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ABSTRACT

Controlling soil-borne plant diseases by harnessing the natural potential of soil microbial
communities has several benefits, including environmental sustainability and economic
advantages for farmers. Disease-suppressive soils can naturally inhibit the development of
phytopathogens, reducing the incidence of plant diseases. Organic agriculture relies on natural
products and helps maintain ecosystem functionality by enriching soil biodiversity and
chemical composition. It is well known that the higher soil microbiome activity and diversity
in organic agriculture gives the soil a disease-suppressing potential against soil-borne
phytopathogens. Therefore, adopting organic farming to protect crops from soil-borne diseases
can curb the increasing use of pesticides and fungicides since the green revolution to improve
crop quality. However, the mechanisms underlying disease suppression in organic agriculture
are poorly understood. Few studies have attempted to determine the effects of organic and
conventional agriculture on the structural and functional potential of the soil microbiome in

relation to “general disease suppression”.

In the present study, a comparative analysis of the effects of long-term conventional and
organic farming practices (field experiment ongoing since 2004) was done in terms of
identifying characteristic disease-suppressive microbial, molecular, and metabolic
markers. The soil samples from fields under conventional and organic agriculture were
screened for their associated physicochemical properties and disease-suppressive potential
towards a wide range of fungal and bacterial plant pathogens using dual-culture assays. The
plant biometric parameters were also recorded at the harvest stage of wheat and rice grown in
conventional and organic farming fields over three cropping seasons, i.e., 2018, 2019, and
2020. Once the higher disease-suppressive ability of organic farming was confirmed, its
microbial basis was investigated by understanding the changes in the structural diversity of soil
microbiome in conventional and organic agriculture. The bacterial and fungal diversity was

iv



analyzed using 16S rRNA and ITS-based amplicon sequencing. Higher bacterial and lower
fungal diversity was observed in soil from the field under organic farming than in conventional
farming. The organic field soil harboured a higher abundance of known antagonistic bacterial
and fungal genera such as Bacillus, Pseudomonas, Burkholderia, Mortierella, Acremonium,
and Chaetomium. Due to the known association of Pseudomonas with disease-suppressive
soils, its diversity was then determined in conventional and organic farming. A higher
Pseudomonas diversity, along with increased abundance of antagonistic Pseudomonas species,

were detected in organic farming.

The alterations in the structural diversity of the soil microbiome were then correlated with the
changes in the functional potential of the soil microbiome in the context of disease
suppressiveness in organic and conventional farming. Direct estimation of hydrolytic enzymes
activities and quantification of disease-suppressive markers in soil, including for pyrrolnitrin,
fengycin, bacillibactin, and chitinase, revealed their higher abundance in soil treated with
organic fertilizers than inorganic fertilizers. A robust culture bank of biocontrol strains was
generated from organic field soil, and functional characterization was done using whole-
genome sequencing and untargeted metabolomics. Several antimicrobial metabolic gene
clusters related to non-ribosomal peptide synthetases were found in the genomes of biocontrol
isolates. The common metabolites produced by biocontrol strains in the presence of pathogenic
stress were pyrrolnitrin, phenazine, obafluorin, resorcinol, etc. The bacterial isolates with good
root colonization ability showed disease-suppressive ability towards Fusarium oxysporum and
Verticillium dahliae with in planta wheat growth experiment under controlled conditions. /n
planta disease-suppressive assays were also conducted to test and compare the suppressive
effects of conventional and organic field soil against Fusarium oxysporum and Rhizoctonia
solani in a plant growth chamber with wheat and rice plant systems. The higher disease-

suppressive ability of organic field soil was observed against both pathogens and increased



expression of biotic stress markers in plants grown in soil from conventional farming field.
Based on the knowledge gained by identifying the structural and functional markers of disease-
suppressiveness in organic farming, an attempt to transform a conducive soil into suppressive
soil was made by a soil transplantation experiment conducted under field conditions. The
transferability of disease-suppressive potential of organic field soil to the conventional field
soil was confirmed by determining the changes in the structural and functional abundances of

disease-suppressive markers.

Conclusively, soil under organic farming showed higher general disease-suppressive potential
than that under conventional farming. The higher disease suppressiveness in organic farming
could be correlated with significant changes in the structural and functional composition of soil
microbiome. The microbial taxa identified in this study can be used to generate synthetic
biocontrol microbial communities that mimic natural communities in organic farming to induce
overall disease suppression in conducive soils. Detection of molecular and metabolic markers
that are more abundant in organic agriculture can be used to characterize any agricultural soil
for its disease-suppressive potential. Developing a soil transplantation assay to convert
conducive soils into disease-suppressive soils offers an approach to environment-friendly plant

disease control.
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R

Tl Y& TG BT I iad &l BT Qg B Jal ofi-id Uil &) STaTal &f Ffd
HA & B3 M, R vafaroiia fRRRar iR framt & forg enffes @y <mfire &1 I
AR g} WHidew =0 § T893 IoHd! & (9B &I b Tob 5, Forad arelf ol
et @t gerel § S ol § 1 Sifde HiY Wpfde Idmal W iRk &t g ok gt
@1 id fafaedr 3R IS A1 B TGS PR UTRIYTTD! o DI BRIAEHT DI TG
G T Hag ol & | I8 Hardiad ¢ [ 3o Hal &S Tafafd 3R Sifad S H fafqerr
fHE &1 gaT SHd AT AT | &b RIATDH -G8 B! &HAT UG Bl ¢ | ST, B
oI ST A g arelt Rl § o & forg Sifde Tl &1 3oAH J HId &t el J JUR

