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Editorial on the Research Topic

Microbial Communities of Polar and Alpine Soils

THE THREE POLES AND THE CHALLENGES OF CLIMATE

CHANGE

In recent years Arctic, Antarctic, and Alpine regions have experienced the highest rates of warming
worldwide (Zemp et al., 2006; Anisimov et al., 2007). In Arctic and Alpine environments these
phenomena are resulting in an increase of the duration of ice-free periods and an overall greening
of terrestrial areas. The effects of warming on microbial decomposition of vast carbon pools in
permafrost soils have the potential to cause a significant positive feedback to global climate change
(Cavicchioli et al., 2019). Climate change in Antarctica, is firstly feared to result in the loss of
unique and highly adapted ecosystems, mainly because of shifts in temperature and precipitation
regimes, as well as longer term changes in edaphic profiles and the invasion of allochthonous, more
competitive species (Convey and Peck, 2019).

Soil microorganisms play a crucial role in mediating carbon and nitrogen balance and other
biogeochemical cycles of global importance. Therefore, understanding the soil microbial diversity
and ecology, including the ecological drivers that shape microbial communities, may be a key for
understanding how biogeochemical cycles will respond to large-scale environmental and climatic
changes. Given the key role of microorganisms in maintaining the balance of these environments,
they could be viewed both as sentinels and amplifiers of global change (Maloy et al., 2016).

In this framework, the e-book Microbial Communities of Polar and Alpine Soils aimed to
collect original and noticeable research papers about diversity and functionality of soil microbial
communities, their interactions with the other biotic components, including the aboveground plant
coverage, and the abiotic factors determinant for the colonization of these habitats, as well their
adaptation and resilience abilities to stressing conditions and environmental changes.

COLD-LIVING MICROORGANISMS AND THEIR ROLE IN POLAR

AND ALPINE ENVIRONMENTS

This brief editorial summarizes and highlights experimental researches carried out in different
environments, ranging from the Qinghai-Tibetan Plateau, to the Arctic, to maritime and
continental Antarctica, or spreading across the poles. Different types of soils were studied, from
oligotrophic to nitrogen rich soils, from soils underneath plants to thawed permafrost, dry soils,
moraines, gullies, polygon soils, or soils around rocks. Some papers dealt with fungi, others with
bacteria, others to actinomycetes and/or other organisms.

Ray et al. wanted to define the spread of the “atmospheric chemosynthesis,” a microbial carbon
fixation process supporting primary production in dry and nutrient-poor environments. Those

https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://doi.org/10.3389/fmicb.2021.713067
http://crossmark.crossref.org/dialog/?doi=10.3389/fmicb.2021.713067&domain=pdf&date_stamp=2021-09-23
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:zucconi@unitus.it
https://doi.org/10.3389/fmicb.2021.713067
https://www.frontiersin.org/articles/10.3389/fmicb.2021.713067/full
https://www.frontiersin.org/research-topics/13773/microbial-communities-of-polar-and-alpine-soils
https://doi.org/10.3389/fmicb.2020.01936


Zucconi and Buzzini Editorial: Microbial Communities of Polar and Alpine Soils

genes associated to this process were reported as widespread
across cold desert soils, spanning the Tibetan Plateau, and both
Antarctic and high Arctic sites.

Otherwise, in some coastal sites of maritime Antarctica,
seabirds and marine mammal colonies exert, through the
accumulation of their feces and urine, a strong influence on
the edaphic N content. Nitrogen cycle in Antarctic tundra
ecosystems has also been investigated by Dai et al. and
Acuña-Rodríguez et al. The former recorded differences in the
denitrification rates and the denitrifier community structures
between nitrogen rich soils and animal-lacking tundra soils. The
latter observed as fungal symbionts (root endophytes), associated
to the only two Antarctic vascular plants Colobanthus quitensis
and Deschampsia antarctica, actively participate in the plants N-
uptake, even in non-N limited soils, with positive impacts on
plant biomass.

