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Inoculation of Trichoderma Spp. and Fluorescent Pseudomonas 
 

 

Abstract 

 

AlternariaileafispoticausedibyiAlternariaisp.i(A.ibrassicaeiandiA.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 

exhibitedisignificantlyihigherivigouriindex.iSeedlingivigouriwasifounditoibeiincreasediinisingleioricom

bination of Trichoderma and Pseudomonas fluorescenceapplied 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 

andicombinediinoculationiofiTrichodermaiandiP.ifluorescenceiappliedithroughiseeditreatment.iLowiA

UDPCiwasirecorded,iwereiTrichodermaiandiP.ifluorescenceiappliedicombinedithroughiseed treatment.  
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Introduction 

Cabbageiisioneiofitheimostipopulariicrucifer vegetable grown in world. India is one of 

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

Besides, good technology and certified seeds, the desirable production is not achieved 

becauseof damages caused by insect pestsiandidiseases.iIniIndiaiabout 

i20%iofitheicropiyieldiisilostidueitoiinsectipestsiandidiseaseiperiyear,iwhichiapproximatelyiamo

untitoiRs. i1500icroresibutiincaseiofioutbreaks,iloses,iincreasediupto i50-90%i(Singhiet al, 

2001). Alternaria black leaf spot disease is onethe 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) areiresponsibleiforiconsiderableiyieldilossesi(Meahietial., 

i2022i).Theipathogensiareigreatlyiinfluencedibyiweatheriwithitheihighestidiseaseiincidenceirepo

rtediinimild,iwetiseasonsiandiiniareasiwithirelativelyihighirainfalliTheipathogeniappears ion 

leavesand stems of cabbage seedlings and adult plants. It can also affect the siliquae causing a 
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severereduction in the amount and the quality of head or seed production. Cabbage can be 

affected inall stages of growth, thus 

typicalisymptomsiincludeiblackinecroticilesionsisurroundedibyichloroticiareas 

ionileaves,istemsiandisiliquaei(Macietial., 1989) .A. brassicaeand A. brassicicolacan affect host 

species at all stages of growth, includingseeds. On seedlings symptoms include dark stem 

lesions immediately after germination, thatresult in damping-off, or stunted 

seedlingsi[Valkonen,ietial. i1990)]. In addition to 

destructioniofiaiseedicrop,itheipathogensicaniliveiwithinitheiseed,ispreaditheidiseaseitoiotherifiel

ds,iandicauseiailossioseedlings [Rangel et al., 1945) 

Materials and methods  

Bio-inoculation ofiTrichodermaispiandiPseudomonasifluorescenceitoiidentifyitheiEffectiofibio-

inoculation ioniphysicalihealthioficabbageiseedlingsiunderipoticonditioniwereitestediduring 

i2022-

23irabiicropiseasoniatiDepartmentiofiPlantiPathology,iRamaiUniversity,iKanpuriFiveitreatment

siviz,iseeditreatment,isoiliapplication,iseeditreatmenti+isoiliapplication,iseeditreatmenti+ifoliaria

pplicationiandifoliariapplicationibyiusingiTrichodermaiharzianum,iPseudomonasifluorescencei

andiTrichodermaiharzianumi+ Pseudomonas fluorescence.  
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Bio agents  

PureicultureiofiTrichodermaiharzianumi(UBT18)iandiPseudomonasifluorescencei(VPF-

1)iwasiobtainedifrom,iDepartmentiofiPlantiPathology,iRamaiUniversity,iKanpur.i 

Pseudomonasifluorescenceistrain iVPF-1iwasimassimultiplied ioniKing´siBibrothiIN 

i250iMLiErlenmeyeriflasks,iincubatediat i28iºCifor 

i48ihrs.iinishakeriincubator.iCellisuspensioniofibacterialistrainiwasiadjusteditoiconcentrationiof 

i106iCFU/mliandiusedialongiwithitalciandiCarboxyimethylicellulose.iTrichodermaiharzianumi(

UBT18)iwasimassimultiplied 

ionipotatoidextroseibroth,iafterifullimyceliaigrowthiobtainedimedia mixed with talc and 

Carboxy methyl cellulose.  

