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ABSTRACT

Soil microbiomes, encompassing diverse microbial communities, play a critical role in the global carbon
cycle and have the potential to mitigate climate change by sequestering carbon in soils. This essay
explores the complex interactions between soil microbiomes, soil organic carbon (SOC) storage, and
climate change, emphasizing the importance of understanding these relationships in the context of the
Paris Climate Agreement and global climate change strategies. By examining the diversity and
functionality of soil microbiomes, their contribution to carbon sequestration, and the latest technological
advances in microbiome research, this essay highlights the need for further research to optimize soil
management practices that enhance carbon sequestration and support climate change mitigation efforts.

Keywords: Soil Microbiomes, Carbon Sequestration, Climate Change Mitigation, Soil Organic Carbon

(SOC), Microbial Diversity.

INTRODUCTION
This essay discusses why it is important to understand soil microbiomes and climate change in relation to
the larger governing systems of the planet. Climate change is here to stay. This is no longer up for
debate. Simple, elegant and simple empirical models show this to be true. Why one may want to study
soil, microbiomes and how these can help in aiding carbon sequestration is an important and interesting
endeavor. A valuable outline has been proposed in essay I [1, 2, 37. With the onset of the 2015 Paris
Climate Agreement, the importance of soil microbiomes has been thrust into the public domain amidst
urgent discussions on climate change and strategy and how to adapt in increasingly uncertain times.
Ultimately, climate change and systems once thought static become alive when considering the ever-
increasing range of possible human interventions carried out across the earth. Thus, climate change is a
non-deterministic problem. Given this, it is necessary to consider ever-larger governing systems that
deficits in knowledge and generative models exist. This is why moving across scales, from the local to the
global soil system, and reciprocally moving up, from the molecular to the functional taxonomic to the
holistic system is essential [4, 5, 6.
SOIL MICROBIOMES: DIVERSITY AND FUNCTIONALITY

