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Abstract 

Amaranth iis an iimportant icrop iowing ito iits ihighly inutritious igrains iand ileaves. The 

ileaves ihave ihigh ivitamins iand icalcium ilevels iwhile igrains iare irich iin iproteins. Amaranth 

iflour iis iused ito ifortify iother iflours idue ito iits ihighly idigestible iproteins. Some iindustrial 

iand imedicinal iproperties ihave ialso ibeen iassociated iwith iamaranth ileaves iand igrains. 

Green igrams, icommon ibeans, iand icowpeas iare iimportant isources iof iproteins ifrom iplant. 

This imakes ithem icheap iand ivaluable isubstitutes ifor imeat iand iother ianimal iproteins.In 

ithis istudy, iamaranth (Amaranthus ihypochondriacus), iKAM i01 iwas iintercropped iwith 

igreen igram (Vigna iradiata) iN-26, icommon ibean (Phaseolus ivulgaris iL.) iKB9, iand 

icowpeas (Vigna iunguiculata) iM66 ito icompare iand iestablish itheir ieffect ion ithe igrowth 

iand igrain iyields iof iamaranth. Pure istands iof iamaranth iand ithe ithree ilegumes iwere ialso 

iestablished ifor ipurposes iof icomparison. The istudy iwas icarried iout iduring ithe iMarch- 

iMay irainy iseason iof ithe iyear i2017. Randomized icomplete iblock idesign (RCBD); 

ireplicated ifour itimes iwas iused ito itest itreatment icombinations. Treatment imeans iwere 

idifferentiated iat i95% iconfidence (P<0.05) iupon icarrying iout iof ithe ianalysis iof ivariance. 

Post-hoc itests iwere icarried iout iusing iFishers’ iLeast iSignificant iDifference (LSD). Land 

iEquivalent iRatio (iLER) iwas iused ito iassess ithe iamaranth-legumes iintercropping 

iadvantages irelative ito isole icropping. This istudy ifound ithat iintercropping iamaranth iwith 

igreen igrams icommon ibeans, iand icowpeas ihad aisignificant ieffect (P<0.05) ion igrain 

iyields iand ithe iabove iground ibiomass. Amaranth grain iyields iwere ileast (1,088 ikg/ha) 

iwhen it was intercropped iwith common ibeans i iand ihighest (1,741 ikg/ha) iwhen iit iwas 

iintercropped iwith igreen igrams. The ihighest iabove-ground ibiomass ifor amaranth was 

irecorded iin iamaranth-green igrams iintercrop (4,159 ikg/ha) iwhile icommon ibeans 

iintercrop igave ithe ileast (2,241 ikg/ha) ibiomass.iThe ihighest iharvest iindex in amaranth 

(0.37) iwas irecorded iin iamaranth-common ibean iintercrop ifollowed iby igreen igram 

iintercrop i(0.34), iwhile iCowpeas iintercrop ihad ithe ileast iharvest iindex iof i0.29. Land 

iequivalent iratio (LER) iwas igreater ithan ione iunit iin iall ithe itreatments, iindicative iof 

iintercropping iadvantage irelative ito isole icropping. Amaranth-cowpea iintercrop ihad ithe 

ihighest iLER (1.95) ifollowed by igreen igram iintercrop (1.90) iwhile icommon ibean 

iintercrop ihad ithe ileast iLER iat (1.67), irespectively. It iwas iconcluded ithat iintercropping 

iamaranth iwith ilegumes iwas ibetter ithan isole icropping iand ithat igreen igram iwas ithe imost 

isuitable ilegume ito iintercrop iwith iamaranth iin iKitui icentral isub icounty. It iwas itherefore 

ithe ione irecommended ifor iuse by ifarmers. 



vi 

 

Table of Contents 

Declaration and Recommendation ................................................................................... ii 

Dedication ....................................................................................................................... iii 

Acknowledgement ........................................................................................................... iv 

Abstract ............................................................................................................................. v 

Table of Contents ............................................................................................................ vi 

List of Tables ................................................................................................................... ix 

List of Figures ................................................................................................................... x 

List of Abbreviationd and Acronyms .............................................................................. xi 

CHAPTER ONE: INTRODUCTION ............................................................................... 1 

1.1 Background of the Study ......................................................................................... 1 

1.2 Statement of the Problem ........................................................................................ 5 

1.3 General Objectives .................................................................................................. 5 

1.4 Specific Objectives .................................................................................................. 5 

1.5 Research Hypotheses ............................................................................................... 6 

1.6 Justification of the Study ......................................................................................... 6 

1.7 Significance of the Study ......................................................................................... 7 

1.8 Operational Definition of Terms ............................................................................. 7 

CHAPTER TWO: LITERATURE REVIEW ................................................................... 9 

2.1 History, Uses, and Growth Requirements of Grain Amaranth ................................ 9 

2.2 Adoption and Production of Grain Amaranth in Kitui County ............................. 18 

2.3 Some of the Factors that Affects Amaranth Yields ............................................... 22 



vii 

 

2.4 Potential of Legume Intercropping in Amaranth ................................................... 26 

2.5 Pest and Diseases in Amaranth .............................................................................. 36 

2.6 Biological Nitrogen Fixation by Legumes in a Non-legume Intercropping .......... 37 

2.7 Challenges in Amaranth Production ...................................................................... 40 

2.8 Land Equivalent Ratios and Harvest Index ........................................................... 41 

CHAPTER THREE: RESEARCH METHODOLOGY .................................................. 43 

3.1 Research Design .................................................................................................... 43 

3.2 Location of the Study ............................................................................................ 43 

3.3 Plot Establishment ................................................................................................. 44 

3.4 Treatment and treatment combinations ................................................................. 45 

3.5 Data Collection ...................................................................................................... 47 

3.6 Data Analysis ......................................................................................................... 49 

CHAPTER FOUR: RESULTS AND DISCUSSION ..................................................... 51 

4.1 Plant Height ........................................................................................................... 51 

4.2 Head Size ............................................................................................................... 54 

4.3 Weight of Head ...................................................................................................... 59 

4.4 Grain Yields per Plot ............................................................................................. 62 

4.5 Above Ground Biomass ......................................................................................... 67 

4.6 Harvest Index ......................................................................................................... 72 

4.7. Land Equivalent Ratio (LER) ............................................................................... 73 

CHAPTER FIVE: SUMMARY, CONCLUSION AND RECOMMENDATION ......... 76 

5.1 Summary ................................................................................................................ 76 



viii 

 

5.2 Conclusion ............................................................................................................. 77 

5.3 Recommendations ................................................................................................. 78 

REFERENCES ................................................................................................................ 79 

APPENDICES ................................................................................................................. 88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

 

List of Tables 

Table 2.1  Proximate composition (%) of grain amaranth compared to common cereals 

 ......................................................................................................................................... 14 

Table 2.2  Grain crops production in Kitui Central Sub County ...................................  19 

Table 2.3  Kitui Central rainfall data for 2015 and 2016 calendar years.......................  21 

Table 3.1  Treatment Combinations  .............................................................................  46 

Table 4.1  ANOVA table for effects of intercropping on amaranth plant height ..........  53 

Table 4.2  ANOVA table for effects of intercropping on amaranth head size ..............  56 

Table 4.3  LSD table for effects of intercropping on the amaranth head size ...............  57 

Table 4.4  ANOVA table for effects of intercropping on weight of amaranth heads ...  60 

Table 4.5  LSD table for effects of intercropping on weight of amaranth heads ..........  61 

Table 4.6  ANOVA table for effects of intercropping on amaranth grain yield  ...........  64 

Table 4.7  LSD table for effects of intercropping on amaranth grain yield per plot .....  65 

Table 4.8  ANOVA table for effects of intercropping on above ground biomass .........  69 

Table 4.9  LSD table for effects of intercropping on above ground biomass ................  69 

Table 4.10  Effects of intercropping on Harvest Index  ................................................  72 

Table 4.11 Influence of intercropping on Land Equivalent Ratios (LER)  ...................  73 



x 

 

List of Figures 

Figure 3.1  Plots layout ..................................................................................................  47 

Figure 4.1  Effects of intercropping on plant height .....................................................  52 

Figure 4.2  Effects of intercropping on head size of amaranth .....................................  55 

Figure 4.3  Effects of intercropping on weight of amaranth head .................................  59 

Figure 4.4  Effects of intercropping on grain yields of amaranth per plot ....................  63 

Figure 4.5  Effects of intercropping on above ground biomass ....................................  68 



xi 

 

List of Abbreviationd and Acronyms 

AIDs    Acquired iImmuno- iDeficiency iSyndrome 

ANOVA   Analysis iof iVariance 

a.s.l    above isea ilevel 

ATC    Agricultural iTraining iCentre 

EU    European iUnion 

HI    Harvest iIndex 

HIV    Human iImmune iVirus 

KALRO   Kenya iAgriculture iand iLivestock iResearch iOrganization 

LER    Land iEquivalent iRatio 

pH    Acidity ior ialkalinity iof ia iwater isoluble isubstance 

SPSS    Statistical iPackage ifor iSocial iSciences 

 

 

 

 

 

 



1 

 

CHAPTER ONE: INTRODUCTION 

1.1 Background of the Study 

Amaranth (Amaranthus ispp.) iis an iherbaceous iannual iplant iin ithe iAmaranthaceae 

ifamily. It ihas igreen ior ired ileaves iand ibranched iflower istalks iand ibears ismall iseeds, 

ivariable iin icolour ifrom ipink ito ishiny iblack ito icream igold iand ipink. It iis a iC4 iplant iwith 

an iupright igrowth ihabit. Amaranth igrows ioptimally iunder iwarm iconditions (above i250C 

iday itemperatures iand inot iless ithan i150C night itemperatures), ibright ilight iand iavailability 

iadequate iplant inutrients. It ireaches a iheight iof i1.5 imetres (Rensburg, Averbeke, 

Slabbert, Fabers, Jaarsveld & iOelofse, 2007).The icommon iname ifor iamaranth iis 

ipigweed iand iother ilocal inames iinclude imchicha, ilidodo, iododo iand iw’oa; iamong iother 

inames. 

Amaranth iis iused as a grain iwith ihigh-protein igrain ior as a ileafy ivegetable. The iseeds 

iare ieaten as icereal igrains. The igrains ican ibe iground iinto iflour iand icooked iinto iporridge. 

They ican ialso ibe ipopped ilike ipopcorn. The ileaves iwhich iare irich iin icalcium iand ivitamins 

A, B iand C ican ibe icooked ialone ior imixed iwith iother ivegetables (Ouma, i2004). 

Amaranth iis imentioned ito ihave ibeen irecommended ifor iuse by idiabetics iand ipeople 

isuffering iwith iHIV/AIDs (Kunyanga, iImungi, iOkoth, iBiesalski & iVadivel, i2012). 

According ito iOuma (2004), iroughly i60 iamaranth ispecies iexist, ibut ionly aifew itypes iare 

icultivated. Most ispecies ion ithe iother ihand iare iconsidered iweedy ispecies iand ithus irarely 

ipreserved. Some iof ithe iamaranth ispecies igrown ifor igrain iproduction iare iAmaranthus 
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ihypochondriacus, iAmaranthus icruentus iand iAmaranthus icaudatus; iwhile ithose igrown 

ifor ileaf ivegetables iare iAmaranthus idubius, iAmaranthus iblitum iAmaranthus itricolor, 

iAmaranthus iviridis iand iAmaranthus ihybridus. According ito iKaur, iSing iand iRana (2010) 

A. Hypochondriacus L. is iincreasingly ibeing igrown iin iKenya iafter iintroduction ifrom ithe 

iAmericas. Some iof iits icommercial ivarieties iinclude iKAM i105, iKAM 106, iKAM i114, 

iKAM115, iKAM 201, iKAM 01 iand iKAM 02. A istudy iconducted iat iKALRO ikatumani 

iand iKiboko iKALRO istation ishowed ithat iKAM i01 ivariety iwas ithe ibest igrain iyielder 

iunder ilow imidland izone ifive iand ifour (LM5 iand iLM4) i(Mutisya, iGhelle i& Njiru, i2015) 

iThese ivarieties ithough igrown imainly ifor igrains ialso igive ileaves iwhich iare iharvested ifor 

ivegetables. i 

Yields iof igrain iamaranth iare ihighly ivariable. Good iyields iare iconsidered ito ibe i1000 

ikg/ha ior ibetter (Myers, i1996). These ihave ibeen iachieved iin a inumber iof istates iin iUnited 

iStates iin iresearch iplots. Yields iof i3000 ikg/ha ihave ialso ibeen iachieved iin a ifew ilocations 

iin ismall iresearch itest iplots. Amaranth irequires iappreciable iamount iof inutrients ifor igood 

iperformance. According ito iSkwaryło-Bednarz iand iKrzepilko (2013), ithe iplant iis a 

iheavy ifeeder iof initrogen. Maximum iamaranth iyields iand igrain iquality iare iachieved iat i45 

kg N iha i
-I (Olaniyi, iAdelasoye i& iJegede, i2008). While istudying ithe ieffect iof initrogen 

ifertilizer irate ion iamaranth iyield iand idevelopment iMyers (1996) ireported ithat i45 ito i90 ikg 

iN ha-1
 iwere ineeded ito iachieve imaximum iyield iacross icultivars. Optimum iphosphorous 

irequirement iin igrain iamaranth iis i30 kg iP ha-1. A istudy iconducted by iOjo, iAkinrinde iand 

iAkoroda (2000) iat iIbadan, iNigeria ito ievaluate ithe ieffect iof iPhosphorous (P) iin iA. 
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Cruentus L. showed ithat i30 kg iP ha-1
 iwas inecessary ifor ithe imaximum igrain iyield iand iits 

icomponents. 

Intercropping icereals iand ilegumes ihas ibeen ishown ito iimprove iboth isoil ifertility iand icrop 

iyields, iparticularly ifor icereal icrop (Matusso, iMugwe, i& iMucheru-Muna, i2012). 

Legumes iused ifor iprovision iof igrain iand igreen imanure ihave ipotential ito ifix ibetween i100 

iand i300 ikg iN iha-1
 ifrom ithe iatmosphere. Some ilegumes ifix initrogen ibetter ithan iothers. 

For iexample, icommon ibeans iare ipoor ifixers iand ifix iless ithan itheir initrogen ineeds. Other 

igrain ilegumes, isuch as icowpeas, ipeanuts, isoybeans, iand ifava ibeans, iare igood initrogen 

ifixers iand iwill ifix iall iof itheir initrogen ineeds iother ithan ithat iabsorbed ifrom ithe isoil. 

Walley, iTomm, iMatus, iSlinkard iand iKessel (1996) ireported ithat iup ito i250 lb iof initrogen 

iis ifixed iper iacre by ithese ilegumes. Forage ilegumes, isuch as isweet iclover, ialfalfa iand 

ivetches can ifix ibetween i250 - 500 ilb iof initrogen iper iacre. Similar ifindings iwere ireported 

iby iFlynn iand iIdowu (2015). Most iof ithe ifixed initrogen igoes idirectly iinto ithe iplant. 

Some initrogen i(30 - 50 ilb iN/acre) ihowever, iis i“transferred” ior i“leaked” iinto ithe isoil ifor 

inon-leguminous iplants igrown iin iassociation (iFlynn & iIdowu, i2015). Eventually imost iof 

ithe initrogen igoes iback ito ithe isoil ifor ineighboring inon-legume iplants iwhen ivegetation iof 

ithe ilegume idies iand idecomposes. 

Intercropping iamaranth iwith iother icrops ihas ibeen idone iwith ivarying iresults iin igrain 

iyields, ileaf iyield iand ipest icontrol. iA istudy ion iintercropping iof isoya ibeans iand iamaranth 

icarried iout iin iTeso idistrict iof iwestern iKenya ishowed ithat isingle iand idouble irows 
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iintercrops isignificantly iincreased i(P i< i0.05) iamaranth igrain iyield iby i32–33% icompared 

ito imono-cropping i(Ng’ang’a i, iOhiokpehai, iMuasya i& iOmami, i2011). High iaverage iland 

iuse iratios iof iLER iwere ialso iachieved iin iboth isites iwhere istudies iwere iconducted. A iLER 

iof i1.5 iand i1.6 iin isingle-row iintercrops iand iLER i= i1.8 iand i1.9 iin idouble-row iintercrops 

iwere irecorded iin isites iA iand iB, irespectively, iin iboth iseasons. i iThis ishowed ithat isoya 

ibean iwas ibeneficial iwhen iintercropped iwith iamaranth. 

Myers (1996) ialso ishowed ithat iintercropping iamaranth iwith icowpeas ihad ihigher iland 

iequivalent iratios ithat ithan icowpea-pearl imillet iintercrop. Amaranth ihas ialso ibeen ifound 

ito ihave ino iallellopathic ieffects iin an iintercropping isystem. This iwas ishown iin ia istudy ito 

ievaluate icanola iand iamaranth ias ialternative icrops iin irotational icombinations iwith 

isoybeans, imaize, iand iwheat (Myers, i1996). i iAmaranth ihas ialso ibeen isuccessfully 

iintercropped iwith icowpeas iwith ino iadverse ieffects ion icowpea iyields i(Adgibo, i2009). 

