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Can plants grow and defend well at the same time?

Paramo L. et. al. 2020

growth-defense 
trade-off

He Z. et. al. 2022



Dubey et. al. 2019

Microbial communities play a diverse role in plant health
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Climate change induce unpredictability in microbial community structure/function 
and disease outcome

5Singh, B.K. et al. 2023
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Potnis, N., 2020

R gene/s ??

Increased 
temperature

CO, O3. NOx, 
VOC

Drought

SA, JA,ETABA

How would plants and associated microbes respond to climate change and emerging 
pathogens?
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Wang et al. 2022

Tropospheric ozone levels is being increased around the globe



Tropospheric ozone is considered a major air pollutant having negative effects on 
plant growth and productivity.
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(Photograph courtesy earthobservatory.nasa.gov; 
photo by Gerald Holmes)

Chameides et al., 1999Kim, M.S. et al., 2001,



Model system: Xanthomonas sp. pathogenic in tomato and pepper (Bacterial leaf 
spot pathogen)
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Susceptible 
(ECW) 

Resistant 
(PS 09979325) 

Inoculated Control
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Experimental design



Experimental design
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Methods and shotgun metagenomics workflow 
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Presence of elevated 
O3 will increase 
overall susceptibility 
of pepper to bacterial 
spot xanthomonads, 
even on the resistant 
cultivar.
   

Hypothesis

Establishment of disease 
would disrupt seasonal 
dynamics of the 
phyllosphere microbiome, 
and this effect will be 
stronger in the environments 
that support high disease 
pressure.

Phyllosphere microbial 
communities will show 
alterations in both 
taxonomic and functional 
profiles and altered 
seasonal dynamics in 
response to altered 
O3 levels, regardless of the 
cultivars. 
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Elevated O3 exacerbates bacterial spot disease severity on the resistant cultivar but 
has no effect on the susceptible cultivar



15

Elevated O3 doesn't have the influence on Xanthomonas population in both the 
cultivars
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The effects of elevated O3 on disease outcomes are not fully explained by changes in 
microbiota density and abundance



Bacterial diversity and richness increases upon exposure to field conditions
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Elevated O3 has little impact on microbial diversity and richness



Microbial community structure was significantly affected by inoculation and time of 
sampling
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Time : R2 = 0.10, p = 0.0009
Inoculation: R2 = 0.25, p = 0.0009
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Elevated O3 changes microbial community structure on resistant cultivars in the 
absence of pathogen

20(R2 = 0.14, p = 0.02)
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Does the observed taxonomic 
differences reflect niche-specific 
microbial functions ?

Summary: Influence of environment, pathogen and host resistance in microbial 
community structure



Phyllosphere microbial communities with different taxonomical compositions 
shows functional redundancy. 

22

Cultivar 

Susceptible  

Resistant 

Mid-season

Mid-season

Mid-season

Mid-season

End of season

End of season

End of season

End of season

Ambient 
environment

Ambient 
environment

Elevated 
ozone

Elevated 
ozone

Treatment conditions

Stress = 0.004
N0

'6
�

NMDS1

0.0 0.1 0.2-0.1-0.2

-0.02

0.00

0.02

A

In
oc
ul
at
e

d
C
on
tro
l

í����

0.00

0.05

í��� í��� ��� ��� ���

N0
'6

�

Stress = 0.017

NMDS1

B
Pathways Genes



23

Summary: Influence of environment, pathogen and host resistance in microbial 
community function

Source:WUR https://www.wur.nl/en/article/microbial-interactions-between-green-
microalgae-neochloris-oleoabundans-and-hypothesised-symbionts.htm 

How does the biotic and abiotic 
stress influence the microbial 

association?
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Microbial network analysis helps to explore co-occurrence patterns of the 
microbial communities

Modularity

modularity have dense connections 
between the nodes within modules

Positive edge percentage
proportion of positive edges in 
the network

Average path length

average number of steps which 
would be required to reach from 
one node to another
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Abiotic stress destabilizes microbial network

Modularity
Positive edge %
Average Path length

Ambient environment

Network: Random
Modularity
Positive edge %
Average Path length

Elevated ozone
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Pathogen infection is associated with microbial communities showing positive and 
stable interactions

Ambient environment and control plants Ambient environment and inoculated plants

Network: Highly connected
Modularity
Positive edge %
Average Path length
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Microbial network topology is altered under combined pathogen and ozone stress. 

Ambient environment and control plants Elevated ozone and inoculated plants

Network: Random
Modularity
Positive edge %
Average Path length
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Overall summary
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Take home message, inferences and future directions

The host defense is likely to be compromised in the face of climate change

Altered host defense in the 
altered environment?

Is the pathogen being more 
aggressive with the change 

in the environment? 

Loss of microbiota mediated 
protection?

Altered interaction among 
the community members

He Z. et. al. 2022
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Microbial interactions can be restored by adding SynCom to balance the growth-
defense trade-off ??

Sandrini M. et al. 2022
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