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The ongoing global climate change, particularly rising temperatures, has led to significant shifts in soil microbial communities.
Warming accelerates microbial activity and alters the composition and function of soil biota, disrupting ecosystem services like
nutrient cycling, soil health, and plant productivity. A promising yet underexplored strategy to mitigate these changes is litter
removal, which may directly influence microbial populations and functions by modifying the soil microenvironment. This paper
examines the role of litter in soil microbial dynamics under warming conditions and explores how litter removal practices may offer a
pathway to combat microbial disruptions caused by climate change. The article reviews current literature on the effects of warming
on soil microbes, the potential consequences of litter removal, and the mechanisms by which litter removal could mitigate
disruptions. Finally, the paper discusses the implications for ecosystem management, sustainability, and future research directions in
the context of global warming.
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Introduction

Soil microbial communities are essential components of terrestrial ecosystems, playing pivotal roles in nutrient cycling, organic
matter decomposition, and plant health. However, the complex interaction between climate change and soil microbes is a topic of
increasing concern. The rapid rise in global temperatures has been identified as one of the primary drivers of microbial shifts, often
resulting in disruptions that threaten ecosystem function. Rising temperatures tend to accelerate microbial activity, altering the
composition and abundance of microbial populations. These shifts can lead to imbalances in nutrient cycling, reduced soil fertility,
and diminished plant growth, ultimately compromising ecosystem services. In response to these climate-driven microbial changes,
land management practices that aim to buffer soil microbial communities from the impacts of warming are gaining attention. One
such practice is litter removal, which involves the removal of fallen plant material such as leaves, stems, and organic debris that
accumulates on the soil surface. Litter plays a crucial role in maintaining soil structure, moisture, and nutrient content, while also
serving as a food source for various soil organisms. However, the removal of this organic matter may have both positive and
negative effects on soil microbial communities (van Der Heijden MG, et al. 2015). While it may help reduce the excess nutrient input
associated with increased microbial activity under warming, it may also lead to a decline in microbial diversity and function by

depriving soil organisms of essential resources.
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Description

The impact of climate change on soil microbial communities is a critical area of research in soil science. Soil microbes are highly
sensitive to changes in environmental conditions, and warming is one of the most significant factors affecting microbial activity and
community structure. Soil microbes, including bacteria, fungi, and archaea, thrive in specific temperature ranges. As temperatures
rise, microbial activity typically increases, as microbes accelerate their metabolic processes to adapt to the new conditions. While
this increased activity can enhance decomposition and nutrient cycling in the short term, it may also lead to unintended
consequences. Higher temperatures may alter the microbial community composition, favoring certain microbial taxa over others,
which could disrupt nutrient cycling processes. For instance, warming tends to favor bacteria that are more thermophilic (heat-
loving) and more adapted to higher temperatures. In contrast, fungi and other microbial groups may decline in numbers, leading to
an imbalance in the soil ecosystem. The altered microbial communities could negatively affect processes such as nitrogen fixation,
carbon storage, and organic matter decomposition (Tedersoo L, et al. 2014). These changes can lead to long-term consequences
for soil fertility and ecosystem sustainability. Beyond the shifts in microbial composition, warming can also disrupt soil microbial
functionality. Several studies have shown that warming alters the nitrogen cycle, with increased microbial decomposition leading to
higher nitrogen mineralization rates and potentially higher rates of nitrogen leaching. This can exacerbate nutrient imbalances in
soils, particularly in nutrient-limited ecosystems. Additionally, warming often causes changes in the soil's carbon pool, with more

rapid turnover of organic matter and reduced soil organic carbon storage.

This imbalance in microbial function can lead to decreased soil quality, reduced plant productivity, and potentially increased
greenhouse gas emissions, as more organic matter is converted into carbon dioxide (CO,). In short, warming has the potential to
destabilize soil microbial functions, which can have cascading effects on ecosystem health and climate regulation. Litter, or the layer
of dead plant material that accumulates on the soil surface, is a critical resource for soil microbes. It provides organic carbon and
nutrients, which are essential for the survival and growth of microbes. Litter also helps maintain soil moisture, temperature
regulation, and physical structure, creating a conducive environment for microbial activity. When litter decomposes, it releases
nutrients such as nitrogen, phosphorus, and potassium, which microbes use to fuel their metabolism. The removal of this organic
material can disrupt these nutrient cycles, potentially decreasing microbial diversity and abundance. However, litter accumulation
also has its challenges (Wen T, et al. 2022). Excessive litter can create an overly acidic environment, leading to nutrient imbalances
and changes in microbial community structure. Additionally, litter accumulation can decrease soil aeration, making it difficult for

some microbes to thrive.

The idea behind litter removal is to reduce the excess organic matter that can be exacerbating microbial imbalances under warming.
By removing litter, the microbial environment can be altered in a way that minimizes nutrient overloads and prevents microbial
communities from becoming skewed toward certain taxa that dominate under warmer conditions. Litter removal can help regulate
nutrient input into the soil, preventing microbial communities from being overwhelmed by an excess of organic matter. Under
warming, the decomposition of plant material accelerates, leading to nutrient surpluses that microbes may struggle to process
efficiently. By removing the litter, these nutrients can be cycled more effectively, potentially reducing the risk of microbial
imbalances and promoting more stable microbial communities (Yang B, et al. 2024). In some ecosystems, excessive litter
accumulation can lead to increased acidity in the soil, which can harm certain microbial populations. By removing litter, it may be
possible to reduce soil acidity and create a more neutral environment conducive to a broader range of microbial taxa. This could
help restore balance to microbial communities and enhance overall soil health. Litter accumulation can inhibit soil aeration, leading
to low oxygen availability in the soil. By removing litter, the soil may become better aerated, providing an optimal environment for
microbes that require oxygen to survive. This could help support a more diverse and functional microbial community that
contributes to nutrient cycling and plant health. Litter removal may help restore microbial diversity by providing a more stable and
less nutrient-rich environment. As microbial communities adapt to changes in resource availability, the removal of litter may
encourage the growth of different microbial taxa, thereby enhancing overall ecosystem functionality. In turn, this diversity could

make the soil ecosystem more resilient to the adverse effects of warming (Hillebrand H, et al. 2018).
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Conclusion

The disruption of soil microbial communities due to warming is a critical concern for ecosystem health and sustainability. Soil
microbes are integral to nutrient cycling, carbon storage, and soil fertility, and their dysfunction can lead to cascading negative
effects on plant growth and overall ecosystem stability. Litter, as a vital resource for soil microbes, plays a crucial role in maintaining
microbial function, but it can also exacerbate microbial imbalances under warming conditions. Litter removal practices offer a
potential solution to mitigate the negative impacts of warming on soil microbial communities. By regulating nutrient inputs,
improving soil aeration, and potentially restoring microbial diversity, litter removal could help stabilize microbial function in the face
of climate change. However, the practice requires careful consideration of its potential ecological impacts, and more research is
needed to understand the long-term effects of litter removal on soil microbial communities and ecosystem services. While litter
removal may not be a one-size-fits-all solution, it represents a promising avenue for managing soil microbial disruption caused by
warming. Continued research into the complex interactions between litter, warming, and microbial communities will be crucial for

developing effective strategies to combat the adverse effects of climate change on soil ecosystems.
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