Soils host a complex community of diverse microorganisms, including bacteria, archaea, fungi, protists,
and viruses. Bacteria and fungi are two of the best-studied microbial groups influencing ecological
processes in soils. Bacterial communities and the taxa present in soil can change with community
composition, tending to vary in response to edaphic factors. Bacteria are primarily responsible for
decomposition and the release of nutrients from organic matter, which can be allocated towards the
growth of organisms like plants and fungi. Apart from acting as the primary drivers of organic matter
decomposition, fungi fulfill other important roles such as decomposer and interactions with other
compounds related to phosphorus and anthropogenic influence than bacteria [7, 8, 97. Protists and
bacteria have long been known to share intricate and multifaceted relationships in soil. Researchers have
speculated a role for soil viruses in the ecological regulation of microbial and mesofaunal communities.
Microarthropods and nematodes have been shown to affect microbial parameters and may contribute a
small fraction of nitrogen to plants. Rhizobia are known to establish a mutualistic partnership with plants,
fixing atmospheric nitrogen and developing a system to help furtively benefit the rhizobia. Actinomycetes
produce numerous useful bioactive compounds with various applications such as antibiotics, enzymes, and
bioactive compounds for plant growth and protection. Understanding this biodiversity, how it operates,
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and the influence on soil processes are fundamental to comprehend how the microbiome will lock up
carbon and offer a way of mitigating climate change [10, 11, 127].
CARBON SEQUESTRATION IN SOILS
Soils serve as one of the world's most substantial reservoirs of organic carbon. Approximately two-thirds
of global soil carbon is in the form of soil organic matter (SOM) in which carbon resides. The carbon can
be stored in various forms of varying lifetimes. The bulk of soil organic carbon (SOC) in soils is stored in
the form of humus, or humic substances, which have residence times ranging from tenths to thousands of
years. The accumulation of carbon in soils is part of a biological formation and decomposition process
which fluctuates over various time scales, dubbed soil heterotrophic cycling. The resultant slow
accumulation of carbon in these forms is a key terrestrial carbon sink [13, 14, 157]. The atmosphere
cannot absorb the surplus of carbon created by anthropogenic CO2 emissions: as a result, higher
concentrations of CO2 are observed in the atmosphere because concentrations of free atmospheric oxygen
are slowly increasing. In the last century, soil can be identified as the prominent carbon sink source which
removes up to three Gt of surplus carbon from the atmosphere. Increasing the amount of carbon buried in
soil may be a simple and economical way of significantly decreasing atmospheric CO2, as well as having
an additional environmental advantage: offsetting the influence of the greenhouse effect and mitigating
global climate change. Providing an in-depth understanding of the specific contribution of bacteria,
archaea, and microfungi in carbon sequestration and greenhouse gas emissions processes in soil, as well as
the roles they play in these processes and how it can be improved, plays a vital part in determining the
role of soil as a carbon sink [16, 17, 187.
INTERACTIONS BETWEEN SOIL MICROBIOMES AND CARBON SEQUESTRATION
Soil microbiomes play a key role in determining belowground soil carbon (C) storage and loss following
land use and management changes. Soil microorganisms mediate numerous processes in the soil organic
C (SOC) pool that together determine the soil's capacity to store and protect C against decomposition.
discusses the interactions between soil microbiomes and carbon sequestration in soils. The article
provides an overview of how different microorganisms can influence soil organic matter (SOM)
accumulation and presents the main underlying processes and drivers. Furthermore, the article outlines
the implications of SOC properties and SOM composition and stabilization form for land use change and
climate change mitigation, discusses concepts of microbial social-ecological tipping points related to soil
C storage, and outlines future research needs to move this field forward [19, 20, 217. The increase in the
Earth's temperature is driving important changes in climate and ecosystems through different types of
phenomena, including the intensification of extreme climate events, global biological shifts, or impacts on
socio-economic activities. A key driver of such climate change is the increase of atmospheric greenhouse
gases (GHGs) due to human activities such as the combustion of fossil fuels, deforestation, or disruptive
soil management, with the logarithmic increase in CO2 concentration being the main driver of global
warming. As the most abundant terrestrial store of carbon, soil carbon (C) - notably in the form of soil
organic carbon (SOC) - is gaining increasing scientific and political attention. The role of soil C in climate
is not only related to the potential for C uptake in the soils as a function of soil management but also to
considerations of the release of previously stored C, should management destabilize the balance between
the natural inputs (plant residues, root exudates, etc.) and removal pathways (microbial respiration or
leaching) [22, 237].
TECHNOLOGICAL ADVANCES IN STUDYING SOIL MICROBIOMES
In the past decade, multiple technological advances have revolutionized the study of the soil microbiome.
The soil microbiome, a complex microbial community that lives in close relationship with plants, is vital
to the health and functioning of soil ecosystems. Scientists used to have a much simpler view of these
microscopic power-players. They initially examined their populations through sequencing and plate
culturing. However, in the last decade, methods for analyzing microbes have expanded. Rather than
looking at them individually, researchers can now obtain the entire gene pool from an entire soil
population via DNA sequencing, a procedure known as Whole Metagenomic Sequencing (WMG). By
using [1lumina's NextSeq or MiSeq or PacBio's high-sequencing tools, scientists can read individual DNA
sequences, known as base pairs, to reconstruct an organism's genomes [24, 25]. On its own, this
procedure takes no time at all. The interpretation and analysis of the data, on the other hand, are time-
consuming. Researchers can identify the taxonomic identity of individual members, gain insights into
their functional and identity traits, and gauge the results of different management practices on the
microbiota — for example, add or remove small heterologous amendments (biological, biochar, etc.), fungal
networks, or organic matter. Treatments such as cover cropping have been reported to enhance soil
carbon sequestration. With any intervention, the ecological part of interest and the microbiota beneath
need to be recognized to gain a comprehensive picture of what is taking place in the root realm [26, 277].
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FUTURE DIRECTIONS

The purpose of this article is to emphasize the importance of soil microbiomes in carbon sequestration
and climate change mitigation. Specifically, this essay has highlighted the varied composition and factors
influencing microbiome abundance in different soil types, as well as the efficacy of soil carbon
sequestration in mitigating climate change. The unique and variable microbiomes in different soils are of
interest to researchers studying their interaction with the ecosystem. Studies suggest that an increased
diversity and abundance of weakly antagonistic microbial species in the soil benefit plants. Further
research is needed to determine the potential impact of managing or increasing soil carbon on these
organisms [28, 297. Soil carbon sequestration is vital for reducing atmospheric carbon. While the soil's
ability to store carbon decreases after fifteen years, it remains an effective strategy for combating climate
change. Small-scale changes in soil microbial communities have positive effects for global warming and
farmers. Future research aims to tailor microbial communities for specific environments and maximize
carbon sequestration. This research can help reverse climate change impacts and address nitrogen use in
agriculture [28, 307.

CONCLUSION
Understanding the role of soil microbiomes in carbon sequestration is crucial for developing effective
strategies to mitigate climate change. The diversity and functionality of these microbial communities
significantly influence the soil's ability to store carbon and reduce greenhouse gas emissions.
Technological advances have provided new insights into these complex interactions, revealing the
potential for targeted soil management practices to enhance carbon sequestration. As the global
community continues to seek solutions to climate change, further research into soil microbiomes and their
role in the carbon cycle will be vital in optimizing land-use practices and achieving climate goals.
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