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EfficacyofPseudomonasfluorescensandorganicamendmentsagainst
blackrootrotdiseasecausedbyRhizoctoniasolaniinstrawberry
(FragariaxananassabDuch.)

12
ABSTRACT

BlackrootrotofstrawberrycausedbyRhizoctoniasolaniisoneofthedevastatingsoilbornedisease. Anexperiment
wasconductedtoevaluatetheefficacyoforganicamendments,PGPR(PseudomonasFluorescens)andbotanical
treatmentfor themanagementofR.solanionstrawberry. ThestudywaslaidoutinRandomizedBlockdesign(RBD)
includingdr zplicationswith8treatmentsinpotconditionatthegreenhouseofDepartmentofPlantPathology,Sam
HigginbottomUniversityofAgriculture, TechnologyandSciences,Prayagraj,UttarPradesh,duringRabiseason
20232024.T netreatmentsconsistedofcombinationofFYM,vermicompost,biomixcompost,neemcake,cocopeatand
botanical neemleafextractwereusedassoilamendmentsandP.fluorescensasroottreatmentforevaluationonthe
plantgrowtt yield,physicochemicalparameters(TSSandtotalascorbicacid),diseaseintensity(%)andbenefitcost
ratioofstraw erry. Thepresentinvestigationresults revealedthatT7—P.fluorescens(0.3%)+FYM@ 100g +biomix
compost@15g+vermicompost@15g+neemleafextract@ 10%hadthemostpromisingresultsintermofmaximum
plantheight (14.9cm),maximumleafnumber(15.75),daystakentofirstflowering(86days),berrylength(4.08cm),
berrydiameter(2.84cm),yield(38.87gha!), TSS(8.80°Brix),totalascorbicacid(51.60mg/100g)andB:Cratio(1:2.24).
ItwasalsoobservedthatTzsuperioroverothertreatmentsgivingleastpercentdiseaseintensity(30.75%)followedby
Te—FYM@ 00g+P.fluorescens(0.3%)+biomixcompost@ 15g+neemcake @ 15g+neemleafextract@10%
(35.50%).Thesefindingshighlightthepotentialoforganicamendments,PGPR (P.fluorescens) andbotanical
treatments,a seffectivealternativesformanagingblackrootrotdiseasecausedbyR.solaniinstrawberrycultivation.

Keywords:Blackrootrot,Rhizoctoniasolani,Pseudomonasfluorescens,FYM,vermicompost,biomixcompost,neem
cake,neemleafextract

1.INTRODUCTION

Strawberry(FragariaxananassaDuch.) cv.ChandlerisanimportantfruitthatbelongstothefamilyRosaceae andgenus
Fragaria.ltoccupiesanimportantplaceamongthesmallfruitplantsanditisgrownthroughouttheworld. Strawberry
occupiesanimportantplaceamongthesmallfruitplantsanditisgrownthroughouttheworld. Thefruitisattractive,luscious,
tasty, highlynutritious,deepred incolour,highlyperishablewith aunique shapeandithasadistinct,pleasantaroma and
delicateflavour.Besidesbeinganattractivefruitduetoitscolourandflavour,itiseconomicallyandcommerciallyimportant
andwidelyconsumedfreshorinprocessedformssuchasjams,juices,jelliesetc. Thestrawberryrepresentsarelevant
sourceofmicronutrientssuchasminerals,vitaminC,folateandphenolicsubstancesthatcontributestothehighnutritional
qualityofthefruit.ltisagoodsourceofessentialnutrients,antioxidants,bioactivecompoundsandbeneficial
phytochemicals,whichhaverelevantbiologicalactivityinhuman(Nishuetal.,2021).

Strawberriesare grownworldwideinapproximately80 countries withaworldwideproductionofmore than9.5milliontons
(FAOSTAT,2023).InIndiaencompassesanestimatedareaofaround3310hawithtotalproductionof19.84metrictonnes
(Horticulturalstatisticsataglance,2021).