Two contributions by Newsham et al. dealt with the effects
of climate change on a single fungal species and the whole
communities of soils from maritime Antarctica, respectively.
An undescribed member of the order Helotiales was recorded
to be superabundant in Antarctic Islands soils under D.
antarctica (Newsham, Cox et al.). A range of its physiological
and morphological features were reported, and an increase of
its growth rate was suggested with the rising temperatures
that are expected to occur in maritime Antarctica at the
end of this century, with the potential loss of ancient C
from soils.

Three fungal guilds and growth forms—lichenized and
saprotrophic fungi and yeasts—of barren fellfield soils
sampled from along a transect encompassing almost the
entire maritime Antarctica were studied, in order to define the
main environmental factors affecting their richness, relative
abundance and taxonomic structure. Air temperature and
edaphic factors were reported as main drivers, and discussed
in view of the expected future climate changes of the region
(Newsham, Davey et al.).

Glacier retreats expose new ice-free barren soils. Some areas
have been only recently deglaciated, while others have been
mostly deglaciated for millennia. The bacterial communities of
these soils have been studied by Almela et al. Those of older soils
seemed to be significantly different along the soil profiles, while
they were similar in recently (from decades) deglaciated soils. A
high degree of heterogeneity was also observed among microbial
communities of soils at different sampling locations.

Water tracks, that seasonally flow on the ice-free soils
of the McMurdo Dry Valleys in continental Antarctica, are
expected to increase with ongoing climate change. They select
for bacterial taxa able to cope with challenging environmental
conditions. Significant differences in microbial community
assembly between on- and off-water track samples, and across
two distinct locations were recorded, mainly driven by soil
salinity (George et al.). Heterogeneous microbial communities
have been found to characterize four different habitats present
in higher elevations of Taylor Valley, where biological soil
crusts were reported in a gully and moraine next to Canada
Glacier, accounted as islands of biodiversity, able to spread
organisms and nutrients in the surrounding landscape (Solon
et al.).

The Northern high latitudes are a preferential open-air
laboratory to study the impact of climate change on soil microbial
communities, as they are warming twice as fast as the global
average. Four out of 13 contributing articles of the Topic report
studies carried out in the Arctic.

Arctic permafrost has become particularly vulnerable to thaw,
with consequences on microbial communities that are not yet
perfectly known. The bacterial community assembly during
permafrost thaw was studied using in situ observations and
a laboratory incubation of soils in sub-Arctic Sweden, where
permafrost thaw has occurred over the past decade. It showed to
be driven by randomness (i.e., stochastic processes) immediately
after thaw, while environmentally driven (i.e., deterministic)
processes became increasingly important in structuring them in
post-thaw successions (Doherty et al.). Geospatial differences in
hydrology in polygon soils causing gradients in biogeochemistry,
soil C storage potential, and thermal properties influencing the
distribution of microbial CO2 and CH4 release, has been studied
by Roy Chowdhury et al. by laboratory incubation at increasing
temperatures of frozen soil cores collected in the Arctic coastal
tundra in Alaska.

A comparison between the microbial community structure
of rocks (and surrounding soils) in a high Arctic polar
desert (Svalbard) showed significant differences between
these substrates. Differences were also reported between rock
sandstones and limestones, due to the determinant role of
rock physiochemical properties in determining the successful
establishment of lichens in lithic environments (Choe et al.).

Shifts in vegetation and soil fungal communities have been
recorded in the Arctic tundra as a response to warming
temperatures. In this context, fungal community composition in
long-term experimental plots simulating the expected increase in
summer warming and winter snow depth, were compared using
DNAmetabarcoding data, and dry and moist tundra appeared to
have different trajectories in response to climate change (Geml
et al.).

Cultivable actinomycetes isolated from soils near roots
of different plants from the Qinghai-Tibetan Plateau were
investigated for their enzymatic activity, and for the production
of diffusible pigments and organic acids (Ma et al.).

This volume brings together the scientific community to cover
all aspects of cold-adapted microorganisms and their role in
Polar andAlpine environments. It gives a significant contribution
to the long-standing debate on the multiple ecological roles
of microorganisms in cold soil ecosystems. We hope that this
range of articles will be highly attractive to worldwide researchers
involved in the study of soil microbial communities.
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