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B RA 

t\.vo phas study was carried out in the s mt-and rangelands of KaJiado District, K nya. 

between October 2002 and February, 2005. The major objective was to determine the effect of 

introduced forage legumes on pr duction of natural pastures as a means of improving the 

quantit) and qualit_ of liv tock feed while improving · il fertilit). The p cific objectives \\ere: 

i) to screen potential forage legumes and select be ·t performing ones for integrati n into natural 

pastures: ii) to dct nnine the effect of defoliatton interval and height n dry matter pr ducuon of 

gras legume mixed pastures; iii to determine the effect of forage legumes on qual it, 

impro ement of grasses in natural pastures: i · to determine th effect of forage legumes on soil 

[i rtilit, impro\ement; and\) to determine moisture extraction by gra es and legumes in mixed 

pastures. During legume screening, five forage legumes were sov.n as mon culture stands in a 

Ran omized Complete Bl ck De ign (RCBD. These wer eonotonia wightii (Am.) Lack . 

(Glycine). , facroptilium atropurpureum D Urb. ( iratro). tylosanrhes cabra var. seca og. 

( tylo), Lab lab purpureu C\. Rongai (L. weet (Dolichos) an .Vue una pruriens (L.) DC 

(Vel et bean). The legume we~e screened for their ability to grow and urvive under semi-arid 

conditions. increase of d~ m:mer (D I) and litter rodu tion, and ability to enhance oil fenility. 

Data on D. 1 production were collected at _ and 4 months inten als at ground le"cl and 15 m 

heights of defoliation. Data on litter production were collected at the peak of long dry eason in 

ugust. 2003. oil samples for fcrtilit, analysis were collected at 0-1- em soil depth b fore 

owing the legumes and at nd of experiment. The s reening e. periment showed that Gl. cine. 

iratro and tylo with tood the semi-arid climatic conditions due to their per nnial growth habit 

and produced high D l rate f l 0 . ., 1. 7.81 and 3.:2 t ha-1 yr-1
, respective!.. I, cine. iratro and 

tylo roduced high organic matter through litter fall ' hi h upon decomposition improv d · il 

fertili ty b. increasing ~oil pH. carbon. nitrogen and pota sium. These legumes p s s ed deep 

1ap r ots and withsto d hea • grazing and were lf.-propa;::ating through disper ·al of eeds. 

The three legum s were. therefore. elected for further integration with grasse · in natural 

pasture in lin with the fir t objective. 

The grass/legume integration experiment was RCBD spli1- plit plot in a factorial arrangement. 

Th fa ors wer name!_·: l\ ·o d foliation h ights (I- and "'0 em) and three defoliation inte als 

(-. 4 and 6 months , and s ven treatments. Treatments ' ere naruraJ pasture ). m noculture of 



Gl;cine. iratro and tvlo. nd _ras le lUmc mixture o 1 P Ghcine. 1 'P iratro and ·p t\lo. . - - .. .. 
Of the three legumes, Glycine h d the lowest initial establishment. but by the third season it 

produced more OM than iratro because it de eloped more and longer stems per plant while 

iratro developed fe er and shorter stems per plant. In nearly all treatments, the highest D r 
production was after harvesting herbage at 15 em height at an interval of l'- o months. results 

obtained in relation t the s con objccti e. lnclu ion of Glycine and iratro into natural pasture 

resulted in a combined 0 l production that ·was 40 and ·L% hi2her than D. 1 production of 

natural pasture. respecti ely. Grasses in natural pasture had lov est crude protein (CP) content of 

7.1 %, but when integrated with Gl cine, iratro and Stylo. the CP \ em up to 14.3. 11.9 and 

10.2% respecti ely, during the vegetative stage. Moreover grasses mixed with legumes bad 

lower fibre content (esp ciall lignin) and higher digestibility than those in natural pastures and 

especiall. at the senescent stage. This means that introduction of le.,.umes into natural pastur s 

improves forage quality of grass s and hence quality of livestock fe d, results related to the third 

objective of the study. Results towards the fourth objective showed that except for soil pH. there 

was a decrease in all the other soil nutrients analyzed which was anributed to production of less 
I 

organic residues from legumes compared to the creening experiment. Burning and herbage 

slashing befor sowing of legumes had no signi tcant effect on D. 1 production. Burning herbage 

significantly increased soil P while the increase in pH. K and Ca was not signifi ant. Burning 

resulted in a significant ecrea e in soil organi C and 1 .. 

Results towards the fifth obje ti e showed that significant differ nces in soil moisture extra tion 

b. grasses and legumes o curred from 30 em soil depth down the profile. Monoculture Gl. cine. 

iratro an ty to :\'tra t d more s il moisture as compared to natural pastur sand mix d 

pastures of ;}'+Glycine. NP+ iratro and P- tylo. Establishment ot· gras /legume mixed 

pastur through sov ing on well prepared s ed b d produc d highest 0~1 followed by I gume 

sown on furrO\vS and bands. The least DM was obtained \ hen legumes were wn after raking 

oil most legumes edlings failed to establish. 

This tudy ther tore concluded that Glycine iratro and tylo pro ·ed to be high quality forage 

legume suitable for up-s aling into other similar natural pastures of emi- rid rangelands of 

Ken~a. 
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HAP ER L R D 

1.1 Back round 

Rangelands ar characteriz d ph) sica! limitations such as lov. and erratic precipitation. 

pronounced seasonality ofherbage production, a unsuited for ultivation nd arc a sour of 

\\Ood. \ ildlife products and forag for fr e ranging nati e and dam stic animals (Da iha and 

Carvalho. 200·). lost of the world's rangelands support grazing or browsing animals in a 

ariety of systems ranging from ornm rciallivestock enterprises on privately owned or 

controlled land. through commercial enterprises on communally 0\\11Cd and controlled land to 

subsistence fanning. either sedentary or nomadic (Kirkman and Carvalho. _003). Despite forage 

quaJi , being almost invariably poor for most of the year. rangeland conser ation and 

producti it~ is critical for large and small cornrnercialli estock pro u tion emerpris sand for 

the li velihoods of li esrock keepers (Pengelly et al .. _QQ"). 

In East frica. a rangeland is defined as ·'unculti ated land carrying natural or semi-natural 

egetation that uppons grazing nd browsing animals .. (Il docker. 1999). The majorit. of 

rangelands in Ken. a are found in th arid and semi-arid lands ( L). Howe er orne range 

areas have pot~:ntial for agri ulture or other development ( or xample. parts ofTransmara 

Distric in south-\\c·tem K ~nya). but dueL cultural rea ns. live tock produ tion dominates. 

mi -ari arJa ha\ e natural\' tation hara teriz d b~ r. forms of v.oodland and gras land. 

often an .1 acta-Th 'meda association and oth r fonns of de idu us or ·erni-e ergrcen bu bland. 

Arid areas on the other han are land uited to agri uhurc onl .. \ ·here fertile soils receiv run

on; th e are typicall_ dominated by Commiphora Acacia and allied genera. most! _rowing in a 

shrubb. habit. Perennial gra s uch as Cen hrw. ciliaris L. and Chloris roxburghiana chuh 



rna} dominate h mllur:ll p tur but the~ umb readil~ o harsh m nag •ment Herl ker. 

1999). 

In Kenya rangelands are estimated to occupy about 455.408 km~." hi h is about - %of the 

ountry's total land urface ( ombroek era/ .. 198_), The·c rangelands suppon ov~r _5 °'o of the 

total human population and are important in the Kenyan cconom. in term of livestock 

production and "'rildlifl con rvation (Ottichilo el a/.. '2000). Raneelands in Kenya support 2.53 

million attle 5.29 million heep and goats, 608.500 camels and 7_.300 donkeys (Otti hilo eta/ .. 

_000 . Li estock production in rangelands is mainly for beef produ tion and is largely based on 

pastoral grazing sys ems (H rlocker. 1999~ Ouichilo eta/. _000). In addition to li\'esto k. these 

rangelands have a large wildlife population (about 80% of the total wildlife in Ken. a). Tourism. 

\\hich is one of the major for ign exchange earners in Kenya (GoK. 200_) is dependent mainly 

on wildlife 'iewing and photograph . 

The nmural succession of v getation in the rangelands of eastern frica is towards' ood. 

egetation (Pratt and Gwynne. 1977). The only e. ception is where rainfall is ver, low or soil-

water onditions are unfavourable for grO\.\th of trees and hrubs. e.g. in eastern crengeti Plains 

of Tanzania. The other major con ·traints to wuo ~ vegetation completely dominating th East 

fri an ran!!elands ar · burning and h:aring while overgrazing often leads to faster bu h - - ..,_,; - -
n roa hment. Herlo 1-.:er et a/. ( 19 91 noted that prescribed and controlled burning ontinues to 

e a ,·alua le to I in the managemenr of rangeland "egetation. li tack production and ,., ildlife 

habitats within East • frica. Overall. fir shave been a major factor in shaping the rclati ely open 

and gras y ran_ lands of East frica .. [oreover. to sustain gras production. tires ha e been us d 



as a tool y pas oralists and ranch rs in remo\'ing urnulat d nd dc.:ad h~!rba 

v.hich ha e lost th ir nutriti e alu . Bumin has also b en us d to reduce wood vegetation 

co er that affects a ailability of the grass fodder and might act as hiding areas for predators. In 

addition, Ker eta!. 1 97 rep rtcd that tires rna also be u ed t kill ticks and other harmful 

parasite . 

lligh demands ar exert d on these rangelan s as Campbell eta/. (2003) found out in Loitokitok 

Di is ion of Kaj iado District. The authors found out that, in 1973 the area under rangelands wa 

about 160.84 ha or about 95 % of the division. H we er by ear 2000 the area under 

rangelands had diminished to I"" .871 ha ""hich was a 1 .... 7% declin . This ecline in rangeland 

areas vas anributed prirnaril; to expan ·ion of irrigated and rain-fed a_riculture int areas 

' pr viou I~ cia sifi d as rangeland. In additi n the area had ex erienced rapid and e. t nsi' e land 

use changes in response to a varie : of economic. ultural. political. instiruti nal and 

demographic processes. 

1.2 Probl m tatement 

1 .•. 1 Low fornoe quantity and qua/it) of natural pastures 

i estock producti n in the rangelands of much of Ken_ a is limited b~ th quantit} and qualit. 

or forage t . \L. l 98 . This is attributed t the amounts of rainfall recei ·ed as it is U1e ingle 

mo t important climatic factor affecting foraee produ tion in the raneelands Wijngaarden. 19 5: 

haabani and Herlock r. 1993). his implies that erratic rainfall that are received in the 

rangelands r ul t in intennittent forage production hich is usually not enough for live tock, 

especially during the dr p riod of the . ear Bekure era! .. 1991 . The inter-seasonal 
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lluctuauons of todd r produl:tion in the rangelands result in cma iat d animals due to h nag.c f 

fodder in the dry season and plenty o grazing resources after onset of the rain. season (Plates 

land 2). To cope with forage deficits during the dry seasons and drought periods, herders mo e 

livesto k awa) to other places in s arch of p ture and \: ater while the rest of the homestead 

remains at a particular pl ce. 

Dry man r production studies in Kajiado District b ·Too (198-) and D Le uw (1991) showed 

that production as far below the amount needed to sustain li estock throughout the ear. 

R ults b: Too (1985) showed that th rangeland at Kiboko Research tation \: as producing less 

than l t ha·1 
• T-

1 dry matter. These results are lo to thos obtained b} De Leeuw ( 1991) for 

Olkarkar .. ferueshi and 1 lbirikani group ranches in the eastern an of Kajiado District. that 

showed that producti ity \·as le • s than 0.- t ha" 1 yr"1 at the end of he dry season exc pt in ri r 

valle ·sand in ras lands on erti ol ils. \\here\ ields r a hed I t ha"1 vr· 1 
•• fter th rains. .. - .. .. 

producti\lty ranged ben; een 0.4 t ha·1 yr" 1 in. lbirikani ranch (lo a ed in southern part of the 

district) o Ll t ha·' yr· 1 in Olkarkar ranch (located in northern pan of the istrict). 
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De L euw (I I n ted Lh t 2 -o k._: tropi I live tock unit TL ) n cds o con ume _,3 t dry 

maner (OM) annually for maintenance. This is on the assumption that it will consume an average 

daily D intake of2.5% of its bod. weight\ hich translates to 6.25 kg ofDM daily. A tropical 

livesto k unit is an expre 10n of animal biom:lSs c uatcd to _50 kg\ hich is equivalent to one 

mature z bu CO\ or I 0 sheep or 12 goats or 2 donk ys or I hor e or 0.8 camels (Bckure er al .. 

1991 . 

De Leeuw ( 1991) reported Lhat leaf crude protein content fell fr m about 1 0 % during th • young 

tage of gr:lSs growth to a out 5 % at maturit •. However. a minimum of b tween 7 and 8% 

crud protein content is required by ruminants to m et their feed r quirements, but high 

produ ing animals (e.g. dairy O\\S) r quire levels approa hing 13-14 °'o cru e protdn content. 

Thi implies that crude pr tein content of mature pastures ofKajiado Di trict is not capable of 

maintaining li\estock throughout the year. 

1.1.2 Low ·oil fertility of emi-arid ralloe/nnds 

In semi-arid eastern Kenya. the rapid increase in population den itie . continuous cultivation and 

overgrazing have contribut d to the d pletion of soil fertilit_ and vcre oil erosion resulting in 

IO\ yielding croplands and astur s l jarui cL a/. 200-l) The infertility of the soils. particularlj 

lack of . is the main contributory factor to lh IO\\ producti it. of such tropical soi Is (Giller. 

_oo I). In addition. frequent fire that occur especially during the dry seasons in sa\'anna r gions 

of the tropics lead t onsiderable losses of nitrogen in ga eou r rm t the atmosphere (Brady. 

1984). I Io e er. in li Ids not su ~ectcd to fires. nitrogen losse from grasslands will usually be 

far lower than those from cuhi at d s ils. orne forms of tillage, particularly in arid and semi-
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arid areas ncoumge o. ·id tion of or!!ani m uer throu_hout th~ tilled profile r sultinJ m r lease 

of carbon to the atmosphere rath r than its build-up in the soil 'yathi eta/., 2003). This leads to 

reduced production of crops or pastures and lower carbon inputs to the soil in sub equent periods 

less root matter. leaf I itt rand crop residues an: retum\!d to the soil. 

Lo' soil fertility, b sides moisture a\ ailability, is one of the major limitations to ma.·imum plant 

production in the s mi-arid to arid ar as ( ombroek era/ .. 1982). \ ijngaardcn ( 1985) also noted 

that nutrient supply is often a limiting factor for plant growth in semi-arid climates. loreover, 

plants needed n optimal suppl_ of arious minerals to make optimal use of vailable soil 

moistur . \Vijngaarden ( 198-) found that in rangelands. nitrogen and phosphorus \vere the most 

limiting nutrients t prim30 production at a rainfall of mor than ""00 mm per growing period. 

In addition. majority of the soils in. lashuru Division of Kajiado District were low in organi 

matter and were all deficient in nitrogen (Waruru. 2000). Howe er. phosphorus and otassium 

were found o be adequate in all soils. Th study r omm nded that ni rogen and organic matter 

should be ad ed to th soil to enhance agricultural production. 

1.3 Ju ·tification of tudy 

Th low quantity and quality of pastures in s ... mi-arid rangeland of Ken. a remains chalh::nge to 

range mana.;er and cienli ts. This i becau e li\ cstock production b cd on natural pastures 

remains a kev livelihood trateg to the inhabitant of manv . _, . L districts. The curr ntlifestylc 

of many pastoral people. for exampl the fa sai, \ here livestock and herder move in search or 

pastur and water, presents problems as th areas for fre -range grazing continue to ecome 
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limited. Thus. wa_ s h veto be tound to improve the pr ductivity quality and quantity of the 

natural pastures in the semi-arid rang lands of Kenya 

ne wa. of impro ing the producti ity of rangelands is to ;ntegrate for ge le_umcs into th 

natural pasrur s especiall_ in the mallholder live tock production systems. This would in effect 

enhance forage production. in rease amount of protein a ailable for the grazing animals and 

prolong grazing periods as legumes remain green long aft r grasses have dried up during the dry 

season ( kennan eta/., 1988; Kinyamario and Macharia. 1992). Legumes have the potential to 

improve the quality and quantity of pasture S\\ard through fixation of atmospheric nitrogen 

( Guretz.ky et a/., 2004 ). Legumt:s also contain higher crude protein content than grasses and 

therefore th ir integration with grasses has the potential to improve the dry maner ) ield and 

forage quality of natural pastures. 

In terms of soil improvement. legumes have the potential to improve oil fertility throu_h a slow 

release of nitrogen from decomp sing leaf r idues. roo and nodules '' hic!1 results in increas d 

sward produc ivity after nitrogen transfer to the companion grasses ( uretzk) eta/. _004: Cherr 

et a/ .. 2006). The slo'' release of nitro. en could be better ynchronizcd with plant upta ·e than 

'' ith sources of inorganic . thereby inc rea ·ing nitrogen uptake efficicnc; and torage rodu tion 

\vhile redu ing nitrogen h;aching los es. Thus integration of forage I gumes into natural pasture 

can be an option to impro\e the soil fertilit. through addilion of organic residues and soil 

nutrients. particularly nitrogen. 
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In vi w ot th a • hi 

legumes into n turaJ p tur a a way of impro in th qu lity an quantity o odder while 

impro ing th oil fertili · ofn tural pastur s. Th ultimat I is to enhance li e t ck 

pr du tion p tcnti I in th mi- rid rangeland of Ken. 

lA bj th f the . tud) 

1.4.1 Overall objective 

To stud the ffect of intr due d forage I gumes on fora equal it and quantit. f natural 

pastur s as a means of impr ving livestock fi ed of mi-arid r ngeland of K nya. 

1.4.2 pecijic objecli e 

I. To ·recn otential forage legumes and crfonnin on s for inte~ration into 

natural pastur of semi-arid rangeland of K nya. 

To d ennine th effe t f defoliati n inten it) (defoli tion interval nd h ight) on dr. 

matt r produc ion f _:ras legume m1 · d pas ure . 

T dett:rrnine the n··ct f forage legumes on qualit. impro emcnt of grasses in natural 

a· ur . 

To c.l crrnin th effect of fora::- legum son il fcrtilit: improvcmcn . and 

To d ~ermine m i tur ·tra tion b. dras es an legume· in mix d pastur s. 

l.- R arcb hyp th 

I. nly hardy f rag legum will ad· p to the ha h climatic an e aphi onditi ns f 

em1-ar1 ran=-eland • 



unable defoliation intcr\'al and height rc·ults in in r ased dry matter production ol 

grass/legume mixed pastures. 

3. Forage legumes impro\'e the nutritive quality of pasture grasses when grown together. 

4. Forage legumes improve soil fertility of natural pastures. and 

- Grasses and legume extract soil moisture from diller nt soil depth ~ and are tht:rcfore 

able to co-exist. 
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II. PT R \\1 : Ll lt\T .R R 4\'1 W 

2.1 Introduction 

With increasing d mand for [i d as human population increases. there is need to increas 

produ ivit. of ea h unit of agricultural land wi hout de .. rading the natural rc our e · for r od 

produ tion. u tainable production is me ured not b. total output in a hart pcno of time. but 

b., the average output over an infinitely I ng period (generation ) \ hich can be su tained .. ithout 

d pie ing the r n " able r our on which produc ion depends (Dumanski. 1984 cited b. 

Ingram and \ ift, 1989). For a sustainable yield and qualit. production of forage. appropriate 

te should be taken to maintain balanced diet necessaf) for succe sful animal production 

( ucamp. _QQO). It is precisely in this role that the orage legumes could pia. an imponant part. 

as they have high nutritive value and \i ill atisfy protein needs of high! productive animal· 

grazing. in the natural pasture 

The main factor limitine pasture production in Africa·s rang lands is the IO\\ soil nitrogen 

(Tara\\al i and lohamed- · leem. 199~). The authors recommended integration of legume into 

li estock productions. stems so as to redu this deficienc. through nitrogen release r recycling 

from legume re idues and animal manur . The study also noted that low protein content of 

natural pastur sin rangeland is a seriou cou traint to live ·t k nutrition for up to si. · m nth of 

the year specially during dry asons. During the dry sea on. animals lo weight. milk 

produ ion i low and her i a high calf m rtality and low onception rate. rhus integration of 

forage legume· into natural pastures i consid red a romising option for de lopment of an 

economically viable live tock producti n ·st min rangelands. 
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The importance of legumes arable foc.ld r. pasture crop and components r natural 

gras lands depend on their ability to fix atmospheric nitrogen in symbiosis with Rhcobiwn 

bacteria found in the legum root nodules ( kerman eta/ .. 19 : Tarawali and Mohamed-

ale m. 199-: Pamo and : lu eteneh. 19 5. helton eta/. 200 -).The bacterium infec roots of 

legum s and transforms atmospheric nitrogen into a form utilizable direc ly by legumes and 

associated plants. The bacteria. on th other hand. depend on the legum for basic nu rients 

needed to sustain their life functions. In a grass/legume mixed asture , the nitrogen fi. ed by 

legumes stabilizes the soil nitrogen content in the root zone to a greater extent than when gras es 

are grO\\TI alone. Legume species are added to grass pastures to: 

i) Increase amount of crude protein a ailable for grazing animals. This i parti ularl. 

important ~hen grass s begin to mature and durin~ drys asons when the_ are dry 

' and hiehl .. lie ified (Crowd rand Chh da. 198-). 

ii) Increase animal performance in terms ofli e \\eight gains. milk production and 

reproduction . 1eissn ret a/ .. _000). 

iii) Extend the grazing period into the dry season. fan. legumes r majned gre n 

throughout much of th dry period and e ·en v. hen legume plants become brO\ n. or 

even '' ithered. their nutriti\ c value is maintaine at a much higher level than that of 

gras e ( k rman era/ .. !9 8 . 

J\ Provi e . for companion grass s sp cially in tropical pastur ' here nitr gen i a 

limiting factor. Forage legum s an fix ample amount of 1 ne dc:d to sustain 

econ m: of pastures pro\·ided th legume component constituted at least _o % of 

bove _round dr_ mauer Thomas and Lascano. 199.: ), 
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\ ' Pro id shadin_ dl t 

Karuku et a/ .. 200 ), 

il " ter lo nd aking ol thc.: oil sur ac • 

i) Impr e soil structur through addition of organic matter and incr ased microbial 

a th it) (Karuku et ul .. 20 6 .. 

vii) uppr ss weed lwangi, _QQ6). 

viii) lncreas cation :change capacity (CEC) of soils (Tarawali and Moham d. 199-). 

and 

ix Increase soil water h !ding capa it. (Karuku eta/, _QQ6). 

In ad ition. most I gume pecie have tap-roots that penetrat deeper into the soil than the 

fibrous roots of grasses (Crowder and Chheda. 1982). The enlarged root section just belo\ the 

cro"n of man. I gumes lso pro\ ides a nutrient and water re crve uring ~tress periods. 

2.2 Effect of fire on veuctation and oil of natural pa. tur 

2.2.1 Effect of fire 011 ':eoetalion 

Fire pia san important role in grazing I nd ecos stems ( tan haran and Paliwal. 1995: 

Herlo k r. 1999: Trollope. 2004: Kitzbcrg ret a/. _005). Grassland flres have profound dTc.:ct 

on compositi n of grassland·. reduction of n:nural bushland. nd nature of the il surface 

(t fanoharan and Pali\ al. 199-). Fir is onsidered as a lo\ input and economical tool to 

timulate n"'' grass gr0\\1h \\hi his of higher quality (B onman. 199": lnene. 199-: Kirkman 

and Carvalho. 200_, ). After a tire. the fresh r gro"-th prO\ id s high qualit. · forage when 

compared to the ol and stcn m. forage accumulated over seasons. Too ( 1 85) also noted that 

pasture gra s s Themeda tria11dra Fork. H}parrlzeniafilipenduia (Ho h t. ex teu . tapfand 
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Chlorts roxburghiana chul b\,; am stcmm: ·oarse and unpalat blc when mature. HO\\ ' r. 

after a bum the young regro\\th is palatable and nutritious. ln outh Africa. Kirkman and 

Carvalho (-003) found that the grass quality of a burned veld\! as substantially greater than that 

of unburned veld. \\ith on: uent irnprO\ cments in animal · performance in terms of \\eight 

gain per animal. 

Combining a rotational d ferm nt ..,razing system with burning has the potenti I to provide 

optimum pasture conditions ( [nene 1995). ccordingly. the Maasai community uses fire only 

\\hen grazing has been insufficient to pre\' nt accumulation of old growth ( oo. 198 -). Thi 

entails a single annual bum around larch. which is usually at the end of dry season. when 

conditions are most suited to burning. thus achie ing the greatest impact. Too ( 1985) 

recommen ed that pastures which wer not intensively graz d should be bum ·d periodi ally to 

maintain their igour palatability and nutritive content If grazing is sufficient to prevent 

accumulation of old grov.1h. burning needs not be annual and \\'ould probably suffice if used 

every --3 years to prevent bu h encroa hment. In Tamil , adu. India. lanoharan and Palh\al 

( 1995 reported an increa e f above ground biomass producti ity from 6.0 tO 6.8 t ha-l )T·I after 

humin_. However. fire reduced the liner productivi~ from -l.- to -·- l ha' 1 yr' 1• II rlocker 

( 1999 al o n t d that gra lands in a tern Kenya u uall. reverted ack to bushland or thic ·et if 

not burned at least aft r every liYe ears. 

Fire also intluence vegetation campo ition and spc::cie dominance in rangelands as it 

encourages regro"vth f pc ies that wer adapted to burning (Herlocker, 1999). Grasses were 

not as ensitiYe to fire like mo t woo . plants. ~ olf on and Taimon (_000) attributed this to the 
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I a ton of_ row h pointS of gra · e \\hi ·h \\er b ~tter protected from lir · and tended to sprout 

earlier after a burn. For example the perennial grass Themeda trwndra dominates fire-climax 

grasslands in northern Tanzania and southern Ken a (Bogdan. 1977). In the absence of fire. it is 

gradually r plac b_ other _ras · ·.for example Penni ett1m Mramineum or\ dy vegetation. 

In som areas, if too frequently burnt. it is r~;;placed b_ the c en more fire-tolerant He1eropogan 

conrortu (L) Beau . ex R. & ch. This ' as aJso noted by 1nene (1995) \\ ho rep rted the 

composition ofT triandra in th natural pa ture as 3."' 0/o, but after burning, its composition 

increased to 7.8 %. Other gras es which increased after burning included Dichanthium ins ulpta 

(from 13.- to 16.1 %) and Di ritaria macroblephara (from 6 •. ~ to 68.1 %). llowe\'er. the 

campo ition of Chloris roxburghiana decreased from 4.1 to 1.8 %. imp!, ing that tire had a 

detrimental effect on its growth. nyrnan (-003) also reported that Diaitaria eriantha and 

Cymbopo on plurinodis deere ·ed after burning by 16 and ro/o. res ectively. while Eragrosti · 

chloromelas and etaria pha elata increased b. _g and 49%. respectively. Frequent burning 

could reduce p rennial gra s CO\er and incr e the amount of annual gras es. !orbs and bare il 

(\Vijngaarden. 198 . In addition. repeated burning in the IO\ fertili y land of outh-eas sia 

and Africa r suited in dominance by the tall rhizomatous grass Imperata cylimlrica (L.) Beau 

that i diffi ull to eradicate CHumphre_-s. 197 ). 

-·-·2 Effect of fire 011 oil 

Ahh ugh ontrotled burning is necessar: in cenain dry areas to limit bush encroachment and to 

maintain the gra s co er. urning destroys enormous quantities of organic matter thereb. causing 

I s of important plant nutril!nts uch as nitrogen and sulphur lhrough ,·olatilization (Grace eta/ .. 

_QQ6 . Th two element arc lo t as gaseous oxides into the atrno pherc. Fire al·o acts as a 



mineralizin_ a .... cnt to in n.:ase hort t rm avail bilit) of nutrients or plant gro\\1h t noharan 

and Pali\! al. 1995). Howe cr. the effects of fire on nutrient dynamics were dependent up n the 

inter-relationships of fire b haviour. micro-climate, biomass consumed by fire. an vegetation 

composition and structure. 

