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Response of soil fungal ecological
guilds to global changes
Fungi are eukaryotic microorganisms that play fundamental
roles in regulating key ecosystem processes. They act as major
decomposers of organic matter, contribute to carbon mineralization and sequestration, and act as crucial regulators of the
soil carbon balance, which is a major priority for human
survival in this century (Crowther et al., 2019). Besides the freeliving saprotrophs, many fungal species form symbiotic associations with plants or animals. As plant pathogens, fungi
significantly influence plant primary production as well as plant
species richness and community composition. In both animals
and plants, an unprecedented number of fungal diseases have
recently caused some of the most severe die-offs and are
jeopardizing food security (Fisher et al., 2012). By contrast,
mycorrhizal fungi act as beneficial plant symbionts. Importantly, > 90% of all terrestrial plants, including the most
important agricultural crops, largely depend on their mycorrhizal symbionts for uptake of water and mineral nutrients
(Brundrett & Tedersoo, 2018). Mycorrhizal fungi can also
provide protection against pathogens to their host plants. In
return, terrestrial plants provide mycorrhizal fungi with carbonrich compounds such as sugars and lipids (Brundrett &
Tedersoo, 2018). Shifts among the above-listed fungal ecological guilds (i.e. a group of species that exploit/depend on the
same resources) can, therefore, largely affect plant performance
as well as various ecosystem processes. In this issue of New
Phytologist, Rodriguez-Ramos et al. (2021; pp. 1105–1117)
provide detailed evidence that the disturbance of temperate
forests with bark beetle outbreaks, wildfires, and salvage and
clear-cut logging, unequally affects different fungal ecological
guilds. Aside from the importance for forestry and forest
management practices, the results of Rodriguez-Ramos et al.
also provide valuable insights into the response of forest soil
fungi to consequences associated with the ongoing global
changes.
While the impact of global change on the distribution of
macroorganisms has been addressed in numerous studies, very little
is still known about the effect of global change on the survival and
distribution of soil fungi (Gange et al., 2011). Among the various
aspects of global change, changes in climate will likely result in
severe ecosystem alterations. We are already facing increasing
lengths of heat waves, and an unprecedented increase of temperature in high latitudes associated with long drought periods.
This article is a Commentary on Rodriguez-Ramos et al. (2021), pp. 1105–
1117.
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Consequently, the frequency of large-scale forest wildfires and bark
beetle outbreaks have largely increased over recent years (PerezValera et al., 2019). Rodriguez-Ramos et al. showed that these
severe forest disturbances will result in a shift of fungal communities from those dominated by ectomycorrhizal fungi to those
dominated by saprotrophs (i.e. tree-symbiotic fungi will be strongly
negatively affected).

‘ . . . ongoing climate change will most likely severely disrupt
ectomycorrhizal associations and increase the vulnerability
of ectomycorrhizal plants to biotic and abiotic stresses,
which can subsequently result in a further increase in largescale forest disturbances.’
Several recent large-scale studies also documented contrasting
responses of different soil fungal ecological guilds to climate change
with potentially alarming consequences for ecosystems. While
relative abundance of plant fungal pathogens will probably increase
in most regions of the world in the near future because of the
increasing global temperature (Delgado-Baquerizo et al., 2020a),
Steidinger et al. (2020), based on model predictions, forecast a
substantial decline in ectomycorrhizal fungal diversity in North
American coniferous forests. Even mitigation of greenhouse gas
emissions during the 21st century would probably not stop the
decline in ectomycorrhizal fungal diversity (Steidinger et al., 2020).
Similarly, a recent meta-study focused on soil mycobiome data
across the world, identified that in general ectomycorrhizal fungi
tend to have narrower climatic niches compared to free living
saprotrophs or fungal plant pathogens (Vetrovsky et al., 2019).
Together these studies provide solid evidence that ongoing climate
change will most likely severely disrupt ectomycorrhizal associations and increase the vulnerability of ectomycorrhizal plants to
biotic and abiotic stresses, which can subsequently result in a
further increase in large-scale forest disturbances.
How will these forest disturbances affect ecosystem functions?
