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ABSTRACT 

 In iplants iinfected iby imany ivascular ipathogens, istomata iremain ipartially iclosed, ichlorophyll 

iis ireduced, iand iphotosynthesis istops ieven ibefore ithe iplant ieventually iwilts. iMost ivirus, 

imollicute, iand inematode idiseases ialso iinduce ivarying idegrees iof ichlorosis iand istunting. 

iPathogens ican idirectly iaffect iplant igrowth iand ifitness iby imodifying iresource iavailability, 

imetabolism iand iphysiology iof itheir ihost iplant.Infected iplants iare iexpected ito ihave ireduced 

iresources ifor igrowth iand ireproduction ias idefence iis icostly iand ipathogens iwithdraw inutrients 

ifrom ithe ihost. iHowever, idue ito ia idiversity iof imolecular iand iphysiological iplant iresponses iupon 

ipathogen iinfection. iThe istrength iand idirection iof ieffects iof ipathogens ion iplant igrowth iand 

ifitness ivary igreatly. iIn imost icases ithe irelationship ibetween ithe isymptoms iof ithe iplant iand ithe 

iphysiological ifunctions iaffected iis iobvious iand iunderstandable. 

KEYWORDS: iPhysiological, iPhotosynthesis, iTranspiration, iHost iPlant iRespiration, 

iTranscription, iTranslation, iPlant iGrowth. 

 

INTRODUCTION 

The ipathogens iinfect iplants iin ithe icourse iof itheir iobtaining ifood ifor ithemselves, 

idepending ion ithe ikind iof ipathogen iand ion ithe iplant iorgan iand itissue ithey iinfect, ipathogens 

iinterfere iwith ithe idifferent iphysiological ifunction(s) iof ithe iplant iand ilead ito ithe idevelopment iof 

idifferent isymptoms. iThus, ia ipathogen ithat iinfects iand ikills ithe iflowers iof ia iplant iinterferes iwith 

ithe iability iof ithe iplant ito iproduce iseed iand imultiply. iA ipathogen ithat iinfects iand ikills ipart ior iall 

iof ithe iroots iof ia iplant ireduces ithe iability iof ithe iplant ito iabsorb iwater iand inutrients iand iresults iin 

iits iwilting iand ideath. iSimilarly, ia ipathogen ithat iinfects iand ikills iparts iof ithe ileaves ior idestroys 

itheir ichlorophyll ileads ito ireduced iphotosynthesis, igrowth, iand iyield iof ithe iplant, iand iso iforth. 

iIn imost icases ithe irelationship ibetween ithe isymptoms iof ithe iplant iand ithe iphysiological 

ifunctions iaffected iis iobvious iand iunderstandable. iIn iother icases, ihowever, ithe irelationship iof 

ithe itwo iis imore icomplex iand ithe iexplanation iis inot ialways istraightforward. 

 

EFFECT iOF iPATHOGENS iON iPHOTOSYNTHESIS 

Photosynthesis iis ithe ibasic ifunction iof igreen iplants: iit ienables ithem ito itransform ilight 

ienergy iinto ichemical ienergy, iwhich ithey ican iutilize iin iall icell iactivities. iPhotosynthesis iis ithe 

iultimate isource iof inearly iall ienergy iused iin iall iliving icells, iplant ior ianimal, ias iall iactivities iof 



iliving icells, iexcept iphotosynthesis, iexpend ithe ienergy iprovided iby iphotosynthesis. iIn 

iphotosynthesis, icarbon idioxide ifrom ithe iatmosphere iand iwater ifrom ithe isoil iare ibrought 

itogether iin ithe ichloroplasts iof ithe igreen iparts iof iplants iand, iin ithe ipresence iof ilight, ireact ito 

iform iglucose iwith ia iconcurrent irelease iof ioxygen. iIn iview iof ithe ifundamental iposition iof 

iphotosynthesis iin ithe ilife iof iplants, iit iis iapparent ithat iany iinterference iby ipathogens iwith 

iphotosynthesis iresults iin ia idiseased icondition iin ithe iplant. iThat ipathogens ido iinterfere iwith 

iphotosynthesis iis iobvious ifrom ithe ichlorosis ithey icause ion imany iinfected iplants, ifrom ithe 

inecrotic ilesions ior ilarge inecrotic iareas ithey iproduce ion igreen iplant iparts, iand ifrom ithe ireduced 

igrowth iand iamounts iof ifruits iproduced iby imany iinfected iplants. iIn ileaf ispot, iblight, iand iother 

ikinds iof idiseases iin iwhich ithere iis idestruction iof ileaf itissue, ie.g., iin icereal irusts iand ifungal ileaf 

ispots, ibacterial ileaf ispots, iviral imosaics iand iyellowing iand istunting idiseases ior iin idefoliations, 

iphotosynthesis iis ireduced ibecause ithe iphotosynthetic isurface iof ithe iplant iis ilessened. iEven iin 

iother idiseases, ihowever, iplant ipathogens ireduce iphotosynthesis, iespecially iin ithe ilate istages iof 

idiseases, iby iaffecting ithe ichloroplasts iand icausing itheir idegeneration. iThe ioverall ichlorophyll 

icontent iof ileaves iin imany ifungal iand ibacterial idiseases iis ireduced, ibut ithe iphotosynthetic 

iactivity iof ithe iremaining ichlorophyll iseems ito iremain iunaffected. iIn isome ifungal iand ibacterial 

