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Unearthing the soil microbiome towards 
sustainable use of soil resources



Outline 
I. Soil microbes and methods to study their diversity

II. Patterns and determinants of soil microbial
diversity

III. Plant-soil interactions

IV. Path forward



Soil is home to a rich microbial life that is poorly 
known



> 90% of microbial 
species remain 
uncultured.

– 1000s species of microbes 
in one gram of soil

Soil is home to a diverse microbial life 
that is poorly known
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Bahram et al. 2018  Environ Microb Rep

Identification of new species and clades that
may play key functions



Key microbes involved in ecosystem processes

Nitrous oxide 
(N2O)

Latitude



Rare but key microbes for ecosystem functions

Bahram et al. 2022  Nat Commun

N2O 

Archaeal amoA

r = 0.62
P < 0.001



Patterns and determinants of soil and 
plant-associated microbial diversity



Global aboveground vs soil biodiversity patterns

Mammals, birds, amphibians, plants Soil bacteria, fungi, fauna

Cameron et al.  2019 Conserv Biol



Pole-to-pole connections
of soil microbes



Environmental filtering as a key mechanism shaping 
the diversity and distribution of soil microbes

Climate

Local soil 
& 
vegetation



 
Supplementary Fig. 2. Distribution of N2O emission and the abundance of nitrogen 
cycling genes across land-use (a) and vegetation types (b). The blue horizontal lines indicate 

the median across the whole dataset. Gene abundances were quantified based on qPCR. All 

values on y-axis are presented in log scale (log10 +15). Violin plots represent 25th–75th 

percentile of the data distribution with whiskers at 1.5 × the interquartile range and the middle 

line representing median. Each point represents a site (n=74 independent sites). The shape of 

the violin plot represents the probability density of the data at different values. 
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N2O

 
Supplementary Fig. 2. Distribution of N2O emission and the abundance of nitrogen 
cycling genes across land-use (a) and vegetation types (b). The blue horizontal lines indicate 

the median across the whole dataset. Gene abundances were quantified based on qPCR. All 

values on y-axis are presented in log scale (log10 +15). Violin plots represent 25th–75th 

percentile of the data distribution with whiskers at 1.5 × the interquartile range and the middle 

line representing median. Each point represents a site (n=74 independent sites). The shape of 

the violin plot represents the probability density of the data at different values. 
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the median across the whole dataset. Gene abundances were quantified based on qPCR. All 

values on y-axis are presented in log scale (log10 +15). Violin plots represent 25th–75th 

percentile of the data distribution with whiskers at 1.5 × the interquartile range and the middle 

line representing median. Each point represents a site (n=74 independent sites). The shape of 

the violin plot represents the probability density of the data at different values. 
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Archaeal 
amoA

Climate warming and land-use intensification 
may increase N2O emission

Bahram et al. 2022  Nat Commun

Temperature
 

Supplementary Fig. 9. Relationship between temperature and the abundance of main 

genes involved in N2O dynamics. The scatterplots showing the relationship between the 

abundance of N cycle genes (as determined by qPCR) and mean annual temperature. The inset 

numbers represent r2adj from linear or second order polynomial regressions chosen based on 

the lowest AIC score for each relationship. Error bars represent the standard errors (SE) of the 

means (n=74 independent sites). The statistical test used was two-sided.  
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Lessons from studies on plant-soil 
interactions

• Changes in carbon and nutrient conditions
• Direct interaction with microbes



Mycorrhizal types

% of plant species

20,000 fungal species

250-1,000 fungal species

Ectomycorrhizal (EcM)
>2%

Brundrett, 2017. In Biogeography of
mycorrhizal symbiosis. Bonfante & Genre, 2010. Nat. Commun.



Global distribution of EcM vs AM associations

EcM AM

% of global aboveground vegetation biomass

Soudzilovskaia et al., 2019. Nat. Commun.



Mycorrhizal associated nutrient economy (MANE) 
framework

Closed and conservative nutrient cycling Open and rapid nutrient cycling 

Phillips et al., 2013. New Phytol.

EcM AM



Tedersoo et al. 2021 Science

Plant-soil feedbacks in AM vs EcM systems

-+
EcM AM



Bahram et al. 2020 New Phyt

Ecto-
mycorrhiza

Arbuscular 
mycorrhiza

Re
la

tiv
e 

ab
un

da
nc

e

Plant-soil feedbacks in AM vs EcM systems



Role of mycorrhizae in driving carbon 
storage under climate change

Terrer et al. 2021 Nature

• Plant biomass increases at the expense of soil carbon 
storage



Path forward
A better understanding of the 
evolution and ecology of soil 
and root microbes in a 
changing environment  
towards improved:

• Plant health and 
production 

• Soil carbon storage



++

A holistic view of ecosystems -

eDNA

remote sensing

audio 

towards resilient ecosystems



One-size does not fit all

Coppola, et al. 2021 Health Educ Care


