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Wheatt(TriticumtaestivumtL.)tproducestmoretgraintpertyeartthantanytothertcerealtcrop,t

withtonlytricet(OryzatsativatL.)tcomingtclose.tWheattistprimarilytusedtastfoodtandtprovidestmo

retnutritionttothumanstthantanytothertfoodtsource.tThroughouttrecordedthistory,titthastbeentatst

apletfood.tWheattwastgrowntastatfoodtcroptastearlytast8000ttot10000tB.C.,taccordingttoteviden

ce.tThetearliesttwheattvarietiestweretmosttlikelytnontfreetthreshingtemmertwheat’s.tWheat'strol

etastlivestocktfeedthastalwaystbeentlesstimportanttthantitstroletasthumantfood.tDirecttusetoftwh

eattastlivestocktfeedthasttraditionallytbeentlimitedttottimestoftsurplustintdevelopedtcountries.tH

owever,tastatbytproducttoftmodemtmilling,tastmuchtast28%toftthetwheattgrain,tmainlytbrantand

tshorts,tfindstitstwaytintotmixedtlivestocktfeedst(Inglett,t1974). 

Wheattistthetmosttadaptabletcerealtinttermstoftdiet.tWheattistusedttotmaketatwidetranget

oftproducts,twithtbakedtleavenedtbreadtservingtastthetmaintproducttintdevelopedtnationstwhilet

unleavenedtbakedtbreadtservestastthetmoretprevalenttformtintdevelopingtnations.tPastriestsucht

sweettrolls,tcakes,tdoughnuts,tcookies,tpietcrust,tandtothertwelltlikedtdishestincludingtcrackers,t

biscuits,tmuffins,tpancakes,twaffles,tnoodles,tspaghetti,tmacaroni,tandtpizzatalltcontaintflourtmi

lledtfromtwheattastatprimarytingredient. 

Wheat'stpreferredtroletastatfoodtistassociatedtwithtitstprotein,twhichtistuniquetamongtce

reals.tThetabilitytoftwheatttotbetpreparedtastleavenedtbreadtistduettotthetabilitytoftthetglutentpr

oteintfractionttottraptandtretaintC02tgeneratedtduringtdoughtfermentation.tExcepttfortryet(Secal

etcerealetL.)tandttriticalet(X.tTriticosecale)ttotatlessertextent,tnotothertcerealtpossessestthesetun

iquetproteintproperties.tWheattisttasty,tnutritious,tandteasyttotprocess.tItstproductstaretblandtan

dtappealttotpeopletalltovertthetworld. 

Triticaletistatwheattandtryethybridtthattwastarchitectedttothavetalltoftthetchromosomesto

ftbothtoftitstparents.tItsthistorytistextremelytbrieftintcomparisonttotwheattandtrye.tProductiontsh

ouldtincreasetintmarginaltgrowingtareastwheretthetcropthastantadvantagetovertwheat.tWithtonly

tminortmodifications,ttriticaletcantbetprocessedtusingtthetsametmethodstandtmachinerytastwhea

ttandtrye.tTriticalethasthadtsometsuccesstastatsubstitutetforttraditionaltwheattproducts.tDespitet

mixedtfeedingttrialtresults,ttriticale'stslightlythighertproteintcontenttandtqualityt(moretlysine)tin

spirethopetfortitstpotentialtastatfeedtgrain.tThetfacttthattryetwastatclosetrelativetoftwheattandtw

astverytwinterthardytledtmettotbelievetthattatcrosstbetweentthesettwotcerealstcouldtresulttintatv

arietytwithtthethardinesstoftryetcombinedtwithtthetmillingtqualitiestandtothertdesirabletcharacte

risticstoftwheat. 



Thettwotmaintfamiliestofttriticaletarethexaploidttriticales,twhichtaretamphiploidthybridst

ofttetraploidtwheattandtrye,tandtoctoploidttriticales,twhichtaretamphiploidthybridstofthexaploidt

wheats.tTetraploidtformsthavetonlytrecentlytbeentdiscoveredt(Krolow,t1973).tInt1875,tWilsont

publishedtthetfirsttaccounttoftwheattryethybrids.tThethybridstweretcompletelytinfertiletandtunab

lettotreproduce.tFourtnaturaltwheattryethybridstaretfoundtint1914.Threetoftthesetweretdiscovere

dtgrowingtintwheattplotstontthetArlingtontExperimenttFarmtoftthetUnitedtStatestDepartmenttoft

