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ABSTRACT 

To iiassess iiin iivitro  iievaluation iiof iibio-efficacy iidifferent iithree iibiochar's iiviz., iiGreen 

iihouse  iiwaste ii(GHW), iiEucalyptus  iiwood ii(EW) iiand  iiCitrus  iiwood ii(CW) iiwere iievaluated iiat 

iidifferent iithree iiconcentrations ii(each ii@ ii1, ii2 iiand  ii3%) iiagainst iiF. iioxysporum iif.sp. iiradicis-

cucumerinum iicausing iiroot iiand iistem iirot iiof iicucumber iiby i iusing iipoison iifood iitechnique. 

iiAmong iithe iithree iidifferent iibiochars, iiGreen iihouse  iiwaste  ii(GHW) iiwas iifound  iimost iieffective iiby 

iishowing  iiminimum iimycelial  iigrowth  iiof  ii50.78, ii40.10 iiand ii29.88  iimm iiand  ii43.58, ii55.44 iiand ii66.80% 

iiper iicent iigrowth iiinhibition  iiat  ii1, ii2  iiand ii3% iiconcentrations,  iiWhereas, iiCitrus iiwood ii(CW) iidepicted 

iihighest iimycelial iigrowth  ii66.26, ii55.88, ii44.30 iimm iiwith  ii26.38,  ii37.91 iiand  ii50.78% iilowest  iiper iicent 

iigrowth  iiinhibition iiof  iithe iipathogen iiat iisame  iiabove  iiconcentrations, iirespectively. 

KEYWORDS:  iiCucumber, iiBiochar, iiFusarium iioxysporum iif.sp.iiradicis-cucumerinum, 

iiRoot iiand iiStem iiRot. 

1. INTRODUCTION 

The  iicucumberii(Cucumis  iisativus iiL.) iibelongs  iito iifamily iiCucurbitaceae iiand  iimost 

iiimportant iivegetable, iiwhich  iiis iia iimajor iisource iiof iihuman  iiedible iiproducts iiand  iiuseful iifibers 

iihave iibeen iidomesticated iiin  iiIndia iiand iiit iihas iibeen  iicultivated iiin iiWestern iiAsia iifor ii3000 

iiyears ii[1,2].iiFrom iiIndia,  iiit iispread iito iiGreece iiand iiItalia, iilater iiinto iiChina. iiIt iiwas  iiprobably 

iiintroduced iithroughout iiEurope iiby iithe  iiRomans iiand iirecords  iiof iicucumber iicultivation 

iiappear iiin  iiFrance  iiin iithe ii9th
 iicentury, iiEngland  iiin iithe ii14th

 iicentury iiand iiNorth iiAmerica  iiby iithe  

iimid ii16th
 iicentury ii[3].iiThe iicucumber iiis  iia iivery iipopular iiand iiwidely iicultivated iivegetable iiin 

iiIndia.iiCucumber iipopularly iiknown iiin  iiIndia  iias ii'khira' iiis iiextensively iigrown  iiin iitropics, 

iisubtropics iiand  iimilder iitemperate  iizones iiof iiIndia.iiRoot iiand iistem iirot iiof iicucumber iiis 

iibelieved  iito iibe iicaused iiby iia iinew iiformaespecialis iiof iiF.iioxysporum, iipresently iidesignated 

iias  iiF.iioxysporum iif. iisp. iiradicis- iicucumerinum ii(FORC) ii(Vakalounakis, ii1996; Bonanomi et 

al., 2022; Silva et al., 2020; Jin et al., 2023). iiRootiiand  iistem iirot  iiis  iithe iimostiidestructive 



 