Burning increased soil pH and base status of Zambian soils with low organic matter content and 

base saturation (Trapnell eta/. , I 976 as quoted by Boonman, 1993). Fire also promoted the 

return of bas s brought down in liner from the tree canopy while termites depleted this return b 

consumin_ un-bumt liner \\hereb .. th deri ed bases gradually became concentrated in large 

termite mounds. In each c e. th organic matter content of the oil ' as kept at a very IO\ level. 

Boonman (I 993) noted that burning subject d the oil to high temp ratures nd barcn ss causing 

organic man r loss and drying-out of the top oil. In addition. raindrop impacts and hoof treading 

b livestock on the bare surface betwe n the remaining tufts of grass worsen the topsoil tructurc 

sti ll further by ausing soil ompaction. This r du e wat r infiltration into he oil e ause of 

oil compaction and lack of protective mulch against run-off ( 1anson eta/ . 2007 . 

In thre different fallow areas under traditional slash and burn for finger millet farming. lsaky 

et ul. (I 996) noted important change in soil hemical propenies after clearing and burning. The 

soil pll in reased after burning main!) due to the alkaline nature of the ash and in addition. 

a ailable phosphoru and exchangeable calcium. magnesium and potassium also increas d. The 

study al o reported a decrease in concentration of nutrients with time on the oil" s urfacc layers. 

indicating leaching towards subsurfa e Ia crs. 
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L gum plant residu a lS as an.energ ·dissipater hich absorbs rain-drop impacts thereby 

prevent in_ di per al of soil aggr gate (Karuku e/ al. 2006). The study noted that the water 

inlillration ratc of the soil i ·maintained at a higher level under 1.h:ad or live mulch because: 

i) tru tural p ro ·it_ of the oil was maintained. h nee there wa no urface sealing and 

crust formation. 

ii) , la<.:ro-p re open t the soil surface remained intact and functional in transmitting 

~ater through the soil, and 

iii) Bi logical acti\it_ of oil fauna was maintain d \ hich funh r pro ided additional 

pores for " ater conduction . 

... ..a valuation of forage le urn for adaptability in natural pa ·ture f emi-aric.l 

ranoeland 

The primary criteria for set ction of a I gume for pasture impro ment i that it should _i,·e a 

lar:e yi ld of good qualit: fodder rich in protein. but equally important. the I gume should b 

able to establish and persi ·t in the ward (Prasad. 199-: Giller. _00 1 ). hus th legume mu t not 

only be \\ell adapt d to th em ironmental condition of a _i en region. but must als be 

ompatibl '' ith d minant ~rasse in thc p~ ure und r grazing. fherefore the sur i"al of the 

legume ''as d endent on competition for r ourc s u has light. moisture and nutrient . but 

must al· with ·tand tress from hcrbi ·ory. For exampl . Desmodium uncinatum (Jacq.) DC 

could not\ ' thstand oil moisture stress cau ed b_ a seasonal total rainfall of less than 600 mm 

in Kibw zi .. 1 kueni District (1 lacharia. 1994). The ability to re-grow rapidly following 

defoliation also strongly influences persi tenc and tolerance to fire \i hich is an imp rtant factor 
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for c nsid ration in areas m n gcd • burning (Giller, _QOl . Thus climbing or ·hrubb} legumes 

(e.g. Ctntrosema and Puerar:ia specie were most suitable for introduction into tall grass swards 

such as of Panicum. However. the low-growing stoloniferous or rhizomatous legumes (e.g. 

A rue hi pintoi) \ ·re mo t suitable for mi. ·ing with ·prcading grass s uch as Brachiaria (Giller. 

2001 ). 

In order to rai e a grass and legume mixture. information is needed on the species compatibility 

v h n gr0\.\11 a mixtures (Crowder and Chheda. 1982). Of particular importance is early seedling 

\'igour. habit of gro,vth. peak her age production. time of flowering and seed development. 

Crowder and Chheda ( 198:!) recommended that with seeds of equal viability. the ratio of legume 

to grass should be about "':2 so as to minimize competition from grasses \hich gro"" and 

establi h more rapid!_ than legumes. It \\as also essential for legumes to produce large quantities 

of eds for selt:propagation and surviYal in ..,ras pasture (Giller. _QQ I). 

Legum shave wide \ariation in optimum soil conditions and specific requirements for growth 

than do grasses and ther for . great care needs to be taken in choosing legume species for use in 

a grasstlegume sy tern ( kerman i!t a/ .. 1988). "'umerous leguminous species have adapted 

th m l\'es to arid and emi-arid conditions in different wa_·s. For e\ample. adaptability by 

annuals is usuall. achieved through germination. growth and setting seed during the hon rainy 

season. uch plants are regarded as drought a\'oidance specie (e.g. Stylo ·anrhe lwmilis 

H.B.K.). Tb r u_ht resi tant perennials adapt themsel\es b_ · becoming deciduous. i.e. they 

hed their leaves at onset or the dry season. Others are deep-rooted and dra\\ their water from 

deep-1_ me water tables Jo t drought resistant plants have large and deep roots_ stems and 
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mall a .. ...r un part . ir ro ~ fa r<JptiliLWI mropurpur •um (DC) rb.) and Glycine 

. ·eonotonia wighrii m.) La~.;key are some drought resistant perennial legumes that ha e a 

deep. well de el ped root ystem ( kerman et al.. 1988). 

Th fo lio\\ ing hara terishc • arc essential for the success ul establishment of tropical pasture 

legumes (las ano and Peters. 2007): 

P rsistence in a pasture in spite of competition from associated grasses. and 

persistence during periods of climatic stress was essential. In addition to vigour the 

capacity to regenerat , better palatability than grass s, growth rhythm and ability to 

compete for water and nutrients were all important factors in persistence. 

ii ) Tolerance to the range of soil conditions found in most tropical countries was 

ess ntial iflegumes \\' re to b widely adaptable. The rylosanrhes culti\ars. iratro. 

Calopo. Centro and De ·modium have this adaptabilit., but legumes like .Veonotonia 

wightii are adapted to specific soil conditions. 

iii) High production of seed \\ hich an be harvested easily. 

i ) Resistance to diseases and pests. and 

Be non-toxic to live ·tock. 

The plant p pulation of a legume species during establishment phas ensured a ailability of 

animal feed. soil organic matter and plant cover (Pamo and , lubeteneh. 199: . \\'hile conducting 

a tudy one tabli hment and adaptability of forage legume in Cameroon. Pamo and Mubeteneh. 

(I 9 -) noted that Mucroptilium atropwpureum. Desmodium illlorlllm (Mill.) Vrb. Dolicho 

axilaris. Jfuc:rory loma CL'(il/are (E.Yley.) Verde and eonotonia suppress d weeds and decreas d 

10 



\\3tcr runotT:md it ro ion. Th legumes· also had abilitr to requently root at nodes \\hen in 

conta t '' ith rh il which enabled them source soil nutrients from a larger surface area than the 

weed. 

Gachcne and takau ( 1997) carried uta legume creening study with the aim of identifying 

promising legume pe ies that could perform well under mi-arid conditions of tachakos 

District. The study found ut Lhat in terms of dry matter production and resistance to drought, 

Vucuna pruriem. rowlllria ochroleuca, Lahlab purpureus (L.) ' eet. Cancmtlia ensiformis 

(L) DC and Cmtalariajun ea L. \\Cre amon~ the best performing pecies out of23 test 

legumes. The deep-root d species, namely Mucuna pruriens. Lablab purpureus cv. Rongai, 

Canavalia en ·iformis and M atropurpureum cv. iratro. \ ere able to utilize soil moisture in the 
, 

lower soil horizons than the other leuumes. The studv therefore recommended the folio' inu - . -
fodder pecie for , [a hakos area: \lucuna prurien . Glycine wightii \\ ight & Am. erdc, 

Jfacroptilium 1tropurpun!um Croraluria ochroleuca and Cajamts cajan (L) . rillsp. a pulse and 

an e. ·cellem fodder in pastures {Pur ·cglove, 1987). These best species were cho en on rhe basis 

of: 

i) Tolerance to moisture stress. 

11 \bilit: to nodulate under low snil moi ture nditions. 

111 Resistance o pe t and disease attack. 

i\') bilit: to produce iablc eds. 

\') Utilization as fodder or for soil con n·ation. and 

n Providing a good ground co er which was nece ·ary for erosion control and 

regulation of urf ce oil temperature . 

-1 



idcntiti 

(\Ia roprilwm atropurpureum), chct bean Mucuna prurien . Labl b (Lablab purpureus) and 

Gl;cine 'eonotonia wi~hrii as supplem nt ry (i d for dual purpo goats in the semi-arid 

r·gi ns of ast m K n) rh se p cie were\ ell adapted t the limatc and soils of the regi n. 

and produ c hi_h biom · . The auth r. also not d that nimal fed on thes legumes produ d 

m nurc of higher quality than th t from animals [i don gra ·ses alone. 

2. - ontribution of foraoe legume · to dry matter production and forage quality of 

natural pa ture 

.. .5.1 Dry matter production 

Legume spe i are int ~rated \\ ith _rass pastur s prin ipall; to rai e forage qua lit) an quantity 

du to their ability to fi atmospheric nitro_en (Wassermann eta/.. 2000). Legumes also ensure 

tabilir: of pasture production u to different grO\\th patterns of b01h grass and lcJ,ume spc ies. 

ft has been demonstrated that the dry matter pro uction of grass legume mixed p stures usuall. 

e cce d that of grns alone when no inorganic fenilizer nitrogen is :1dded Thorn and 

Lascano. 1995: jarui an \ and ra. 1997). Cro\.\der and Chheda ( 19 2) :1lso quoted studies 

done in H waii \\her' Desmodium cmum (J F Gm !.) c:hinz 'Thall (Kaimi Clover) mixed 

\\ith Pangola gra in r ased the dr_' man r produ i\'it_' of th grass in monoculture from 3 78 

7. ·1 t ha"1 yr" 1 or era ·sJ iegume mi.· d p turc. In the arne s1ud}. D intortum ( re nJeaf 

D modi urn mix d \ ith Pangola eril produced dry mana of I 0.63 t ha·1 yr· 1 ompared to 

3 t ha·1 yr" 1 that was produc d y grasses grown in m noculture stand!>. 



ound th tint _rati no De modium un inatum le::-umc \\ith Chlon · 

roxburghiana gr s in Kibwezi area rc ulted m C roxburghiana monoculture stands producing 

7 _ t ha·• yr·• dry matter while that of g le ume mixed pi ts was 8.0 t ha·' yr"1
• The study 

oncluded that D. unc. inarum significantly (P~O.OS) increased herbage quantit of 

ruxburohiana robably b~:cau e the ~ en litcd from increased soil nitrogen that may ha\ c 

be n contribute by the I gume. ·nadi and Haque (1986) als found that the total producti ity 

r unit ofland was usuall) gr ater for legume! grass mixture than for s le crops. Thomas and 

La ano (1995) further reported that in Colombian savann . grass/legume mixed pastures 

in rease b) -o% the animals· Jj,- \ ·ei_ht gains per head. rn the same tudy, the dry matter 

pr uction per hectare in mixed grass/legume pastures increased by -0-"'0% compared with 

ure grass pas ures. ~\ tud; conducted by. jarui and \\'andera (1997) at Karumani. Kenya. 

r ported a higher dry matter productivity of 4.04 t ha·' yr'1 from a, apier .\lacroryloma axil/are 

c~ . .\r her mi.· d pasture as compar d to _.42 t ha·' yr·' obtained from . 'apier in mono ultures. 

Dry matter pr duction of grass/legume mixed pastures in diiTerent regions of the \\'Orld varies 

\\idely due to a number of factors (Crowder and Chheda. I 982). uch factors arc the species of 

gras es and le:::um . inherent soil fertilit). p~.:rcen age of legume. available soil moisture. 

inten ·it: of de· liation (interval and height). light inten ·ity and tern erature. In gcn ral. legumes 

b ·come establish d more ·lowly than l::'ras es ·o that th~.: latter rna. predominate for I or 2 )ears. 

-.5.2 Fora"l! quality 

Forage qualit: l::'en rally refers to digestibility. crude protein. se ondary compounds and mineral 

content ( tuth i!f a/ .. 1995). Digestibilit) i · related to relative proportions of cell contents and 



compo ition of II '' 11 compon nt '-=ci l~ structural carbohydrat s .. \n outstanding feature 

for grazrng animals in a _rass/legume so iation was incr ased crude protein content in 

a\ailable herbage as compared to gr salon and the constancy of crude protein found in the 

I ::ume component. For e. ample. tudies in Hawaii showed that crud protein content of 

D modium intortum ranged from 17.0 to _1.0% over the ·'-=ason \\hen mixed with Pangola 

grass (Crowder and Chheda. 1982). Th level of crude protein in grass s ranged from 7.6 to 13.6 

% \ hile in association with the legume as compared to 5.9 to I 0.2 o/o while in pure stand with no 

addition of inorgani nirrogen. This how the advantage of mix in~ _rasses with legumes for 

in reased forage quality. 

There ar two main pathways for cycling of fix d ·.namely through lilt r fall and excreta from 

anim Is (Giller. 2001 ). The r lative importance of each path\\ay will depend on palatabilit) of 

the legumes being con ider d. For example. cattle tend to preferentially graze grasses in mix d 

pastures during the rain) seas n \ h n their forage quality is high. Legumes such as 

Calopogonium muc:onoidl!\' Des\ and Chamaecmw rotund({olia are not em n until a\'ailability 

and quality of the :::rasses d cline. Exc ptions arc the highly palatabl pecies such as Amclu · 

pintoi Krap & Greg which arc consumed throughout the year (Giller. -00 I). Thus \ ith less 

palatable le_ume such u · :alopogonium. li. d ·will become available to the associat d grass 

through litter fall and d'-= m osition during the ·.,et s ason. loreoYer. nitrogen rransfers through 

animal manure will hu be of importance after being taken up by grasses during the dr; season. 

Legume herbage has higher 'U ·tained levels on:r a p riod of time than grasses o cr the arne 

period(\; as ermann er ul .. _ooo . Thi ·was attributed to the .. built-in·· supply of · in effectt ·el} 

nodulated legumes ·o that tlucruation within the plant' as large!_ indep ndent of the ·in the 



· il. Th1 rt.: ·ervoir maintained a rather con tant upply of nitrogen as the plants ag d. I· or 

e ample, the decline of nitrogen concentration in iratro with increasing age of lea es and stems 

\as quue insignificant o er a 16-week regrO\\th period as it changed from 4.63 %at four weeks 

to4.12 %at 16 ·eek ofgr '"th(CrowderandChhcda.l982). 

n of the major factors limiting live ·t ck produ tion in semi-arid regions of eastern Kl!nya IS 

th qual it of available fi dder 1jarui and Wandcra. 1997}. The study noted that · apicr and 

Panicum fodder grasses were increasingly being adopted as feeds by small-scale dairy farmers 

but usually their quality deteriorated quickly after maturity. The study found that when 

mtercropped with forage legumes. the e fodder gra es provided forages of high quality than 

gr:~ss alone and con equently had a potential to improve live tock production. It \ as therefore 

' conclud d that forag legumes 1ntercropped with . apier and Panicum had a greater potential s 

animal feed in semi-arid areas where natural pasture was of p or quality. 

ther benefits from legumes include the ability to improve nutrient }ding in the eco ·ystem via 

in reased liner quality and greater amounts of nutrient passing though the animal ~stem 

(Thoma and Lasc~mo. 199- ). This stud: noted th t soil biologi al acti\ ities were enhanced b) 

I gume r"' idu and e. ·udates during mineralization proce ses. In addition. the study found that 

me lccumes had th abili to contr I tick· in animals c. I! .• l\ lo. ant he (Thomas and Lasca no. ~ ~ ~ -
199 -). B onman ( 1 9" at ·o r ported that tropical legumes have a lower initial in-\'itro dry 

matter dige tibility than J3 . but the rate of dedine \\as lower than that of gras es. For 

e:ample. grass s younger than 60- 0 da. s of regrowth had rugher digestibility than in Trifolium. 

Medicago, Glycine, . tylo and De m dium legume . However. after I 00 days of re-growth. the 



itu tion ·as usu ll. r v rs d. The study ad d th t I _ umc .. r al o .. lued ~ r their hiJh 

contents of calcium sulphur and phosphati minerals. 

Th major disad anlage of legume in pa lures ' as their lack of persistence under in ten ive 

grazing v.hich, cpending on I gum pecic and its acceptability to animals. could result in the 

legume being grazed out of th pastur "vi thin a few years kinner era! .. 2004). n the other 

han , some tropical legumes su h as Desmodium Ol'alifolium contain high amounts of anti

quality factors such as tannins. These ompounds reduce the legume's acceptabilit. b_ animals 

due to reduction in palatabilit_ and di_estibility, resulting in the legume dominance in th 

pasture. Lablab purpureus is also known to cause bloat to livestock at the young and rapidly 

growing stage of the crop and should not b more than 20-30% in the animal diet ( luinga eta/., 

_QQ6). 

2.6 ffect f d foliation on r wth and dry matter pr duction 

Producti\ ity of all plants depend on their ca acit; to photosynth size and hence their ability to 

produce new bi mass (1 Iburu and itari. 2006). Young plants with few leaves have limited 

gro,nh capacity and a more lea es ac umulate and lear area incr a e. the gro th rate rises. 

Therefore. if defi liation is practic d t o arl) or to frequ ntly. it could Jo, er dr matter 

produ ion b. redu ing leaf area and light interception. r sultin_ in slov. grO\\th rate . 1oreover. 

'hen _rass plant ar~ abou t hift from ve_etati\e to reproducti\e developmental stage. h a"y 

grazing could pre 'ent onnation of no""erin_ hoo . thus promoting further gTO\\-th of leaves 

and pr duction f more econdary branche . The implication is that more defoliation may 



in rease tiller recruitment and hen e more dry matter production in .!nlS Tomlinson and 

O'Connor 2005). 

Th e!Tect of leaf removal on plant gr0\\1h is depend nt on ' hether whole or on I y pan of the leaf 

is removed. the ·tage of devel pment of the leaf which is removed. and xtent to ''hich lear area 

of the plant as a whole is redu ed (Wolfson 2000). omplctc remo al of green leaves will make 

initial regro\\1h dependent on arbohydrate reserve . leading to a reduced grO\\th rate. tern 

morphology (including woodiness) of pasture legumes vary greatly among different sp cies even 

though the_ ha cone common feature" hich differentiate them from grasses making them 

respond differently to defoliation (Wassermann eta/., 2000 . While both grasses and legumes 

have their primary gro\ ing p ints terminal to the stem. the terminal gro" ing point in legumes is 
I 

compl tcly exp sed to remo al by even light grazing (except ins me prostrate legumes). In 

grasses. th apex remains Jo, to the ground during vegetative gro\\1h in most species. where 

they readily escape defoliation damage. In the long term. grasses adapt t defoliation by 

producing lateral tillers" hich upon decapitation by defoliation. will readily be replaced by nev 

tillers growing from lateral bud produced lo' er down the stem. Howe er, the ability to produce 

lateral tillers varies considerably from species to species (Wassermann era/., 2000). 

Differ nt gras pecies rna_ respond differ ntl_ to diffi rent intensities of defoliation. For 

example. Themeda triandra i · en iti\'e to intense and frequent defoliation during the grO\\ing 

eason' hile porobolusfimhriatu ces i \ell adapted to se ere defoliation (Wolfson. 2000). 

n the other hand, stoloniferous legumes ·uch as Trifolium repem• L. White Clover) and T. 

{ragiferum ( tra' b ~ Clover) an rhizomatous legumes uch orunilla varia (Crown 
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et h) and Lotus uliginosu.~ Big tr foil t nded to b re n bl: tot rant t heavy grazing as 

th ir lateral apical growth points usually remain d close to or belo the soil surface. The 

r ponse of legumes to defoliation depended on the physiological stage of growth of the plant at 

th time it" as defoliated and on the quantity of important plant parts retained by the plant such 

as plant re rves. active stem apices and a ti e phot syntheti part (Eckard and ass nnann. 

~000. 

Herbivory is one of the major biotic factors that play a central role in plant community dynamics 

because herbivores exert both direct and indirect effects on plant . ~hich affects all aspects of 

plant growth. reproduction. and status in the plant community (AI-Rowaily eta! .• 1995). 

Responses of plants to herbivory include slo\i or decreased gro\a.1h and fecundity d pending on 

these erity of rcmo al. lntensi ~ grazing reduces plant ·hoot and root biomass making the plant 

more vulnerable to soil moisture stress \\hich results in deterioration of range pasture 

producti' ity (~ alton, 1983: ~ olf: on. 2000). Defoliation affects th panern and gr wth rate of 

roots, probably by reducing the photosynthetic products available as res rves ( n man. 2005). 

Depending on se erit. of leaf remo al. the result is either a slowing down or a complete 

toppage of root growth. When SO % or more of aboveground growth of hi oris guyana Kunth 

(Rhodes grass) was harve ·ted. apr p rtion of the r ots stopped growing and ro t gro,,1h 

stopped complet I> when 0 or 90% of a oveground growth wa · r mo\'cd (Wolfs n. _000). 

Too I 9 -) also found that the int n ity. frequenc}, s a on of u . plant phenologi al stage and 

plant parts remo' d during defoliation influenced herbage production. 
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tan =ement o pastur is the judicious colo •ical manipul tion o f: tor in order to incre c.: 

outputs in the most economically ad antageous way but as a rule, tropical pasture sp cies should 

not be grazed too closely ( kennan et at, 1988). For example, herbage removal should not be 

lower than 1 ~ -20 em as damage to the legum rna. result. Too (I 5 citing Woie (I 84) noted 

that a ix-week int rval was sufficient!~ I ng enou_!h top nnit dcv I pment of a large number of 

grass tillers to ensure continued growth rate. Howe er, \! hile sever d foliation rcduc d survi al 

of range forage plants light defoliation may enhance their survival through reduced plant den ity 

that caused self and mutual shading by par nt plants or other old individuals in the stand 

(Wolfson, 2000). 

tudies ha e shown that animal grazing led to continuous but panial defoliation. was more 

I 

electi e less severe and remo ed herbage at varied height v hile mechanical removal or 

clipping frequently resulted in r mo\·al of all herbage above a cenain stubble height from all 

plants . lusyoka, 1991 ). Clip ing is als non- lective and does not consider mineral distribution 

through faeces and urine and soil surface compaction caused by grazing animals. Ilowever, 

clipping has been used widely in grazing studies and information from such studies applied in 

grazing ystem management(Woie.l9 4:DeLeeu\ (1991). 1-RO\:ailyera/.(J9<r noted 

that clipping had certain shoncomings a meth d of simulating grazing eftects on plant gr0\\1h. 

The major problem with clippin~ is the p or extent to \\hich it a tuall) resemble the pattern and 

requenc. of defoliation under a tual grazing. However. clipping tudie could generate useful 

baseline information about critical peri d of defoliation in plant specie . But. it is nee ssary to 

recognize the diffi renee betw en the pro ess of _razing and lipping in order to draw 

appropriate conclusions and application from experimentaJ result . 
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2. ontributi n of forage I gum to oil ~ rtilit) 

number of studies (fore ample Grace et a/. 2006· Mu ·e eta/. 2007; Okalebo eta/., 2007) 

have not d that low soil fertility in arid and semi-arid lands was a major con traint to primary 

produ tion und r rain-fed condition . j rui and 1ureithi C2006) al o found that when there was 

little organic matter in the soils. as was th ·cas with soil of arid and emi-arid land which 

were mainly sandy in nature, nitrogen'\: as the most limiting nutrient to primary protlucti ity. In 

these cosystems. nitrogen-fixing plants have a major role to play in the accumulation of 

nitrogen in microbial and plant biomass and in soil organic matter. 

Legum s are unique in their ability to fi.· the limitless supply of atmospheric nitrogen through a 

symbiotic relationship with -fixing Rhi=obium bacteria "hich fonn nodules on the legume· s 
, 

roots (Giller and Wilson. 1991; Wassermann eta/., 2000). By supplying the bacterium with 

carbohydrates the host plant became ind pendent of soil nitrogen. 1 odulcs vary in size among 

different legumes. meaning di ~ rent nitr gen fixing abilitie (~ ass nnan er al .. 2000). The 

interiors of acti e nodules are pink to deep red. changing to green as the nodules decayed. while 

ineffecth·e nodules appear translucent or v.hite instde { kerman eta/, 1988). 

itrogen is quantitative!. the m ·t imp rtant element taken up b. pasture plants from the soil 

and its a\·ailabilit;. together" ith oil moisture supply. arc usually th major factors d termining 

producti\·i ) of tropical pasture {. lite and • tan n. 2000 . There are several known 

mechanisms of nitrogen transfer from legumes to grasses. Direct transfer invol es an exchang 

of nitrogen between le ... ume plants and grass ro ls. either concurr ntly with tixation, or mor 

irnportaml .. after a pha e of nodule decomposition in the soil. , 'odule s n c nee is reported I. 
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timulat d bv d foliation and ad\'erse cnvironrn ntal conditi ns and is char teri ti allv more . . 
rapid than that of remaining root material (Miles and Manson, 2000; Cberr el a/.. 2006). Other 

important mechanisms of nitrogen transfi r from legumes to grasse in Jude decomposition of 

ungrazed. senescent, or trampled leaf and tern compon nt of legumes and through nimal 

mgestion of herbage and redistribution in dung and urine ( rowder and Chheda. 1 82). Exudat 

from legume roots also contained nitrogen in form of simple amino-acids (Giller. 200 I). 

Minemlization of legume residu s releases nitrogen more gradually over a longer period of time 

than from inorgani fertilizers. reduce nitrate lea hing and impro cs efficiency of nitrogen 

uptake by companion crops 'yambati eta/., 2006). ln situations where there is p r nodulation 

and N-fixation, legumes exploit oil nitr genre crves rather than contributing to th m. Thomas 
I 

and Lascano ( 199 -) reported that a range of, -fixation rate of 1--158 kg 1 ha" 1 r'1 could 

maintain the -balance in soils of tropical pastures. However. the amounts ary with rate of 

pasture utilization and rates of recovery of nitrogen via the main rec ·cling proc sses of litter 

return and decomposition. plant internal rec cling and animal excretion. Other beneficial effects 

after application ofleguminous mulches and co er crops is the increa e of nails and earthworms 

which are beneticial during nutrient re ~cling (Bautista-Zuniga et Cll., 200 ). 

\'ariou author have reported varying amounts of ·fixed by legumes. For example, Chikowo et 

a/. (-00 .. ) reported that , e bonia 5e ban and Acaciu angusli ·sima legumes in Zimbabwe could 

tix more than I- kg ha· 1 yr· 1 n a cia. loam ·oil. The stud. also reported that input after 

d omposition flitter of lu una prurien ·. 96% \ as from ~fixation. lafongoya et ul. (2007) 

reported tixation rate of280 and 157 kg ha·1 yr" 1 by Tephra iacandidaand T l'Ogelii. 
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respecth·el}, in southern Africa. In Ken. a, Kihara er at. (2007) rep ned that, tucun c uld ti. 

> 100 kg ha'
1 yi ' . lso, Keya 1974) r ported a legume contribution of lOO kg ha'1 yr·1 to 

th soil in Kitale. provided the I gume consisted of .. 0-40 % of th grass/legume mixture. 

kennan er al. 1988) rep rted that Centro. ema puhescen.s Benth had a nitrogen tlxing ability of 

100 k_ ha·' }r'1 in the top 15 em of the s il. . ·eonoronia ldghtii 160-170 kg ha·1 )r'1 nd 

.\lacroptilium alropurpureum 1 00-175 kg ha'1 r'1• 

2. colo · f legum peci u ed in tbi tudy 

The fi e legume species used in the pre ent study\: ere sel cted since the. had performed well as 

gre n manure legumes in culti ated agriculture in terms of impro cment of soil fertilit . dry 

man r produ tion and as livesto k feed in semi-arid regions of Ken)a (Ga h ne and lakau. 
4 

1997· 'jarui and Wandera. 1997: lureithi eta/., 1998: LRNP 1999). A de cription of the 

legumes· ecological anributcs i pro ide below as describ d by Duke ( 1981) and kerman el a/. 