Strawberryisoneof thetemperatefruitsinindiaanditssuccessfulcultivationrequiresanoptimumdaytemperatureof22-
23°Candnighttemperatureof7-13°Cinindia(Tripathietal.,2015).ThePanchgani-MahabaleshwerregionofMaharashtra
growsmorethan85percentofcountry’sstrawberries.Presently,strawberrycultivationisspreadinginplainofindianclimatic
condition(Meenaetal.,2018).
Strawberryplantsareaffectedbyalargenumberofdiseasescausedbyfungi,bacteria,viruses,nematodesandarthropods.
Thesepathogenscausedamageontheleaves,roots,crownsandfruits. Amongdifferentdiseases,blackrootrotisa
common,yield-limitingandseriousdiseasecomplexthatadverselyaffectsstrawberryproductioninmanyregionsofthe
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world.Itisconsideredtobeacomplexdisease,causedbytheseveralpathogens(Rhizoctoniaspp.,Pythiumspp.,Fusarium
spp.andCylindrocarponspp.),environmentalfactorsandnematodesonstrawberry(MatsumotoandYoshida,2006).The
organismthatismostcommonlyassociatedwiththeblackrootrotcomplexisRhizoctoniasolaniandR.fragariae. These
pathogens,singleorincombinationfillthevascularsystemofstrawberries,resultinginthepreventionofnutrientandwater
uptake(Demiretal.,2023).
Thisdiseasecancauseyieldlossesof30-50%instrawberries,declineinvigourandproductivityoftheplantstandcausing
damagetothehostandconsiderablereductionintheyield(Ahmedetal.,2017).Blackrootrotdiseaseofstrawberry
characterisedbystuntedgrowth,brittle,wiltunderheatstressandblackenedrootsystems.Theinfectedplantsshowed
fewercrownsofreduceddiametercomparedwithunaffectedplantsandproducedlessfruitofreducedquality. Affected
plantsleavesaregenerallysmallerandfewnumbersofrunnersareproduced(KumariandThakur,2022).
Themajorapproachtocontrolcrownandroot-rotinstrawberrycultivationhasdependentoninjectingartificialfungicides
(Coqueetal.,2020).However,theusageapplicationoffungicidesraisesanumberofproblems,includingthebuildupof
resistanceinthediseasesthatarebeingtargeted,harmfulresidueonfruitsandadverseoutcomesontheenvironment
(Mheidietal.,2023).Inrecentyears,plantextractsderivativesbecometheimportanceforthecontroloftheplantdiseases
duetotheir antifungalandantibacterialproperties. Theapplicationofbotanicalextractsfordiseasemanagementcouldbe
lessexpensive,lesspollutingandecofriendly(Rahilaetal.,2020).
Useoforganicby-productsasamendmentstoreducesoilborneplantdiseasesisgainingtheinterestofplantpathologists,
manufacturingandprocessingindustries,regulators,consumersandgrowers.ThepotentialityofPlantgrowth-promoting
rhizobacteriainagricultureissteadilyincreasedasitoffersanattractivewaytoreplacetheuseofchemicalfertilizers,
pesticidesandothersupplements.BiocontrolofstrawberryrootrottriggeredbytheRhizoctoniagenuscanbeaccomplished
byeitherboostingnativeantagonistslikethosepresentinorganicmanurelikevermicompost,FYMetc.toadensity
adequateforsuppressionofpathogen(s)orinsertingalienantagonists. Amidthemanyantagonistsinvestigatedbyscientists
aretheBacillusinadditiontoPseudomonasgenera,whichhavebeenproventobebeneficialforloweringthespreadof
numeroussoil-bornediseases(Attia,2019).Thus,thepresentstudyaimedtoevaluatetheeffectofselectedorganic
amendmentsandPGPR(Pseudomonasfluorescens)forthemanagementofblackrootrotcausedbyRhizoctoniasolaniin
strawberry.KeepingtheaboveinviewthestudywasundertakenduringRabiseason2023,atthegreenhouse,Department
of Plant Pathology, Sam Higginbottom University of Agriculture, Technology and Sciences,

Prayagraj.82
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2.MATERIALANDMETHODS

Theexperimentwascarriedoutinpotconditionatthegreenhouse, DepartmentofPlantPathology, SamHigginbottom
UniversityofAgriculture, TechnologyandSciences,PrayagrajduringRabiseason2023.Thestudywaslaid-outin
RandomizedBlockDesign(RBD)withfourreplications. Thetreatmentsincludethecombinationofdifferentorganic
amendmentslikeFYM,vermicompost(VC),biomixcompost(BC) —organiccompostmixedwithbiofertilizerslikePSBand
Azotobacterchroococcum,neemcake(NC)andcocopeat(CP)wereappliedassoilamendments(SA)duringthesoil
preparation,botanicalneemleafextract(NLE)wasappliedassoildrenching(SD)andliquidformulationPseudomonas
fluorescens(Pf)inbrothwasappliedasrootdip(RD)oftherunnersfor30minsbeforeplantingoftherunners.8treatment
combinationsviz., Tocontrol, T1-FYM@100g(SA)+Pf@0.3%(RD)+VC@15g(SA)+NLE@10%(SD), T2-FYM93 @100g + Pf

@ 0.3% (RD) + BC @159 (SA) + NLE @10% (SA), Tz - FYM @100g + Pf @ 0.3% (RD) + CP @ 15g (SA)
+94NLE@10%(SA), T+-FYM@ 100g+Pf@0.3%(RD)+NC@15¢(SA)+NLE@10%(SD). Ts—FYM@100g+Pf@0.3%
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(RD)+BC@15g(SA)+CP@15g(SA)+NLE@10%(SD), Te—FYM@100g+Pf@0.3%(RD)+BC@15g(SA)+NC

