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ABSTRACT 

 

Globally tomato (Solanum lycopersicum), belonging to the family Solanaceae, is the 

second important vegetable crop after potato. Fusarium wilt is one of the most 

devastating soil-borne diseases affecting tomato crop and is responsible for major 

economical losses in its yield. To obtain an environment friendly alternative for wilt 

disease control in tomato, utilizing the potential of biocontrol agents and oil seed 

cakes to mitigate Fusarium wilt control has been explored in the present study. In an 

attempt to develop a method of biological control against Fusarium oxysporum f. sp. 

lycopersici, efficacy of Bacillus subtilis and Trichoderma harzianum was evaluated in 

wilt control.  In addition, present work comprised an extensive study to understand 

the biocontrol mechanisms of both antagonistic microorganisms and their non-target 

effects on soil bacterial community.  

 Dual culture assay revealed that B. subtilis (MTCC 2274) and T. harzianum 

(MTCC 3928) showed highest inhibition against fungal pathogenic mycelia. 

Additionally, indigenous fungal (3T) and bacterial (B44) strains were isolated from 

rhizospheric soil of tomato exhibiting antagonistic efficacy against pathogen. Further, 

characterization of isolated and procured strains was done for their antifungal and 

plant growth promoting properties. After ribotyping, it was found that 3T showed 

similarity with Aspergillus flavus and B44 with Bacillus sp. As the fungal isolate was 

identified as a plant pathogen it was not considered further for in planta assay 

whereas the sequence of bacterial isolate (B44) was submitted to NCBI database 

(accession number: MG779639). Disease control efficacy of all strains was tested in 

in planta assay; it was observed that dual inoculation of B. subtilis and T. harzianum 
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exhibited higher efficacy with disease reduction of 56% as compared to chemical 

treatment (48.7%). The dual inoculation evidently enhanced the plant growth 

parameters. Furthermore, non-target effect of biocontrol agents on soil bacterial 

microbiome was assessed using denaturing gradient get electrophoresis (DGGE). 

DGGE fingerprints revealed positive shifts in bacterial community of rhizospheric 

soil upon treatment with dual inoculation of B. subtilis and T. harzianum as compared 

to untreated and uninoculated control. Also, several ecologically important species 

were identified in the rhizospheric soil treated with dual inoculation. 

In the present study, an extensive study was carried out for the identification 

of antifungal metabolites produced by antagonistic strains. It was obsered that both 

biocontrol agents were capable of producing hydrolytic enzymes, volatile and non-

volatile bioactive compounds. For B. subtilis activity of β-1,3-glucanase was found 

maximum (12.69 U ml-1 min-1) on 7th day whereas for T. harzianum it was highest 

(21.47 U ml-1 min-1) at 5th day of incubation. Protease production was maximal at 7th 

day of incubation (929 and 846 U ml-1 min-1) for B. subtilis and T. harzianum, 

respectively. For B. subtilis, highest value of chitinase activity (33.69 U ml-1 min-1) 

was observed after 2 days of incubation. However, in case of T. harzianum highest 

activity (154.23 U ml-1 min-1) was observed at day 5. In in vitro volatile assay, an 

inhibition of 61.7% and 47.2% against fungal pathogen was observed with B. subtilis 

and T. harzianum whereas culture filtrates (40%) exhibited 58.51 and 44.66% 

inhibition against pathogen, respectively. The volatile compounds were extracted with 

solid phase microextraction (SPME) and identified with gas chromatography-mass 

spectrophotometry (GC-MS). However, antifungal bioactive fractions of non-volatile 

compound were screened using direct bioautography and further UPLC-MS identified 

morpholine, 4-tridecanoyl and N~2~,N~4~-Bis[3-(piperidin-1-yl)propyl]-1,3,5-
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triazine-2,4,6-triamine as one of the major compounds for T. harzianum and B. 

subtilis, respectively. 

 Different formulations viz., talc formulation, alginate beads and water 

dispersible granules (WDG) were developed for biocontrol agents. In in planta study, 

it was notable that WDG was the most efficient in disease reduction followed by talc 

formulation and alginate beads. Also, utilization of oil seed cakes (OSCs) was taken 

into consideration for disease control. Among all OSCs, mustard cake showed highest 

inhibition (36.8%) of fungal mycelial growth with 10% aqueous extract. Then, 

mustard cake was tested as a growth substrate for biocontrol agents, and evaluated its 

efficacy in in planta assay. In pot study, mustard cake formulation showed 48% 

disease reduction after 6 months of growth, with increased fruit yield, fresh weight, 

shoot length and root length over untreated control.  

 The findings of the present study identified a sustainable and environment 

friendly alternative for control of Fusarium wilt. The application of biocontrol agent 

with organic amendment could aid in mitigating disease and enhancement of plant 

health. Dual inoculation of biocontrol agents, potential source of bioactive volatile 

and non-volatile metabolites, exhibited promising effect on disease suppression and 

plant growth promotion. In addition, the treatment showed non-target effect by 

exerting an enhancement on the abundance of bacteria in rhizosphere of host plant 

over untreated control as compared to single inoculation. In addition, dual inoculation 

exhibited the presence of some species of ecological importance and reduced the 

deteriorating effect of fungal pathogen on bacterial community.  