idiseases, iphotosynthesis iis ireduced ibecause ithe itoxins, isuch ias itentoxin iand itabtoxin, iproduced 

iby ithese ipathogens iinhibit ilight ichlorophyll. iSome iof ithe ienzymes ithat iare iinvolved idirectly ior 

iindirectly iin iphotosynthesis. iIn iplants iinfected iby imany ivascular ipathogens, istomata iremain 

ipartially iclosed, ichlorophyll iis ireduced, iand iphotosynthesis istops ieven ibefore ithe iplant 

ieventually iwilts. iMost ivirus, imollicute iand inematode idiseases ialso iinduce ivarying idegrees iof 

ichlorosis iand istunting. iIn ithe imajority iof isuch idiseases, ithe iphotosynthesis iof iinfected iplants iis 

ireduced igreatly. iIn iadvanced istages iof idisease, ithe irate iof iphotosynthesis iis ino imore ithan ione-

fourth ithe inormal irate. 
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(E) 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 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(F) 

Pathogens ireduce iphotosynthetic iarea. i(A) iSpots ion ibarley ileaves icaused iby ithe ifungus 

iRhynchosporium isp. i(B) iNearly icomplete idestruction iof ipumpkin ileaves idowny imildew 

iPseudoperonospora icubensis. i(C) ilesions ion istems iand ileaves iof iwheat istem irust ifungus 

iPuccinia igraminis if.sp. itritici i(D) iAngular ileaf ispots ion icucumber ileaf ibacterium 

iPseudomonas ilacrymans. i(E) iReduced ichlorophyll iwith icowpea ichlorotic imottle ivirus ior 

i(F) istunting iand iyellowing iof irice iplants irice itungro ivirus. 
 

Pathogens ion iTranslocation iof iWater iand iNutrients iin ithe iHost iPlant 

All iliving iplant icells irequire ian iabundance iof iwater iand ian iadequate iamount iof iorganic 

iand iinorganic inutrients iin iorder ito ilive iand ito icarry iout itheir iphysiological ifunctions. iPlants 



iabsorb iwater iand iinorganic i(mineral) inutrients ifrom ithe isoil ithrough itheir iroot isystem. iThese 

isubstances iare igenerally itranslocate iupward ithrough ithe ixylem ivessels iof ithe istem iand iinto ithe 

ivascular ibundles iof ithe ipetioles iand ileaf iveins, ifrom iwhich ithey ienter ithe ileaf icells. iMinerals 

iand ipart iof ithe iwater iare iutilized iby ithe ileaf iand iother icells ifor ithe isynthesis iof ithe ivarious iplant 

isubstances, ibut imost iof ithe iwater ievaporates iout iof ithe ileaf icells iinto ithe iintercellular ispaces 

iand ifrom ithere idiffuses iinto ithe iatmosphere ithrough ithe istomata. iHowever, inearly iall iorganic 

inutrients iof iplants iare iproduced iin ithe ileaf icells, ifollowing iphotosynthesis, iand iare itranslocated 

idownward iand idistributed ito iall ithe iliving iplant icells iby ipassing, ifor ithe imost ipart, ithrough ithe 

iphloem itissues.When ia ipathogen iinterferes iwith ithe iupward imovement iof iinorganic inutrients 

iand iwater ior iwith ithe idownward imovement iof iorganic isubstances, idiseased iconditions iresult iin 

ithe iparts iof ithe iplant idenied ithese imaterials.The idiseased iparts, iin iturn, iwill ibe iunable ito icarry 

iout itheir iown ifunctions iand iwill ideny ithe irest iof ithe iplant itheir iservices ior itheir iproducts, ithus 

icausing idisease iof ithe ientire iplant. iFor iexample, iif iwater imovement ito ithe ileaves iis iinhibited, 

ithe ileaves icannot ifunction iproperly, iphotosynthesis iis ireduced ior istopped, iand ifew ior ino 

inutrients iare iavailable ito imove ito ithe iroots, iwhich iin iturn ibecome istarved iand idiseased iand 

imay idie. 

Interference iwith iUpward iTranslocation iof iWater iand iInorganic iNutrients 

Many iplant ipathogens iinterfere iin ione ior imore iways iwith ithe itranslocation iof iwater iand 

iinorganic inutrients ithrough iplants. iSome ipathogens iaffect ithe iintegrity ior ifunction iof ithe iroots, 

icausing ithem ito iabsorb iless iwater; iother ipathogens, iby igrowing iin ithe ixylem ivessels ior iby 

iother imeans, iinterfere iwith ithe itranslocation iof iwater ithrough ithe istem; iand, iin isome idiseases, 

ipathogens iinterfere iwith ithe iwater ieconomy iof ithe iplant iby icausing iexcessive itranspiration 

ithrough itheir ieffects ion ileaves iand istomata. 

 

Absorption iof iWater iby iRoots 

Many ipathogens, isuch ias idamping-off ifungi, iroot-rotting ifungi iand ibacteria, imost 

inematodes, iand isome iviruses, icause ian iextensive idestruction iof ithe iroots ibefore iany isymptoms 

iappear ion ithe iaboveground iparts iof ithe iplant. iSome ibacteria iand inematodes icause iroot igalls ior 

iroot iknots iwhich iinterfere iwith ithe inormal iabsorption iof iwater iand inutrients iby ithe iroots. iRoot 

iinjury iaffects ithe iamount iof ifunctioning iroots idirectly iand idecreases iproportionately ithe 

iamount iof iwater iabsorbed iby ithe iroots. iSome ivascular iparasites, ialong iwith itheir iother ieffects, 

iseem ito iinhibit iroot ihair iproduction, iwhich ireduces iwater iabsorption. iThese iand iother 

ipathogens ialso ialter ithe ipermeability iof iroot icells, ian ieffect ithat ifurther iinterferes iwith ithe 

inormal iabsorption iof iwater iby iroots. 

