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Commentary

About the Study

In the ongoing discourse surrounding climate change, the focus often
gravitates towards rising temperatures, melting ice caps, and extreme
weather events. Yet, beneath our feet lies a key piece of the puzzle that is
often overlooked: Soil. Soil, often referred to as Earth's skin, plays an
important role in both contributing to and minimizing the impacts of global
warming. Understanding the complex relationship between global warming
and soil science is essential for shaping effective strategies to combine

climate change and ensure the sustainability of our planet.

The carbon connection: Soil as a carbon storehouse

Soil is a vast reservoir of carbon, storing more carbon than the atmosphere
and all terrestrial vegetation combined. This stored carbon, primarily in the
form of organic matter, plays an important role in regulating global carbon
cycles and to reduce climate change. However, human activities such as
deforestation, unsustainable agricultural practices, and urbanization have
disrupted this delicate balance, leading to soil degradation and carbon loss.
Global warming worsens these challenges by accelerating the decomposition
of organic matter in soils. As temperatures rise, microbial activity increases,
causing more rapid decomposition of soil organic carbon and releasing
carbon dioxide (CO2) into the atmosphere. This feedback loop, known as the
soil carbon-climate feedback, contributes to the amplification of global
warming and underscores the vulnerability of soil carbon stocks to climate

change.

The role of soil management in reduction

Despite these challenges, soil science offers promising avenues for climate
change reduction. Sustainable soil management practices, such as
conservation tillage, cover cropping, agroforestry, and composting, can
enhance soil carbon sequestration and resilience to climate variability. These
practices not only reduce greenhouse gas emissions but also improve soil
fertility, water retention, and crop productivity, promoting agricultural

sustainability and food security in a changing climate.
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Furthermore, restoring degraded soils through reforestation, afforestation, and restoration of wetlands and grasslands
can significantly enhance carbon storage capacities while restoring ecosystem services and biodiversity. Integrated
land-use planning that prioritizes soil health and carbon sequestration can help achieve climate targets while

supporting sustainable development goals.

Beyond carbon: Soil as a regulator of earth's climate

Beyond carbon storage, soil plays a critical role in regulating Earth's climate through complex interactions with the
atmosphere, hydrosphere, and biosphere. Soils influence water cycling and nutrient dynamics, regulate surface
temperatures through their thermal properties, and support biodiversity and ecosystem recovery. Changes in soil
properties and functions due to global warming, such as altered water availability and increased soil erosion, pose
additional challenges to ecosystem stability and human well-being. Research in soil science is advancing our
understanding of these interactions and informing climate models to better predict and decrease the impacts of global
warming on soil ecosystems. Advances in remote sensing, molecular biology, and soil physics enable scientists to
monitor soil processes at various scales, from individual microbial communities to landscape-level dynamics,

enhancing our ability to develop adaptive strategies for climate change.

Challenges and opportunities ahead

Despite the critical role of soil in climate regulation, soils remain one of the least understood components of Earth's
system. Limited data availability, heterogeneous soil properties, and complex interactions with other environmental
factors pose challenges to accurately quantifying soil carbon stocks and predicting soil responses to climate change.
Moreover, socio-economic factors, including land tenure systems, market dynamics, and policy frameworks, influence
land-use decisions and adoption of sustainable soil management practices. Addressing these barriers requires
interdisciplinary collaboration among scientists, policymakers, land managers, and communities to promote evidence-

based decision-making and scale-up successful soil conservation initiatives.

Looking forward: Integrating soil science into climate policy

As we confront the challenges of global warming, integrating soil science into climate policy and international
agreements is essential for achieving ambitious climate targets outlined in the Paris agreement and sustainable
development goals. Enhancing soil carbon sequestration, promoting sustainable land management practices, and
restoring degraded soils should be prioritized alongside efforts to reduce fossil fuel emissions and transition to
renewable energy sources. Education and public awareness are also critical to develop a deeper appreciation for soil's

role in climate change and inspiring collective action towards sustainable soil conservation.

Empowering farmers, landowners, and local communities with knowledge and resources to implement climate-smart
agriculture and soil conservation practices can catalyze transformative change towards a strong and sustainable
future. Global warming presents formidable challenges to soil health and ecosystem integrity, but also opportunities
for innovation, collaboration, and transformative change. By utilizing the power of soil science, embracing sustainable
soil management practices, and combing soil considerations into climate policy, and safeguard Earth's skin and secure

a thriving planet for future generations.
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