@159(SA)+NLE@10%(SD)andT7-FYM@100g+Pf@0.3%(RD)+BC@15g(SA)+VC@159g(SA)+NLE@10%
(SD)wereadopted.Thedatarecordedofdifferentparameters duringexperimentwerepooled andanalyzed.Observation
onplantheightandnumbersofleaveswererecordedat30.60,90and120DAT .Ateachpicking,dataofberryweightand
yieldwererecorded.Thelengthandwidthoffiverandomlyselectedberrieswerebyusingverniercallipers.100
2.1lsolationandidentificationofthepathogen
Diseasedplantswerecollectedfromdifferentplacesduringthecroppingseasonandisolationofpathogenwascarriedout
inthelaboratory.Firstly,collectedplantdiseasedsamples(roots)werewashedthoroughlywithdistilledwaterandcutoffto
thepartwiththesymptomof2mm.Surfacesterilizedwiththelpercentsodiumhypochlorite(NaOCl)solutionforlmin,
thenwashedwithsterilizeddistilledwaterthricetoremoveanysodiumhypochloritetracesanddriedbysterilizedfilterpaper
andthentransferredtothepetri plateswithpotato dextroseagarmedia(1piecesfor eachplate)with thehelpofsterilized
needleandincubatedinincubatorat28+2°Cfor2-3daysandexaminedatfrequentintervalstocheckthegrowthofthe
fungalpathogen..
Thefungalcolonyculturewasinitiallywhite,cottonyandabundantinaerialmycelium,butitprogressivelyturnedintobrown
colour.SclerotiaoftheculturaltypewerescatteredseparatelyorsometimesjoinedlaterallyonPDA.Theyweredarkbrown
toblack,subsphericaltoirregularand0.6-6.0mmindiameter. Thehyphaearetypicallywide(6-12pum)andexhibit
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112 rightangledbranchingwithacharacteristicconstrictionatthepointofbranchingandaseptumnearthebranch.Thecells
113 are
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93 multinucleateandthehyphalwallsaregenerallysmooth.Thefungusdoesnotproducespores,whichisunusualformany
94 fungalpathogens,butinsteadformshardsclerotia,darklypigmentedstructuresthatallowittosurviveinharshconditions.
95 ThefunguswasidentifiedasR.solanibasedonculturalappearanceonmedia,sclerotialmorphologyandother

96 physiologicalcharacteristicsofmycelium(Kimetal.,1994).97

98 2.1.1Purificationandmaintenanceofthepathoaen
99 Theculturesofthefungusweresub-culturedonpetriplatesandkeptinlaboratoryat28+1°Cfor15days.Suchmother

100 cultureswerepreservedat4°Cinrefrigerator.Further,theseculturesweresub-culturedonceinamonthandusedfor
101 futurepurpose(ToussounandNelson,1976).10

103  2.2PreparationofPhyto-extracts

104 Freshandhealthyneemleaveswerecollectedandwashedwithrunningtapwaterfollowedbysteriledistilledwaterand105 air dry
at 27 °C. The plant materials and water were used at a ratio of 1:1 (weight: volume) and ground the mixture by
using106pestleandmortartoobtainedextract. Theextractswerethenfilteredthroughdouble-layeredmuslinclothandthenwith
107filterpaper.Theconcentratedfiltratedneemleafextractwasconsideredasstandardsolution(100%).Theneemleafextract108at10%pr
eparedfromstandardwasdrenchedattherhizosphereregionoftheplant(Bambodeand Shukla,1973).

109

110 2.3Measurementoftotalsolublesolids(TSS)alongwithtotalascorbicacid(vitaminC)

111 Adigitalhandrefractometerwasutilizedtofigureoutthetotalsolublesolidscontentofthestrawberry(Pauletal.,2010).

112 Ascorbicacidcontentwascalculatedbyusing2,6—Dicholorophenolindophenolvisualtitrationmethod.Dyesolutionwas

113 preparedbydissolving42mgofNaHCOs inasmallamountofdistilledwaterandadded52gof2,6-dichlorophenol

114 indophenolsanddilutedwithdistilledwaterto200ml.StandardvitaminCsolutionwaspreparedbytaking100mgofvitamin

115 Cmixedwith100mlof3percentoxalicacidin100mlvolumetricflask.10mlofstandardvitaminCsolutionwastakenina

116 conicalflaskanditwastitratedwithprepareddyefromburetteuntilthesolutionturnintolightpinkandrecordeddyeused

117 whiletitrationprocess(V1ml).5gofstrawberrysamplewastakenandgrindedintostrawberryjuiceandfilterdbyusing

118 doublelayeringmuslinclothandadded4percentoxalicacidtoaknownvolumevolume(100ml),thenpipetted5mlofthe

119 supernatantandadded10ml4percentoxalicacidandtitratingagainstdye(V2ml).ThecontentofvitaminCinstrawberry

120 wascalculatedusingtheformula(SadasivamandBalasubraminan,1987)whichisgivenbelow

V1mix 5mix weightofthesample
121 ContentofvitaminC(mg/100g)= x100
0.05xV2mIx100ml

122 2.4Diseaseassessment

123 Plantspertreatmentperreplicationwereregularlywatchedforfirstappearanceofdisease. Theobservationondisease
124 intensitywasrecordedusingaprogressive0-5scale,asshowedin(TablelandPlatel).Numericalratingscalewasgiven
125 onthebasisofpercentageofareainfectedbypathogenontheroot(Fangetal.,2011)asdescribedbelow126

127 TablelDiseaseratingscale

128

Scale Description

rootwelldeveloped,nodiscolouration
<25%rootdiscoloured

225%,<50%rootdiscoloured
250%,<75%rootdiscoloured

>75%rootdiscoloured

aa A W N B O

allrootdiscoloured(rotted)
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Platel.Diseaseratingscale

2.4.1PerCentDiseaselntensity(PDI
Percentdiseaseintensitywasrecordedat150DATattheendoftheexperiment.Percentdiseaseintensitywascalculated
inaccordancewithfollowingformula(Mckinney,1923)whichwasgivenbelow
Sumofallindividualdiseaseratings
Diseaseintensity (%)= x100
Totalno.ofplantsobservedxMaximumdiseasegrade

2.5Benefitcostratio
Costofcultivation,grossreturn,netreturnandbenefitcostratiowasworkedouttoevaluatetheeconomicsofeach
treatment,basedontheexistingmarketpricesofinputandoutput(ReddyandReddi,2004). Thebenefitcostratiowas
calculatedbyusingthefollowingformula

Grossreturn(Rs/ha)

B:Cratio=

Costofcultivation(Rs/ha)

3.RESULTSANDDISCUSSION
Undergreenhousecondition,plantheightandnumbersofleaveswererecordedat30.60,90and120DAT. Ateachpicking,
dataofberryweightandyieldwererecorded. Thelengthandwidthoffiverandomlyselectedberrieswerebyusingvernier
callipers.

