf

(AIACC). Fr.o.1eci I'Jo LL 27.

Gnvermmtemt of Keeaya (Gok) ?E&9: Kil-.wez:i -histt.t,;i r,-trrveicpirrent pian 2CCg 2i:it. .,,i tsiaa.lij:0. Tcy;a,ir-rs :global1y ccmpeiitirre anCpr.ospei.c-r-is i{er:ya. iv{inist";i ;istate iiaii:ting, IJa_:io;izr.i Dr;i1i;prl,r_rri_r; aiirj Vjs:*l 2C:1.i
Co.,'elrunenr Ft inlsls. \:rii'u[ri i,.:,yi,.

{FCC {{ntergoYeE"rua&emt&l Famei oc} Ci!&?ate 6.-hange,:; ?E[,7r Ciiila-i t, .h?.*gf )i.]lt i: in$ztct.i.. z&a:vtziia, a.rri.mlnerability. Sumrlary for po1ic,v rnakers.

Jaetzoid R, sahnaidd x{, E1+e"metz E amd shisara'ya c 2$fl6: Fatttr\..4anageiaeni iiallli-;rook ri'ii.enya.. voi.il. id;,,:rir,u:conditions artd farur rraliagenteti information, 2nc e,iitioii. Minisir"y of Agir:lrii:r:-- . {.-iria, * coope 
'.*irca 

,,.;l ii, i,l:Gerl:ran Agency ioa Teclnical Cooperaiio;: {GTZ;.
uKarresiah A, Cambo{ak ft, G-*e-halz V, {}zay &, Ezkan €-_ {} and Sakarya H{ 2$[;4: Ci1e:1icai coi:pcsittcit :1r:: i.:vitro gas Bloduciion characterisiics of several tarilii: ccoiairring tiee iea,vst. Livestocl.: F,esearcir i.or. F,uraiDeveiopment Vo. 16, Att. # 44.

Kirwa E C, Meaeire W N, Kubrasua B, Kinaitei E?. K, F{.ida}<e B aard &4anye}d .E K ?sn E: Assessrng iite rer.fcr:,ria.r-:,,.cf established range grass species in southem Kenya- rangelands. Froceedings cf lhe l2ihIi4RJ biennial scienilir-confereiice. 8th - 12th November, Nairobi, Kenya, op g71 * 876.
Litttre F, Smith K, CeltraN'itls ts A, Coppock D I- and tsarnett C B Z&CItr: avoiding dlsaster-: diversificaiioii airci ,si,management among East Afi'ican herders. Development and change 32.pp.3E1_41g
Makkar"F{ F S 2003: Quantification of tanains in h'ee and s}ulb foliage: a laboratory manuai. Kiuwer Acaderuc
Publishers.

&{ethu '} N, owem E, ,Atrate A L and Tanrael" J C 20Gtr: Botanical and nutritional conrpositio n af'maize stover.intakes and feed selection by dairy caftle. Livestock Production Science, Volume7 1, pp'.87 - 96.
sdganga K z, Musimba N_K R., I{yangito M M, Flyariki D M, hawangomrhe ,a w, Ei<aya w N, Muiru w F"6,clavel D, Francis J, vom Kauf,rnamn R and Verhagen "t 2010: The role of moisture in the succeful rehabilitation
of denuded patches of a semi-arid environment in Kenya. Journal of Environmental Science and Techmology 3(4),pp 195 - 207.

Morgan J A, Milctrunas D G, r-ecairE D R, West M and Mosier A R.2EsT: Carbon dioxide eirichment aitersplant community shucture and accelerates shrub growth in the shofiglass steppe. proceedings of the National
Academy of sciences 104 (31), pp. 14724 - 14j29.
R{usimba N K R, Nyariki D M, Ekutwa c N and ?'ek1 T 2004: Dryland hrisbandry for-sustainable deveiopmeut inthe southern rangelands of Kenya. OSSREA, Addis Ababa, Ethiopia
I\yangito M M, Musimba N K R. and Nyariki D 1\4 ?00E: Range use and dlmamics in the Agropastoral system ofsoutheastern Kenya. African Joumal of Environmental Science and tecirnology. Volume z(s)] pp 222 - 230.
ogilloBP,NyangitoMM,NyarikiDMandKubasuDo2010:Acomparisonoftwomicro-catchme,t

;tatfl"J:?ltt 
on aboveground biomass production and financial retums of tlu-ee range grasses in southem Kenya, pp

opiyoFEO,EkayaWN,NyarikiDMandl\4ureithiSM201l:Seedbedpreparationinfluenceonmorphomeric
characteristics of perennial grasses of a semi-arid rangeland in Kenya. African Joumal of plant Science Volume
5(B), pp. 460-468.

osuga I M, Wambui C C, -Abdulrazak S ,4, Ichinohe T and Fujihara T 2008: Evaluation of nutritive value andpalatability by goats and sheep of seiected browse foliages from semi-arid area of Kenya. Animal Science Jounal.Volunre 19, pp.582 - 589.



So*ahrcek 3V G, Braum ii h'{ Fi aatd Van der Poula' B ,n A 1982: Expicraiory scil map ard Agro-Cli r*a!ir. Za*c
l'6,ap af Ytenya. National Agricr-rtrfural Lai:oratoiies. i<.eirya Soii Survey. I,,4inistr"y of Agr:icrilt..:r:.. I{.r,,yu.
Statistica! Froeedures ior Soeia! Saiences {SPSS. SFSS iVersioaa tr2) 2S{}3: Il1inois, Cliicago. USA.
Tei'Ju B, Negesse T ared Amgassa,& Z$tr1: Effects of larmieg sysiems on livestock f,eed yescr:_rces and ibe,Sii:g
s-ystems in Benishaagui-Gun:'"iz regioo, westefil Ethiopia. Iaiemaricnai R-esearch ioul"na-1 oiaglic,,riiul"ai Scierc,-
Volurne 1{1) pp. 02A-028.

Th+rntsra F, E{errer"o M, F'reea'eaam "4, Mwai *, Rege E .3cxes F acad Fdederma*tt .f ?08?: Vuifierabiiity, tt:rr*2,,i+:
change and livestcck - researci: cpportuniiies and chatrleages for porrerfz ai1e..,jatior. SAT cic:_uaai.ict-isat.ci"g,
Yoltrme 4 Issrre 1.

Thorntcre F K, I(ruska H I-,, E{eraningen Pd, Kl ist!amscm F Pi. Reid R S, Atiem* F-, &4eii-o A H a*c! H*iegl,,,a ?,
2&{12: Mapping povefiy and livestock in the developing wor1d, I*terrrational Livesiock F.esearch L:siitr_rie lnni;,
Nairobi, Kenya. l24pp.

TilEey .F M A aiad T'erny F{ A 1963: ,A two-stage tectri-iti.que lor the in vitio dry raatler digestibility slforage c::*ps
Jor-rmal of British Grasslanei Society, 1 8: 104- 1 1 i
Vagia W 1\4 2$$6: Llkert-iype scale response anchois. Clemson lirter:rational Institute i+r ?o-Lrrisrr aiid Resea;.ci-.
Development, Deparlment of Parks, Recreatioir and Tourism Management. Clemson Universitl;.
Vare Soest F.n, Robertso* .nB, Lewis tsA n99i: Methods for dietary fiber, negtral detergeirt fiber. a*d 

'on 
starch

polysaccharides in relation to animal nukition. Jotutal of Dairy Sclence 74,3583 - 35g, .

Recek,ed 13 October 2$tr1;,Accepted l5 &ecewber 2$11; Fwbtisked I February 20XZ


