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ABSTRACT 

On iaverage, iabout i20% iof ithe iglobal iwheat iproduction iis ilost idue ito idiseases iand ipests 

ievery iyear. iIn i2021, ithese ilosses iamounted ito iabout i165 imillion itons, iequivalent ito iabout i$35 

ibillion. iFungal ipathogens ilike irusts i(Puccinia isp.), iSeptoria ileaf iblotch i(Septoria isp.), ipowdery 

imildew i(Blumeria igraminis) iand iFusarium ispecies iare iranked iamong ithe itop iten iof ithe imost 

iimportant ifungal ipathogens. iHistorical iand icurrent isources ireport iepidemics ileading ito 

isometimes idevastating iyield ilosses iin iwheat icaused iby ithese ipathogens. iIn iregions iwith ilow 

iproductivity iwhere ino iseed idressing iis iconducted, ismuts iand ibunts iare ialso iimportant 

ipathogens. iFurthermore, iin ispecific iwheat-growing iareas, ifungal ipathogens isuch ias 

iPyrenophora itritici-repentis icausing itan ispot, iOculimacula ispp. icausing ieye ispot iof iwheat ior 

iCochliobolus isativus iare iof iimportance. ione ioption ito iavoid iyield ilosses icaused iby ithese 

ipathogens iis ithe iapplication iof ifungicides. iHowever, ithe irepeated iuse iof ifungicides iinduces ia 

iconsiderable iselection ipressure ion irespective ipathogens iresulting iin ifungicide iresistance ior 

itolerance, iwhich ihas ibeen idetected ialready iin iB. igraminis, iSeptoria ispp. ior iFusarium ispp. iThe 

iapplication iof ifungicides ialso idepends ito isome iextent ion igrain iprices, ifungicide icosts iand ithe 

ipossibility iof iapplying ithese iat ithe iright itime. iHence, icultivars icarrying iresistances iare ithe imost 

ienvironment-friendly iand icost-effective iway iof ipreventing iyield ilosses iin iwheat. iIn iparticular, 

iresistances iagainst ileaf irust, istripe irust, istem irust iand ipowdery imildew iinfections iresult iin 

icomplete iresistance, ibut iare iat irisk ito ibe iovercome iby ivirulent iisolates idue ito ithe iextensive 

ispore iproduction iof ithese ipathogens. 
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• INTRODUCTION i 
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Wheat iis ione iof ithe iworld's imost iimportant istaple igrains iand iis ithe ileading isource iof 

icalories iand iplant-derived iprotein iin ihuman ifood. iIn i2017/2018, i735 imillion itonnes iof iwheat 

iwere iproduced iglobally, iworth iapproximately iUS$ i145 ibillion. iA irecent iassessment iof iwheat 

iproduction iby ithe iFood iand iAgricultural iOrganization iof ithe iUnited iNations iindicates ithat 

icurrent iwheat isupply iis iample ifor iglobal idemand. iNevertheless, ifuture iproduction imust 

iincrease ias ithe iglobal ipopulation iis iestimated ito iexceed inine ibillion ipeople iby i2050. iAs isuch, iit 

iis ipredicted ithat iannual icereal iproduction imust igrow iby ialmost ione ibillion itonnes. 

iFurthermore, iincreased iconsumption iof iwheat iproducts ithroughout imany icountries iin iAsia iand 

ichanges ito ithe igrain iquality irequirements ito imeet ithe i‘hidden ihunger’ iobjectives idemand 

iadditional icrop iproduction. iThe icontinual idrive ito imatch iyield iand iquality iincreases iis inot 

iwithout iits ichallenges. iDecreasing iavailability iof isuitable ifarm iland, iclimate ichange iand ia 

ivariety iof iunpredictable iabiotic iand ibiotic istresses icontinually ipose ithreats ito iwheat iproduction 

ilocally iand iglobally. iWheat iis ione iof ithe iprimary istaple ifoods ithroughout ithe iplanet. 