 

Translocation iof iWater ithrough ithe iXylem 

Fungal iand ibacterial ipathogens ithat icause idamping ioff, istem irots iand icankers imay 

ireach ithe ixylem ivessels iin ithe iarea iof ithe iinfection iand, iif ithe iaffected iplants iare iyoung, imay 

icause itheir idestruction iand icollapse. iCankers iin iolder iplants, iparticularly iolder itrees imay icause 

isome ireduction iin ithe itranslocation iof iwater, ibut, igenerally, ido inot ikill iplants iunless ithe 

icankers iare ibig ior inumerous ienough ito iencircle ithe iplant. iIn ivascular iwilts, ihowever ireduction 

iin iwater itranslocation imay ivary ifrom ilittle ito icomplete. iIn imany icases, iaffected ivessels imay ibe 

ifilled iwith ithe ibodies iof ithe ipathogen) iand iwith isubstances isecreted iby ithe ipathogen i ior iby ithe 

ihost iin iresponse ito ithe ipathogen iand imay ibecome iclogged.Whether idestroyed ior iclogged, ithe 

iaffected ivessels icease ito ifunction iproperly iand iallow ilittle ior ino iwater ito ipass ithrough ithem. 

iCertain ipathogens, isuch ias ithe icrown igall ibacterium i(Agrobacterium itumefaciens), ithe 

iclubroot iprotozoon i(Plasmodiophora ibrassicae), iand ithe iroot-knot inematode i(Meloidogyne 

isp.), iinduce igall iformation iin ithe istem, iroots, ior iboth. iThe ienlarged iand iproliferating icells inear 

ior iaround ithe ixylem iexert ipressure ion ithe ixylem ivessels, iwhich imay ibe icrushed iand idislocated, 

ithereby ibecoming iless iefficient iin itransporting iwater. iThe imost itypical iand icomplete 



idysfunction iof ixylem iin itranslocating iwater, ihowever, iis iobserved iin ithe ivascular iwilts icaused 

iby ithe ifungi iCeratocystis, iOphiostoma, iFusarium, iand iVerticillium iand ibacteria isuch ias 

iPseudomonas, iRalstonia, iand iErwinia. iThese ipathogens iinvade ithe ixylem iof iroots iand istems 

iand iproduce idiseases iprimarily iby iinterfering iwith ithe iupward imovement iof iwater ithrough ithe 

ixylem. iIn imany iplants iinfected iby ithese ipathogens ithe iwater iflow ithrough ithe istem ixylem iis 

ireduced ito ia imere i2 ito i4% iof ithat iflowing ithrough istems iof ihealthy iplants. iIn igeneral, ithe irate 

iof iflow ithrough iinfected istems iseems ito ibe iinversely iproportional ito ithe inumber iof ivessels 

iblocked iby ithe ipathogen iand iby ithe isubstances iresulting ifrom ithe iinfection. iEvidently imore 

ithan ione ifactor iis iusually iresponsible ifor ithe ivascular idysfunction iin ithe iwilt idiseases. 

iAlthough ithe ipathogen iis ithe isingle icause iof ithe idisease, isome iof ithe ifactors iresponsible ifor ithe 

idisease isyndrome ioriginate idirectly ifrom ithe ipathogen, iwhereas iothers ioriginate ifrom ithe ihost 

iin iresponse ito ithe ipathogen. iThe ipathogen ican ireduce ithe iflow iof iwater ithrough iits iphysical 

ipresence iin ithe ixylem ias imycelium, ispores, ior ibacterial icells iand iby ithe iproduction iof ilarge 

imolecules i(polysaccharides) iin ithe ivessels. iIn imost ihost–pathogen icombinations, ithe 

idestruction iof ixylem ivessels iby ifungi. iResults iin ithe icollapse iand ideath iof ithe iplant, ias idoes ithe 

iinvasion iof ixylem ivessels iby ifungi ior ibacteria. iIn ihost icombinations iwith ithe ifastidious 

ibacterium iXylella ifastidiosa, igrowth, imultiplication, iand ispread iof ibacteria iin ixylem ivessels 

iare islower iand, iinstead iof icausing iwilting iand irapid ideath iof ithe iplant, ia iscorching iof ithe 

imargins iof ithe ileaves iand iseveral iother isymptoms ioccur, ibut irarely idoes ithe iplant idie iquickly. 

iIn iall icases, ihowever, iin iinfected ihosts ithe iflow iof iwater iis ireduced ithrough ireduction iin ithe 

isize ior icollapse iof ivessels idue ito iinfection, idevelopment iof ityloses. iin ithe ivessels, irelease iof 

ilarge imolecule icompounds iin ithe ivessels ias ia iresult iof icell iwall ibreakdown iby ipathogenic 

ienzymes iand ireduced iwater itension iin ithe ivessels idue ito ipathogen-induced ialterations iin ifoliar 

itranspiration. 