3.1Plantgrowthparameters
Thedatapresentedinthetable2anddepictedinfigurelrevealedthatplantheight(cm)ofstrawberrysignificantlyincreased166
Pf@0.3%+BC@15g+NC@15g+NLE@10%(13.97cm), T:-FYM@100g+Pf@0.3%+VC@15g+NLE@10%)0g+
(13.22cm), Ts-FYM @100g+Pf@0.3% +BC@15g+CP@15g +NLE @10%(13.10cm),T.-FYM @100g+Pf@0.3%
+BC@15g+NLE@10%(12.42cm), T4-FYM@100g+Pf@0.3%+NC@15g+NLE@10%(11.70cm), Ts-FYM@100g
+Pf@0.3%+CP@15g+NLE@10%(11.00cm)ascomparedto(untreatedchecked) To-control(8.60cm).
ComparingthetreatmentswiththeCDvalue(0.66)allthetreatments(T1,T2, T3, T4, Ts, Teand T7)werefoundsignificant
over(untreatedchecked)To-control. Amongthetreatments(TiandTs)werefoundnon-significanttoeachother, (T2, T3 T,
TeandT7)were foundtobesignificantoveralltheothertreatments.
Thedatapresentedinthetable2anddepictedinfigurelrevealedthatnumberofleavesofstrawberrysignificantly175
@100g +Pf@0.3% +BC@15g+NC@15g+NLE@10%(14.37),Ts- FYM@100g+Pf@0.3%+BC@15g+CP@15¢
+NLE@10%(13.00), T:-FYM@ 100g+Pf@0.3%+VC@15g+NLE@10%(12.50), T>-FYM@100g+Pf@0.3%+
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178 BC@15g+NLE@10%(11.87), T4+-FYM@100g+Pf@0.3%+NC@15g+NLE@10%(10.37),Ts-FYM@ 100g+Pf

179 @0.3%+CP@15g+NLE@10%(9.00)ascomparedto(untreatedchecked)To-control(7.50).

180 ComparingthetreatmentswiththeCDvalue(1.25)allthetreatments(T1,T2, T3, T4, Ts, Teand T7)werefoundsignificant

181 over(untreatedchecked)To-control. Amongthetreatments(T1, TzandTs)werefoundnon-significanttoeachother,(Ts,

182 Ta, Teand T7) were found to be significant over all the other

treatments.183

184  Asperfindingfromthisstudy,themaximumplantheight(cm)andmaximumnumberofleaveswasobservedinTz-FYM

185 @100g+Pf@0.3%+BC@15g+VC@15g+NLE@10%.Theprobablereasonsforthisresultmaybeduetothesoil

186 nitrogencontentsincreasedwiththeuseofF Y Mandotherorganicfertilizer.Nitrogenistheconstituentofchlorophyll,more
187 chlorophyllcontentsresultinmorephotosynthesis,thusmayhaveincreasedplantheightandnumbersofleavesin

188 strawberryandapplicationofFYM(Zahidetal.,2022).Vermicompostmayhaveattributedtobetteravailabilityofplant

189 growthregulatorandhumicacidwhichisproducedbytheincreasedactivityofmicrobes. Themicrobeslikefungi,bacteria,
190 yeast, actinomycetes, algae etc. are capable to produce auxin, gibberellin (Singh et al., 2008). Application of PSB
containishiomixcompostmayhavehelpedincellelongationandcelldivisioninmerismaticsregionofplant,thismaybedueto

192 theproductionofplantgrowthregulatorsuchaslAAandGA(Kumaretal.,2015).Pseudomonasfluorescensgenerates193
194 indoleaceticacidasagrowthregulatorwhichmayhavehelpedinstrawberryplantgrowth(Badawy,2023). Theincrement
195 ingrowthparameterduetothebiofertilizersapplicationmightbeduetothevitalroleandpromotingeffectofbacteriapresent
196 contridDthRpeRHeHbiAieHizRtegIDeraie cavansiAicksis datinemetnygiems donsisumiingthegravHiradmeserand
197 onMoringaoleiferaLam.plants(Youssef,2016).Compoundsfromneemleafsuchasisoprenoids(azadirone,gedunin,
198 vilasinin,azadirachtin)andnon-isoprenoids(sulphurouscompounds, polyphenolicslikeflavonoids,dihydrochalcone,
199 coumarin,tannins)werereportedtobefungistaticinnature.Differentpartsofneemhavedemonstratedgreatbiological
200 activitiesagainstmicrobesthroughtheinhibitionofgrowthandbreakdownoftheircellwalls.Similarfindingshavebeen