 

 

 

 



Lkkj 

fo’o Lrj ij VekVj ¼lksysue ykbdksiflZde½] lksyuSls ifjokj ls lacaf/kr] vkyw 

ds ckn nwljh egRoiw.kZ lCth Qly gSA VekVj dh Qly dks izHkkfor djus 

okyh lcls vf/kd fouk’kdkjh e`nk tfur chekfj;ksa esa ls ,d gS foYV vkSj 

bldh iSnkokj esa cMs+ vkfFkZd uqdlku ds fy, ftEesnkj gSA VekVj esa bl fcekjh 

ds fu;a=.k ds fy, Ik;kZoj.k ds vuqdqy fodYi izkIr djus ds fy,] orZeku 

v/;;u esa ck;ksdUVªksy ,tsaVksa vkSj rsy cht dsd dh {kerk dk mi;ksx fd;k 

x;k gSA vkWDlhLiksje ,Q0,lih0 ykbZdksiflZdh ds f[kykQ tSfod fu;a=.k dh 

,d fof/k fodflr djus ds iz;kl esa] csflyl lcfVfyl vkSj VªkbdksMekZ 

gftZ;kue dk ewY;kdu foYV daVªksy esa fd;k x;k gSA blds vykok] orZeku 

dke esa nksuksa fojks/kh lw{ethoksa ds tSo ra= vkSj feV~Vh thok.kw leqnk; ij muds 

xSj&y{; izHkkoksa dks le>us ds fy, ,d O;kid v/;;u ’kkfey gSA 

  Mw;y dypj ij[k ls irk pyk fd ch0 lcfVfyl ¼,e0Vh0lh0lh0 

2274½ ,oa Vh0 gftZ;kue ¼,e0Vh0lh0lh0 3928½ us Qaxy jksxtud ek;lsfy;k ds 

f[kykQ mPpre vojks/k fn[kk;kA blds vfrfjDr] buMhftul Qaxy (3T) vkSj 

cSDVhfj;y (B44) miHksnksa dks VekVj dh jkbtksLQsfjd feV~Vh ls vyx fd;k 

x;k Fkk tks jksxtud ds f[kykQ fojks/kh izHkko fn[kk jgk FkkA blds vykok] 

i`Fkd vkSj [kjhns x, miHksnksa ds y{k.kksa dk o.kZu muds ,afVQaxy vkSj ikS/kks ds 

fodkl dks c<+kok nsus okys xq.kksa ds fy, fd;k x;k FkkA jkbcksVkbfiax ds ckn] 

;g ik;k x;k fd 3T us ,Lijftyl Qysol vkSj B44 us csflyl ds lkFk 

lekurk fn[kkbZA pwfd Qaxy miHksn (3T) dks ikS/kks ds fy, jksxtud ds :Ik esa 

igpkuk x;k gS] blfy, bls v/;;u esa vkxs ugh fy;k x;k] tcfd cSDVhfj;y 

(B44) vkblksysV dks vuqØe NCBI MsVkcsl ¼ifjxzg.k la[;k% MG 779639) esa 

tek fd;k x;k gSA 

  ikWV v/;;u esa lHkh miHksanksa ds jksx fu;a=.k izHkkodkfjr dk ijh{k.k 

fd;k x;k] ;g ns[kk x;k fd ch0 lcfVfyl ,oa Vh0 gftZ;kue ds Mq;y 



buksD;wys’ku us jklk;fud mipkj ¼48-7%½ dh rqyuk esa 56% chekjh dh jksd ds 

lkFk mPp izHkkodkfjr dk izn’kZu fd;kA Mq;y buksD;wys’ku us ikS/ks ds fodkl 

ds ekinaMks dks Li"V :i ls c<+k;kA blds vykok] e`nk thok.kq ekbØksck;kse ij 

ck;sdUVªksy ,tsaVksa ds xSj & yf{kr izHkko dk ewY;kadu Mh-th-th-bZ- dk mi;ksx 

djds fd;k x;k FkkA  

Mh-th-th-bZ- fQaxj fizVa us ch0 lcfVfyl vkSj Vh0 gftZ;kue ds nksgjs 

buksD;wys’ku ds lkFk mipkj ij jkbtksLQsfjd feV~Vh ds thok.kq leqnk; esa 

ldkjkRed cnykoksa dk irk yxk;kA blds vykok] dksbZ ikfjfLFkfrd :Ik ls 

egRoiw.kZ iztkfr;ksa dh igpku nksgjs buksD;wys’ku dh feV~Vh esa dh xbZ FkhA 

  orZeku v/;;u esa] izfri{kh thok.kq }kjk mRikfnr ,afVQxy 

esVkcksykbV~l dh igpku ds fy, ,d O;kid v/;;u fd;k x;k FkkA ;g ik;k 

x;k Fkk fd nksuks ck;ksdUVªksy ,tsaV gkbMªksfyfVd ,atkbeksa] ok"Ik’khy vkSj 

xSj&ok"Ik’khy vukdj ;kSfxdks dk mRiknu djsu esa l{ke FksaA ch- lcfVfyl ds 

fy, chVk&1] 3&xywdsusl dh xfrfof/k 7 osa fnu vf/kdre (12.64 Uml-1 min-1) 