 

iidisease iiof iiglasshouse  iicucumber iicrops iiin iiCanada iiin  ii1994,  iiin  iiFrance iiin ii1998, iiin iiChina iiin 

ii1999 iiand iiin iiSpain iiin ii2000, iicausing iisignificant iilosses iiin  iithe iiyieldii[4].When iicucumber iiis 

iiinfected iiwith iithe  iiroot iiand iistem iirot iifungus, iithe iiprimary, iisecondary iiand  iitertiary iiroots  iiand 

iithe  iibasal iiportion iiof iithe  iistem iihave iibrown iidiscolorations.iiOn iithe iistem, iithis iidiscolouration 

iimay iiextend iifor ii40 iito  ii100 iicm iiabove  iithe iisoil iiline.iiFusarium iiroot  iiand iistem iirot iiof iicucumber 

iihas  iibeen  iireported  iito  iibe  iifavoured iiat iilower iisoil iitemperatures ii(17°C) ii[5].iiUse iiof iiresistant 

iivarieties  iiis  iiconsidered  iias  iikey iistrategy iito iicontrol i i Fusarium iispp.iibut  iitheir iimain 

iidrawback iiis  iiinstability.iiFungicides iiplay iia iivital iirole iiin  iidisease iimanagement iiin iivarious 

iicrop iiecosystems.iiFungicides  iialso i i prevent iiinfection iibut iiuse iiof iichemical iiprotectants 

iicauses iiheavy iiburden iito iienvironment iipollution.iiBeing iisoil-borne, iiFusarium iispp. iiis 

iirandomly iidistributed iiin  iithe iisoil iiand iiis  iidifficult iito iicontrol iiby iisingle iicontrol 

iistrategy.iiTherefore, iiit iiis iiplanned iito iidevelop iibiochars iito iibe iimore  iiappropriate iito  iimanage 

iiand  iisuppress  iithe  iicucumber iiroot iiand iistem iirot,  iisoil iiborne iidisease. iiPyrolyzed iibiomass 

iiwaste, iicommonly iicalled iibiochar, iihas iiattracted iiinterest iias iia iisoil iiamendment. iiA  

iicommercial iiprototype iibiochar iiproduced iiby iifast iipyrolysis iiof iihardwood iidust iiwas 

iiexamined  iiin  iisoils  iito  iidetermine iiif iiit iicould iireduce  iithe iidamaging iieffect iiof iiallelopathy iion 

iiarbuscular iimycorrhizal ii(AM) iiroot iicolonization iiand iion iiFusarium iicrown iiand iiroot iirot  iiof 

iiasparagus.iiIn iigreenhouse  iistudies, iibiochar iiadded iiat ii1.5 iiand  ii3.0% ii(wt/wt) iito iiasparagus 

iifield iisoil iicaused  iiproportional iiincreases  iiin iiroot iiweights  iiand iilinear iireductions iiin  iithe 

iipercentage  iiof iiroot iilesions  iicaused iiby iiFusarium i ioxysporum iif.sp.iiasparagi iiand 

iiF.iiproliferatum iicompared  iiwith iia  iicontrol. iiConcomitant  iiwith iithese iieffects  iiwas  iia ii100% 

iiincrease iiin iiroot iicolonization iiby iiAM iifungi iiat iithe  ii3.0% iirate.iiAddition iiof  iiaromatic iiacids 

ii(cinnamic, iicoumaric iiand  iiferulic) iithat iiare iiknown  iiallelopathic iiagents  iiaffecting  iiasparagus 

iireduced iiAM iicolonization  iibut iithe iideleterious  iieffects  iiwere iinot iiobserved iifollowing iithe 

iiapplication iiof iibiochar iiat iithe iihigher iirate. iiWhen  iidried, iiground,  iiasparagus iiroot iiand  iicrown 

iitissues iiinfested iiwith  iiFusarium iispp. iiwere iiadded iito iisoilless  iipotting iimix iiat ii0, i i1 iior ii5 iig/liter iiof  

iipotting  iimix iiand  iithen iiplanted iiwith iiasparagus, iithere  iiwas  iia iidecrease iiin iiasparagus iiroot 

iiweight iiand  iiincrease iiin  iidisease  iiat ii1 iig/liter iiof iipotting iimix iibut iiresults  iiwere  iiinconsistent iiat 