(19 

i) A'eonotonia u ightii Am. Lack y 

Thi legume i comm nl. call d Gl_ cine and i a herba eous per nnial with a trong tap root and 

trailing. climbing and twining ' terns. The stems are woody at the ba e and may reach 4.- min 

length and fl en sprout from a r0\\11 b low the · il surface. It is a native of tr pi al frica and 

in Kenya. it gro\ ·strom coa tal lowlands up to _.450 m ab ve sea level (a .. 1. \\i h e t 

performance in are · v.ith -o mm annual rainfall. Glycine alsop rform w II in d~:cp and well 

drained s il with a pll of -.o to 7.l. The legume i small seeded and the p rcenta_e of hard 

eds i quite high (about 0 ~'o). One s eds are SO\\n, germination and establishment of 
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ling is sfo, at th b ginning but lat r becom s quit i orous m .... rowth and the plants may 

cover the soil in two months after germination. Production of dry matter of to 10 t ha'1 yr·1 has 

been reported in Campinas Brazil and a crude protein content of26.5% in the lea es has been 

reponed in Kenya ( kerman et a/ .. 198 ). 

ii) Macroptilium atropurpureum D ) Urb 

This sp· ies is common!. call d iratro and is a de p rooting herbaceous perennial \\ith trailing 

terns from a basal crown. The stems may root anywhere along their length e pecially on moist 

clay oils but rarely on drier sandy soils. In Kenya. iratro grows at elevations of up to 1.600 m 

a.s.l. but has a faster gro' 1h at elevations lower than 610 m a.s.l. The legume performs well with 

a rainfall of bet\ een 615 and 850 rnm. iratro is drought tolerant because o its de p rooting 

' habit and performs" ell in w II drained soils with a pH range of 4.5 to 8.0. iratro nodulates well 

with nati e oil Rhi=obia. Th percentage of hard seeds is about 40% and after germination. the 

seedlin_s establish rapidly. iratro may pr duce up to 8 t ha'1 y{1 dry matter and contain 17 to 20 

% crude protein. 

iii) rylo anrhe cabra Vog 

Thi pecies i comm nl. called hrubb .. t) lo and it grows up to 2 m height. is a shrubby 

perennial and is erect to sub-erect with trong to \ ody stems. Il i · a nativ of outh America 

and rO\\ from seale I to 600 m as.l. and in addition performs w 11 in areas with ·oo to 600 

mm annual rainfall. The species is very drought tolerant bccaus of its deep penetrating tap root. 

hrubby tylo is well suited to low fertilit . acidic and sandy loam oils. The edlings are slow 

gro\\ing durin_ the first season but one estabh hed. the legume is a veT) slTong competitor with 
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ompanion spect s. Th legume has a high percentage of hard se ·d when fr 'hi. ripened but the 

seeds soften with time. After grazing the regrow1h is normally from buds located on the aerial 

ems which. being hard and woody. are rarely removed b livestock. When mown. strong and 

rapid regro,,th occur from crown bud located slightly bel w ground level. Th I gumc may 

produ e a dry matter of l to 9 ha·1 ;r"1
• 

iv) • fucuna prurien · (L.) D 

This pecies i commonly caJJed Vel et bean and is a herbaceous annual with igorously 

gro\\ing and trailing ines of 3 to 18m length. It is grown mainly for green manure or temporary 

pasture. It is a native of southern Asia and 1alaysia and requires a hot moist climat for 

maximum growth. In Ken;a. Velvet bean gro,,s from sea level to 2.100 m a.s.l. Vvith a rainfall 

• 
range of 650 to 2.500 mm. The legume tolerates a wide range of s ils. from sandy to clay oils 

and\ ill gro._: on soils oflow a idity. Tt is non-specific in its Rhi=obium requirements and has a 

~ood germination rate of99 °/o. Grov.1h of Velvet bean is slo" to tart. but when established, the 

legume co ers the soil rapidly. thereb smothering' eeds cffecti ely. Velvet bean produces dry 

matter of3 to 6 t ha·' yr·1 after 90 to 100 days after planting. 

v) Lablab purpureu. c . Rongai (L.) wect 

The ·pe ies is c mm nl) called Rongat Dolich s or he Hyncinth bean and is a herba eous 

annual or shon-terrn p rennialle_ume 'ith "i ... orou I. twining 3 to 6 m long stems. It is spread 

throughout the tropic e pe ially in Africa as a food crop, forage for li estock and green manur . 

It grows from ea le\el to 2.0 m a.s.l. but performs better at lower elevations with a rainfall as 

low as 400 mm. It at o performs \\ell in well drained sandy to hea\. texrured soils with a pH 
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ran eof5.0 to 7.5. The legume does not asil~ nodulate with native Rhi=obio nd therdore. it is 

preferable to treat the seeds with Rhizobia of the cowpea strain. The legum does note tablish 

well in natural pastures unless they are culti ated. It has a minimum g rmination of90% and 

contains about 10 % hard seeds. Besid s fixing nitrogen through the n dules. it also suppli s 

large amounts of nitrogen through leaf lin r drop and deca .. It can. i ld up to 5.4 t ha'1 ;r'1 dry 

maner and 23.4% crude protein during the first harvest. Howe er, the legume d es not 

withstand heavy grazing of the sterns and may cause bloat in animals fed solei. on the crop. 
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H.\ PT R liRE · : 

.1 Introduction 

Thi chap er describes I cation of th s udy area and the vari us materi Is and method that \\er 

d to charac riz the soils. \ egetation. dr. maucr produ ti n nd nutriti-.c qualit. of dominant 

herbac ous species. Funher. th various exp riments that~ cr condu ted to · teet be- t 

performing legumes which im olved studi son legumes) d •i bili :. nodulation chara teristics. 

rooting patterns dry matter produ tion. litter produ tion and effe t of legumes on oil ft nility 

impro ·ement are de ribed. lso des ribed are th various ·periments that w re conducted to 

d termine the effect of introdu d legumes on impro ement of natural pa lures of semi-arid 

rangelands of Ken, a. Description is made of the materials and method us d during the 

determination of dry matter pr uction and forage qualit of ._.ras legume mixed pastur . ,\!so 

d ri d are materials and methods u ed to determine the etTect of he legume on oil fertili y 

improvement and xtraction of oil moi ture b. grass sand legumes fro mixed pastures. 

3.2 0 cription f th tud) area 

3.-.1 Location and definition oftlt e tud area 

Th tudy was arri d out at ultan H mud (_o 01' and 3 o 19'El in Ia huru Di ·ision of 

Kajiado District Figure I \\hich wa · I cated at n altitude f I:! 0 m abo e ·a le\el (a.s.l.). 

1 la huru Di ision v ith an ar a of approximate!) _,999 km· is one f six divisions of the distn t 

and it or ers . {akueni nd • ta hako · Districts to then rth- a l. In J...ajiado District. tt borders 

Loitokitok Division to the out h. pan f. amanga Divi ion to th ' e t and Central Di\ ision to 

th 'e t. lashuru Di\i ion has a population of"-.666 p pie comp cd !'7."' h u eholds 

and a population d n ity of L p rson per km- as r r 1999 populati n en u (GoK. _QQl). 
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ud_' sit was m agro- Z) \' \hi his Ia iticd a· mi- rid 1 d r iniatl i 

Lh maJor limiting factor to primary production ( ombrock et a/.. 1 2). he m an annu 1 

temperature ranges from 21.6 to 24.Qo C (Jaetzold eta/., 2QQ6). Th mean annual rainfall for 15 

:ears recorded at ultan Hamucl K ikeu econdary chool tcorological tatlon ( tati n 

91" 0"2) show lh study area rec ives mean annual rainfall of 3 mm (Jactzold 111 a/., ~006). 

Th meteoroloeical station is about 3 Km awa and i the ncarc t from the ·tud it • h rains - . .. . 
are recetve in t'li o distinct easons \ ith the long rains sea on o curring from end of. 1ar h 

lhrou_h to lay (with a peak in pril) while the shon rains cason occurs from end of October 

through De ember " ith a peak in O\'ember) as shown in Figure-· Between the t\ ·o rainfall 

seasons. t'li o distinct dry sea ons usually occur. A shon dry eason o curs from January to 

March while a long drys ason occurs from May to Octob r. During the experiment I period. the 

shon dry season in _QQ.. id not,o ur a Januar. to larch rec i\cd rea onable rainfall as ho .. ,n 

in Figure -· 

Like in oth r s mi-arid ar a of K n a. rainfall variabiJiry is quit high. both in the total amount 

received and in the time(s) of arrha! Herl ker. 1999: Jaetzold et al.. _QQ6 ). For e. ample. 

during the study period. the xperimental it re ei ed 16 mm rainfall in t\ o da. s during 

February _QQ". 116 mm in eight da. uring February 2004 and only"' mm rainfall in three da) 

during February 200- (Ta le I nd Fieur _)_In th tud) ar a. the month fFebruaf) i 

considered part of the hon dr; sea on ( Bekure et al .• 19 I). The tudy 1 rec i cd a total of 

7_9 mm rainfall in "7 da;s in _00 . a total that was clo to the mean annual rainfall reponed b) 

Jaetzold eta/. (_006). During _004, the tu y site r c iv d a tot I of 60- mm in -2 da s which 

\\as far below them an annual rainfall(; r the ar a. Tabl I shows that m rc than -o% of he 

total easonal rainfall received at the ru " site during the experimental peri d fell in a ingle 

month. 
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J.... Characterizatiou of the oils 

A 2m deep soil profile pit\ as dug and soil description mad following the Guid lin s for oil 

D scription (F 0, 2006). Four soil horizons \ ere identified along the pr file pit and ea h 

honzon \·as d rib d in tenn of depth, colour moist). mottlin_. te ·tur., cutan . tru ture. 

pore· nd consistence. Fours il samples (each from the four oil horizons wen! collected for 

laboratory anal. sis. Follo\\ing standard procedures des ribed b. Okalc era/. (20 2) soil 

texture was determined using the h drometer method. soil pi I nd electri al conductivit_ (EC) 

\\ere measured in l: 2.5 soil: \ ater su pension. E:changeablc cation (calcium. magn sium. 

pota ium and so ium) were determined by a tlame photometer through a sing! e. traction using 

the Mehlich Double Acid Method (Hydrochlori - ulphuric acid extract). fotal nitrogen \\as 

determined b th macroKjedahl method whit the organic carbon' a· determined hrough the 

\\ alkley and Bla k rneth d. 

3.2.3 Cllaracterizatiou of the veaeration 

The stud. carried out a t1 ri tic ompo ition of the site vegetation. ry matter production and 

effe t of burning on regrO\\ th of the herbaceous layer. In addition. the nutritive qualit. of orne 

dominant grasses of the natural p ture was determined. These are de ·cribed bel w: 

3.2.3.1 Determination of floristic clwracteri tic 

A "'00 m linear transe t ruMin2: from the hi!!h tto th lowe ·t int of the study site w - -
demarcated and three p inr wruch were I 00 m apart marked to partition the upper. middle nd 

lower transect sections. The e s ction forme the data collection ints to hara t rize the 

woody and h rbaceous Ia ers. Th wo d la;er wa differentiated into trees and hrubs. 

41 



~ reby. the tr es were those single n multi-st mm d plant ' hich \\Crc m rc than m tall 

,. hit shrubs were categorized as those single and multi-stemmed wo dy pi ts which were less 

than 6 m in height ijngaarden 1985). The species names and authoriti of the tfi sand 

hrubs were identified according to Beentje (1994}. The nam and authontie ·of the herb (n n-

wo dy species) were identified a cording to Agne"' 1974)" hilc tho e of _ras ~s \\ere 

id ntitied according to B gdan ( 1976). 

The floristic composition of the herbaceous layer w~ detennined in a demarcated pl t 

measuring 25m2 at each slope section. line intercept metho using a _5 m tape was u d to 

m asure the crown diamet r of each species intercepted along the tape as a projection of the 

basal diarnet r as describ d by Gils and Zonneveld ( 1983 ). The total O\ crage for ach pecte 

'as then calculated as percentage cover of the total ·ampling plot using equation 3.1. 

D 01oCover = -xiOO 
L 

(£quation3.1) 

\\'here. D is the total int rc pt length for one species; L is the total length of line tran t. 

The physiognom. of the egetation was determined in an rea of one he tare by estimating 

p rcemage cover of the" d_ sp cies. Tite CO\er was esumated as the vertical pr ~cction onto 

the ground of all abo c-ground parts of all trees and shrubs and e. pr ssetl as a percentage of the 

sampling area. The ph. siognomy of v getation was eriv d thr u_h u. of ·Ke} to 

Physiognomi Classes· as d scribed b Wijngaarden ( 1985). This classification is hased on 

per entage CO\'er of tr es and shrub and is pre ente as a two dimen ional graph (Figure 3). 
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3. •. 3 .• Determination of dry matter produclion of tlte lterbtl tm laJt!r 

To determine the standing h rbage in the upper middle and lov.er sections of the dcmarcat d 

transect a sampling area of 1m2
' ass l cted by randomly throwing a I m2 quadrat in ide the 25 

m2 plot that' as pre 'iously demarcat d to stud. the floris ic c mposition of the her aceous 

1 : r.Insid each uadrat. all the plant material \\::ts lipp d at Jround J•,cl. sep rated into 

grasse and weeds and v eighe for fre h weights. Each sampling quadrat was then r pli ated 

thr times inside the 2 ~ m~ plot per slope section. thus ending v.ith a total f nin amp ling 

areas along the whole tran ect. Th plant samples (grasses and dico ) were later o en-dried at 

105°C for 48 hours to determine dry matter' eights ( m·1) which w rc converted into dry 

matter tonnes per hectare t ha"1
) usin~ equation 3.2. 

, 
ampledryweiglu g) , 

D.\l(rha)= xiO.OOOm· 
1.000.000 gram 

(Equarion 3 _) 

3 .•. 3.3 Determination of lterbaceou dry matter production after bumiuo and Ia ltiu() of rite 

natural pa ture 

In a plot m asuring 3-.l x 62 m. herbage in half of th plot vas subjected to burninJ \\ hile herbage 

in the other haJf was slashed o ground l el. TI1e burning nd slashing treatments \\er • 

onducted at end of the long dr_ sea on in the month of 0 to er at on ~t f the hort rainfall 

on. Aft r three month (end of the rains e on) all the ab ve ground plant material in the 

burned and 1 hed plo \\a clipp u to ground level and · parated into grasse and dicots. The 

samples were later oven- ri d and dry maner ""eights cal ul ted as de ribed in cction 3.3 2.2. 



3 .. 4 . 'utritive quality of common pecie iu the nalllrul p11 ltlre 

\\'ithln radius of 100 m around the study enclo ure eight common grass sand t o I gum 

were identified and sampled for laborator analy i . any h nd-plucks of leafy material were 

olle t d from ea h species and mixe mt a compo ite sam pi . The ra pede · \\ere 

Dichanthium insculpta, Hyparrhenia dipendula, Themeda trhmdra. 'enc:hrus c:ili zris, Diglluria 

macroblephara. Eragro ti wperba Pc. r. Chlori roxburghiana and Pennisetum me:ianum 

Leeke. The legum found growing in the natural pastur were 'eonoiOnia wightii and 

Rhyncho ia malacoplzylla. fn th laborator the amples' ere o en-dried at60° for T2 hour , 

milled and analyzed for crude protein. ash. in-,•itro dry matter digcstibilit; and fibre com nt. 

foiiO\\ing tandard procedures as follow : 

3.2.4.1 Determination of crude protein co11tenl 

ample of groun plant materi I were analyzed for percent nitro~ en using the thr e stage micro-

Kjeldahltechniqu that imolved dige ·ti n. distillation and titration(.\ AC. 19 -). Th 

digestion process in ol ed boiling samples weighing 2 grams (in three replicates) mixed with 

con ntrat d sulphuric a id and selenium cataly tin Kjeld hi ru e on a heated digestion lock 

for one hour. Thi pr cess ransformed nitrogen compound · into sulphate of ammonia and th~ 

a id sample oluti ns \\er left to cool O\'emight. Thereaft r, the a id solution were di tiled by 

makin,? them trongl~ basic with 40 % odium hydro:ide, then adding phenolphthalein indicator 

and then heating the solution. R I a · d mmonia \\a trnppcd for -0- 0 minute . then di tilled .... 

into standardized h drochloric a id an ooled. Final!:. amplcs were titrar d \ ith odium 

hydroxide and the amount or alkali neutralized by ammonia noted again t a blank sample. 1 he 



amount of p rccnt Kjeldahl nitrogen -.a hen calcul t d and a come n a t r of 6.:!- used to 

ob in percent crude protein content as ollows: 

a- b)0.2xV~1 00 
%\=..:...------

IOOO:dV.YAI 

%Protein=%, x F 

(£quatio11 3.3) 

(Equation 3.-1) 

\Vhere, =. itrogen; 1 =titration volum for blank; b =titration volume for ·ample: I'= linaJ 

volume of the digestion; JV =weight of the sample taken: AI= aliquot of the solution taken for 

analysis: and F =Conversion Factor (6.~ -)for orrcction of nitrogen to protein. 

3.-.4.2 Determination of asll content 

.\ sampl \\eighin~ _grams of ground plant mat rial \\as pia ed on silica-dishc ·and then ignited 

to 600°( in a muffle furnace to bum-off all organic material as described by AO C ( 199" . The 

h was then cooled in a dessicator to ro m temperature and p rc m \ ieht calculated as hown 

in quation 3. · belo\ : 

/r'"-Wl 
.Ish r%) = xlOO 

W2-W1 
(£tfllat ion3.5J 

\\'her . WI= wei
0

ht of empty di h: IJ'] = weight of dish · ample: and W3 · weight of dish+ 

ash. 
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)._.4.3 Determillfltion of 111-vitro dry matter tfiott tibiliry 

Th ground plant material \i as analyzed for in-\•itro dry matter digestibility (IVD 10) using the 

two tage 48 hours fermentation method Tilley and Terry 1963). This method approximates 

dige tion in an artificial en\'ironment when rumen condition · of ruminant are simulated in a 

t t-tube. Fre h rumen fluid was olle t d from ali tulated tccr. sie\cd through he~: e cloth 

and ollected in t1ask which had been ' arm d nd tlushed with CO~. The first fermentation 

sta=e in\'olved mixing forage sampl s weighing 0. ~ gram '' ith ieved rumen tluid and adding 

anificial saliva to act as a buffer. This mixture formed an in culum. Ox. gcn in the inoculum\ as 

then tlushed with C02 to maintain anaerobic conditions for the rumen mi ro-organisms. amples 

were mixed with inoculum and ferm nted in a 3 °C water bath for 4 hours. amplcs wer then 

subjected to a second fermentation stage ""hich involved digcstm_ c II \all through addition of 

_0°'o hydrochloric acid and "%pepsin enzyme. Th sample w~:re again fermented in a 39°C 

water bath for 48 hours. ample contents were th reafter filtered through previously weighed 

Gooch crucibles using hot distilled \\at r. Finally. the sampl~.;s were oven-dried at 10 -oc. cooled 

in a dessicator. weighed and percent dry mattt:r di appearance calcul:ltcd aglin t the initial 

'" ight of the sample as follows: 

/W- FIT' 
1J D\fD (% = xiOO m· (£cflltllion 3. 6 

Where. /W = initial weight of sample: and FW = final wc1ght of ino ulum after dige ·tion. 
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J. _.4 . .f Determination of fibre content 

ampl fibre content was analyzed according to proc dures de ribed by an oest 1963 ). The 

author stated that fo rages ' ere made up of two basic dietary ractions i.e. ell contents (CC) and 

II \\all contents (C~ C . C II ontents are compri d oflipids. sugars. \Vater soluble 

car hydrates. starch, solubl protein and non-protein nitrogen. Th e ontents arc oluble in 

neutral eter_ents and th refore almost complet ly d _rad d by enz. me creted in an animal' 

dige ti e tract. Cell cont nts were e.·tra ed using a 1 'eutral Detergent olution . 0 ') \\ hich ldt 

an insoluble portion of ewe comprised of: 

i) fibre fra tion made up of an insolubl portion in neutral detergent OF) and 

anoth r insolu le portions in a id detergent ( OF), and 

ii) Aci detergent lignin ( DL . 

The procedure ford t rmination of the three cell wall content ('IDF .. \OF and DL) inYol ·cd a 

three stage procedur as folio\: s: 

,\eurral Detergent Fibre 

• 'eutral deterg nt fibre . OF) determination invohed boiling 1 gram of ground plant material in 

a Neutral 0 t rgent olution 1 0 ) in prout-lcss beakers f r one hour to extra t cell ontents. 

Th olution was th n futered into pre" iou I~ \\ci_hed liltcring crucible on a tilt r manifold 

using a low \acuum pump\ hil rin ing any p rti les left on the b ak r with hot wat r. Tht: 

residu s were then put in a lO-oc O\'Cn for an overnight stay and then cooled in a de 1 a or. The 

NOF residue nO\-V containe hemicdlulo e and cellulose. lignin and tibrc-b und proteins 

(Crowder and hh da. 19 _ . P rc nt" OF oment wa ·then al ulated as follow·: 
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W2 -Wl 
\'OF (%} = xl 0 

W3xD I (Equ Jlwn 3. 7) 

Where. WJ = \ eight of empt crucible: W2 = \ eight of crucible+ residue: 11'3 = v eight of 

sample: and D.\1 = dry mat er content of ·am pi . 

cid Detergent Fibre 

Oet nnination of acid d tergent fibr (ADF) was almost simi I r to that of OF. H w \l!r, 

m tead of using NDS an . cid Detergent elution (AD ) was used to boil the . Of rc idue in a 

crucible (all inside the boiling solution) for one hour. Crucibles wer then rcmoYed from the 

boiling solution and residue elution filtered into other crucibl s using lo,.,. va uum pump, and 

later oven-dried at 1 05°C o emi_ht. he residue was cooled m a dessicator, weighed and percent 

. OF calculated as follow : 

. tDF f%) = F _- Flxl 00 Eqmuion 3. 

\Vh re. Fl = initial crucibl we1 ht ample: and Fl. final rucible weight · sample 

Acid Detergent Lignin 

A id det rg nt lignin (. contain ellulose. lignin and acid insoluble a ·h { an oest. 

196"' ). To e;tract cellulos . ADf r sidue \\US added -~'o H2 and tirr t1 ver_ hour lor three 

hours in ru ibles. cid \\as added whene\er it' ·em lo\ in the ru ible. o as to ah a_ s ov r 

th residue .. fter thr h urs. the acid was there fter tittered using a IO\\ va uum pump and 

sample contents rin ed, ith hot \\at r until fr fr m a id. he contents ·ere th n dried at 
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1 ·=c overnight and weighed after oling in a de tcator. Th rc idue th •n i.,.ni d in 

muffle furnace at 600oc to remove the lignin fraction cooled and \\eighed. What remain d m 

th crucible was therefore acid insoluble ash which pro ided n approximation of he total 

minerals (Crowder and Chheda. 19 2). Percen det rgent lignin (.\DL) , .. a then alculatcd as 

follows: 

L 
ADL(%)= :dOO 

rD.V 
(£qucuion 3.9) 

Where. L = loss upon ignition after l h 0" treatment: S =air dry sample .,.,·eight and 

D.\-1 =dry maner content of sample. 

Legume creenino 

3.3.1 Selection of experimentalle"lllnes 

This study was conduct d to sele t forage legumes suitabl for integration tnto natural pa tures 

of s mi-arid rangelands of southern Ken:a. Th objecti e wa to s le t forage legumes ''hich 

would withstand the climatic an daphic conditions of the emi-arid rangelands and at the same 

time enh nee he quantit/ and qualit. of grasses in natural p tures. Th fl !lowing forage 

legumes were lected for the study: 

I. . tWnolonia llto/uii ( rn.) Lack ) ( lycinc) 

,\lacroptilium atropurpureum (DC) Urb. ( iratro) 

... Lah/ab pwpureu C\. Rongai (L.) \'<cet (Dolicho ) 

4. \/ucuna prurien · L.) D ( el et can). and 

tylo anthe cabra ar. ·eca og. ( hrubby tylo) 



legum s' ·ere sele t d for re · n scribed tn ecuon - · . Chapter-· In ddi ion. th .' 

Ytere found to perform well in other semi-arid regions of Kenya tth an annual rainfall of 

tween 600 and 750 mrn (LRNP, 1999 . Therefore. they w res le ted for e. perimentation in 

th curr nt study to determine their cff ct on grassland producti' ity in t rm of improvem nt of 

dry matter pro uc ion. nutriti\'e quality and it f•rtiliry of n tural pasture ol Ken. an ·cmi-arid 

ran_ elands. 

These legume screening studies were conducted under field conditions at the ultan Hamud ite. 

and also under glassh use onditions at ational gricultural Re arch Laboratories (N RL). 

'airobi , Kenya. The seeds used in thi stud. wer sourced from th L gume Research 'etwork 

Project (LR ... 'P). Plate 3 sho'li s th fi e experimental legumes planted as pure tands at the peak 

o a growing season. 



Plate 3: xperimentaJ legum planted as pur tands at the ultan Hamud tudy ite 
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J.J. _ £r:perimellta/ de i"n oftltejield experimelll 

The field study was conducted in an enclosure which measured 27 x 27 m and [I n ed with chai n

link wi.r to keep out grazing animals. The treatm nts, which v.:er the fiv J 'Ume spe ies, were 

randomly assigned to experimental plots measuring 6 x 3m (v.;ith 1 m buf cr zone all round) and 

repli at d three times in a randomized omplete blo k desi_n {R BD) as de · ribed by ted '/ 

a/. ( 199 ). In larch 200_. well prepare se db ds were made b. removing all v getativc 

material and breaking up the big soil clumps. At the onset of th long rainy e· on in Apnl-00-. 

the legumes eds were own in furrov s of I 0 em depth with an imer-ro\ spacing of20 mat a 

seeding rate of 30 kg/ha. o inoculation or pre-treatment was applied on the seeds and no P 

fertilizer was applied on the plots. tudies condu t db. Boonman ( 199"' and • tureithi era/. 

(1998) inK nva h d shown that I gumes nodulated effective!. ·ince mo t ils contain d 

promiscuous Rhi=obium bacteri~ of the cowpea t, e \\hich inoculated most legumes ecic . In 

addition. studies conducted in Kak m g • Kabete and Kisii ( ~iem era/.. 2000) showed that 

phosphorus had no significant ffect on both biomass accumulation and nodulation of legumes 

and ther fore th re was none d to apply P fertilizer be ore plantin:: the lc_umes. 

3.3.3 Erperimental de ion of tlte a/as ltou e experimellt 

This study vas con ucted to com lement the tield cr ening tudy and pectfi all) to stud) the 

nodulation habit of the xperimentalle_umes' hen plant in ots in a glasshouse v ith 

control! d environmental on iti ns. oil \\a olle te at 0-1- m pth from th field udy 

site and transported to the glas hous at RL and placed in li e pots \\ hich were 17 em deep 

and 19 em in diameter. imilarl). no inoculation or pre-treatment \\as pplied on the s d · and 

no P [I nilizer \! as a pli d in the p ts for the sam reasons gi en in ection .3.2. Th pots wer 

r pli ated three time and plac d on benches in RCBD ( te l eta! .. 1997 . 
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J.J . .f Determillation of eed oermination 

A seed germination test was conducted for the fiv xperimemal legumes to det nnine the 

via ility of the seeds sourced from LR.NP. Other seeds tested includ d those o Chloris 

roxburghiana (Hors tail gra s . Cen hrus ciliaris ( frican F .·t il grass) and Eragrosris wper u 

1 laasai Lo e grass \ hich were som of the dominant rasse growing at th fidd studv ·it . - ;,;,;; - ~ 

The grass s eds used \: ·ere harvested from the nearby Kiboko R nge R earch t tion. In 

addition. seeds of Rhynchosia malacoph lla (Rh n hosia). one of the two naturall. growing 

pasrure legumes at the field stu site v ere harve ted from th natur I pa tur ami a eed 

germination test con ucted. 