201 reportedbyBhattaraietal.,(2022)andAduseiand Azupio(2022).So,neemleafextractsignificantlyinhibitsthepathogen
202 andmayhaveleadstobetterhealthoftheplantwhichinturnmayhavehelpedtheplantinattainingmaximumplantheight

203 andmaximumnumbersofleavesinstrawberry.20

4

205 3.2Daystakentofirstfloweringandyield(qha’l)

206  Thedatapresentedinthetable2anddepictedinfigurelrevealedthatminimumdaystakentofirstfloweringwasobserved207
208  +Pf@0.3%+BC@15g+NC@15g+NLE@10%(88.00days), T1-FYM@100g+Pf@0.3% +VC@15g+NLE@10%)0g
209  (91days),Ts—=FYM@100g+Pf@0.3%+BC@15g+CP@15g+NLE@10%(91.25days), T4-FYM@ 100g+Pf@0.3%

210 +NC@15g9+NLE@10%(93.50days), T2-FYM@100g+Pf@0.3%+BC@159+NLE@10%(93.75days), Tz-FYM

211 @100g+Pf@0.3%+CP@15g+NLE@10%(95.25days)ascomparedto(untreatedchecked) To-control(105.5days).
212 ComparingthetreatmentswiththeCDvalue(1.67)allthetreatments(T1, Tz, T3, T4, Ts, Teand T7z)werefoundsignificant

213  over(untreatedchecked)To-control. Amongthetreatments(T2andTa4);(TiandTs)werefoundnon-significanttoeach

214 other,(Ts, TeandT7)werefoundtobesignificantoveralltheothertreatments.

215  Thedatapresentedinthetable3anddepictedinfigure3revealedthatyield(ghat)ofstrawberrysignificantlyincreased216
217  @100g+Pf@0.3%+BC@15g+NC@15g+NLE@10% (35.86gha™), T1--FYM@100g+Pf@0.3% +VC@15g+

218 NLE@10%(33.86gha™), Ts—=FYM@100g+Pf@0.3%+BC @15g+CP@15g+NLE@10%(32.06gha™), T>-FYM

219  @100g+Pf@0.3% +BC@15g+NLE@10%(31.99gha™), T+-FYM@100g+Pf@0.3% +NC @15g+NLE@10%

220 (31.84qha'1),Ts-FYM@lOOg+Pf@O.3%+CP@159+NLE@10%(30.25qha'1),ascomparedto(untreated

221 checked)To-control(20.60gha™).

222  ComparingthetreatmentswiththeCDvalue(1.46)allthetreatments(T1, T2, T3, T4, Ts, TeandT7)werefoundsignificant

223 over(untreatedchecked)To -control. Amongthetreatments(Tz, TsandTs)werefoundnon-significanttoeachother,(T1,Ts,
224  TeandT7)were foundtobesignificantoveralltheothertreatments.

225 Asperfindingfromthisstudy,minimumdaystakentofloweringandyieId(qha'l)wasobservedinT7-FYM@1OOg+Pf

226 @0.3%+BC@15g+VC@15g+NLE@10%.TheprobablereasonsforthisresultmaybeduetoapplicationofFYMand

227 organicfertilizersmayhavehelpedinincreasedsoilnitrogen.Nitrogenistheconstituentofchlorophyll,morechlorophyll
228 contentsresultinmorephotosynthesisthusmayhaveincreasedyieldandnitrogenplayvitalroleintheproductionof

229 gibberellicacidinrootswhichmayhavehelpedinbreakingbuddormancy,whichmayhaveresultedinenhancedbud

230 productionandincreasefloweringsiteinstrawberry(Zahidetal.,2022). Thereleaseofnutrientandprimarynitrogenfrom
231 thevermicompostmayhaveconcededwiththeperiodoffloweringdifferentiation(Cabilovskietal.,2023). Pseudomonas
232 fluorescensgeneratesindoleaceticacidasagrowthregulatorwhichmayhavehelpedinstrawberryyield (Badawy,2023).
233 Theincrementingrowthparameterduetothebiofertilizersapplicationmightbeduetothevitalroleandpromotingeffectof
234 bacteriapresentintheappliedbiofertilizersonmorphologyandphysiologicaloftherootsystem,thusfavouringthegrowth
235 parameterandcontributingsomehormoneslikegibberellin,auxinandcytokinin.Similarfindingsareconsistantwith
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236 researchconductedonMoringaoleiferaLam.plants(Youssef,2016).VermicompostandAzotobacterchrooroccumpresent237
238 (Tripathietal.,2015).PSBandvermicompostmayhaveextendedphotosyntheticcapacityofplantwhichmayhaveturned239
240 inaccumulationofdrymatterinstrawberry(Yashasvietal.,2021).

