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ABSTRACT

Conventional approaches to manage phytopathogens are associated with ecological drawbacks;
chemical fertilizers pollute the environment, whereas bioinoculants often display inconsistent
performance under field conditions. Fusarium is a notorious fungal pathogen causing a variety
of diseases in different agricultural crops. Also, in soil ecosystems, environmental factors and
pathogen pressure can disturb the rhizospheric microbiome, influencing plant fitness. A
pathobiome comprises of microbial members that interact with both host plant and pathogen to
promote disease establishment. In this study, the microbial diversity of rhizospheric soil from
two varieties of Cajanus cajan (pigeonpea) grown in two agroclimatic zones were profiled
under Fusarium udum infested and pathogen free control conditions. The core bacterial genera
identified included Steroidobacter, Pseudomonas, and Acidibacter, while Mortierella,
Actinomortierella, and Naganishia dominated the fungal core. A Fusarium-induced disruption
of the rhizosphere microbiome was identified, leading to the characterization of a distinct
pathobiome. While certain genera of pathobiome such as Acidibacter and Actinomortierella
overlapped with the core microbiome, others including Brevundimonas, Calenema, Delftia and
fungal taxa like Aplosporella, Cristinia, and Kwoniella were unique to Fusarium-infested soil
samples. Correlation analysis revealed a negative association between Bacillus and Fusarium,
prompting the generation of a Bacillaceae culture bank with strains exhibiting antagonism

against F. udum both in vitro and in planta.

Building on this, a microbiome-assisted rhizosphere engineering approach was adopted to
combat Fusarium wilt in C. cajan. Indigenous Bacillaceae strains from the culture bank with
biocontrol and plant growth-promoting (PGP) traits were strategically assembled into synthetic
microbial communities (SMCs). Compatibility testing, qualitative profiling for exhibition of
several traits and then using a novel approach of iterative deconvolution to select strains

exhibiting enhanced production of biocontrol traits when present in a community of other



bacterial strains aided the selection of bacterial strains for generation of several SMCs that were
tested through in vitro and in planta assays. Evaluation of growth attributes and stress markers
identified one SMC with superior disease suppression potential, which was further validated
under natural conditions. Persistence and colonization patterns of the five member strains of
the shortlisted SMC were also confirmed in different root regions through scanning electron
microscopy and viable cell counting methods. Further, whole genome sequencing of these five
constituent strains revealed multiple potential biosynthetic gene clusters (BGCs) that might be

linked to biocontrol activity.

Mechanistic insights into wilt suppression were gained by investigating the bacterial
volatilome. Volatile organic compounds (VOCs) released by biocontrol strains demonstrated
both direct antifungal activity and indirect effects via plant immunity. Volatile-mediated
interactions between F. udum and bacterial strains were characterized, revealing pathogen-
induced upregulation of specific bacterial VOCs. The application of some synthetic volatiles
effectively suppressed Fusarium wilt under controlled conditions in planta. Beyond volatiles,
diffusible metabolites were also examined; cell-free supernatants (CFS) of biocontrol strains
reduced disease severity in C. cajan. Subsequent metabolomic profiling identified several
bioactive compounds, and synthetic analogs of these metabolites were confirmed to suppress

Fusarium wilt in C. cajan.

Overall, this work provides proof-of-concept for the pathobiome in plants and demonstrates
microbiome-assisted rhizosphere engineering as a viable strategy for sustainable disease
management. By leveraging VOCs and diffusible metabolites from indigenous Bacillaceae
strains, this study establishes an effective alternative to environmentally damaging chemical

pesticides and unreliable conventional bioinoculants.
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WISCIUASINT (Phytopathogens) & UaYH & URUR® deid TIRFRUTIS Sl ¥ IS 8
T JaReb TR0l B UGd HRd &, SIafd Sr-Iageed (bioinoculants) 3R
&= o) RUfT! & dad SRITTd Ue= UeRid axd & | WO (Fusarium) U6 HBAT UATd
(fungal) T € < fafte Y wual § 3 e &I SHINGT BT HRU §9d1 &1 TP
sramar, gt & uifufas df o wiaRuflm R 3R A a9 IESIbRS
HIZHIETAIA (rhizospheric microbiome) TR Ufd®Gd UHId STA Tdhd o, orag WY @1
e (fitness) THTFAd 81l § | T YUIETAI (pathobiome) H J&ASTAT (microbial) T&x
ST I & S I Y RATTT b1 IGTaT 1 o forg T 3R 90 S 3 I Tl ey el
g1 39 S H, 3 $IY-Saar] &3 § I T SRR (Cgjanus cajan) BT &1 Tl I
SSRGS (rhizospheric) TSI 1 F&AStdl (microbial) fafasdr &1 weiaw Iga
(Fusarium udum) TepTad 3R J7] Yot FRUTTAT & d8d W1 (profile) fawam 7T 1|

