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A) Introduction



Increasing problems to control plant pathogens

 Emerging pathogens

 Increasing resistance against pesticides

 Pesticide residues

 Non-target effects and environmental problems



 Increasing resistance against antibiotics

 Incresing number of chronic diseases

Increasing problems to control human pathogens



The theory of disappearing microbiota and the epidemics 
of chronic diseases by Martin Blaser (2017)

Missing microbes and human health



II: What is the role of domestication for the plants?

I. What role does diversity play in the agroecosystem?

III. What role does diversity play in human health?



Where we are? The Institute

Environmental Biotechnology



Our Mission: Microbiome research and

Microbiome-based solutions for health
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B) Results



I. What role does diversity play in the agroecosystem?



Biocontrol of soil-borne pathogens



 Biocontrol solution needed?

Verticillium wilt – the disease



Oilseed rape: biocontrol of Verticillium wilt

Verticillium

 Growth reduction

 Constant production of the 
antimicrobial (e.g. 1-Butanol) & 
PGP (e.g. Acetoin) VOCs 

 Upregulation of some 
antimicrobial volatile substances

 Downregulation of the protein
and DNA components and cellular 
stress response

Paenibacillus polymyxa Sb3-1 and Verticillium longisporum
ELV 43 have an ongoing dialogue through their VOCs:

Paenibacillus

 Constant growth

 Constant production of the 
antimicrobial (e.g. Pyrazines) & 
PGP (e.g. 2,3-Butandione) VOCs 

 Downregulation of some 
antimicrobial volatile substances

 Upregulation of the protein and 
DNA components

[Rybakova et al. Front Plant Sci. 2017]



 Increase of the disease rate in 
Traviata

 No differences due to Sb3-1 in Sherpa

 Disease control by Sb3-1 in Avatar

* this part of the project was performed by Dr. Mariann Wikstrom (Agro Plantarum, Sweden)
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The biocontrol effect was cultivar-specific



Avatar seed microbiome:
 lower alpha diversity
 increased amount of some potential pathogens (e.g. Ralstonia: 

13.1%!)
 decreased amount of beneficial phyla 

Avatar

Sherpa

Traviata

The seed microbiome was cultivar-specific

[Rybakova et al. Microbiome 2017]



The plant-holobiont

Microbial diversity avoids pathogenicity

[Berg et al. Microbiol Biotech 2015, J Exp Botany 2016, FEMS Microb Ecol 2017]

CONCLUSION I



II: What is the role of domestication for the plant microbiome?



The Lettuce project (EU)

Armin Erlacher, Massimiliano Cardinale

Martin Grube (KFU Graz)

Lettuce: Microbial networking for health



• significant differences  at species and cultivar level 

• 12.5% cultivar-specific bacteria; 49% core microbiome

Domestication (breeding) lead to bacterial diversification in 
lettuce root system.

Loose network structure was observed – health relevant

[Cardinale et al. Environ Microbiol 2014]

Lettuce: The impact of domestication



Disturbances increase the abundance of Enterobacteriaceae: 
Enterobacter in lettuce and Escherichia and Pantoea in rucola.

Lettuce: The lettuce microbiome and disturbance



[Erlacher et al. Frontiers Microbiol 2014]

Lettuce: Looking for biocontrol agents

Pathogen Supporters Health Indicators



Lettuce: Biocontrol solutions

The antagonistic spectrum comprise 
mainly plant-beneficial 
Enterobacteriaceae as promising 
biocontrol agents.

Novel broad-spectrum antagonists

Co1-6 inoculated

Untreated (negative control)

[with Leo van Overbeek]



Enterobacteria: yellow

Natural vaccination by endophytes?

Lettuce: vizualizing the lettuce microbiome



The pumpkin microbiome project (FFG)

Eveline Adam, Henry Müller, Maria Bernhardt

Maria Winkler (Saatzucht Gleisdorf)

Pumpkin: Microbial networking for health



The pumpkin microbiome

[Adam et al. Plant and Soil 2016]



The pumpkin microbiome



The pumpkin microbiome



CONCLUSION II

Shown for other crops, e.g. 

• maize (Peiffer et al., 2013) 

• barley (Bulgarelli et al., 2015) 

• bean (Pérez-Jaramillo et al., 2016, 2017)

 Seeds transfered a core microbial diversity

 Domestication changed the seed and plant microbiome



III. What role does diversity play in human health?



The microbiome connection

Exploiting the microbiome
connection for one health

[Microbiome connections: Davis et al. Nature 2014; Qian et al. Indoor Air 2012; 
Mahnert et al. Frontiers Microbiol 2015]



A) The Indoor microbiome

Role of the plant microbiome as source for beneficials?

[Oberauner et al. Sci Rep 2013, Berg et al. Frontiers Microbiol 2014]



The plant microbiome as source for beneficials

[Mahnert et al. Frontiers  2015]



The plant microbiome as source for beneficials

[Ortega et al. FEMS Microb Ecol 2016]



B) Plants – gut microbiome diversity



The banana microbiome

[Rossmann  et al. AEM  2014]



Gut-beneficial endophytes from Brassicaceae

Distinct composition supermarket/farms

High diversity of endophytes



Gut-beneficial endophytes from Brassicaceae

[Wassermann  et al. under revision]



Conclusion

 The plant-associated microbial diversity is a key for plant 

and human health issues

 Supplementary biologicals can enhance microbial

diversity and avoid pathogen outbreaks

 We have to re-think sterility and microbial diversity


