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Editorial on the Research Topic

Plant-Soil Interactions Under Changing Climate

The health and well-being of plants and soil is crucial for all life on Earth. It is well-known that
vegetation cover follows climatic zones, and plants respond to climatic drivers such as temperature
and precipitation (Seddon et al., 2016; Kattge et al., 2020). It is also well-known that plant health
depends on the properties and health of the soil (Ephrath et al., 2020), and that strong interactions
among biota above and belowground dictate the functioning of both realms (Van der Putten et al.,
2013). Yet, soils and the processes occurring belowground are often considered a “black box,” and
are treated very simplistically in our efforts to understand, quantify, and model the future of the
planet. Our understanding of the interactions between plants and soils is also far from complete
and offers some of the most important research frontiers in community ecology, biogeochemistry,
and global change science.

This Research Topic gathers contributions to the growing literature highlighting the importance
of interactions between plants and soil to their mutual health and productivity, as well as to their
contributions to greenhouse gas emissions and the climate system. The soil in itself is a complex
system consisting of the mineral soil matrix mixed with organic materials, mostly of plant origin.
Organic matter is decomposed, altered, and modified by the soil microbiome, consisting of a
myriad of bacteria, fungi, algae, viruses, and archaea. The products of these processes are typically
greenhouse gases such as CO2, N2O, or CH4 that are released to the atmosphere, and dissolved
organic carbon (DOC) that remains in the soil or is lost through the hydrologic system (Ontl
and Schulte, 2012). These processes also transform key nutrients into forms available for plant
use (Jacoby et al., 2017). The rate of transformation and products created depend on the type
and amount of organic material, the composition of the microbiome, as well as the chemical and
physical environment affected by the soil matrix properties, climate, and weather. These controls, in
turn, also influence the composition of the soil-, rhizosphere-, and plant-microbiome. In addition
to producing organic materials for decomposition through litter, plants add a layer of complexity
to the system by exuding relatively simple carbohydrates to feed their preferred microbiome, which
helps the plant to thrive through improved access to water and nutrients (Jacoby et al., 2020)
and possibly releasing plant growth-promoting chemical signals (van Dam and Bouwmeester,
2016). The complexity of plant-soil interactions, and the lack of effective methods to analyze
microbiome composition and function until recent years, mean that the field is open for discoveries.
Recent technical developments are revolutionizing the field across multiple scales and for
numerous components of the plant-soil system, including exposing the dynamics of interactions,
identifying differences in microbial communities and how the environment influences both
(Sergaki et al., 2018).

This Research Topic includes both experimental and review studies addressing many of the key
aspects of plant-soil interactions, using novel approaches and innovative perspectives. Soil, plants,
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and microorganisms form a triangle of six possible interactions;
all of which are represented in the diverse studies in this
collection. The atmosphere—its gas composition and climate—
makes for a fourth player, also studied here. Taken as a whole,
readers will find updated information on burning questions
such as (1) how plants and the environment influence soil
microbial communities (Deng J. et al.; Gehring et al.; Karlowsky
et al.; Liu et al.; Mandrubia et al.; Na et al.); (2) how soil
and the rhizosphere microbiome affect the function of plants
(Egamberdieva et al.; Ulrich et al.; Vargas et al.); (3) how plant-
microbiome interactions influence nutrient availability and soil
chemistry (Salmon et al.; Wei et al.); and (4) how plants, soil, and
the microbiome influence greenhouse gas emissions (Bréchet et
al.; Deng N. et al.).

This collection of studies covers a wide variety of
environments from agricultural systems (Egamberdieva et
al.; Na et al.), to temperate forests (Deng J. et al.; Deng
N. et al.; Gehring et al.; Liu et al.; Ulrich et al.), subalpine
forests (Wei et al.) tropical forests (Bréchet et al.), grasslands
(Karlowsky et al.; Vargas et al.; Wei et al.), and the Arctic
(Salmon et al.). The Topic also includes a study addressing
the effects of plant invasions and range expansion across
latitudes on the associated soil microbiome (Mandrubia et
al.). The work collated here covers a variety of spatial and
temporal scales, as well as the effects of different abiotic
stressors or recovery from disturbance on the soil and soil
microbiome. The variety of topics highlights the state of the
art in the field. The complexity and remaining unknowns of
the field do not yet allow for final overarching conclusions.
Nevertheless, similar to studies in any rapidly growing field,
each contribution adds important knowledge to the catalog
of information that forms the basis for building theories
and conceptual models for understanding the function of
the system. Harnessing microbiomes to improve soil health,
control greenhouse gas emissions, and improve plant stress
tolerance and performance has a huge potential for resolving
some of the largest challenges of humanity from controlling

and mitigating climate and environmental change to ensuring
food security.

We hope that you enjoy this collection of studies and allow it
to inspire your research and quest for understanding how plants
and soils interact; how they influence the world around us; and
how the changing world impacts them.
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