Ten seeds of the big-seed d legumes el et bean nd Dolich s) \: ·ere pia cd in P tri-dish each 

line with moist cotton ool. The small- eeded legumes (GI. cine. iratro. t} lo and 

Rhynchosia) and the grass seeds were placed in lots of I 00 se d per spe ie in a Petri-dish 

which were then r plicated thr e times, plac don benches in the laboratory under room 

temperature of a erage _4 °C and kept moist all the time. fter emergence of ed radicle and 

shoot, seeds were considered germinated and dis arded. Ob rvations and recordings were done 

on a dail} basis for thr wee · . and se ds \\hi h did not germinal durin_! 

period \ ere con i er d not viabl . 
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3.3.5 Determination of nodulation and oro' til clwracteri tic ;, the gt11 lltJu)e e:cperu11ct11 t 

Ten seeds of each experimental legume were plant din a pot and upon germination the 

seedlings were thinned to five plants per pot and watered twi e \\e kly with about 30 mm of 

\Vater' hich was just enough to soak the soil. Legume plants ' ere allowed t grow for mo 

months. and there er, the oil was wetted and removed carefully with 10\ pres ure water to 

prevent sloughing-otT the legume nodul s and roots. odules on each plant were counted and 

nodule colour observed after splitting the nodules into t\ o halves to d term inc \vhether they had 

pink colour due to h moglobin) which was an indicator that the nodules were fixing ni rogen 

(effective nodulation . kerman eta/. ( 1988) stated that distinctive nodule pink colour provided a 

reliable and read_ means of identification of nodules that were fixing atmospheric nitro_en. Plant 

material was also separated into shoots. roots and nodules. The length of sh ots, tap and lateral 

• 
roots wer measured and drv matter of shoots. roots and n dules de ermined usine a artorius . ~ 

Basic ( lodel B 310 ) analytical balance after oven-drying the materials at 1 05°C for 48 hours 

3.3.6 Determination of rooting .cltaracteri tic 

Th rud_ was conducted in the tield 'ite. five m(lnths aft r planting the legum durin_ their 

econd eason of growth. Other plant species included in th tudy w rc the indigenou legume 

Rhyncho ·ia malacophylla and he grasses Chlori · roxburr:,himw and Themeda triandru. Each 

spe ie , as exca ate to a epth f 1._ m and carefully rem ed ""ith thl: oil mas '' hich' as 

hen carefull_ remo ed to expose the roots (Plate 4). Length of the roots' ere measured to 

etermine the rooting depth and obs rvations made on the rooting pattern of the legwn and 

gras species. location of the tat raJ roots (in case of legumes) and fibrous roots (inca of 

gras es). 



Plate 4: xca ation and removal o a tylo plant to study the r ting chara teristic 
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3.3.- Dl!termination of tlry matter production 

When iratro Dolichos and Stylo started flowering two months after planting, four 1 m2 sub

plots were demarcated at each experimental plot. The e sub-plots became permanent d ta 

collection points to d t nnine the dry matter pr duction b. lh~o: jj, e experimental legume· for the 

whole duration of the xperiment. Th fi ur sub-plots were randomly assigned tw interval · of 

lipping(- and 4 months and t\. o heights of lipping (ground 1 •el and 1- em above ground) as 

hown in Table 2. From each sub-plot, the plant material in id the plot b undaries \ as 

harvested using a hand clipper at the respective interval and intensity. Dr) matter weights were 

then determined using a artorius CP 2202 -OCE analytical balance after oven-drying the 

clipped material at 10 -oc for 48 hours OAC. 1995). Dry matt r weights were then converted 

into tonnes p r hectare using equation 3.2 ( ection 3.2.3.-). 



Tl 1e _. Harvesting intensities used to determine dry matter produc ion of lc ume during the screening phase 
Harvesting interval Harvesting Defoliation intensity Plot (months) height 

1 2 Ground level 
4 Ground le el 
2 1- em 
4 15 em 
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J.J. Determination of litter production 

This study was conducted to det rmine liner drop of the exp rimentallegum sat th peak ofth 

long dry season which occurred between June and ctober in the study area. Data were collected 

unn ... lhe month of ugust. _003 after the legum taned shedding heir leave . , t e h 

experimental plot a 1 m2 sub-plot that as different from the nc d cribed in cction .. .3.7 

\ demarcated to llect the I itt r dropped b_ each legume sp cie ·. Li t r vas ollected and 

wei_hed using a alter Classic Plu cale letric Version) on dail_ asis for thr e \\C ks. 

Mean weights wer then calculated and xpressed as grams per square metre. 

3.3.9 Determiuation of oil fertility 

Thr soil sample were randomly collected from each experimental plot at 0-1 • em depth at the 

beginning of the tudy using a oil auger. amples were then mi:ed and a compo ite oil sample 

of about on kilogram "' as taken for laboratory soil fenilit. ::mnl. is. . simtlar ampling 

pro dure wa used to colle t another bat h of oil samples at end of the tud_ period. oil 

amples were anal. s d for H. organic carbon and macronutrients consis in; of nitro_ en. 

phosphorus. potassium and cal ium. tandard laboratory mcth ds were used as described b) 

kale o eta/. (-00_) as follO\\ : 

plf fH:OJ 

oil pH wa m asured in a 1 :_.-soil: water uspension rati . r he u ·pen 1ons wer made y 

adding 2.5 olume of istill d water into l volum of tine il. After stirring and lenin; the 

sus ension tand for 1 hour. readings ' ere done using a cali rated pH D1(!tcr with a glass-and 

alomel lectrod ( od I anoriu PP-15 . 



Toral Or anic Carbon 

De ennination of total organic carbon in olved digestion (oxidation) of 1 gram ground soil with 

10 ml ~%potassium dichromate solution and - ml concentrat ulpburic a id (1-h 0-4 at 

t'0°C for 30 minut s. fter cooling, 50 ml of .4% barium chi ride-.: as~ dded and the s lu1i n 

allowed ttling o emight so as to leave a clear sup ·matant s I uti n. The a r an of an 

aliquot of the supernatant solution for each sample and a blank \Vas then mea urcd 

colorimetrically at 600 run using VI - IR Spectrophotomet r P 670. he cont nt of total 

organic carbon express d as percent carbon was then calculated as folio' · : 

%c b _ (a-b x0.10 tOO o ar on- x (Equation 3.10) 
w 

\\'h rea= concentration of chromic (CrJ) in th sample. b- the on ntration of ·hromi ( r3·) 

in th blank and \I'= the\! eight of oil taken for analysis. 

Toea/ nitrogen 

Total nitrogen was d termined b_ the micro-Kjeldahl method v.hich involved dige ion and 

con er ion o organic nitrog n in the soil into ammonia H..t ). The dig.t! tion mi. ur consi ·t d 

of 10 ml ulpburic id (lh 0 ) and odium sulphate • a:! t which incrcu·e · th temperature 

of ig tion to about" -ooc. ,\ lenium catal:st ''as th n dcd o as to promote o:id tion of 

organic matter b the sulphuri acid. . scalur PL egmented Fl -..: Anal_ zer 4000 was 

then u ed to automaticall r ad the concentrations of. in the ample at 0 nm. In hi meth d. 

total soil nitrogen -..: as d t rmine exc pt in rganic nitrogen in Lh form of nitrate ( '0•-) and 
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nitri e 0_-) Okalebo e/ a! .. 200_), P r nt total nitro.een (%•' ~as alcul tc using cqu:lli n 

4_ as follows: 

(v - lb) xlOO %.\' =.;__ _ _.:._ __ 

ltxiO.OOO (Equation 3 1 1) 

Where v · =concentration of. in the sample digest (ppm): vb = oncentration of in the blunk 

digest (ppm); w = v eight of soil sample taken for digestion: I 0. 000 =con cr ion factor for ppm 

to percent. 

Available Pho phorztS. Polassiwn and Calcium 

\-lacronutrients of pho phorus. pota ium and calcium were determined through a sing! 

e:.:tra tion u ing the 1 I hlich D uble .\cid. l thod (Hydrochloric acid- ulphunc acid xtract) as 

de cribed b Okalebo ec al. (:WO ... ). Thee, tracting solution' as a mixture ofO.I HCL nd 

0.0~5 NH_ 0 4• A mi. ture of 1:- soil: xtracting solution with acti ated charcoal ' as shak n for 

one hour and filtered by a medium speed filter paper. Con entration of pho phorus ''a ht!n 

det nnined colorimetrically using I -1 IR pectrophotomct r PU 8670. Pot ssium and alcium 

were d termined using a Coming 400 flam photometer. 

3.3.10 Data aualy i 

Det rmination of the tr atment e!Te t in respecti\ e experimcn was carried out by ·ubjccung 

data to anal sis of variance ( ) using M T T -C computer program (Bricker. 19 0). 

ignilicant treatment means at P~ 0.0- wer then eparate u in_ tudent- ewman-Keurs Te·t 

( - -K . tatistical anal. ses ' ere conducted on the folio\ ing data: 
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i) Nodulation and growth characteristics 

A OVA wa conducted as a one-factor RCBD, factor b ing the treatments legume 

species) forth foUowing data: umber ofnodul s. dry matter n dule . root . 

shoots) and length (tap roots. lateral ro ts and sho ts). 

iij Dry matler of forage le umes 

OV ~ as conducted as a four-factor RCBD. factors being tr atment (legume 

species) s asons. harvesting interval and height. 

iii) Liller yield 

OVA was conducted as a one-factor RCBD, f ctor being the treatments (legume 

pecies). 

il1 oil fenilit. 

A OV was conducted as an: o-factor RCBD. factors being tr'atments and time 

(beginning and end of x eriment). 

A L aumc iotegrati n into natural pa. turc 

3.4.1 Experimental de ion oud plot loyolll of "ra /le 17ume mixed ptt /lire 

Ba ed on results from th legume s reening studies. a gra · and legum integration e;periment 

was- t up during th shon rainy sea on in Octo er. _QQ_. with th aim ot mtegrating herba ous 

Glycine and iratro legume int natural pa ture. Lat r. during on t of the next long rainy 

season in March. _QQ3. it becarn prudent to integrate the ere t and shrubb_ t lo legume imo 

the natural pasrure to stud~ and ompare i rforrnance with the two herbaceous legume . 
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Therefor . another adjacent plot was nclosed to inteJate t~ lo into h n t r.l p tur-. In the 

two adjacent enclosures the natural pasture was dominated by the gras es D1 hanlhium 

insculpta Digit aria macroblephara Hyparrhenia filipendu/a, Themeda triandra and he herb 

/ndigofera spinosa and/. volken ii. 

The integration of Glycine and irarro into the natural pastur ~a onductcd in an en lo urc 

measuring 34 x 62 m to keep awa li estock and other large her ivores. Before laying out the 

experimental plots and treatment allocation herbage in half of the enclosure \\:15 slashed to ab ut 

5 em height using a sharp slasher. Herbage in the other half as burned " ith a back fir " ith the 

objective of tudying the effect of burning on pasture pro uction and soil propenies. The 

experiment was set up in RCBD split-split plot in a 2 x 3 x 5 factorial arrangcmem replicated 
, 

three times ( t el er a/.. 199 ). The factors con id red were: 

i) _defoliation heights (I 5 and 30 em heights) as the main plots 

ii) " harvesting interYals (2, 4 and 6 months) as the u -plots 

111 - treatrn nts as the ub-sub plots 

During plot Ia_ out. ea h replicate consisting f "0 plots \\3S di i ed into t\\O ha(\·es. Each hal[ 

consi tin ... or 15 plots. was then ran oml. assigned to eith r a I • or 30 em defoliation height 

(thereb) e omine two main pl ts). Each half \\':15 then sub-divided into thr u -pi t in\ hich 

th thre har esting int rvals were then randomly assigned. Finally. each of the three ubplots 

was again ub-divided into five smaller plots (sub-su -plot ) each measuring 3 · 4 m in which 

the fi e treatments , ere random! assigned as follow : 

i) Gl cin m noculrure 

ii) iratro m noculture 
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iii) atural pastur ( l rp 

iv) NP +Glycine mixed pastures 

) NP + Siratro mixed pastures 

The integration of tylo into natural pastures" as conducted in a 34 . 41 m enclosure \\her· 

h rbage \ as slashed before plot layout and treatment applicatton. The e. ·p rim ntal de ·ign was 

RCBD split-split plot in a 2 x 3 x 3 factorial arrangement r plicat d three times ( t cl et at .. 

1997). The factors considered were: 

i) 2 defoliation intensities ( 15 and "0 em heights) as main plots 

ii) 3 harvesting intervals 2. 4 an 6 months) as sub-plots 

iii) 3 treatments as sub-sub pi ts 

As in the Gl ·cin I iratro enclosure. ea h replicate consi t d ot "0 plots in whi h half of th •m 

w reassign d to either a I- or 30 em defoliation height. here . becoming the main pi ts. Each 

of the main plots' as then sub- i\i cd into thr e ub-plots '"hi h were randomly as l_!ned to an. 

of the three harvesting intervals. Finall_. each sub-plot \\as ag in subdivided into thre smaller 

plots (sub-sub-plots) in vvhich th thr e treatments ''er r::mdoml~ as ·igncd as foil \\ : 

i) tylo mono ulture 

ii) 'arural pasture ( fP ) 

ii i) • P -1- tylo mixed pasture 

The plots plant d as mon culture stands were fir t du~ to I - em depth. big oil clump · rok n up 

and all vegetati e material remo cd from the plots to fom1 well prepared ·eed bed . Furro\: ·of -

m depth and _0 em apart were then made for o ~· ing the ecd . In gra I legum mi . ·ed pasture 

plots. bands of 20 em , idth were clear d of egetation . . ft r digging furrows of 10 m depth 
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!on_ the ban s, legume s us were then sown into the furro" sat a rat of ~a kgiha t onset or 
the rains and covered with soil. After one month grasses and eeds wer sheared to ground le ·el 

with a hand clipper as th y had grown tall thereby shadowing the legume sc dlings and so as to 

ol er the I gume seed! ings time and spa e to establish in th n· tural pastur . There aft r, the 

legume seedlings were allowed to establish for one rainfall ea ·on see Plates ·. 6 nd 7) fore 

ommencement of data collection. \ eding of plots \\as done regular!: y upro tin~ and 

discarding the weeds. 



Plate 5: hrubby tylo planted along bands dug in the natural pastur at the study itc 

Plate 6: Siratro planted aJ ng band dug in the natural pasture at th tudy site 
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Plate 7: Glycine planted al ng bands dug in the natural p tur at lhe tud iL 
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).4.- Determination of dry matter production 

Biomass data collection from Glycine and Siratro plots commen ed in february 2003 (one 

season after planting) while collection of data from tylo plo comm nc din June 2003 (on 

s ason al1er planting . At each plot a 1m2 quadrat rea was mark d to ·ollcct data for the entire 

period of the stud •. Plant mat rials wer harvested using a hand li per at the r spccth c 

d foliation h ight ( 15 and 30 em and interval (i.e. a ter 2, 4 and 6 months). In mi. \!d pastures. 

plant materials harvested • ere separat d into gras and legume compon nts. The plant ·ample 

(grasses and legumes) were later oven-dried at 1 05°C for 48 hours to d tcrmine dry matter 

weights' hich were con ened into dry matter tonnes per hectare (t ha" 1) as de cribcd in ection 

3.4.3 Determination of foraa~ quality 

Plant samples were collect d during the fourth season after planting by hand-plucking leafy 

material from each experimental plot. The first batch of samples was collected in pril. 2004 

''h n plants were at the egetative tagc of growth. i .. before flowering. The s cond bat h of 

samples was ollected in fay. 2004' hen plants had flowered (especi 11 gra s and iratro). 

The third and last batch of ample were collected in July, _004 \\hen plants were t ·enes cnt 

tage (grass s were alr ad) r;ing). In the gr<1 sllegume mi. d pastur s. th samph.: ·\\ere 

parated into grass and ll!gume comp nents. The urp ot ampling at three tage of plant 

gr0\\1h was o ompare the nutritiv ntent f ~rasses and I gume at the three tagcs of grO\\lh. 

Thereafter. the samples were o en-dried at low temp rature of 60oc fl r 7- hours to pre ent 

han~e of the original chemical composition 0 C. 1995). fter oling, the plant material 

was ground and sie ed in a 1 nun mesh and analyzed for crude protein. ash. in-l'ttro digestibilit_ 

and fibre ontents following meth escribed in e tion "'._A. 
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3.4.4 Determinatioll of soil fertilil) 

3.4.4.1 Collectio11 of soil sample 

Prior to planting of Gl. cine and iratro in the slashed and burned plots. il sampl were 

collected at 0-15 em depth in o ember. _002. The aim wa to determin effect fbuming 

her a_ e on soil chemical prop nies and c mpare the burning trcaLmt:nt ith sl hin~ tr atmc.:nt 

(the control). Thre samples w re coli cted from~· ch plot. mix and ab ut 1 kilogram of 

composite soil taken for laboratory anal. sis. amplin_ \ as r plicared thr e tim sin b th sl ·hcd 

and burned plots. A similar soil sampling procedure t as conducted in tylo plots before planting 

in April, 2003. In February, 200-. at end of the e:p riment, a similar batch of soil sum pies ver 

coUected at 0-15 em depth from ea h plot for lab ratory analysis. 

3.4.4.- nalJsis of oil samples 

II soil amples were analyzed at RL and the folio\! ing parameters determined: pi!. organi 

carbon. nitrogen. phosphorus. potassium and alcium. The ample pre-treatment and analytical 

procedur s follow d thos explained in ection " . ., .9 as tic ·crib db) Okalcbo eta/. :WO-). 

3.4.5 Determination of oil moi ture extraction 

oil moisture ontem ·was et rmined etv• n . tar h and ept m r. _004. a p riod covering u 

shon dr) season. long rains and long dry season. ccess tu cs of P material 'ere installed to 

L O em d pth in plots , .. ·here plants were barve t d bimonthl: at I- em height an r licat d 

three times. The tubes ,vere instaJled during th dry season u ing a soil auger. t s cover d to 

prevent any entr of soil and "' ater. and soil around the ru allowed to senle for two week . 

oil moi ture ontent, ·as r ad at an int rval of 15 days using a . utron Probe lode! CP 0 ... 

DR H droprobe. see Plate at 0-15. 15-30, 30-45. 4--60 nd 60-90 em interval d pth . 
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tlh start of reading soil moisture, a stand rd count rate ( ·olumctric con cntration of h:drogcn 

nu lei in the air surrounding the neutron) was taken a cording to proc dur d s ri db. L ·A 

(_001). Thereafter, the neutron detector was lowered into the access tub ·for me urement of 

a rual count rate at all the pre ctermined depth intervals. In ddition to neutron probe 

measurements. a soil auger v.a us d to ollect another set of oil ample · from ea h plot 

depths that corresponded to depths for the neutron probe data collecuon. Thes oil sampl~s were 

later oven-dried at 1 05°C to constant weight for gra' imetric soil moisture con ten 

(weight/weight). he bulk densities of the soils (disturbed s mples) were also determined in the 

laboratory. These data. in addition to the gravim tric soil moisture. were used in he alibration 

ofth neutron probe. According to lAE (2001). the neutron probe only measur s slow neutrons 

thereby making it difficult to describe the interactions betv.:ecn siO\\ neutrons and oils. Finall:. a 

' calibration curve ' as necessary to convert neutron counts to volum tric il ''at r content using 

the linear equation ".1-: 

R e = a• b(-) 
Rs 

(Equation 3 . .' -) 

Where .• = the olum tri moisture ontent. a= the intercept: b = th~ slope: R= the actual count 

rate. Rs = the standard ount rate. and Rl Rs are th count rati . 
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Plate 8: e eutron Probe model used during it m i ure data c II 
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To ondu tan analysis of ari nc of th lumetri oil m i ture. ata fr m thr rcpr s nt th 

tes were selected. hese were in March 2004 (dry soil conditions) ri1 2004 (w t soil 

onditions) and in May 2004 (dry soil conditions). During th na1ysis o ·arian c, il moi tur 

fl r 1- m depth ·was not consid red b cause of :tremel; I ' oil m i ture -.:a1u • "hich \\(;r 

due to loss of neutron to the atmospher 1 AE . 2001 ). 

J . .f.6 Determination of be t leoume inte<~ratiou metltod 

3.4.6. 1 Experime11tal desig11 plot layout ami treatment al/o ation 

The experiment v as conduct d in a - ... x 21 m n Iasure usin~ RCBD with a split-plot 

arrangement in 4 x v.ith three r p1i ations ( teel et /. , 1997). In the cnclosur . block 

meas ring 17 x 21 m was subdivided into four main plots \\hi h wer • randomly all ated to 

Glycine. iratro. Stylo and Rh_ ncho ia I gumes. The block was then rc licated thn:e time· and 

in each re licate. the main plots were a:::ain sub-di ided into ur sub-plots "' hich were "" . "" m 

in size. Ea h sub-plot was then randomly allo at~ to either or four legume integration methods 

namely; bands. furrows. raking or so'' inJ. Legume eds v. rc sown at a rate or "0 kg a. The 

experimental plots had l mall round uffi r aths-.: hi1e th r p1icat s were 2 m apart. ln ea h 

replicate. th r were 16 treatm nt combinations folio.,: s: 

i) 

ii) 

iii) 

I \ 

. atural Pasture- lycine · (bands. furrows. raking. o \in~ 

atural Pasture.... iratro x (bands. furro,. s. raking. SO\\ing) 

atural Pasru.re- tylo . ( an . furrow . raking. ·owin_) 

, atural Pa ture Rhyncho ia x (bands. furro\ . raking. wing) 

= 4 

= 4 

= 4 

= 4 



Land preparation and SO\ ing of legumes using the four integration mcth ds .... ·as c nductcd ,1 

follows: 

Bands 

These were 20 em wide strips' ith an inter-row spacing of20 em which were dug in the natural 

pasture with a hoe and all egetative material remo ed. In so doing, the nse fibrous root of 

grasses along the bands were broken up by the digging implement. Furrow· of 10 em depth \\ere 

then dug aJong the bands and legume seeds sown along the furro s and covered with soil. 

Furrows 

The furrows were dug in the natural pasture to I 0 em depth ' rith an inter-ro-. spacing of _o em. 

The legume seeds were sown in the furrows and co ered" ith soiL One ad antage of furrows is 
I 

that they were also used to control run-off while at the same time promoting soil moisture 

conservation. 

Raking 

The top oil in the experimental plots was loosened through u e of a metal rake .. , h1ch also 

fonned small. shallow furrows. The legumes eds were then plac d onto the furrm: s made at an 

inter-row spacing of _o em and seed c ered \\ith soil. 

owing 

. well prepared se dbed wa prepar d through igging of the l:ntire :<peri mental plot to 15 em 

depth. the big soi 1 1 umps broken up into an e en surface and all ,·egctath e material removed. 

The legume seed were then planted into furrows of 10 em deep and 20 em apart and covered 

v.rith oil. An equal eed mixture of enchrus ciliaris. Chloris roxburghiana and Eragrostis 
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1pt?rba was own in rO\ s betwe n the legume ro\ s. The thr m • fthc 

dominant grasses growing in the natural pasture at th study it . The ds \! ere sourc d from 

Kibo ·oRange Research tation. about 45 km away. During planting. the gra s. nd legum eeds 

w resown at the same time. 

3.4.6.2 Determiuation of dry matter production of ()rass/leuume mi. ed pa ture 

Data collection and determination of dry matter after e ery t\! o month wen: conducted 

following methods described in ection 5.2.2 

3.4. Data analysis 

Analysis of ariance 0 A) was con ucted to determine the treatment ffcc in re pe tive 

I 

experiments using the M TAT -C computer programme (Bricker. 1990). igni licanttrcatmcnt 

mans were then separat d at P~ 0.05 using the tudenH ewman-Kcul' Test ( -. ' -K). ·he 

fa tors considered durin!! analvsis of ariance for diffi rent experiments \\er as follows: - . 
i) -ov on dr. matter production was conducted using a 4-factor RCBD Th 

ac ors ,. ere tr atments. hei .... ht, interval and asons. 

ii) . ":'.OV on forage quality was conducted using a .., -factor RCBD. The factors 

wer treatments. stage of growth and lash/bum effe . 

iii ) A. ·o on oil fi nility f slashe burn d pa ture was conduct d u ing a 3-fact r 

RCBD. The factors were treatments. beginning end !Teet and sl shlbum >ffect. 

iv) . ·o . on oil fertility of grass/legume mix d pasture at eginnin .. and nd of 

experiment\ as conducted using a 1-factor RCBD. The fac r - \ ere treatments 

and beginning/ nd effect. 
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v) OVA on soil moistur utilization was conducted using a 3-factor RCBD. The 

factors were treatments, depth and dates of sampling. 

vi) ANOVA on effect of four legume integration methods on dry matter production of 

gras 'legume mixed pastures "'as conducted using a 4-fa tor RCBD. The factors were method . 

species. seasons and slash/burn effect. 
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HAPTER FO R: RE 

tl In troduction 

Thi chapter provides results obtained after haracterization o the ·tud~ ite in t rrn of oil . 

·egetation, dry matter produ ti nand nutriti e qualit. of the h r aceou · pecies. In ection . 

results obtain d from th various exp riments conducted to le t be ·t performing legum rc 

presented and discus ed. In addition. the riteria used to elect the best performing legumes for 

integration into natural pastures are discussed. ection 4.5 presents and discusses results obtained 

on I gume establishment, df) matter produ tion and nutriti\c content of grass. I gume mixed 

pastures and the eff, ct of the introduce legumes on soil fertility and s il moisture extraction b 

_rasses and legumes in mixed pasrures. Results on best legume integration mcth d are al o 

presented and discu sed. 

·t2 haracte ri tic of th tud. ite 

4.2.1 Soil and pity iography 

There ults of field soil profile description and laboratory soil analysis are presented in Table_ 

and pp ndix 1. The soils were well drained. very deep. d rk reddish brown. friabl ·Ia to cia. 

loam. The oil pH ranged fr m 4.9 to 5.- whi his cate_orized as a id to sli_htl. a id (Landon. 

1984). ntheba i oflaborat r analyti aldataandsoilprofiledc ription.thc oil ofthe 

study site wer Ia sified as r:erral-H plic Li:isol (F 0. I 97 . The ph ·siographic unit of the 

ite was an Erosi nal Plain \.\ith soils d eloped from various gncis e (Teuber. 1 _,: Waruru. 

2000). The general relief f th srudy site as gentl undulatmg \.\ith a lope of ... 0/o. The site had 

a hea : infestation of termite mounds to the magnitude of _Q mounds per km~ \: hich were 

like! to influenc soil prop rties at the ite. 

76 



Table 3: Physical and chemical characteristics of a 
Horizon Ah Btl 
Depth (em) 0-27 27-58 
and(%) 39 39 
ill (0'o) _o 20 38 .., 

Clay(%) 41 41 I 
Te:tural lass c c L CL 
pH-HlO (I :2.-) 5.3 4.9 -.I 
pH-KCL 4. 4.7 4.9 5.6 
EC (mmhos/cm) 0.05 0.05 0.06 1.40 
C (0'o) 1.3_ 0.93 0.6- 0.49 

(% 0.17 0.13 0.11 0.11 
CEC(m IOOg) 1 1.1 9.4 9.2 7.8 
Ca ,. 5.9 5.5 5.1 6.7 
~tg 2.8 2.- 2 . .> 

__ o 
K l.O 0.6 o.- 0.6 
'a 0.3 0.3 0 ... 0.3 
urn 10.0 8.9 8.~ 9.6 

Base aruration (%) 90.09 94.68 9.13 123.08 
E p (%) _.70 ".19 3._6 3.8-
Ah - A horizon with an accumulation of organic maner; 8t I = 8 horizon wtth sihcate clay :lccumulauon; BL! = 8 
honzon with silicate clay accumulatiop; Bt3 = rgic B horizon\ ith silicate cla. horizon 
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4.... ~ eoetatio11 cltaracrer· tic 

4 .. 2.1 Floristic cltaracteristics of the nalllral pasture 

The results of the in en tory of all the wo d (tree and shru . and her ceous sp 1es 

en ounter d at the study site ar pre emcd in Appendix 2. n1c tr 

and the hrub o er 2% which resulted t the ph, siognomic cl s 

timated at I 0 *' 
ded gra land. The 

dominant woody species was Ba/anire · glahra lildbr. · <.:hie ht ~ hit other an r d ·pc ies 

pr sent were Acacia forti/is ( ·orssk. Hayne. A. mellifera (Vahl) Bcnth. Lanneu sc:lnl'einfiwrhii 

(Engl.) Engl. and Commiphora campe ·tri Engl. cross-sectional profile of the ud. site 

in icates that in the upper se tion of the hill. lh ' oo species were dominated b. hrub \\hiJe 

in the middle and lower ections. trees "'"ere dominant (Figure 4 ). 