241
242
243
244 Table2.Effectofselectedtreatmentsonplantheight(cm),numberofleaves,daystakentofirstflowering(days),
245 berrylength(cm)andberrydiameter(cm)
246
Treatments PlantHeigh Numbers  Days Berryl Berry
t(cm) ofleaves takentofirs ength(  diameter(
t cm) cm)
flowering
(days)
To-Control(untreatedchecked) 8.60 7.5 105.50 2.02 1.72
T1-FYM@100g+Pf@0.3%+VC 13.222 12.502 91.00° 3.802 2.542
@15g+NLE@10%
T2-FYM@100g+Pf@0.3%+BC 12.42 11.872 93.752 3.42 2,522
@15g+NLE@10%
Ts- 11.00 9.00 96.75 3.18 2.30°
FYM@100g+Pf@0.3%+CP@1
5g+NLE @10%
Tas- 11.70 10.37 93.502 3.62 2.28b
FYM@100g+Pf@0.3%+NC@
15g+NLE @10%
Ts-FYM@ 100g+Pf@0.3%+ 13.152 13.002 91.12° 3.822 2.582
BC@15g+CP@15g+NLE@10%
Te-FYM@ 100g+Pf@0.3%+ 13.97 14.37 88.00 3.862 2.60?2
BC@15g+NC@15g+NLE@10%
T7-FYM@100g+Pf@0.3%+ 14.90 15.75 86.00 4.08 2.84
BC@15g+VC@15g+NLE@10%
CDat5% 0.66 1.25 1.67 0.17 0.20
247
248
249
250
251
252 Table3.EffectofselectedtreatmentsonTSS(°Brix),totalascorbicacid(mg/100g),yield(g/ha),diseaseintensity
253 (%)andB:Cratio
254
Treatments TSS Totalasc Yield(  Diseasei B:C
(°Brix) orbicaci g/ha) ntensity( ratio
d %)
To-Control(untreatedchecked) 6.50 46.00 20.60 50.75 1:.1.63
T1-FYM@100g+Pf@0.3%+VC 8.132 49.662 33.86 35.752 1:2.11
@15g+NLE@10%
T2-FYM@100g+Pf@0.3%+BC 8.03 49.00° 31.992  40.50° 1:1.93
@15g+NLE@10%
Ts- 7.16 47.17 30.25 45.25 1:1.86

FYM@100g+Pf@0.3%+CP@1

5g+NLE @10%

Ta- 7.36 48.57° 31.842  42.75 1:1.87

FYM@100g+Pf@0.3%+NC@

15g+NLE @10%

Ts- FYM @100g + Pf @0.3% 8.162 50.002 32.062  39.25b 1:.1.82
+BC@15g+CP@15g+NLE@10%



UNDERPEERREVIEW

Ts-FYM@ 100g+Pf@0.3%+ 8.432 50.93 35.86 35.502 1:2.14
BC@15g+NC@15g+NLE@10%
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255
256

257
258
259
260
261

262
263

264
265

T7-FYM@100g+Pf@0.3%+ 8.80 51.60 38.87  30.75 1:2.24
BC@15g+VC@15g+NLE@10%
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Fig.4.EffectofselectedtreatmentsonB:Cratio

3.3Berrylength(cm)andberrydiameter ofstrawberry

Thedatapresentedinthetable2anddepictedinfigure2revealedthatberrylength(cm) ofstrawberrysignificantly
increased in treatment Tz - FYM @100g+ Pf @0.3% + BC @159 + VC @159 + NLE @10% (4.08 cm) followed Ts —

FYM278  @100g + Pf @0.3% + BC @15g + NC @15g + NLE @10% (3.86 cm), Ts— FYM @100g + Pf @0.3% + BC @15g +
CP279 @15g + NLE @10% (3.82 cm), T1- FYM @100g + Pf @0.3% + VC @15g + NLE @10% (3.80 cm), T+ - FYM @100g +
Pf280@0.3%+NC@15g+NLE@10%(3.62cm), T2-FYM@ 100g+Pf@0.3%(0.3%)+BC@15g+NLE@10%(3.42cm), Ts

281

-FYM@100g+Pf@0.3%+CP@15g+NLE@10%(3.18cm)ascomparedto(untreatedchecked)To-control(2.02cm).
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282
283
284
285

ComparingthetreatmentswiththeCDvalue(0.17)allthetreatments(T1, T2, Ts, T4, Ts, Teand T7z)werefoundsignificant
over(untreatedchecked)To-control. Amongthetreatments(T1, TsandTe)werefoundnon-significanttoeachother, (T2,

Ts, TsaandT7z)werefoundtobesignificantoveralltheothertreatments.
Thedatapresentedinthetable2anddepictedinfigure2revealedthatberrydiameterofstrawberrysignificantlyincreased286

287Pf@0.3%+BC@15g+NC@15g+NLE@10%(2.60cm), Ts—FYM@100g+Pf@0.3%+BC@159+CP@15g+NLERBB@10%  (2.58
cm), T1 - FYM @100g + Pf @0.3% + VC @159 + NLE @10% (2.54 cm), T - FYM @100g + Pf @0.3% +
BC289@15g+NLE@10%(2.52cm), Ts-FYM@ 100g+Pf@0.3%+CP@ 15g+NLE@10%(2.30cm), Ts-FYM@100g+Pf

290
291
292
293
294
295
296
297
298
299
301
as302
303
304
305
306
308
309
310
312
313
314
315
316
317
318
319
320
321
322