 

 

 
(1)  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(2) 

Examples iof ireduction iof iwater iabsorption iby iplants. i(1)Numerous igalls icaused iby ithe 

ibacterium iAgrobacterium itumefaciens ion iroots iof ia icherry itree. i(2) iRoot iknot igalls 

icaused iby ithe inematode iMeloidogyne isp. ion iroots i 
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Examples iof ireduction iof iupward itranslocation iof iwater iand imineral inutrients i i(A ithe 

ifungus iPhomopsis isp. i(B) iCanker ion ian ialmond itree icaused iby ithe ifungus iCeratocystis 

ifagacearum. i(C) iVascular iwilt iof itomato icaused iby ithe ifungus iFusarium. i(D) iDiscolored 

ivascular itissues iof ia itomato istem iinfected iwith ithe isame ifungus. i(E) iWilted itomato 

iplants iinfected iwith ithe ivascular ibacterium iRalstonia isolanacearum. i(F) iDiscolored 

ivascular itissues iof ia itomato iplant iinfected iwith ithe isame ibacterium. 
 

Transpiration 

In iplant idiseases iin iwhich ithe ipathogen iinfects ithe ileaves, itranspiration iis iusually 

iincreased. iThis iis ithe iresult iof idestruction iof iat ileast ipart iof ithe iprotection iafforded ithe ileaf iby 

ithe icuticle, ian iincrease iin ithe ipermeability iof ileaf icells, iand ithe idysfunction iof istomata. iIn 

idiseases isuch ias irusts, iin iwhich inumerous ipustules iform iand ibreak iup ithe iepidermis, iin imost 

ileaf ispots, iin iwhich ithe icuticle, iepidermis, iand iall ithe iother itissues, iincluding ixylem, imay ibe 

idestroyed iin ithe iinfected iareas, iin ithe ipowdery imildews, iin iwhich ia ilarge iproportion iof ithe 

iepidermal icells iare iinvaded iby ithe ifungus iand iin iapple iscab, iin iwhich ithe ifungus igrows 

ibetween ithe icuticle iand ithe iepidermis iin iall ithese iexamples, ithe idestruction iof ia iconsiderable 

iportion iof ithe icuticle iand iepidermis iresults iin ian iuncontrolled iloss iof iwater ifrom ithe iaffected 

iareas. iIf iwater iabsorption iand itranslocation icannot ikeep iup iwith ithe iexcessive iloss iof iwater, 

iloss iof iturgor iand iwilting iof ileaves ifollow. iThe isuction iforces iof iexcessively itranspiring ileaves 

iare iincreased iabnormally iand imay ilead ito icollapse ior idysfunction iof iunderlying ivessels 

ithrough ithe iproduction iof ityloses iand igums. 
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Pathogens icause iincreased itranspiration iin iinfected iplants. i(A) iwheat ileaf irust ipathogen 

iPuccinia irecondita i(B) iUredospores ibreaking ithe iepidermis iand iemerging ifrom ithe 

isurface iof ian iinfected ileaf. i(C) iGrape iberries iinfected iwith ithe ipowdery imildew ifungus 

iUncinula inecator, iand iforms ihaustoria iin ialmost ievery iepidermal icell. i(D) iThe iapple iscab 

ifungus iVenturia iinaequalis igrows ibetween ithe icuticle iand ithe iepidermis,(E) iTomato 

ileaves icaused iby ithe ifungus iSeptoria isp. iand ithrough iwhich iexcessive itranspiration 

ioccurs. 
 

 

 

Interference iwith iTranslocation iof iOrganic iNutrients ithrough ithe iPhloem 

Organic inutrients iproduced iin ileaf icells ithrough iphotosynthesis imove ithrough 

iplasmodesmata iinto iadjoining iphloem ielements. iFrom ithere ithey imove idown ithe iPhloem isieve 

itubes iand ieventually, iagain ithrough iplasmodesmata, iinto ithe iprotoplasm iof iliving inon 

iphotosynthetic icells, iwhere ithey iare iutilized, ior iinto istorage iorgans, iwhere ithey iare istored. 

iThus, iin iboth icases, ithe inutrients iare iremoved ifrom i“circulation.” iPlant ipathogens imay 

iinterfere iwith ithe imovement iof iorganic inutrients ifrom ithe ileaf icells ito ithe iphloem, iwith itheir 

itranslocation ithrough ithe iphloem ielements, ior, ipossibly, iwith itheir imovement ifrom ithe iphloem 

iinto ithe icells ithat iwill iutilize ithem. iObligate ifungal iparasites, isuch ias irust iand imildew ifungi, 

icause ian iaccumulation iof iphotosynthetic iproducts, ias iwell ias iinorganic inutrients, iin ithe iareas 

iinvaded iby ithe ipathogen. iIn ithese idiseases, ithe iinfected iareas iare icharacterized iby ireduced 

iphotosynthesis iand iincreased irespiration. iHowever, ithe isynthesis iof istarch iand iother 

icompounds, ias iwell ias idry iweight, iis iincreased itemporarily iin ithe iinfected iareas, iindicating 



itranslocation iof iorganic inutrients ifrom iuninfected iareas iof ithe ileaves ior ifrom ihealthy ileaves 

itoward ithe iinfected iareas. iIn istem idiseases iof iwoody iplants iin iwhich icankers idevelop, ithe 

ipathogen iattacks iand iremains iconfined ito ithe ibark ifor ia iconsiderable itime. iDuring ithat itime ithe 

ipathogen iattacks iand imay idestroy ithe iphloem ielements iin ithat iarea, ithereby iinterfering iwith ithe 

idownward itranslocation iof inutrients. iIn idiseases icaused iby iphytoplasmas, ias iwell ias iin 