iithe  iihigher iiresidue  iirate.iiHowever, iiwhen iibiochar iiwas iiadded  iiat ii35 iig/liter iiof  iipotting  iimix 

ii(roughly ii10% iiv/v), iithese  iiadverse iieffects  iion  iiroot iiweight iiand  iidisease  iiwere iiequal iito iithe 

iinontreated iicontrols.iiA iismall iidemonstration iiwas  iiconducted  iiin iifield iimicroplots. iiThose 

iiplots iiamended iiwith  iibiocharii[3.5% ii(wt/wt) iisoil] iiproduced iiasparagus  iiplants iiwith  iimore iiAM 

iicolonization iiin iithe iifirst iiyear iiof iigrowth iibut iiin iithe iisubsequent iiyear, iibiochar iitreated  iiplants 

iiwere iireduced iiin iisize, iipossibly iidue  iito  iigreater iithan iiaverage iiprecipitation iiand iithe iiability iiof 



 

 

iibiochar iito iiretainiimoisture iithat, iiin  iiturn, iimay iihave iicreated iiconditions  iiconducive iito iiroot 

iirot.iiThese iistudies iiprovide iievidence iithat iibiochar iimay iibe  iiuseful iiin iiovercoming  iithe 

iideleterious iieffects iiof iiallelopathic iiresidues iiin iireplant iisoils iion iiasparagus  ii[6]. iiBiochar iiis 

iithe  iiproduct iiof iiorganic iimaterial, iilike iiwood,  iithat iiis iiburned  iiin iia  iilow iioxygen 

iienvironment.iiThis  iiresults iiin iia iicharcoal iithat iiacts iias iia iicarbon iisink iifor iihigh iiconcentrations 

iiof iienvironmental iicarbon  iidioxide.iiIt  iiis  iithought iito  iiserve iia iimyriad iiof iifunctions  iithat iiaid iiin 

iiplant iigrowth iiand iidevelopment iisuch iias  iihousing iimicroorganisms  iiand iifostering iitheir 

iigrowth  iiand iiassisting  iiin  iiwater iiand  iinutrient iiabsorption iiand  iiretention.iiThe iieffect iiof iithree 

iiconcentrations iiof iibiochar ii(1.5, ii3 iiand ii6%  iiby iiweight) iion iithe iiroot iigrowth  iiof  iicorn iiand 

iisoybean iiplants iiin iiMinnesota  iisoil iiand iisand iiwas iiinvestigated.iiThe  iidry iiroot iibiomass  iiof iithe 

iicorn iiand iisoybean iiplants iiwas iimeasured  iiat ii27 iidays  iiof iigrowth.iiSoil iipH iiand iielectrical 

iiconductivity iiwas iimeasured iiin iithe  iisoil iiand iisand iisamples.iiOf iithe iifour iitrials  iiconducted iifor 

iieach iipercentage  iiof iibiochar, iithe iicorn  iiin  iisand iiat ii3% iibiochar iiresulted iiin iithe iigreatest iidry 

iiroot  iibiomass  iiweight.iiThe  iitrend iifor iicorn iiwas iian iiincrease  iiin  iiroot iibiomass  iiwith  iian i iincrease 

iiin iibiochar iiup iito  ii3.0% iifollowed iiby iia iidecrease iiin iiroot iibiomass iiwith iia  iifurther iiincrease iiin 

iibiochar iito ii6.0%.iiThe  ii1.5% iibiochar iitrials  iiin  iisand iihad iithe iigreatest iidry iiroot iibiomass iiin 

iisoybean. iiThe iitrend  iifor iisoybean iiwas iisimilar iito iicorn iiin iiMN iisoil, iibut iidiffered iiin iisand iiwith 

iithe  iipeak iiroot iibiomass iioccurring  iiat ii1.5% iibiochar, iifollowed iiby iia iidecline iiwith  ii3.0 iiand ii6.0% 