@0.3%+NC@15g+NLE@10%(2.28cm),ascomparedto(untreatedchecked)To-control(1.72cm).
ComparingthetreatmentswiththeCDvalue(0.20)allthetreatments(T1, T2, T3, T4, Ts, Teand T7z)werefoundsignificant
over(untreatedchecked)To-control. Amongthetreatments(T1, Tz, TsandTe);(TzandTa4,)werefoundnon-significantto
eachother, Tzwasfoundtobesignificantoveralltheothertreatments.
Asperfindingfromthisstudy,themaximumberrylength(cm) andberrydiameter(cm)wasobservedinT7-FYM@100g+
Pf@0.3%+BC@15g+VC@15g+NLE@ 10%.Theprobablereasonsforthisresultmaybeduetothesoilnitrogen
contentsincreasedwiththeuseofFYMandotherorganicfertilizer.Nitrogenistheconstituentofchlorophyll,more
chlorophyllcontentsresultinmorephotosynthesis,thusmayhaveincreasedinfruitsweightandfruitsdiameterinstrawberry
(zahidetal.,2022).VermicompostandAzotobacterchrooroccumpresentinbiomixcompostmayhaveincreasedthe
accumulationofdrymatter.Berrysize,weightandvolumearehighlyco-relatedwiththedrymattercontentandbalanced300
may have turned in accumulation of dry matter in strawberry (Yashasvi et al., 2021). Compounds from neem leaf such
isoprenoids(azadirone,gedunin,vilasinin,azadirachtin)andnon-isoprenoids(sulphurouscompounds,polyphenolicslike
flavonoids,dihydrochalcone,coumarin,tannins)werereportedtobefungistaticinnature. Differentpartsofneemhave
demonstratedgreatbiologicalactivitiesagainstmicrobesthroughtheinhibitionofgrowthandbreakdownoftheircellwalls.
SimilarfindingshavebeenreportedbyBhattaraietal.(2022)andAduseiand Azupio(2022).So,neemleafextract
significantlyinhibitsthepathogenandmayhaveleads tobetterhealthoftheplant.307

3.4TSS(°Brix)andtotalascorbicacid(mg/100g)ofstrawberry
Thedatapresentedinthetable3anddepictedinfigure2revealedthattotalsolublesolids(°Brix)ofstrawberrysignificantly311
@100g+Pf@0.3%+BC@159+NC@15g+NLE@10%(8.43°Brix), Ts—FYM@100g+Pf@0.3%+BC@15g+CPYM
@15g+NLE@10%(8.16°Brix),T1-FYM@100g+Pf@0.3%+VC@15g+NLE@10%(8.13°Brix), T>-FYM@100g+
Pf@0.3%+BC @15g+NLE@10%(8.03°Brix),Ts- FYM@100g+Pf@0.3%+NC@15g+NLE@10% (7.36°Brix),Ts
-FYM@100g+Pf@0.3%+CP@15g+NLE@10%(7.16°Brix),ascomparedto(untreatedchecked)To-control(6.5

°Brix).

ComparingthetreatmentswiththeCDvalue(0.18)allthetreatments(T1, T2, Ts, T4, Ts, Teand T7)werefoundsignificant
over(untreatedchecked)To-control. Amongthetreatments(T1, TzandTs)werefoundnon-significanttoeachother,(Ts,

Ta T7andTes)werefoundtobesignificantoveralltheothertreatments.
Thedatapresentedinthetable3anddepictedinfigure3revealedthattotalascorbicacid(mg/100g)ofstrawberry
significantlyincreasedin treatmentT7 -FYM@100g+Pf@0.3%+BC@15g+VC@15g+ NLE@10%(51.60mg/100g)
followed Te— FYM @100g + Pf @0.3% + BC @159 + NC @15g + NLE @10% (50.93 mg/100g), Ts— FYM @100g + Pf323

@0.3% + BC @15g + CP @159 + NLE @10% (50 mg/100g), T:- FYM @100g + Pf @0.3%+ VC @15g + NLE @10%324 (49.67
mg/100g), T2 - FYM @100g + Pf @0.3% + BC @159 + NLE @10% (49 mg/100g), T+ - FYM @100g + Pf @0.3%
+325NC@15g+NLE@10%(48.57mg/100g), Ts-FYM@100g+Pf@0.3%+CP@15g+NLE@10%(47.17mg/100g),as

326
327
328
329
330
331
332
334
335
336
337
338
339

comparedto(untreatedchecked)To-control(46.00mg/100g).
ComparingthetreatmentswiththeCDvalue(0.55)allthetreatments(T1, Tz, Ts, T4, Ts, Teand T7)werefoundsignificant
over(untreatedchecked)To-control. Amongthetreatments(T: andTs);(T2andT4)werefoundnon-significanttoeach
other,(Ts, TeandT7)werefoundtobesignificantoveralltheothertreatments.
Asperfindingfromthisstudy,themaximumTSS(°Brix)valueandtotalascorbicacidcontentswasobservedin T7-FYM
@100g+Pf@0.3%+BC@15g+VC@15g+NLE@ 10%.Theprobablereasonsforthisresultmaybeduetothe
applicationofFYMinsoilsresultedinanincreasedchlorophyllproductionandmorechlorophyllcontentsmayhave333
potassium present inthesoilalsomayhavehelpedinincreasedvitaminCcontentinfruits(Zahidetal.,2022).Application
Azotobacterspp.andvermicompostmayhaveincreasedTSSandsugarcontentsduetothequickmetabolictransformation
ofstarchandpectinintosolublecompoundandrapidtranslocationofsugarfromleavestodevelopingfruitsinstrawberry
(Tripathietal.,2015). ThemicrobialinoculantlikeAzotobactermayhaveincreasedinavailabilityofphosphorusandsecrete
ofgrowthpromotingsubstancewhichmayhaveacceleratedthephysiologicalprocesslikecarbohydratesynthesisandmay
havehelpedinincreasedascorbicacidcontent(Tripathietal.,2015).
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340  3.9Diseaseintensity(%)at150DAT

