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ABSTRACT

This research addresses a critical gap in our current understanding of the intricate interplay
between soil biodiversity and human health. The primary objective of this study is to
elucidate the profound implications of healthy soil ecosystems for human well-being and
nutrition. The research explores several critical facets of the relationship between soil
biodiversity and human health, including the connections between soil biodiversity and the
production of nutrient-rich food, the intriguing correlations between soil and gut
microbiomes, and the role of soil biodiversity in the bioremediation of contaminants. The
study employs a literature review methodology to analyze existing scholarly works and
synthesize relevant information systematically. The findings underscore the critical
importance of implementing sustainable soil management practices and policy initiatives
to preserve and enhance soil biodiversity to promote human health and environmental
sustainability. Furthermore, this research highlights the need for further exploration into
the nuanced mechanisms underlying this relationship, ultimately guiding the development
of evidence-based policies and practices that foster human well-being through preserving
and enhancing soil biodiversity.
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1. INTRODUCTION

Sustainable development is now a global imperative, recognizing the intricate links between
environmental health, social equity, and economic progress (Linnerud et al, 2021). In
Indonesia, a nation renowned for its biodiversity and culture, achieving sustainable
development is both an urgent need and a promising opportunity (Sasmito et al.,, 2023). As
we navigate the 21st century, marked by rapid technological advances and societal shifts,
the “Society 5.0” concept emerges as a guiding framework to leverage innovation for
addressing pressing challenges (Tavares et al.,, 2022).

Like many others, a paramount challenge for Indonesia is soil degradation (Rai, 2022). Soil
degradation, characterized by dwindling quality, reduced biodiversity, and imbalances in
organic and inorganic elements, threatens food security, ecosystem resilience, and
sustainability (Ayub et al,, 2020). A comprehensive understanding of soil health within
sustainable development is vital to address this (Lehmann, Bossio, et al., 2020).

Indonesia’s diverse landscapes face significant soil degradation due to rapid agricultural
expansion, deforestation, industrialization, and urbanization (Hossain et al., 2020). These
factors erode soil quality, diminish fertility, and decrease diversity in organic and inorganic
components (Javed et al., 2022). These impacts collectively impair the ability of Indonesian
soils to support agriculture, combat climate change, and sustain the populace (Octavia etal,,
2022).

While the consequences of soil degradation are well-documented, a research gap exists
concerning Indonesia’s mechanisms and strategies to restore soil health holistically (Young
etal., 2022). Existing studies often focus on singular aspects, neglecting soil health’s multi-
dimensional nature and its role in broader sustainability goals (Sowinska-Swierkosz et al,,
2023). Thus, comprehensive research is needed to assess Indonesian soils’ current state and
propose sustainable solutions that align with Society 5.0 principles (Prihadyanti & Aziz,
2022).

This study investigates soil health in Indonesia, considering degradation dimensions, the
diversity of organic and inorganic components, and their interactions. It aims to identify
drivers of soil degradation in Indonesia and propose a sustainable soil management
framework aligning with Society 5.0. The study bridges the gap between science and
practical solutions through interdisciplinary methods, fostering a holistic understanding of
soil health within the sustainable development context. The research holds substantial
promise for policymakers, land managers, farmers, and environmentalists. By elucidating
Indonesia’s soil dynamics and proposing innovative solutions, it can inform evidence-based
policies and practices promoting sustainable land use, food security, and environmental
mitigation.

2. METHODOLOGY

This manuscript employs a literature review methodology to explore the dynamic interplay
between sustainable development and soil health in Indonesia, specifically within the
paradigm of Society 5.0. The investigation encompasses agricultural practices,
environmental policies, and technological interventions. In addition to synthesizing existing
knowledge and identifying gaps, the review is supported by pertinent literature, aiding in a
comprehensive analysis. The systematic literature review adopts a methodical approach,
defining specific search criteria, utilizing reputable databases, and establishing clear
inclusion/exclusion criteria (Krnic Martinic et al., 2019). This method ensures the selection
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of relevant publications, contributing to a thorough and focused examination of the
relationship between sustainable development and soil health in the context of societal and
technological evolution.

3. RESULTS AND DISCUSSION

3.1. Soil Biodiversity

Ensuring biodiversity in the soil is crucial for upholding a robust quality assurance system
in the market and, consequently, delivering products of superior quality (Krauss &
Krishnan, 2022). The diverse microbial communities and organisms within the soil are a
key indicator of soil health, influencing crops’ nutritional content and overall vitality (Naz
etal.,, 2022). This biodiversity enhances ecosystems’ resilience and contributes to producing
healthier and more nutritious agricultural products (De Garine-Wichatitsky et al., 2021). In
the context of market demands and quality standards, a flourishing soil microbiome
becomes integral to sustainable agriculture (Jayaraman & Dalal, 2022). By recognizing the
link between soil biodiversity and product quality, stakeholders can implement practices
that support a thriving ecosystem, fostering environmental sustainability and producing
goods that meet high-quality standards in today’s competitive markets (Hou et al., 2020).