iibiochar iito  iibelow iicontrol iiroot iibiomass.iiSoil iiand iisand iipH iilevels  iiincreased iiwith iibiochar 

iidue  iito iiits iibasic iinature.iiRoot  iibiomass iifor iiboth  iisoybean iiand  iicorn iiincreased iiin iiaccordance 

iiwith  i ipH iiup iito iia iilevel iiof ii3.0%  iibiochar iithen  iidecreased iiwith iian iiincrease iiin  iibiochar iiand  iipH 

iilevels.iiAs iithe iielectrical iiconductivity iiin iithe iisoil iiand iisand iiincreased iiwith  iian  iiincrease iiin 

iibiochar, iiroot iibiomass  iiincreased iiup iito iia iibiochar iilevel iiof ii3.0% iiand iithen iidecreased  iias  iithe 

iibiochar iilevel iiincreased iito ii6.0%  iiand iielectrical iiconductivity iiincreased  iias iiwell.iiThe  

iiexception iiwas iicorn iiin iiMN iisoil iiwhere  iithe iielectrical iiconductivity iidecreased iiin iitandem iiwith 

iithe  iidecrease  iiin iiroot  iibiomass iipeaking iiat ii3.0% iibiochar ii[7]. 

 

2. MATERIAL  iiAND iiMETHODS 

In  iivitro iievaluation iiof iibio-efficacy iithree iidifferent  iibiochar's iiwere iievaluated  iiat  iithree 

iidifferent iiconcentrationsii(each ii@ iiC1-1%,  iiC2-2% iiand  iiC3-3%) iiagainst iiF. 

iioxysporum iif.sp. iiradicis-cucumerinum iiby iiusing iipoison  iifood iitechnique ii[8]. 

Treatments iidetails: 

 ii ii ii i i i iT1 ii- iiGreen iihouse iiwaste ii(GHW) 



 

 

 ii ii ii i i i iT2 ii ii ii- iiEucalyptus  iiwood ii(EW) 

 ii ii ii i i i iT3 ii ii ii- iiCitrus  iiwood ii(CW) ii ii 

 ii ii ii i i i iT4 ii ii ii- iiControl 

The iitechnique iiincludes  iicultivation iiof iitest iiorganism iion iia iimedium iithat iicontains  iithe 

iitest iibiochar.iiPDA iiwas iiemployed iias  iithe iibasal iimedium iiin  iiall iithe iistudies. iiThe 

iirequired iiquantity iiof iieach iibiochar iiat iidifferent iithree iiconcentrations iiwas 

iiincorporated iiaseptically iiin  ii100 iiml iiPDA iiin  ii250 iiml iiflasks  iiat iithe iitime  iiof  iipouring iithe 

iimedia  iiin iipetri iiplates.iiThe  iimedium iiwas iivigorously iishaken  iito iiensure  iithat  iithe 

iibiochar iiwas  iidistributed iievenly.iiAfter iithat ii20 iiml iiof iimedium iiwas iipoured  iiin  iieach 

iipetri iiplate iiaseptically iiand  iiallowed  i ito iisolidify.iiFive iimm iidiameter iimycelial iidiscs 

iiwere iicut  iifrom iiperiphery iiof ii10 iidays iiold iifungus  iicultures iiand  iiinoculated iiinto  iipetri 

iiplate.iiThe iimycelial iidisc  iiwas  iiinverted  iiin  iithe iicenter iiof iithe iiplates  iito iiestablish iidirect 

iicontact iiwith iibiochar iimedium iiand iiincubated iifor ii7-8 iidays iiat ii28±10C.iiIn  i iFactorial 

iiComplete iiRandomized iiDesign ii(FCRD) iifive iireplications iiof iieach  iitreatment iiwere 

iikept.iiAt iithe iisame iitime iia  iicontrol iiwas iialso iimaintained  iiby iigrowing  iion  iibiochar iifree 

iiPDA.iiObservations  iion iilinear iigrowth iiwere iitaken, iiwhen  iithe iifungus iireached 

iimaximum iidevelopment iiin  iicontrol iipetri iiplate. 