Wﬁﬁ'ﬂﬂ (Fusar/l/m)—aﬁ_cf le\rl\l%tbnlw Hlsw\ldlq\ll-l (rhizosphere microbiome) A gu™
aﬁu%%nq Pl TI'S;c meaiﬁaﬁhﬂ (pathobiome) T YR g3TI TSR B
DS EI\_rle%I'CIEf o Qﬁl@ﬁﬁ (Acidibacten 3R mﬂﬁm (Actinomortierella), PR
HIZHIETAIA (core microbiome) & TTY 3ifaard off, Jafes sgfem, da—wrn, Sfarar
(Brevundimonas, Calenema, Delftia) 3R TGRSl fpfefar iR wifAwar

(Aplosporella, Cristinia, and Kwoniella) O Hab an th\@ﬁ'qﬂ (Fusa rium)—ﬁwﬁlﬁ Hal
T & fore fafdry @1 wedsy fawcwor & aRe (Bacillus) 3R WSIRTH (Fusarium) &

d Th ThRIAD JdY HT TdT e, WWW (Bacillaceae) dhed GG (culture
bank) &1 fAaToT gafm, o T Iudie A it 24 fael 3R 4 WieT (in plants) GHI & TW.
3gH (£ udum) & Ufa faRy yeffa wd 2
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d YR R, 3ReR T WIRIH faeT (Fusarium wilt) ¥ fAUe & foT te Agshlary
(microbiome)-TgTAdT UTW ISSIRBITR SSN-ANIT (rhizosphere engineering) E®I0T
3O 47| HeeR S (culture bank) ¥ SIa-fg301 3R Urey gfg-vade (disidh Toif
ard Werll Rl (Bacillaceae) IuNE HI I0MHIfaH wU I Ridfew Agmifcm
(synthetic microbial) T (THEHHT, SMC) & THHAT fovam a1l I Taar wiem, &5
TN & UG & AT oS TORWT TR FHAT 3R B 3= Siary] Sudel & e
A NG B IR SIa-RIA0] A&0N & IAd SHTG Pl UGRId R aTd NG BT I I
b foTY GRTqT faiac & Tep 71T f¥eIv 1 SUTNT R A s THUAR i Uit o g
Sftary] Iuel & 99+ H Geradr e, et wierr 39 fael (i vitro) 3R 3 @il (in
planta) TG & AT ¥ foram | faer faRioarsit 3iR aH1a ARl & Jedie A 98
R GHH &l dTel U THUHE! &1 Ugd o, ford Uidbfoes gRfRufaal & ol A=y foba
TRT| WpT-HT gedel HISHIDIUT (Scanning Electron Microscopy) 3R SIagTd wIfreT
TorT faferat 3 wrenw @ fafte wis & & T fory U TRl (sMe) 3 urE Jew Iune!
&1 Tl 3R IUART de of i gfY 1 712 | 39 sifafed, 39 uld gew Iunel & Tyuf
S SR HUT ¥ T THTFAT SauRad! S Fee” ITEA 3T, it Sig-feor fafafy §
IS 8 9hd B

TW. IGH (£ udum) 3R SaT0] SUNG! & i aa=Ad (Volatile organic compounds)-
Ty 3id:frarstt @1 quiF farar T, fore Aty Siar) o IeHe-URd SIOeRE &
Udl 9d | $© Ridfesw ar=ita uerdf & sraprm = gt & fFfd ufvfufadl o weifas
foee &1 THTE &1 3 g foan | ARl gl & sramdr, fauRd Heeaged (metabolites)
&1 ot S BT 78, Saf T IuNE) & HIRABI-IRd JURACCH o 3REX & I & iR
& B fhar| a1 T Heraiaiiid WHRRIT (metabolomic profiling) & &3 Siadfshd
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QD! B UgaH B, 3R 39 HeTAAZed (metabolites) & Ridfed TAGIN (synthetic
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INAA® PIeAID] R YT URUNG dEgAIaced (bioinoculants) &1 T
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modality using one-way ANOVA. Different lowercase letters
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inoculated with cell free supernatants of individual strains. Error
bars represent standard deviation where n=7 and each plant was
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through one-way ANOVA and different letters represent statistical
differences (p < 0.05) based on Duncan post-hoc test
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