


Why does the same pathogen cause severe disease in one soil but not in another? 

The paradox in plant health

2Soil suppressiveness: an emerging property of soil-plant-microbiome system.

Healthy field (suppressive soils) Diseased field (conducive soils) 

Limited symptoms and plants remain 
productive

Severe disease and low productivity



Soil: where it all starts 

3

Microfauna (3.5%)

Bacteria and 
actinomycetes 
(50%)

Fungi (25%)

Megafauna (14%)

Mesofauna (2.5%)
Macrofauna (5%)

Edaphon (9%)

Roots (7%)

Mineral (96%)

Organic matter (4%)

Dead organic matter (84%)

Soil Organic matter Edaphon

Plants do not build microbiomes from scratch — they recruit from soil.



Microbiome assembly 

4Root exudates act as “fishing nets” for microbes.

Attraction and assimilation 



Two types of soil suppressiveness to pathogens 

5General = community-level buffering     Specific = key taxa-driven suppression

General suppressiveness
(Biological buffering, 

Nonspecific antagonisms)  

Related to total 
microbial activity 

Effective against a 
range of pathogens 

Not transferable 
between soils 

Can be enhanced by 
adding organic matter to 
soils 

Specific suppressiveness 

Related to specific 
activities of microbial 
genera 

Effective against one or 
few pathogens

Can be transferred to 
conducive soil by mixing 
1-10%

Can be eliminated by 
heat/biocide treatments



Take-all-decline (TAD)-Specific suppression 

6Monoculture-driven pathogen suppression

Years of monoculture cultivation 
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 DAPG producing 
Pseudomonas spp.

DAPG-deficient mutant 

de Souza et al. 2003

Caused by Gaeumannomyces tritici

https://apsjournals.apsnet.org/doi/10.1094/PHYTO-03-17-0111-RVW#b32


Disease suppressive functions in soil-metagenome

7From phylogeny (who is there) to function (what they do)

https://doi.org/10.1128/mSystems.01116-20



Culturomics to unravel disease suppressive agents 

Ossowick et al., 2020

S11

S8
S11 S8

Which microbes matter, more importantly, which functions actually suppress 
disease?



From soil microbiome to functional antagonist 

Unlock medium

Soil microbiome Gfp Fusarium

Selection and purification

few weeks

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

Zone of inhibition

Only a small fraction of the soil microbes are culturable 



Function-guided culturomics to isolate disease suppresive 
microbe

Fusarium (GfP) 

Streptomyces Fusarium 
(GFP)

Confocal microscopy

Halo

S08 (Conducive soil) S11 (Suppressive soil) 

Co-cultivation of soil microbiome and Fusarium
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Actinomycetes antagonistic phylogenetic signal 
Suppressive Soil 
Conducive soil

Streptomyces 

Fusarium 
(GFP)

Confocal microscopy

Halo

S08 (Conducive soil) S11 (Suppressive soil) 

Co-cultivation of soil microbiome 
and Fusarium

Disease suppression is not about who is there, but what they do.

Fusarium suppression 



Suppressive soils reshape the internal plant microbiome

12Suppressive soils recruit protective endophytes and functions.

• DSI-disease severity index

• Susceptible host

• Virulent pathogen 

Suppressive soil (DSI ~30) Conducive soil (DSI>80) 



Harnessing endophytes for pathogen suppression 

13Suppressive soils recruit protective endophytes and functions.

• Endophytes are microorganisms, such as 
bacteria or fungi, that live inside plant 
tissues without causing apparent harm. 

Enhanced 
growth 

Stress 
tolerance 

Protection 
against 

pathogens 



Endophytes as a plant ally to counter fast evolving 
pathogen 
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Sexual and clonal Convenience and consumers’ demand

Pathogens evolve faster than our control strategies.



Diverse endophyte collections to study disease 
suppressive functions 

15

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?

Endophytes bridge the evolutionary gap between plants and fast-
evolving pathogens.



High-throughput screening for pathogen suppression 

16We move from ecology → to discovery → to application

1 dpi 5 dpi

Mix Fusarium spore 
with media (1 dpi)

Spot inoculate the 
endophyte (1 dpi)

Observe for inhibition 
zones (halo) 5 dpi

Endophyte spot inoculation Fusarium 

halo 



Endophytic cross-kingdom antagonistic signal 

17Antagonism is not random — it is evolutionarily structured.

Strong cross-kingdom 
antagonistic signal 

P.fijiensis

Xanthomonas campestris 
(Xcm)

Fusarium (TR4)
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Functional endophytes share conserved antimicrobial 
repertoires 

18Functional strains repeatedly converge on similar antimicrobial architectures.

NP9E02 NP1D09 NP1A05 NP2B07 NP5B08 NP9D01 NP2H04 NP7F09

Bacillus velezensis Bacillus velezensis Bacillus subtilis Bacillus subtilis Bacillus xiamenensis Bacillus cereus
Stenotrophomonas 

sp002192255
Lysinibacillus 

fusiformis
subtilomycin

surfactin
bacilysin

bacillaene
bacillibactin

pulcherriminic acid
difficidin

lichenysin
1-carbapen-2-em-3-carboxylic acid

subtilosin A
mersacidin

macrolactin H
butirosin A/butirosin B

gausemycin A/gausemycin B
entolysin

locillomycin
kijanimicin

fengycin
terpene √ (Unknown) √ (Unknown) √ (Unknown) √ (Unknown) √ (Unknown) √ (Unknown)

ladderane √ (Unknown) √ (Unknown)
T3PKS √ (Unknown) √ (Unknown) √ (Unknown)

bacillothiazol A to N √ (100%)
schizokinen

APE VF
NRPS-like √ (Unknown)

petrobactin
molybdenum cofactor

RiPP-like √ (Unknown) √ (Unknown)
2,3-dihydroxybenzoylserine

ranthipeptide √ (Unknown)
LAP √ (Unknown)

betalactone √ (Unknown)
RRE-containing √ (Unknown)

Ulbactin F/G
bacillopaline

Similarity to Known BGCs (%)

Functional strains Non-functional strains
Known BGCs

Antibacterial/Antifungal

Antibacterial

Antifungal

Unknown function 

No antibiotic function 



Functional endophytes suppress Fusarium in banana 

19

Control 
(mock)

Only TR4 NP1D09
Endophyte

Disease suppression emerges from functional microbial partnerships



Functional endophytes suppress Fusarium through 
antimicrobial peptides and fusaric acid detoxification

20

Fusarium-Endophyte (NP1D09)

Endophyte (NP1D09)
Fusarium

Fusaric acid 

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



Partnership between plants to harness beneficial microbes 

21

Luisa Pinna

Stijn van der Heijden

Sen Xi

Bacteria with 
antifungal activity

Banana rhizosphere Cover crop rhizosphere 

Disease resilience can emerge from plant–plant–microbiome partnerships.



Pathogen suppressive microbial seed-root-axis

22Wild peanut seeds harbor richer, more multifunctional microbiomes.

Weis Bos

Luisa Pinna

Beneficial bacteria move from the seed to the 
root and protect plants from fungal infection.

Cultivated peanut Wild peanut 



Packaging of microbes for the next generation: 
Seed microbiomes 

23Microbiomes are also inherited, not just acquired.

https://doi.org/10.1016/j.tim.2022.10.009

Horizontal 
transfer of 
microbes from 
soil to the plant 

Vertical transfer of 
microbes from 
plants to the seed





From suppressive soils to a resilient cropping system 

26Soil suppressiveness is an emergent ecological function shaped by 
microbial interactions, plant recruitment, and evolutionary inheritance.

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.
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