The iiper iicent iiinhibition iiof iithe iimycelial iigrowth  iiof  iithe iifungus iiin iieach iitreatment iiwas 

iicalculated iiby iiusing iiformulaii[9]. 

 ii ii ii i i i i i i i i i i ii ii  ii ii  ii  ii  ii ii ii ii ii ii ii i i i i i i i i ii i i ii ii  ii  ii  ii  ii ii ii ii ii ii ii i i i i i i i i i i ii ii  ii ii  iiC ii– iiT  ii ii ii  ii ii  ii  ii  ii ii ii ii ii ii ii i i i i i i i i ii i i ii ii  ii  ii  ii  ii  ii ii ii ii 
ii ii i i ii  ii  ii  ii  ii  ii ii ii ii ii ii ii i i i i i i ii i i i i ii  ii  ii  ii  ii ii  ii ii ii ii ii ii i i i i ii i i ii i i ii  ii  iiI  ii=  ii---------- iiX100 
 ii ii ii i i i i i i i i i i ii ii  ii ii  ii  ii  ii ii ii ii ii ii ii i i i i i i i i ii i i ii ii  ii  ii  ii  ii ii ii ii ii ii ii i i i i i i i i i i ii ii  ii ii  ii  ii  ii iiC  ii ii ii ii ii ii ii i i i i i i i i ii i i ii ii  ii  ii  ii  ii 

Where, iiI ii= i iPer iicent iiinhibition 

 C ii= iiArea iiof iitest iifungus iiin  iicontrolii(mm)  ii 

T ii= iiArea iiof iitest iifungus  iiin iirespective iitreatmentii(mm) 
3. EXPERIMENTAL  i iRESULTS 

In  iivitro iievaluation iiof  iibio-efficacy iidifferent iithree  iibiochar's iiviz., i iGreen 

iihouse  iiwaste ii(GHW),  iiEucalyptus iiwood  ii(EW) iiand  iiCitrus iiwood  ii(CW) iiwere 

iievaluated  iiat iidifferent iithree iiconcentrations  ii(each ii@ ii1, ii2 iiand ii3%) iiagainst iiF. 

iioxysporum iif.sp. iiradicis-cucumerinum iiby iiusing iipoison iifood iitechnique.  iiAmong 

iithe  iithree iidifferent iibiochars, iiGreen iihouse  iiwaste ii(GHW) iiwas  iifound  iimost iieffective 

iiby iishowing iiminimum iimycelial iigrowth  iiof  ii50.78, ii40.10 iiand ii29.88 iimm iiand  



 

 

ii43.58,ii55.44  iiand ii66.80% iigrowth iiinhibition  iiat  ii1,  ii2 iiand  ii3% iiconcentrations, 

iifollowed  iiby i iEucalyptus  iiwood ii(EW) iiwith  ii59.68, ii50.18, ii38.66  iimm iimycelial iigrowth 

iiand  ii33.69, ii44.24  iiand ii44.99% iigrowth iiinhibition ii1, ii2 iiand ii3%  iiconcentrations. 

iiWhereas, iiCitrus  iiwood ii(CW) iidepicted iihighest iimycelial iigrowth ii66.26, ii55.88, 

ii44.30 iimm iiwith  ii26.38,  ii37.91 iiand  ii50.78% iilowest iiper iicent iigrowth  iiinhibition iiof iithe 

iipathogen iiat  iisame iiabove iiconcentrations, iirespectively. iiData iiare iirepresented  iiin 

iiTable ii1 ii& iiFig.  ii1 iiand iiPlate ii1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table ii1:  iiEvaluation iiof iibio-efficacy iiof iidifferent iibiochar's iiagainst iiFusarium iioxysporum iif.sp.iiradicis-cucumerinum iiin iiIn iivitro iicondition ii 