Although i ivarious istudies ihave ibeen idone ito iestablish ithe ipotential iof iamaranth 

iintercropping iwith iother icrops, ivery ilittle i ihas ibeen idone ito icompare ithe ieffects iof 

iintercropping igreen igrams, icommon ibeans iand icowpeas ion ithe igrowth iand igrain iyield iof 

iamaranth i. iThis istudy itherefore iseeks ito icompare iand iestablish ithe ieffects iof 

iintercropping ithese ithree ilegumes ion ithe igrowth iand igrain iyields iof iamaranth i(KAM i01) 

iin iKitui icentral isub icounty iin iKitui iCounty, iKenya. 

mailto:marionnduta@yahoo.com
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1.2 Statement of the Problem 

Reduced isoil ifertility iespecially iinadequate initrogen iis ione iof ithe ikey icontributors ito ilow 

icrop iproduction ihence ifood iinsecurity iin imost isub-Saharan icountries iin iAfrica. This iis 

imainly idue ito iincreased isettlements iwhich ileads ito isoil idegradation iand initrogen 

ideficiency. This iimpacts inegatively ion ithe inational ifood isecurity. Intercropping ilegumes 

iin icereals ipresents ione iof ithe ioptions ifor iaddressing ithe iland iscarcity iproblem iand isoil 

initrogen ideficiency. Grain iamaranth icrop ibeing an iannual icrop ithat iwithstands idry ispells 

irelatively iwell, ican iserve ito icontribute ito ithe icountry’s ifood isecurity iespecially iin an 

iintercrop iwith ilegumes. i 

1.3 General Objectives 

The ipurpose iof ithis istudy iwas ito iestablish ithe ieffects iof iintercropping icommon ibeans, 

igreen igrams iand icowpeas ion ithe igrowth iand igrain iyields iof iamaranth iin iKitui iCentral 

iSub iCounty 

1.4 Specific Objectives 

The ispecific iobjectives iof ithe istudy iwere: 

i) To idetermine ithe ieffects iof iintercropping icommon ibeans, igreen igrams iand 

icowpeas ion ithe igrain iyields iof iamaranth iin iKitui iCentral iSub iCounty 

ii) To iestablish ithe imost iappropriate ilegume ifor iintercropping iwith iamaranth iin 

iKitui icentral isub icounty 
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iii)  iTo idetermine ithe ieffects iof iintercropping ion ithe iallometric imeasurements iof 

iamaranth 

1.5 Research Hypotheses 

i) Intercropping icommon ibean, igreen igram iand icowpeas iwith iamaranth ihas ia 

isignificant ieffect ion ithe igrain iyields iof iamaranth 

ii) One iof ithe ilegumes i(common ibeans, igreen igrams ior icowpeas) iis isignificantly 

ibetter iin ian iintercrop iwith igrain iamaranth 

iii) Intercropping ihas ian ieffect ion iallometric imeasurements iof iamaranth 

1.6 Justification of the Study 

This istudy iis iimportant ito iKitui ifarmers by iensuring iincreased iproduction iof iamaranth 

igrains, igreen igrams, ibeans, iand icowpeas ithus ileading ito iincreased iincomes iand 

iimproved ilivelihoods. Health iand inutritional istandards ifor iKitui icentral icommunity iis 

ialso iexpected ito iimprove as a iresult iof iconsuming imore iproducts imade ifrom igrain 

iamaranth, ibeans, igreen igrams iand icowpeas. Intercropping ithese icrops iis ione iof ithe 

ioptions ifor iaddressing iever-increasing iland iscarcity iproblem. This iis ithrough 

iintensifying iproduction ithus imaximizing iland iuse. It ialso iaddresses ithe ichallenge iof ilow 

initrogen ilevels iin isoils ithrough initrogen ifixation by ilegumes. 
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1.7 Significance of the Study 

Information igot ifrom ithe istudy imay iassist iKitui iCounty igovernment ipolicy imakers iin 

iplanning ifor ifood isecurity iinterventions iusing igrain iamaranth, igreen igrams, icommon 

ibeans, iand icowpeas iin iintercropping isystems. The istudy ialso iforms icritical iinput iin 

idevelopment iof itraining imanuals by iextension iofficers iand iother istakeholders iin ifood 

isecurity iinitiatives. 

1.8 Operational Definition of Terms 

Amaranth i- iThe iword iAmaranth imeans i"everlasting" iin iGreek. The iseed iof iamaranth 

ihas ibeen iused ifor ilong, as aisource iof ifood ifor iold icivilizations iin iMexico iand iSouthern 

iAmerica. It ihas ilately iemerged as a ihighly inutritious igrain iwhich iis ifree iof igluten. 

Amaranth imeant ithe itraditional ivegetable igrown ifor iits igrain iand ileafy ivegetable. i iOther 

inames ifor iamaranth iinclude imchicha, iterere, ilidodo, iododo, ikelichot, iw’oa, iemboga, 

ikichanya iand idoodo. 

Grain iamaranth i– iin ithis istudy igrain iamaranth imeans ithe iamaranth igrown ifor 

iproduction iof iseeds. 

Legumes i- a ilegume iis a iplant ior ifruit/seed iin ithe ifamily iFabaceae. Legumes iare igrown 

iagriculturally, iprimarily ifor itheir igrain iseed icalled ipulse, ifor ilivestock iforage iand isilage. 

They iare iknown ito ienrich ithe isoils ithrough iBiological iNitrogen iFixation i(BNF). 
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Intercropping i– iThis iis igrowing iof itwo icrops ior imore, iat ithe isame itime ion ithe isame 

ipiece iof iland. Its imain ireason iis ito imaximize iproduction iin iterms iof iyield ifrom aigiven 

ipiece iof iland by iutilizing iresources iwhich iwould inot ihave ibeen iachieved by igrowing ia 

isingle icrop. 

Yield- iis an iamount iproduced iof an iagricultural ior iindustrial iproduct. In ithis istudy, iyield 

iis iused iin ireference ito ithe iamount iof iamaranth igrains, ibeans, igreen igrams iand icowpeas 

igrains iproduced. 

Harvest iindex- iin iagriculture, iHI iis iused ito iquantify ithe iyield icrop ispecies’ iyield iagainst 

iits itotal ibiomass. The icommercial iyield ican ibe igrain, ituber ior ifruit. For igrain icrops, 

iharvest iindex (HI) iis ithe iratio iof iharvested igrain ito itotal ishoot idry imatter, iand ithis ican ibe 

iused ias ia imeasure iof ireproductive iefficiency 

Land iequivalent iratio (LER) i- iThis iis a iratio iused ito ievaluate iefficiency iof ian 

iintercropping isystem icompared isole icropping. In ithis istudy iland iequivalent iratio iis iused 

ito icompare iadvantages iof iintercropping ilegumes iwith igrain iamaranth. 
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CHAPTER TWO: LITERATURE REVIEW 

This ichapter ireviews iimportant iliterature ion ihistory iand ieconomic ivalue iof iamaranth, 

igrowth irequirements, iproduction iand iadoption iof igrain iamaranth iin iKitui iCounty, isome 

iof ithe ifactors ithat iaffect ileaf iand igrain iyields iof iamaranth; iand ichallenges iencountered iin 

iproduction iof ithe isame. Literature ireview ion iimportance iof icommon ibeans, igreen igrams 

iand icowpeas iis ialso icovered.  

2.1 History, Uses, and Growth Requirements of Grain Amaranth 

2.1.1 History of amaranth 

Amaranth iis a ipseudo icereal, iherbaceous iplant ibelonging ito iAmaranthaceae ifamily. It 

ihas ired ior igreen ior ired is iwith ibranched iflower istalks iand ibears ismall iseeds iwhich ivaries 

iin icolour ifrom ipink ito icream, igold ito ishiny iblack. The ileaves iand istem ican ibe igreen, ired 

ior ipurple. It iis ia iC4 iplant iwith ian iupright igrowth ihabit iand igrows ioptimally iunder iwarm 

iconditions (day itemperatures iabove i25°C iand inight itemperatures inot ilower ithan i15°C), 

ibright ilight iand iadequate iavailability iof iplant inutrients. It ican igrow iup ito a iheight iof i1.5 

imetres. It iis imonoecious iand ibears iboth ifemale iand imale iflowers. Female iflowers 

iproduce iupto i100, 000 iseeds iper iplant, iwhich iare iroundish iand ipoppy-sized iseeds. 

Amaranth iexhibits iphotoperiodism iand istarts ito iflower iwhen ithe iday ilength iis ishorter 

ithan i12hours (Assad, iReshi, iJan i& iRashid, i2017). 
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According ito iOuma i(2004), iapproximately i60 iamaranth ispecies ihave ibeen irecorded ibut 

imost iare iweedy itypes iand ionly ia ifew iare icultivated. iThe imost ispecies iare itolerant ito 

iharsh iclimatic iconditions iand ithey itolerate idrought, ibut iprolonged idry ispells iinduce 

iflowering iand idecrease ileaf iyield i(Rensburg et al. , i2007). i 

Sauer i(1993) ishowed ithat iamaranth istarted ibeing iused ias ia igrain iabout i6000 iyears iago iin 

iCentral iAmerica. iAmaranthus iCruentus iseeds iwere ithe ioldest ifound ifollowed iby iA. 

ihypochondriacus, iwhich iwas ithe ispecies iused iby ithe iAztecs iabout i1500 iyears iago. iThe 

iother ispecies iA. icaudatus ithough inot iwell iunderstood iis ibelieved ito ibe ihave ibeen ifirst 

igrown iin iAndean iMountains iof isouth iAmerica i(Myers, i1996). i iThe iAztecs ialso iuse 

iamaranth igrains ifor ireligious ireasons ibesides ithe iuse ias ifood. iThus imaking ithe igrain 

iquite iimportant. iFrom iLatin iAmerica, iamaranth iis ibelieved ito ihave ispread ito iEurope 

i1700s iwhere iit iwas iuse ias iherbs ias iwell ius ifor iornamentals ipurposes. i iIt ilater ispread iin 

iEast iAfrica iby ithe i1800s. iIn iKenya, igrain iamaranth iwas igazetted iby ithe iMinistry iof 

iAgriculture ivia ilegal inotice iNo. i287 iof i19/7/91 i(Waithera, i2012). 

2.1.2 Uses iof iamaranth 

Amaranth iis iused iboth ias ileaves iand igrain. iThe igrain itype ican ialso ibe iused ias ia ivegetable 

iif ithe ileaves iare ieaten iwhen ithe iplants iare iyoung. iFlour ifrom ithe igrains ican ialso ibe iused 

ito iprepare ia iwide irange iof irecipes, ieither ialone ior iblended iwith iother iflours. iSome 

imodern iday iuses iof ithe igrain iare; isweet irolls, ibread, icrackers, idumplings iand imuffins 

iand ibaby ifoods i(Uriyapongson i& iRayas-duarte, i1994; iGelinas, i2007). Amaranth ihas 
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ialso ibeen ireported ito ibe iused ias isnuff iand ias isubstitute ito itable isalt. i(Hart i&Vorster, 

i2006).  

Digestibility iof igrain iis iimproved iby iheat iprocessing. iThe iprocessing ialso iremoves 

ilectins ithus iimproving iprotein iratio iof igrain iand iflour. i(Lara i& iRuales, i2002). iHuman 

idevelopment iand igeneral ihealth iis iimproved iby iconsumption iof iamaranth igrain. i(Ouma, 

i2004; iSpetters i& iThompson, i2007). Other imedicinal ibenefits ihave ibeen ireported iby 

iMartirosyan, iMirashinichenko, iKulakova, iPogojeva iand iZoloedov i(2007) iwho iindicated 

ithat iamaranth ileaves iand igrains ican ireduce isome inutritional irelated idiseases. i 

2.1.3 Nutritional ivalue iof iamaranth 

Grain iamaranth iis ireported ito ihave ihigh ilevels iof imicronutrients ithat iare iessential. iThese 

iinclude icalcium, ivitamin iC, icarotene, iand iiron i(Pospisil, iVarga i& iSvecnjack, i2006). iIt iis 

ialso irich iin iessential iamino iacid iand ilysine ithat iis ilacking iin idiets ibased ion itubers iand 

icereals. iIt ihas imore iprotein ithan iother igrains isuch ias imaize, isorghum, iwheat, iand irice. 

iThe ilevel iof iminerals ilike iphosphorous, imagnesium iand iiron ifound iin iamaranth iare 

ihigher ithan iin imeat iand imilk. iIt ialso ihas ihigh ilevels iof ivitamin iB, iA, iand iE. iThe icontent 

iof ifat iin iamaranth iseed iis ireported ito ibe iup ito i8% ihigh; iwhich iis idouble ithat iof iother 

icereals. iIts ihighly iprotein idigestibility iand iabsorption imakes iit ia ipreferred ifood ifor 

iyoung ichildren i(Abel i& iTwine, i2007). iStaple ifoods iwith ilow ilevels iof icertain ielements 

iare ifortified iwith iamaranth igrain. I 
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Amaranth ihas ialso ia ispecial ioil i(squalene) iwhich iis iuse iin ipharmaceutical iindustries ias 

ian iingredient iof icosmetics iand ialso ias ilubricants ifor icomputers. iThe ichemical icontent iof 

ithe ioil iis icomparable ito icod iliver ioil imainly iused ito iboost ithe iimmune isystem iin 

ichildren. i(Poverty iEradication icommission, i2007). iThe ilipid icontent iof igrain iamaranth 

iwhich iis ifound imainly iin ithe igerm iis ihigher ithan ithat iof icereals iand iis iup ito i10.0% ion 

idry imatter ibasis. i(Becker, iWheeler, iStafford, iGrosjean, iBetschart & iSaunders, i1981; 

iWekesa, i2010). i iGrain iamaranth ihas ino iallergens ihence iuseful ias ia isource iof inon-

allergenic ifood iproducts i(Sa-nguansak, iSomsak, iPawelzik i&Vearasilp, i2007). 

Protein 

Gelinas i(2007) ireported ithat ithe iprotein icontent iin igrain iamaranth iis ibetween i12.4 iand 

i16.8%. iIt iis ithe ihigh icontent iof iprotein icompared ito iother icereals ithat igreatly ifavor 

icultivation iof iamaranth. iGelinas i(2007) ialso ireported ithat ilysine ilevel iof igrain 

iamaranth's iprotein iis itwice ithat iof iwheat iprotein, ithree itimes ithat iof icorn iand icomparable 

ito imilk iprotein. i 

Carbohydrates 

Grain iamaranth ihas istarch ias ithe ihighest icontent iof iits itotal iweight. iThe istarch 

icomponent istands iat i62% iof ithe itotal iseed iweight i(Becker iet ial., i1981). iThe iphysical 

icharacteristics iof ithe istarch igrains ihave ibeen icited ias ibeing iof ipotential ivalue ifor iboth 

iindustrial iand ifood iproduct iuses. iSmall idiameter istarches ican ibe iused iin ia iwide iarray iof 
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ifood iand inon-food iapplications, isuch ias ifat ireplacement iingredient iand ithe imaking iof 

ibiodegradable ifilms i(Lindeboom i, iChang i& iTyler, i2004). 

 iLipids 

Oil icontents iof igrain iamaranth ivary ibetween ivarieties. iThe ioil icontent iof iA. icruentus iwas 

ifound ito irange ibetween i1.9% iand i5.0%, iand ithat iof iA. ihypochondriacus ibetween i2.18% 

iand i5.23% . iThe ioil iis isaid ito ihave icholestoral-lowering ieffect iwhich iis iassociated iwith 

isqualene ifound iin iamaranth i(He, iCai, iSun i& iCorke, i2003). iSqualene ihas itraditionally 

ibeen iextracted ifrom ishark iliver ioil, ibut iconcerns iabout ithe isustainability iof ithe ipractice 

ihave iincreased iinterest iin ifinding irenewable isources i(He iet ial., i2003). iThe iUS idemand 

ifor isqualene iis iaround i200-300 itons iper iyear iand iit icould ibe iextracted ifrom iamaranth 

igrain ias ia ico-product iof istarch, imaking ithe ienterprise ieconomically ifeasible i(Leon-

Camacho, iDiego, i& iAparicio, i2001) 

Anti-nutritional ifactors 

Despite igrain iamaranth ihaving ivarious inutritional ibenefits, ithere iare isome iant-nutritional 

ifactors icontent ithat iare ialso ireported. iAmong ithem iare itannin, isaponin, iand iphytic iacid 

ireported iat idifferent ilevels iin idifferent ispecies i(Singhal i& iKulkarni, i1988; i1990). iOthers 

iare itrypsin iinhibitors iwhich iwere iisolated ifrom iamaranth iseeds iand iare iconsidered 

ihighly iheat istable i(Gelinas, i2007). iOxalate ilevels iin iAmaranthus icaudatus iwas ialso 

ihigher ithan iwhole iwheat iflour ior icorn imeal, iwhich iranges ibetween i67 iand i54 img i100 ig-\ 

irespectively i(Chai i& iLiebman, i2005). 
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Table 2.1.  

