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Soil ecological research is gaining a lot of 
attention and major discoveries have 
been made in recent years. Large-scale 
collaborations among scientists 
untapped the hidden world below our 
feet at a global scale, and studies 
describing the global distribution of soil 
bacteria (Bahram et al. 2018; Delgado-
Baquerizo et al. 2018), soil fungi 
(Tedersoo et al. 2014), arbuscular 
mycorrhizal fungi (AMF; Davison et al. 
2015), earthworms (Philipps et al. 2019), 
and protists (Olieverio et al. 2020) have 
appeared. For instance, Delgado-
Baquerizo et al. (2020) recently 
elucidated that climate (aridity and 
mean annual temperature), plant 
richness/cover, soil pH, and carbon and 
soil clay content, were the main factors 
explaining global soil biodiversity. In 
turn, global soil biodiversity altogether 
with soil carbon content, explained 
ecosystem multifunctionality.

Mycorrhizal research is at the forefront 
of this development. Mycorrhizal fungi 
play a pivotal role in the soil food web 
(Soudzilovskaia et al. 2019; Steidinger et 
al. 2019; Tedersoo et al. 2020) and drive 
key ecosystem functions including 
nutrient uptake, soil structure 
formation, and plant productivity. Thus 
it is important to assess their global 
distribution and how they affect plant 
growth and ecosystem functioning. 
Davison et al. (2015) and Steidinger et al. 
(2019) for instance demonstrated that 

AMF and AMF-associated plant diversity 
peaks in the tropics, respectively, while 
ectomycorrhizal fungi (EMF) and EMF-
associated plants are more diverse in 
temperate/boreal ecosystems (Tedersoo 
et al. 2014). Plant diversity is usually 
related with soil fungal diversity, except 
for EMF (Tedersoo et al. 2014). 
Moreover, Steidinger et al. (2019) 
showed that a small number of climatic 
variables related to decomposition 
control the transition between EMF to 
AMF-dominated forests. Several meta-
analyses  have addressed the global 
distribution of mycorrhizal hosts 
(Soudzilovskaia et al. 2017) and the 
climatic drivers of their distribution 
(Barceló et al. 2019). In particular, 
Barceló et al. (2019) found that among 
39 climatic and edaphic variables, 
temperature-related variables were the 
main predictors of mycorrhizal host’s 
distribution: AMF-associated plants are 
favoured by warm climates, while EMF-
associated plants are favoured by colder 
climates.

A next major frontier is how to assess 
whether there is a causal link between 
soil biodiversity (including mycorrhizal 
diversity) and ecosystem functions 
and/or services at the field scale (Wagg 
et al. 2014; Crowther et al. 2019; 
Delgado-Baquerizo et al. 2020; Zhou et 
al. 2020). In particular, it is important to 
experimentally test whether the 
observed patterns and correlations have 
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functional implications. In other words, 
does an increase in soil biodiversity or 
mycorrhizal diversity at a particular site 
results in increased ecosystem 
functioning? Although major 
breakthroughs have been made, soil 
ecological research is still in need of 
integration, as a recent meta-analysis of 
soil macroecological studies found that 
only at 0.3% of a total of 17,186 
sampling sites across the globe, soil 
biodiversity and ecosystem functions 
were jointly investigated (Guerra et al. 
2020). Furthermore, temporal variation 
on this relationship has not been 
explored. A meta-analysis of global 
datasets by Graham et al. (2016) 
observed that the explanatory power of 
models predicting processes associated 
with carbon and nitrogen cycling, 
increases significantly when adding 
measurements of soil microbial 

functional diversity and community 
structure, pointing to the relevance of 
this research.