Sr. iiNo. Treatments Mycelial  iigrowth/Colony iidiameter iiat iidifferent 

iiconcentrations ii(mm*) 
Per i icent iigrowth iiinhibition iiat iidifferent iiconcentrations 

C1ii(1%) C2ii(2%) C3ii(3%) Mean C1ii(1%) C2ii(2%) C3ii(3%) Mean 
1. T1 ii- iiGreen iihouse  

iiwaste  ii(GHW) 
50.78 40.10 29.88 40.25 43.58 

(41.31) 
55.44 

(48.13) 
66.80 

(54.82) 
55.27 

(48.09) 
2. T2 ii- iiEucalyptus  

iiwood ii(EW) 
59.68 50.18 38.66 49.51 33.69 

(35.48) 
44.24 

(41.69) 
57.04 

(49.05) 
44.99 

(42.07) 
3. T3 ii- iiCitrus iiwood 

ii(CW) 
66.26 55.88 44.30 55.48 26.38 

(30.90) 
37.91 

(38.00) 
50.78 

(45.45) 
38.36 

(38.12) 
4. T4 ii- iiControl 90.00 90.00 90.00 90.00 0.00 

(0.00) 
0.00 

(0.00) 
0.00 

(0.00) 
0.00 

(0.00) 
Concentration iiMean 66.68 59.04 50.71 58.81 25.91 

(26.92) 
34.40 
(3196) 

43.66 
(37.33) 

34.66 
(32.07) 

 S.Em± C.D.  iiat ii5% C.V. ii(%)  S.Em± C.D. iiat ii5% C.V.ii(%)  
Treatments 0.43 1.22   0.43 

(0.25) 
1.22 

(0.71) 
  

Concentrations 0.37 1.06   0.37 
(0.22) 

1.06 
(0.61) 

  

T  ii× iiC 0.74 2.11 2.82  0.83 
(0.48) 

2.35 
(1.36) 

5.33 
(3.33) 

 

*Mean  iiof iifive  iireplications 
Figures iiare  iiin iiparentheses iiare ii√arcsine  iiper iicent iiangular iitransformed iivalues 



 

 

 

Figure  ii1:  iiEvaluation iiof iibio-efficacy  iiof iidifferent iibiochar's iiagainst iiFusarium 

iioxysporum iif.sp.iiradicis-cucumerinum iiin iiIn i ivitro iicondition 
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Plate 1: In vitro efficacyofdifferent biochar'sagainst Fusariumoxysporum f.sp.radicis-



 

 

4. iiDISCUSSION 

Among  iithe iithree  iidifferent iibiochars, iiGreen iihouse iiwaste ii(GHW) iiwas  iifound  iimost iieffective 

iiby iishowing iiminimum iimycelial iigrowth  iiof ii50.78, ii40.10 iiand ii29.88 iimm iiand  ii43.58, ii55.44 

iiand  ii66.80%  iiper iicent iigrowth iiinhibition iiat  ii1, ii2 iiand ii3% iiconcentrations.iiWhereas, iiCitrus 

iiwood  ii(CW) iidepicted iihighest iimycelial iigrowth  ii66.26, ii55.88, ii44.30  iimm iiwith ii26.38, ii37.91 

iiand  ii50.78% iilowest iiper iicent iigrowth iiinhibition iiof  iithe  iipathogen iiat iisame iiabove 

iiconcentrations.iiA iicommercial i iprototype  iibiochar i iproduced  i iby iifast i ipyrolysis  iiof  

iihardwood i idust iiin  iisoils iito iidetermine  iiif  iiit  iicould  iireduce  iithe  iidamaging  iieffect iiof  

iiallelopathy  iion i iarbuscular iimycorrhizal i i(AM)  iiroot i icolonization i iand  iion  iiFusarium iicrown  