& forg B i & 918 W BICARID! HR BHEARID! & dGd SUANT TR SG=T T Sff

1 ¢ | g, Sifad S T I GHT & o Bl HH T a6 | TS AT A "HH

T GHA" (general disease suppressiveness) & gay o &I@ & J&HPIY B WRITHD 3R
HTATEHD & TR Slfdd 3R TRURS Y & THTE! I FuiRd B & 9o fhar g

A Sfera B, fafIy I-eraR) gersifass, Suifad SR IamIe™ e &1 g
H1 & Yo # drdpifare RIS 3R Sfdew Tt gursit (2004 § =d I3 Wl TN &
THTAT BT JATcH fa=eyoT fasar a7 oT| gRUR® 3R Sfdew $Y & ded Wdl d Bet &
T B I Fafrd Hifas-IrafA® o SR AT-gHTGRT & & AU dual-culture
assays BT STANT B HHG AR AT UIey D! B T fawqd JRaa & forg it
T | < e HIGHT, I 2018, 2019 TR 2020 H URURS SR Sifdds Weit & @l H 3T
T g 3R I1ad B Hels b RO H Bhad SdGHd H gl AF o g fbe T 3| Sfdw
Tl DI I WN-GHABRY & B Y 81 S & 91, 3! URURE 3R Sfddh SN & gaT
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AP & TATASD fafaedT H TRacH &1 THHdR Jeaolad YR &1 SId B T3 16S
rRNA- 3R ITS- 3R amplicon SIHHUN HT ITINT TR S1aTY] 3R Haeh fafaedr &1
fareryor forar ot o1 | gRuR® Wit @1 gam & Sifde et & dgd Wd &1 et # 3= Sftarg
3R & wHad fAfqyd & T8 | Sifasw Wt & S A Bacilius, Pseudomonas, Burkholderia,
Mortierella, Acremonium, AR Chaetomium S J1d Ufauel SiaTy] $iR Hadb o &
SHTYHT TS Sl B | T-SHABRI TSt & MY Pseudomonas & I1d ST &b HRUT, TD!
fafderr da oRUR® IR Sifdes Wt & MufRa 1715 o1 Sifdew Wit & ufauaft Pseudomonas
TolTfrdl &t Sgarad H gfg o W14 Ub S Pseudomonas fafayar &1 uar gef|

a1 YEASHT B RIS fafaeal § uRad- a9 oifdd SR TRURS Wl & I g9 &

e | Hal Y&HP1Y D HTATHED &Hd H IR & AY Jguag | Hydrolytic enzymes
&1 TAfaf &1 ggel A SR el T I0T THABRY i@ Bt AT HI 38904, forad

pyrrolnitrin, fengycin, bacillibactin 3R chitinase A %, T HPHTEMD IaD] DI SINEL |
Sfdew IR & Ty Iu=nld gt & I I dgdrad &1 gar fear| Sifge Wdt &t
et ¥ Sifdew e ShaTusit &1 T ASTed culture S& qOR fohdT 74T AT, 3R QR-SIHH

3{IHHUN 3R 3TAfEd metabolomics PT STANTT HRoh HIAHD A& gUiH fovam T Tl
ofdw fda® GﬂaTUlGh & genome T non-ribosomal peptide synthetase T d&iid ®g
MR =TTy S gee’ UM Y| TS a-1d &1 Iurufd | Sifde e siiarg

gRI IdTfGd JMHH metabolites pyrrolnitrin, fengycin, obafluorin, resorcinol 31 o1 3t

W€ JUMARI &Yl a1 AT 3 a1 f[der vt ¥ afd g & fasr uamm &
1Y Fusarium oxysporum 3R Verticillium dahliae % Ui 0T HTHTR] &y fazars | fufaar|
HId T H g R 919d & WY Jonferdl & 1Y Th WS & Ob Be T Fusarium
oxysporum AR Rhizoctonia solani % FAH URURS 3R Sfdes Wit o1 i) & AR
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TS T TRIEI0T 3R el R o fo aHTbRT U160 4t fob T 7T ¥ | URuRes B welt 4
gt o ST TTT Uhefi & IRTorh | 3R Sifdes aH1d 3idhei o1 Sifiyaafad aiel o Raas Sfdd
ol 1 gt 1 S ATT- GBI & G 71 | Sifdeh Wl H T THABRIC o TR
3R HRATED fHH1 DI UgaH R U IH & SMUR TR, Th 3% d el Bl GHADRI
et & sreem o1 v Wt ot uRfRufaat  frg e firgh & geRioor v gR faar
7| INT-GHADBR! HTGRI P RIS 3R HATED dgard | gRacdd &1 YR Hb
URURS Wil i gl # Sifdes At BT fg! BT IRT GHABR] &l B gEdiaRuiadl & gy
CARIERIT

fsrt U, Sifde Wt & dad g A URURS Qi & ga1 | 31 T M- gHTG R
&rar fearg | Sifde Tt § I I SHATAGBA &1 &l YEAS™ Bl IRGTHD 3R

HTATHD T H HEdqU! URacH1 o 1Y Tedag bl ol ahdT § | 39 - § UgaH
T YEASIAS taxa BT SUANT HAA Sifdds (a7 SHaro[eh & Tl &l S H3- & fow
o1 SfT e ell & S 3rgee AT H FHI T GHA bl IR R ob feTT wifdep Wt #f UTepfereh
T &1 Thd B g | DIEHD SN T fH TR A F 3M10fdd iR IaMI=d 3fdh!
D1 Gl T DT JuART Tt ot HiY fET ol IT-cHABRT &1 & ford feifgd = o ferg
o ST Wb 8 | 3% g &I IR gl B gaam o fore gt & TR A
&1 fyepT AT TiaR0T & 3rqepd Trelf & I g1 & 1w v = RHI0 ueq Brar g
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