The number of herbaceous species increas d as one moved from the u r r s cti n to the lower 

s tion of the hill (Figure 4 and Table 4 ). In addition. Table 4 ·hows the most c mmon 

her a eous pecies " hich had 2:-% cover. It an be noted that the lo,,cr secuon f the hill 

contained a higher number of herbaceou · pecie and also th high st ground cover (6 .2°1o) 

whencomparedv ithcoveroftheupp~.:r (-0%)andmiddl (4 .9%) c tion ofthetranscct.Thi 

rna~ have en the reas n '" lw the farmer preser ·cd th pa ·ture in a fenc d n I sur ( 0/opolo/i) 

to harvest and feed Ia tating cows. calve and i k animals left in the homestc· u after the other 

herd ofli tock went awa> in ar h of pasture during the ~ on . 
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Figure 4: 
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Table 4 Characteristi~ s~ics ol_ the herbaceous laver _f> _ % coven 
Posiuon on Total herbaceous Dominant spe i · GrO\\lh % Cov r 

slope c~'.l_er (o/?2_ form 
Dichanthium insculpta G 18.6 

Upper slope 50.0 porobolus pyramidalt G 10.0 
Digitaria macrobleplwra G 7.0 

Moris roxburghiana G 3.0 
Penniserum me:ianum G _,9 
lndi'l.o{era \'Oikensii D -.6 
Dichanrhium insculpra G 9.8 

1iddle lope 46.9 Digitaria macrobleplwra G 8.9 
Jndigofera pino a D 6.2 
H parrhenia fi/ipendllla G -.o 
Chloris roxhurghiana G 3.6 
Pennisetwn me:ianum G 3.0 
lndigofera \'Oiken ii D _.6 
Eragro. tis superba G ~.0 
Arisrida keniensis G _J 
Hyparrhenia filipendula G 16.0 

Lower slope 6 ·- Indigo/era volken ii D 14.0 
Dichanthium inscu/pta G ... 

i 
Themeda triandra G 6.0 
Indigo era pino. a D 6.0 
Digllaria macroblt!p}wru G -A 

Eragrosti uperba G 3.0 
Aristida keniensis G 2.6 
Heteropogon conlorlu G _,\ 
Harpaclme schimperi G 2.0 

G Grass; D = D1cot 
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Durin:: the tud_ p ri d. it w noted th l th farm ron wh ·c land the wd: was condu d 

pruned Balanites glabra during the dry season to fi d she p goats and alves that had been lelt 

in the homestead. To fence the farm hom stead, lh estock kraal and pr s rv d pasture. the 

fanner us d prunings from cacia tortilis. Acacia mellifera nd ommiplwra campcwri.·. which 

o tributed to egetation degradation. 

'1.-.2.2 Df} matter productio11 of the h erbaceous layer 

Th results sho ed that dry matter producti it of the grasses in the upper and middle transect 

s tions were 6.18 and 6.1" t ha'1 yr·•. respectively. yields \\hi h wer n t signifi anti) (P~O.O · J 

different (Figure 5 . gain. dry matter production of the dicots in the two sections \ as not 

significantly (P~0.05) dif[i rent. The dry man r productivity of the gras cs in the lower transe t 

s tion was 9.2 t ha·• )'T-
1
• rod~ctivit v hich ' as significant!) (P~.O ') higher than that 

obtained in the upper and middle transect sections. Jn addiuon. dr: matter production of th 

dicots was significantly (~0.0-) higher than that obtained rom the upper and middle tran e t 

sections. These results sho\ ed that total herbaceous cover and number of species increased as 

on mo ed dov.n the slope from upp r to middle and finally to lower ction of the hill. 

Gur tzky eta/. (200-+) r ported a higher plant ommunil) comp sition and ab vcground 

produ tivit) at lower and less sloping siti!Jns of a slope ::radien in I '·a. ' . The stud: 

attributed this topographic diffi rene in plant community i ·tribution l the ·patial ariati n · in 

oil water availabilit as related to s il depth and drainage attems. 

Dr: matter production of the grass s in the upp r. middle and to~ er transect tion wer 

comparati el higher than those obtained by Wasonga eta/. (_00 at fsinya. Kajiado Di trict. 
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Th study obtained dry matter production rate of 3.1 t ha·1 yr"1 or gras 5 rom pre rvcd 

~ whi h had been un-grazed for one year. inc ultan Hamud and fsinya sit 

in the same agro-climatic zone the difference in dry matter production may be attributed to the 

dlfi~ rent soil types. The soil at ultan Hamud site are \\ell dr inc and n n- lin c mpar d to 

the imperfectly drained Verti ols found at Isin a which are in pia cs calcan: >u ·and have aim 

sub-soils ( ombroek et al .. 1982). Th se soil chara t ristics at Isin;a rna. b the limiting fa t rs 

to maximum pasture growth. Tauber ( 1983) found that soil type I rgel determined the amount 

and qualir of grasses in Amboseli-Kib\) ezi area. 

4.2.2.3 Dry matter production of tlte lterbaceou lay er after bum ina ami ·/" ·!tin" 

Three months after burning and slashing the herbag . dT) matter production rate of gra c from 
I 

the lashed plots was · .6 t ha- 1 
_ 'T-

1 
\ hich was significant!.' (P::.:o.o·) hiehcr than"'.~ 1 ha"1 ~r" 1 

from the burned plots (Figure 6 . imilarly. the dry maner production of dicots in the lash..:d 

plots was significantt higher than that in burned plots. H rlock r ( 1999) rep rred that _!ras ·es 

were generally less affected by fire due to the protected position of their... ''ing p mt as 

compared o the dicots \) hose grov. ing p inrs are exposed. 

The low ry maner produ tion from burn d plots rna. be explained b~ t\ o reason . Fir ·t. lire 

may have killed or suppr ss d some grasses and dicots thercb~ making hem nOl r ·~enerate r 

making their r avery slo\ . econdly. regenerati n ofgras sand die ts growing in lhc ·lashed 

plots rna ha e 0 curr from man grO\.\-ing points locat d hi_her from th ground a compared 

to the fe\ er hoots that grew from 
0

rasses and dicols that had been burned to ground lc el. 
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Th re ults are in con onnity with those of oo (I 85) 'hh r ned that d0 m u r produ tion 

in unburned plots was twice as much that produc d from burned plots. Th study anributed this 

bi_ difference between burned and unbum d plots to the larg amount of arryo ·er material 

\\hich was clipped and includ d in th unburned bt mass compared to n nc from urn d plot . 

Funhermore. the r -grov.'th from unburned plots occurred fr m the lipping height of 12.- em 

while in burned plots, regrowth occurred from ground levd to th clipping height. 

Other studies have reported higher grassland production from burned plots than from unburned 

plots. For example. lanson et a/. (-007) reponed that the moist grasslands of Orak nsberg Park, 

outh Africa. require frequent burning to remo e old moribund material and encourage tillering. 

The stud. recommended frequ nt dormant-season burning ofT. triandra o maintain a high tiller 

I 

population and consequent! a higher dry matter production. In India. fanoharan and Paliwal 

(199 -) r ported a mean annual above ground produ tivir: of 6. and 6.0 t ha-• ;r'1 lor bum d and 

unburned plots. respecti\'ely. The amount of dry matter produc ·d from burned pastures is 

ependent on th type of fir used and external morphology of grassland plants. n)man (_QQ") 

found that the head fue had a greater flame height and rat of pread while the back lire had the 

highest intensity at ground Jc el. The study noted that few months after the fire. the back tire had 

a larger impact on the egetation than th head tire. Where there ''as ·ufficient fu ·I in torm of 

f) gras . fire suppressed other gelation types unless the_ are fire t leram) while favouring 

th gro\\ h of grass s (Herlocker. I 999). 
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-1 .••• .4 utritb•e quality of some tlominant llerhaceou pecitt 

There were great variations in chemical composition of the dtffer nt plant pecie amp] d 

(TableS). ll grasses had crude protein content 10\ 7%. e. pt Cenchru\ ciliari \\hich had 

.I%. On the other hand, th legumes . wighrii and R malacoplrJIIa r c rded a rude protein 

ontent of 13.- and 16.5%. respecti\ely. c ordin!J to teis n r 1:.1 a/.(_ . a minimum of 

tween 7 and 8% crude protein content was required b ruminants to meet their ecding need , 

but high producing animals (e.g. dairy cows) requir d I els approa hing 13-1-+% crude pr tcin 

content. 

These r suits th refore show that the crude prot in content of most grassc · growing at the pr nt 

dy sit fell below the minimum requirements for anJ . shc:e and ~o t . The pa ture legum s 

contained more rude protein thhn grass s. and thu adequate! met the minimum requtrcmcnts, 

e\'en for requirem nts of dairy cows .• teissner eta/. _000) rc ommend d that \\here crude protein 

omem Je els in forages were insufficient to m t the anim I' s r quir ments. pr tcin needed to he 

upplemented. It therefore implies that animals that graze at the study ite got protdn 

upplementation from the herbaceous I ... urnes and from leguminous :1 a ia p cie found there . 

. ·yambati et al. ( 1996) reported that locally a ailabl legumin u trc found in the arid and mt

arid region wer important f ed supplt:!ments to the poor quality roughages th 1 were availa le to 

li e tock. panicularl. during dr seas ns. 
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Table~: utriti equality of eight dominant grass sand l\\O naturalh gr , ing 1 
narural Easture at their flowering stage of growth · 

umc in the 

CP Ash IVDMD NDF AD· DL 
~ies (%) (%) (%) (% (%) (%) 

Gra e 
1. Di hanthium insculpta 3.9 12.4 ·L4 63. 3 .2 4.3 
2. H;parrhenia jWpendula 5.7 9.8 -~._ 64. 39 ') ., Themeda triandra 6.0 9.6 51.7 6-t. 41.3 4.6 ). 

Cenchrus ciliaris 8.1 10.- 61.7 67 9 
5. Digitaria macroblephara 5.6 9.2 59.6 6-.1 -H 7 - 0 
6. Eragrostis superba 3.3 6.5 52. 73. 38. 7.6 

Chloris roxburghiana 5.1 8.5 44.2 74. 39.3 6.7 
8. Pennisetum mezianum 6. 13.1 47.1 68.7 38. 6.4 
Legume 
9. eonotonia wightii 13.5 9.9 33.4 6.9 
10. Rh nchosia malacophyl/a 16.5 7.7 41.7 -A 
CP =Crude Protein· JVD 1D = /n-~·itro Dry. tatter Digestibility: 
Detergent Fibre; ADL = cid Detergent Lignin 
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Grasse and legumes had comparable ash cont nt e en thou ... h D in culpt 1 (. i/iuri nd P 

me:ianum had contents above 10%. Th se results are in confonnity with those of B rhane e1 a/. 

(Jl06) who reponed ash contents of six grasses sampled from c ntral Ti ray. Ethiopia ranging 

berween 6.1 to 1 0.5%. Legume generally contain higher amounts of nitrogen, at ium. 

pho phorus. potassium and magnesium and lower amounts of dium nd chloride when 

compared ,.,.·ith grasses (Meissner et a/ .. 2000). However. the mineral content of her age is 

vanabl and for some minerals the contents vary within sam pe te and between pedes. For 

example. the crude protein and ash contents of ilverleafDcsmodium were signifi antly 

(P~.O I) higher in the Lea es than the stem (Balo ·i era/ .. 200 ). 

Di_ stibility of forage is an estimate of the difference between amount of feed mgcste by an 

animal and the amount excreted: expressed as percentage of feed eaten (Crowder and Chheda. 

1982}. Percent digestibilit. ·was high sr for .Y. wighrii at 69.::!0/o whit D insculpla had least 

digestibility of -LA%. The e results are in conformity with those of Bckur er a/. ( 1991) who 

report d that pastures in southern Ken;a had an average digc tibility of-4°'o for mature but 

green herbage during the growing sea ·on but with shon-livcd peaks of up to 6 -o/o in \'ery young 

growth. Late in the dr season. digestibility fell to 46%. The ·tudy added that in l'itro 

di_estibilit. was losely correlated (r = 0.86) \\ith the crude protein content and that the two 

factors were the main determinants of the nutriti e value of range forag~.:. tudies conducted hy 

. 1uin_a era/ (:2006) showed that '"as the maj r limitation to intake and di_ ·tibility of feeds 

in ruminants ti don poor quality basal iets. 
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~ L nd u e and f~trmino y tern of Kajiad Di trict 

~ost ofKajiado District (about 93%) lies in semi-arid and arid zones (agro-climatic zones and 

\'0 and only 7% of the district's land v. hich lies in agro-climatic zon rv has some potential for 

rain fi d cropping ( jwang' et al .. 2006 . pproximately 95% of th people livin_ in the di tri t 

are semi-nomadic astoralists who ke p large herds of li\'e t ck as their main s ur of 

livelihood (Plate 9). The dominant cattle are the indigenous Zebu. but the number f . ·ouc and 

improved breeds main!. ahiwal. Boran and their crosses are n the increase(. 1 L. 199 ). The 

major sheep breeds are Red Maasai. black headed Persian and Dorper \\bile major goat breed 

are GaJia and the mall East frican goat. Donke. s are many and ar main!~ used as pack 

animals to ferry firewood. goods and water. Bee-ke ping and poultry pr duction are at o 

undertaken. Camels were introduced into th district in 199 from the northern di tricts of K nya 

on an e. perimentation basis but their population had declined from 1.-90 to 660 within two 

years (Ojwang· e£ al .. 2006). nfamiliar habitats. deaths and ale of the camels may hav 

contributed to this rapid d cline. 

The dominant li e cock produ tion units in the di ·trict h 'e een indi idual and group ranche . 

The group ranch boundaries were demarcated in the 1960's with help from Kenya Livestock 

D velopmem Pro=ramme (KLDP) v~hi h was a project of he \Vorld Bank(. AL. I 90. The 

first group ranch , as registered in 196 but the programme collap cd in 198_ due to non

fulfillment of set objective . continued registration of members. en , of the uccess of indi\ idual 

ran hers and change in go errunent land policies. L'p to 1990. the group ranches had been su -

di,·idcd into individual pare ls of I nd. and depending on membership numbers. 3 . "'%of 
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Plate 9: A herd of cattle on the way t a watering point in Kajiad District 
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fanners got lan m asuring bt: ween -o and 99 ha a h. _"'.-%got 4 h ·a h. 21.6% ,!Ot 100-

1 9 ha ach 13.7% got betwe n 150 and 199 ha e hand lastly, 3. o got mor than _QO ha o 

land each (Rutten. 1992). 

!though land has een sub-di\ 1ded. livestock arc till herded n the natural fr c ran_e even 

across indi idualland. The bimodal and unreliable distribution of rainlall rcc i\cd in h area 

does not guarantee. ear round pasture availability. and thercti re farm rs ry to maximize 

utilization of pastures during lhe short and long rainfall seasons when there is abundant herbage. 

This high grazing pressure exerted on natural pastures results in overgrazing in om areas. and 

when dry seasons set in. livestock are mo ed (sa e for cal es. sick and lactating cows to other 

areas in search of pastur and water sometimes to cry far away plac s like in con t !lowlands . 

. airobi .. lt. Kilimanjaro. Ch:ulu hills and swamp margins of Ambo eli (Campbdl. _OQ"). 

During the wet seasons. li cstock disp rse as th resourc s arc ample and \\idesprcad. This 

practice usually encounters problems ( ometime s rious conflicts) bccau e of individualizati n 

of land and changes in lan u . sp ih all: the gro\o,ing of maize and eans by mt! farmers on 

acrea .... e b tween 2 and I 0 ha (. L. 199 ). 

The faasai ommunit) u d to re en e areas r drv sea ·on 2razin1! before sub-di ision or . .... -
communal lands into indi idual land parcels ( j\ ang' era/ .. 2006). 'i ith ad,cnt of ran h sub-

division. allocation of land to individuals and de elopm nt of privat water pans. r served dry 

sea on grazin_ areas have ecom almost non-e, istent. Current!,. pre ·crved pa ture areas (a ut 

"'-5 ha) are only limited to en los d p rtions of preserved p ture known as 0/opo/o/i in Maasai 

langua_ e which are lo a ted ne3I homesteads (Plate I 0). These enclosures are om rolled by 
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Plate 10: Pastur preserved in 0/op I li for utilization durin the dry n 

2 



indi,idual households where th p tur is pres rv d for dr. a on u e by 1 elating " . ahcs 

and ic ·animals when the bigger herd moves a\ ·ay in search o 311 \\ tcr. Th 

preserved pasture in Olopololi is usually not enough and by the time it is to utiliz d. it i 

m:llure and dry. hence of low quality. Th district was ther fore i eat area to condu ·tthc 

rud. with a vie\ of improving the li est ck fee through introduction f or gc legume into 

IUtural pasrur s. 

~A Leoume creening 

4.4.1 Seed germination 

eeds ofDolichos and elvet bean (large seeded legumes) had a be erg rmination than ccds of 

Glycine, iratro tylo and RbYl)chosia (small seeded legumes) {Table 6). In addition. o er -o 0 o 

oflegume s ds germinated by the third da while grass d w~:re siO\\ • aus by th~ fifth 

da .. onJ. -W% had genninated. Even though Glycine and iratr had comparable size of s eds 

and similar growth habit. iratro ha a better r nt germin tion (more than double) than 

Glycine. results which could be attributed to amount of hard s lis in e ch 1\;;gume t .. pc. kennan 

e1 ul. ( 19 8 re rted that iratro and G Jycin have a minimum of 0 and 0% hard ed . 

respecti\ely. which required pre-treatment su h a mechanical · artication to break donnancy if 

uniform germination was required uring pa rure tablishm\.:nt. 
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f bl 6: Percent seed germination of experimental kgumes. dominant gr · nd 

a locally growing herbaceous legume 

iratro 
3 tylo 
4. Dolichos 

elvet bean 
e 

6. Horsetail grass 
7. African Foxtail grass 
8. Maasai Love grass 
Local legum 
9. Rhynchosia 

eed germination(%) 

60 
70 
9' 
85 

16 
19 
10 

10 
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1 all: growing herbaceous legume (Rh* nchosia) ha le t g nninati n 0 1 Vc mp r d 

to lh introduced legumes. It should be noted that the se ds of this 1 gume were harve 1 d fr m 

the natural pasture at the study site. The legume s lo\ percenta 'e gennination,. a in agr cmcnt 

\\ilh Crowder and Chheda (198_) who rep ned that se ds harve ted tr m 1 al p m h ·e 

low germination rates. 

1/.4.2 odulation and orowtlz clwracteri tic iu potted experiment 

II legum sp cies except Dolichos. had nodules'> hich contained a distin tive pink coloration: 

an indicator that they were tixing atmosph ric nitrogen (Table 7). kennan e1 a/. ( 1988) repon d 

that a distinctive pink colour in legume nodules pro ided a quick indi ation of fi. ation of 

atmospheric nitrogen by the legumes. The authors further stated that in a f " instances. an old 

nodule may ha e a green area indicating pr vious h moglobin and thu elTective nodulation as 

was the cas \ ith Dolichos in the current stud . It can thus be con ludcd that 0 h hos rna~ al o 

ha ·e been ti:ine nitrogen as \Vitnessed fr m the dark- re n coloration that' ·as o rv d. fhe - - -
interiors of a tive no ules (those fix in: are pink to deep red in colour, changing to green as 

lh nodules d cay a seonann et al .. _QOO . In ffective n dul s appear d tran lu nt or \\hire 

inside. as \1 as the cas with some iratr and Velvet bean n dules that were b crved in the 

urrent tud . 

The average number f nodules betv.·een legume plants \\aS significant I. (P~ 0.0-) ditTerent \ ith 

th highest number in iratro and the I t in Velv t bean. The dry m tter of n dul \\a· al 

ignificantly (P~ 0.05 ifferent en.ve n p cie . where the nodul s of Vel el b an (due to their 

large size) had the highest dry matter followed b those of D li ho nd iratro. In Chuka. 1 leru 
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outh Distri l. lug'\ e eta/. (2007) rep rted that V lvet bean had me n f n ulc \\lth 1 c 

Jose to a maize seed. Howe er in the cool highlands ofTimboroa in ·in Gi hu Distri t, 

Dolichos and Velvet bean did not nodulate 75 days a ter pi nting (Mur ithi eta/., '>006). The 

stU y attribut d lack of nodulation and hen e Ia k o l ti. ti n to th hi h 

rna~ have resulted in P fixation. The stud) re omm nded that the onl: \\ay to irnpr vc · il tn 

tho· cool highlands '\\-as to use the legum s as gr en manur . The tud: . lug'\\ eta/ (2007) 

o Jude that poor nodulation could b due to soil acidity. lO\\ oil pH Je,els and po · ibl; I ck 

ofadequate indigenous rhizobia. 

In the current study e en though Glycine and tylo had an a erage number of I and 13 n dule · 

per plant. respecti ely, their dr matter was very small because the n dules \\ere ' ry minute. 

The results further indicated that the annual legumes ( el et be nand Dolicho ') had 

significantly (P~ 0.05) higher root dry maner than the per nniallegumcs (Glycine. ir.mo and 

t~lo). It was also noted that Velvet bean and Dolichos po ss d shorter tap r ot but more 

lateral roots (hence more root mass) than Glycine. iratro and t. lo ,. hi h ?O ·se · ·c:d longer tap 

roots but less root mass. 
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11.20± 0.95 
41.43± 4.0 
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4.4.3 Rootiuo characteristic of e.xperimental/ef1ume · tmtler ji ILl com/itio11 

Fhe months after planting Glycine iratro and tylo (the p rcnniaJ 1 gum s) h 

roots and some lateral roots up to depths of 80 95 and s- em, re pectivcly (Tabl 

developed tap 

). n the 

oth r hand. Oolichos and Y lvct bean (the annual legumes p sed tap roo o "0 nd 60 m. 

r pecti ely. 1ost lateral roots f th annual legumes were I catcd ct\ ·cen 0 and I - c1 depth. 

Th indigenous legume Rhyncho ia " hi h was e. cavat d from th natural pasture had 

relatively thi ker tap root of l 00 em length as compared to th • other legumes that had thin tap 

roots. Howe er it was not pos ible to determine ho\ long the legume had grown in the natural 

pasture. Chloris roxburghiana and Themeda rriandra _rass s which were also e. ·cavatcd from 

the natural pasture had a tibrous root system " ith most roots (about 75 % concentrated ctwecn 

0-30 em depth. A few roots (ab ut 15 ° o) were located t\ c n 70 and 0 m dt: th . 

These r suits indicate that annual legumes and grasses po scs d th bulk of their lateral nd 

fibrous ro ts, respective!_. near the s il surface '"here they could maximally utilize oil moi ture 

after a light sho er of rainfall. en though the per nnial legumes po s ssed lml ro t rna· (as 

ho\\11 ins ction 4.4.-). they \: ere capabl of ourcing soil moistur located in deep soil 

horizons. There is e iden e that the deep penetrating roots are more efficient per unit weight of 

root than ar th sur fa e ro t · in acce · ing s il water ( ny man. _oo- ). 
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Th deep rootinJ characteristics of the rcnnial legumes implied th t the) had ter bility 

than the annual plants to source soil moisture and nutrients from deep soil horizons. Legumes are 

di otyledonous plants with a typical tap-root system " hich branches into !at ral r ts to a greater 

or I sser xtent depending on species (W sserrnann eta/., 20 0). The autho indicated that in 

some spe ies lik Lucerne. the tap root can be s eral meter long. while in oth r lik, ~ hitc 

Clover. the tap root rna. be no longer than 40 em ' hile m st annual legumes de eloped 

shallow branching tap root system. A shallow rooted species su has While Clover ts intoh!rant 

to drought and cannot effi ctively control transpiration whi h lead to early leal \ilting and 

senescence ( kinner eta/. 2004). Howe er. the Kentucky bluegrass survives severe drought b. 

becoming dormant during the dry period. In additi n, unlike the perennial Clover species, the 

pro trate to semi-upright stems produced from primar: stems do not root from the node· to 

' develop a secondary root system and therefore. the plants die ''hen the rimary root system dies 

at onset of the ry season ( as ermann et a/.. _000). 

These results are in agreement\ ith Wolf: on and Tainton (2000 .,,·ho reponed that more than 

5°'o ofthe root mass in grasses was found in the t p l- em of the ·oil. t Kedong, Kajiado 

District. more than half of the total ro t volume of grasses was located at the top 20 em of the 

oil (Boonrnan. 1993 ). Howe\· r. the pr portions were found to chan~e considerabl_· during he 

· ason. The study by Boonman I 99" further rep rted that the drou,:ht tolerant Themeda 

triandra had " and 1- %of it root dr. maner located at 0-_0 and 20AO em dl!pth. rcsp cti,·el;. 

while Era rostis super a had 4 and 1 %of its root dr) m· tter lo ated at 0-_0 and 20-40 m 

depth . respecti,·el . The stud) noted that a heavy concentration of roots at the ·oil surfac 

enabled grass pecies to make fullest u ·e of light hower of rain ''htle th easily desiccated m 
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t of t.h dr) seas n. Both T. triandra and E. up •rba g min nt 

species at the current study site and their root distribution wa almost imilar v. ith that obtain d 

at Kedong. Prasad ( 1995) on root development of Andropo on gll}anu un h A. pumifu Ro:b 

and Pennisetum pedicel/arum Trin perennial grass in Kankc. India, fi und hat majority of he 

roots (6 -79%) wer located 'v\-ithin 0- 10 em soil depth. \\hilt: 20---% wcr to at d , ithin 10--0 

m and ,·ery few 1-11% were lo at d below _Q em soil depth. The c rc ·utrs ere to el · 

similar" ith results of root distribu tion of grasse at the curr nt study itc \ here majorit. ( b ut 

' %)of grass roots v ere located in the 0-30 em oil depth. 

4.4.4 Dry matter production of experimental/e umes 

Th effec of harvesting legumes at t\.·vo intervals and two heights produced sieniticantly 

(P~O .O' different dry matter amounts (Table 9). Further, dry man r pr duction of Gl ·cine. 

iratro and tylo was ignificantly (P~o.o-) higher than that ofDollchos and Vel et bean. 

Glycine and iratro produced highest dr. matter rate of I 0.31 and .81 t ha' 1 
) r" 1

, respectively. 

when harvest d after n...-o months at ground level while t lo produc ·d highest dr)· matter rate 

c ~ . -- ha'1 yr'1) when harvest after our months at 15 m height. 

ft r harvesting. Glycine. iratro and t_ ·to had vegetati · regro 1h fr m cro 'n ud · locat ·d 

low the oil surfac and from th r buds located on aerial tern . ( nee the primary tem \\as 

lipped at first harvest. more t ms cv lop d ''hi h later ramified mt more t ·m and 

bran h . This phenomenon \\as resp n ·ible forth high dry maner producti n fr m th hre 

legume . Wassermann eta/ _000 re rt d that as stems of upright perenni !legumes mature. 

101 



ir bases become thickened and wood,. the reb, fanning cro\\ n which i m n d of thick 

and short lengths of basal stem material. 

Dolichos and Vel et bean produced er_ low dry matter be au ·c after th ir clipping. at ground 

I \d. they were unable to regenerate because th • did not p :~ ·c's cro,\n and acriul gro' h bud 

for production of secondar stems. When clipped at 15 m height. ver. • little r gro"' th occurred 

from the terminal growing points ofDolichos and Vel et bean. E en though Glycine and Siratro 

had the same prostrate growth habit Glycine had a slower establishment after gcnnination. but 

the species e entuaUy produced more (P~O.OS) dry matter than iratro at ground level. This was 

attributed to Gl cine producing 14 stems per plant with the longest tern rea hin~ 2.5- m length 

after only two seasons of grov.1h while iratro produc d threes ems per plant\\ ith the longest 

stem reaching 1.85 m in length. 

Glycine harvested after two months at ground le el. produced 10.31 t ha·1 yr"1
• but this declined 

ignificaml, (P~.05) to 7.53 t ha·1 
_ r- 1 \\hen harvested after four months. iratro had 

significant!. (P~o.o -) higher dry maner rate of7.8lt ha·1 
_ r" 1 at the two month harvest interval 

but this significant! (P~O.O ~) decreased t 3.5 t h:f1 yr· 1 at the four months harvest intcrYal. 

