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 The Vital Role and Vulnerabilities of the Soil Microbiome 

A microbiome is a community of microorganisms living in a specific environment 

characterized by the microbial structures and substances they generate (Nadeu et al., 2023). In 

the context of soil, this microbial community acts as the architect, shaping the environment in 

which it resides. The intricate structures and substances generated by the soil microbiome 

contribute not only to the physical properties of the soil but also play a vital role in sustaining 

ecosystem functionality (Brevik et al., 2019). Recent research underscores the indispensable role 

of the microbiome in enabling crucial soil functions, especially in agricultural production (Nadeu 

et al., 2023). The microbial communities within the soil contribute significantly to nutrient 

cycling, organic matter decomposition, and disease suppression, thus influencing the overall 

productivity and sustainability of agricultural systems (Brevik et al., 2019). Understanding the 

importance of the soil microbiome and the threats it faces is imperative for soil health.    

Soils characterized by active microbial communities and intricate interactions between 

fauna and plants are instrumental in maintaining efficient nutrient cycling overall soil health. The 

soil microbiome plays a central role in enhancing soil fertility by mediating biogeochemical 

cycles (Brevik et al., 2019). Microbes act as catalysts in transforming and cycling essential 

nutrients, ensuring a dynamic equilibrium within the soil. Soil microbes regulate the cycling of 

essential elements and facilitate their uptake by plants, such as zinc and selenium, which are 

delivered by mycorrhizal fungi (Smith et al., 2008). The intricate relationship of these cycles, 

directed by the microbial community, fosters an environment beneficial for plant growth and 

development (Wilpiszeski et al., 2019). This microbial mediation is fundamental to unlocking 

the nutritive potential of the soil, contributing to the foundation of thriving ecosystems. It is also 

found that rhizosphere microbes and their surrounding environment could increase plant 

resistance against stresses and reduce the need for external inputs, increasing the sustainability of 
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agricultural systems (Kendzior et al., 2022). While these services may elude the broader public 

awareness, their impact is deeply felt, particularly in the agricultural sector, where human 

activities draw substantial benefits.  

Elevated carbon storage in soils, particularly in areas with higher plant diversity, is also a 

testament to the direct mediation of soil microbial processes. Microorganisms actively 

decompose organic matter, channeling carbon into the soil matrix (Syrie et al., 2023). This 

process enriches the soil with organic compounds and establishes a reservoir for long-term 

carbon sequestration (Syrie et al., 2023). The interplay between microbial activity and plant 

diversity exemplifies the intricate balance required for sustainable carbon storage within soil 

ecosystems. These microbial-driven processes become critical for ensuring long-term ecosystem 

stability, especially in evolving global change conditions (Bender et al., 2016).  

Microbes, acting as biological regulators, are crucial in preserving soil health by 

protecting against pathogens and controlling pests and diseases (Sergaki et al., 2018). This 

natural defense mechanism safeguards plants from potential threats and reduces reliance on 

external inputs, aligning with sustainable agricultural practices. Maintaining healthy populations 

of beneficial soil fungi could increase the levels of antioxidant and anti-inflammatory amino 

acids in a range of plants (Carrara et al., 2023). The soil microbiome, through its regulatory 

functions, contributes to the resilience and balance of the soil ecosystem. The soil microbiome, 

though limited in its contribution, acts as an 'ecosystem engineer,' shaping the physical structure 

and formation of the soil (Turbé et al., 2010). Microbial activities, such as aggregation, organic 

matter decomposition, and nutrient cycling, influence soil structure, contributing to its overall 

stability and functionality (Hirt, 2020). Understanding these engineering roles of the soil 

microbiome is crucial for mitigating soil erosion, improving water retention, and preserving the 

integrity of soil ecosystems.  
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A wealth of evidence supports the idea that soils with higher levels of biodiversity exhibit 

greater resistance to environmental disturbances, rendering them more resilient in the face of 

change (Jiao et al., 2019). The diversity within the soil microbiome creates a robust and 

adaptable ecosystem that can withstand external pressures. Loss in microbial diversity can 

increase the risk of disease that emerges with increased pests and pathogens (Wall et al., 2015). 

Preserving and promoting this biodiversity ensures the soil's long-term sustainability and health. 

Relying on herbicides and pesticides to boost agricultural productivity has unintended 

consequences for the soil microbiome. Applying these chemicals results in poor microbial 

diversity, ultimately compromising the health of the soil (Nielsen, 2015). This reduction in 

diversity is attributed to the direct and indirect impacts of pesticides, such as carbamates, 

pyrethroids, and neonicotinoids, on beneficial microbes (Menna et al., 2017). The repercussions 

extend beyond the soil, affecting the gut microbiomes of humans and animals through food 

ingestion (Menna et al., 2017).    

The agricultural practice of applying manure from antibiotic-treated animals to cultivated 

fields introduces another dimension to the challenges the soil microbiome faces. The microbial 

functions and composition of the soil are significantly altered, and the consequences extend to 

human health (Hirt, 2020). Consumption of fresh produce from these lands can facilitate the 

transfer of resistance genes to the human gut microbiome, contributing to the emergence of 

multi-drug-resistant human pathogens (Hirt, 2020). This emphasizes the interconnectedness of 

soil and human microbiomes and the importance of sustainable agricultural practices.  

Chemical interventions, while addressing specific agricultural challenges, should be 

complemented by a holistic approach that considers the sensitivity of the soil microbiome to 

different forms of contamination. The health of the soil microbiome is not only an indicator of 

ecosystem health but a crucial factor in influencing the proper health and resilience of our 
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agricultural ecosystem. Beyond chemical interventions, the soil microbiome is sensitive to 

various forms of contamination, including heavy metals, microplastics, and persistent pesticides 

(Boros-Lajszner et al., 2021). Heavy metals, often introduced through fertilizer application and 

industrial emissions, pose a particular threat as they do not undergo microbial decomposition. 

Their persistence in the soil disrupts biochemical processes and upsets the delicate balance of the 

soil microbiome (Boros-Lajszner et al., 2021).   

The intricate complexities of life within the soil microbiome play a fundamental role in 

shaping and sustaining ecosystems. From supporting essential processes like nutrient cycling and 

organic matter decomposition to serving as a natural defender against pathogens, the soil 

microbiome is a silent architect of the environment. However, the soil microbiome faces various 

challenges, ranging from the unintended consequences of chemical interventions to the 

disruptions caused by heavy metals and persistent pesticides. Recognizing the significance of 

preserving and promoting biodiversity within the soil microbiome becomes imperative for 

ensuring soil resilience and long-term sustainability. Sustainable agricultural practices, mindful 

chemical usage, and a holistic understanding of the interconnectedness between soil and human 

microbiomes are essential to mitigate the threats to this vital ecosystem. 
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