Preparation of pathogen inoculums  

Alternariaisp.iwasiisolatedifromileafispotiaffectedicabbageileaf.iTheifungaliinoculumsiwereitak

enifromipetridishesianditransferreditoipotatoidextroseibrothi(PDB)iandiwasikeptifor 

i7idaysiofiincubation.iAfteritheifulligrowthiofipathogenitheimycelialimatiwasiharvestediandiho

mogenized.iConidialiconcentrationiwasideterminediusingiaihaemocytometeriandiadjustedito i5 

ix 

i105iconidiaiperimL.iPlantsiwereilabelediandisprayiinoculatediwithiaiconidialisuspensioniofipat

hogeniusing 

i1000imLihandiheldiatomizeridirectediatitheicentralipartiofitheiupperileafiside.iApproximately 

i0.3imLiconidialisuspension per leaf was applied to the plants.  

Mode of application  

SeedsiwereitreatediwithiTrichodermaiharzianumiandiPseudomonasifluorescenceiatithe irateiof 

i5igramiperikg,iofiseed,iapplied 

i30imin.ibeforeisowing.iTrichodermaiharzianumiandiPseudomonasifluorescenceiwereiappliedii

nisoiliatithe irateiof 

i12.5ikgiperiha.iFoliarisprayiofiTrichodermaiharzianumiandiPseudomonasifluorescence,iat 

i1%iconcentrationiofitalcibasediformulationidone i5idaysibeforeipathogeniinoculation.  

Plant growth promotion  

PlantigrowthipromotioniactivityiofiTrichodermaiharzianumiandiPseudomonasifluorescenceiwe

reiassessedibased 

ionitheiseedlingivigouriindexiwasicalculatedibyiusingitheiformulaidescribedibyiAbduliBakiiandi

Anderson 

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

Chlorophyll estimation  
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ChlorophyllicontentiestimatedibyiusingiKonicaiMinolta iSPAD-

502iPLUSiatitransplantingistageiandibeforeichallengeiinoculation 

Shoot and root dry weight  

Seedlings at the transplanting stage kept at hot air over for 7 days and measured the shoot and 

root dry biomass.  

Percent disease index  

Percentidiseaseiindexi(PDI)iwasicalculatediforieachiplotibyisummingitheiscoresiofitwentyileave

siandianalyzingiusingiratingiscale.iTheivalueiwasiexpressediasipercentageiusingitheifollowingif

ormula:i 

No.iofileavesiexamined iximaximumiratingiscorei 

Scalei(0-6)iusediforirating:i 

RatingiSymptomsiofiAlternariaiblight ion ileaves16i 

0=Noiinfectioni 

1=Upito i5%ileafiareaicovered i 

3= i5-10%ileafiareaicoveredi 

5=11-25%ileafiareaicoveredi 

7= i26-50%ileafiareaicoveredi 

9i=Moreithan i50%ileafiareaicoveredi 

AUDPC  

AreaiunderiDiseaseiProgressiCurvei(AUDPC)iwasicalculatedibyiusingitheifollowingiformulai 

Sii=iDiseaseiseverityiatitheiendiofitimeiI,iki=iNumberiofisuccessiveievaluationiofiblightiseverity 

d = Interval between two observations  

Result and Discussion  

Effect on Vigour Index  

Vigour index is one 

ofitheimostiimportantiindicesirepresentsitheiplantihealth.iInitheipresentiinvestigationitheiresults 

ionivigouriindexiirevealedithatiirrespectiveiofideliveryisystemii.e.ithroughiseeditreatmentiorisoiliapplica

tionioricombinationiofibothibio-inoculatediseedlingsiaddisignificantlyihigherivigouriindexi(1520.00-