iiand  i iroot  iirot  i iof i iasparagus. iiIn  iigreenhouse i istudies, iibiochar iiadded  iiat  ii1.5  iiand ii3.0%  

ii(wt/wt)  iito  iiasparagus  i ifield iisoil iicaused iiproportional  iiincreases  iiin  iiroot i iweights  i iand  

iilinear  iireductions  iiin  iithe  i ipercentage iiof iiroot  iilesions iicaused  iiby iiFusarium iioxysporum 

iif.sp.iiasparagi i iand  iiF.iiproliferatum iicompared i iwith  iia iicontrol.iiConcomitant iiwith iithese  

iieffects  i iwas  iia ii100%  iiincrease iiin iiroot  i icolonization  iiby i iAM i ifungi i iat iithe ii3.0%  i irate  ii[6].iiThe  

iieffectiveness iiof iibiochar iiapplication  iito  iipromote iiplant iigrowth  iiand iisuppress iiplant 

iidiseases  iiis iiusually iidependent iion iithe  iiapplication iidose iiof iithe  iibiochar. iiHere, iiwe  iievaluated 

iithe  iieffects iiof iibiochar iisupplied iiat ii0, ii1, ii2  i iand  ii3%  ii(w/w) iion iitomato iigrowth,  iiFusarium iiwilt  

iidisease iiseverity iiand iirhizosphere iimicrobial iicommunity iidiversity iiand iifound iithat iibiochar 

iiapplied iiat ii1 iiand ii2% iipromoted iitomato iigrowth iiand  iidecreased iithe iiseverity iiof iiFusarium iiwilt  

iidisease. iiHigh-through iiput iiamplicon iisequencing  iiindicated iithat ii1% iibiochar iidecreased 

iithe  iialpha iidiversity iiand iialtered  iithe iicomposition iiof iithe iibacterial iiand iifungal iicommunity iiin 

iithe  iitomato iirhizosphere, iiincreasing iithe iiabundance iiof iipotential iiplant-beneficial 

iimicroorganisms.iiQuantitative iiPCR iiconfirmed iithat iiall iidoses  iiof iibiochar iiincreased iithe 

iiabundance iiof iirhizosphere  iibacteria;  iibiochar iiapplied iiat ii1 iiand ii2% iidecreased iithe 

iiabundance iiof iirhizosphere iifungi iiand  iiFusarium iioxysporum iif.sp.iilycopersici ii(FOL),  iiwhile 

iibiochar iiapplied iiat ii3% iiincreased iiabundance  iiof  iiFOL.iiOur iiresults iiindicated  iithat iibiochar 

iiapplied iiat ii1  iiand ii2% iisuppressed iitomato iiFusarium iiwilt  iidisease, iiwhich iimight  iibe  iilinked iito 

iithe  iichange iiof iithe iirhizosphere iimicrobial iicommunity iistructure iiand  iiincreased iithe 

iiabundance iiof iipotential iiplant-beneficial iimicroorganisms  iisuch iias iiPseudomonas 

iisp.iiwithin iithe iimicrobiome ii[10].iiThe iieffects iiof iibiochar iion  iileaf iiand iisoil iiborne iidiseases  iiof 

iiplants  iican iibe iiseen iiin iiaddition iito iiits  iiability iito  iisequester iicarbon, iiimprove iisoil iiquality, iiand 

iienhance iiplant iiperformance.iiHowever, iithe iimechanisms iiby iiwhich iisoil iiborne iipathogens 

iiare iisuppressed iiand iiplant iiperformance iiis iienhanced  iiare iinot iiwell iiunderstood. iiThe 

iipresent iiwork iiaimed iito iicomprehensively iiestablish iithe iilinks  iibetween iibiochar 



 

 

iiinducediichanges  iiin  iithe iirichness iiof iithe iirhizosphere  iimicrobial iipopulation, iiin  iiassociation 

iiwith  iithe iireduction iiof iisoil iiborne iiFusarium iiwilt iidisease ii(Fusarium iioxysporum iif.sp. 