01') matter production for t) lo at the rwo and four months han. est interval·'' not 

significantly (P~O.OS) different. The dr:. matter produced at the four months interval (''.-1l ha·
1 

yr"1) was lightl. higher than that of tw months interval C .17 t ha·' r"
1 
). 
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height on legum • m ttcr pr t (t h ·I _{1 r: e 9: Effect of harvesting interval an 
during screening phase ---------~~~~H~ruv~es~t~in=g~------------~---------------------

interval Forage legUJ!!eS 
2 G( ine 

Glycine 4 7.53 l.14 -
iratro 2 7. 1:!:: 1.3.:1 
irarro 4 3.58 - 0.49 
tylo 2 1.57 - 0.63 
cylo 4 2.3 - 0.53 

Doli ho 2 0.0 - 0.00 
Doli hos 4 0.0 - 0.00 
\' el\:et bean 2 0.0::::0.00 
\elvet bean 4 O.O:t 0.00 
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F ntly harvested legumes resulted in higher dry matter pr m r. 

secondary stems after the primary stems were clipped. junie er al. (199 ) c aluat d the ffe t 

ofb3rvesting frequencies on herbaceous legumes at twapa in the coast llov .. land fK n;a 

and found that plots harvested four time per ear ga e the highest cumulative dry mutter 

rodu tion \\hile the least was when the legumes\ er lipped on e per y\.:J.r tudic on u t d 

b) Gachene and Makau ( 1997) found that a three months harvesting interval pr du cJ the 

highest biomass for most speci s during the long rainy seas n. nly Veh ct an. 0 Jicho . Jack 

bean. and iratro persisted into the 6 months harvesting interval. Thes r ·ults showed that a 

harvesting interval of between two and three months was lik I} to produce higher d~ matter 

from forage legumes in a ·cut and carry' li estock feedings. stem than fr m longer harvesting 

interval. 

Oth r studies in Ken a and Ghana shO\i ed a low r dr; matt r produ lion b~ le_umc u ed in the 

urrent study as shown in Table 10. Th e ariances in dry matter production from itc to sit arc 

anributed to amount of rainfall received at a particular site Barnes and \ddo-K \\at . I 96: 

Ga h ne and. lakau. 1997 . presence or absence of nati e Rhi=obia (. lureithi t!l .al .• I 9 : 

Mugwe era/. (_007 ) and 1 vels of s il fertility ( Iiles and tans n. _000). 
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Experimental Glycine ource 
site 

uhan Hamud 1,280 670 8.1 4.0 

tatJn)a 1 ,8-t2 600 5. •P p 1."' 0. tur ·ithi t!l 

a/ 1 Q 

Karumani 1 600 717 p 2.4 1.2 p p jarui and 
\ andcra 
(19 7) 

. ft\\apa 15 1 _oo p -·5 . p 2.1 0.7 • 1ureithl I 
al (199 ) 

Ga hoka 1.070 950 0. ~ p 0.4 0.8 0. itari el a/. 
(1997) 

Pokoase 1-- 1 050 2.2 "' _,.) 3.1 p Bam and 
(Ghana ddo-

Kwafo. 
1996 

ot planted 
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.4. • Liller production 

The liner production of perennial legum s namely tylo, mnro and Gly inc ~ r 1 1 1 0 nd 

106 g m
2
• respecti ely and were not significantly ~0.05) di erent (Fi ure 7). n the other 

band. the litter production of annual legumes. nam ly Vel et can and Dolicho \.:fC "9 an 30 

• m1
. r spectively, and were not significantl: (~0.05) diffcrt!nt. However. the litt·r pr duccd by 

tbeper nnials \as significantly (Pg).OS different from that fthe annu Is. exc pt that for 

Glycine. These results indicate that. e en though tylo is small-leaved in comparis n o ir tro 

and Glycine it was capable of shedding large quantities of lea es and other matenals and till 

suf\ive the dry season in a deciduous stat . 

]unie era/. ( 1996) condu ted a liner drop stud) at coastal KARJ-1 flwapa Research tation f r 

18 herbaceous legumes and observed that half of the legumes started to drop I itt r three months 

after planting and obtained significam (P~O.O~) litter Jhll differences. It was noted hat Doli h 

dropped more litt r than Siratro. and their results were different from lh se obtained in the 

current tudy. \ here iratro had significantly (P~o.o·) higher litter dr p than Dolichos 1vc 

months after planting. The difference in results obtained t Itwapa and the current tud. itc 

could be explained b. the fact that at the end of three months, Dolichos being an nnual hcdded 

iiS leaves before the perennial iratro \ hich had a longer growing pcnod. 'junit! eta/. ( 1996) 

found that \tf /athyroides (L. Urb L. pwpureus an .'vi. atropurpureum had the tcmial t 

improve oil fertilit) through litter faiL The tud) concluded that though the trait of liner 

hedding as undesirable for farmers gTO\·ving forages for f eding li est ck. thc legumes were 

~apable of improving soil organic m ner content by providing litter mul h in ·iw nnd bene 

impro ing soil fertility 
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In ition to enhancin ... soil fen ilit .• legume litter fall has other beneti i 1 c ft n he il. 

For example Karuku et a/. (2006) found that legume residu s cted as 

\\hi h absorbed raindrop impacts and pre ented dir ct e\ ap ration an i pe ·a! 1 if 

Jgregates. The study found that the infiltration rat of the il was hi •her under de d or li\c 

mul h because the structural poro ity of the soil was maim in d and there ''as n urta · eulin_! 

and rust formation. Funher. macro-pores open to the soil surface remain •d intac nd funcu nal 

in transmitting water through the soi l and biological a ti ity f soil faun was maintain d wh1 h 

furth r pro ided addi tional por s fo r water conduction. 

4.4.6 Effect of legumes on oil fertility 

There ults of soil analysis at the beginning and end of the experimental period are pre ntcd in 

Table II. These show that so il pH. carbon (C), nitrogen (l ) and p tassium (K ·igniticantl. (P~ 

0.0-) increased by end of the experiment. IIow v r. alcium (Ca) significantly (P _o.o-) 

reased whil P had a non-significant(~ 0.0- de rease from the soil b. end of the 

experiment 

..\.similar trend was ob rv d b~ zabi et al. (2000) after addition of maile .::m residues at 

~vamon o. K.is ii Di tri t. The studv found that in plots -. here maize and s • . . . 
added to the soil. the pH increas from 4.6 to -.2 while or _!anic C mcreas d fr m --0~ to _.49%. 

from 0.19 to o._3o,0 an K fr m 0.72 to 0.78%. ureithi eta!. (_00 ) 3lso fl und lhat. addition 

of mulch from legume r sidu s to the s il increas d P and K by 3:! and %. rc p ctiv ly. in 

Gatanga ar a in c ntral Kenya. 
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fate ll: Effi ct o legum sons il fenility during legume · rc nind ph 

Period 
Beginning 
End 
Cv (%) 

4.92±0.08 
5.36± 0.03 
3.9-

C(%) 
l.l7± 0.04 
2.57± 0.09 
1-.65 
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pH in reas in th soil at end of the c. ·periment was uri utcd 10 ition o ram 

residues from legume plants. stu Y by Bationo (2008) in ador • igcr report d th 1 in 

unmulched control plots the pH level was 4.3, but in plots '"'her crop r idu s w re added. the 

pH in reased to 4.7 o er 14 .. ears. en though the soil pll in the current ·1udy increased 1n ,"6 

b) nd of the currenr experiment. the values still fell und r iJ~ las iticd a cid ils pll •. · 

(Landon. 1984). For majority of crops. the most suitabl oil pH is in the range r ·.:to 7.0 \\ith 

certain tolerance to more acid or lightly alkaline conditions 1 luriuki and Qure hi. 2001). ·or 

:<ample. maize has a pH toleran e of5.0 to 8.0 and padd) rice 4.0 to .0 (Land n. 19 4 .In acid 

soils, availability ofMg, Ca P and Mo limits plant growth. but as pllle el is raised, the e 

nutri nts become a ailable for plant uptake (t furiuki and Qureshi. 200 I). Thi m .'have been 

th reason wh P and Ca decreas d from the soil b. end of the expenment after b ing tak n up 

by legume plants. In addition. as organi residues dccomp se and mineralization occurred. 

major elements like • P and C are relea ed due to increased oil microbial a ti\ ities \\hich are 

a tivated by more fa ourable pH conditi ns after an initial . immobiliz tion b; oil 

microorganisms (Giller and ilson. 1991 ). 

The in reas of soil organic C b. end of the current stud \!as at o uributed t addition of 

orsmnic re idues bv th legumes in form of liner drops and fr m the decay of hd w g und .. ~ ~ 

biomass. everal srudi shave made imilar ob en ations (Bationo eta/ .. 19 -: • lureithi •. , al .. 

2000: Nzabi et al .. 2000). Rutunga eta/. 2001) also reported that nly "0% of lc ve ·. tl!m and 

roots of Tephro ·ia ,,.0 gelii Hook F. and Tithonia diwrsifu/ia (Hemsley) . Gra: remained 

undecomposed after eight month of incubation, thereby releasing nutrients. The stud. 

concluded that decomposition and nutrient relea ·e panem were influenced ~ quality ofth 
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m teri J. in panicular the content, lignin and pol) phenol . rc pod tl. (_00- al 

that liner from Desmodiwn ovalifolium and Srylosanthes guianensis 1 gumes decompo ed aft r 

six months v hereas Pueraria phaseoloide. , eonotonia uightii and .\lacroptilium 

arropurpureum decomposed after se en months. However. litter ec mpositi n \\as low in 

Cpwdon nlemfuensi Panicwn mcccimum and Brachiaria decumbens gra es because a lcr on 

year. there was still 30. I~ and I 0 %. r spectively, of the original liner material which rem ined 

undecomposed. This ,. as attributed to the high lignin content in grass sa compared to legumes 

(Crespo er al. 2005). 

Legumes contain large amounts of (Lascano and Peters. 2007) which upon decomposition rna 

have become a ail able. resulting in a significant (P~ 0.05) increas in the soil b: end of the 
I 

e....:periment. The main source of a ailable in natural pastures was from soil organic matter 

{after mineralization for growth of unimproved grasslands (Giller and \\'il on. 1991 ). Ho\\ever. 

in impro\'ed pastures containing nodulated legumes. soil "as supplemented b~ • fixed b. the 

legume-Rhi:obium symbiosis. The auth rs reported that fix d ·was first utilized for growth of 

legume plants and later contributed to growth of oth r plant in the pa ture. after decomposition 

and mineral ization of lee:ume rc idue . jarui and lureithi (2006) reported that after 

in orporation of Lab lab and tucuna legum resi ucs into the ·oil. th~ maize stover. idd \\as 

A4 and -.17 t ha·1, respecri el). In plots where incorporation was not done. the stover~ idd was 

3.74 and 3.5 t ha·1• The stud concluded that derived from legume rc idu s was as effective as 

the inorganic fertilizer in nhancing tover produ tion. 
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Tied rease m soil P by end of the exp nment was attributed top upt k b: J ·gum ·. 

Pho phorus is r quired for growth and de elopment of leguminous co er crops as it is critical for 

both nodulation (number and density of nodules) and nitrogen fi.·ation in some legum 

Chcmining·wa era/ .. _QQ6). Bationo (2008) citing I lafner eta/. (I 992 reponed that r t length 

den ity and total P uptake increas d from 3.4 kg ha·1 with no crop re idue application to 10.6 kg 

P ha·' after application of crop residues. Howe\ er, on e P contain in organic matt r \\a 

released through mineralization into the soil. it can either be immobilized by s il micro-

organisms and plants or become fixed in the soil (Rowell. 1994). 

By end of the experiment K significantly (PSO.OS) increa ·cd in the soil. an increase that rna) be 

artributed to the release of nutrients after decomposition and mineralization of the legume· · 

organic residues. K \ as the ne. t min raJ element \! ith a high concentration in plant pans after 

and hence. large amounts are added to the oil after organic residues dl!compo ·e (Ro\\cll. 1994: 

. larschner, 1995). During mineralization of organic matter. there occurs a rapid releJSe of K 

fo llowed by slower releases of . P and Ca (Thomas and Lascano. 199-). IJo, ever. the release 

of 1 • K and Ca is usuallv QT ater in le ume litter due to tenderness of legume lca\es ompared to 
_,- o...; I 

the slow release from grasses due to their higher lignification (Thonnissen eta/ , _QQO). 

Calcium content in the soil de reased si_niticantly (PSO.O- ) fr m . % at the beginning to 

4.50% by end of the experiment, a decn:ase of 44 %. high demand f Ca for the grm h of 

legume m ristematic tissue and nodule · may ha\ e led to decreas of Ca from the :>oil. ~ turiuki 

and Qure hi (_001) reported that as soil pH is raised. Ca come more availa lefor plant 

uptake. Ca is also among nutrients that ar released during the initial period r liner 
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omposition (from 0 to 56 days) and rna) either t ·en up b~ pi nt . imm bili ·din il 

mmerals or micro-organisms or lost by leaching (Rutunga et a/., 2001 . 

U. Criteria for selection of /eC1wne for integration into natural pa ·ture. 

The legume screening stud ·showed that Glycin . iratro and t~ lo crformed \ 11 und ·r he 

p vail in ... climatic and edaphic conditions of the s mi-arid 'lUd) sit here fore. the e spc i~: ·. 

qualified as potential fo rage legumes fo r integration into natural pastures of semi-arid rang lands 

for enhancement ofli\estock feed and soil fertility. The following w rc the cnteria us d for 

selecrion of the thre forage legumes for integration into natural pastur . 

i) Perennial growth habit 

Glycine iratro and tylo were ~bl to survive the short and long dry seasons which occurred at 

th site and therefore were not planted every season as happened with the annu Is {D licho and 

el\'et bean). The thr e legumes survive the dr. seasons b. becoming decidu u and 

regenerated well after onset of the rains. ln this r gard. the perennial gro\\ h habit of thes forage 

legumes is an important attribute to fanners. sin e more oft n than not the. will not refer 

I gumes' hich they ha e to plant ery ason. 

W Po e · ion of deep penetraring tap root 

The deep penetrating tap roots of Gl cine. iratr and ryl were cndicial to the legume tn 

sourcing soil moisture and nutrients from deep soil horizon thus nabling the legume to ·urvive 

the dry seasons. Thi aspect may ha e enabled the legumes t remain green I ng into the dry 

ason after grass s in the surrounding area b came dry ft. r their hallow r te tibrou · ro t 
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~ tem could not withstand th dry conditions which aus d th m to ton ol ry 

nditions. ln semi-arid rangelands plants with a deep rooting system were lik ly o survive th 

dry seasons better than shallow rooted plants. 

iii) Potential to with land heavy gra=in 

The abiliry of a forage legume to withstand heavy grazin \.\as a des•r blc attribute t on idcr 

11hen introducing forage legumes into natural pastur s. Gl cine, iratro and tylo howcd thi 

potential after they were clipped to ground le el and again after cattle a identall ~razed on pan 

of the experimental plots. The cattle grazed Glycine and iratro to ground le cl v.hereas the 

left about 5 em stubs of tylo plants du to their tough and \VOody natur . The canle were unable 

to uproot the three legumes due to their firm rooting characteristics. At the ons t of h rains. the 

I 

three legumes were able to regenerate into many stems and branches from crown uds located 

just below the soil surfac and from buds lo ated on aerial stems as v.as theca c '"llh t;l ). 

il·) Ability to produce high dty mauer 

01. cine. iratro and t.lo yielded dry maner hich was significant!. (P~.O-) higher than that 

of the annual legumes (Dolichos and Velvet bean . The high dry matt 'r yield pr due db. the 

three legumes was anribute to the perennial and multi- temmed gr \\ th h bit o th legumes. 

The multi- temmed !HO\Vth habit re ulred into e en more stem and branch rumification fter the .... 

legumes wer harvested which I d to production of more dr maner. 
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~ Ability to add organic mafler to the soil 

Gl~cine Siratro and Stylo dropped litter during th dry season . amounts\ hi h c 

significantly higher than those of Dolichos and Vel et bean. Thus th Jc ume's bilit; 10 dd 

,rganjc matt r to the s il was an important path\! a_ for enhanccm nt f 11 fertliit. and y 

1mplication the water holding capacity of the soils. Litt r dr p m y also h , c been bcnclicial in 

rtdu ingrain drop impacts in regard to soil aggregation and runoff. 

1•i) Abiliry to self-seed 

Fi ld ob ervations showed that 01. cme. iratro and tylo \! cr sel -s cdin_ as nc\ cedlings 

germinated on their own after ons t of th rains. This was a dcsirabl chara t nsll \ ith rc pcct 

to self-propagation within pastures whi h meant gro' 'th of m re eedlin_s in the n tural pa ·ture. 
I 

iratro even produced flowers and pods two months after planting. an a ·pcct th t contmucd 

during the li[i span of the plants except when plants w rein decidu u · condition. 

~.- Legume integration into natural pa turc 

(iJ Leoume oermination and estahli lmre111 

Monocultures of Glycine. iratro and tylo legumes had a b tter gem1ination and wer quicker 

to establish than the same 1 gumes own mi.'\ed with natural pastur . rn addition. m noculture 

dlings were able to withstand th June to October long dr. se on. Legumes SO\\n in the 

natural pasture had slo\ growth particularly tylo and orne dhng di d aftt.:r on et of h • 

:season. impl ing that the seedlings rna. not have establi hed well kcrm n r!f at ( 198 ) 

reported that legumes require a well prepared seed bed for 0 d stabli ·hment. flo\ ·e\'cr. in 



undi ur d grassland sowine of iratro and Gl. cin se ds 1 ng narr . trip· h d hie ed 

more successful establishment than when legume seeds wer broadcasted (Boonman, 1993 . 

The present study observed that iratro and tylo had a better gennination and quick r 

e ublishment than Gl ·cine v.hether sown as monoculture or mixed wi h natural pasture. Thi:s 

ob ervation is in conformity with the results of seed germination te t d rib d m uon 4.4.1. 

results hich sho\! ed that Siratro and Stylo had 60 and 70% seed germination. r spectivel}. 

\\hile onl 25 %of Gl cine seeds germinated. In addition. Gl cine stablishmcnt from seed was 

slov. and failure to germinate was high (Boonman, 1993 ). kennan eta!. ( 198 attributed the e 

failures to the high percentage of hard eds that was comm n in seeds ofGlycim:. Regarding 

tylo. even though germination was good. establi hment ""as slow for. oun_, plants. es ecially 

when mixed with natural pasrur . The germination and establishment results for iratro and t.lo 

are in conformity with those of jarui eta/. (2007 who reported that irarro had an 

tablishment of l- plants m-1 \ hile the plant population of tylo wa ·_-plant· m·2. 

fter a slo\ start in establishing. Gl. cin developed many stems from cr0\\11 buds located just 

below the soil surface\ hil irarro de eloped only a few stems. results similar to tho c 

des ribed in ection 4.4.4. The sup rior a~ility of Gl. cine to produce man} tems and ran he 

i in conformit with resul obtained v Pamo and . lubctcneh (I 9 5 who ·tudied the 
; . 

ramification abilitv of five forage legumes. The stud. rep rted that after three month of gr "th, 

.\'eonotonia wigluii ramified int fi e branch s \! hile }.,facroJyloma axil/are hac.l four. Do/icho 

axilaris had three, r.,Jacroptilium atropurpureum had two and De ·modium intonum ramilied int 

one bran h only. In the present study Glycine. iratro and tylo were self-s eding, with new 
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. lings (especially tylo) spontaneously gcnninating at on ct of he win) n. j rui t 1! • 

• 00 observed a similar increase of volunt r t}lo se dlin that em r d t r th rai . 

However. these seedlings quickly died aft r onset of dry conditions th y ,, re till • oun and 

!heir rooting system may not ha e de elop d well. It was al obsen:cd th told plant tratr 

, ere prone to leaf rust attack while in t_lo. the root and tern , ere tta k ·db: t m1it , 

especiaJI_ during the dry season, e entually killing om plants. 

1.5.2 Dry matter production of ra 1/eoume mi:~ed pa tur 

4.5.2.1 Effect of las/tina a11d burning herbage 0 11 dry matter production 

Treatment effects of lashing and burning on total dry mancr produ ti n were not ienificant 

~.0-). although th dry matter production in burned plots was higher by J,% Figure,). Fire 
, 

causes the releas of nutrients pr viously immobilized in fi liage ( 'Connor et al .. 2004 . hence: 

some nutrients rna. hav becom a ·ailable or plant uptak in the burned plots resulting in 

higher ry matter production. In a dition. fire may ha e timulated the grov.th of orne gra s 

pecies in burned plots r suiting in higher dry man r produ tion. 

\In n (1995 found that the r lati e abundance of Diclwmhium insc:ulpta and Themedatrianclra 

was great rafter burning than in un-burned paddocks at Kib ko R nge R earch taut n. 

n~man (_006) lso r orted that th s Di it ria eriantha. Era'<ro tis .Wpt!rba and £. 

chlorome/as, ere stimulated to grow and produce ds m re rapid!. aft r burning. hen c more 

dry matter produ rion. 
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Results funher showed that dry matter production per treatment w n t ignilkantl. P _0.0 • 

different between slashed and burned plots (Figure 9). How ·er Glycine in monoculture 

roduced significantly (P~.OS) higher dry matter than other treatment (panicularly in the 

umed plots). Dry matter production of the natural pasture after sla ·hing and burning in the 

pre·em study sho,.,·ed the same trend as results rep rted in ·cction 4.-.2.3 \\here sla hing the 

h rba eous Ia. er produ ed slightly more dry matter than when th herb ou layer'" burned. 

The study by O'Connor era/. (2004) found that th practice of burning. had n discernible effect 

on aboveground phytomass production but quantitati el alters composition and slight!, effect 

di ersity. 
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r, ... Effect of ltarve fino lteioftt and interval 011 dry matter pr du 1;
011 

Dry matter production for the 15 and 30 em clipping height after 1'\\o, ur and i. m nth 

intervals were not significantly (P!:: 0.05) different (Table 12). 1 lowe er, highe t dr) m tter" • 

u ed at the 15 em clipping height after an int rval of two m nths. t thi clippmg in en it. 

for legumes planted in monoculture plots, Gl cine produced highest dry matter 8. "' t ha·1 , th~n 

tylo (3-9 t ha-1
) and lastly Siratro 2.44 t ha-1

). It was obs rved that n ks of Blu -car d 

Glossy Starling birds (Lamprotornis chalyboeus in aded plots planted with iratro to feed on 

llowers young lea es and pods, thus interfering with dry matter production of the legum . The 

results ofd1e current stud are in agreem nt with those of Mtengeti eta/ (2006 v.ho found tha 

a two month cutting interval of Chlori gayana pastures produced sli .... htly higher (non-

1gnificant) dry maner than the 3 month cutting intervaL The stud. con luded that farmers of 
I 

'jombe District Tanzania would ha e no advantage of increased dry matter b increasing tht: 

cutting interval beyond two months. 

The combined dr .. matter production of 1 P+GI, cine mixed p tures harvested at 1 ~em height 

after every two months was -tO% more than of P harvested t the same height nd interval. 

lso. d1 combined dr matter production ofNP+ iratro mi: d pastures harve ted at I~ m 

height at two months interval was _ % more than of . P. H we\"er. th~ dry matter produ lion of 

'P- tylo was less rhan that of P. whi h as attributed t the low gr wth of t) lo Y.hen 

intercroppe with natural pasture. This slow growth of t_l implied that it needed to J '' for 

more than four sea ons before it to could exce d the dry matter from the natural pasture. Kitabe 

and Tamir 2005) also report d a late mergence and slow growth of Trifolium pretense legume 

mtercropped with grasses in central highlands of Ethiopia. 
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atural pasture 
rp) 
atural pasture 30 1.88:t 0.33 1.21 0.29 1.20:0.2 -( ·p) 

Glycine 15 8.43 2.55 3.00 1.09 - -.. :3.05 - -Glycine 30 4.01:: 1.50 .74 - I. 9 .I": I 03 
iratro I- 2.4-+± 0.65 3.46 - 1.01 1.9": 0. 2 
iratro 30 3.28 - 0.97 1.78 - 0.4- 4.1 : l.lO 
tylo 15 3.29:::0.43 2.66 - o ... o 3.07:0.25 
tylo ... 0 _.23= 0.37 1.37 0,_ .. 1.4 : o._ ... -:P--Gl cine 15 3.79:::0.51 I 84 - 0.38 1.27:0.16 
fP--Gl# cine 30 1.47= 0.12 1.16 - 0.19 0.93 - 0.16 
p iratro 15 3.8-+= 1.03 2.67-:.. 0.69 2."'6- 0.-

30 1.3 .. = 0.22 2.69 0. 7 - 1.7-= 0.3 
15 2.-9::0.32 1.12::0.12 2.-0:0.36 
30 1.3-+- 0.15 0.68 0.10 0.94:0.08 
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Tht! hi h dr matter production obtained at 15 em height at an inteJ"\' 1 oft\\ m nth \\a 

ttributed to three possible factors. Firstly when grass sand legume \\er de oliated. th : 

tend d to produce more tillers. Grasses haJ"\'ested at 30 em height wcr le· timul ted to produce 

therstems than plants harvested at 15 em heighl. This is in agrct!m nt \\ith Wolf n _ 00 and 

n}man (-003)" ho ound Lhat plant parts that remained un-dcfoliated for Jon, b'-= am 

moribund and may cease to produce ther stems. In legumes. clipping stimulated futth r 

development of secondary stems from crown buds situated belo\\ th ·oil surface or from aerial 

nodes located on the stems. This implied that legume stems clipped at 15 em height were 

stimulated to produce more secondary stems (hence produ tion of mor dry maner than tho ·c 

lipped at "'0 em height. econdly, harvesting grasses and legumes at I- em height may ha c 

increased p netration of incident light to lower levels of the pasture sward than in pastures 
I 

harvested at 30 em. The increased light intensity and quality rna also have stimulated 

germination and spontaneous growth of other seedlings "vhich later contributed additional dr · 

matter. arious authors (Wassermann eta/ .. 2000: V olfson. 2000) showed that increased light 

intensity after plant canop thinning stimulated growth of grass stems below the anopy. 

Ghebrehiwot eta/. (2006 found that in the high producing mesic regions of outh Africa. 

regular fire or mowing was critical in maintaining dominance by T. triandru bl!cau e lir· and 

mowing r mo ed accumulat d lin r whi h allowed sufficient Jjght p netration to the growing 

pointS ofth grass. Howe er. grass such as Eraerosti cun·ula and Ari tidajzmc~lormi w rc 

able to grown \ tillers in tight limited en\ ironments and were able to persi t and dominate lh • 

pasture. 
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Boonman (I 993) also reported that in erere, Uganda. shading pr ·cmed n , gru tilk fr m 

emerging from pasture swards harvested at 30 em height. The study found that in grazing 

paddocks that " ere clipped to near ground level prior to a n ,._ grazing cycl . the ra 

was more igorous than in paddo ks clipped at ... 0 em ht:ight. Thirdly. tipping plant t I- m 

height after e ry t\ o months rna~ have suppressed tlO\\Cr sho ts formation, thcrcb. 

en ouraging growth of more leafy material and hen e pr u tion of m re dr) matter. dtle et 

a/ (1996) reported that when grass plants were about to shift from vegetative t rcproducthc 

developm nt lose cutting can prevent formation of flowering hoots. promoting further gro,,1h 

of leaves and production of more secondary branches. 

Other studies ha e shown integration of grasses v.ith legumes to be e fective in improving dry 

maner production from such pastures. For example. Hass n et a/. (_QQ7) from an on-station 

study report d a more than double dr matter production from grass/legume pastures compared 

to that from traditional grass fallows in western Ethiopia. Chloris gaJ'WW gras mixed with 

Srylosanthes hamata I gume produced dry matter of 12.- t ha·1 yr'1 b. second year as compared 

to •. t t ha"1 yr' 1 produced from traditional faiiO\ s. When C. gayana was mixed with 

Jlacroryloma axil/are and De modiwn inrortum, the production rate \\as I -l.- and II,_ l ha'1 ~r· 1 • 

The dry matter from mixed pasture· exc ed d that from pure le_umt! tand . H Wt! 't!r. the 

herbage produ tion fell sharpl_ by the third year. t. Ia hako . Kenya. jarui ct a/ (_OQ l) 

reported imilar results wh re rapier gra s imercropped \\ith ~lo and iratr pr due d highe·t 

dry mauer in year two and thereafter. h rbage production dined. 
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4,5.1.1 Crude protein content 

G -legum int rcrop contained ignificantl, (P~0.05 high r crude r t in c ntent th n ole 

ward at all tages of gro' :th ( 
111 

n fite from fix d b, the legum s n or from • il 

mineralization o legume residu s. rud protein content f plant d lined nitk d. 