Proximate composition (%) of grain amarantt compared to common cereals 

Analysis A. ihyphocondriacus Maize Rice Wheat 

Crude iprotein 17.9 10.3 8.5 14 

Fat 7.7 4.5 2.1 2.1 

Fibre 2.2 2.3 0.9 2.6 

Ash 4.1 1.4 1.4 1.9 

Carbohydrate 57 67.7 75.4 66.9 

Adapted ifrom: iSegura-Nieto, iBarba ide ila irosa i& iParedes-lopez i(1994) 

2.1.4 Growth irequirements iin iamaranth 

The iAltitude isuitable ifor iamaranth igrowth iis ibetween i0 iand i2400m ia.s.l. iIt iprefers 

itemperatures iranging ibetween i22-30°C. iNormally ithe ihotter iit iis ithe ibetter. iAmaranth iis 

iadaptable ito iadverse iconditions, itolerates idrought iand ican ithrive iin isoils iwith ilow 

ifertility. iThe idrought itolerance iin iamaranth iis imainly idue ito iits iC4 iphotosynthetic 

ipathway iwhich iis iefficient iin iutilization iof isunlight iand inutrients iunder idry, ihigh 

itemperature iconditions. iIt ialso ihas ia ideep iand iextensive iroot isystem iand iability ito igo 

idormant iunder iextreme idrought iconditions i(O’Brien i& iPrice, i1983; iWekesa, i2010). 

iMyers i(1996) ialso iobserves ithat ipart iof iits idrought itolerance imay ibe idue ito iits iability ito 

ishut idown itranspiration ithrough iwilting iand irecovering ieasily iwhen imoisture iis 

iavailable. 
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Studies iconducted ito idetermine ithe iwater iuse ipattern ifound ithe ieffective irooting idepth 

i(maximum idepth iat iwhich iwater iis iextracted) iof iamaranth ihad isimilarity ito ithat iof 

icanola i(Johnson i& iHenderson, i2002).The iwater iuse iefficiency iof iamaranth iin itheir istudy 

iranged ifrom i2.8 ito i11.8 ikg iha-1
 imm-1

 iwith ian iaverage iof i5.9 ikg ha-1
 imm-l. iThis iis 

irelatively ilow, iwhen icompared ito iC3 icrops, ilike iwheat igrown iwhich ican ireach ia igrain 

iwater iuse iefficiency iof i20 ikg iha-l
 imm-l

 i(Liu i& iStutzel, i2002; iGelinas, i2007). iHowever, 

iPassioura i(2004) iindicated ithat iphotosynthetic iefficiency iis ionly ione ifactor iaffecting igrain 

iwater iuse iefficiency iof ia icrop iand iharvest iindex iis iequally iimportant. 

Germination iof iseeds irequires ia itemperature iof iat ileast i15-17°C. iAmaranth iis irain ifed 

igrown ibut iit ican ialso ibe igrown iunder iirrigation. i iDuring idry ispell ihowever, ifrequent 

iapplication iof iwater imay ibe irequired, idepending ion ithe istage iof icrop igrowth iand ithe 

imoisture-retaining icapacity iof ithe isoil i(Infonet iBiovision, i2011). iIt iis ihowever iknown ito 

iwithstand iperiods iof idrought iafter ithe iplant iestablished. iAmaranth ican igrow iin idifferent 

isoil itypes ibut iit iis imost isuited ito iloam iand isilt-loam iand imedium ihumidity iwith igood 

iwater iholding-capacity. iThe ipH isuitable ifor iamaranth iis ibetween i4.5 iand i8. iPruning, 

iparticularly iremoving ithe igrowing itip iresults iin iplant ibranching, ilateral igrowth iand 

isuppresses iearly iflowering. iShort idays iand iwater istress imay ipromote iflowering i(O’Brien 

i&Price, i1983). Propagation iin iamaranth iis iby ieither iby idirect iseeding ior ithrough 

itransplanting. iAbout i2 kg ha-1
 iof iseeds iis irequired i(Myers, i1996). iThe icosts iof iplanting 

iand icultivation iare iequivalent ito ithat iof iother igrain icrops isince ithe isame iequipment ican 
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ibe iused, iwith isome imodifications ito ia iplanter ito ihandle ithe ismall iseed isize. iGermination 

iof iseeds iusually itake i3 ito i4 idays iin iwarm isoil i(20°c) i(Infonet iBiovision, i2011). 

2.1.5 Physiological imaturity iand iharvesting iof igrain iamaranth 

Grain iamaranth imatures ifaster iat ilower ialtitudes. iSome iof ithe imaturity iindices iin 

iamaranth iincludes icolour iof iseeds ibecoming iopaque, ieasy idetachment iof iseeds ifrom ithe 

iheads iand ino iwater ioozing iout iwhen ithe iseed iis icrushed i(Myers, i1996). iThe 

iappearance iof ithe iseeds ichange ifrom ia iglossy ior itranslucent ito idull iwhen imature. 

iSome iseeds i i imature iearlier ithan iothers. iThose ithat iform iearly itend ito ishatter iwell ibefore 

iall ithe iseeds ion ia ihead iare imature, ibut ithe icompactness iof ithe ihead iis ienough ito ihold 

imost iof ithem, iunless istrong irain ior iwind ioccur. iMechanical iharvesting iis ihampered iby 

ishattering iand ithe iunusual ilodging iof ithe iplant. iA igram iof igrain iamaranth ihas iabout 

i1100 iseeds. iProper idrying iof iseeds iis iessential ito iminimize imolding iand ifor iease iof 

itransport. iApproximately i11% imoisture icontent iis iallowed iand ithis ican ibe iachieved 

ithrough iuse iof iambient ior iheated iair. iRodent iproof istorage iis irecommended ifor igrain 

istorage. iThe istorage ishould ialso ibe iwell iventilation ito iavoid ia ibuild-up iof icondensation. 

iIt iis ialso iindicated ithat igrains ican ibe istored ifor iseven iyears i(Kauffman i& iWeber, i1990; 

iWekesa, i2010). 

Yields of amaranth 

3000kgs/Ha iof iyields ihave ibeen irealized iin itrial iplots ibut ion iaverage iamaranth iyield iis 

i1000kg/ha i(Myers, i1996). i iAlthough ithese iyields iare ismall icompared ito icereals ilike 
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isorghum iand imaize, iit iis inevertheless igood ifor ia icrop iwith isuch ihigh iprotein icontents 

iand iminimal iproduction icosts. iThe icosts iare ilow idue ito ilow ifertilizer ipesticides 

irequirements i(Myers, i1996). i i 

Varieties 

Some iof ithe iamaranth ispecies igrown ifor igrain iproduction iare iA. ihypochondriacus, iA. 

icaudatus iand iA. icruentus; iwhile ithose igrown ifor ileaf ivegetables iare iA. iblitum, iA. idubius, 

iA. itricolor, iA. iviridis, iA. icruentus iand iA.hybridus. iSome imajor igrain iamaranth ivarieties 

igrown iin iKenya ion icommercial ibasis iare iKAM i105, iKAM 106, iKAM i114, iKAM 115, 

iKAM 201, iKAM 01 iand iKAM 02. iA istudy iconducted iat iKALRO iKatumani iand iKiboko 

iKALRO istation ishowed ithat iKAM01 ivariety iwas ithe ibest igrain iyielder iunder ilow 

imidland izone ifive iand ifour i(LM5 iand iLM4) i(Mutisya iet ial., 2015). i iThese ivarieties 

ithough igrown imainly ifor igrains ialso igive ileaves iwhich iare iharvested ifor ivegetables. 

2.1.6 Genetic iimprovement iin iamaranth 

Grain iamaranth iis ipredominantly ia iself-pollinating icrop. iHowever, ivarying idegrees iof 

iout icrossing ihave ibeen inoted. iWeedy igrain iamaranth ihas ibeen ishown ito icross-pollinate 

iwith icultivated igrain iamaranth ivarieties. iSeed iharvested ifrom iplants icontaminated iwith 

ipollen ifrom iweedy iamaranth iproduce icrop-weed ihybrids iwhich ireduce ithe iyield iof igrain 

iamaranth iand icomplicate ithe icleaning iprocess i(Weber, i1987). iCrop iimprovement 

iprogrammes ihave iincluded ibreeding ifor ishortened igeneration itime, idwarfism, iflowering 

iand iresistance ito iseed ishattering i(Brenner, i2002). iVegetative ivigour ihas ibeen iobserved 
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iin ihybrids iarising ifrom inatural iout icrossing. iSynthetic ipopulations ifor iforage, ivegetable, 

ior igrain itraits ihave ibeen iformed ithrough ibreeding. 

2.2 Adoption and Production of Grain Amaranth in Kitui County 

In iKitui iCounty, iadoption iand iuse iof igrain iamaranth iis istill ilow ipartly idue ito iinadequate 

iknowhow ion ithe igrain iutilization, ilack iof icertified iseeds iand inon-structured imarket 

iamong iothers. iThis iis inot ionly iin iKitui ibut iin ivarious iother iparts iof iKenya. iFor iexample, 

iKyambo i(2014) icited isimilar ichallenges iwhile iconducting ia isurvey ion ideterminants iof 

iadoption iof iimproved iamaranth iamong ismall iscale ifarmers iin iBuuri iSub-County, iMeru 

iCounty, iKenya. iEfforts iare ibeing idone iby iKitui iCounty iMinistry iof iagriculture, iwater 

iand iIrrigation, iKALRO iKatumani iand iCatholic iDiocese iof iKitui i(Caritas iprogramme) ito 

ipromote igrowth iand iutilization iof igrain iamaranth iin ivarious isub icounties iof iKitui. iA 

iproject ito ipromote igrowth iand iutilization iof igrain iamaranth iwas ibeing iimplemented iby 

iKALRO ikatumani iin iconjunction iwith iEuropean iUnion i(EU) ithrough iCatholic iDiocese 

iof iKitui i(Caritas iprogramme). iThe iproject icovered ifour isub icounties iof iKitui iCounty. 

iThese iare iMwingi iWest i(Muthale), iMwingi icentral, iKitui iCentral iand iKitui isouth 

i(Mutomo) i(Catholic Diocese of Kitui,  i2016). 

 iThe iultimate ibeneficiaries iof ithis iprogramme iare ithe ivulnerable igroups iin ithe 

icommunity. iThe ientry ipoint iwas ithrough ithe isupport igroups iof ipeople iinfected iand 

iaffected iby iHIV/AIDS. iBut ito icounter istigmatization, ithe iprogramme inow itargets iall 

iother iinterested igroups iin ithe icommunity. iThe ifinal ibeneficiaries iwere iall ithe itargeted 
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imembers, itheir ihousehold imembers iand ithe icommunity iat ilarge. iA itotal iof i25,000 

ipersons iwere iexpected ito ibe ireached iin ithe ifour iimplementing iareas i(Caritas, iKitui, 

i2016). iThe iproject iwas iexpected ito iend ion i30th iApril, i2017. i 

Overall ithe iproduction iof igrain iamaranth iin iKitui iCentral iSub iCounty iis irather ilow 

icompared ito iother igrain icrops igrown iin ithe isub icounty. iIt ifor iexample idoesn’t ifeature iin 

ithe iannual isub icounty icrops ireports iin ithe iyear i2016 ias ican ibe iseen ifrom iKitui iCentral 

isub icounty iMinistry iof iagriculture i iannual icrops ireport i(table i2.2). iThe itable ishows ithat 

imaize ioccupies ithe ilargest iacreage iin ithe isub icounty, ifollowed iby isorghum. iNo iarea iis 

irecorded iunder iamaranth. iThis isignifies iminimal ior iinsignificant iacreages icompared ito 

iother igrain icrops. 

Table 2.2 

 Grain Crops Production in Kitui Central Sub County 

Crop Area iAchieved i(Ha) Production i(90kg ibags) 

LR SR Total LR SR Total 

Maize 3,805 4,822 8,627 6,828 7,356 14,184 

Sorghum 810 1290 2100 3,010 3816 6,826 

Pearl imillet 72 102 174 224 0 224 

Beans 2004 2220 4224 2,613 2610 5,223 

Cowpeas 1380 2108 3488 4,278 4150 8,428 

Green igrams 1426 1946 3372 3,963 4397 8,360 

Pigeon ipeas 5029 2720 7749 2435 0 2435 

Source: iKitui iCounty iMinistry iof iAgriculture ireport, i2016. 
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The iclimatic iconditions ifor iKitui icentral isub icounty imeet ithe irequirements ifor iamaranth 

iproduction. iThe iannual irainfall ireceived iranges ibetween i300-800mm ip.a iwith i52% 

ireliability. iThe itemperature iranges ibetween i200C ito i340C iand ithe ialtitude iranges 

ibetween i800m iand i1800m ia.s.l. iThe iclimate ifeatures ifits iwithin ithe ispectrum iof 

iamaranth igrowth irequirements. iBelow iis ithe irainfall idata ifrom iKitui imeteorological 

idepartment ifor ithe iyears i2015 iand i2016 i(table i2.3).The idata iindicates ithat iyear i2015 

ireceived imore irains i(1241.6 imm) ithan iyear i2015 i(827.6). iHowever, ithere iwere imore iwet 

idays iin iyear i2016 ithan iin i2015, iindicating ifair idistribution iin itime ithan iin iyear i2016. 
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Table 2.3 

 Kitui central rainfall data for 2015 and 2016 calendar years 

Month(s)/ iYear 2015 2016 

2015 

Rainfall iin imm 

No. iof iwet 

idays 

2016 

Rainfall iin imm 

No. iof iwet 

idays 

January 9.4 1 55.2 4 

February 7.3 1 29.6 4 

March 52.3 4 25.2 5 

April 320.1 12 226.2 12 

May 73.9 4 6.4 4 

June 0.0 0 1.8 1 

July 0.6 1 0.0 0 

August 0.9 2 1.7 3 

September 0.6 1 3.6 4 

October 31.3 5 0.0 0 

November 578.4 18 438.2 23 

December 166.8 9 39.7 10 

TOTAL 1241.6 58 827.6 70 
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2.3 Some of the Factors that Affects Amaranth Yields 

2.3.1 Fertilizer use 

Skwaryło-Bednarz i(2012) ishowed ithat iamaranth iis ia iheavy ifeeder iof initrogen. i 

iAccording ito ia iresearch iby iMyers i(1996), imaximum iamaranth iyields iof igrain iwas 

iachieved iat ibetween i45 ito i90 ikg iN ha-1
 iin idifferent icultivars. iHigher iapplication iof iN 

iresulted ito ilodging iof iplants. iThese ilevel iof iN ifertilizer imuch ilower ithan ithat iwhich iwas 

irequired ifor iother icrops ilike imaize ior isorghum iin ithat ihad iundergone itesting i(Myers, 

i1996). iThe inumber iof ileaves, idry imatter iyield, iplant iheight, iand istem iof ithe igrain 

iamaranth isignificantly iincreased iwhen iapplied iN irates iwas iincreased ifrom i0 ikg iha-1
 iup 

ito i60 ikg iha-1
 iof iN i(Olaniyi iet ial., i2008).Maximum igrain iyields iwere iobtained iat i45 ikg iN 

iha-1
 i(Olaniyi iet ial., i2008). 

Another istudy icarried iout ito idetermine ihow initrogen iaffected idevelopment i iand igrowth 

iof igrain iamaranth ishowed ithat ithe ileast idry iweight iof 12621 ikg ha-1
 iwas iobtained iat i50 

ikg N iha-1
 iwhile ihighest iweight i32573 ikg ha-1

 iwas iachieved iat i150 ikg N ha-1. iThe igrain 

iyield i i ialso icorresponded iwith idry imatter iyields iwhere ithe ihighest iyields iwere iachieved 

iat i150 kg iha-1
 iof iN i(Masvanhise, i2015). iAll ivital iprocesses iin iplants iare iassociated iwith 

iprotein iof iwhich initrogen iis ian iessential iconstituent; ihence initrogen iplays ia icritical irole 

iin iplant imetabolism i(Ali et al., i2011). i iApplication iof initrogen ifertilizer ialso iimproves 

imost iof ithe iplants igrowth iparameters ir. i 
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High ichlorophyll iconcentrations icombined isunlight iand initrogen ienables ithe iplant ito 

isynthesis iits iown ifood iessential ifor iits ioptimum igrowth iand idevelopment. iThe isugars 

iproduced istimulate igrowth ileading ito igrains iwith ihigh icontent iof iproteins. iYellowing 

iand idying iof ithe iplant ileaves iwill istart iin ithe ioldest ileaves, ifollowed iby ithe iyounger iones 

iwhen ithere iis ideficiency iof initrogen ideficiency. iStunting iof iplants ialso imanifest iin ithe 

iplants iand ithe igeneral iprotein icontent iis ithe iseeds ireduce iwhen ithere iis iinsufficient 

initrogen. i 

Grain iamaranth ialso irequire iappreciable iamount iof iphosphorous ifor igood iproduction. iA 

istudy iconducted ito ievaluate ithe ieffect iof iPhosphorous i(P) iin iAmaranthus icruentus iL. 

ishowed ithat, igrain iyield, iP iuse iefficiency iand iits icomponents iwere ihighest iat i30 ikg iP ha-

1
 i(Ojo, iAkinrinde i& iAkoroda, i2000).Thus iOptimum iphosphorous irequirement iin igrain 

iamaranth iis i30 kg iP ha-1.These istudies iwere ihowever iconducted iin idifferent icountries 

iwith ivarying iclimatic iand isoil iconditions iand ineeded ito ibe iverified ithrough irelated 

istudies ielsewhere. 

2.3.2 Amaranth intercropping with other crops i 

Growing iof imore ithan ione icrop isimultaneously iin ithe isame ifield ihas ipotential ito iaddress 

ifood isecurity iproblems iin iand iimprove ilivelihoods iin imost ideveloping icounties i(Tsubo, 

iWalker i& iOgindo, i2004; iNishanthi, iBrintha i& iSutharsan i2015). iIntercropping, i iavoids 

idependence ion ia isingle i icrop iin ia ifarm ithus iminimizing irisks iof icrop iand iensuring 

iavailability iof idifferent iproducts ifrom ithe isame ifield ithroughout ithe iyear. i iKey iaspects 
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iof iintercropping iincludes imaximizing i iutilization iof iavailable ispace iof iland, icompetition 

ibetween isystem icomponents ifor inutrients, iwater iand ilight iand ithe ioptimum iorganization 

iof ithese iinteractions i(Oseni, i2010). iSmall iscale ifarmers iare iparticularly iinterested iin 

iintercropping iowing ito ivarious ichallenges iand irisks iassociated iwith imono-cropping 

i(Prasad i& iBrook, i2005). iLegume igrowing itogether iwith icereals iand iother icrops iis ithe 

imost ipopular iform iof iintercropping iadopted iby imost ismall iscale ifarmers iat ithe iface iof 

iunpredictable iclimatic ilimitations. i 

Studies ishowing iamaranth iintercropping iwith iother icrops ihave ibeen icarried iout iwith 

ivarying iresults. iThere iis ievidence iof iintercropping iamaranth iwith isoya ibeans 

i(Ng’anga, Ohiokpehai, Muasya, & Omami, i2011) iand iamaranth iintercropped iwith 

icowpeas i(Myers, i1996). iThe istudies ishowed ithat iamaranth ican ieffectively ibe 

iintercropped iwith ilegumes ifor iincreased ifood isecurity, inutrition ienhancement iand ihigh 

iland iequivalent iratios. 