ikbZ xbZ tcfd Vh- gftZ;kue ds fy, 5 osa fnu (21.74 Uml-1 min-1) mPpre FkhA 

ch- lcfVfyl vkSj Vh- gftZ;kue ds fy, izksVht dk mRiknu vf/kdre 926 ,oa 

846 Uml-1 min-1 
FkkA 

   QkbZfVusl mRiknu ch0 lcfVfyl ds fy,] baD;kscs’ku ds 2 fnukas 

ckn ns[kk x;k Fkk (33-69 Uml-1 min-1)A gkykafd] Vh0 gftZ;kue ds fy, mPpre 

xfrfof/k 5 fnu ds ckn ns[kh xbZ (154-23 Uml-1 min-1)A bu foVªks ok"I’khy 

rduhd esa] ch0 lcfVfyl vkSj Vh0 gftZ;kue ds lkFk 61-7% 47.2% fu"ks/k ns[kk 

x;k] tcfd dYpj fQyVªsVl (40%) us 58-51 vkSj 44-6% jksxtud ds f[kykQ 

Øe’k fu"ks/k fn[kk;kA ok"i’khy ;kSfxdksa dks ,l-ih-,e-bZ- ds lkFk fudkyk x;k 

vkSj xkSj ØkseSVªksxzkQh&ekl LisDVªksQksVksesVªh ¼th lh&,e,l½ ds lkFk igpkuk 



x;kA gkykafd xSj&ok"Ik’khy ;kSfxd ds ,safVQaxy va’kks dks MkbZjsDV 

ck;ksvkVksxzkQh vkSj vkxs ;w-ih-,y-lh-&,e-,l- }kjk tkapk x;kA 

  ck;ksdaVªksy ,tsaVks ds fy, vyx&vyx QkWeZqys’ku tSls VkWYd 

QkWeqZys’ku] ,fYtusV chM~l vkSj okVj fMLiflZoy xSU;wYl cuk, x, FksA ikWV 

v/;;u esa] ;g mYys[kuh; Fkk] fd okVj fMLiflZcy xSU;wYl jksx ds jksdFkke esa 

lcls dq’ky Fkk] blds ckn VkWYd QkWeqZys’ku vkSj ,fYtusV chM~l FksA blds 

vykok jksx fu;a=.k ds fy, vkW;y lhM dsd ¼vks-,l-lh-½ ds mi;ksx dks /;ku 

esa j[kk x;kA lHkh vks,llh ds chp] ljlksa ds dsd esa mPpre fu"ks/k (36.8%) 

ns[kk x;kA fQj] ljlksa ds dsd dks ck;ksdUVªksy ,tsVks ds fy, ,d fodkl 

lClVªsV ds :Ik esa ijh{k.k fd;k x;k Fkk] vkSj ikWV v/;;u esa bldh 

izHkkodkfjrk dk ewY;kadu fd;kA ikWV v/;;u eas] ljlksa ds dsd mipkj us 48% 

jksx esa deh fn[kkbZ] ftlesa Qy dh iSnkokj] ‘’kwV dh yackbZ vkSj otu 

vuqipkfjr fu;a=.k esa T;knk FkkA 

  orZeku v/;;u ds fu"d"kksZ us ¶;wtsfj;e foYV ds fu;a=.k ds fy, 

,d LFkk;h vkSj I;kZoj.k ds vuqdwy fodYi dh igpku dhA tSfod la’kks/ku ds 

lkFk ck;ksdaVªksy ,tsaV ds vkosnu ls jksx dks de djus vksj ikS/kks ds LokLF; dks 

c<+kus esa enn fey ldrh gSA ck;ksdaVªksy ,tsaVks ds nksgjs buksD;wys’ku] 

ck;ks,fDVo ok"Ik’khy vkSj xSj& ok"Ik’khy lsVkcksykbV~l ds laHkkfor lzksr] jksx 

neu vkSj ikS/ks ds fodkl dks c<+kok nsus okys izHkko dk izn’kZu djrs gSA blds 

vykok] ,dy buksD;wys’ku dh rqyuk esa nksgjs buksD;wys’ku esa jkbtksLQsfjd 

thok.kqvksa dh izpqjrk dks c<+kdj xSj&y{; izHkko fn[kk;kA blds vykok nksgjs 

buksD;wys’ku esa ikfjLFkfrd egRo dh dqN iztkfr;ksa dh mifLFkr Hkh ikbZ xbZ 

vkSj cSDVhfj;k leqnk; ij Qxay jksxtud ds fcxM+rs izHkko dks Hkh de fd;kA 
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