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The rhizosphere: 
the plant’s gut

• The role of the rhizosphere in 
plant health and nutrition has 
been traditionally disregarded

• How can rhizosphere 
interactions be used in modern 
agriculture?



Strawberries

• Strawberry industry has relied in 
the use of heavy applications of 
pesticides like methyl bromide to 
fight soil borne-diseases

• Several commercial and 
experimental strawberry cultivars 
are resistant to soil borne 
pathogens, however it is not clear 
how breeding may have affected 
the rhizosphere microbiome  



Is there a distinctive rhizosphere microbial 
community in strawberry plants? 

Has breeding affected the rhizosphere 
microbial community?

What is the relevance of rhizosphere microbial 
community in plant health and nutrition?



Experimental design
2 field trials (2016-2017): 2 fungal plant pathogens: 
• Verticilium daliahe (naturally present in soil)
• Macrophomina phaseolina (inoculated)
90 cultivars (six breeding programs: University California Davis, University of Florida, 
Driscoll’s, Plant Sciences, Planasa and Lassen Canyon) 
Completely randomize block design and four blocks



10 strawberry cultivars per trial 

High resistance
(mortality <20%)

Susceptible
(mortality > 80%)

Bulk soil ShootsRhizosphere soil

Prokaryotes (bacteria, archaea)
(16S rRNA High throughput sequencing) 

Biomass and nutrient content

Moderate resistance
(mortality 20-79%)



Results: Do strawberry plants have a 
distinctive rhizosphere microbiome?
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Beta diversity
PERMANOVA: trial x sample type: p= 0.001 

Alpha diversity
PERMANOVA: trial x sample type: p<0.001 

V. dahliae  bulk soil

V. dahliae rhizosphere

M. phaseolina bulk soil

M. phaseolina rhizosphere



Results: Relative abundance of phyla in the 
rhizosphere as compared to bulk soil 

(a) Verticilium dahliae trial
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(b) Macrophomina phaseolina field trial
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Results: Abundance of beneficial taxa in the 
rhizosphere
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Results: Relationship between the rhizosphere 
microbiome and health of the strawberry cultivars

Pseudo-F P

Biomass (g plant-1) 1.79 0.032

Leaf Ca (%) 1.5227 0.088

Leaf Mg (%) 1.729 0.042

Plant mortality (%) 1.5064 0.066

Leaf N (%) 1.5756 0.084

Leaf K (%) 1.2389 0.207

Leaf P (%) 1.0407 0.337

Ca:Mg 1.7308 0.036

Pseudo-F P

Leaf N (%) 1.1401 0.221

Leaf Ca (%) 0.84959 0.741

Leaf K (%) 1.0038 0.419

Leaf P (%) 0.9246 0.587

Plant Mortality (%) 1.0131 0.409

Leaf Mg (%) 1.0057 0.426

Biomass (g plant-1) 1.4605 0.033

Ca:Mg 0.96267 0.502

V. dahliae trial. ANOSIMS for cultivar: p < 0.001 M. phaseolina trial. ANOSIMS for cultivar p < 0.001.
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Results: Relationship between the rhizosphere 
microbiome and health of the strawberry cultivars

(a) Verticilium dahliae trial 

(b) Macrophomina phaseolina trial 

Verticillium dahliae (squares) ANOSIM: p = 0.015
Macrophomina phaseolina (circles) ANOSIM: p > 0.05

*High vs low resistance: p = 0.009
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Conclusion 
• Strawberry plants have a distinctive rhizosphere microbiome which is enriched in 

beneficial bacteria 

• The structure of the rhizosphere microbiome is highly cultivar dependent and 
associated with plant biomass, nutrient uptake and resistance to soil-borne fungal 
pathogens

• Resistance to Verticilium dahliae and Macrophomina phaseolina, was associated 
to higher abundance of biocontrol organisms such as Pseudomonas, and 
Burkholderia (proteobacteria) or Arthrobacter, Nocardioides and Gaiella
(actinobacteria)

• Selection of rhizosphere microorganisms could be a genetic trait to be targeted 
through breeding to reduce agrochemicals. The role of environmental conditions 
and soil health should be investigated. 
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