Producers play a pivotal role in the agricultural landscape, where their activities encompass
cultivating and producing a wide range of farm products (Bethwell et al., 2022). These
products form the backbone of our food supply, ranging from staple crops like rice and
wheat to various fruits, vegetables, and livestock (Yu & Pedroso, 2023). Producers engage
in many tasks, from sowing seeds and tending to crops to raising animals and harvesting
their produce (Agathokleous et al., 2021). Their efforts are aimed to meet the demand for
food and ensure the quality, safety, and sustainability of these products. In today’s
increasingly complex agricultural sector, producers face the challenge of balancing
productivity with environmental stewardship as consumer preferences evolve toward
healthier and more sustainable choices (Naamala & Smith, 2020). Consequently, modern
agricultural producers must adopt innovative and environmentally responsible practices to
produce products that satisfy the market’s needs and contribute to the planet’s well-being
and its inhabitants (Ghobakhloo et al., 2021).

Guarantee systems are integral in ensuring the quality and sustainability of agricultural
products (Mondejar et al, 2021). These systems involve the development of specific
indicators that serve as prerequisites for maintaining product quality and supporting
environmental conservation (lkram et al., 2021). These indicators encompass various
criteria, from pesticide use and soil health to water management and biodiversity
preservation (Guo, 2021). By establishing these indicators as stringent requirements,
guarantee systems aim to create a framework where agricultural practices align with
product quality and environmental stewardship (Albaladejo et al., 2021). This dual focus
benefits consumers and improves ecosystems’ long-term health (Keesstra et al., 2018).

In the modern market, consumers are increasingly discerning regarding their food choices
(Ballco & Gracia, 2022). The market serves as the platform for informed consumers to
prioritize health and sustainability (R. Wang et al., 2023). These intelligent consumers are
keenly aware of the significance of their choices in influencing agricultural practices (Mesias
et al, 2021). They seek products that satisfy their nutritional needs and align with their
values and principles, such as supporting eco-friendly and ethical production methods
(Saraiva et al., 2021). In this dynamic marketplace, producers and guarantee systems are
incentivized to meet the evolving demands of these discerning consumers, thus driving
positive changes in the agricultural sector (Chalupova et al., 2020).
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Agriculture has historically played a fundamental role in meeting the nutritional needs of
humanity, with soil serving as its cornerstone (Toor et al., 2021). The ground provides the
essential nutrients and support necessary for the growth of crops and the raising of
livestock (Sekaran et al,, 2021). However, it is crucial to recognize that the sustainability of
agriculture is inextricably linked to soil health (Irawan et al., 2023). Soil degradation can
compromise the ability of agriculture to fulfill human nutritional needs (Nunes et al., 2020).
Therefore, it becomes imperative to implement practices that maintain and enhance soil
health, ensuring the continued provision of nutritious food for the global population
(Kopittke et al.,, 2019). In essence, the nexus between agriculture, soil health, and human
nutrition underscores soil’s vital role in sustaining human life and well-being (Ruppel,
2022).

3.2. Soil and Agriculture

Soil is an intricate and dynamic composition of various elements, including organic matter,
minerals, gases, liquids, and many organisms, all coexisting to sustain life on our planet
(Mohanty et al.,, 2021). Earth’s expansive body of soil, often called the “pedosphere,” is the
foundational bedrock for numerous vital functions indispensable to the natural world
(Lybrand, 2023). Understanding these functions is critical to appreciating soil’s profound
role in our environment (Wang et al., 2020).

The foremost function of soil is to serve as a nurturing medium for plant growth (Rajput et
al,, 2022). Its physical structure and chemical composition support many plant species,
enabling their roots to anchor securely and access vital nutrients and water (Kalaivanan et
al., 2023). In essence, soil acts as Earth’s green cradle, facilitating the growth of vegetation
that forms the basis of terrestrial ecosystems, making it a fundamental component of our
biosphere (Johnson et al,, 2022).

Moreover, soil plays a pivotal role in Earth’s hydrological cycle (Reichstein & Carvalhais,
2019). It serves as a reservoir for water, storing and releasing it as needed. Soil regulates
the flow of water and purifies it as it percolates through, removing impurities and ensuring
groundwater quality (Irawan, 2023a). This function is vital for maintaining the availability
of freshwater resources and sustaining life both above and below the ground (Baggio et al,,
2021).