341

342  Thedatapresentedinthetable3anddepictedinfigure3revealedthatdiseaseintensity(%)ofstrawberrysignificantly

343 minimum in treatment Tz - FYM @100g + Pf @0.3%+ BC @15g + VC @15g + NLE @10% (30.75%) followed Te —
FYM344 @100g + Pf @0.3% + BC @15g + NC @15g + NLE @10% (35.50%), T1 - FYM @100g + Pf @0.3% + VC @159 +
NLE345 @10% (35.75%), Ts— FYM @100g + Pf @0.3% + BC @159 + CP @15g + NLE @10% (39.25%), T>- FYM @100g +
Pf346@0.3%+BC@15g+NLE@10% (40.50%),T4-FYM@100g+Pf@0.3%+NC @15g+NLE@10%(42.75%),Ts-FYM

347 @100g+Pf@0.3%+CP@15g+NLE@10%(45.25%),ascomparedto(untreatedchecked) To-control(50.75%).

348 ComparingthetreatmentswiththeCDvalue(2.23)allthetreatments(T1, T2, T3, T4, Ts, Teand T7)werefoundsignificant

349 over(untreatedchecked)To-control. Amongthetreatments(TiandTe);(T2 andTswerefoundnon-significanttoeach

350 other,(Ts, TsandTs)werefoundtobesignificantoveralltheothertreatments.

351  Asperfinding fromthisstudy,theleastdisease intensity (%)wasobservedinTz - FYM@100g +Pf@0.3%+ BC@15g +

352 VC@15g+NLE@10%.Theprobablereasons forthisresultmaybedueto PGPRcancreateseveralkindsofantibiotics,

353  whichmayhaverelatedtothebacterialcapacitytosuppressplantpathogendevelopment.AvarietyofPGPRscanproduce

354  enzymeslikeproteases,chitinases,glucanases,andlipases,whichcanlyseasectionofthecellwallsofnumerous

355  dangerousfungi.TheactivitiesofPseudomonasfluorescesandAzotobacterchroococcummayhavetheabilitiestoproduce

356  severalantibioticssuchascatalase,siderophoresoomycineAandpyrrolnitrin.Similarfindingshavebeenreportedby

357  Badawy(2023)andJuberetal.(2016).Compoundsfromneemleafsuchasisoprenoids(azadirone,gedunin,vilasinin,

358 azadirachtin)andnon-isoprenoids(sulphurouscompounds,polyphenolicslikeflavonoids,dihydrochalcone,coumarin,

359  tannins)werereportedtobefungistaticinnature.Differentpartsofneemhavedemonstratedgreatbiologicalactivities

360 againstmicrobesthroughtheinhibitionofgrowthandbreakdownoftheircellwalls.Similar,findingshavebeenreportedby

361 Bhattaraietal.(2022)andAduseiand Azupio(2022).So,neemleafextractsignificantlyinhibitsthepathogenwhichmay

362 haveleadstominimumdiseaseintensitypercent.363

364

365

366
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399  3.10Benefitcostratio

400

401 Thetreatmentwiseeconomicsofstrawberryproductionwereestimatedandtheresultshavebeenpresentedintable3and

402 figuredtheeconomicsanalysisofthedataoverthesessionthat(treatedcheck) T7-FYM@ 100g+Pf@0.3%+BC@15g

403 +VC@15g+NLE@ 10%wasrecordedhighestgrossreturnsRs.971750,netreturnsRs.539200withC:Bratio1:2.24

404followed with Te— FYM @100g + Pf @0.3% + BC @15g + NC @15g + NLE @10% recorded gross returns Rs 896500, net405
returns Rs. 478950 with B:C ratio 1:2.14 as compared to (untreated checked) To - Control gross returns Rs.
515000, net406returns Rs.199200 withB:Cratiol:1.63.

407

408

409 4.CONCLUSION

410  Thefindingsofthisstudyidentifiedthecausalorganismresponsibleforblackrootrotofstrawberry(Fragariaxananassa

411  duch.)wasRhizoctoniasolani.Amongthetreatments, Tz-FYMat100g+Pseudomonasfluorescens(0.3%)+biomix

412 compostat15g+vermicompostat15g+neemleafextractatlOpercentperpotrecordedthehighestplantheight(cm),

413  totalleafnumber,berrylength(cm),berrydiameter(cm),totalsolublesolid(°brix),ascorbicacid(g/100mg),yield(gha),

414 benefitcostratioandrecordedthelowestdaystakentofirstflowering(days)aswellaspercentdiseaseintensity(%)of

415  strawberry.ltisworthmentioningthattheconclusionsdrawnfromthisstudyarebasedonobservationsmadeduringa

416  specificcroppingseasonspanningdecember2023tomay2024,withintheagroclimaticconditionsofPrayagraj,U.P.As

417  such,furtherresearchandmoreexperimentationovermanyseasonsshouldbeconductedinfutureforfurther

418 recommendations.
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