iivasinfectum), iiin iicotton  ii(Gossypium iihirsutum), iiwith  iiimproved iiplant 

iiperformance.iiBiochar iimade  iifrom iiorganic  iiwaste iisignificantly iidecreased iithe iicolonization 

iiand  iisurvival iiof iiFusarium iiin  iisoil, iiraised iithe  iicultureable  iicounts iiof iinumerous  iimicrobes  iiwith  

iibiocontrol iipotential ii(microorganisms iithat iiboost iiplant iigrowth  iiand  iidevelopment) iiand 

iiinhibited  iiFusarium iiwilt iiof iicotton.iiThe  iibiochar iiamendment iisignificantly iienhanced iithe 

iicotton  iiplant iidevelopment iiand  iiphysiological iiparameters iisuch iias  iichlorophyll iicontent 

iietc.iiOverall, ii9% iiorganic iiwaste iibiochar iihad iishown iia iisignificant iiimpact  iion  iicotton iigrowth 

iias  iicompared iito  iiother iitreatments iiwith iior iiwithout iibiochar. iiCompared iito  iithe iisoil iionly 

iicontrol, iithe  iidisease iiindex  iiwas iiconsiderably iireduced iiin  iiall iibiochar-amended 

iitreatments.iiIn iiterms iiof iithe  iiplant’s  iiresistance  iito  iiFusarium iiwilt, i ibiochar-induced iiincreases 

iiin iithe iilevel iiof iioverall iichlorophyll iicontent iiand  iibiochemicals iisuch iias  iiphenolics, iiflavonoids, 

iietc.iiAdditionally,  iicotton iiplants  iigrown  iiwith  iia ii9% iibiochar iicomposition  iihad  iiconsiderably 

iigreater iiNPK iilevels iithan iiother iitreatments  iiwith  iior iiwithout iibiochar.iiThe iibiochar iiaddition 

iiresulted iiin iiincreased iicounts  iiof iiPseudomonas iispp., iiActinomycetes iispp.iiand 

iiTrichoderma iispp., iiwhile  iiAcidobacteriales, iiRhodospirillales  iiand  iiFrankiales iiwere  iiless 

iiwhen  iicompared iiwith iian iiun-amended ii(without iibiochar) iisoil iicontrol ii[11].iiThus, iithe 

iicomposition  iiof  iirhizosphere iibacteria iiin iithe  iitreatments iiwith iiand  iiwithout iimodified  iibiochar 

iiwas iifound iito iidiffer iisignificantly.iiThe iifindings iiwere  iiin iiline  iiand iisimilar iito iithe  iicurrent  

iistudies. 

5.iiCONCLUSION 

Among  iithe  iithree iidifferent iibiochars, iiGreen  iihouse iiwaste ii(GHW) iiwas iifound iimost 

iieffective  iiby iishowing  iiminimum iimycelial iigrowth iiof ii50.78, ii40.10 iiand ii29.88 iimm iiand ii43.58, 

ii55.44 iiand ii66.80%  iiper iicent iigrowth iiinhibition  iiat ii1, ii2 iiand ii3% iiconcentrations, iiWhereas, 

iiCitrus  iiwood ii(CW) iidepicted  iihighest iimycelial iigrowth  ii66.26,  ii55.88, ii44.30  iimm i iwith ii26.38, 

ii37.91 iiand ii50.78% iilowest iiper iicent iigrowth iiinhibition  iiof iithe  iipathogen iiat iisame iiabove 

iiconcentrations, iirespectively. 
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Statistical iiAnalysis: 

 The iidata iifrom iivarious  iiexperiments  iiwere  iisubjected iito  iianalysis iifor iicoefficient iiof 

iideviation.iiFor iilaboratory, iicompletely iirandomized  iidesign  iiwas iifollowed.iiMeans iiof  iithe 

iiexperiments iiwere  iiused  iito  iicompare  iifor iiefficacy iiof iitreatments. 
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