Beyond its roles in plant growth and hydrology, soil profoundly influences Earth’s
atmosphere (Singha & Navarre-Sitchler, 2022). It modifies atmospheric composition
through processes like carbon sequestration and the release of greenhouse gases (Yoro &
Daramola, 2020). Soil’s ability to capture and store carbon is of particular significance in the
context of climate change mitigation (Bossio et al., 2020). Furthermore, soil and atmosphere
interactions are crucial in weather patterns and climate regulation (Coban et al., 2022).

Lastly, soil is a dynamic habitat for a diverse range of organisms (van Leeuwen et al., 2019).
From microscopic bacteria to larger mammals, countless species find their homes and
sustenance within the soil’'s complex microcosm (Hoss et al, 2021). These organisms
contribute to soil fertility, nutrient cycling, and overall ecosystem health, making soil a
thriving hub of biodiversity (Sofo et al,, 2022). In essence, the multifaceted functions of soil
encompass its role as a nurturing medium, a hydrological regulator, an atmospheric
influencer, and a bustling habitat, collectively making it an indispensable component of
Earth’s intricate web of life (Dharmawan et al., 2023).
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3.3. Principles of Soil in Crop Production and Good Agriculture Practice

Crop production is a cornerstone of global agriculture, serving as the primary source of food,
fiber, and various essential products (Aly & Borik, 2023). It encompasses cultivating and
harvesting crops like grains, fruits, vegetables, and legumes (Rejekiningrum et al., 2022).
Crop production success is contingent upon adherence to guidelines known as Good
Agriculture Practices (GAPs) (Sun & van der Ven, 2020). These practices are principles and
methods designed to optimize crop yield, minimize environmental impact, and ensure the
safety and quality of agricultural products (Richard et al,, 2022). GAPs encompass various
aspects of farming, from soil management to pest control, irrigation, and post-harvest
handling (Singh et al., 2022). By following GAPs, farmers can enhance their crop production
processes’ sustainability, efficiency, and safety (Ashraf et al., 2021).

Land and soil management are pivotal components of sustainable agriculture (Visser et al.,
2019). Adequate land and soil management strategies are essential for maintaining soil
fertility, preventing erosion, and preserving ecosystem health (Mehmet Tugrul, 2020).
General land and soil management principles include crop rotation, conservation tillage,
cover cropping, and applying organic matter such as compost or manure (Khmelevtsova et
al., 2022). These practices help improve soil structure, enhance nutrient retention, and
reduce the need for chemical inputs (Sarkar et al., 2020). Furthermore, land requirements
for agriculture must be carefully considered to balance food production with environmental
preservation (Serra-Majem et al, 2020). Responsible land use planning ensures that
agricultural expansion does not lead to deforestation, habitat destruction, or soil
degradation, promoting a more sustainable and harmonious coexistence between
agriculture and the environment (Hariram et al., 2023).
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Figure 1. General principles of the sustainable management system

Crop production, guided by Good Agriculture Practices, is the linchpin of food security and
livelihoods worldwide (Tirado et al., 2022). Adequate land and soil management, based on
general principles, is essential for maintaining the health and productivity of agricultural
ecosystems (Teague & Kreuter, 2020). Balancing land requirements for agriculture with
broader environmental concerns is crucial for ensuring that agriculture remains a
sustainable practice that can meet the growing demands of a global population while
safeguarding the planet’s natural resources (Movilla-Pateiro et al., 2021).
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A sustainable management system in agriculture is rooted in a profound respect for nature’s
intricate systems and cycles (Irawan, 2023b). It encompasses the careful stewardship and
enhancement of vital elements like soil, water, and air, as well as the health of plants and
animals while maintaining a delicate balance between them (Almusaed et al., 2023). Central
to this approach is a comprehensive soil management plan that involves a thorough
assessment and thoughtful management of soil resources (Debeljak et al, 2019). This
process entails identifying and implementing measures to increase soil organic matter,
enhance on-farm nutrient recycling, and optimize soil moisture levels (McLennon et al,,
2021). Farmers aim to preserve or enhance soil fertility and nutrient content through these
practices, ultimately ensuring the long-term productivity and sustainability of agricultural
systems (Richard et al.,, 2022). Such an integrated approach safeguards the environment
and contributes to improved crop yields, healthier ecosystems, and a more resilient
agricultural sector (Bindraban et al., 2020).