Agriculture near Washington, and the fourth was sent to Tennessee for identification by 

LeightytC.E.t 

Atnumbertoftresearchersthavetdemonstratedtthatthybridisingtwheattwithtryetposestnotsp

ecialttechnicaltchallenges.tBeginningtintthet1980s,tCarmantintAmerica,tRimpautandtTschermak

tintGermany,tJesenkotintAustria,tandtotherstweretsuccessfultintartificiallytproducingtwheattryet

hybrids.tTheretaretalsotnumeroustindicationstoftthetpresencetoftnaturaltwheattryetFt1thybridstin

twheattsowingst(LeighV,t1920;tMeister,t1921). 

Atnumbertoftresearchersthavetdescribedtplantthybridstthattcontaintthetdiploidtchromoso

metcomplementtoftthetparentstintrecenttyears.tTheytoccurtinfrequentlytandtaretusuallytproduce

dtintcombinationstthattarethighlytinfertiletortselftsteriletintthetF1tgeneration.tSometresearcherst

havetlabelledtsuchthybridstast"amphidiploids"ttotemphasizetthetpresencetoftbothtparentaltchrom

osometsetstintonetplanttintthetdiploidtcondition.tThetmajoritytoftknowntamphidiploidstaretthetr

esulttoftinterspecifictandtintergenerictartificialthybrids.tTheytaretoftparticulartinterestttotgenetici

ststandtcytologiststduettotthetinsightsttheytprovidetintotspeciestformationtmethods,tastwelltastth

eirtpotentialtfortplanttimprovement. 

1.tThetDevelopmenttoftHexaploidtTriticale- 

 

Twotsignificanttdevelopmentstoccurredtintthetlatet1930stthatthadtatsignificanttimpactton

ttriticaletresearch.tThetfirsttbreakthroughtwastthetdiscoverytthattcolchicinetcouldtbetusedttotind

ucetchromosometdoubling,tallowingtfortthetroutinetproductiontoftnewtamphiploidst(Kostoff,t19

38).tSecond,tduringtthetsamettimetperiod,tadvancestintembryotculturetallowedthybridsttotbetpro

ducedtfromtnormallytincompatibletparentaltcombinations.tThesetadvancementstpavedtthetwaytf

ortthetproductiontofthexaploidttriticalestfromttetraploidtwheattandtryethybrids.tDerzhavint(193

8)treportedtthetfirstthexaploidttriticaltfromtthetcrosstdurumtwheattxtSecaletmontanum. 

O'Marat(1948)tdevelopedtathexaploidttriticaletfromtatdurumtwheattxtcultivatedtrye,tS.t

cereale,twhichtwouldtplaytantimportanttroletintthetdevelopmenttofttriticaletintNorthtAmericatan

dtEurope.tSeveraltnewthexaploidttriticalestweretquicklytdevelopedtbytcombiningtvariousttetrapl

oidtwheatstandtdiploidtryest(Nakajima,t1952,t1958,t1963;tSancheztMongetettal.,t1956,t1959

;tPissarev,t1963;tKiss,t1966;tLarter,t1968;tJenkins,t1969). 

AccordingttotMuntzingt(1972),tthetfirstthexaploidstproducedthadtsuchtpoortseedtdevelo

pmenttthattresearcherstweretdiscouragedtfromtworkingtontatformtthattappearedttothavetsotlittlet

economictpotential.tThosetcreatedtbytO'MaratandtSgnchez-

Monge,tontthetotherthand,tweretmoretpromising. 
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Fig.t1.tPrimarytHexaploidtTriticale 

 

2.tThetDevelopmenttoftOctaploidtTriticale- 

Wilsontprovidedtthetfirsttaccounttoftwheattandtryethybridstint1875.tThethybridstweretc

ompletelytinfertiletandtincapabletoftprocreation.tGermantresearchertRimpautsucceededtintdevel

opingtatfruitfultvarietytoftbreadtwheattandtryetint1891.tIttwasn'ttuntilt1935tthattthiststrain'stamp

hiploidtstatustwitht2nt=t56tchromosomestwastestablishedt(LindschautandtOehler,t1935;tMun

tzing,t1936). 