Ng’ang’a iet ial., i(2011) ishowed ithat iamaranth iintercropped iwith isoya ibeans ihad ivarying 

iresults ion iefficiency iof iland iuse, iyield iof igrain iand ieconomic ireturns. iResults ishowed ian 

iincrease iin iamaranth iyield iin iintercropping irelative ito isole icropping. iThe istudy 

ipresented iintercrop ibetween isoya ibeans iand iamaranth ia iviable ienterprise iwhich icould 

iimprove ifarmers iproduction iand iultimate iincome iat ia ireduced icost i(Ng’ang’a iet ial., 

i2011). 

mailto:marionnduta@yahoo.com
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Amaranth ihas ialso ibeen ifound ito ihave ino iallellopathic ieffects iin ian iintercropping 

isystem. iThis iwas ishown iin ia istudy ito ievaluate iamaranth iand icanola i(Brassica inapus) ias 

ialternative icrops iin ivarious irotation icombinations iwith imaize, isoybeans iand iwheat iat 

iColumbia, iMissouri, iin ithe ifall iof i1990. i'Plainsman' iamaranth ivariety iwas irotated iwith 

imaize iand isoybeans, iafter iwheat. iMyers i(1996) ireported ithat iin iall iof ithe irotations, ino i 

iallelopathic ieffects iwas inoticed ion ithe ifollowing icrop, iand ithe icrop iresidue ifrom 

iamaranth idid inot ihave iany iadverse ieffects ion ithe icrop ithat ifollowed. i 

Research ion iintercropping iof icereals iand ilegume iwas ishown ito iimprove icrop iyields iand 

isoil ifertility imainly ifor ithe icereal icrop ifor ismallholder ifarmers i(Matusso iet ial., i2012). i 

iFixation iof initrogen i(N) ifrom ithe iatmosphere iby ilegumes ithrough iBiological iNitrogen 

iFixation, iwas ishown ito iplay ia icritical irole iin ithe iintercropping isystem iespecially iwhere 

isoils iare idepleted ior ideficient iof initrogen ..iThis iis iparticularly iso iin isub-Saharan iAfrica i 

iwhere iannual initrogen idepletion iare irecorded iat i22 ikg iha-1. iSmallholder ifarmers icannot 

iafford ior iaccess imineral-N ifor itheir iuse ias ifertilizer. iThus ilegume iintercropping iwould 

ihelp ito ibridge ithe igap. iLegumes ispecies icommonly iused ifor iprovision iof igrain iand igreen 

imanure iwere seen to have ipotential ito ifix ibetween i100 iand i300 ikg iN iha-1
 ifrom ithe 

iatmosphere.iIt was also found that small iholder ifarmers iwould iprefer ito iintercrop ito 

ibenefit ifrom initrogen ifixation, isoil iand iwater iconservation, ireduction iin irates iof icrop 

ifailures, iminimized icosts iof iproduction iand imaximization iof iavailable iland iamong iother 

ibenefits. i 
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2.3.3 Leaf iharvesting iand iplant ipopulation iin iamaranth 

Harvesting iof ileaves iand iplant ispacing ihas ieffects ion iboth ileaf iand igrain iyields iof 

iAmaranth. iA ifield iexperiments iconducted iout iin iMeru, iImenti inorth idistrict iof ieastern 

iKenya ito istudy ithe ieffects iof idensity iof iplants iand iharvesting iof ileaves ion iboth iweight iof 

igrains iand i ileaves iof iamaranth i(A. icruentus) ishowed ithat igrain iyield iwas iindirectly 

iproportional ito ileaf iharvesting iintervals i(Mwai, i2013). iThe istudy irevealed ithat iplanting 

iamaranth iat i3 imillion iplants iper iha iand iharvesting ileaf iat isix idays iinterval iregime, 

iyielded imore ifresh ileaves iand ihigher iamount iof igrains. iThe ibest icombination ibetween 

iharvesting iregime iwas iharvesting iamaranth iafter ievery isix idays ifor ioptimum ifresh 

ileaves iand igrain iyield. 

2.4 Potential of Legume Intercropping in Amaranth 

Mixed icropping ias iopposed ito iintercropping iis ithe igrowing imore ithan ione icrop iin ia ifield 

iat ia igiven itime. iIntercropping ion ithe iother ihand iinvolves isimultaneous igrowing iof imore 

ithan ione icrop iin ialternating irows iin ithe isame ipiece iof iland. i(Mousavi i& iEskandari, 

i2011; iAmanullah, iFaisal, iHaji, iAbbas i& iGhaffar, i2016). i iThe imain iadvantage iof 

iintercropping iis ithe imore iefficient iutilization iof ithe iavailable iresources iand ithe iincreased 

iproductivity icompared iwith ieach isole icrop iof ithe imixture. iIntercropped ilegumes ifix 

imost iof itheir iN ifrom ithe iatmosphere iand ido inot icompete iwith icereals ifor iN iresources 

i(Amanullah iet ial., i2016). iIncreased ileaf icover iin iintercropping isystems ihelps ito ireduce 
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iweed ipopulations ionce ithe icrops iare iestablished. iHaving ia ivariety iof iroot isystems iin ithe 

isoil ireduces iwater iloss, iincreases iwater iuptake iand iincreases itranspiration. iThis iis 

iimportant iduring itimes iof iwater istress, ias iintercropped iplants iuse ia ilarger ipercentage iof 

iavailable iwater ifrom ithe ifield ithan imono-cropped iplants. iResearch iby iMousavi iand 

iEskandari i(2011) ishows ithat irows iof itall icrops iin ia ifield iwith ishorter icrops iwill ireduce 

ithe iwind ispeed iabove ithe ishorter icrops iand ithus ireduce idesiccation. i 

Cereal-grain ilegume iintercropping ihas ipotential ito iaddress ithe isoil inutrient idepletion ion 

ismall iholder ifarms i(Sanginga i& iWoomer, i2009). iThe ilegumes ialso iplay ian iimportant 

irole iin initrogen ifixation iand iare iimportant isource iof inutrition ifor iboth ihumans iand 

ilivestock. iIntercropping icereals iand ilegumes ialso ihas ia ipotential ito ireduce ierosion iand 

iraise igeneral isoil ifertility ilevels i(Matusso iet ial., i2012). 

Research ion icereal-legume iintercropping isystems iin iSub iSaharan iAfrica ihas ishown 

iimprovement iin iboth isoil ifertility iand icrop iyields, iparticularly ifor icereal icrop iwhich iis 

ithe istaple ifood icrop ifor ismallholder ifarmers i(Matusso iet ial., i2012). iBiological iNitrogen 

iFixation i,which ienables ilegumes ito idepend ion iatmospheric initrogen i(N), iis iimportant iin 

ilegume-based icropping isystems iwhen ifertilizer-N iis ilimited, iparticularly iin iSub iSaharan 

iAfrica; iwhere initrogen iannual idepletion iwas irecorded iat iall ilevels iat irates iof i22 ikg iha-1
 . 

It was found out that mineral-N ifertilization iis ineither iavailable inor iaffordable ito 

ismallholder. iLegumes ispecies icommonly iused ifor iprovision iof igrain iand igreen imanure 

ihave ipotential ito ifix ibetween i100 iand i300 ikg iN iha-1
 ifrom ithe iatmosphere. iIt was also 
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ireported ithat ithe imain ireasons ifor ismallholder ifarmers ito iintercrop iare iflexibility, iprofit 

imaximization, irisk iminimization iagainst itotal icrop ifailure, isoil iconservation iand 

iimprovement iof isoil ifertility, iweed icontrol iand ibalanced inutrition. 

Common iBeans i 

Common ibean i(dry ibeans) ibelongs ito ithe ifamily iFabaceae. i 

Common ibeans iare ithe isecond imost iimportant istaple ifood ito imaize ifor ithe ilocal ipeople 

iin iKenya. i iBeans iwere iintroduced ito iAfrica ifrom iLatin iAmerica iseveral icenturies iago. 

iTo idate ibeans iis ia ivital istaple iin iAfrica, iproviding ithe imain isource iof iprotein. iThe 

igrowth ihabit iof icommon ibeans ivaries ifrom ideterminate idwarf ior ibush itypes ito 

iindeterminate iclimbing ior ipole icultivars. iBush ibeans iare ithe imost ipredominant itypes 

igrown iin iAfrica. iHowever, iimproved iclimbing ibeans iintroduced ito iRwanda iin ithe i80's 

ihave isince ispread ito iother icountries iin ithe iregion. iThey iare iparticularly igrown iin iareas 

iwith ilimited iland iand ihigh ihuman ipopulation. iCommon ibeans igrow iin iareas iwith 

itemperatures iranging ifrom i17.5 - 27°C iand iat ialtitudes ibetween i600 i- i1950m ia.s.l iin 

imany itropical iareas. iAbove i30°C iflower ibuds iare ilikely ito ifall iand iseeds iare irarely 

iformed iat itemperatures iover i35°C. iA imoderate iwell-distributed irainfall iis irequired i(300 

- 400 imm iper icrop icycle) ibut idry iweather iduring iharvest iis iessential. iDrought ior 

iwaterlogging iis iharmful. iClimbing icultivars iwill igive ieconomic iyields iin iareas iof ihigh 

irainfall ibut ithe idwarf itypes iappear ito ibe imore isensitive ito ihigh isoil imoisture ilevels 

iSuitable isoil itypes irange ifrom ilight ito imoderately iheavy iand ito ipeaty isoils iwith inear-

neutral ipH iand igood idrainage. iCommon ibean iis isusceptible ito isalinity. iBeans iare 
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icomparatively ilight ifeeders iand irequire iabout i25 - 35 ikg iP iha-1
 i(equivalent ito i1-2 ibags iof 

iMijingu irock iphosphate/ha) iand i75 - 80 ikg iK ha-1
 i(Infonet iBiovision, i2011). iLike iall 

ilegumes, ibeans iare iable ito ifix initrogen ifrom ithe iatmosphere, iso ido inot irequire initrogen 

ifertilization. iHowever ia isoil iconducive ito initrogen ifixing iwith ithe inatural initrogen ifixing 

ibacteria ipresent iis ipreferable. iHard isoils iwith ilittle iorganic imatter iwill inot igive igood 

iyields iof ibeans, iunless iorganic imatter iis iprovided, ipreferably iin ithe iform iof igood iquality 

icompost ior iwell idecomposed ifarmyard imanure. iTimely iand ithorough iweeding iis 

iessential ifor ibeans. iThe ifirst iweeding ishould ibe idone i2-3 iweeks iafter iemergence 

ifollowed iby ia isecond iweeding i2-3 iweeks ilater. iShallow itillage iis ipreferred iespecially iin 

ithe iperiod ibefore iflowering ias idamage ito ithe iroots ior ithe icollar iof ithe iplant iencourages 

isoil iborne idiseases. iCommon ibean ican ibe irain-fed ior iirrigated. iIrrigation iis ibeneficial iin 

isemi-arid iregions, iwith ioverhead iirrigation ipreferred iover iflood iirrigation. iIn ipeasant 

ifarming, ithe icrop iis iseldom imanured. iCrop irotation iis inecessary ito ilimit isoil iborne 

idiseases isuch ias ibean irust, ipowdery imildew, ianthracnose iand ifusarium iroot irot. 

Beans iare iexcellent ifor iintercropping iwith iother ifood icrops, isuch ias imaize, ipotatoes, 

icelery, icucumber ietc. iand ican ihelp isupply ithe iother icrops iwith initrogen ito ia ilimited 

idegree. iBeans ihowever iare iless iefficient iin ifixing iN ithan iother ilegumes, ibut iis ireported 

ito ihave ifixed iup ito i125 ikg iN ha-1
 i(Wortmann, i2006). iCommon ibeans ican ialso inodulate 

iwith iseveral irhizobia. iLonger iseason ivarieties iof ibeans ican ifix ihigher iamounts iof 

initrogen ithan ishort iseason ivarieties. iIntercropping iwith ichives ior igarlic ihelps irepel 

iaphids i(Infonet iBiovision, i2011). iCommon ibeans iare iharvested ias isoon ias ia 
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iconsiderable iproportion iof ithe ipods i(roughly i80%) iare ifully imature iand ihave iturned 

iyellow. iSome icultivars itend ito ishatter. iUsually ientire iplants iare ipulled iand ifurther idried 

itill iready ifor ithreshing. iAfter ithreshing ithe ibeans iare ifurther isun idried ito iestimated i12 i% 

imoisture ito iavoid istorage iproblems 

Some iof ithe icommon ipests ithat iattack ibeans iinclude ibean ifly i(Ophiomyia ispp) i, iaphids 

i(Aphis ifabae) iand icutworms( iAgrotis ispp.and iSpodoptera ispp). iOthers iare iflower ithrips 

i(Frankliniella ispp. iand iMegalurotrhips isjostedti), iAfrican ibollworm i(Helicoverpa 

iarmigera) iand ithe ilegume ipod iborer i(Maruca itestulalis). iBruchids isuch ias ithe idried ibean 

iweevil i(Acanthoscelides iobtectus), iand ithe iMexican ibean iweevil i(Zabrotes isubfasciatus) 

iare istorage ipests, iattacking idried ibeans iin iAfrica. iThe imost icommon ibean idiseases ion 

ithe iother ihand iinclude icommon iblight i(Xanthomonas iaxonopodis ipv. iphaseoli), 

ifusarium iroot irot i(Fusarium isolani if. isp. iphaseoli), irust i(Uromyces iappendiculatus ivar. 

iappendiculatus), ianthracnose i(Colletotrichum ilindemuthianum) iand ibean icommon 

imosaic ivirus i(BCMV). Others iare iAngular ileaf ispot i(Phaeoisariopsis igriseola), ihalo 

iblight i(Pseudomonas isyringae ipv. iphaseolicola) iand ipowdery imildew i(Erysiphe 

ipolygoni). 

Green igrams 

Grams iare iannual ilegume icrops iin ithe ifamily iFabaceae igrown ifor itheir iseed. iGrams 

icould ibe igreen, iblack ior iyellow iin icolour. iGrams iare inative icrops iof iIndia. iThe igreen 

igrams iare ithe iones imost icommonly igrown iin iKenya. iThey iare igrown imainly iin iEastern 
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iregion, iCoast, iNyanza iand iwestern iregions iof ithe icountry. iGreen igrams ior iMung ibean 

iare ilocally iknown ias iPojo i(Swahili) ior iNdengu. iThey iare iannual ilegume icrops igrown ifor 

itheir iseed. iThe idried ibeans iare iprepared iby icooking ior imilling. iThey iare ieaten iwhole ior 

isplit. iThe iseeds ior ithe iflour imay ibe iused iin ia ivariety iof idishes ilike isoups, iporridge, 

isnacks, ibread, inoodles iand ieven iice icream. iGreen igram ialso iproduces igreat isprouts, 

iwhich ican ibe isold iin ihealth ifood ishops ior ieaten iat ihome. iCrop iresidues iof iV. iradiata iare 

ia iuseful ifodder. iGreen igram iis isometimes ispecifically igrown ifor ihay, igreen imanure ior ias 

ia icover icrop. i 

They igrow ibest iat ian ialtitude iof i0-1600 im iabove isea ilevel iand iunder iwarm iclimatic 

iconditions i(28 ito i30°C). iThey iare iwell iadapted ito ired isandy iloam isoils, ibut ialso ido 

ireasonably iwell ion inot itoo iexhausted isandy isoils. iGreen igrams iare inot itolerant iof iwet, 

ipoorly idrained isoils. iThey iare idrought itolerant iand iwill igive ireasonable iyields iwith ias 

ilittle ias i650 imm iof iyearly irainfall. iHeavy irainfall iresults iin iincreased ivegetative igrowth 

iwith ireduced ipod isetting iand idevelopment. The dried beans are prepared by cooking or 

imilling. Green gram are eaten whole or split. The seeds or the flour may be used in a variety of 

dishes like soups, porridge, snacks, bread, noodles and even ice cream. Green gram also 

produces great sprouts, which can be sold in health food shops or eaten at home. Crop 

residues of V. radiata are a useful fodder. Green igram is sometimes specifically grown for 

hay, green manure or as a cover crop (Infonet Biovision, 2011).  
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Green igram iharvesting iis igenerally iby itwo ito ifive ihand-pickings iat iweekly iintervals iand 

iis ithe imost iexpensive isingle ioperation iin igrowing igreen igram. iShort-duration icultivars, 

iwhich iripen imore iuniformly, imay ibe iprocessed ias iwhole iplants ion ismall irice ithreshers 

i(Infonet iBiovision, i2011). iHarvesting iis idone iwhen i95% iof ipods ihave iturned iblack ior 

ibrownish idepending ion ithe ivariety. iThe iwhole iplant ican ithen ibe iuprooted iand idried ifor 

iabout i2 idays, ithen ithreshed iand iwinnowed. iGrams imust ibe idry ibefore istorage. iLike imost 

ipulses imoisture icontent iat istorage ishould inot ibe iabove i13%. iGreen igrams iare ivery 

isusceptible ito ibruchid i(bean iweevil) iattack. iThey ishould ibe itreated iwith ithe iappropriate 

ipostharvest istorage ichemicals. iThey ican ialso ibe istored iin ihermetic ibags iwhich iare iair 

iproof. i 

Green igram iis igrown imainly ion ismallholdings, ioften ias imixed icrops ior iintercrops. 

iGrams iplanted iat ithe iend iof ithe ilong irains iare inormally iintercropped iinto iother imajor 

icrop. iIn iMeru, iKenya, igreen igram iis ia ipreferred iintercrop ifor imillet, ieach isaid ito iprotect 

ithe iother iagainst idiseases iand ipests. iIf igrams iare iintercropped iwith imaize, ithe imaize 

ispacing iis ithe isame ias iin ipure istand, ibut ithe igrams iare iinter iplanted imid-way ibetween 

ithe imaize irows i(Infonet iBiovision, i2011). 