(P~.O- ) with plant maturity among treatments. It was al o noted that the \\ere deer d 

amounts of crud protein in some legume plants after they ' ·ere mi. d , ' th gra c . 

Th se results are comparabl to those of Zemenchick era/. _oo_ who r n d i nitic nt 

m rease in crude protein on tent of Brorne grass Bromu inenms Ley· . after bcinw mi. d 

\\ith ither Kura Clo er (Trifolium ambiguum) or Birdsfoot trefoil (Lollt.\ omkulatu · L.. 

le umes. By the third • ear, th crude protein of the grass in mono ultur s incn.: cd r m 12 g 

k_., to 189 an 197 g kg' 1 after mixing ''ith Kura Clover nd Birdsfo t trefoil legume ·. 

respc tively. Th stud. re omm nded ombining the legume .,.,·ith the; gra · tor ducc reliance 

on fenilizer m orth-Central U jarui era/. (_006) lso r poncd a i 'niticant in ;ca c of 

rude protein content of a pi r gr s after it was mixed '' ith either mur r t~ I in n on

·tauon tu . The tudy report d that after two years. s I • apicr had crude pr tcin conh:nt of 

.1 4% \\hile the crude prot in ontent of . 'apier mi. ·ed' ith tratro and t I ' 

9. 6%.r p tiv 1 • . 
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I 13: Crude protein content %) of monocuhure and grassll gume mt. ed 1"1 ture t tlue • 
stages of growth 

Vegetative Flowering 
Grass Legume Grass Legume 

7.1±1.11 5.9::0.79 2. 

25.3± 0.95 17 1.2 6. - 0.36 
2 .3 0.48 _, 1.08 7.7 - 0.60 - -
14.5::0.16 14.0_ 1 ., • 10.4 u-.... -

14.3= 1. 3 19.0:: 1.68 7. -= 0.54 21.0 - 3.20 4.0_ 0.21 7.6_ 007 
11.9= 1.18 21.5 3.09 8.5::2.04 _0.0= 1.40 3.1 o.o· 9.8 - 0.42 - -
10.2± 2.37 I 5.6::!: 0.47 6.1::0.56 12.6-0.47 3.1 0.26 11.1 -0:9 - -

# 
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plant litter which is annually shed by legumes must have d com d hus pro •iding 3 

urce of soil N for grasses resulting in increased crude protein content of grnsse mixed with 

~umes. A number of authors (Crowder and hheda. 1982: teele and Vallis. 19 : .1iles and 

!anson, 2000) also reported that some of the mechanism of · rans[4 r from legum to ras c 

\'Ol ed around direct transfer of between legume plants and grnss root or after 3 phase 

n< ule and litter decomposition in the soil. oreo er. Mil sand tan n (200 ) noted that 

nodule senescence was stimulated by defoliation and advcr e en' ironmental conditions and \\3S 

haracteristically more rapid than that of the remaining root material. After mineralization of 

lant liner, between 10 and 30% becomes available to pastur plants within the first ;car after 

position ( teele and allis, 198 ). Further. as reponed by Crowder and Chheda ( 198-). 

transfers during growth of perennial legumes may not exc ed 1 or_% in the 

hon term. but o era longer period (more than t~ o years). the amounts rna. vary from less than 

·o'o to more than 30%. The processes quoted abo e may explain the increa d crude prot in 

onrent of grasses in mixed pastures especially during the eg tali\ stage and the decreased 

rude protein content in some legume plants when mixed ith gras e ·. 

Crude protein content decreased as th plan shifted from egetativc to tlowering and linall) to 

the nes ent stage in all treatm ms. However, Gl;cine and iratro legume tmon culture stands 

and int rcrops with grasses) had ver ·o% deere e in ·rude protein content as they hifted from 

fio,,ering to senescent tage. From vegetative to flowering stage . the rude protein d ·cr ase in 

the arne legumes was le el less than .... 0%. Baloyi e1 a/. ~00 ) found that the crude prot in of 

Cowpea and ilverleaf Desmodium forages increa ed up to n wering and then declined with 

maturation. For example. the crude protein content of the Dcsmodium lea es \\as 150 2" and 
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; 6 g g D t at pre-anthesis anthesis and post-anthesis stag s of ro th I \\ • rc! pc\,;ll\ y. mo t 

important factor that controls forage quality is the age of the plant or gro\ 'gu i el a/ , 

: sinamwa et al .. 2005). As p lant growth progressed to'"ards tu · th h .... rna nt_·. tern arm t 

arg r proportion of the total dry matter after the proportion 0 f leave d r . es. In addition. th~ 

ms become fibro us and rather indigestible compared to the lea c v.hich are u u II) 1 win 

li re and high in pro t in. Howe er, as the leaf: stem ratio d creas d v ith dvancin£! m turit, the - .. 
plants contained less crude prote in and m ore fibre. Wolfson and Tainton (2000 rep rt d that the 

economy of plants could be considered as a balance b t een the need to produce vegetative and 

reproductive growth. Leaf senescence was often associated v ith deficicnc a · a con equ nee 

of remobilization of the they contained for reprodu ti\'e growth. the rep rt n ted. 

R suits obtained in the current stud showed that ' hether legumes _re\ in mon culture tand 

or were intercropped \ ith _rass s. the_ contained a crude protein on tent that was hi,!hcr than 

the minimum required for maintenan e of ruminant animals. ccording to leis ncr c!lal. 

(_000). a minimum of7 to %crude protein content is required by ruminant nimals to meet 

their dietary needs but high producing animals (e.g. lactating c "s) r quired levels approaching 

13 to 14% of crude protein content for primal performance. In contra t. beef nimals required a 

crude protein ontent of 10% in th ir feed. ln the current tud . th ref r . gras ·e a \ egctati\'c 

tage contained enough crude pr tein to maintain ruminant animals. How \' •r. at 'cring and 

senes em stages of growth. the crude protein content fell below the minimum n de.: for 

maintenance. Addition of legumes into the natural pasture rai ed the rude protein c ntent of 

grasses to a equat le els for animal maintenance. 
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.1. ·.3.2 Ash co11 te11 t 

Treatment effects and stages of growth resulted in significantly (PS0.05) dt ferent 1 \CI of a h 

ontent(Table 14). The content decreased as the plants growth d fr · pr gres e om veget t1vc to 

owering and finally to the sen sc nt stage. At vegetati e stage, h coot ·m of m n l:Uhun: 

13llds of Glycine and Siratro was ignificantly (P,:S 0.05) higher than that r t.l and 'ras c 10 

natural pasture. In mixed pastures of P+Glycine and p,- iratro. ash ontent the , ·sand 

legume components were not significantly (P2:0.05) different. Ho\ C'li r. ash ontcnt oflcgumc 

components in P+ tylo was significantly higher by 35% than th t of grass components. 

At flowering stage. grasses in natural pasture and Glycine. iratro and t;lo in m n ultur 

tands had no significant (P2:0.05) differences in ash content. In mixed pas ure . ash ntent of 

I 

grass and legume components was similar but not signific nt P>o.o· . However. h ont nt in 

I _ume componems was lo'¥ er than of grass components. At senes ent tage. the legume plants 

in monoculture stands and those intercropped \\-ith grasses contained si~nifi anti. fP.:5 0.0:) 

lower ash content than 2rasses mixed\ ith le umes or tho e in natural pastures. 
~ -

It was ob er ed that ash content of gra ses in natural pasture did not llu tuall: much \\ ith age. 

imilar obsen·ations \ ere repo11ed by gugi el a/. 1004) \ h ·tudied h ash content of sheep 

diets in Kib\>:ezi. K r'l. a. The ash ont nt in the diets did not stgnificantl~ hange b ·tween 

January and July (from 13.6 to 13.1 %) unlik crude protein content\ ' hi~.:h ·ignifi anti) han_ed 

from 15.4% in Januar to 8.9% in Jul • . The stud concluded that e nat variation in dt·t 

quality are attri uted to corresponding ariations in chemical comp 1tion off rage . 
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T e 1 :Percent ash content of monocultur and grass/legume mixed p ·turcs at thr· tagc ol 
growth 

Treatments 

tural pasture 
( ;F) 
Gl;cine 

Vegetati e 
Grass Legume 

11.5= 0.58 

13.1::0.5 
14.1_ 0.25 
9.4:: O.l2 

13.4± 1.00 12.8± 0.47 
11.6_ 0.24 11.1::0.24 
10.1± 0.35 13.6_ 0.35 

Flowering 
Grass Legum 

10.8_ 0.51 

llJ_ o. -o 
10.7= 0.55 
10.8± 0.10 
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The oYerall results of the current study shO\ e th t in majori . . of th tr tm n 

intercropped with Glycine Siratro and Stylo contained more ash cont nts h n e minerals) than 

grasses in natural pasture. After decomposition oflegume liner. the r 1 as d nutrients became 

available for uptake b grass s which impro ed their producti ·it; and crud prot in ( c · c tion 

. -.3.1) which is an important measure of nutriti value of orag s. ro''d rand hheda 1 

tated that sh left after h ating a forage sample at 600°C pro\'ided an appr . ·im ti n oi 1 tul 

minerals present after moisture carbon, oxygen and nitrogen are lo t during combu tion. 

Meissner et al. (2000) reported that legumes contained higher amounts of . Ca. P. K and tg, 

nutri nts that became a ailable for uptake by associated gra ses a ter decomposition of legume 

liner. thereby impro\'ing the digestibility of the forage. 

Concentration of minerals in forages is det rmined to a larg e:t~nt b) maturit. of the material 

as the concentrations declined with age of the plants (M i ner eta/.. _000: , !uin_:a el a/ .. 2006 . 

Other factors that determine mineral con ntration in forages are: seas n of the. ear. 

temperatures. soil fertility and moi ture a ailability. factors that explain the differences among 

similar legumes grown in ifferent agro-ecological zon sand harvested at imilar ·tage· or 

gro\\1h (. luinga eta/ .. _006). In addition legumes ontain hi_her amount of ni r g n. cakium. 

phosphorus. potassium an magnesium. but lower amount of · dium \\hen c mpared \\hh gra 

pe ies (Crowder and Cbh da.. 19 2). For example. luinga eTa/. (_006) reported an omcm 

of0.5% in natural asnrres while Glycin and iratro legumes ntained -·-and-· % 

resp tively. z. 1 and Oannhauser _00 ~ also rep rted that A,·ena wtiva (Oat ) contained 

al ium and pbo phorus content of 0.-- and 0.16%. re pectivcl} . In Vicia da!o.Jcarpa (Grazing 

vetch). the legume contained 0. 9 1 and 0.34% calcium an pho ·phorus coment. re ·pecuvel~. 



Results of the curr nL study indicate that Glycin , ira ro and ·1• lo ont inc m r h th n that 

from Leucaena leucocephala and Acacia brevispica anal z db. yambati ,1 a/. (I 6). Th ir 

results showed that seeds of L. leucocephala and A. brevi pica contained 4.- and 3."'% h. 

re pecrively. Whol pods contained 5.7 and -l.l% ash, re r cti ·el;. while empt: 

. and 5.1% ash. respective! •. Therefore it appears that fi cding li · ·t k with fora!..c from 

Glycine iratro nd St lorna b a bett r source of miner I than feed from eds, wh lc and 

empty pods of L. leucocephala and A. brevi 1JiCa. 

4.5.3.3 !11-vitro dry matter dioestibility 

In-vitro dry matter digestibilit) (I D lD) for all treatments howed signifi ant (P~ 0.0-

differences (Table 15). ln addition. digesti iliry of the legumes in mono ultur or mi:ed tand 

were significantly (P~ 0.0-) higher than that of grasses at all stag· of gro\\1h. Taimon (_0 0) 

described digestibility as the proportion of a fe d that had the potential to be inge te by animals 

and is usuall_ expressed as per entage f the feed eaten. 

Re ults of this study ho\ved that the igestibilit) of gra and legum s de re ·d · the pi nt 

matured from egetative to flo'" ring and final!. he nescent stage of gro\ th. \\ illiams ~:1 

a!. (2004) anributed this deer ase to hangcs in the leaf/st m ratio. his deer as \a in 

agreement, ith result from ' riou authors (Kin. amario and tacharia. I _: Ke el nge er ul .. 

I 96: ·yambati eta/ .. 1996: gu) era/., _QO-+: Kuria eta/. 200 ) \ ho r paned a dccrea c r 

digestibility f forages a the plants ad a nee v ith ag .. gugi ef al. (-0 4) funhl:r r ported that 

the digestibility of goats and h ep diets was -ignificantly higher durin~ wet seas n than during 

the dry eason. However. the drop in dig stibility of sheep die \ ·as more drastic ( ___ J %) than 



Table 15: Percent m-\·itro ry matter dig stibility of mon ulturc d r 
pastures at thre stages o gr0\.\1h 

Treatments 

• atural pasture 
(NP} 
Glycine 
iratro 
rylo 
iP+Glycine 

1IP .... iratro 
NP-r tylo 

Vegetative 
Grass Legume 

54.6± 0.58 

43.5= 4.99 
59.3± 2.45 
59.7± 0.82 

59.7_ 3.83 
71.4_ 1.21 
6-.7_0.01 
56.-= 1.14 58.8= 0.91 
65.4_ 1.36 
68. = 7.14 

•um rna d 

-1.2 1.-
-2.4.:_ 0.4 I 
- I_ 1.0 
-9.-.: 0.7 
-s.7 .:) .. 07 
-9. 1.:. 0.90 



C diets ( 14.9%) b caus as the d~ ·eason s tin. oat chan c ah ·ir di m reto 

browse species which exhibited a slower rate of quality deterioration with advancing maturity 

han grass species. 

Th e results showed that Glycine iratr and tylo gro\ n in mono ulture stand \\ere m re 

digestible than grasses in the natural pasture at all stages of growth. f i sn r r a/. :000 

attributed the lower digestibility of grass s to structural characteri tic particularly lignification. 

The results of current study also sho\: ed that grasses mixed with I gumes were m re dige tible 

than grasses in the natural pasture indicating that incorporation of legume into natural pa ·tures 

improved digestibility of the associated grasses. This can be attributed to incr ill ed crude protein 

and ash contents of the grass s intercropped v.ith legumes which contributed to the impro\ ed 

digestibilit . Results in ection -+.5.3.1 showed that intercropping gras e \ ith !;cine. iraLro 

and tylo raised the rude protein com nt of gr.15 es from 7 .I% to 14 ..... 11.9 and I 0.2%. 

r pectivel .. during the egetative stage. Effect of crude protein cant nl on digc.: tibility r 

forages is important for maintenance of rumen microbial acti ities ( r wd : nd Chheda. 1982). 

This is because. if crude protein cant nt in the forage fell b low 7%, the micro ial a ivity in the 

rumen i depressed b lack of nitrogen. thus significantly reducing forage dige tibilir:. I he end 

result is that nitrogen excretion may xceed nitrogen intake (Kin~amario and facharia. I -). 

The high h contents (h nee mineral ) reponed in ecti n 4.-." ·- rna: havl! translat d t higher 

digestibility of the grasses mix d with legumes at all stage of gro'' th. This i becau after liner 

from legumes decomposed. nutrients were relca d into the soil. which became a atlable for 
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uptake b grasses intercropped \ ith legumes. fter upt k b . nr-oo..-...... 

mineral) contents and hence attajned higher digestibility as attested by the r ul 

4.5.3.4 Fibre content 

Fibre cont nt fractions indicate th fibrosity of forage and the c. t nt to \hi h fibr 

degraded by rumen micro-organisms (Topps. 1996). Percent neutral detergent tibrc 

th tr h 

uld 

Dl ,. m 

indication of cell waH contents· percent acid deterg nt ftbr ( OF) indicate ccllulo ·• plu li~nin 

contenr" hile percent acid detergent lignin ( DL) indicates amount of lignin c nt nt. t: r gcs 

containing high amounts ofthes fibre fractions have low digestibilit. Cf pps. 199 ). 1 he result 

of individual fibre fractions are discussed here belO\: . 

Sewral Derer~ent Fibre 

Neutral Detergent Fibre (NDF) content differed significantly P:sO.O · am on_ all tr ·atmc:nt · 

well as for different stages of growth (Table 16 . OF content increas d as gras and h:gumc 

plants matured from vegetati e to flowering and finally to sen esc nt tagc f nrO\\ th. I. gume ·. 

in monocultures or mixed with nah1ral pasture maintained signiticantl (P,:! 0.05) lower Dl· 

contents than Qrasses at all stages of growth. At s nescent tag'-=. legume in mon cultures had - - -
more DF than those intercropp d \ ith natural pasture. This phenomenon m ) be annbutcd t 

the delayed maturity of legume intcrcropped \vith natural pa turc as e. plaincd in cdion 4.' .1. 
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Tabl 16: P rcent neutral detergent libr contcm of mono ultur 
pastures at three stages of grov.'th 

Treatments Vegetati e 

-;atural 
pasture P) 
Glycine 

Grass Legume ... 
57.9_ 1.96 

55.8± 2.10 
58.8~ 1.57 
-4.1:!:. 10.36 

32.7..:.. 1.80 
33.1 _ __ 13 
41.7_ 0.85 
34.9± 1.91 
40.5_ 4.65 
44 .0_1.92 

1 6 

tnt 
Legume 



The current study shows that legum s contained lower . Dl· th 
, re uh h1 h 111 

agreement with those of Fleischer and Tack.ie (1996) and Kuri era/. _ - . Flei 

Ta kie (1996) reported an NDF content of77.7 and 33.7o'o for orghun ar mdina 

sorghum) and Leucaena leucocephala (Lam) De \l it, re pcctivcl .. Th 

an indication of digestibility of th species which made L~:ucw:nu 1 a 

compared to the wild sorghum (47.2%). Kuria eta/ (2005 al 0 f und th t hrub 

forage feed of camels in arsabit area contained lower tbre an higher rude prot in n h 

contents than the grasses. hrubs had a mean NDF conlent of -1 .0% compared to . %for 

grasses. These anributes made the shrubs more palatable than grass and w rc thu pr ferr :d y 

the camels. gugi eta!. (2004) als reported that the NDF content of goal' di~t (\\hich '•as 

mainly from browse species) was lower (37.6-50.3%) than that of ·hecp (\\hich ted m inly n 

grasses) diets 46.-1--56.9%). 

NDF content in forages vary" ith plant species and their de elopment. chemical comp ition 

and structural complexity (Topp . 1996; Theron and Snyman. 2004: ' inam' a''/ al .. :!0 : . In 

addition. NDF is the major determinam of o erall fora~e qual it. and digestibility. anJ ha ·a 

direcr effect on animal perfonnanc (Linn. _004). High D · in ora=c lowe th · ·olunt . df1 

matter intak of grazing animals and that of neutral detergents lublcs lik lurches. ·u urs. r:n . 

minerals and rude protein Kandil and El haer. 19 0 .. \c ording to I I hacr nd Gih d 

(1994 nutriti us adders should con rain a normal range of"' 5-40% or on tent for :rJ7.ing 

· d s . (10 4) pegged the minimum requirement o ammals. Ho,.,e er. Theron an n, man -
Dr· 

· d · s to be in the range of_--- 0 o. Thu ·.result from th 
content in forage for lactatmg atry CO\i 

uJ d at their ve ~tative tage nc the 
current stud. how that only legum sin monoc ture stan 
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oonnal ron.;e of 'DF content re ommended for grazing animals. Howe\ cr. the value were 

hich r lhan the recommended range ofNDF content in the feed of lactating dairy cows imp!_ ing 

that fodder at the study site " as low in qual icy for the maintenan e of lactating dairy CO\ s. 

Actd Det r ent Fibre 

Aci D tergent Fibre . OF) content dif red sigmlicantly (P:;. 0- among all treatment as well 

as for different stages of growth Table 17 . These results show that the percent ADF content 

gen rally increased as the grasses and legumes (monocultur sand mixed stands) ad anc d into 

maturity from egetati e to flo, ering and finaJI. to senescent ta e. The results also indicate 

that grasses generally contained higher OF content than legumes at all ages of gro\\th. Hence 

gras es had lower dige ibility than legumes. hese results ar in agreement" ith those of 

I 

Zemenchik et a/. (200~ ) "' ho reported that the Kentucky bluegrass in monocultures omained 

"04 g kg·1 ADF content. but when mix d .., ith either Kura Cl ,. r or Birdsfoottr foiL the ADF 

content was lowered to _53 and 274 g kg- 1
• respe ti ely. Fl is her and Tackie (I 6) also 

reported an ADF content of -4 .4 and _2 .1% for wild sorghum grass and Leucaena leguminous 

hrub. resp ctivel • . Increases in ADF content of forage plants r ult in lowered dige tibilit of 

forages due to increa ed cellulos and lignin content (Topps, I 96). 

ADF content of forage provides an indic tion of the lignocellulos content of the lam mat rial 

(Theron and n man. _QQ4). The tudy not d that . DF content \\as . DF value minus 

hemi ellulose and protein inc II wall s. llulo e. lignin. cutin, ilica and ther acid in oluble 

mineral were part of the OF ant nt ""hich in rease as forage plants matured. FUrth r. 

in reased cell wall c ntent in forages is a ociated ,,;th slo\! er passage rate in the digestive 
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T J 1 · P rcent a id detergent fibre ontent of mon ulrure and ras legume mi ·ed pastures 
at three stages of gro"vth 

Treatments egetative Flowering enescent 
Legume 

atural 
ture . 'P 

Gly ine 

Grass Legume Grass Legume Grass 
39.6_ 0 96 - 43.0::0.7 

_9.4:: 1.39 -
31.9_ 2.01 
3-.8::.::0.47 -

2 .0_ 0.46 -
30.8!: 1.44 
37.7_0.41 -
33.0_ 0.84 41.-:: 1.50 

45.3:::0.70 

4~.-.:...1.16 

4 .6_2.20 
40.8_1.82 
36.4_ 0.62 
41.5± 1.48 

33.5::.::2.04 34.4_ 0.53 
"6.4= 0.94 31.4_ 1.24 
39.4= 0.50 3-·-= 1.6-t 43.7= 1.36 35.4::0.12 
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· m or ruminant anim I . with on· in animal per onn n e. fhe minimum 

requirements of ADF in forages for lactating CO\! s should be in the range o 19-25% (Theron and 

.m31l. ~004), \vhile heifers ne ded a diet with 19% ADF ont nt teissner era/. _QQO). 

R ·ults from the curr nt study sho\ that the grass and legum forages contained high OF 

nt nt and were therefore less suit t sustain heifers and lactating dairy cows . 

. ~ id Detergent Lignin 

A id D tergent Lignin (ADL) content differed ignificantly P~0.05) among all treatments 

well as for different stages of growth (Table 18). These results show that lignin content increased 

as gras s and legumes ad anced into maturity from vegetati e to flowering and finally to 

senescent stage. By the time grasses b came senescent. the DL ontent of grasses in natural 

I 

pastur had significant!. (P~0.05) increased by I 0"'%. B. the time Glycine and iratro in 

mono ulture stands reached senescent stage, their lignin content had signilicantl. (P~O.O · J 

increased by 128 and 77%. respccti ely. Ho\ ev r. the increas in lignin content in tylo b. 4% 

was not ignificant (P~o.o-). These results further sbo\ ed that grasses intercropped "'ith 

le umes contained lov er lignin content than grasses in natural pa ture at all stages of gro\\lh. 

r ulting in increased digestibility. Thus li esto k fed on fodder from uch grass/legume mixed 

pasture will have a higher quality !odd r than livestock f don natural pa ture alone. 

Levels of lignin c nt nt in legume plants in mono ulturcs and mixed pa tures were not 

ignificantlv P~0.05 different. However. at senescent stage. grasses in natural pasture contained 

high tligrun content of LA% which was ignifi anti. <P.~O.O:) diffi rent from that of grasse 

(7.4%) intercropped with iratro P+ iratro). sinannva eta/. (_QQ-) als repon d a doubling 
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1 : Per ent acid det rgent li_nin content of mono ultur and gras legum mi ·ed p tur 
at three stages of gTO\\th 

Treatments 

:.mual 
pasrure P) 

Gly ine 

Veeetative .... 
Grass Legume 
6.1 0.41 

4.6::: 0. _4 
5.02:0.12 
4.8± 0.25 

4.6_ 0.19 
6.--0.31 
8.4:!: 0.0 
5.8= 0.47 
6.9= 0.-3 
7.1± 0.62 

Flowering enescent 
Grass Legume Grass Legume 
8.5_ 0.60 

6.1± 0 ... 6 
5.0± 0.33 
5.0± 0.62 
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12.4_ 0.84 -

10.4..:.. 0.06 -
10.0_ 0.1-
8.6= 0.1-
8.8_ 0.07 
7.2_ 0.15 
8.3± 0.74 

8.6_ Q, __ 

7.4_ 0.06 
9.0_ 0.78 

10:.:0.65 
11.-- 0.'" 
8.7= O.L 
to. __ 0.64 
10.\_0.46 
8.9_ O.L 



·= ·n ontent from 6 t 1-% up n maturity of gras s from mmunal natural p ture in 

BoiSwana. The high lignin content of grasses in natural pastur can be attributed to the old gras 

ems \\hich had persisted since the eginning of the experiment. Grasses mi. ·ed \ ith legum s 

nrained lower lignin content. impl ing that they had a higher digestibilit. than gr es m 

rur.U pasture. This rna be attribut d to nhan ed quality of mix d pastures and also the growth 

. oung stems in mixed pastur s which were less lignified than old :~terns in natur I pasture. 

Results from Lhe current stud shO\ that at egetati e and flo\'· ring stages of gro\o\.th. legumes 

m monocultures or mixed with grass sin most cas s contained high r ADL content than the 

;rasses. These results are similar to thos of Kuria et a/. C:WOS who reported higher DL 

ontent in shrubs (8.1-_3 .4%) fed by camels than in grasses (6.-- .1 %) during the dry season. 

Results by. gugi eta/. (_QQ-l) al o hawed higher ADL content in diets of goats (4.9-7.3%) 

''hi h fed mainly on bro\ se species than in diets of sheep (4.0-6. -%) v.hi h fed mainly on grass 

species. The slightly higher qual it. of the sheep diets than goat iets particularly during the last 

\O months of the wet season \-\.'er attributed to high availability of young grasses and forb . 

Lignin is a plant pol~ mer that a cumulat sin plant tissue \ ith advancing age and is high!. 

resistant to chemical degradation (Okello et rrl .. _Q05). Ho\ C\cr. lignin is an import nt 

ompon nt of the fibr as it stimulates rumin tion whi h in turn stimulates saliva flO\\ that i 

n ary for optimal microbial igestion. Lignin is not onl. in igesrible. but also redu es the 

di .. estibility of oth r feed component possibly be ause of their en rustation, thus r ndering 

th m inaccessible t enzymes that would norrnaJI_ digest them e.g. in mature hays and stra\ · 

(Crowder and Chheda, 1982). The authors r ported that li_nin was unt u hed by rumen micro-
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= · ms and a unit incr a e in lignin could result into a three t lour unit tt~-crea m 

estibili of forages. 

~ ·.4 Soil jenility 

~.5.4.1 Effect of slasltino and bumiw, lterbaoe 011 uil chemical properti' · 

re ·ults of soil anal_ sis after slashing and burning ofherba_ are pr :s ntctl in able 19. 

Th re were no significant (P~O.OS) differences in soil pH. K and Ca between sl bed and burned 

loLS. oil organic C and decreased significantly (P~.05 after burning. Burning als 

significantly (P~O.OS) increased levels of P. Kleinman era!. ( 1996) while working in K mbcra 

'illage. Indonesia. also reported increased soil pi I and P le el aft r burning. The incrc ·e in 

soil pH\ as attributed to the liming efti ct b. oxides of basic ations ( tassium. magnesium and 

• 
ium) ontain d in the ash'" hile increase in oil P in burn d plots was attributed to th 

d reas d extractable aluminum. Kleinman eta/. 1996) al r corde d reas d levels of 

o _anic C after burning which was attributed to the oxidation f organic matter after burning. 