idiseases icaused iby iphloem-limited ifastidious ibacteria, ibacteria iexist iand ireproduce iin ithe 

iphloem isieve itubes, ithereby iinterfering iwith ithe idownward itranslocation iof inutrients. iIn 

iseveral iplants ipropagated iby igrafting ia ivariety iscion ionto ia irootstock, iinfection iof ithe 

icombination iwith ia ivirus i(e.g., iinfection iof ian iapple ior istone-fruit irootstock iwith itomato 

iringspot ivirus) ileads ito iformation iof ia inecrotic iplate iat ithe ipoints iof icontact iof ithe 

ihypersensitive iscion ivariety iwith ithe irootstock iwhich ileads ito ithe ideath iof ithe iscion. iHowever, 

iinfection iof ia ipear iscion igrafted ion ian ioriental iRootstock iwith ithe ipear idecline iphytoplasma, ior 

iofa icitrus ivariety ipropagated ion isour irootstock iwith ithe icitrus itristeza ivirus, iresults, iin iboth 

icases, iin ithe inecrosis iof ia ifew ilayers iof icells iof ieach irootstock iin icontact iwith ithe itolerant 

ivariety. iIn ithese icases, ithe irootstock iis ithe icomponent iof ithe iscion/stock icombination ithat iis 

ihypersensitive ito iand ibecomes ikilled iby ithe iappropriate ipathogen. 

 

Effect iof iPathogens ion iHost iPlant iRespiration 

Respiration iis ithe iprocess iby iwhich icells, ithrough ithe ienzymatically icontrolled 

ioxidation i(burning) iof ithe ienergy-rich icarbohydrates iand ifatty iacids, iliberate ienergy iin ia iform 

ithat ican ibe iutilized ifor ithe iperformance iof ivarious icellular iprocesses. iPlant icells icarry iout 

irespiration iin, ibasically, itwo isteps. iThe ifirst istep iinvolves ithe idegradation iof iglucose ito 

ipyruvate iand iis icarried iout, ieither iin ithe ipresence ior iin ithe iabsence iof ioxygen, iby ienzymes 

ifound iin ithe iground icytoplasm iof ithe icells. iThe iproduction iof ipyruvate ifrom iglucose ifollows 

ieither ithe iglycolytic ipathway, iotherwise iknown ias iglycolysis, ior, ito ia ilesser iextent, ithe 

ipentose ipathway. iThe isecond istep, iregardless iof ithe ipathway, iinvolves ithe idegradation iof 

ipyruvate, ihowever iproduced, ito iCO2 iand iwater. iThis iis iaccomplished iby ia iseries iof ireactions 

iknown ias ithe iKrebs icycle, iwhich iis iaccompanied iby ithe iso-called iterminal ioxidation iand iis 

icarried iout iin ithe imitochondria ionly iin ithe ipresence iof ioxygen. iUnder inormal i(aerobic) 

iconditions, ii.e., iin ithe ipresence iof ioxygen, iboth isteps iare icarried iout, iand ione imolecule iof 

iglucose iyields, ias ifinal iproducts, isix imolecules iof iCO2 iand isix imolecules iof iwater, iwith ia 

iconcomitant irelease iof ienergy i(678,000 icalories). iSome iof ithe ienergy iis ilost, ibut ialmost ihalf iis 

iconverted ito i20–30 ireusable ihigh-energy ibonds iof iadenosine itriphosphate i(ATP). iThe ifirst istep 

iof irespiration icontributes itwo iATP imolecules iper imole iof iglucose, iand ithe isecond istep 

icontributes ithe irest. iUnder ianaerobic iconditions, ihowever i(i.e., iin ithe iabsence iof ioxygen), 

ipyruvate icannot ibe ioxidized; iinstead iit iundergoes ifermentation iand iyields ilactic iacid ior 

ialcohol. iBecause ithe imain iprocess iof ienergy igeneration iis icut ioff, ifor ithe icell ito isecure ithe 

inecessary ienergy ia imuch igreater irate iof iglucose iutilization iby iglycolysis iis irequired iin ithe 

iabsence iof ioxygen ithan iis iin iits ipresence. iThe ienergy-storing ibonds iof iATP iare iformed iby ithe 

iattachment iof ia iphosphate i(PO4) igroup ito iadenosine idiphosphate i(ADP) iat ithe iexpense iof 

ienergy ireleased ifrom ithe ioxidation iof isugars. iThe icoupling iof ithe ioxidation iof iglucose iwith ithe 

iaddition iof iphosphate ito iADP ito iproduce iATP iis icalled ioxidative iphosphorylation. iAny icell 

iactivity ithat irequires ienergy iutilizes ithe ienergy istored iin iATP iby isimultaneously ibreaking 

idown iATP ito iADP iand iinorganic iphosphate. iThe ipresence iof iADP iand iphosphate iin ithe icell, iin 

iturn, istimulates ithe irate iof irespiration. iIf, ihowever, iATP iis inot iutilized isufficiently iby ithe icell 

ifor isome ireason, ithere iis ilittle ior ino iregeneration iof iADP iand irespiration iis islowed idown. iThe 

iamount iof iADP i(and iphosphate) iin ithe icell iis idetermined, itherefore, iby ithe irate iof ienergy 

iutilization; ithis irate, iin iturn, idetermines ithe irate iof irespiration iin iplant itissues. iThe ienergy 

iproduced ithrough irespiration iis iutilized iby ithe iplant ifor iall itypes iof icellular iwork, isuch ias 