iSignificant iyield igains iin iwheat iproduction iover ithe ipast i40 iyears ihave iresulted iin ia isteady 

ibalance iof isupply iversus idemand. iHowever, ipredicted iglobal ipopulation igrowth irates iand 

idietary ichanges imean ithat isubstantial iyield igains iover ithe inext iseveral idecades iwill ibe ineeded 

ito imeet ithis iescalating idemand. iA ikey icomponent ito imeeting ithis ichallenge iis ibetter 

imanagement iof ifungal iincited idiseases, iwhich ican ibe iresponsible ifor i15%–20% iyield ilosses 

iper iannum. iProminent idiseases iof iwheat ithat icurrently icontribute ito ithese ilosses iinclude ithe 

irusts, iblotches iand ihead iblight/scab. iOther irecently iemerged ior irelatively iunnoticed idiseases, 

isuch ias iwheat iblast iand ispot iblotch, irespectively, ialso ithreaten igrain iproduction. iThis ichapter 

iseeks ito iprovide ian ioverview iof ithe iimpact, idistribution iand imanagement istrategies iof ithese 

idiseases. i iThe idecline iin ithe igenetic idiversity iof iwheat, iin ithe ipursuit iof ielite ihigh-performing 

icultivars, ihas icontributed ito ia iperfect istorm iin ipathogen iemergence ito ithe ipoint iat iwhich 

idiseases ithreaten iglobal iwheat isupplies. iPathogenic ifungi irepresent ia isignificant iconstraint ito 

iwheat iproduction. iThis ireview iconsiders ithe ikey idiseases iand icausal ipathogenic ifungi 

iaffecting icrop iproduction, ias iwell ias ithose iemerging ias ithreats. iIn ieach icase, iwe iconsider ithe 

igeographical idistribution, iimpact, idisease imanagement istrategies. 

 

 

 

• BLACK iOR iSTEM iRUST i- iPuccinia igraminis itritici 
 

➢ Symptoms 

 

 



Symptoms iare iproduced ion ialmost iall iaerial iparts iof ithe iwheat iplant ibut iare imost 

icommon ion istem, ileaf isheaths iand iupper iand ilower ileaf isurfaces. iUredial ipustules i(or isori) iare 

ioval ito ispindle ishaped iand idark ireddish ibrown i(rust) iin icolor. iThey ierupt ithrough ithe iepidermis 

iof ithe ihost iand iare isurrounded iby itattered ihost itissue. iThe ipustules iare idusty iin iappearance idue 

ito ithe ivast inumber iof ispores iproduced. iSpores iare ireadily ireleased iwhen itouched. iAs ithe 

iinfection iadvances iteliospores iare iproduced iin ithe isame ipustule. iThe icolor iof ithe ipustule 

ichanges ifrom irust icolor ito iblack ias iteliospore iproduction iprogresses. iIf ia ilarge inumber iof 

ipustules iare iproduced, istems ibecome iweakened iand ilodge. iThe ipathogen iattacks iother ihost 

i(barberry) ito icomplete iits ilife icycle. iSymptoms iare ivery idifferent ion ithis iwoody ihost. iOther 

ispores iare iPycnia i(spermagonia) iproduced ion ithe iupper ileaf isurface iof ibarberry iwhich iappears 

ias iraised iorange ispots. iSmall iamounts iof ihoneydew ithat iattracts iinsects iare iproduced iin ithis 

istructure. iAecia, iproduced ion ithe ilower ileaf isurface, iare iyellow. iThey iare ibell-shaped iand 

iextend ias ifar ias i5 imm ifrom ithe ileaf isurface. 