Muntzingt(1973)tclaimstthattMeistertsawtantunusualtoutcrossingtphenomenatint1918tatt

thetSaratovtExperimenttStationtintRussia.tIntwheattplotstthatthadtbeentclosettotryetplotstthetyea

rtbefore,tthousandstoftnaturaltwheattryethybridstappeared.tFortmultipletgenerations,thetcreatedt

plantstfromtthesethybrids,teventuallytproducingttruetbreeding,tmoretortlesstfertiletderivatives.t

MeistertcalledtthetnewlytdiscoveredtspeciestTriticumtseculotricumsurutoviensetMeistertandtpro

videdtatbotanicaltdescriptiontoftittint1930. 

CytologicaltprooftthattthetnoveltformstcreatedtbytMeistertfromtthetbreadtWheattxtRyetc

rossestamphiploidstwitht2nt=t56tchromosomestwastestablishedtbytLewistskytandtBenetzkajati

nt1931.tAdditionally,tunivalenttandtothertmeiotictabnormalitiestweretdetected.tTheytassumedtth

attthetchromosomestintthetparentaltgenomestweretincompatible.tTheythypothesisedtthattamphip

loidstdevelopedtastatresulttoftantapogamoustdevelopmenttoftF,twithtovulesthavingtatsomatictch



romosometnumbertthattwastdoubledtduringtthetfirsttdivisiontofttheteggtcelltsincetdisruptedtpairi

ngtcouldtnottbetcausedtbytatlacktoftchromosomethomology 
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Fig.t2.tPrimarytOctoploidtTriticale 

 

❖ MeritstandtDemeritstoftOctoploidtTriticales 

Thetoctoploidttriticalestarethardytintthetwintertandtflowertandtmaturetearly.tThetproteintcontent

tisthigher,tandtthetbakingtpropertiestaretexcellent.tOnetdisadvantagetistpartialtsterility,twhichtist

offsettintparttbytlargetkernels.tOctoploidttriticalestusedttotsprouttattharvestttimetwhentittrained.t

Breedingtwork,tontthetotherthand,thastthetpotentialttotovercometthetnegativetcharacteristics.tRe

combinanttoctoploidtstrainstweretfoundttothavetatlowtfrequencytoftaneuploidytandtsterility,twit

hteuploidsthavingthighertfertilitytthantaneuploidst(Weimarck,t1973).tIntChina,toctoploidttritica

lesthavetbeentfoundttotbetsuperiortatthighertaltitudestandtaretcultivatedtintthetYunnantKweicho

wtplateautoftsouthwesterntChinatastwelltastNingsiahuitcountrytintnortherntChinat(Muntzing,t1

979). 

 

❖ Problems,tProgresstandtResearchtneeded- 
Thetfirsttgoaltoftcreatingtwheattryethybridstwasttotintroducetsometoftthetadvantageousttraits

toftryetintotwheat.tBecausetoftthis,tmodernttriticales,tbothtoctoploidtandthexaploid,thavetatnum

bertoftadvantageousttraits:t(1)ttheythavetwinterthardinesstderivedtfromtryetandtweretthustfoundt

totsurvivetintharshtwinters,twhentwheattcultivarstusedtaststandardstweretdestroyedtortdamaged;



t(2)ttheytcantgrowtontlighttsoilst(mediumtlightttotpuretsand);t(3)tliketrye,tparticularlytoctoploid

twinterttriticalesthavetearlytflowering,tseedtmaturity,tandtharvestt(4)tIntcomparisonttothexaploi

dtwheat,toctoploidttriticalesthavetlargertkernelst(averaget1000tkerneltweighttist50tgtintoctoploi

dttriticaletandt40tgtintwheat)tandthighertproteintandtlysinetcontentt(proteintcontentt18.41%tinto

ctoploidttriticalestandt13.51%tintwheat,taccordingttotMuntzing,t1979). 

IntChina,tIndia,tandtMexico,tbothtoctoploidtandthexaploidttriticalestoutperformedtwheattatt

altitudestoft2000tmtandtabove.tRecently,thexaploidttriticalesthavetdemonstratedtthetabilityttotco

mpetetwithtortoutperformthexaploidtwheatt(cultivartWelshtintCanadatandtCoorongtintAustralia)

tandttotacquiretresistancetmoreteasilytthantwheatt(Wabwoto,t1974;tSrivastava,t1974).tAstatre

sulttoftthetworktdonetintvarioustcountries,tremarkabletprogresstintthetimprovementtofthexaploi

dttriticalestistknownttothavetbeentmade.tHowever,tthetworktdonetintSwedentbytMuntzingtandth

istcolleaguestwithtpatiencetandtperseverancetresultedtintsignificanttimprovementstintoctoploidtt

riticales. 

