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The paradox in plant health

Why does the same pathogen cause severe disease in one soil but not in another?
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@L’ZQ&EJE'JE&EE’: Soil suppressiveness: an emerging property of soil-plant-microbiome system. 2




Soil: where it all starts

Soil

Organic matter (4%)

Mineral (96%)

WAGENINGEN  Plgants do not build microbiomes from scratch — they recruit from soil.




Microbiome assembly

Attraction and assimilation

Physico-chemical properties:
¢! Temperature
: Soil moisture

Carbon-nitrogen etc.
Microbe-microbe interactions

Root exudates

Primary metabolites:
Sugars

Amino acids

Qrganic acids etc.
Secondary metabolites:
Coumarin
Benzoxazinoids
Triterpenoid etc.

Microbe-microbe interactions

Root exudates

Plant immunity:
MAMP-triggered immunity
Effector-triggered immunity
Induced systemic resistance
Systemic acquired resistance

Microbe-microbe interactions
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WABENINGEN Root exudates act as “fishing nets” for microbes.
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Two types of soil suppressiveness to pathogens

General suppressiveness
(Biological buffering,

Specific suppressiveness
Nonspecific antagonisms)
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Take aII decllne(TAD) SpeC|f|c suppression
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Caused by Gaeumannomyces tritici
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https://apsjournals.apsnet.org/doi/10.1094/PHYTO-03-17-0111-RVW#b32

Disease suppressive functions in soil-metagenome
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phylogeny (who is there) to function (what they do)




Culturomics to unravel disease suppressive agents
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From soil microbiome to functional antagonist

Zone of inhibition Selection and purification

Unlock medium
few weeks

*Unlock Medium (UM): Media mimicking the rhizosphere environment

WAGENINGEN Only a small fraction of the soil microbes are culturable




Function-guided culturomics to isolate disease suppresive
microbe
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Co-cultivation of soil microbiome and Fusarium Confocal microscopy
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Actinomycetes antagonistic phylogenetic signal
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Disease suppression is not about who is there, but what they do.



Suppressive soils reshape the internal plant microbiome
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UNIERGITY & RESEARLY Suppressive soils recruit protective endophytes and functions.




Harnessing endophytes for pathogen suppression

 Endophytes are microorganisms, such as
bacteria or fungi, that live inside plant
tissues without causing apparent harm.
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Endophytes as a plant ally to counter fast evolving
pathogen

Unmatched evolution ‘ ‘

| am just clonal » Short generation time
* Large population size
« High mutation rate
+ Haorizontal gene transfer
» Hybridization

Sexual and clonal

Convenience and consumers’ demand

WAGENINGEN

Pathogens evolve faster than our control strategies.




Diverse endophyte collections to study disease
suppressive functions

7
< | Over 1,300 endophytic isolates were collected from

wild and domesticated banana and Enset plants.
How can we evaluate their antagonistic potential
against major banana pathogens?

waseningen Endophytes bridge the evolutionary gap between plants and fast-
evolving pathogens.
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High-throughput screening for pathogen suppression

Endophyte spot inoculation Fusarium
5 dpi
SBRSTEDT "4 e ! el
T%ﬂ i B
Mix Fusarium spore
o with media (1 dpi) :

S!ppress DI i

5

Observe for inhibition
zones (halo) 5 dpi 3

Marememse  We move from ecology — to discovery — to application




Endophytic cross-kingdom antagonistic signal
Fusarium (TR4)

antagonistic signal

Banana pathogens

— (Xcm)

e =N Antagonism is not random — it is evolutionarily structured.




Functional endophytes share conserved antimicrobial

Functional strains Non-functional strains

repertoires

Antibacterial/Antifungal—+

Known BGCs
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Bagcillus velez Bacillus subtilis Bacillus subtilis 5p002192255

Stenotrophomonas Ly b II
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2,3-dihydroxybenzoylserine
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No antibiotic function —»— e e
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RRE-containing V (Unknown)
Ulbactin F/G
L bacillopaline

WAGENINGEN

wemsmvaresencer EUNCEIONAL strains repeatedly converge on similar antimicrobial architectures. s
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Functional endophytes suppress Fusarium in banana

Endophyte

Control
(mock)

WAGENINGEN

mersrvaresearen  DiS€ASE SUPPression emerges from functional microbial partnerships




Functional endophytes suppress Fusarium through

antimicrobial peptides and fusaric acid detoxification
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Fusarium-Endophyte (NP1D09)

Endophyte (NP1D09)
Fusarium

Bacillus velezensis NPIED2

Bacillus velezensis NP1D09
Bacillus subtilis NP1A0S

Lysinibacillus fusiformis NPTF0S

Stenotrophomanas sp. NP2H04

Bacillus sublilis NP2BOT
Bacillus xiamenensis NPSB0S

- cypB

. . cypD

ydfG
fabG
yueD
fadD
acsA
YhiP
fadE
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etfB

| putC
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Function

w-Hydroxylation

Alcohol to
ketone oxidation

Acyl-CoA formation
FA acylation

Chain shortening

Aldehyde oxidation

Enone formation
Oxidative detox

Protection is not a single mechanism. Functional endophytes survive pathogen
chemistry while simultaneously inhibiting pathogen growth.




Partnership between plants to harness beneficial microbes

Bacteria with
antifungal activity
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hememve meeees - DiS€@se resilience can emerge from plant-plant-microbiome partnerships.
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Pathogen suppressive microbial seed-root-axis

Cultivated peanut

Beneficial bacteria move from the seed to the
root and protect plants from fungal infection.
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Wild peanut seeds harbor richer, more multifunctional microbiomes.




Packaging of microbes for the next generation:
Seed microbiomes

Yy
through the through gamete
funiculus fusion

Horizontal
transfer of
microbes from
soil to the plant
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Microbial inheritance in plants
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Trends in Microbiology

Microbiomes are also inherited, not just acquired.




Microbes as a tool to clean Fusarium propagules

Fusarium
suppressive
microbes
B
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From suppressive soils to a resilient cropping system

Ecological Buffering Resistance

in Disease Suppression Gene-Based
. | Monoculture

o.‘o. .'

o, ...
Soil Microbial

Diversity

Bananaand Resistant Weeds i Resistance
OtherPlant Plants  and - Gene-Based

Diversity Cover Crops Monoculture
(Dilution Effect)

The future of disease resilience may therefore depend less on introducing external
inputs and more on understanding how plants recruit, maintain, and pass protective
microbiomes across generations.

waceNINnGeN  SOIil suppressiveness is an emergent ecological function shaped by
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microbial interactions, plant recruitment, and evolutionary inheritance.
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