 

• BROWN iOR iLEAF iRUST i- iPuccinia itriticina i(P. irecondita) 

 
➢ Symptom 

 i i i i i i i i  
 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iSymptoms 

The imost icommon isite ifor isymptoms iis ion ileaf iblades, ihowever, isheaths, iglumes iand 

iawns imay ioccasionally ibecome iinfected iand iexhibit isymptoms. iUredia iare iseen ias ismall, 

icircular iorange iblisters ior ipustules ion ithe iupper isurface iof ileaves. iOrange ispores iare ieasily 

idislodged iand imay icover iclothing, ihands ior iimplements. iWhen ithe iinfection iis isevere ileaves 

idry iout iand idie. iSince iinoculum iis iblown iinto ia igiven iarea, isymptoms iare ioften iseen ion iupper 

ileaves ifirst. iAs iplants imature, ithe iorange iurediospores iare ireplaced iby iblack iteliospores. 

iPustules icontaining ithese ispores iare iblack iand ishiny isince ithe iepidermis idoes inot irupture. 

iYield iloss ioften ioccurs ias ia iresult iof iinfection iby iPuccinia irecondite if. isp. itritici. iHeavy 

iinfection iwhich iextends ito ithe iflag ileaf iresults iin ia ishorter iperiod iof igrain ifill iand ismall ikernels. 

 

• YELLOW iOR iSTRIPE iRUST i- iPuccinia istriiformis 
➢ Symptom 

Mainly ioccur ion ileaves ithan ithe ileaf isheaths iand istem. iBright iyellow ipustules i(Uredia) 

iappear ion ileaves iat iearly istage iof icrop iand ipustules iare iarranged iin ilinear irows ias istripes. iThe 

istripes iare iyellow ito iorange iyellow. iThe iteliospores iare ialso iarranged iin ilong istripes iand iare 

idull iblack iin icolour. 



 i i i i i i i i i i i i i i i i i i i i i  
Symptoms 

➢ Pathogen 

The iuredospores iof irust ipathogen iare ialmost iround ior ioval iin ishape iand ibright iorange iin 

icolour. iThe iteliospores iare ibright iorgange ito idark ibrown, itwo icelled iand iflattened iat ithe itop. 

iSterile iparaphyses iare ialso ipresent iat ithe iend iof isorus. 

➢ Disease iCycle 

In iIndia, iall ithese irusts iappear iin iwheat igrowing ibelt iduring iRabi icrop iseason. iUredosori 

iturn iinto iteliosori ias isummer iapproaches. iThe iinoculum isurvives iin ithe iform iof iuredospores/ 

iteliospores iin ithe ihills iduring ioff iseason ion iself-sown icrop ior ivolunteer ihosts, iwhich iprovide ian 

iexcellent isource iof iinoculum. iIn iIndia, irole iof ialternate ihost i(Barberis) iis inot ithere iin 

icompleting ithe ilife icycle. iThe ifungus iis iinhibited iby itemperatures iover i20°C ialthough istrains 

itolerant iof ihigh itemperatures ido iexist. iThe icomplete icycle ifrom iinfection ito ithe iproduction iof 

inew ispores ican itake ias ilittle ias i7 idays iduring iideal iconditions. iThe idisease icycle imay itherefore 

ibe irepeated imany itimes iin ione iseason. iDuring ilate isummer, ithe idark iteliospores imay ibe 

iproduced. iThese ican igerminate ito iproduce iyet ianother ispore itype, ithe ibasidiospore, ibut ino 

ialternate ihost ihas ibeen ifound. iAlthough ithe iteliospores iseem ito ihave ino ifunction iin ithe idisease 

icycle ithey imay icontribute ito ithe idevelopment iof inew iraces ithrough isexual irecombination. 

 



 
Life icycle iof iPuccinia igraminis 

➢ Favourable iConditions 

o Low itemperature i(15-20°C) iand ihigh ihumidity iduring iNovember i– iDecember 

ifavour iblack iand ibrown irusts. 

o Temperature iless i< i10oC ifavours iyellow irusts. 

➢ Disease icycle 

o Uredospores iand idormant imycelium isurvive ion istubbles iand istraws iand ialso ion 

iweed ihosts iand iself isown iwheat icrops. iWind iborne iuredospores ifrom ihills iare ilifted 

idue ito icyclonic iwinds iand iinfect ithe icrop iin ithe iplains iduring icrop iseason. 