Despitetthetdesirabletcharacteristicstdescribedtabove,tbothtintoctoploidtandthexaploidttri

ticales,ttheretaretsometserioustissuestthatthavetreceivedtattentiontfromttriticaletresearcherstintre

centtyears:t(1)tMeiotictinstability,taneuploidy,tandtpartialtsterilitytoccurtintbothtoctoploidtandth

exaploidttriticales,tresultingtintearstthattaretnottwelltfilledtwithtkernelst(astintwheattandtrye),tth

oughtintoctoploidttriticales,tthistdisadvantagetistpartiallytoffsettbytlargetkerneltsize.t(2)tBothtoct

oploidtandthexaploidttriticalesthavetshrivelledtkernels,tresultingtintlowerttesttweighttvaluestthan

twheat.t(3)tIftthetweathertistrainy,toctoploidttriticaletand,ttotatlessertextent,thexaploidttriticaletk

ernelstsprouttbeforetharvest.tThististassociatedtwithtathightamounttoftatamylaset(Muntzing,t19

79);t(4)ttheretaretissuestregardingtdiseasestandtnutritionaltaspects;tandt(5)ttheretistalsotthetissue

toftlodgingtintoctoploidttriticales,twhichtreducestyield.tThistsectiontwilltdiscusstthesetproblems,

tthetprogresstmade,tandtthetpossibilitytoftovercomingtthesetproblemstintthetfuture. 

Triticaletistdestinedttotestablishtitselftastatsignificanttnewtelementtoftthetrangetoftfoodta

ndtfeedtgrainstavailabletglobally.tItsthightyieldtpotential,tgoodtbiologicaltproteintquality,tandtab

ilityttotadaptttotsettingstwheretwheattistnottfitthavetalltgiventreasontfortconfidencetovertitstfutur

etproductiont(Hulse,t1974).tButtbeforetthistfirsttartificialtcerealtgraintcantreachtitstfulltpotential

,tatnumbertoftchangestmusttbetmade.tAlltresearchtinstitutionstdealingtwithttriticalestmusttadher

ettotthetresearchtgoalstforttriticalestimprovementtoutlinedtbytZillinskytandtBorlaugt(1971b)tf

ortthetCIMMYTtprogramme.tThetfollowingtistatsummarytoftthem: 

AttackingtElementstThattDirectlytAffecttLowtGraintYield: 

1.tAntattemptttotcorrecttsterilitytandtdevelopttriticalestequaltintfertilityttotthetbesttbreadtandtdur

umtwheat’s. 

2.tAntattemptttotovercometgraintendospermtshrivelingtandtimprovetgraintplumpnesstandttesttw

eight. 

3.tAntattemptttotintroducetearlytmaturitytgenes. 

4.tAntattemptttotintroducetdwarfingtgenes,tsincettriticalestarettalltgrowingtandtsusceptiblettotlo

dgingtwhentgrowntundertheavytfertilizationtandtirrigation. 

 



ThetAttacktontFactorstAffectingtYieldtStability: 

5.tAntattemptttotintroducetgenestfortphotoperiodtinsensitivity,ttherebytpermittingtflexibilitytintd

atestoftsowing. 

6.tAntattemptttotintroducetgenesttotwidentthetzonetoftadaptation. 

7.tAntattemptttotintroducetgenesttotbroadentthetspectrumtoftdiseasetresistance. 

 

Excepttintcertaintenvironments,tsuchtasthightelevations,tareastwithtcooltearlytgrowthtte

mperatures,tandtsandytortlowtfertilitytsoils,ttriticaletdoestnottyetthavetatcompetitivetadvantaget

overtwheattortothertcerealtgrains.tTheretiststilltatlottoftbreedingttotbetdone.tGraintshriveling,tpr

etharvesttgermination,tthettendencyttotproducetfewttillerstundertstresstconditions,tatlimitedtrang

etoftadaptation,tandtergottsusceptibilitytaretthetmosttserioustagronomictissues.tSignificanttresea

rchtiststilltrequiredttotimprovetitstphysicaltpropertiestfortcommercialtfoodtproducttproduction. 
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