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Abstract 

 

Alternariaileaf ispot icausediby iAlternaria isp.i(A. ibrassicae iand iA. brassicicola)has been reported 

from all the continents of the world and is one among the common diseases of cabbage. Alternaria 

blight is one of the most dominant one that causes average yield loss in the range of 32-57% . Bio-

inoculated seedlings exhibitedisignificantly ihigher ivigour iindex.iSeedling ivigour iwas ifound ito ibe 

iincreased iin isingle ior icombination of Trichoderma and Pseudomonas fluorescence applied through 

seed treatment. Higher root and shoot dry biomass observed when Trichoderma applied as seed 

treatment. The rate of chlorophyll degradation was less in two treatments P. fluorescence applied 

through seed treatment and icombined iinoculation iof iTrichoderma iand iP.ifluorescence iapplied 

ithrough iseed itreatment.iLow iAUDPC iwas irecordedin combined seed treatments with Trichoderma 

iandP.fluorescence.iwere iTrichoderma iand iP.ifluorescence iapplied icombined ithrough iseed 

treatment.  
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Introduction 

Cabbageiis ione iof ithe imost ipopular i icrucifer vegetable grown in theworld. India is one of 

theimportant cabbages growing countries in Asia. India is next to China in cabbage 

production. Besides, having improved good technologiesand certified seeds, the desirable 

production is not achieved becauseof damages caused by insect,pestsiand idiseases.iIn iIndia, 

iabout i20% iof ithe icrop iyield iis ilost idue ito iinsect, ipests iand idisease iper iyear, iwhich 

iapproximately iamounting ito iRs.i1500 icrores ibut while iincase iof ioutbreaks, iloses, 

iincreased iupto i50-90% i(Singhiet al, 2001). Alternaria black leaf spot disease is one the most 

destructive disease of cabbage and brassicas worldwide (Meah et al.,2022). A complex of 

Alternariaspecies (A. brassicicola (Schw.) Wiltsh., A. brassicae (Berk.) Sacc., A. alternata 

(Fr.) Kreissler and A. raphani Groves and S kolko)areiresponsible ifor iconsiderable iyield 

ilossesi(iMeah iet ial., i2022 i).These ipathogens iare igreatly iinfluenced iby iweather iwith ithe 

ihighest idisease iincidence ireported iin imild, iwet iseasons iand iin iareas iwith irelatively 
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ihighirainfall.iThe ipathogen iappears ion leaves and stems of cabbage seedlings and adult 

plants. It can also affect the siliquae causing a severe reduction in the numberof siliquae 

amount and the quality of head or seed production. Cabbage can be affected in all stages of 

growth, where the thustypicalisymptoms iinclude iblack inecrotic ilesions isurrounded iby 

ichlorotic iareas ion ileaves, istems iand isiliquaei(Maciet ial., 1989).A. brassicae and A. 

brassicicola can affect host species at all the growthstages including seeds. On seedlings, the 

visible symptoms includes dark stem lesions immediately after germination, that can resulted 

in damping-off, or stunted seedlingsi[Valkonen, iet ial. i1990)]. In addition,to destruction iof ia 

iseed icrop,itheseipathogens ican ilive iwithinithe iseed, ispreadingithe idisease ito iother ifields, 

iandIcan causeiaI severe seedling loss.  ioseedlings [Rangel et al., 1945) 

Materials and methods  

Bio-inoculation ofiTrichodermaisp.iand iPseudomonas ifluorescence ito iidentify ithe iEffect iof 

ibio-inoculation ion iphysical ihealth iof icabbage iseedlings iunder ipot icondition iwere itested 

iduring i2022-23irabiicrop iseason iat iDepartment iof iPlant iPathology, iRama iUniversity, 

iKanpur. The experiment consisted of five treamentsiFive itreatments iviz,I T1: seed itreatment,T2: 

isoil iapplication,T3:iseed itreatment i+ isoil iapplication,T4: iseed itreatment i+ ifoliar iapplication 

iandT5:ifoliar iapplicationiby iusing iTrichoderma iharzianum, iPseudomonas ifluorescence iand 

iTrichoderma iharzianum i+ Pseudomonas fluorescence. 
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Bio agents  

Pureiculture iof iTrichoderma iharzianumi(UBT18) iand iPseudomonas ifluorescence i(VPF-1) 

iwerewasiobtained ifrom, iDepartment iof iPlant iPathology, iRama iUniversity, iKanpur.i 

Pseudomonas ifluorescence istrain iVPF-1 iwas imass imultiplied ion iKing´siB ibroth iIN i250 

iML iErlenmeyer iflasks, iincubated iat i28 iºC ifor i48 ihrs.iin ishaker iincubator.iCell isuspension 

iof ibacterial istrain iwas iadjusted ito iconcentration iof i106 iCFU/ml iand iused ialong iwith italc 

iand iCarboxy imethyl icellulose.iTrichoderma iharzianum i(UBT18) iwas imass imultiplied ion 

ipotato idextrose ibroth, iafter ifull imycelia igrowth iobtained imedia mixed with talc and 

Carboxy methyl cellulose.  