➢ Management 

o Mixed icropping iwith isuitable icrops. 

o Avoid iexcess idose iof initrogenous ifertilizers. 

o Spray iZineb iat i2.5 ikg/ha ior iPropioconazole i@ i0.1 i%. 

o Grow iresistant ivarieties ilike iPBW i343, iPBW i550, iPBW i17 

 

 

• LOOSE iSMUT i- iUstilago inuda itritici i(Ustilago itritici) 
➢ Symptoms 



 i i i i i i i i i i i  
It iis ivery idifficult ito idetect iinfected iplants iin ithe ifield iuntil iheading. iAt ithis itime, 

iinfected iheads iemerge iearlier ithan inormal iheads. iThe ientire iinflorescence iis icommonly 

iaffected iand iappears ias ia imass iof iolive-black ispores, iinitially icovered iby ia ithin igray 

imembrane. iOnce ithe imembrane iruptures, ithe ihead iappears ipowdery. iSpores iare idislodged, 

ileaving ionly ithe irachis iintact. iIn isome icases iremnants iof iglumes iand iawns imay ibe ipresent ion 

ithe iexposed irachis. iSmutted iheads iare ishorter ithan ihealthy iheads idue ito ia ireduction iin ithe 

ilength iof ithe irachis iand ipeduncle. iAll ior ia iportion iof ithe iheads ion ian iinfected iplant imay iexhibit 

ithese isymptoms. iWhile iinfected iheads iare ishorter, ithe irest iof ithe iplant iis islightly italler ithan 

ihealthy iplants. iPrior ito iheading iaffected iplants ihave idark igreen ierect ileaves. iChlorotic istreaks 

imay ialso ibe ivisible ion ithe ileaves. 

 

➢ Disease iCycle 

 

 
Ears iof iinfected iplants iemerge iearly. iThe ispores ireleased ifrom ithe iinfected iheads iland 

ion ithe ilater iemerging iflorets iand iinfect ithe ideveloping iseed. iInfection iduring iflowering iis 

ifavoured iby ifrequent irain ishowers, ihigh ihumidity iand itemperature. iThe idisease iis iinternally 

iseed iborne, iwhere ipathogen iinfects ithe iembryo iin ithe iseed. 

➢ Management 

o Treat ithe iseed iwith iVitavax i@ i2g/kg iseed ibefore isowing. i 

o Burry ithe iinfected iear iheads iin ithe isoil, iso ithat isecondary ispread iis iavoided. 

 

 

 

• FLAG iSMUT i- iUrocystis itritici 



➢ Symptoms 

 
The isymptoms ican ibe iseen ion istem, iclum iand ileaves ifrom ilate iseedling istage ito 

imaturity. iThe iseedling iinfection ileads ito itwisting iand idrooping iof ileaves ifollowed iby 

iwithering. iGrey ito igrayish iblack isori ioccurs ion ileaf iblade iand isheath. iThe isorus icontains iblack 

ipowdery imass iof ispores. 

➢ Pathogen 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i  
Spore iballs 

 

o Aggregated ispore iballs, iconsisting i1-6 ibright iglobosely, ibrown ismooth iwalled 

ispores isurrounded iby ia ilayer iof iflat isterile icells. 

➢ Favourable iConditions 

o Temperature iof i18-24°C. 

o Relative ihumidity i65% iand iabove. 

 

➢ Disease icycle 

o Seed iand isoil iborne. i 

o Smut ispores iare iviable ifor imore ithan i10 iyears. 

 

➢ Management 

o Treat ithe iseeds iwith icarboxin iat i2g i/kg. 

o Grow iresistant ivarieties ilike iPusa i44 iand iWG i377. 

 

 

• HILL iBUNT iOR iSTINKING iSMUT i- iTilletia icaries i/ iT. ifoetida 
➢ Symptom 



 i i i i i i i i i i i i i i i i i i i i i i i i i  i  
 

Symptoms 

The ifungus iattacks iseedling iof i8-10 idays iold iand ibecome isystemic iand igrows ialong ithe 

itip iof ishoot. iAt ithe itime iof iflowering ihyphae iconcentrate iin ithe iinflorescence iand ispikelets iand 

itransforming ithe iovary iinto ismut isorus iof idark igreen icolor iwith imasses iof ichlamydospores. 

iThe idiseased iplants imature iearlier iand iall ithe ispikelets iare iaffected. 

