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INTRODUCTION

The world of underground ecology in
a changing environment

Elsa Abs1,* and Moira Hough2

This special feature presents state-of-the-art soil ecological science and was sparked following the 2-day
long online live event entitled “Ecology Underground” during the Ecological Society of America annual meeting
of 2020. Here, we, the co-guest-editors of this special feature, present this body of research in context of
the current state of the field.This issue highlights that we are currently in a hot time for microbial research
in soil science. Specifically, we find that two themes emerge from this corpus as key next questions to answer
to move the field forward. How do microbial processes scale up in space and time? And how do they respond to
multiple interacting global change factors?

Keywords: Soil, Ecology, Microbiology

Not very long ago, soil ecologists debated whether or not
the “black box” of microbial dynamics needed to be
opened or if ecological processes in the soil could be
understood without fine-tuned microbial mechanisms. It
seems this debate has been put to rest. We now know, for
instance, that microbes are not only the gatekeepers of
decomposition in soil organic matter, but they also form
stable organic composites made of microbial byproducts
associated with minerals (Bradford et al., 2016). We also
know that species-level understanding of the microbial
community can improve earth system models (McCalley
et al., 2014). Understanding microbial community dynam-
ics is now a major frontier in the field of soil ecology. It
was also a major topic of discussion when, during the
online Ecological Society of America annual meeting of
2020, 3 sessions joined together to create an online event
called “Ecology Underground.” This event sparked lively
discussion and inspired this special issue of Elementa on
Ecology Underground.

So, it is perhaps no surprise that in this special feature
about soil-climate feedbacks, all the articles investigated
the response of ecosystems to climate change by studying
belowground microbial changes. Martinez et al. (2021)
investigated the localization of hotspots of microbial
extracellular enzyme activity to improve predictions of soil
carbon emissions. Vilonen et al. (2022) measured soil
microbial respiration to characterize legacy effects of
drought on C and N cycling. Jones et al. (2022) looked

at whether microbial inoculation in soil could enhance
crop yield. Soils are perhaps no longer a black box of
microbial communities. Rather, they are a Pandora’s box
of deep complexity with many interacting components
and clear importance for understanding ecosystems. From
the complexity documented here, our authors have
brought to light 2 themes that can help us frame research
questions moving forward: the importance of understand-
ing (1) spatial and temporal scales and (2) multiple inter-
acting global change factors.

The first theme underlines our need to better under-
stand how belowground microbial processes scale over
space and time. For example, microbial community com-
position correlates strongly with soil functions like soil
heterotrophic respiration between years rather than
between seasons (Schimel and Schaeffer, 2012). And
microbial community composition and function can differ
when an environmental change is short-term (pulse) or
long-term (press) (Shade et al., 2012). Vilonen et al.
(2022) found significant legacy effects on C and N cycling
1 year after drought ended, but no legacy effect at all
2 years after. Romero-Olivares et al. (2022) found that vol-
atile organic compounds (VOCs) did not change in response
to warming and nitrogen addition after 1 year, but they
found VOCs varied at the seasonal scale with very strong
variation of specific types of VOCs at the annual scale.

Spatial scale is an important consideration because
most sampling is done at the plot scale, but we know that
microbial activity varies in important, but poorly under-
stood, ways at microscales, such as between mineral soil
and the rhizosphere or litter surface soil (Schimel and
Schaeffer, 2012). We are only beginning to learn how soil
microstructure affects microbial activity, but we know it is
important to processes that control the persistence of soil
C (Keiluweit et al., 2017). On this topic, Bernhardt et al.
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(2022) found strong spatial heterogeneity and enzyme
activity in large soil particles, but weak enzyme activity
in soil pores and small size particles, further emphasizing
the need to better understand microscale variation in
soil. By knowing either the spatial or temporal scale at
which an ecosystem process responds to environmental
change, you can usually deduct the other as they often
correlate, meaning processes that respond on short time-
scales usually also respond at microscales (Schimel and
Schaeffer, 2012).

The second theme brought to light by the articles in
this special feature is the need to understand the effect of
multiple interacting global change factors. Kivlin et al.
(2021) investigated the simultaneous effect of wildfire and
urbanization. Anthony et al. (2021) and Romero-Olivares
et al. (2022) studied the simultaneous effect of warming
and nitrogen addition. Romero-Olivares et al. (2022), Kiv-
lin et al. (2021), and Jones et al. (2022) pointed out the
strong interaction effect of one abiotic factor (moisture,
temperature, or nitrogen) with aboveground plant iden-
tity. Martinez et al. (2021) found strong interaction effects
between substrate quality and soil texture.

These efforts build on previous work showing that
effects of multiple global change pressures on soil ecosys-
tem processes may interact in nonadditive ways and are
therefore essential to give realistic predictions of soil
response to global change. Some recent studies have
found canceling effects of multiple global change factors
(Shaw et al., 2002; Yang et al., 2021), while others found
more variable responses (Castro et al., 2010; Docherty
et al., 2012; Torn et al., 2015). Similarly for single factors,
the response to interacting global change factors is spe-
cific to the biome and to whether we look at seasonal or
interannual time scales (Simon et al., 2020).

Considering multiple spatial scales, time scales and
interacting factors of environmental change adds com-
plexity to the conceptual or empirical models we create
to understand soil response to global change. This com-
plexity merits a clear conceptual framework to build the
next generation of experiments on soil response to envi-
ronmental change, following on a previous generation of
global change experiments including Free Air CO2 Enrich-
ment (FACE) (Hendrey et al., 1999), warming (Melillo et al.,
2017), DroughtNet (Knapp et al., 2017), and Nutnet (Borer
et al., 2017). One approach to creating such a framework
would be to begin with a meta-analysis of soil response to
global change factors organized by soil ecosystem process,
global change factor, and spatiotemporal scale. We would
then study how responses compare between spatiotempo-
ral scales: if they are similar, we can assume that the
response scales up, and if not, we need to investigate with
experiments and mathematical models what is the miss-
ing process or interaction effect that bridges the 2 spatio-
temporal scales. We would then use the same approach to
bridge responses to one versus multiple global change
factors. This rigorous approach to studying complexity is
a strength of the field of ecology, which needs to be mobi-
lized to improve our understanding of such complexity.

Taking such steps is also essential for envisioning paths
toward climate change mitigation. The same 2 themes

identified in this special issue have also been identified
as key needs for management decisions where under-
standing spatial scale and the interacting effects of mul-
tiple processes is critical (Banwart et al., 2014; Cameron
et al., 2017). This information is also needed for research
into new mitigation strategies such as microbe-mediated
soil carbon sequestration. By exploring the interacting
effects of different climate change responses across tem-
poral and spatial scales, the field of underground ecology
is taking big steps toward filling gaps in both how we
understand our world and in how we can respond to the
changes taking place in it.
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