1813.33) in comparison to untreated check, on the other hand single or combination of T. 

harzianumiandiP.ifluorescenceiappliedithroughiseeditreatmentiresultedicomparativelyihigherivigouriind

ex.iSeeditreatmentialongiwithisoiliapplicationididinotiprovidedibetteriresultsiasicompareditoiseeditreatm

entialone.iAlthoughimanyiresearchifindingsireportedithatiseeditreatmentiisitheimostisuitableiwayitoiintr

oduceibiocontroliagentsitoitheispermosphereiratherithanisoiliapplicationibutihoweveriseedialongiwithiso

iliapplicationialsoiexhibitiincompleteirhizhosphereicolonizationiwhichireflectsithroughihigherivigouriin
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dexibutiitimayinotialwaysibeitrueidueitoispatialistructureiofipopulationileadingitoirepeatediinteractionibe

tweenitheimutualistsi(Hamiltonietial i1964). 

Results 

ionidryibiomassiofirootiandishootioficabbageiseedlingsiatitransplantingistageihaveibeenipresentediinitabl

e 

i1iwhichirevealedithatishootiandirootidryibiomassiincreaseisignificantlyiovericontrol.iSignificantlyihigh

erishootibiomassiwasiobservediwheniTrichodermaiwasiappliedithoroughiseeditreatmenti(0.075img/seed

ling)iwhichiwasisignificantlyiatipariwithiTrichodermaiappliedithroughiseeditreatmentiandisoiliapplicati

on,iP.ifluorescenceithroughiseeditreatmentiandisoiliapplicationiandicombinediapplicationiofiTrichoder

maiandiP.ifluorescenceiseeditreatmenti(0.05-

0.069img/seedling).iLaterithreeiwasionlyisignificantlyiatipariwithiTrichodermaiappliedithroughisoiliapp

licationiandicombinediinoculationiofiTrichodermaiandiP.ifluorescenceithroughiseeditreatmentiandisoili

applicationi(0.060iand 

i0.059img/iseedlingirespectively).iTheiresultiwasialsoiinicorroborationiwithitheipreviousiresultsiofivigo

uriindex,iseeditreatmentiwasicomparativelyibetterithaniappliedithroughiseeditreatmentiandisoiliapplicati

oniinicombination.iRootidryiweight 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 reveal 

better increase in root surface area and better establishment of crop in soil. 

Theipresentiresultiindicatedithatibetterirootibiomassiinicomparisonitoishootiwasiproducedibyitheiseedlin

gsitreatediwithicombinediinoculationiofiTrichodermaiandiP.ifluorescenceithroughiseeditreatmentiandis

oiliapplicationi(R:S- 

i0.220)iwhichiwasifollowedibyiTrichodermaiappliedithroughisoiliapplicationi(0.217)iandiTrichodermai

appliedithroughiseeditreatmenti(0.213).iEnhancementiofishootidryiweightifrom 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 ionitotalichlorophylliasiexpressediiniSPAD i-502ireadingsiatitransplantingistageiat 

i20idaysiafterisowingiandiatipathogeniinoculationitimeiat i45idaysiafterisowing,ihaveibeenielucidatediin 

ifig.1ishowedinoisignificantivariationiwithinitheibio-

agentitreatediseedlingsiirrespectiveiofideliveryisystemianditheitotalichlorophylliwasirangedibetweeni(36

.4-

37.6)iatitransplantingistate.iAlthoughitheseiwereisignificantlyihigheriinicomparisonitoicontroli(36.2).iC
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omparativelyihigherivariationiwasifoundiatitheitimeiofiinoculationiamongitheibio-treatediplantsihad 

significantly higher total chlorophyll was 

measurediinitheiplantsidevelopediwithiP.ifluorescenceiappliedithroughiseeditreatmentiandicombinediin

oculationiofiTrichodermaiandiP.ifluorescenceiappliedithroughiseeditreatment.iThe 

irateiofichlorophyllidegradationiwasilessiinithoseitwoitreatments.iAgingiofiplantsiincreases oxidative 

stress in chloroplasts and results in reduction of total chlorophyll in leaves [3].  