 

➢ Pathogen 

 i i i i i i i i i i i i i i i i i i i  i  i 
Spores i& iGermination 

 

o Reticulate, iglobose iand irough iwalled. i 

o No iresting iperiod. i 

o Germinate ito iproduce iprimary isporidia iwhich iunite ito iform i‘H’ ishaped 

istructure. 

 

➢ Life icycle 



 
The ispores ion ithe iseed isurface igerminate ialong iwith ithe iseed. iEach iproduces ia ishort 

ifungal ithread iterminating iin ia icluster iof ielongated icells. iThese ithen iproduce isecondary ispores 

iwhich iinfect ithe icoleoptiles iof ithe iyoung iseedlings ibefore ithe iemergence iof ithe ifirst itrue 

ileaves. iThe imycelium igrows iinternally iwithin ithe ishoot iinfecting ithe ideveloping iear. iAffected 

iplants idevelop iapparently inormally iuntil ithe iear iemerges iwhen iit ican ibe iseen ithat igrain isites 

ihave ibeen ireplaced iby ibunt iballs. iIn iIndia idisease ioccurs ionly iin iNorthern ihills, iwhere iwheat iis 

igrown. 

➢ Favourable iConditions 

o Temperature iof i18-20°C. 

o High isoil imoisture. 

➢ Disease icycle 

o Externally iseed iborne 

➢ Management 

o Treat ithe iseeds iwith icarboxin ior icarbendazim iat i2g/kg. 

o Grow ithe icrop iduring ihigh itemperature iperiod. 

o Adopt ishallow isowing. 

o Grow iresistant ivarieties ilike iKalyan isona, iS227, iPV18, iHD2021, iHD4513 iand 

iHD4519. 

• KARNAL iBUNT i- iNeovassia iindica 
➢ Symptoms 



 i  

i  i

 
Symptoms iof iKarnal ibunt iare ioften idifficult ito idistinguish iin ithe ifield idue ito ithe ifact 

ithat iincidence iof iinfected ikernels ion ia igiven ihead iis ilow. iThere imay ibe isome ispreading iof ithe 

iglumes idue ito isorus iproduction ibut iit iis inot ias iextensive ias ithat iobserved iwith icommon ibunt. 

iSymptoms iare imost ireadily idetected ion iseed iafter iharvest. iThe iblack isorus, icontaining idusty 

ispores iis ievident ion ipart iof ithe iseed, icommonly ioccurring ialong ithe igroove. iHeavily iinfected 

iseed iis ifragile iand ithe ipericarp iruptures ieasily. iThe ifoul, ifishy iodor iassociated iwith icommon 

ibunt iis ialso ifound iwith ikarnal ibunt. iThe iodor iis icaused iby ithe iproduction iof itrimethylamine iby 

ithe ifungus. iSeed ithat iis inot iextensively iinfected imay igerminate iand iproduce ihealthy iplants. 

 

 

• FOOT iROT i- iPythium igraminicolum iand iP. iarrhenomanes 

➢ Symptoms 

The idisease imainly ioccurs iin iseedlings iand iroots iand irootlets ibecome ibrown iin icolour. 

iSeedlings ibecome ipale igreen iand ihave istunted igrowth. iFungus iproduces isporangia iand 

izoospores iand ioospores. 

 



➢ Favourable iConditions 

o Wet iweather iand ihigh irainfall. 

 

➢ Disease icycle 

o Through isoil iand iirrigation iwater. 

 

➢ Management 

o Follow icrop irotation. 

o Treat ithe iseeds iwith iCarboxin ior iCarbendazim iat i2g/kg. 