iaccumulation iand imobilization iof icompounds, isynthesis iof iproteins, iactivation iof ienzymes, 



icell igrowth iand idivision, idefense ireactions, iand ia ihost iof iother iprocesses. iThe icomplexity iof 

irespiration, ithe inumber iof ienzymes iinvolved iin irespiration, iits ioccurrence iin ievery isingle icell, 

iand iits ifar-reaching ieffects ion ithe ifunctions iand iexistence iof ithe icell imake iit ieasy ito iunderstand 

iwhy ithe irespiration iof iplant itissues iis ione iof ithe ifirst ifunctions ito ibe iaffected iwhen iplants iare 

iinfected iby ipathogens. 
 i 

Respiration iof iDiseased iPlants 

When iplants iare iinfected iby ipathogens, ithe irate iof irespiration igenerally iincreases. iThis 

imeans ithat iaffected itissues iuse iup itheir ireserve icarbohydrates ifaster ithan ihealthy itissues iwould. 

iThe iincreased irate iof irespiration iappears ishortly iafter iinfection icertainly iby ithe itime iof 

iappearance iof ivisible isymptoms i—and icontinues ito irise iduring ithe imultiplication iand 

isporulation iof ithe ipathogen. iAfter ithat, irespiration ideclines ito inormal ilevels ior ito ilevels ieven 

ilower ithan ithose iof ihealthy iplants. iRespiration iincreases imore irapidly iin iinfections iof iresistant 

ivarieties, iin iwhich ilarge iamounts iof ienergy iare ineeded iand iused ifor irapid iproduction ior 

imobilization iof ithe idefence imechanisms iof ithe icells. iIn iresistant ivarieties, ihowever, irespiration 

ialso ideclines iquickly iafter iit ireaches iits imaximum. iIn isusceptible ivarieties, iin iwhich ino idefence 

imechanisms ican ibe imobilized iquickly iagainst ia iparticular ipathogen, irespiration iincreases 

islowly iafter iinoculation, ibut icontinues ito irise iand iremains iat ia ihigh ilevel ifor imuch ilonger 

iperiods. iSeveral ichanges iin ithe imetabolism iof ithe idiseased iplant iaccompany ithe iincrease iin 

irespiration iafter iinfection. iThus, ithe iactivity ior iconcentration iof iseveral ienzymes iof ithe 

irespiratory ipathways iseems ito ibe iincreased. iThe iaccumulation iand ioxidation iof iphenolic 

icompounds, imany iof iwhich iare iassociated iwith idefence imechanisms iin iplants, iare ialso igreater 

iduring iincreased irespiration. iIncreased irespiration iin idiseased iplants iis ialso iaccompanied iby ian 

iincreased iactivation iof ithe ipentose ipathway, iwhich iis ithe imain isource iof iphenolic icompounds. 

iIncreased irespiration iis isometimes iaccompanied iby iconsiderably imore ifermentation ithan ithat 

iobserved iin ihealthy iplants, iprobably ias ia iresult iof ian iaccelerated ineed ifor ienergy iin ithe 

idiseased iplant iunder iconditions iin iwhich inormal iaerobic irespiration icannot iprovide isufficient 

ienergy. iThe iincreased irespiration iin idiseased iplants iis iapparently ibrought iabout, iat ileast iin ipart, 

iby ithe iuncoupling iof ioxidative iphosphorylation. iIn ithat icase, ino iutilizable ienergy i(ATP) iis 

iproduced ithrough inormal irespiration, idespite ithe iuse iof iexisting iATP iand ithe iaccumulation iof 

iADP, iwhich istimulates irespiration. iThe ienergy irequired iby ithe icell ifor iits ivital iprocesses iis 

ithen iproduced ithrough iother iless iefficient iways, iincluding ithe ipentose ipathway iand 

ifermentation. iThe iincreased irespiration iof idiseased iplants ican ialso ibe iexplained ias ithe iresult iof 

iincreased imetabolism. iIn imany iplant idiseases, igrowth iis iat ifirst istimulated, iprotoplasmic 

istreaming iincreases, iand imaterials iare isynthesized, itranslocated, iand iaccumulated iin ithe 

idiseased iarea. iThe ienergy irequired ifor ithese iactivities iderives ifrom iATP iproduced ithrough 

irespiration. iThe imore iATP iis iutilized, ithe imore iADP iis iproduced iand ifurther istimulates 

irespiration. iIt iis ialso ipossible ithat ithe iplant, ibecause iof ithe iinfection, iutilizes iATP ienergy iless 

iefficiently ithan ia ihealthy iplant. iBecause iof ithe iwaste iof ipart iof ithe ienergy, ian iincrease iin 

irespiration iis iinduced, iand ithe iresulting igreater iamount iof ienergy ienables ithe iplant icells ito 

iutilize isufficient ienergy ito icarry iout itheir iaccelerated iprocesses. iAlthough ioxidation iof iglucose 

ivia ithe iglycolytic ipathway iis iby ifar ithe imost icommon iway ithrough iwhich iplant icells iobtain i i 

itheir ienergy, ipart iof ithe ienergy iis iproduced ivia ithe ipentose ipathway. iThe ilatter iseems ito ibe ian 

ialternate ipathway iof ienergy iproduction ito iwhich iplants iresort iunder iconditions iof istress. iThus, 

ithe ipentose ipathway itends ito ireplace ithe iglycolytic ipathway ias ithe iplants igrow iolder iand 