To establish causal relationships 
between soil microbial communities and 
functions, it is not only important to 
understand the biogeographical 
mechanisms governing these 
communities (Xu et al. 2020), but also to 
properly select which community 
characteristics to use (Hall et al. 2018). In 
other words, although correlational 
approaches (Le Bagousse-Pinguet et al. 
2019) that relate different biodiversity 
measurements (ie. functional, 
phylogenetic, and taxonomic) to 
ecosystem functions help to gain 
insights into this relationship, the 
selection of community characteristics 
should be causally orientated (Hall et al. 
2018). In this sense, Hall et al. (2018) 
proposes three categories of microbial 
communities characteristics: microbial 
processes (ie. nitrogen fixation, 
denitrification, nitrification), microbial 
community properties (ie. emergent 
properties as biomass C:N ratio, or 
community-aggregated traits as 
functional gene abundance, functional 
diversity overall), and microbial 
membership (ie. taxonomic and 
phylogenetic diversity, community 
structure, co-occurrence networks). In 
this approach (Hall et al. 2018), microbial 
processes would more directly affect a 
nutrient pool or flux, while the effect of 
community properties and microbial 
membership is more indirect, mediated 
by their concatenate effect on microbial 
processes. For instance, Wagg et al. 
(2019) observed that microbiome 
network complexity and mycorrhizal 
abundance best explained ecosystem 
multifunctionality in experimental 
grassland microcosms.
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In ecological research it is a key goal to link 
belowground biodiversity to aboveground processes at 
a local and a global scale.



The stimulation of plant growth 
constitutes is one of the main ecosystem 
functions provided by mycorrhizal fungi. 
The effects of mycorrhizal fungi on the 
growth of a wide range of plant species 
is summarized in a global database 
called MycoDB (Chaudhary et al. 2016). 
Moreover, at a global scale, Delgado-
Baquerizo et al. (2020) found significant 
correlations between the abundance of 
mycorrhizal fungi and P mineralization, 
soil respiration, available N, and 
reduction of antibiotic resistance genes. 
Other important mycorrhizal ecosystem 
functions, such as pathogen defense, 
metal alleviation, among others, have 
barely been explored at a global scale. 
Similarly, and as mentioned before, 
decomposition and the presence of AMF 
and EMF are strongly related at a global 
scale (Steidinger et al. 2019). Several 
local and regional studies have 
elucidated the relationships between 
mycorrhizal fungi and microbial 
processes as biogenic weathering (Koele 
et al. 2014), and different fluxes of the 
nitrogen cycle (Veresoglou et al. 2012), 
but global explorations are needed.

Trait-based approaches have also been 
used to explore the relationship 
between mycorrhizal fungi and 
ecosystem functions (Wurzburger and 
Clemmensen 2018). For example, Chen 
et al. (2018) suggested to use 
mycorrhizal traits such as hyphal 
exploration distance, hyphal turnover, 
and hyphal uptake capacity and 
efficiency as good functional traits that 
influence nutrient foraging. These and 
related traits have been proven difficult 
to assess and have been analyzed in few 
species. Given these difficulties, for 
capturing AMF functional diversity other 
authors propose the use of AMF N:P 
stoichiometry (Powell and Rillig 2018), 
or the association of a particular taxa to 
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the availability of a given nutrient (ie. 
nitrogen; Treseder et al. 2018). The 
increasing effort to analyze and include 
functional mycorrhizal measurements 
(also including functional genes, 
enzymes, fatty acids, nutrient 
consumption profiles, etc), shows the 
importance of trait-based approaches 
when talking about mycorrhizal diversity 
and ecosystem functions.

A number of major questions still need 
to be addressed, including: 
- In which ecosystem(s) mycorrhizas are 
most important, and specifically which 
ecosystem functions are provided by the 
different mycorrhizal types?
- Is the relationship between soil 
biodiversity and ecosystem functions 
different in vegetation types dominated 
by ecto, orchid, ericoid, or arbuscular 
mycorrhizal fungi (and without 
myocrrhizas)?
- How to relate different mycorrhizal 
traits (ie. type, status, functional gene 
reservoir and diversity, flexibility, 
dependency, etc) with different 
ecosystem functions?
- How do mycorrhizas interact with other 
soil organisms (bacteria, protists, small 
invertebrates) and how does this 
interaction influences ecosystem 
functioning and multifunctionality?
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