Even though leYels of pH K and Ca were not significantly i fferent betv .. e n slashed and burned 

plots. the come ts were slight!. high r in burned plots. Th s results are in agreement with tho e 

ofGra e eta/. _QQ6) who found that hea icr elements uch a pho ph ru . p tassium and 

cal ium forme · ash. much of which was dep sited on the i I ·urfac re ·ulting in higher oil 

min ral ontents. The tlash of nutrients releas d after burning stimulated ph_ siolog1cal activity 

and r ulted in rapid growth of pasture plants with relatively high nutritional alue to livestock. 

However. this was folio\ ed b. a gradual d crease in soil nutrients during the croppin~ pl!riod 

due to leacbjng and crop uptak . thus making the increase t b hon-li,·ed. 
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lash d 
Burned 
c •• 
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1.20± 0.03 5.12± 0.40 
1.25_ 0.0- 5 . .t_ 0.44 
7.9 _1.19 



th ent stud , burning pasture herb ge result in a signiti ant 

• carbon from 1.34 to 1.24%. ln a cu1ti ation system wh revegetation nd organic 

• id s are burnt 1e els of organic carb n in the soil ar lik 1. to d crea . !anson et ul 

:oon found lhat burning effects were gr atest at the o-·o mm il depth. In the study. c ntent 

1 basic ations (K, Ca. M . .J were lower in rreatm nts burnt infrequently (ti e-year and no-burn 

in those burnt frequently (annual an biennial . oil pH ' as al o lower in tre tmcnts burnt 

nfrequently than in thos burnt frequ ntly. Msak. eta/. (199 . Zake eta/. ( 199 ) and T n. wa 

eta/ (1999 discouraged the practice of burning as it leads to los of valuable nutrients that are 

n ces ary for plant growth. 

4. ·.4.2 Effect of forage /eoumes on oil fertility 
, 

Th results of soil fertility anal. sis of the integration experiment are pr ·cnted in Table _Q, 

Thee results shov that except for soil pH. there wa ad r ::1 • in allth other soil nutrients at 

dofthe xp riment. There vas a significant (P:S 0.05 increase in soil pH from 5.2" t 

be inning ofthc experiment to -.31 b end of the experiment. similar trend was ob ened in 

th screening experiment whereby the pH increas d significant!. (P:S 0.05 from 4.92 to 5.36 

( tion .4.6). s di u sed in ction 4.-!.6, th application oi organi residues to he oil is 

on wa~ of increasing soil pH. there y alle·•iating aluminum toxicity which inhibits plant gro,\lh 

(Bationo era/ .. L 995). Addition of rganic r idu s rna~ have en folio' cd b. de ompo it ion 

and min ralization throu .... h action b s il mi ro-organism resulting in in rea ed il pi I. , Iiles 

and {anson (_000) and • turiuk.i and ureshi _QO 1 reported that a change of soil pl I tole s 

acidic conditions caus d the release f major nutrients nam ly C. 1
• P, . Ca. '[g and which 

th reafter became a ailable for plant uptake I ading to a _radual d ere from the il. 
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le _0: E eel of forage legumes on soil fertility at beginning and end of the gras legume 
integration experiment 

Time pH CH20) (%) p (ppm) 
5.23:t 0.01 0.18:::0.00 170.3 - 2.63 
5.31:::0.03 0.1"'::: 0.01 16-.-:::-.49 
1.40 L .9l 7.-9 
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R ·uhs also indicated thatle els of organi . . K and Ca deere cd j •nili ·anti (P< 0.05 

bile the decrease in P was not significant (P~ 0.05). Howe er during the screening 

e perimenL these nutrients significantly (P~ 0.05 increased in the oil e. cept P. Th se different 

Its could be attributed to the high amount of dry matter (hen e organic r iducs in form of 

tm r produ ed by the legumes during the s recning exp riment. For c. ·ample. th highe t dry 

mater production was by Gl cine. iratro and tylo during th sere ning .'perimt!nt. I 0.31. 

.81 and 3.5 t ha-1 respectively. However during the grass/legum integration c.·p riment. the 

experimental site received less rain" ith prolonged dr periods that resulted to lower dry matter 

of .r. 3.46 and 3 __ 9 t ha·1
, respecti ely. Hence, there was IO\\ pr duction of organic residues 

during the grass/legume in egration experiment that may ba\'e resulted in deer ascd amounts of 

nuiJl nts in the soil. 

Competition for moisture and nutrients in mixed pastures rna~ also h ,.e led to less dry matter 

production. hence less organic residues .. jarui et al. (2006) found that as increased level of 

I gume residues were incorporated into the soil. there" as a corre ponding increase in soil 

organic matter and ·. Incorporation of 0. -0 and l 00% of Lab lab fallow . the soil organic matter 

ont nt was __ 07. __ l and 2 __ 9%. respecti\ 1). The on tent \\as 0.1 00. 0.107 and 0.110%. 

re pectively. similar trend ,.. as o ser ed after incorporation of d e b an residues. Buah 

(_QQ ) recommended that large amounts of legume residu s n ed to be a lied for cro re pon e 

me reco\'ery is mu h low r for organic residues than with mineral fertilizer. Howe er. 

election of legumes for soil fertility impro ement should not be ba ed on total dry matter 

pr uction of the legume on I y ut al on other parameter uch as residue quality (e.g. lignin 

ratio}, de omposition and mineralization rate. 
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rca e in or_ani C. , P and K from the oil is consist nt ,.,ith r suits rep ned by 

ithi e/ a/. (1994) that after opening up virgin land for culti ation, all the major soil nutrients 

• re d up to the second year. Howe er, this trend changed in the third year after application 

L lucocephala mulch. study b. Buah (2008 in Ghana reponed that aft r 6. 8 anJ tO 

ofintercropping Vel et bean and maiz . the total. ''as 0.043. 0.043 and 0.03 ·%. 

ively. Phosphorus declined to 11.96 11.86 and 11.28 m_ kg·, re pectively. Potas ium 

4'.65 44._5 and 46.16 mg kg-1
, respe ti el . Howe er. th pH increased to 4. ·o. 4. · and 

.62. respective! . The two studies by Mureithi et al. (1994) and Buah (_008) concluded that in 

ion~ term. impro d soil nutrients will likely result not from dir t addition of mulch fr m 

'lUtside sourc s. but from large amounts of co er crop residues for soil fi nilit repleni ·hment. 

The ignificant (P~ 0.05) decrea:se in Ca from the soil in the grass/legume int gration experiment 

was similar to that obtained uring the screening experiment. These results showed that as soil 

pH increased soil calcium may have became more available for plant uptake and hence the noted 

ecrease of its levels in the soil. These results are in contrast to those b. II s n et a/ (2007) 

v.ho reported an increase of soil Ca after on-station intercropping of Chloris ga 'ana ' ith 

tylo anthes h unata. Desmodiwn intortwn or Jfacrotyloma a.·dllare. t the beginning of the 

Jllow . soil Ca" a 6.99 \\hich increas d to 8.48. .49 and 7.9 meq 100 g·1 
• re pectively. 

How \er. Ha sen el a/. (_007) cautions on interpr tat ion of the result· sin e thc.;y ar ba c n 

ingle compo ite samples per treatment and no statisti alan I_ is wa nt:. c ording to 

Iars hner 1995), die tyledons (such as legumes require hieh I \ Is of cal ium than 

monocotyledons for optimum growth. In addition. the pro s of nodule formati n in legumes i 

; pendent on calcium which \.vas required by the as o iated Rlu:obium a t ria ( k rman el a/. 
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. Thus the high demand f al ium for the rO\\th o grass d 1 gume m ristcm ti ti su s 

so uptake by th Rhizobium bacteria may have I d to th 118 %significant p~ 0.05) 

of cal ium from the soil noted in th current study. Crowder and Chheda (198-) 

rt d th t tropical legum s r more effi i nt than th ir t mperat count rparts in extracting 

C from the oil. 

.f .• 5 Soilmoi lure e; tractiot1 by "TflS es and /eoume 

il moisture extraction at 15-30 em soil depth was not significantly ~o.o-) differ nt bet\\e n 

reatments (Figure l 0). Ho' e er plotS under NP-rGl cine contained slightly higher oil moi ture 

ontent than plots under other treatments. hich was anributed to the p or establishment of 

Glycine in mixed pasture , hence less soil moisture extraction by legume plants. 

!though soil moistur extraction at the 15-30 em depth was not significantly (P~0.05) ditler nt 

· 'twe n treatments. plots with mixed pastures of P iratro and NP+ tylo contained lower soil 

moi ture cont nt than those under natural pasture ). This may be an indication of soil 

moistur competition bet" een grass s and legumes in this soil depth. Gachcne eta/. ( 1997) also 

·eported soil moisture competition at -W em depth berwe n maize and roralaria oc:hroleuc.:a and 

\lucunaprurien legumes' hen intercropp d at la hako · and Kabete. Mburu and Gitari (_QQ6) 

I rep rted that in an intercrop of maize and mucuna. o er 0°/o of the ro ts \\ere c ncentrated 

m the top 30 em soil d pth (see also e tion 4.4.3 and maize had a r lati e advantage over 

\lu una in water uptake as maize root mass was more than th t of mucun . 
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Volumetric soil mois ure content (%,) 
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Figure 10: oil moisrur ,xtra tion in m no ulture and grass. legume mixed pa tures 
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t30~ • m soil depth, there were signiti ant (P:;:O.O · di eren sin il moisture c. tr:J tion 

!\\ n treatments. Glycine iratro and tylo grown in monoculture stand e ·tracted more 

i ure than other treatments. This high moisture extraction was attributed to the good 

li hrnent of the legumes when own as monocullure tands. t this s il d pth. lea ·t moisture 

:<lr.l tion was in plots with 'P-rGiycinc. ·p iratro and. 'P- t_lo mi. · d pa tur . This could 

attri uted to the different rooting panems of grasses and legume v ·hich \ ·ere xtra tin_ 

moisture from different soil depths. In addition, I gume establishment in mi. ed pastures was 

relatively poor as compared to legum s in monoculture stands which had belt r establishment. 

and hen e extracted Jess soil m isture. 

1 • -60 em soil depth, there were also signiticant (P:;:o.o· treatment ditTeren es m oil 

moisture extraction ben een treatments. The soil moisture content in monocultur stands of 

Glycine. iratro and tylo ere signi 1 anti (P~O.O") lower than plots with mixed P-KJl;cine 

pasture which had highest soil moisture content meaning lea t moi ture extraction). oil 

moisture content in plots \i ith P, P Glycine, NP+ iratr and t P · tylo were not significant! 

~.0") different in this soil depth. 

\t60-90 m soil depth. plots v.ith m noculture stands of tylo had ignificaml_ lP~ 0.0: the 

least soil moisture cant nt (22.3% implying that rylo was extracting m t oil moisture. This 

was attributed to the good establi hment of the legume' hilc own in monoculturc rands. This 

was fo lJo,ved b iratro (_2.9% . P iratro (23.6% . P tyl (-"' . % . Glycin C2·U%) and 

P (_ · .8°/o . 
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il moistur extraction at differ nt soil depth y grasses and 1 gumes was 

uted to their different rooting patterns as shown in Table and described m ection 4.4.3. 

F · nstance. Figure 1 0 shows monoculture stands of tylo e. tracted mo t soil moisture\ hich 

ttribu ed to its lateral roots whi h were enly spread along the tap ro t. imilarly. iratro 

ted more soil moisture than Gl_ cine. although the two h!£.Um h ve he ·ame gr \\th 

. This difference in soil moisture extraction can be attributed to the longer rap roots of 

tro (9- em) compared to thos of 01. cine (80 m) as sho\ rn in Table 8. In plot \\ith natural 

ture soil moisture content increased with depth as th fibrous roots became fewer and fewer. 

1. ing less soil moisture extraction. This was because majority of grass roots were located 

ithin 0-30 em oil depth. 

R ults of !he curr nt stud. are similar to those of. Iburu and Gitari (1006) who re ned that 

le maize was xtracting more soil \ ·ater than an intercrop of maize and mucuna. This was 

tri uted to reduced maize and mucuna ro t biomass. though maize had more root biomass than 

m una both in sole plots and in intercrops. Go,indarajan eta/. ( 1996 also reported that oil 

ter content in the top 30-45 em soil depth was similar in plots planted '"ith sole maiz and 

int rcropp d with L. leucocephala plus maize or bean crop at. Ia hako . Kenya. The 

tudy reported that within inter raps. soil W<Iter cant nt wa high r clo e to the Leucaena 

hed_ erO\\ rhan fun her awa_ . ther results y ase era/. I 6) howed that mo tlegumc green 

manures own a monoculture tands depleted more soil moi ·rure up to 1.- m soil depth for a 

nger perio into the dry eas n more than in plots under fallow. An advantage with 

1ntercropping s terns is that they are more effective in impr ving \ atcr usc efficiency by using 

ater that would othen"i b lo tor underutilized when a mono ulture is out of the !!rowin!! ... ... 
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n (Hook and Gascho. 19 ). uch ad antagc" as rep ned b) kmncr eta/. _004) vho 

d that intercropping five species in harsh en ironments utilized soil moisture more 

e iently and produced more dry matter than where the int rcrop wa t\i 'O pecies. The study 

· rth r found that inclusion of drought-r sistant sp cies v.i h d cp rooting y t m allo,\ed them 

to extra t the bulk of oil wat r from deeper in the oil profile, lea ing m re water avatlable ncar 

th surfa e for use b other species in the mixture. 

4. ·.6 Effect of four /eoume integration method 0 11 dry matter protluctio11 

Total dry matter production differed significantly (P~O.OS between th four legum~: integration 

methods (Figure 11 ). There ults showed that establishment of pastures through sowiny on 

seedbed produced the highest dry matter. Th.is was followe b, dry matter produ tion from 

I 

plots sown through furrows and bands which produced similar (P~O.O-) amount of ry matter. 

Pastur s established through furrows bad 13% more dry matter than tho e e tablished through 

bands. Pastures e tablished through raking of soils produced le:J.St (P~O .OS) dry matter." hich 

\\as attributed to poor establishment o the legumes. 

The results are in agre m nt with thos of Crov.der an Chh da ( 19 ~ and kerman eta/. 

119 8) who rep rted that most successful pasrur establishments were obtain d from well 

prepared seed bed . The report recommended that the smaller the legume s d co be tablished. 

lh finer these dbed should e. Crowder and Chheda (19 2) noted th t wing in rows 

faciliLated, eeding and cultivation pecially during the early stage f pasrur e ·tablishrnent. To 

minimize grass and legume competiti n in mixed pasture . legume hould be sown ust. 

follow db gra ses after a hort tim ince grasses are gcn rally mor aggr ssi ethan legumes. 
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• mi ar levels of dry maner production from furro\\S and band re t ribut 

. First. the two methods may have contributed to soil moisture ret ntion conservation 

.; h uanslated to higher dry matter production as the soils may ha c retained soil moi ture for 

:: periods allowing better seed germination and growth. Accor ing to Dr we·(~ 0. 

, \\ a cumulated soil moisture for a longer time. thus allO\ in_ bett r water in ihrati n. 

dl\'. furrO\ s and bands acted as partially prepared seedbeds \ hich allow d ettcr lcuumc . ~ 

germination and establishment. Alternate strips of grass heck the rate of !low of water 

nereb)' reducing soil erosion while at the same time promoting water infiltration and the higher 

infiltration capacity of the soiL the more effective such strips are likely to c Bartholome\\. 

JXIO). Thirdly. during preparation of furrows and bands, th fibrous roots of grasses along the 

turrow and bands were chopped-up by the digging implements. s a result. f " grass root 

mpeted with legumes edlings for soil moi rure and nutrients. Thus, the mmimized 

pe ition from grasse may ha e allo\ ed the developing legume roots to penetrate the 0-30 

soilla,·er" here most fibrous roots of Q!asses" er locate . To minimize competition . ~ 

' tween grasses and legumes during the pasture establishment phase. H umphre. s ( 197 ) 

ecommended use of economic techniques such as hea y grazing before s eding legume· to 

"' re s grass growth. 

C mpetition for spac soil moisture and nutrients between young I gume •edling and th 

·ead} developed gras s resulted in low dry matter production from pasture e tabli hed 

ueh raking of soils. due to germin tion failure and earl. death of le .. ume edling . edlings 

1 .. em1inated took long to reach the 15 em height for clipping) du to competition from 

~ s. Once the dry conditions s tin, the young se dling died ue to Ia k of prop r 



tablishment. and the fe\\ that survi ed got stunted and > iclded low dr: m ttlcr 

Figure 11. It is also possible that some of the legum ds SO"-ll through this method may have 

been exposed to the surface and therefore could not germinate while oth rs m y h \C been 

,ashed av a by runoff. 

R ults from the current study are in a0 reem nt with tho of tn ne eta/. ( 1 \\ho \ nd th. t 

reseeding denuded rangelands in Kaj iado District requires creation of micr -cat hm n d 

and moisture retention). The study employed the pitting method to res d with mi. ture o 

Cenchru ciliaris, Chloris roxburghiana and Eragrostis superba grasse and t)fo cmthes ,·cuhru 

legume. There was no seed establishment in areas between the pits. which' a · uributcd o the 

hard surface that inhibited penetration into the soil by roots of the germinating ccds. Ho\\cvcr, 

there was a 20-fold more herbage production in the pits than areas with n pit contr J· \\hkh 

was attributed to soil moisture retention that enabled better herbage production. 



HAPTER Fl •"-':..'L~~:\D- 1 D \ I 

R ults obtained from this study ha e shown that Glycine. iratro and t}lo uit bl fo gc 

es that can be integrated into natural pastures to impro ·e th qu ntit. n qu lit . r 

li\estock [i ed and al o for enhan ing th soil .r; rtilit o s mi- rid rang land 1 K n) a. Thi 

ndusion meets the aim of the main obj ctive of this tudy \\hich wa c n~ ·mcd \\ith 

intr u ing forage legumes into semi-arid rangelands with an aim o impro\'in, the pr u u it. 

ol the natural pastures. The specific objecti es were m t to a c nside 

the followi ng specific conclusions and recommendation : 

·.1 Conclu ion 

i) The first objecri e of the stud " as concerned' ith legume sere ning to understand the 

i 

characteristics offi e forage I gumes" 'th a vie"" oftdentifying ho e th t could ~..: 

introduced into natural pasture of s mi-arid rang lands to ~..:nhan ·e dry m n r production 

and nutriti e qualit of li cstock feed. Re ults from th variou · exp riment ·hawed that 

Glycine. iratro and tylo are suitable for integration into natural pa ture of semi-arid 

rangelands due to their ability to produce high ry matt r of 1 0.31. 7. I and 3. ·2 t ha·1
• 

respecti ely. Th legume. are also cbara terized by a per nnial growth h bit and 

po session of deep tap roots t sourc .. oil moisture and nutrient fr m deep il h riz n ·. 

ln addition. the e legumes" ithstood hea grazing. improv d il fertilit: and w re elf

-eeding v hich meant the_ were capable of sel f-propa!:ali n \'ithin p ture . 

ii) The econd objective of the study invol ed etennination of uitable defoliation 

inten ities of natural pastures in semi-arid rangelands that could re ult in produ tion of 
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high dry marter. This stud.. ound that a def liation in nsit. ol 1 • m h icln 1 r C:\ r. 

two months contributed the highest dry matter yi Ids possibl ·due t gro\\lh of m re 

stems and branches by grasses and legumes. Glycine, iratro and t.lo produ ed high dry 

marter because they possessed hidden crown buds just beiO\\ the 

desirable attribute as the legumes were capabl· of regen ration tr m the bud ult r 

intensive defoliation and grazing by li esto k. 

iii) Germination and establishment of legumes was generally better and qUicker in 

monoculture stands than when the same legumes were sown mixed \ ith natural pa turcs. 

Camp titian for soil moisture and nutrients between legume c dlings and th~: air ·ad~ 

established grasses may have contributed to the slow establishment of legume 

' intercropped" ith grasses. To overcome this, establishment of lycinc. 1ratro and . t;lo 

into natural pastures requires some form of partial edbed preparation to ow the le_umc: 

seeds and also to provide the seedlings a suitable environment tor germination and 

establishment with minimal competition from the _rasse . 

iv) tudies conducted on effect of burning anti sin hing herbage n natural pasture 

regeneration and soil hemical properties showed that burning hcrbaJe rc ulted in bcucr 

regeneration of the pasture b. fa curing the grov.th of gras e while upprc sing the 

growth of dicotyledonous weeds. toreo er. burning pa lure her og\; improved the · il 

pH and increased phosphorus. potassium and calcium contents in the il vhile havin • 

detrimental effects on the soil's organic matter and nitrogen content. I lowever. th 

· d · b short-lived in the soiJ after beine expo ed to erosion. lcachinc mcrease nutnents may e - -
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and oth r agents of soil degradation. The pra ti c humin 

may have provided short term desirable effects su h as r le 

in foliage. However the long term effect of the pra tice is to a c lerat 

in the rangelands and it should be discouraged . 

n imm bilil d 

Results in support o objecti e t\.vo showed that inclusion of lycin and "ir.m into 

natural pastures resulted in higher dry man r producti n of 40 nd ·L%. r cti\cl; a 

compared to that produced from natural pasture. tylo produced lo\\ dry matter than the 

natural pasture since it was a slo' grov er. Even though Glycine establishc m re ·Jowl .. 

it eventually surpassed Siratro in production of dl) man r po ·sibly due to ettc.:r 

adaptation to the environmental conditions at the study site ·ince it w gro,,ing n~turally 

I 

in the area. iratro was a also a fa ourite teed of'" ild birds vhich made the le~um 

produce lower dr matter, impl. ing that livestock and wild birds ma~ compc e for its 

forage once established in natural pastures . .... 

vi) Results addressing objecti e three indicated thatli\ to k fe on [i dder from 

grass/legume mixed pastures ma enefit more than th se led on natural pastures lone. 

This is because Glycine. iratro and tyl O\\ n inro natural p turc impr \'eo he 

quality of grasses in terms of higher crude protein. dige ·tibility nd I '' r libr content. 

Tbi improvement was attributed to the uptake of nutrient nt~inl!d in th legume 

re idues after decomposition and mineralization and p ibl; fr m direct ran ·fer of the 

nitrogen that may ha e b en fixed by the legumes. 



Results towards objecti e four indicated that the mo r 1 ·d um o c umc r 1 r tum 

the soil seemed to determine the le el of soil fertility enhan m nt. ne high amount of 

legume litter produced during the legume screening e. perim m h n legum 
" r 

grown in monoculture stands led to a igniticant in r of the il r>H. 

and potassium by end of the xperiment. Ho' ·e\ r. due to production oft s 1 ;:,Urn I ill r 

during the grass/legume integration experiment. onl. il pH in rcased \\hilc 11 thcr 

soil nutrients decreased from the soil by end of th experiment. In b th tudie . cal ium 

and phosphorus le els decreased in the soil possibly due to utilization b) legume for 

their nodulation and growth processes. 

·iii) Objecti e five of the srudy in ol ed determination of soil moisture extra tion by ::ras es 

and legumes in mixed p;stures. The results sho' ed hat competition for il moi ture wa 

least in mixed grass/legume pastures than in natural pasture and le!Jume in mon culture 

stands. This was because of the different rooting patterns of gras es and legum ·''hi h 

made them extract soil moisture at different soil depths Th highe t soil moisture 

extraction between grasses and legumes occurred in the 0-30 em oil depth ''here rno ·t 

roots of grasses ere located. The competition bet\\Cen grass sand I· ~urn • tor · il 

moisture and nutrients at 0-3 em depth rna) ha\ c I d to the p r 'cm1inati{ n. growth 

and death of legume seedlin
0 

in rak tl plots since the grasses had \\t:ll d elopt:d 

rooting system b the time the legumes \ ere s \\ n. E t::tblishment of band to integrate 

legumes into the natural pasture rna ha e llowed better oil m isturc infiltration into 

deeper soil Ia ers 
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owing legumes into existing natural pasture · thr u~h turr " db re lte in 

better establishment and growth of legume s edlin s after g 

during digging of furrows and bands. In addition, urrows and band cted pnrtiall. 

prepared seedb d and soil moistur conservation ru ture hich m ) hav 

soil moisture or a longer period for young legume ·c dling to utilize. thcrcb) ~.:hicving 

better growth. Pastures established U1rough raking of oils resulted in low dry m It r 

production b ause of germination failure and d ath of legume · cdling due to 

competition for resources with the highly resilient grass s. owmg and stablishmcnt of 

grass/legume pastures on well prepared seedbeds allo\ ed bet cr e ·tablishmcnt fthc 

pasture compared to other methods. This was becaus the gras and lc_umc ere own 

at the same time, thereby minimizing soil moistur nd nutrient competition bct\\ccn 

' young grass and legume seedlings. 

·.2 Recommendation 

i} There is need to upscale results of this study particularly to mallh{ lder lhe t ck f rmers 

in other areas of Ken. a \i hich ha e similar climatic and en"ir omental onditions like in 

Kajiad District. 

ii) The recommended niche to establi h gras egumc mi.·ed pastur· arc the pr · rvcd 

(01 I [ .) ·h'ch are protected ae:ainst direct grazinu bv live t ck. Another pastures opo o 1 '' 1 - - • 

niche is the establishment of 'legum fodder bank ·on farm pi 1 to urce fodder and 

seeds. 
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aii tilization of the mix d grass/legume p sture:> ,.auld bett r m ·u 

and carry system instead of lening the anim Is t dtrectly raze 10 the le urn 

mixed pastures to pre ent trampling and sel cti e ing o the le •ume : liv k. 

The best season for sowing I gumes in similar ~osystcms in Kenya \Ould be durin • the 

short rainfall season since dr periods b tv.ecn the ·hort and 1 ng rainf: 11 c 

usually shan and therefore I gume edlings may n t b ·ad ·cr ·ely a c.: ted b~ the dr; 

conditions. 

v) After establishment of legumes in mixed pastur s, a harvesting interval fmo month at 

a stubble height of 15 em is recommended during the grov.ring season of the pasture. But 

during the dry peri d. the interval should be lengthen d to four months lor p ture with 

Glycine and iratro, while pastures with tylo should be giv n a ·ix months r t peril d 

before the next harvest as th legume grows slowl. ''hen intcrcr pp d ith ~ras c.: • 

vi) owing of legum s into n tural pastures would be b tter done on furrow· and band· 

because the structures will conserve moistur and act as partiall. prepared ~dbcd ·.thus 

aJlowing b tter seedling germination and establishment. In addit1on. the stru turc \\ill 

check the flo, of runoff the reb. reducing soil erosion on ashing way I s \ n ed 

and those dropping from mature plants. 

vii) Durin= establishment of mixed pastures. there is need to a rd the legume dling a 

S S So as to allo\ lee<7ume Lap ro ts n.•n tr te the · "'0 em oil growth d antage o er gr r-

Ia. er wher majority of fi rous roots of grasses are locatt!d. The aim would to 

· · · · · ~:: ·1 · ture and nutrients b gras cs and le!!ume edlin_g . mmamtze competmon lOr sm mots • - -

One ay of doing this is to ensure that, during digging of Furrow and band in an ulrc· d. 

bl. h d stu th fibrous roots of grasses long the structures ar -.h pped up esta 1 e grass pa re. 
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b} the digging impl ments. But \\-hen establi ·hinu n ,. 
b - tures n ell 

prepared farms it would be b ner to so legum s first and sow th gras 

grasses have a faster growth rate and mayo ershadow legum edling th y ar wn 

first. 

i1i) Further re earch is recommend d on the: 

The effect of intensive defoliation (two months interval at 15 em height on below ground 

root biomass of grass/legume mixed pastures in semi-arid rangeland to unde tand the 

sustainabi lity of such pastures. 

The reason hy range burning before introduction of legumes caus d !;cine to pr ducc 

more dry matter under burned conditions while iratro produced more dl) matter under 

unburned conditions. and 

c) The contribution of indigenous herbaceous legumes su h as Rhync:lw.Ha mulacophylltt 

and !Veonotonia wightii to productivity of natural pastur s. 
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