idifferentiate iand iit itends ito iincrease ion itreatment iof ithe iplants iwith ihormones, itoxins, 

iwounding, istarvation, iand iso ion. iInfection iof iplants iwith ipathogens ialso itends, iin igeneral, ito 

iactivate ithe ipentose ipathway iover ithe ilevel iat iwhich iit ioperates iin ithe ihealthy iplant. iBecause 

ithe ipentose ipathway iis inot ilinked idirectly ito iATP iproduction, ithe iincreased irespiration ithrough 

ithis ipathway ifails ito iproduce ias imuch iutilizable ienergy ias ithe iglycolytic ipathway iand iis, 

itherefore, ia iless iefficient isource iof ienergy ifor ithe ifunctions iof ithe idiseased iplant. iHowever, ithe 



ipentose ipathway iis ithe imain isource iof iphenolic icompounds, iwhich iplay iimportant iroles iin ithe 

idefense imechanisms iof ithe iplant iagainst iinfection. 

 

EFFECT iOF iPATHOGENS iON iPERMEABILITY iOF iCELL iMEMBRANES 

Cell imembranes iconsist iof ia idouble ilayer iof ilipid imolecules iin iwhich imany ikinds iof 

iprotein imolecules iare iembedded, iparts iof iwhich iusually iprotrude ion ione ior iboth isides iof ithe 

ilipid ibilayer. iMembranes ifunction ias ipermeability ibarriers ithat iallow ipassage iinto ia icell ionly iof 

isubstances ithe icell ineeds iand iinhibit ipassage iout iof ithe icell iof isubstances ineeded iby ithe icell. 

iThe ilipid ibilayer iis iimpermeable ito imost ibiological imolecules. iSmall iwater-soluble imolecules 

isuch ias iions i(charged iatoms ior ielectrolytes), isugars, iand iamino iacids iflow ithrough ior iare 

ipumped ithrough ispecial imembrane ichannels imade iof iproteins. iIn iplant icells, ibecause iof ithe 

icell iwall, ionly ismall imolecules ireach ithe icell imembrane. iIn ianimal icells iand iin iartificially 

iprepared iplant iprotoplasts, ihowever, ilarge imolecules ior iparticles imay ialso ireach ithe icell 

imembrane iand ienter ithe icell iby iendocytosis, iin iwhich ia ipatch iof ithe imembrane isurrounds iand 

iforms ia ivesicle iaround ithe imaterial ito ibe itaken iin, ibrings iit iin, iand ireleases iit iinside ithe icell. 

iDisruption ior idisturbance iof ithe icell imembrane iby ichemical ior iphysical ifactors ialters i(usually 

iincreases) ithe ipermeability iof ithe imembrane iwith ia isubsequent iuncontrollable iloss iof iuseful 

isubstances, ias iwell ias ithe iinability ito iinhibit ithe iinflow iof iundesirable isubstances ior iexcessive 

iamounts iof iany isubstances. iChanges iin icell imembrane ipermeability iare ioften ithe ifirst 

idetectable iresponses iof icells ito iinfection iby ipathogens, ito imost ihost-specific iand iseveral 

inonspecific itoxins, ito icertain ipathogen ienzymes, iand ito icertain itoxic ichemicals, isuch ias iair 

ipollutants. iThe imost icommonly iobserved ieffect iof ichanges iin icell imembrane ipermeability iis 

ithe iloss iof ielectrolytes, ii.e., iof ismall iwater-soluble iions iand imolecules ifrom ithe icell. 

iElectrolyte ileakage ioccurs imuch isooner iand iat ia igreater irate iwhen ithe ihost–pathogen 

iinteraction iis iincompatible, iand ithe ihost iremains imore iresistant ithan iwhen ithe ihost iis 

isusceptible iand idevelops iextensive isymptoms. iIt iis inot icertain, ihowever, iwhether ithe icell 

imembrane iis ithe iinitial itarget iof ipathogen itoxins iand ienzymes iand iwhether ithe iaccompanying 

iloss iof ielectrolytes iis ithe iinitial ieffect iof ichanges iin icell imembrane ipermeability ior iwhether ithe 

ipathogen iproducts iactually iaffect iother iorganelles ior ireactions iin ithe icell, iin iwhich icase icell 

ipermeability ichanges iand iloss iof ielectrolytes iare isecondary ieffects iof ithe iinitial ievents. iIf 

ipathogens ido, iindeed, iaffect icell imembrane ipermeability idirectly, iit iis ilikely ithat ithey ibring 

ithis iabout iby istimulating icertain imembrane ibound ienzymes, isuch ias iATPase, iwhich iare 

iinvolved iin ithe ipumping iof iH+
 iin iand iK+

 iout ithrough ithe icell imembrane, iby iinterfering iwith 

iprocesses irequired ifor ithe imaintenance iand irepair iof ithe ifluid ifilm imaking iup ithe imembrane, ior 

iby idegrading ithe ilipid ior iprotein icomponents iof ithe imembrane iby ipathogen iproduced ienzymes. 

 

EFFECT iOF iPATHOGENS iON iTRANSCRIPTION iAND iTRANSLATION 

Transcription iof icellular iDNA iinto imessenger iRNA iand itranslation iof imessenger iRNA 

ito iproduce iproteins iare itwo iof ithe imost ibasic, igeneral, iand iprecisely icontrolled iprocesses iin ithe 

ibiology iof iany inormal icell. iThe ipart(s) iof ithe igenome iinvolved iand ithe ilevel iand itiming iof 

itranscription iand itranslation ivary iwith ithe istage iof idevelopment iand ithe irequirements iof ieach 

icell. iNevertheless, idisturbance iof iany ione iof ithese iprocesses, iby ipathogens ior ienvironmental 

ifactors, imay icause idrastic, iunfavourable ichanges iin ithe istructure iand ifunction iof ithe iaffected 

icells iby iits ieffect ion ithe iexpression iof igenes. 