They can, in some cases, directly affect ecosystem functions with
little or no effect on soil biodiversity (Zhou et al., 2020), or they can
affect soil abiotic properties (Perez-Valera et al., 2019). Ecosystem
disturbances can cause substantial shifts in the dominant soil fungal
guilds (from ectomycorrhizal to saprophytic fungi) and their
biomasses (Rodriguez-Ramos et al.) or alter the complexity of
microbial interaction networks (Wagg et al., 2019), which in turn
directly affect ecosystem functionality. To better understand the
effect of global change and associated disturbances on ecosystem
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functionality, all these causal relationships need to be disentangled.
For example, biotic disturbances, such as insect outbreaks, that
strongly affect initial litter quality, the key driver of early litter
decomposition at global and regional scales (Djukic et al., 2018), in
the study of Rodriguez-Ramos et al. did not significantly affect soil
abiotic properties or even microbial community composition.
Although, it has been reported that higher intensities of insect
outbreaks have strong effects on soil microbial communities
(Stursova et al., 2014; Pec et al., 2017). By contrast, abiotic
disturbances, such as wildfires, have been shown to strongly affect
soil abiotic properties, which determined changes in the phylogenetic structure of soil microbial communities, which in turn
affected indicators of ecosystem functioning (such as soil respiration, microbial biomass carbon, enzymatic activities, microbial and
metabolic quotients) (Perez-Valera et al., 2019). The microbial
quotient corresponds to the microbial biomass carbon per unit of
organic carbon, whereas the metabolic quotient results from
dividing respired carbon per unit of microbial biomass. Thus,
future research needs to further explore these causal relationships by
each disturbance type and soil fungal ecological guild.
Analyzing how different measures of biodiversity can explain or
predict multiple ecosystem functions/services is one of the main
tasks in ecosystem ecology. Global studies on the causal relationships between soil biodiversity and ecosystem functions have
become increasingly common over the last few years. In this
context, soil biodiversity has been measured as species richness
(Delgado-Baquerizo et al., 2020b), phylogenetic and functional
diversity (Perez-Valera et al., 2019), and interaction network
complexity (Wagg et al., 2019). These biodiversity measurements
have been linked to soil ecosystem multifunctionality, defined as a
metric of aggregation of multiple ecosystem functions (DelgadoBaquerizo et al., 2020b), which better explains the relationship with
biodiversity than when analyzing each function individually. This
research framework can be applied to understand the implications
of forest disturbances on different soil fungal ecological guilds and
ecosystem functions.
In a global soil survey, Delgado-Baquerizo et al. (2020b) found
that plant richness and cover, soil properties (pH, carbon, percent
of clay), and climate (aridity and mean annual temperature), in that
order, affected soil biodiversity, which together with soil carbon,
predicted ecosystem multifunctionality. The abundance of saprophytic fungi was more correlated to ecosystem functions such as
nitrogen availability and soil respiration than mycorrhizal fungi,
while only the former were correlated to phosphorus (P) availability (and the latter to P mineralization); both fungal guilds were
equally correlated with the control of antibiotic resistance genes in
soil (Delgado-Baquerizo et al., 2020b). Thus, from these results,
some ecosystem functioning implications caused by the shift from
ectomycorrhizal to saprophytic fungi following abiotic disturbances (as found by Rodriguez-Ramos et al.) can be inferred.
Interestingly, in a recent meta-analysis of 1235 climate change
factor observations, Zhou et al. (2020) show that these changes do
not always lead to a reduction in microbial diversity, although rare
species are more affected. The impact of these changes in soil
functions is explained by changes in microbial biomass and
community structure rather than in alpha diversity (Zhou et al.,
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2020). Applying a gradient of soil sieve-filtering (from 5 to
0.1 mm, or sterile soil) in a microcosm experiment, which can be
taken as a disturbance intensity gradient, Wagg et al. (2019) found
that multifunctionality, and bacterial and fungal richness and
interaction network complexity decreased strongly along the
gradient. Ecosystem functions, such as decomposition, leaching,
and plant nutrient uptake, were also highly affected, with more
fungal taxa involved in these functions than bacterial taxa (Wagg
et al., 2019).
Further studies on the effects of global changes on soil fungal
guilds may need to incorporate some elements discussed here:
causal relationships between disturbances and ecosystem functions
and soil abiotic properties, and disturbance intensity gradients and
timescales. Understanding the consequences of inevitable global
changes on soil biota and ecosystem functioning has to be a primary
interest of current biological research. We particularly need to assess
the climate-driven changes in fungal species distribution and how
this will affect plant physiology and ecosystems.
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