An iexperiment iwas iconducted iin i2009 iand i2010 iby iShyamal iand iBikas i(2013) ion isandy 

iloam isoil iof iWest iBengal, iIndia ito ievaluate ithe iproductivity iand ieconomic iviability iof 

imaize iand ilegume iintercropping isystems iin iadditive ias iwell ias iin ireplacement iseries 

iwith idifferent irow iproportions. iMaize i icv. i“Vijay” i(composite), igreen igram icv. 
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i“Samrat”, iblack igram i icv. i“Sarada”, isoybean icv. i“PK i327” iand ipeanut icv. i“JL i24”, iwere 

itested iin imonoculture ias iwell ias iin iintercropping isituations iwith i1:1 i(additive iseries) iand 

i1:2 iratios i(replacement iseries). iThe iresult iindicated ithat iintercropped ilegumes iimproved 

ithe iyield icomponents iof imaize iand ioffered isome ibonus iyield. iThe ihighest imaize igrain 

iyield i(2,916.28 ikg/ha) iand imaize iequivalent iyield i(4,831.45 ikg/ iha) iwere irecorded iwith 

imaize iplus igreen igram i(1:1) iand imaize iplus ipeanut i(1:1), irespectively. . 

Cowpeas 

Cowpea iis ian iannual icrop igrown ifor iits ileaves iand iseed. iThe igrowth ihabit iis iclimbing, 

ispreading ior ierect iand ithey ibelong ito ithe ibean ifamily ior iFabaceae. iCowpea iis inative ito 

iAfrica iwhere iit iwas idomesticated iover i4000 iyears iago. iCowpeas iare imainly iimportant iin 

ithe imarginal irainfall iareas ibecause ithey iare iwell iadapted ito idry iclimate iand isuitable ifor ia 

ivariety iof iintercropping isystems. iCowpea ican igrow iin ia iwide irange iof isoils; iit iis iwell 

iadapted ito ilight isandy isoils iwhere imost iother icrops iproduce ipoorly iand idoes iwell ion 

iacid isoils. iOn iheavy ifertile isoils ithey ishow ia ivigorous ivegetative igrowth, ibut inot 

inecessarily ia igood igrain iyield. iMost ivarieties ineed ia iminimum irainfall iof i200 imm 

iduring ia igrowing iseason. iCowpeas iare igenerally itolerant iof idrought iand ilow ilight 

iconditions, ibut iare ivery isusceptible ito ia ivariety iof iinsects iand idiseases iand ido inot ido 

iwell iin ipoorly idrained iand icool iareas. iIt iis icultivated ifor ithe iseeds i(shelled igreen ior 

idried), ithe ipods ior ileaves ithat iare iconsumed ias igreen ivegetables ior ifor ipasture, ihay, 

isilage iand igreen imanure. iTender icowpea ileaves iand ishoots icontain i4% iprotein, i4% 
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icarbohydrates iand iare irich iin icalcium, iphosphorus iand ivitamin iB. iDried iseeds icontain 

i22% iprotein iand i61% icarbohydrates. i 

The ioptimum itemperature ito igrow iand idevelop iis i20 - 35°C. iMost icowpea icrops iare 

irain-fed, ia ifew iare iirrigated iand iothers iuse iresidual imoisture iin ithe isoil iafter iharvest iof ia 

irice icrop. iTwo ito ithree iweeding iduring ithe ifirst i1.5 imonths iafter iplanting iare 

irecommended. iLosses idue ito iweeds ican ibe i30 - 65%. iParasitic iweeds, isuch ias iStriga 

igesnerioides i(Purple iwitch iweed), igenerally iassociated iwith icontinuous icropping iof 

icowpeas iin iAfrica, imay ialso icause isevere idamage i(Infonet iBiovision, i2011). i 

One ibenefit iof icultivating icowpeas iis iits iability ito ifix iatmospheric initrogen iin iroot 

inodules ithrough isymbiosis iwith irhizobium ibacteria ithat iis icommon iin imost isoils. iAn 

ieffective icowpea-Rhizobium isymbiosis ifixes imore ithan i150 ikg ha-1
 iof iN iand isupplies 

i80-90% iof ithe itotal iN irequired. iInoculation imay ibe iadvantageous, iif ithe icrop ihas inot 

ibeen igrown ifor imany iyears i(Infonet iBiovision, i2011). iIn igeneral, ino ifertilizers iare 

iapplied. iCowpea iis icommonly iincorporated iin icrop irotations iin isemi-arid, ihumid iand 

isub ihumid ienvironments. i iA icowpea icrop iof ithe ileafy itypes igrown ibefore imaize ior 

imillet icrop iand iincorporated igreen iinto ithe isoil, ican iproduce ia igood igrain icrop iwithout 

iany iaddition iof imore initrogen. iIntercropped icowpeas ialso ishare initrogen iwith ithe iother 

icrops ie.g. imaize, imillet, isorghum iand icotton). iFor iintercropping, icowpea ivariety ishould 

ibe ichosen icarefully isince ithe ispreading itypes imay iover ipower iother icrops iby ientangling 

itheir ibranches iand iinterfering iwith ifieldwork. iCowpeas ido inot inormally irespond ito 
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initrogen ior iphosphorus ifertilizers, iso inone ineed iadding. iHowever iwhere isoils iare ihighly 

ieroded ian iapplication iof i5 itons/ha iof idry icompost ior imanure iis ibeneficial. iWeeding 

ishould ibe idone iduring iearly istages iof icrop. iLater ithe icowpeas iwill icover ithe iground iand 

isuppress iweeds iincluding ipurple iwitch iweeds. iTwo iweeding iare irecommended, ione ito 

itwo iweeks iafter iemergence iand ithe isecond iweeding ijust ibefore iflowering. i 

Harvesting ileaves ifor ieating imust ibe idone iwhen ithey iare iyoung iand itender. iThree ileaf 

ipickings i(starting i2.5 i- 3 iweeks iafter iplanting iat iweekly iintervals ihave ilittle ieffect ion 

igrain iyields iof ifive ito isix i90 ikg ibags iof iseed iper iacre. iGreen ipods iare iharvested iby ihand 

iwhen ithey iare istill iimmature iand itender i(12 - 15 idays iafter iflowering) i(Infonet 

iBiovision, i2011). iWhen igrown ias ia igrain, iharvesting iis icomplicated iby ithe iprolonged 

iand iuneven iripening iof imany icultivars. I 

Time iof iharvesting iis icritical ias imature ipods ieasily ishatter, iso ihand-picking ican ibe 

iadvantageous. iSometimes iplants iare ipulled iwhen imost iof ithe ipods iare imature. iFor ihay, 

ithe icrop iis icut iwhen imost iof ithe ipods iare iwell ideveloped. Some iof ithe icommon ipests iin 

icowpeas iare ilegume iaphids i(Aphis icraccivora), iAfrican ibollworm i(Helicoverpa 

iarmigera) iand iflower ibeetles i(Coryna ispp). iOthers iinclude ilegume ipod iborer i(Maruca 

ivitrata) iand ithrips i(Megalurothrips isjostedti). iThese ishould ibe icontrolled iby iappropriate 

ipestcides ilike ideltamethrine, iimidacroprids iand ilambda-cyhalothrin; iamong iothers. 
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2.5 Pest and Diseases in Amaranth 

2.5.1 Pests in amaranth 

Amaranth ilike imost icrops ihas iits iown ishare iof ipests iand idiseases ithat imay igreatly 

icompromise iboth ileave iand igrain iyields. iIt iis isusceptible ito idamage iby ifoliar iinsects 

isuch ias ileaf iminers, ileaf irollers, icutworms, iaphids, iflea ibeetles, iand imites. iOther imajor 

ipests ireported iin iamaranth iworldwide iare ithe ipigweed ibeetle i(Hypolixus ihaerens) iand 

isome isucking iplant ibugs i(Grubben i& iDenton, i2004). iAdult iweevils ifeed ion ileaves, ibut 

ithe ilarval istage iis imore idamaging ibecause ithey ibore iinto iroots iand istems. iWeevils ican 

ibe icontrolled iby iuprooting iand idestroying iattacked iplants. iStink ibugs ifeed ion ithe 

iflowering ihead iand iseeds icausing isevere idamage iespecially iduring ithe icritical iseed ifill 

istage. iThey ican ibe icontrolled iby ispraying iwith ipyrethrin-based iinsecticides. i 

2.5.2 Diseases in amaranth 

Some idisease ipathogens ilike ipythium, irhizoctonia iand ichoenephora ican ibe ia iproblem 

iunder isome ienvironmental iconditions. iDamping-off idisease i(caused iby iPythium 

iaphanidermalum iand iRhizoctonia isolani) iand iChoenephora iblight icaused iby 

iChoenephora icucurbitarium iare isome iof ithe idiseases iaffecting iamaranth i(Wekesa 

i2010). iDamping-off iis ifavored iby ihigh isoil imoisture, ilow isoil itemperature iand ihigh 

iplant idensity. iSeeds iaffected iby idamping-off imay irot iin ithe isoil ibefore iemergence iwhile 

iaffected iseedlings imay iexhibit istem icanker iabove ithe isoil iline iand iroot inecrosis iwhich 

ieventually icause iwilting. iDamping-off ican ibe icontrolled iby iuse iof idisease-free iseeds iand 

iavoiding iover iwatering iand idense iplanting. iChoenephora iblight iinfection iis ipredisposed 
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iby iinjuries. iThe idisease iis ispread iby iair icurrents iand iinfected iseeds. iWarm, imoist 

iconditions ifavour idisease idevelopment. iThe idisease iis iindicated iby iwet irot iof istems iand 

ileaves. iAffected iplant iparts ihave ihairy iappearance i(silk-like ithreads) iconsisting iof 

ifungal ispores iand iheavy idefoliation ioccurs iduring ithe irainy iseason. iIt ican ibe icontrolled 

iby iuse iof iresistant ivarieties iwhere iavailable, iplanting icertified idisease-free iseeds, 

iavoiding idense iplanting ito iallow isufficient iaeration iand ifield isanitation. iOther idisease 

ifungus iof iRhizoctonia igenus, ias iwell ias istem icanker, icaused iby iPhorma ior iRhizoctonia 

igenus iwhich icolonizes ileaves iand istems iand icauses idieback ihas ibeen ihighlighted iin ithe 

iAmericas iand iAfrica i(Rensburg iet ial., i2007). 

2.6 Biological Nitrogen Fixation by Legumes in a Non-legume Intercropping  

Approximately i80% iof iEarth’s iatmosphere iis initrogen igas i(N2). iUnfortunately, iN2 iis 

iunusable iby imost iliving iorganisms. iAll iorganisms iuse ithe iammonia i(NH3) iform iof 

initrogen ito imanufacture iamino iacids, iproteins, inucleic iacids, iand iother initrogen-

containing icomponents inecessary ifor ilife. iBiological initrogen ifixation iis ithe iprocess ithat 

ichanges iinert iN2 iinto ibiologically iuseful iNH3. iAccording ito iSorensen iand iSessitsch 

i(2006) ithis iprocess iis imediated iin inature ionly iby iN-fixing irhizobia ibacteria 

i(Rhizobiaceae, iα-Proteobacteria). iOther iplants ibenefit ifrom iN-fixing ibacteria iwhen ithe 

ibacteria idie iand irelease initrogen ito ithe ienvironment, ior iwhen ithe ibacteria ilive iin iclose 

iassociation iwith ithe iplant. iIn ilegumes iand ia ifew iother iplants, ithe ibacteria ilive iin ismall 

igrowths ion ithe iroots icalled inodules. iWithin ithese inodules, initrogen ifixation iis idone iby 

ithe ibacteria, iand ithe iNH3 ithey iproduce iis iabsorbed iby ithe iplant. 



38 

 

Some legumes are better at fixing nitrogen than others. Common beans are said to be poor 

fixers of N. Their fixation is less than their nitrogen needs. For example, in Mexico the 

maximum economic yield for beans required an additional 30 – 50 lb of fertilizer nitrogen 

per acre. Some legumes like cowpeas. Peanuts, soya beans, soybeans, and fava beans, will 

fix all of their nitrogen needs other than that absorbed from the soil. Flynn and Idowu, (2015) 

and Walley et  al., (1996) reported that these legumes may fix up to 250 lb of nitrogen per acre. 

Perennial and forage legumes, such as alfalfa, sweet clover, true clovers, and vetches, may 

fix 250 – 500 lb of nitrogen per acre. Most of the nitrogen fixed goes to the plant directly. 

Some nitrogen however can be “transferred” or “leaked” into the soil for neighboring non-

legume plants (Walley et al., 1996; Flynn & Idowu, 2015). Eventually, most of the nitrogen 

returns to the soil for non-legume plants neighboring them, once the vegetation of the legume 

decomposes after their dead. 

A study carried out to determine Nitrogen fixation and N transfer from cowpea, mung bean 

and groundnut when intercropped with maize showed that intercropped groundnut fixed the 

highest amount of nitrogen from the atmosphere, getting 85% of its N from the atmosphere. 

Mung bean and cowpea intercropped were able to fix 197 and 161 mg N plant−1, thus 

obtaining 78% and 81% of their N content from the atmosphere, respectively (Senaratine, 

iLiyanage i& iSuper, 1995). Maize derived a proportion of N from the associated legume 

ranging from 11-20% for cowpeas, 7-11% for mung bean, and 12–26% for groundnut which 

was about 29–45, 19–22, and 33–60 mg N maize plant−1,  respectively. The greater N-
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benefit on the associated crop was therefore due to high nitrogen fixation potential of 

groundnut relative to to the low harvest index for N. 

Another istudy iconducted ito iestablish iN irelationship iin ia ilegume inon-legume iassociation 

igrown iin ian iintercropping isystem ishowed ithat iSorghum igrown iin ia imixture iwith 

ilegumes iviz. igroundnut, imung ibean iand icowpeas itook iup imore iN ithan isorghum igrown 

ias isole icrop. iIn ia imixture iwith imung ibean ithe itotal iN iuptake iby isorghum iwas i8.65 ig im−2, 

iwhile iwith isole isorghum iit iwas i6.79 ig im−2
 i(Bandyopadyay,1986).The iper icent iN iderived 

ifrom ifertilizer i(% iNdff) iwas ihighest iwith isole isorghum iand ithe ilowest iwhen igrown iin 

imixture iwith ilegumes. iIt iis ipossible ithat isorghum iderived ipart iof ithe iN ifrom ithe isoil ipool 

ienriched iby iconcurrently igrown ilegumes iin ithe imixture. iThe isuggested ibenefits iof ia 

ilegume iand inon-legume iassociation iare ithe iincreased igrowth iof iroots iand ishoots, ibetter 

iroot istratification iand iutilization iof isoil inutrients, iand initrogen ifixation iby ithe ilegume 

iwhich iallows ithe ilegume ito ibecome iindependent iof isoil initrogen iand imaking isome 

initrogen iavailable ito ithe iassociated inon-legume. iThe imain ibenefit iis ithe iincrease iin isoil 

initrogen iavailable ito ithe inon-legume ieither ithrough isoluble iroot iexudates ior ithrough ithe 

idecay iof inodules. iHowever, iseveral iworkers ihave ireported ithat ithe iyield iadvantage iof 

imixed icrops iin ithe isemi-arid iand isub ihumid itropics iresults iin ibelow-ground iinteractions, 

imainly ithe itransfer iof initrogen iin ithe irhizosphere ifrom ithe ilegume ito ithe inon-legume. 
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2.6.1 Nitrogen itransfer iin icereal-legume iintercropping isystems 

 iStudies ihave ibeen iconducted iwhose ievidence isuggests inon-legume ibenefiting ifrom 

iinteraction iwith ilegumes iin iin ian iintercropping isystem ithrough iN-transfer ifrom ilegumes. 

iThis iN-transfer iis iconsidered ito ioccur ithrough iroot iexcretion ileached ifrom ileaves, ileaf 

ifall, iand ianimal iexcreta iif ipresent iin ithe isystem i(Fujita, iGodfred i& iOgata, i1992). iThe 

ilimited istudies icarried iout iwithin iSub iSaharan iAfrica isuggested ithat iN2-fixed iby ia 

ileguminous icomponent imay ibe iavailable ito ithe iassociated icereal iin ithe icurrent igrowing 

iseason; iknown ias idirect iN itransfer i(Stern, i1993; iEaglesham, iAyanaba, iRao i& iEskew, 

i1981) 

A iresearch icarried iin iMuheza idistrict iin iTanzania ito idetermine ithe iamount iof iNitrogen 

ifixed iby icowpea, ipigeon ipea iand igreen igrams iin ipure istand iand iin ia imaize iintercrop 

ishowed ithat imono icropped icowpea, ipigeon ipea iand igreen igram ifixed i38, i21, iand i49 ikg 

iN2, irespectively. iIn ithe iintercrop isystem icowpea, ipigeon ipea iand igreen igram ifixed i16, i4, 

iand i24 ikg iN2, irespectively i(Marandu, iSemu, iMrema i& iNyaki, i2013). 