 

Transcription 

Several ipathogens, iparticularly iviruses iand ifungal iobligate iparasites, isuch ias irusts iand 

ipowdery imildews, iaffect ithe itranscription iprocess iin iinfected icells. iIn isome icases, ipathogens 

iaffect itranscription iby ichanging ithe icomposition, istructure, ior ifunction iof ithe ichromatin 

iassociated iwith ithe icell iDNA. iIn isome idiseases, iespecially ithose icaused iby iviruses, ithe 



ipathogen, ithrough iits iown ienzyme ior iby imodifying ithe ihost ienzyme i(RNA ipolymerase) ithat 

imakes iRNA, iutilizes ithe ihost icell inucleotides iand imachinery ito imake iits iown i(rather ithan ihost) 

iRNA. iIn iseveral idiseases, ithe iactivity iof iribonucleases i(enzymes ithat ibreak idown iRNA) iis 

iincreased, iperhaps iby iformation iin iinfected iplants iof inew ikinds iof iribonucleases inot iknown ito 

ibe iproduced iin ihealthy iplants. iFinally, iin iseveral idiseases, iinfected iplants, iparticularly iresistant 

iones, iseem ito icontain ihigher ilevels iof iRNA ithan ihealthy iplants, iespecially iin ithe iearly istages iof 

iinfection. iIt iis igenerally ibelieved ithat igreater iRNA ilevels iand, itherefore, iincreased 

itranscription iin icells iindicate ian iincreased isynthesis iof isubstances iinvolved iin ithe idefence 

imechanisms iof iplant icells. 

 

Translation 

Infected iplant itissues ioften ihave iincreased iactivity iin iseveral ienzymes, iparticularly 

ithose iassociated iwith ithe igeneration iof ienergy i(respiration) ior iwith ithe iproduction ior ioxidation 

iof ivarious iphenolic icompounds, isome iof iwhich imay ibe iinvolved iin i(defence) ireactions ito 

iinfection. iAlthough ia icertain iamount iof isome iof ithese ienzymes i(proteins) imay ibe ipresent iin ithe 

icell iat ithe itime iof iinfection, iseveral iare iproduced ide inovo, inecessitating iincreased ilevels iof 

itranscription iand itranslation iactivity. iIncreases iin iprotein isynthesis iin iinfected itissues ihave 

ibeen iobserved iprimarily iin ihosts iresistant ito ithe ipathogen iand ireach itheir ihighest ilevels iin ithe 

iearly istages iof iinfection, ii.e., iin ithe ifirst ifew iminutes iand iup ito i2–20 ihours iafter iinoculation. iIf 

iresistant itissues iare itreated ibefore ior iduring iinfection iwith iinhibitors iof iprotein isynthesis, itheir 

iresistance ito ithe ipathogen iis ireduced. iThese iobservations isuggest ithat imuch iof ithe iincreased 

iprotein isynthesis iin iplants iattacked iby ipathogens ireflects ithe iincreased iproduction iof ienzymes 

iand iother iproteins iinvolved iin ithe idefence ireactions iof iplants. 

 

EFFECT iOF iPATHOGENS iON iPLANT iGROWTH 

It iis ieasily iunderstood iand iexpected ithat ipathogens ithat idestroy ipart iof ithe 

iphotosynthetic iarea iof iplants iand icause isignificantly ireduced iphotosynthetic ioutput ioften iresult 

iin ismaller igrowth iof ithese iplants iand ismaller iyields. iSimilarly, ipathogens ithat idestroy ipart iof 

ithe iroots iof ia iplant ior iclog itheir ixylem ior iphloem ielements, ithereby iseverely iinterfering iwith 

ithe itranslocation iof iwater iand iof iinorganic ior iorganic inutrients iin ithese iplants, ioften icause ia 

ireduction iin isize iand iyields iby ithese iplants iand, isometimes, itheir ideath. iIn imany iplant idiseases, 

ihowever, iinfected itissues ior ientire iplants iincrease ior ireduce iabnormally iin isize iwithout ia iclear-

cut iexplanation iof ihow ithese ichanges iare ibrought iabout. iIt iis iapparent ithat igrowth iregulators 

iaffecting iplant icell idivision iand ienlargement iare iinvolved, ibut ivery ilittle iis iknown iabout ithe 

ispecific icompounds iand imechanisms iinvolved ior ithe igenes ithat icontrol ithese ievents. 
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Effect iof ipathogens ion iplant igrowth. i(A) iLeaf icurling i(B) ifruit ienlargement iby ithe ileaf 

icurl 
fungus iTaphrina ideformans ion ipeach iand iplum i(C) iLeaf imalformations icaused iby ithe 

icommon ibean imosaic ivirus ion ibean i(D) istunting icaused iby ithe imaize istreak ivirus ion icorn 

i(E) iGalls icaused iby ithe icrown igall ibacterium iAgrobacterium itumefaciens iand i(F) igalls 

ialong ithe iroots iof ia iplant icaused iby ithe iroot iknot inematode iMeloidogyne isp. 
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