Preparation of pathogen inoculums  

Alternariaisp.iwas iisolated ifrom ileaf ispot iaffected icabbage ileaf.iThe ifungal iinoculums 

iwere itaken ifrom ipetridishes iand itransferred ito ipotato idextrose ibroth i(PDB) iandiwas ikept 

ifor i7 idays ioffor iincubation.iAfter ithe ifull igrowth iof ipathogen ithe imycelial imat iwas 

iharvested iand ihomogenized.iConidial iconcentration iwas idetermined iusing ia 

ihaemocytometer iand iadjusted ito i5 ix i105 iconidia iper imL.iPlants iwere ilabeled iand ispray 

iinoculated iwith ia iconidial isuspension iof ipathogen iusing i1000 imL ihand iheld iatomizer 

idirected iat ithe icentral ipart iof ithe iupper ileaf iside.iApproximately i0.3 imL 

iconidialisuspension per leaf was applied to the plants.  

Mode of application  

Seeds iwere itreated iwith iTrichoderma iharzianum iand iPseudomonas ifluorescence iat ithe 

irate iofi5 igram iper ikg, iof iseed, iapplied i30 imin.ibefore isowing.iTrichoderma iharzianumiand 

iPseudomonas ifluorescence iwere iapplied iin isoil iat ithe irate iofi12.5 ikg iper iha.iFoliar ispray 

iof iTrichoderma iharzianum iand iPseudomonas ifluorescence, iat i1% iconcentration iof italc 

ibased iformulationI was done i5 idays ibefore i ithe inoculation of pathogen. 

Plant growth promotion  

Plant igrowth ipromotion iactivity iof iTrichoderma iharzianum iand iPseudomonas ifluorescence 

iwere iassessed ibased ion ithe iseedling ivigour iindex iwas icalculatediby iusing ithe iformulaIas 

described ibyiAbdul iBaki iand iAnderson  

Seedling Vigour Index = mean root length + mean shoot length x germination (%)  

Chlorophyll estimation  

Chlorophyll icontent iestimatediby iusing iKonica iMinolta iSPAD-502 iPLUS iat itransplanting 

istage iand ibefore ichallenge iinoculation  

Shoot and root dry weight  
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Seedlings collected fromat the transplanting stagewerekept inat hot air over for 7 days and 

measured the shoot and root dry biomass.  

Percent disease index  

Percent idisease iindexi(PDI) iwas icalculated ifor ieach iplot iby isumming ithe iscores iof itwenty 

ileaves iand ianalyzed iusing irating iscale.iThe ivalue iwas iexpressed ias ipercentage iusing ithe 

ifollowing iformula: i 

No. iof ileaves iexamined ix imaximum irating iscore i 

Scalei(0-6) iused ifor irating: i 

Rating iSymptoms iof iAlternaria iblight ion ileaves16 i 

0=No iinfection i 

1=Up ito i5% ileaf iarea icovered i 

3= i5-10% ileaf iarea icovered i 

5=11-25% ileaf iarea icovered i 

7= i26-50% ileaf iarea icovered i 

9 i=More ithan i50% ileaf iarea icovered i 

AUDPC  

Area iunder iDisease iProgress iCurvei(AUDPC) iwas icalculated iby iusing ithe ifollowing 

iformula i 

Si i= iDisease iseverity iat ithe iend iof itime iI, ik i= iNumber iof isuccessive ievaluation iof iblight 

iseverity  

d = Interval between two observations  

Result and Discussion  

Effect onSeedlingVigour Index  

SeedlingVigour index is one of ithe imost iimportant iindicesIrthat represents ithe iplant ihealth.iIn ithe 

ipresent iinvestigation ithe iresults ion iseedlingvigour iindex i irevealed ithat iirrespective iof idelivery 

isystem ii.e. ithrough iseed itreatment ior isoil iapplication ior icombination iof iboth ibio-inoculated 

iseedlings ishowedisignificantly ihigher ivigour iindex i(1520.00-1813.33) in comparison to untreated 

check, on the other hand single or combination of T. harzianum iand iP.ifluorescence iapplied ithrough 

iseed itreatment iresulted icomparatively ihigher ivigour iindex.iSeed itreatment ialong iwith isoil 

iapplication idid inot iprovided ibetter iresults ias icompared ito iseed itreatment ialone. iAlthough imany 

iresearch ifindings ireported ithat iseed itreatment iis ithe imost isuitable iway ito iintroduce ibiocontrol 

iagents ito ithe ispermosphere irather ithan isoil iapplicationibut ihowever iseed ialong iwith isoil 

iapplication ialso iexhibit iincomplete irhizhosphere icolonization iwhich ireflects ithrough ihigherivigour 