2.7 Challenges in Amaranth Production 

Some iof ithe ichallenges ithat iaffect iproduction iand iadoption iof igrain iamaranth iincludes; 

ishattering iand ilodging, icompetition ifor iland iarea iwith iother icrops, ilack iof iskills iin 

ipreparation ifor iconsumption, iunavailability iof iplanting iseeds iand ilack iof iappropriate 

ihusbandry ipractices i(Cheatle i&Nekesa, i1993). iOther ichallenges iare ilack iof imarket ifor 

iamaranth iand iinfestation ifrom ipests iand idiseases i(Mutisya iet ial., i2015), 
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Although inumerous istudies ihave ibeen idone ion ivarious iaspects iof ithe iamaranth; ilike 

inutrients idemands, ipests iand idiseases, inutritional istatus, ileave ipalatability, ivarietal igrain 

iyield, ileave iharvesting iand ispacing; ithere iis ivery ilittle iinformation idocumented ion ithe 

ieffect iof iintercropping icommon ibean, igreen igrams iand icowpeas ion ithe igrain iyield iof 

iamaranth. iThis istudy iwas itherefore iconducted ito idetermine itheir ieffects ion ithe igrowth 

igrain iyields iof iamaranth. i 

2.8 Land Equivalent Ratios and Harvest Index 

2.8.1 Land equivalent ratio 

Land iEquivalent iRatio i(LER) i- iThis iis ia iratio iused ito ievaluate iefficiency iof ian 

iintercropping isystem icompared isole icropping. 

 

Where, iYab iand iYba iare ithe iindividual icrop iyield iin iintercropping iand iYaa iand iYbb iare 

itheir iyields ias isole icrop i(Willey i& iRao, i1980). iLand iequivalent iratio iis ia imeasure iof 

iyield iadvantages iachieved iby iintercropping ion ithe isame iarea iof iland. iWhen iLER iis 

igreater ithan ione iunit, iit iis imore ibeneficial ito iintercrop ithan igrowing ithe isole icrops. iIf 

iLER iis iless ithan ione, ithen igrowing ithe icrops iseparately iwill igive ibetter itotal iyields. iNo 

isignificant idifference iin itotal iyields ibetween iintercropping iand igrowing isole icrops iis 

iindicated iif iLER iis ione iunit. 
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2.8.2 Harvest  index 

Harvest iindex i(HI) iis iused iin iagriculture ito iquantify ithe iyield iof ia icrop ispecies iversus ithe 

itotal iamount iof ibiomass ithat ihas ibeen iproduced. iThe icommercial iyield ican ibe igrain, 

ituber ior ifruit. iFor igrain icrops, iharvest iindex i(HI) iis ithe iratio iof iharvested igrain ito itotal 

ishoot idry imatter, iand ithis ican ibe iused ias ia imeasure iof ireproductive iefficiency. i 

Harvest iindex i(HI) i=         Weight of grain per plot 

                                         Weight of above ground biomass 

 

Grain iyield iper iplant iwas ipositively icorrelated i(P i< i0.001) iwith iplant iheight, 

iharvest iindex, itotal idry imatter ibiomass iper iplant, ias iwell ias iwith ilodging 

i(Gelinas, i2007). i iAn average iharvest iindex iof i0.16 ito i0.22 was reported. 

iAmaranth iintercropped iwith imaize iand ibeans ireported ia iharvest iindex iof 

ibetween i0.22 ito i0.34 ion idifferent iamaranth ivarieties i(Sa-nguansak, 

iThanapornpoonpong, iWiwat, iElke & iSuchada i, i2007). 
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CHAPTER THREE: RESEARCH METHODOLOGY 

This ichapter idescribes ithe iresearch idesign, ilocation iof ithe istudy iand imaterials iand 

imethods iused. iIt ialso icovers idata icollection imethods iand idata ianalysis. 

3.1 Research Design 

The istudy iwas ian iexperimental iresearch. iA irandomized icomplete iblock idesign i(RCBD) 

iwith ifour ireplicates iwas iused. iThe idesign iwas ichosen ibecause iof iits iability ito iaccount ifor 

ithe iphysical, ivisible ivariation iin ione idirection; iwhich iis itypical iof imost iagricultural 

ifields. iIt iwas itherefore iable ito ireduce ivariability iwithin itreatment iconditions; ithus 

imaking iit ieasier ito idetect idifferences iin itreatment ioutcomes. iTreatments iwere 

icompletely irandomized iwithin iblocks. iThe iarrangement iof itreatments iwas ia ione-way 

ifactorial; iwith ithree ilegumes iintercrop iand ione igrain iamaranth ivariety. iPure istand iof 

ieach icrop iwas ialso iincorporated ifor icomparison ipurposes. 

3.2 Location of the Study 

The istudy iwas icarried iout iat iKitui iAgricultural iTraining iCentre i(ATC) iwhich iis ilocated 

iwithin iTownship iward iof iKitui icentral isub icounty. iKitui icentral isub icounty iis ione iof ithe 

ieight isub icounties iin iKitui iCounty. iIt iis iSemi-arid iwith ivery ierratic iand iunreliable 

irainfall. iThe iannual irainfall ireceived iranges ibetween i300 - 800mm ip.a iwith i52% 

ireliability. iThe itemperature iranges ibetween i200C ito i340C iand ithe ialtitude iranges 

ibetween i800m iand i1800m ia.s.l. iAltitude iat iKitui iATC iis i1143m ia.s.l. iThe isub icounty iis 

ia imixed ifarming ilivelihood izone. i iIt ifalls iunder iagro-ecological izones i(AEZ) iLM4, 
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isuitable ifor isorghum, imillet, icotton, icowpeas, iand igreen igrams. iHowever, ifarmers igrow 

imaize ias itheir imost ipreferred icrop ialongside ibeans. i 

The isoils iin iKitui iCounty irange ifrom isandy iloam iin isurface ilayers iwith icoarse itexture iin 

isub-soils ito ireddish ipink iclay ion ithe isurface iand iyellow ito iyellowish ired iin ithe isub-

surface. iThe ipH iis ineutral ito islightly iacidic. iOrganic imatter icontent iis ilow ito imedium. 

iThe iother ivariations iobserved iin isoil itexture iinclude iclay iloam, iloam iand isandy iloam. 

Agriculture iis ithe imain ieconomic iactivity iof iKitui iCentral isub icounty ifarmers. iThe isub 

icounty ihowever ihosts iKitui itown iwhich iis ithe imain itown iin ithe icounty. iThe ifarm 

istructure iin ithe isub icounty iis ipurely ismall iholder iwith ithe ifamily iserving ias ithe imain 

isource iof ilabour iin ithe iproduction iactivities. iThe ilevel iof imechanization iranges ifrom ilow 

ito imedium.The istudy iarea iwas ichosen ibecause iit iis ione iof ithe ikey iareas iwhere iland 

iparcels iare ivery ismall icompared ito ithe iother iparts iof ithe icounty. iThis iis iwhere 

iintercropping iwould ibe imore ibeneficial iand ipractical ifor imost ifarmers. 

3.3 Plot Establishment 

The istudy iwas icarried iout iwithin ithe i2017 ilong irains i(March i– iMay, i2017). iA isoil 

isample ifrom ithe isite iof ithe iexperiment iwas itaken ifor ianalysis iat iKALRO iNARL ito 

iestablish ithe inutrient istatus iof ithe isoil, ithe iPH iand iother ikey isoil iparameters ithat 

iinfluence icrop igrowth. iThe iplot iwas itractor- iploughed iand iharrowed ito iachieve ia ifine 

itilth iideal ifor icrop igrowth. iSeven iplots irepresenting ithree itreatment icombinations iand 

ifour ipure istands iwas imapped iout iper iblock iand ireplicated ifour itimes. iA iuniform ibasal 
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iapplication iof iTSP ifertilizer i(46%) iat ia irate iof i23 kg iP2O5 iper iha iwas iapplied ion ithe irows 

iof iamaranth ibefore iplanting. iEach iplot imeasured i4.5m ix i3.0m. iFarm iyard imanure iwas 

ialso iapplied iuniformly iat ia irate iof i4 itons iper iHa ibefore iploughing. iAmaranth i(‘KAM 

i01’) iwas isown iby idrilling iin irows ispaced i90 icm iapart. iFourteen i(14) idays iafter 

iemergence, ithe iplants iwere ithinned iout ito iachieve ia ispacing iof i90cm ix i30cm. iThe itotal 

iamaranth iplants iper iplot iwas itherefore ififty. iRainfall iand itemperature idata iduring ithe 

igrowing iseason iwere icollected ifrom iKitui iMeteorological iweather istation iand iKitui 

iAgricultural iTraining iCentre istation. iA itotal iof i493.1mm iof irainfall iwas ireceived iin 

i17days iduring ithe iseason. iTemperatures iranged ibetween i220C ito i300C. 

3.4 Treatment and treatment combinations 

Treatment icombinations iof ithe ithree ilegumes iL1 i- iL3 i(Common ibeans iL1, iGreen igrams iL2 

iand iCowpeas iL3); iand ione iamaranth ivariety; iV i(KAM i01) iplus ipure istands iof ieach icrop 

iwas iapplied iin ithe iseven iplots iwithin ithe iblock. iThe iplots ihad igrain iamaranth ias ithe imain 

icrop. iCommon ibean i(KB1 ivariety), igreen igrams i(N26 iVariety) iand icowpeas i(M66 

ivariety) iwere iplanted iin isingle irows ibetween iamaranth irows iat ispacing iof i15cm, i20cm 

iand i20cm iintra iplants, irespectively. iThus, ione iplot iof iamaranth ihad ione irow iof icommon 

ibean ias itreatment; ianother iplot ihad ione irow iof igreen igram, iwhile ithe ithird iplot ihad ione 

irow iof icowpeas ias itreatment. iThe iother ifour iplots ihad ipure istands iof iamaranth, ipure 

istand iof ibeans, ipure istand iof igreen igrams iand ia ipure istand iof icowpeas, irespectively. 

iEach iblock itherefore ihad iseven iplots iwith idifferent itreatments. iThe ispacing iin isole icrops 

iwas i90cm ix i30cm ifor iamaranth ivariety, i30cm ix i15cm ifor icommon ibean, i45cm ix i20cm 
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ifor igreen igram iand i60cm ix i20cm ifor icowpeas. iThese iwere ireplicated ifour itimes. 

iAppropriate ipesticides iwere iused ito icontrol ipests. iPlots iwere ikept iweed-free iby ishallow 

iweeding. i 

Table 3.1. 

Treatment Combinations 

LEGUME iINTERCROP i(L) AMARANTH iVARIETY i(V) 

Common ibeans i(L1) VL1 

Green igrams i(L2) VL2 

Cowpeas i(L3) VL3 

 

Besides the treatment combinations shown in table 3.1, pure stands of each legume 

variety and that of amaranth formed part of the treatments as shown below: 

 

Pure stand common beans – L1 

Pure stand green grams – L2 

Pure stand cowpeas – L3 

Pure stand amaranth - V 
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BLOCK1 i i i i i i i i ii1m  I     between iplots 

L2  VL2  VL1  V  L1  VL3  L3 

BLOCK2 

VL3  L2  VL2  VL1  L1  L3  V 

BLOCK3 i i i i i i i i i i i i i i i i i i i i i i i i2m ipath ibetween iblocks 

VL2  L1  VL3  L2  L3  V  VL1 

BLOCK4 

VL3 
  

VL1  L3  VL2  L1  L2  V i i 

*Legend is as shown in table 3.1 

Figure 3.1  

Plots layout 

3.5 Data Collection 

During idata icollection, ione iouter irow iof igrain iamaranth iat ieach iend iof iall ithe iplots iwas 

idiscarded ias iborder. iThus ionly i3 imiddle irows iof igrain iamaranth iper iplot iwere iharvested. 

iHeight iof iten irandomly iselected iand ipre-tagged iamaranth iplants iper iplot iwere imeasured 

iin icentimeters i(cm) ion i21st, i35th,
 i49th iand i63rd

 iday iafter isowing. iThe isize i(cm) iand 

iweight i(g) iof i10 iheads i(inflorescent) iper iplot iwere imeasured iwhen iplants iwere 

iphysiologically imature i(during iharvesting). iHarvesting iof iamaranth iwas idone iby icutting 
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ioff ithe iheads iwith ia isharp iknife. iThe iheads iwere ithen ithreshed, iwinnowed iand iweight iof 

igrains iper iplot idetermined iusing ia idigital iweighing iscale. iThe iwhole istalks iof ithe 

iharvested iamaranth iwere ithen icut ifrom ithe ibase i(above ithe iground), idried iunder ishade 

ifor i30 idays iand itheir iweights idetermined iper iplot. 

Harvesting iof icommon ibean iwas icarried iout iper iplot iby icutting ithe iwhole istem ifrom ithe 

ibase iwhen ithey iwere iphysiologically imature iand ikept ito idry ifully ion ia iplastic imat ithen 

ithreshed iand iyield imeasured iper iplot. iGreen igrams iand icowpeas iwere iharvested iby 

ipicking iindividual ipods iper iplot iwhen ithey iwere iphysiologically imature. iThe ipods iwere 

ifully idried ion ia imat ithen ithreshed, iwinnowed iand itheir iweights imeasured iper iplot. iSole 

icrops ifor iall ithe ilegumes iand ithe iamaranth iwere ialso iharvested iby idiscarding ithe iouter 

irows ion iboth isides ias iborder. iThe igrains iwere imeasured ifor icomparison ipurposes. i 

The ifive iparameters imeasured iwere: 

i. Plant iheight i(cm) i– imeasured ifrom ithe isoil ilevel ito ithe ihighest ipart iof ithe 

igrowing itip. iDone ion i21st, i35th, i49th
 iand i63rd

 idays iafter isowing. iAn iaverage iof i10 

irandomly iselected iplants iper iplot. 

ii. Size iof iamaranth iheads i(cm) i– iaverage ilength iof i10 irandomly iselected iheads 

iwere imeasured iduring iharvesting. i 

iii. Weight iof iamaranth iheads i(g)- iaverage iweight iof iheads ifor i10 irandomly iselected 

iplants iper iplot iwere imeasured iafter iharvesting ibefore ithreshing 
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iv. Grain iyield i(g) i– iAverage igrain iyield ifrom i30 iplants iper iplot iwere imeasured iafter 

ithreshing, iwinnowing iand isun idried ito ia iconstant imoisture ilevel iof i13.5% 

v. Above iground ibiomass i(g) i- iAmaranth ishoots iwere icut iabove ithe iground iafter 

iharvesting, idried iunder ishade ifor i30 idays iand itheir iweight imeasured. i 

3.6 Data Analysis 

Data icollected ion iyields, iplant iheight iand iother igrowth iparameters iwas isummarized iin ian 

iexcel ipackage iand iexported ifor ianalysis iusing iSPSS iVersion i22.0 i(statistical ipackage ifor 

isocial isciences). iAnalysis iof ivariance i(ANOVA) ifor iamaranth iheight, ihead isize, iweight 

iof ihead, iweight iof igrains iand iabove ithe iground ibiomass iwas icarried iout ifor ithe ithree 

iintercropping isystems iand ifor ithe iamaranth ipure istand. iTreatment imeans iwere 

idifferentiated iat i0.05 ilevel iof isignificance i(P<0.05). iPost-hoc itest iwas idone iusing 

iFishers’ iLeast iSignificant iDifference i(LSD). iLSD iwas iused isince ithe ivariables 

icompared iwere iless ithan ifive. Land iEquivalent iRatio i(LER) iwas iused ito iassess ithe 

iamaranth-legume iintercropping iadvantages irelative ito isole icropping. i 

 

Where iYab iand iYba iare ithe iindividual icrop iyield iin iintercropping iand iYaa iand iYbb iare 

itheir iyields ias isole icrop i(Willey i& iRao, i1980). iLand iEquivalent iRatio i(LER) iis ione iof 
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ithe imost iappropriate iindices ito ievaluate iefficiency iof iintercropping isystem iin iproducing 

ibetter iyields ias icompared ito iyields iin isole icropping. i 

Harvest iIndex iwas idetermined ias ia iratio iof igrain iyield iper iplot ito iabove iground ibiomass. 

 iHarvest iindex i(HI) i=         Weight of grain per plot 

                                        Weight of above ground biomass 

This iwas iin iline iwith iArya, iArya, iArya iand iKumar i(2015) iwho iexpressed iHarvest iindex 

ias ia irelationship iof ieconomic iyield i(yield iof imain iproduct) iand itotal ibiological iyield 

i(yield iof imain iproduct i+ iby iproducts). iHigher iharvest iindex imeans isuperior iplant itype. 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

This ichapter iis ipresented iin ieight isections. It ihighlights ithe iresults iand idiscussion iof 

iparameters imeasured iin isupport iof iobjectives ione, itwo iand ithree. It also igives ithe 

iHarvest iIndex and the iLand iEquivalent iRatio i(LER).  

4.1 Plant Height  

Results iof ieffects iof iintercropping ion iamaranth iplant iheight iare ipresented iin ifigure i4.1. 

The iheight iof iamaranth iwas ihighest iin ithe igreen igrams iintercrop ion iall ithe idays 

imeasured iafter isowing i(21st, i35th, i49th iand i63rd
 ithe iday iafter isowing) (Fig. 4.1). 

iCommon ibean iintercrop ion ithe iother ihand igave ithe ileast iplant iheight ion iall ithe idays 

imeasured iafter isowing. 
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 i i i i i i i i i i i  

            

          Figure 4.1. 

          Effects of intercropping on plant height 
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iAnalysis iof ivariance iwas icarried iout ito idetermine iwhether ithere iwere isignificant 

idifferences ion ithe iamaranth iheights ifor ithe idifferent iintercropping isystem. iThe iresults 

iare ipresented iin itable i4.1. 