 

• POWDERY iMILDEW i- iErysiphe igraminis ivar. itritici 
➢ Symptoms 

 i i i i i i i  i  
Greyish iwhite ipowdery igrowth iappears ion ithe ileaf, isheath, istem iand ifloral iparts. 

iPowdery igrowth ilater ibecome iblack ilesion iand icause idrying iof ileaves iand iother iparts. 

➢ Pathogen 

Fungus iproduces iseptate, isuperficial, ihyaline imycelium ion ileaf isurface iwith ishort 

iconidiophores. iThe iconidia iare ielliptical, ihyaline, iand isingle icelled, ithin iwalled iand iproduced 

iin ichains. iDark iglobose icleistothecia icontaining i9-30 iasci idevelop iwith ioblong, ihyaline iand 

ithin iwalled iascospores. 

 

 

 

 

➢ Disease icycle 



 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  i 
Conidia iand iconidiophores 

 

Fungus iremains iin iinfected iplant idebris ias idormant imycelium iand iasci. iPrimary ispread 

iis iby ithe iascospores iand isecondary ispread ithrough iairborne iconidia. 

 

➢ Favourable iConditions 

o Temperature iof i20-21°C. 

➢ Management 

o Spray iWettable iSulphur i0.2% ior iCarbendazim i@ i500 ig/ha. 

 

• LEAF iBLIGHT i- iAlternaria itriticina i/ iBipolaris isorokiniana 
➢ Symptoms 

 i i i i i i i i i i i i i i i i i i i i i i i i  
Reddish ibrown ioval ispots iappear ion iyoung iseedlings iwith ibright iyellow imargin. iIn 

isevere icases, iseveral ispots icoalesce ito icause idrying iof ileaves. iIt iis ia icomplex idisease, ihaving 

iassociation iof iA.triticina, iB.sorokiniana iand iA. ialternate. 

➢ Disease icycle 

o Primary ispread iis iby iexternally iseed-borne iand isoil iborne iconidia. iSecondary 

ispread iby iair-borne iconidia. 

➢ Favourable iConditions 

o Temperature iof i25°C iand ihigh irelative ihumidity. 

➢ Management 

o Spray ithe icrop iwith iMancozeb ior iZineb iat i2 ikg/ha. 

 

 



➢ Other iminor idiseases 
o Helminthosporium ileaf ispot: iHelminthosporium ispp. 

o Tundu ior iyellow iear irot: iCorynebacterium itritici i+ iAnguina itritici 

o Seedling iblight: iRhizoctonia isolani iand iFusarium ispp. 

o Sclerotinia irot: iSclerotinia isclerotiorum 

o Molya idisease: iHeterodera iavenae i(Nematode) 

 

➢ REFERENCES 

1. (http://www.fao.org/worldfoodsituation/csdb/en/) 

2. Agrios, iG.N. iPlant iPathology, iAcademic iPress, iLondon, iUK. i2005; i9: i922. 

3. Anonymous. i(2018) iof irice iand imen. iA icircular itale iof ichanging ifood ipreferences. iThe 

iEconomist, iPrint iEdition, iInternational. 

4. Belanger, iR. iR., iBenhamou, iN., iand iMenzies, iJ. iG. i(2003). iCytological ievidence iof ian 

iactive irole iof isilicon iin iwheat iresistance ito ipowdery imildew i(Blumeria igraminis if. isp. 

itritici). iPhytopathology i93, i402–412. 

5. Curtis, iB.C., iRajaram, iS. iand iGómez iMacpherson, iH. i(2002) iBread iWheat; 

iImprovement iand iProduction. iFAO iPlant iProduction iand iProtection iSeries iNo. i30. 

iFAO, iRome. 

6. Shewry, iP.R., iPellny, iT.K. iand iLovegrove, iA. i(2016) iIs imodern iwheat ibad ifor ihealth? 

iNat. iPlants, i2, i16097. 

7. www.AgriMoon.Com 

 

 

http://www.fao.org/worldfoodsituation/csdb/en/
http://www.agrimoon.com/