 

 

iindex ibut iit imay inot ialways ibe itrue idue ito ispatial istructure iof ipopulation ileading ito irepeated 

iinteraction ibetween ithe imutualists i(Hamilton iet ial i1964). 

Results ion idry ibiomass iof iroot iand ishoot iof icabbage iseedlings iat itransplanting istage ihave ibeen 

ipresented iin itable i1 iwhich irevealed ithat ishoot iand iroot idry ibiomass iincrease isignificantly iover 

icontrol.iSignificantly ihigher ishoot ibiomass iwas iobservediwhenfromthe iTrichodermatreated 

seedsiwas iapplied ithorough iseed itreatment i(0.075 img/seedling) iwhich iwas isignificantly iat ipar 

iwith iTrichoderma iapplied ithrough iseed itreatment iand isoil iapplication, iP.ifluorescence ithrough 

iseed itreatment iand isoil iapplication iand icombined iapplication iof iTrichoderma iand iP.ifluorescence 

iseed itreatment i(0.05-0.069 img/seedling).iLater ithree iwas ionly isignificantly iat ipar iwith 

iTrichoderma iapplied ithrough isoil iapplication iand icombined iinoculation iof iTrichoderma iand 

iP.ifluorescence ithrough iseed itreatment iand isoil iapplication i(0.060 iand i0.059 img/ iseedling 

irespectively).iThe iresult iwas ialso iin icorroboration iwith ithe iprevious iresults iof ivigour iindex, iseed 

itreatment iwas icomparatively ibetter ithan iapplied ithrough iseed itreatment iand isoil iapplication iin 

icombination. iRoot idry iweight also follow almost the same trend, were Trichoderma through seed 

treatment resulted significantly higher root dry biomass (0.016 m/seedling) and it was significantly at 

par with Trichoderma application with seed and soil (0.014 mg/seedling). The increase in shoot and 

root dry biomass over control was highest in Trichoderma treated seedlings through seed treatment 

(56.25 and 77.78 % respectively) followed by Trichoderma applied combining through seed treatment 

and soil application (43.75 and 56.56% respectively). Higher the root shoot 

ratio,revealsbetterincreasemoreis thein root surface area resulting and better establishment of crop in 

soil. The ipresentiresult iindicated ithat ibetter iroot ibiomass iin icomparison ito ishoot iwas iproducediby 

ithe iseedlings itreated iwith icombined iinoculation iof iTrichoderma iand iP.ifluorescence ithrough iseed 

itreatment iand isoil iapplication i(R:S- i0.220) iwhich iwas ifollowed iby iTrichoderma iapplied ithrough 

isoil iapplication i(0.217) iand iTrichoderma iapplied ithrough iseed itreatment i(0.213).iEnhancement iof 

ishoot idry iweight ifrom 16-48% and root dry weight from 82-137% when inoculated with Fluorescent 

Pseudomonads [22]. 

Variation in total chlorophyll in cabbage under influence of bio-control agents at 20 DAS and 45 DAS. 

 

Variation in total chlorophyll in cabbage under influence of bio-control agents  

Results ion itotal ichlorophyll ias iexpressed iin iSPAD i-502 ireadings iat itransplanting istage iat i20 idays 

iafter isowing iand iat ipathogen iinoculation itime iat i45 idays iafter isowing, ihave ibeen ielucidated 

iinifig.1ishowed ino isignificant ivariation iwithin ithe ibio-agent itreated iseedlings iirrespective iof 

idelivery isystem iand ithe itotal ichlorophyll iwas iranged ibetween i(36.4-37.6) iat itransplanting 

istate.iAlthough ithese iwere isignificantly ihigher iin icomparison ito icontrol i(36.2).iComparatively 

ihigher ivariation iwas ifound iat ithe itime iof iinoculation iamong ithe ibio-treated iplants ihad 

significantly higher total chlorophyll was measured iin ithe iplants ideveloped iwith iP.ifluorescence 

iapplied ithrough iseed itreatment iand icombined iinoculation iof iTrichoderma iand iP.ifluorescence 
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iappliedithrough iseed itreatment.iThe irate iof ichlorophyll idegradation iwas iless iin ithose itwo 

itreatments.iAging iof iplants iincreases oxidative stress in chloroplasts and results in reduction of total 

chlorophyll in leaves [3].  

