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20XX

LEAF 

IMPRINT

THE PLANT MICROBIOTA

The plant microbiota encompasses all the
microorganisms that colonize plants as epi- or
endophytes

✓All plant compartments have their own 

microbiota

✓Dynamic environment

✓Fitness advantages

Trivedi et al., 2020
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THE GOOD 

GUYS

THE PLANT MICROBIOTA

Trivedi et al., 2020



20XX

THE GOOD 

GUYS

SELECTION OF MICROORGANISMS BY THE PLANT

Attack by pest or pathogen 

Adapted from Rolfe et al., 2019

The cry for help hypothesis

Changes in root exudation profiles

Selection/recruitment of 
beneficial microorganisms



Can potato plants recruit 
beneficial microorganisms 
upon pathogen infection? 

LET’S SAY 
AGAINST P. 

INFESTANS FOR 

EXAMPLE



THE EXPERIMENT

Inoculum from 
agricultural soil

16S amplicon sequencing
2nd generation

THE BAD GUY

Bacterial collection

or 
water

or 
water

16S amplicon sequencing
1st generation

Bintje & Innovator



The microbiota 
analysis 

approach



Illumina Miseq
16S amplicon 
sequencing

DNA extraction ASV table

Microbiota sample collection and analysis

Amplicon Sequence Variant (ASV)

The ASV approach identifies single, exact sequences 
that are statistically supported as being present in the 
sample



Who is there? 
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Alpha diversity
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Rhizosphere 2nd generation

   
   
  

894 out of 5939 ASVs 
 15 % ASVs
 24 % read counts

560 ↗ upon infection

343 ↘ 

636 in Bintje
361 in Innovator

103 in common

68 ↗
16 ↘
9 ↔ 

Differentially abundant ASVs



Gammaproteobacteria 1 Xanthomonadales



Bacillales



o Richness and evenness are overall hardly affected by an 
infection with P. infestans

o The community composition of the phyllosphere, 
rhizosphere and soil are affected by an infection

o Bintje shows a stronger reaction

o Differentially abundant ASVs found in and scattered across all phyla 

o In most cases, effect is ASV specific or specific to small groups  

Can potato plants recruit beneficial microorganisms upon pathogen infection? 

The microbiota analysis approach



The combined 
approach



THE EXPERIMENT

Inoculum from 
agricultural soil

16S amplicon sequencing
2nd generation

THE BAD GUY

Bacterial collection

or 
water

or 
water

16S amplicon sequencing
1st generation

Bintje & Innovator
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Differentially abundant strains
Proteobacteriota

Firmicutes

More abundant
Less abundant
Depends on compartment

Cultivars

Generations

Infected vs non-infected plants

Compartiments

4731 differentially
abundant strains

636 isolated strains

170 strains
- 31 strains (class 2)



Testing the strains of interest

Effect on sporangia 
germination and germ tube 

development

Effect on zoospore release, 
and  germination 

Effect on symptom 
development on plants



Zoospore germination

Testing the strains of interest

68 % of the strains have a succes rate > 50 %

25 % of the strains have a succes rate > 75 %
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What about other pathogens?
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o Enriched strains can be found in all compartments and 
in both cultivars 

o Antagonistic strains are found among enriched ASVs 

o Activity is not necessarily pathogen-specific

Can potato plants recruit beneficial microorganisms upon pathogen infection? 

The combined approach



The network 
analysis 

approach



Co-occurrence networks

Different clusters detected:

• Mixed cluster 
o Bacillus
o Microbacterium
o Mesorhizobium,
o Achromobacter

• Bacillus cluster
• Burkholderia cluster 

o Variovorax
o  Acidovorax

• Pseudomonas cluster



Can we make SynComs?



Can the strains help each other out?

a  b  c  d  e  f  g  h  i  j 

a  b  c  d  e  g  h  i  j  f 

a  b  c  d  e  f  g  h  i  j 

A  B  C                D 

Advantage for survival?



o Several clusters were detected involving single genera 
or a mixtures of genera

o Mixtures or strains are not necessarily better than single strains under controlled 
conditions

o Need to further investigate whether combinations of co-occurring strains offer an 
advantage in terms of survival and activity

Can potato plants recruit beneficial microorganisms upon pathogen infection? 

The network analysis approach



Can microbiota studies help 
identify potential biocontrol 

strains?

Yes, but a better resolution is necessary



Thank you!
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Combining antagonistic bacteria with copper to control 
late blight disease in potato plants

Fanny Germanier
University of Fribourg

EAPR – Arras - 2023



©Maria A. Kuznetsova

• Tremendous losses

• Solutions:

“Conventional” fungicides
CHEMICALS

COPPER-based fungicides 

• 4kg/ha/year of Cu

The project

• To reduce the use of copper in the 
fields

➢ By combining copper and antagonistic 
bacteria

Phytophthora infestans

Our main goal

Can bacteria be combined with copper to fight
against Phytophthora infestans in potato fields?

How does copper influence the physiology and 
activity of bacterial strains against

Phytophthora infestans?



In vitro dual 
assay – mycelium

growth

Can bacteria be combined with copper to fight against
Phytophthora infestans in potato fields?

In vitro zoospore 
release

In vitro 
survival with

copper

Cu+

© M. Piepenbring

Leaf disc experiment –
zoospore germination
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17.06

Field 2021 - Zürich

Field 2022 - Fribourg



Field trial 2023
Fribourg

Bacillus sp.

Streptomyces sp.

Controls:

• H2O
• Copper 10%
• Copper Full
• Fungicide
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No copper
Copper 10%
Copper full dose
Alternated
Fungicide

Infection – field
Foliar treatments
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Survival – field
(Bintje)

Bacillus sp. Streptomyces sp. Bacillus sp. Streptomyces sp.

No copper
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Can bacteria be combined with copper to fight against
Phytophthora infestans in potato fields?

• Field results did not show a protective effect of neither the strains alone
nor mixed with copper

→But strategic treatments (alternated) depending on the disease 
pressure seemed like a good approach

• Both strains were able to survive under sunny conditions for at least 3 
days post inoculation

• Heavy rain probably washed the strains which were not retrieved after 4 
days post inoculation



How does copper influence the physiology and activity of bacterial
strains against Phytophthora infestans?



Copper impaired the motility of bacterial strains

Motility

0%

5%

10%

Pseudomonas sp. Rhodococcus sp.

5%

Cu

Pseudomonas sp. Pseudomonas sp.