 

 

 

 

Table 1: Effectofbio-inoculationondrybiomassofcabbageseedlings 

 

iTreatmenti Shootidryiwt.i 

(mg/seedling)i 

Rootidryiwt.i(mg

/seedling)i 

Root:ishoot i %iincreaseiinish

ootidryiwt.ioveri

controli 

%iincreaseiiniro

otidryiwt.ioveric

ontroli 

Tr-ST  0.075A  0.016A  0.213i 56.25  77.78  

Tr-SA  0.060BC  0.013BC  0.217i 25.00  44.44  

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

Pf-ST  0.067AB  0.014B  0.209i 39.58  55.56  

Pf-SA  0.061B  0.011CD  0.180i 27.08  22.22  

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

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

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

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

Control  0.048C  0.009D  0.188i 

SEm±  

CD(P=0.05)  

0.00428  

0.01219  

0.00077  

0.0021931  

 

 

Conclusion 

Bio-

inoculatediseedlingsiexhibitedisignificantlyihigherivigouriindex.iSingleioricombinationiofiT.iha

rzianumiandiP.ifluorescenceiappliedithroughiseeditreatmentiresultedicomparativelyihigheriseed

lingivigour.iSeeditreatmentialongiwithisoiliapplicationididinotiprovideibetteriresultiasicompared

itoiseeditreatmentialone. 

Comment [Bb23]: italics 

Comment [Bb24]: italics 



 

 

HigherishootibiomassiwasiobservediwheniTrichodermaiwasiappliedithroughiseeditreatment.iRo

otidryibiomassialsoifolloweditheisameitrend.iIncreaseiinishootiandirootidryibiomassiovericontro

liwasihighestiiniTrichodermaitreatediseedlingsiappliedithroughiseed treatment. 

Higher total 

chlorophylliwasimeasurediinitheiplantsidevelopediwithiP.ifluorescenceiappliedithroughiseeditre

atmentiandicombinediinoculationiofiTrichodermaiandiP.ifluorescenceiappliedithroughiseeditrea

tment.iThe irateiofichlorophyllidegradationiwasilessiinithoseitwoitreatments. 

Significantivariationiinidiseaseidevelopmentiwasifounditheniafteriandiiticontinuediupitoitermina

listageiofidiseaseirecord.iFourteenidaysiafterichallengeiinoculation,ilowestidiseaseiseverityiwas 

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

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

effectiinireductioniofidiseaseiseverityiatitheiterminalistageidiseaseirecordii.e. 

i28idaysiofichallengeiinoculation.iLowestiseverityiwasirecordediwhenibothiTrichodermaiandiP.i

fluorescenceiwereiappliedithroughiseeditreatmentiandifoliariapplication.iInicontroliplants 

i40.74%idiseaseiseverityiwasirecordediwhichiindicatedithatiasihighias 

i30.90%ireductioniinidiseaseiseverityicouldibeiachievedithroughibiocontroliagentiapplication.iL

owiAUDPCiwasirecordediwereiTrichodermaiandiP.ifluorescenceiappliedicombinedithroughisee

ditreatment.iInicontroliplantsitheicalculatediAUDPC was significantly higher. 

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

with combined inoculation of Trichoderma and Pseudomonas fluorescence applied 

throughiseeditreatmentiandifoliariapplicationi(5.49img/giofifreshiwt.).iAfterichallengeiinoculati

onihighestiincreaseiwasiobservediinitheiplantsiraisediwithiP.ifluorescenceiappliedithroughiseedi

treatmentiandisoiliapplication (116.72%) followed 

byiTrichodermaiappliedithroughifoliariapplicationi(107.17%).iInigeneraliP.ifluorescenceiwasifo

unditoibeimoreipotentialiproteiniinducericompareditoiTrichoderma. 
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