 

 

 

 

Table 1: Effectofbio-inoculationondrybiomassofcabbageseedlings 

 

iTreatment i Shoot idry iwt. i 

(mg/seedling) i 

Root idry iwt. 

i(mg/seedling) i 

Root: ishoot i % iincrease iin 

ishoot idry iwt. 

iover icontrol i 

% iincrease iin 

iroot idry iwt. 

iover icontrol i 

Tr-ST  0.075A  0.016A  0.213 i 56.25  77.78  

Tr-SA  0.060BC  0.013BC  0.217 i 25.00  44.44  

Tr-ST+SA  0.069AB  0.014AB  0.203 i 43.75  55.56  

Pf-ST  0.067AB  0.014B  0.209 i 39.58  55.56  

Pf-SA  0.061B  0.011CD  0.180 i 27.08  22.22  

Pf-ST+SA  0.065AB  0.013BC  0.200 i 35.42  44.44  

Tr+Pf-ST  0.066AB  0.014B  0.212 i 37.50  55.56  

Tr+Pf-SA  0.063AB  0.013BC  0.206 i 31.25  44.44  

Tr+Pf-ST+SA  0.059BC  0.013BC  0.220 i 22.92  44.44  

Control  0.048C  0.009D  0.188 i 

SEm±  

CD(P=0.05)  

0.00428  

0.01219  

0.00077  

0.0021931  

 

 

Conclusion 

Bio-inoculated iseedlings iexhibited isignificantly ihigher ivigour iindex.iSingle ior icombination 

iofiT.iharzianum iand iP.ifluorescenceiapplied ithrough iseed itreatment iresultedicomparatively 

ihigher iseedling ivigour.iSeed itreatment ialong iwith isoil iapplication idid inot iprovide ibetter 

iresult ias icompared ito iseed itreatment ialone. 

Higher ishoot ibiomass iwas iobserved iwhen iTrichoderma iwas iapplied ithrough iseed 

itreatment.iRoot idry ibiomass ialso ifollowed ithe isame itrend.iIncrease iin ishoot iand iroot idry 

ibiomass iover icontrol iwas ihighest iin iTrichoderma itreated iseedlings iapplied ithrough iseed 

treatment. 
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Higher total chlorophyll iwas imeasured iin ithe iplants ideveloped iwith iP.ifluorescence iapplied 

ithrough iseed itreatment iand icombined iinoculation iof iTrichoderma iand iP.ifluorescence 

iapplied ithrough iseed itreatment.iThe irate iof ichlorophyll idegradation iwas iless iin ithose itwo 

itreatments. 

Significant ivariation iin idisease idevelopment iwas ifound ithen iafter iand iit icontinued iup ito 

iterminal istage iof idisease irecord.iFourteen idays iafter ichallenge iinoculation, ilowest idisease 

iseverity iwas recorded in the plants raised by combined inoculation of Trichoderma and P. 

fluorescence applied through seed treatment. Soil application did not show any significant 

effectiin ireduction iof idisease iseverity iat ithe iterminal istage idisease irecord ii.e.i28 idays iof 

ichallenge iinoculation.iLowest iseverity iwas irecorded iwhen iboth iTrichoderma iand 

iP.ifluorescence iwere iapplied ithrough iseed itreatment iand ifoliar iapplication.iIn icontrol 

iplants i40.74% idisease iseverity iwas irecorded iwhich iindicated ithat ias ihigh ias i30.90% 

ireduction iin idisease iseverity icould ibe iachieved ithrough ibiocontrol iagent iapplication.iLow 

iAUDPC iwas irecorded iwere iTrichoderma iand iP.ifluorescence iapplied icombined ithrough 

iseed itreatment.iIn icontrol iplants ithe icalculated iAUDPC was significantly higher. 

Before challenge inoculation the highest protein concentration was measured in plants raised 

with combined inoculation of Trichoderma and Pseudomonas fluorescence applied through 

iseed itreatment iand ifoliar iapplicationi(5.49 img/g iof ifresh iwt.).iAfter ichallenge iinoculation 

ihighest iincrease iwas iobserved iin ithe iplants iraised iwith iP.ifluorescence iapplied ithrough 

iseed itreatment iand isoil iapplication (116.72%) followed by iTrichoderma iapplied ithrough 

ifoliar iapplication i(107.17%). iIn igeneral iP. ifluorescence iwas ifound ito ibe imore ipotential 

iprotein iinducer icompared ito iTrichoderma. 
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