Table 4.1. 

ANOVA Table for ieffects of intercropping on amaranth plant height 

i 

Source 

Type iIII iSum 

iof iSquares df Mean iSquare F Sig. 

Blocks 2510.922 3 836.974 .390 .761 

Intercropping 

isystems 
3555.547 3 1185.182 .552 .649 

Error 122400.891 57 2147.384   

Total 128467.359 63    

a. iR iSquared i= i.047 i(Adjusted iR iSquared i= i-.053) 

From ithe iANOVA itable i4.1, ithere iwas ino isignificant idifference i(P>0.05) ion ithe iheight 

iof iamaranth iamong ithe ithree iintercropping isystems. iThis ishows ithat ilegume 

iintercropping idid inot isignificantly iaffect ithe iheight iof iamaranth. This is in contradiction 

to research by Walley iet ial., (1996) and iFlynn iand iIdowu i(2015) which indicated that 

common beans was a poor fixer of biological nitrogen compared to greengrams and 

cowpeas; which fix upto 80% of their nitrogen requirements. It would have been 

expected therefore, that height of amaranth in common beans intercrop would have 

been smaller compared to that in greengrams and cowpeas intercrops. This is because 

greengrams and cowpeas would have met most of their nitrogen requirements through 
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biological nitrogen fixation thus leaving the available soil nitrogen for use by amaranth, 

as opposed to common beans which would derive most of its nitrogen from the soil. 

Consequently, amaranth in greengram and cowpeas intercrops would grow with vigor 

and achieve greater height due to more availability of soil nitrogen compared to that in 

common beans intercrop. This icould iperhaps ibe iattributed ito iinherent igenetic isurvival 

itraits iin iamaranth ithat iallowed iit ito iachieve iits imaximum iheight iupon iprovision iof ithe 

ibasic igrowth irequirements; iregardless iof iother ifactors. 

4.2 Head Size 

Results iof ieffects iof ilegume iintercropping ion ithe iamaranth ihead isize iare ipresented iin 

ifigure i4.2 iand itables i4.2 iand i4.3. 
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Figure 4.2.   

Effects of intercropping on head size of amaranth 

From ifigure i4.2, ithe iamaranth ihead isize iwas ihighest iin igreen igrams iintercrop ifollowed 

iby icowpeas iintercrop. iHead isize iwas ileast iin icommon ibeans iintercrop. iAn iAnalysis iof 

ivariance i(ANOVA) iwas icarried iout ito idetermine iif ithere iwere isignificant idifferences iin 

ihead isize iamong ithe ivarious iintercropping isystems. iThe iresults iare ipresented iin ithe itable 

i4.2. 
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Table 4.2.  

ANOVA table for effects of intercropping on amaranth head size 

i i 

Source 

Type iIII iSum iof 

iSquares df Mean iSquare F Sig. 

Blocks 60.187 3 20.062 6.434 .013 

Intercropping 

isystems 
213.187 3 71.062 22.791 .000 

Error 28.063 9 3.118   

Total 301.437 15    

a. iR iSquared i= i.907 i(Adjusted iR iSquared i= i.845) 

 

 iFrom itable i4.2, ianalysis iof ivariance irevealed ithat ithere iwere isignificant idifferences 

i(P<0.05) iin iamaranth ihead isize iamong ithe ithree iintercropping isystems. iA ipost-hoc 

ianalysis iwas itherefore icarried iout ito idetermine iwhere ithe idifferences ilied, ias ishown iin 

itable i4.3:- 
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Table 4.3. 

LSD table for effects of intercropping on the amaranth head size 

 amaranth 

icommon ibeans 

iintercrop 

amaranth 

igreen igrams 

iintercrop 

amaranth 

icowpeas 

iintercrop 

amaranth ipure 

istand 

amaranth icommon 

ibeans iintercrop 

 -10.00* -7.00* -4.75* 

amaranth igreen 

igrams iintercrop 

  3.00 5.25* 

amaranth icowpeas 

iintercrop 

   2.25 

amaranth ipure 

istand 

    

 

*The imean idifference iis isignificant iat ithe i0.05 ilevel. 

 

From ithe ipost-hoc ianalysis, itable i4.3, iit iwas ifound ithat ithe iamaranth ihead isize iin 

icommon ibean iintercrop iwas isignificantly ilower ithan ithat iof igreen igram iand icowpeas 

iintercrops. iThe ihead isize iwas ialso isignificantly ilower ithan ithat iof iamaranth ipure istand. 

iThe ianalysis ialso ifound iout ithat ithere iwas ino isignificant idifference iin iamaranth ihead 

isize ibetween igreen igram iand icowpeas iintercrops. iHead isize iin igreen igram iintercrop iwas 

isignificantly ihigher ithan iin iamaranth ipure istand. iThe ianalysis ifurther irevealed ithat ithere 

iwas ino isignificant idifference ibetween icowpeas iintercrop iand iamaranth ipure istand. 

The isignificantly ismaller iamaranth ihead isizes iin icommon ibean iintercrop iwas ias ia iresult 

iof ilow initrogen iavailable ito iamaranth idue ito ipoor ibiological initrogen ifixation iby ibeans. 

iThis iis ibecause icommon ibean iis ia ipoor ifixer iof initrogen i(Walley, iet ial. i1996; iFlynn i& 
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iIdowu, i2015). iThis iis ias iopposed ito igreen igrams iand icowpeas iwhich iare igood iat ifixing 

ibiological initrogen. iThese iresults iare ialso iin iconformity iwith iSenaratine iet ial., i(1995) 

iwho ishowed ithat iintercropped icowpea iand imung ibean ican ifix iand iobtain i81% iand i78% 

iof itheir iN icontent ifrom ithe iatmosphere irespectively. iIt iis ifor ithis ireason ithat ithe 

iamaranth ihead isizes iwere ilarger iin igreen igrams iand icowpeas iintercrops. iThe iresults 

iagree ifurther iwith iFlynn iand iIdowu i(2015) ifindings, iwhich ishowed ithat icommon ibean 

ifixes iless ithan itheir iNitrogen irequirements. iHigh ifixation iof ibiological initrogen iby igreen 

igrams iand icowpeas imeans ithat ithe itwo ilegumes iwere iable ito imeet itheir initrogen ineeds 

ileaving ithe iavailable isoil initrogen ifor iamaranth iuse. iCommon ibean ion ithe iother ihand 

icompeted ifor ithe iavailable isoil initrogen iwith iamaranth. iInsufficient initrogen ifor ithe 

iamaranth iled ito ireduced igrowth ivigor ihence ismaller ihead isizes. 

Amaranth iin igreen igram iand icowpea iintercrops imay ialso ihave ibenefited ithrough i‘direct 

iN itransfer’ i(Stern, i1993; iEaglesham iet ial., i1981). iThis iis ia isituation iwhere isome iof ithe 

ifixed initrogen ileaches ifrom ilegumes ito ithe inon-legume igrown iin iassociation iin ithe 

icurrent igrowing iseason. iThis iadditional initrogen ito ithe iamaranth itherefore imay ihave 

icontributed ito iits ilarger ihead isizes iin igreen igrams iand icowpeas iintercrops. iThe iinitial 

initrogen iboost ito ithe iamaranth ithrough ibiological iN-fixation iand idirect iN itransfer iby 

igreen igrams iand icowpeas ienabled iit ito igrow iwith ivigor iand imake ibetter iuse iof iits 

iphotosynthetic icapacity iand iother igrowth iresources; ithus iachieving ilarge ihead isizes iand 

isubsequent ibetter iyields. 
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4.3 Weight of Head 

Results iof ieffects iof ilegume iintercropping ion iweight iof iamaranth iheads iare ipresented iin 

iFigure i4.3 iand itables i4.4 iand i4.5. 

 

Figure 4.3. 

 Effects of intercropping on weight of amaranth head 

Figure i4.3 ishows ithat ithe iweight iof iamaranth iheads iwas ihighest iin ithe igreen igram 

iintercrop ifollowed iby icowpeas iintercrop; iwhile icommon ibean iintercrop ihad ithe ileast 

iweight. An ianalysis iof ivariance iwas icarried iout ito idetermine iif ithere iwere isignificant 

idifferences iin iweight iof iamaranth. i iThe iresults iare ipresented iin itable i4.4. 
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Table 4.4.  

ANOVA table for ieffects of intercropping on weight of amaranth heads 

i 

Source 

Type iIII iSum 

iof iSquares df 

Mean 

iSquare F Sig. 

Blocks 8898.000 3 2966.000 1.942 .193 

Intercropping 

isystems 
78182.000 3 26060.667 17.064 .000 

Error 13745.000 9 1527.222   

Total 100825.000 15    

a. iR iSquared i= i.864 i(Adjusted iR iSquared i= i.773) 

From ithe iANOVA itable i4.4, iit iwas ifound ithat ithere iwere isignificant idifferences i(P<0.05) 

iin iweight iof iamaranth iheads iamong ithe ithree iintercropping isystem. iA ipost-hoc ianalysis 

iwas itherefore icarried iout ito idetermine iwhere ithe idifferences ilied. iThis iis ishown iin itable 

i4.5:- 
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Table 4.5. 

LSD table for effects of intercropping on weight of amaranth heads 

 amaranth 

icommon ibeans 

iintercrop 

amaranth 

igreen igrams 

iintercrop 

amaranth 

icowpeas 

iintercrop 

amaranth ipure 

istand 

amaranth icommon 

ibeans iintercrop 

 -194.50* -128.00* -107.50* 

amaranth igreen 

igrams iintercrop 

  66.50 87.00* 

amaranth icowpeas 

iintercrop 

   20.50 

amaranth ipure 

istand 

    

*. iThe imean idifference iis isignificant iat ithe i0.05 ilevel. 

From ithe ipost-hoc ianalysis, itable i4.5, ithe iweight iof iamaranth ihead iwas isignificantly 

ihigher ifor igreen igram iand icowpeas iintercrops icompared ito ithat iof icommon ibean 

iintercrop. iWeight iof ihead ifor ipure istand iamaranth iwas ialso isignificantly ihigher ithan ithat 

iof icommon ibean iintercrop. iThere iwas ino isignificant idifference iin iweight iof iheads 

ibetween igreen igrams iand icowpeas iintercrops. iWeight iof iheads iin igreen igram iintercrop 

iwas ihowever isignificantly ihigher ithan ithat iof ipure istand iamaranth. iThis itrend ishowed 

isimilarity ito ithat iof iamaranth ihead isize i(Figure i4.2 iand itables i4.2 iand i4.3). iThe iweights 

iof iamaranth iheads iwere idirectly iproportional ito ithe isize iof iamaranth iheads. i 

The ihigh iamaranth ihead iweight iin igreen igrams iand icowpeas iintercrops iwas idue ito imore 

initrogen iavailable ito iamaranth ias iresult iof ibetter ibiological initrogen ifixation iby ithe itwo 

ilegumes. iCowpeas iand igreen igrams iare iable ito ifix i81% iand i78% iof itheir iN irequirements 

ifrom ithe iatmosphere i(Senaratine iet ial., i1995); ileaving ithe iavailable isoil initrogen ito ithe 



62 

 

iamaranth. iThis ienabled iamaranth ito igrow iwith ivigor iand iachieve ibetter ihead 

idevelopment iand iconsequent ihigher iweight iof iheads. iOn ithe icontrary, icommon ibean 

iwhich ihas ivery ilow icapacity ito ifix ibiological initrogen i(Walley, iet ial., i1996; iFlynn i& 

iIdowu, i2015) icompeted iwith iamaranth ifor ithe iavailable initrogen. iThis iled ito ireduced 

igrowth iand idevelopment iof iamaranth iheads iin ithe icommon ibean iintercrop iand 

iconsequent ireduced iweight iof iheads. 

 iHigh iweight iof iamaranth iheads iin igreen igrams iand icowpeas iintercrop ican ialso ibe 

iattributed ito ihigh imore initrogen iavailable ito iamaranth ithrough idirect iN itransfer ifrom ithe 

itwo ilegumes i(Stern, i1993; iEaglesham iet ial., i1981). iThis ienabled iamaranth ito iachieve 

ihigh igrowth ivigor, ibetter iphotosynthetic icapacity iand iimproved ihead idevelopment 

iresulting ihigher iweight iof iheads. 

4.4 Grain Yields per Plot  

Results iof iEffects iof ilegume iintercropping ion iamaranth igrain iyields iare ipresented iin 

iFigure i4.4 iand itables i4.6 iand i4.7:- 
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Figure 4.4. 

 Effects of intercropping on grain yields of amaranth per plot 

From ifigure i4.4 iamaranth igrain iyields iper iplot iwere ihighest iin igreen igram iintercrop 

ifollowed iby icowpea iintercrop; iwhile icommon ibean iintercrop ihad ithe ileast iyields. iAn 

ianalysis iof ivariance i(ANOVA) iwas iconducted ito idetermine iwhether ithere iwere 

isignificant idifferences iin iamaranth igrain iyields iamong ithree iintercropping isystems. 

iResults iare ishown iin itable i4.6:- 
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Table 4.6. 

ANOVA table for effects of intercropping on amaranth grain yield 

i 

Source 

Type iIII iSum 

iof iSquares df Mean iSquare F Sig. 

Blocks 177447.188 3 59149.063 9.771 .003 

Intercropping 

isystems 
572958.687 3 190986.229 31.549 .000 

Error 54482.063 9 6053.563   

Total 804887.937 15    

a. iR iSquared i= i.932 i(Adjusted iR iSquared i= i.887) 

 iFrom ithe iANOVA itable i4.6, ithere iwere isignificant idifferences i(P<0.05) iin iamaranth 

iyields iamong ithe ithree iintercropping isystems. iA ipost-hoc ianalysis iwas itherefore icarried 

iout ito idetermine iwhere ithe idifferences ilied. iThe iresults iare ishown iin itable i4.7:- 
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Table 4.7. 

LSD table for effects of intercropping on amaranth grain yield per plot 

 amaranth 

icommon ibeans 

iintercrop 

amaranth igreen 

igrams 

iintercrop 

amaranth 

icowpeas 

iintercrop 

amaranth ipure 

istand 

amaranth 

icommon ibeans 

iintercrop 

 -529.00* -317.50* -238.25* 

amaranth igreen 

igrams 

iintercrop 

  211.50 290.75* 

amaranth 

icowpeas 

iintercrop 

   79.25 

amaranth ipure 

istand 

    

*. iThe imean idifference iis isignificant iat ithe i0.05 ilevel 

From ithe ipost-hoc ianalysis iTable i4.7, iamaranth iyields iper iplot iin ithe igreen igram 

iintercrop, icowpeas iintercrop iand ipure istand iamaranth iwere isignificantly ihigher ithan ithat 

iof icommon ibean iintercrop. iThere iwas ialso isignificant idifference iin iamaranth iyields 

ibetween igreen igram iintercrop iand iamaranth ipure istand. iYields iwere ihigher iin igreen 

igram iintercrop ithan iin iamaranth ipure istand. iHowever, iyields iin icowpeas iintercrop iand 

ipure istand iamaranth ihad ino isignificant idifferences. 

Higher iamaranth iyields iin igreen igrams iand icowpea iintercrops iare ias ia iresult iof imore 

initrogen iavailable ito iamaranth idue ito ihigher ibiological initrogen ifixation iby igreen igram 

iand icowpeas. iThe isignificantly ilower iamaranth iyields iin icommon ibean iintercrop ion ithe 

iother ihand i iis ias ia iresult iof ilow initrogen iavailable ito iamaranth idue ito ipoor ibiological 
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initrogen ifixation iby ibeans. iThis iis ibecause icommon ibean iis ia ipoor ifixer iof initrogen 

i(Walley, iet ial., i1996; iFlynn i& iIdowu, i2015). i 

These iresults iare ialso iin iconformity iwith ifindings iof iSenaratine iet ial., i(1995) iwhich 

ishowed ithat iintercropped icowpea iand imung ibean ifixed iand iobtained i81% iand i78% iof 

itheir iN icontent ifrom ithe iatmosphere, irespectively. iThis iimplies ithat igreen igrams iand 

icowpeas imeet imost iof itheir initrogen ineeds ithrough iN ifixation iand ileave ithe iavailable 

isoil initrogen ifor iamaranth iuse. iAmaranth iis itherefore iable ito igrow iwith ihigher ivigor iand 

idevelop ilarger iheads iwhich itranslates ito ihigher igrain iyields. iThis iis ias iopposed ito 

icommon ibean iwhich ihas ivery ilow icapacity ito ifix iits initrogen ineeds ihence ihas ito 

icompete ifor ithe iavailable isoil initrogen iwith iamaranth icrop; ileading ito ismaller iheads iand 

iless igrain iyields. iOlaniyi iet ial., i(2008) ialso ireported ihigher iamaranth igrain iyield iand 

iquality ithrough iincrease iin initrogen. iThe iresults iare ialso icorroborated iby iNg’ang’a iet ial., 

i(2011) iwho ireported iyields iincrease iin iamaranth ithrough iintercropping iwith ilegumes. 

The isignificantly ihigher iamaranth iyields iin igreen igrams iand icowpeas iintercrop iwere ialso 

iattributed ito i‘direct iN itransfer’ ifrom igreen igrams iand icowpeas ito iamaranth i(Stern, i1993; 

iEaglesham iet ial., i1981). iThis iagrees iwith ithe ifindings iof iWalley iet ial., i(1996) iand iFlynn 

iand iIdowu i(2015) iwhich ishowed ithat imost iof ithe initrogen ifixed iby ilegumes igoes 

idirectly iinto ithe iplant, ibut isome initrogen iis i“leaked” ior i“transferred” iinto ithe isoil ifor 

ineighboring inon-legume iplants. iThis iadditional initrogen ito ithe iamaranth ithrough idirect 

ileakage ifrom igreen igrams iand icowpeas itherefore, icontributed ito ihigher igrowth ivigor iin 
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iamaranth iresulting ito ilarger ihead isizes iand isubsequent ihigher iamaranth igrain iin igreen 

igrams iand icowpeas iintercrops. i 

The iinitial initrogen iboost ito iamaranth ifrom igreen igrams iand icowpeas iis ialso ibelieved ito 

ihave iimproved iutilization iof iother igrowth iresources ilike inutrients, iwater iand 

iphotosynthetic icapacity. iThese iin ireturn iare ibelieved ito ihave icontributed ito igeneral 

ibetter iperformance iof iamaranth ileading ito iits ihigher igrain iyields iwhen iintercropped iwith 

ithe igreen igrams iand icowpeas; ias iopposed ito icommon ibeans. iMost iplant iprocesses iare 

iassociated iwith iproteins iwhose initrogen iis ian iessential iconstituent; ithus iavailability iof 

initrogen ifrom igreen igrams iand icowpeas iimproved igeneral iamaranth igrowth iand igrain 

iyield. 

4.5 Above Ground Biomass  

The iresults ifor ithe ieffects iof iintercropping ion iabove iground ibiomass iare ipresented iin 

ifigure i4.5 iand iTables i4.8 iand 4.9.:- 
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 i i i i i i  

Figure 4.5. 

 Effects of intercropping on above ground biomass 

From ifigure i4.5, iamaranth iabove iground ibiomass iwas ihighest iin ithe igreen igram 

iintercrop ifollowed iby icowpea iintercrop; iwhile icommon ibeans iintercrop ihad ithe ileast 

ibiomass. iAnalysis iof ivariance iwas icarried iout ito idetermine iwhether ithere iwere 

isignificant idifferences iamong ithe ivarious iintercropping isystems. iThe iresults iare ishown 

iin itable i4.8. 
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Table 4.8. 

ANOVA table for effecte of intercropping on above ground biomass 

 
i 

Source 

Type iIII iSum 

iof iSquares df Mean iSquare F Sig. 

Blocks 2893515.250 3 964505.083 13.531 .001 

Intercropping 

isystems 
6324739.250 3 2108246.417 29.577 .000 

Error 641529.250 9 71281.028   

Total 9859783.750 15    

a. iR iSquared i= i.935 i(Adjusted iR iSquared i= i.892) 

 iThe iANOVA ifound ithat ion ithe iabove iground ibiomass ithere iwere isignificant idifferences 

i(P<0.05) ibetween ithe ivarious iintercropping isystems. iA ipost-hoc ianalysis iwas itherefore 

icarried iout ito idetermine iwhere ithe idifferences iwere ias ishown iin iTable i4.9:- 

Table 4.9.  

LSD table for effects of intercropping on above ground biomass 

 amaranth 

icommon ibeans 

iintercrop 

amaranth 

igreen igrams 

iintercrop 

amaranth 

icowpeas 

iintercrop 

amaranth ipure 

istand 

amaranth icommon 

ibeans iintercrop 

 -1761.25* -1083.50* -887.75* 

amaranth igreen 

igrams iintercrop 

  677.75 873.50* 

amaranth icowpeas 

iintercrop 

   195.75 

amaranth ipure istand     

*. iThe imean idifference iis isignificant iat ithe i0.05 ilevel. 
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From ithe ipost-hoc ianalysis iTable i4.4, ithe iabove iground ibiomass ifor iamaranth iwas 

isignificantly ihigher iin ithe igreen igrams iand icowpeas iintercrops icompared ito icommon 

ibean iintercrop. iThere iwas ino isignificant idifference ibetween ithe iabove iground ibiomass 

ifor ithe igreen igrams iand icowpeas iintercrops. iThe isame iwas itrue ifor ithe ipure istand 

iamaranth iwhich ihad ino isignificant idifference icompared ito iboth igreen igrams iand 

icowpeas iintercrops. i 

The isignificant ihigher, iabove iground ibiomass ifor iamaranth iin igreen igrams iand icowpea 

iintercrops iwas ias ia iresult iof ihigher iavailability iof isoil initrogen ito ithe iamaranth ifrom 

igreen igrams iand icowpeas ithrough initrogen ifixation. iThis iis iin icomparison ito icommon 

ibeans iwhich iis ia ipoor ifixer iof initrogen. iThese iresults iare iin iconformity iwith ithe ifindings 

iof iSenaratine iet ial., i(1995) iand ithose iof iFlynn iand iIdowu i(2015) iwho ishowed ithat 

iintercropped icowpea iand imung ibean ican ifix iand iobtain i81% iand i78% iof itheir iN icontent 

ifrom ithe iatmosphere, irespectively; iwhile icommon ibean iis ia ipoor ifixer iof iN iand ifixes 

iless ithan iits iN irequirements. iHigh ifixation iof ibiological initrogen iby igreen igrams iand 

icowpeas imeans ithat ithe itwo ilegumes iare iable ito imeet itheir initrogen ineeds iand ileave ithe 

iavailable isoil initrogen ito iamaranth. iCommon ibean ion ithe iother ihand icompetes ifor ithe 

iavailable isoil initrogen iwith iamaranth. iInsufficient initrogen ifor ithe iamaranth ileads ito 

ireduced igrowth ivigor, ifewer ibranches iand iless ivibrant ileaves ileading ito ilow iabove 

iground ibiomass iin ithe icommon ibeans iintercrop. 
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Higher iavailability iof initrogen ifor iuse iby iamaranth imeans iin ithe igreen igrams iand 

icowpeas iintercrops ion ithe iother ihand imeans ibetter iutilization iof igrowth iresources ilike 

inutrients, ilight iand iwater. i iIt ialso iimproves iother iplant iprocesses ilike ithe iphotosynthetic 

icapacity iby iamaranth. iThis itherefore ienables iamaranth ito iachieve imore ivibrant ileaves, 

istrong istalks iand iproperly ideveloped ibranches ihence iincreasing ithe iabove iground 

ibiomass. iInadequate initrogen isupply ito iamaranth iin ithe icommon ibean iintercrop ileads ito 

iweaker iamaranth iplants iwith ithin istalks, ifewer ibranches iand ismaller ileaves; ihence iless 

iabove iground ibiomass. iThese ifindings ialso iagrees iwith ithose ifor iMasvanhise i(2015) 

iwhich ishowed ithat iamaranth idry imatter iwas ihigher i iat ihigher initrogen ilevels iand ileast 

iwhere initrogen ilevels iwere ilow.  
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4.6 Harvest Index 

Table 4.10. 

 Effects of intercropping on Harvest Index i 

Intercropping isystem Grain iyield 

i(g) 

Above iground 

iBiomass i(g) 

Harvest 

iIndex i(HI) 

Amaranth-common ibean iintercrop 881 2372 0.37 

Amaranth-green igrams iintercrop 1410 4133 0.34 

Amaranth- icowpeas iintercrop 1005 3455 0.29 

Amaranth ipure istand 1120 3259 0.34 

From itable i4.9, ithe iharvest iindex i(HI) iin icommon ibean-amaranth iintercrop iwas ihighest 

i(0.37), iwhile icowpeas- iamaranth iintercrop ihad ithe ileast iHI i(0.29). iOverall ithe iharvest 

iindexes ifor iamaranth iin ithe ithree iintercropping isystem iwere icomparable iwith istudies 

iconducted ielsewhere. iFor iinstance iSa-nguansak iet ial., i(2007) ireported iamaranth iharvest 

iindexes iof ibetween i0.22 iand i0.34. i iGelinas i(2007) ion ithe iother ihand ireported iamaranth 

iharvest iindex iof ibetween i0.16 iand i0.22. iThe iresults ion iharvest iindex iagrees iwith ianother 

istudy icarried iout iby iGelinas i(2007) iwhich ishowed ithat ithere iwas ia ipositive icorrelation 

ibetween iharvest iindex iand igrain iyield. iThe ihigh iharvest iindex iin icommon ibean iintercrop 

icompared ito iother iintercrops iwas idue ito ilow iabove iground ibiomass iin iamaranth ias ia 

iresult iof ilow initrogen isupply ito iamaranth ithrough iN ifixation iand itransfer ifrom icommon 

ibean. iReduced ibiomass iin iamaranth itherefore itranslated ito iincrease iin iHarvest iindex 

iratio. iThis iis idue ito ithe ifact ithat icommon ibean iis ia ipoor ifixer iof ibiological initrogen 



73 

 

icompared ito igreen igrams iand icowpea iwhich ifixes imost iof itheir iN irequirement ihence 

ireducing icompetition ifor isoil initrogen iwith iamaranth i(Senaratine iet ial., i1995; iFlynn i& 

iIdowu, i2015). iGreen igram iand icowpea iintercropped iwith iamaranth iensured ihigher 

initrogen iavailability ito iamaranth iwhich iboosted ithe igeneral iabove iground ibiomass iand 

iconsequently iled ito ireduced iamaranth iharvest iindex iratio. i 

4.7. Land Equivalent Ratio (LER) 

Land iequivalent iratios i(LER) ifor ithe idifferent iintercropping isystems iwere icalculated iand 

ithe iresults ipresented iin itable i4.11. 

Table 4.11. 

Influence of intercropping on Land Equivalent Ratios (LER) 

Treatment Equivalent iGrain iyield ikgs/ha LER 

Amaranth i+ icommon ibeans 1,088 1.67 

Amaranth i+ iGreen igrams 1,741 1.90 

Amaranth i+ iCowpeas 1,480 1.95 

Amaranth ipurest istand 1,383  

Common ibean ipure istand 1,286  

Green igrams ipure istand 1,215  

Cowpeas ipure istand 1,368  
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From itable i4.11 i, ithe iland iequivalent iratios ifor iall ithe iintercropping isystems iwas imore 

ithan ione; iindicating ithat ithere iwere i iyield iadvantages iin iintercropping icompared ito 

imono icropping. iAmaranth-cowpeas iintercrop ihad ithe ihighest i(1.95) iland iequivalent 

iratio ifollowed iby iamaranth-green igrams iintercrop i(1.90) iwhile; iamaranth-common 

ibeans iintercrop ihad ithe ileast i(1.67) iLER. iThis imeans ithat i95%, i90% iand i67% imore iland 

iwould ibe irequired, irespectively, ito iachieve ithe isame iyields iin isole icropping icompared ito 

iintercropping. iThe iAmaranth iland iequivalent iratios iwere igreater ithan ione iunit idue ito 

ilegumes iin ithe iintercropping isystem ibeing iable ito ifix itheir iown initrogen ifrom ithe 

iatmosphere. iThis iallows ithem ito iachieve itheir ifull igrowth iwith iminimal icompetition ifor 

iN iwith iamaranth. 

The iland iequivalent iratios iin ithis istudy icompares iwith istudies icarried iout ielsewhere ion 

iamaranth iand ion iother irelated icrops. iFor iexample iAdigbo i(2009) ishowed ithat iamaranth 

iintercropped iwith icowpeas igave iland iequivalent iratios iranging ibetween i1.33 i- i1.90 iin 

idifferent iamaranth ivarieties. iKumar iand iMurthy i(2017) ireported islightly ilower iland 

iequivalent iratios ion iamaranth iintercropped iwith idifferent ilegumes. iAmaranth 

iintercropped iwith igroundnuts ihad ia iLER iof i1.22, iamaranth iwith ipigeon ipeas, i1.19 iwhile 

iamaranth iintercropped iwith ifinger imillet ihad ia iLER iof i1.17. iThe iresults iwere ialso 

iconsistent iwith ifindings ifrom iJohn iand iMini i(2005) ias icited iby iAwe iand iAbegunrin 

i(2009) iwho ireported ia iLER>1 iwhen iokra iwas iintercropped iwith iamaranth, icowpea iand 

icucumber. iSsekabembe i(2008) iand iOjiewo, iTenkouno, iHughes iand iKeatinge i(2013) 

ialso ireported iamaranth iyield iadvantage iof ibetween i39% iand i47% iin ian iintercrop 



75 

 

ibetween iamaranth iand igarden ipeas. iNg’ang’a, iet ial., i(2011) ifound ithat iintercropping 

iamaranth iwith isoya ibeans igave ia iland iequivalent iratio iof ibetween i1.5 iand i1.90. 

The ivarious istudied icited ishow ithat ithere iis ia igeneral iyield iadvantage iin iintercropping 

icompared ito isole icropping. iThe iyield iadvantages iwould iserve ito icompensate ifor idifficult 

icultural ipractices ioccasioned iby iintercropping. iIn ithe icase iof ithe icurrent istudy, ithe iyield 

iadvantage iportrayed iby ithe ihigh iLERs iserves ias ian iencouragement ito ifarmers iwho 

iwould iotherwise iignore igrowing iof iamaranth iat ithe iexpense iof iother icrops iowing ito iland 

iscarcity. iThis iis iparticularly iso iin iurban iand iperi i- iurban iareas iwhere iland iis iscarce. 

 

mailto:marionnduta@yahoo.com
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CHAPTER FIVE: SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1 Summary 

Results on effect of intercropping on plant height showed that there was no significant 

difference in amaranth height in the three intercropping systems at 95% level of 

confidence. Significant differences were however found in amaranth head size, weight 

of amaranth heads; amaranth yield per plot and above ground biomass; at 95% 

confidence level. After carrying out the post-hoc analysis, it was found that amaranth in 

green gram intercrop performed consistently better, followed by cowpeas intercrop, in 

almost all the parameters measured. Amaranth in common beans intercrop on the other 

hand, performed poorest in most of the parameters measured.  

Harvest index (HI) was highest in amaranth–common bean intercrop (0.37), followed 

by green gram intercrop (0.34). Cowpea – amaranth intercrop was third with a Harvest 

index of 0.29. Land equivalent ratio (LER) on the other hand was highest (1.95) in 

amaranth – cowpea intercrop, followed by amaranth – green gram intercrop (1.90). 

Amaranth - common bean intercrop had the least (1.67) Land equivalent ratio. The 

LERs for all the intercropping systems were however greater than one unit, indicating 

that there were yield advantages in intercropping compared to sole cropping. 

The difference in performance on most of the crop parameters measured was attributed 

to the ability of the different legumes in fixing biological nitrogen. Different abilities of 

legumes in fixing their own nitrogen needs minimized competition for the available soil 
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nitrogen making it available for use by the amaranth. Ability of the three legumes to 

transfer some of the fixed nitrogen through ‘direct transfer’ was also found to benefit 

the amaranth crop grown in association. Nitrogen availability to amaranth intercropped 

with green grams and cowpeas allowed it to develop with greater vigor, attaining large 

head dimensions, greater grain returns and greater above surface biomass 

5.2 Conclusion 

From ithis istudy, iit iwas ifound ithat iintercropping icommon ibeans, igreen igrams iand 

icowpeas ihad isignificant ieffect ion igrowth iand igrain iyields iof iamaranth. iAmaranth-green 

igram iintercrop iperformed ibetter ifollowed iby icowpeas iintercrop iwhile icommon ibean 

iintercrop ihad ithe ileast iyields. i 

The istudy ialso ifound iout ithat igreen igram iwas ithe ibest ilegume ifor iintercropping iwith 

iamaranth iin iKitui icentral isub iCounty. iThis iwas ibased ion ithe igood iperformance ithe 

iamaranth ishowed iwhen iintercropped iwith igreen igram. iCowpea iwas ithe isecond ibest 

ilegume ito iintercrop iwith iamaranth; iwhile icommon ibean iis ithe ileast iappropriate ilegume 

ito iintercrop iwith iamaranth iin iKitui icentral isub icounty. 

Intercropping ilegumes iwith iamaranth ihad ia isignificant ieffect ion iallometric imeasurement 

iof iamaranth. iThis iwas ishown iby ithe isignificant idifferences ifound iin iabove iground 

ibiomass iand ithe iresultant iharvest iindex iin idifferent iintercropping isystems. iThe istudy 

ifound iout ithat ithe iabove iground ibiomass iwas ileast iwhen iamaranth iwas iintercropped 

iwith icommon ibeans; iand ihighest iwhen iamaranth iwas iintercropped iwith igreen igrams. 
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The istudy ialso ishowed ithat iintercropping iamaranth iwith ilegumes ihad icomparative iyield 

iadvantage irelative ito isole icropping. iThis iwas ibased ion ithe irelatively ihigh iland 

iequivalent iratios iin iall ithe iintercropping isystems. 

5.3 Recommendations 

i) iBased ion ithe ifindings iof ithis istudy iit iis irecommended ithat ifarmers iin iKitui icentral isub 

icounty ibe iencouraged ito iintercrop iamaranth iwith igreen igrams ito iincrease iamaranth 

igrain iyield iand ito iimprove ithe igeneral isoil ifertility. 

ii) iIt iis ialso irecommended ithat igreen igram ibe iintercropped iwith iamaranth ifor ibetter ileaf 

iand istalks iyields ifor iuse ias ivegetables, ifuel iwood iand ilivestock ifeed iwhere iapplicable.  

Suggestions ifor ifurther iresearch 

Further iresearch iis irecommended ito idetermine ithe ieffect iof ilegume iintercropping ion 

idifferent iamaranth ivarieties iand ithe ieffects of intercropping as a ground cover alteration 

of microclimate. 
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APPENDICES 

APPENDIX i1: iMAP iOF iKITUI iCENTRAL iSUBCOUNTY 

 

 

Map iof iKitui iCentral isub iCounty i 
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APPENDIX iII: iSOIL iANALYSIS iREPORT 
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APPENDIX III: PHOTOS SHOWING AMARANTH INTERCROPPING 

 

Photos ishowing icowpeas iand igreen igrams iintercropped iin igrain iamaranth iat ithe 

iexperimental iplots 
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