3.4. Soil Biodiversity Benefit

Soil biodiversity offers many benefits that ripple through our environment and well-being.
Firstly, healthy soil, rich in biodiversity, is a linchpin for ecosystem health (Polistina, 2022).
A diverse community of soil microorganisms and macroorganisms work in tandem to
maintain nutrient cycles, support plant growth, and safeguard against soil-borne diseases
(Afridi et al., 2022). This intricate web of life beneath our feet contributes to terrestrial
ecosystems’ overall vitality and resilience (Li et al., 2022). Moreover, soil is a crucial medium
for plant growth, providing essential nutrients and physical support (Taugeer et al., 2022).
The diversity of soil organisms contributes to nutrient availability and soil structure, which,
in turn, sustains healthy plant life and drives agricultural productivity (Saleem et al., 2019).
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Figure 2. Soil biodiversity benefit

The impact of soil biodiversity extends beyond ecosystems and agriculture, directly
affecting human health and our food quality. Soil teeming with diverse life produces crops
that are more abundant and nutritionally superior (Anderson et al., 2023). Nutrient-rich
food, in turn, promotes human health and well-being (Irawan et al., 2023). Furthermore,
soil biodiversity plays a pivotal role in water purification (Bach et al,, 2020). As water
percolates through the soil, diverse communities of microorganisms help filter out
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impurities and contaminants, effectively purifying the water (Mwamburi, 2022). This
natural purification process enhances the quality of groundwater and surface water,
benefiting both ecosystems and human populations (Szklarek et al.,, 2022). Finally, soil
biodiversity is crucial in climate change mitigation and adaptation (Morecroft et al., 2019).
One effective mitigation strategy involves increasing the organic matter content in the soil
(Lehmann etal., 2020). This strategy not only sequesters carbon, mitigating greenhouse gas
emissions but also enhances soil structure and water-holding capacity, aiding in adaptation
efforts to combat the impacts of climate change (Gonzalez-Sanchez et al., 2021). In essence,
the richness of soil biodiversity underscores its fundamental role in sustaining the health of
our ecosystems, our food supply, the quality of our water, and our collective endeavors to
address climate change challenges (Shostak, 2022).

3.5. Soil Biodiversity and Human Health

The intricate relationship between soil biodiversity and human health underscores the
profound influence of our environment on our well-being (Were et al, 2022). This
connection can be dissected into several key facets that highlight soil biodiversity’s vital role
in shaping our health and nutrition (Lazarova et al,, 2021). The intricate world of soil
biodiversity is a vital but often overlooked component of our ecosystem that profoundly
impacts human health (Costantini & Mocali, 2022). Soil is a complex living system, teeming
with many microorganisms, fungi, insects, and other organisms that interact in ways critical
to soil health (Yatoo et al., 2020). These tiny organisms are crucial in nutrient cycling,
decomposition, and soil structure formation (Dai et al, 2021). Consequently, soil
biodiversity directly influences the quality of the food we grow and consume, thus, our
overall well-being (Bach et al., 2020).

Nutrient-rich soil contributes to the production of nutrient-dense food (Barker & Stratton,
2020). Firstly, the diversity of life within healthy soil cultivates an environment where an
array of nutrients becomes readily available to plants (Ikkonen et al., 2021). As a result,
crops grown in such soil tend to be not only more abundant but also more nutritionally rich
(Montgomery & Biklé, 2021). This direct correlation between soil biodiversity and the
quality of agricultural products underscores the critical importance of maintaining diverse
soil ecosystems for human health (de Graaff et al.,, 2019). Nutrient-dense food, in turn,
contributes to improved human health, providing essential vitamins and minerals that are
vital for our well-being (Gbenga-Fabusiwa et al., 2022).

The Gut Microbiome Connection. Another intriguing aspect of the soil-human health
relationship is the correlation between soil microbiomes and the human gut microbiome
(Maji etal, 2022). Emerging research suggests that exposure to diverse soil microbiota may
positively impact the composition of our gut microbiome (Blum et al., 2019). A balanced and
diverse gut microbiome is increasingly recognized as a critical factor in maintaining human
health, influencing aspects ranging from digestion to immunity (Gomaa, 2020). The intricate
connection between soil and gut microbiomes highlights how soil biodiversity can
indirectly shape our internal ecosystems, potentially influencing our susceptibility to
various health conditions (Sbihi et al., 2019).

Soil Bioremediation and Environmental Health. Additionally, soil biodiversity plays a
critical role in bioremediation, a process where certain microbes, macro-, and microfauna
contribute to reducing soil contamination (Tegene & Tenkegna, 2020). This
environmentally beneficial process supports healthier soil ecosystems and has implications
for human health by mitigating exposure to harmful contaminants (Urra et al, 2019).
Bioremediation is a powerful tool for improving environmental and human health by
harnessing the natural cleaning abilities of soil organisms (Kour et al., 2021).
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The correlation between soil biodiversity and human health is intricate and emphasizes the
crucial role of preserving and enhancing soil ecosystems (Saleem et al, 2019). This
connection manifests in various ways, ranging from the nutritional quality of food produced
in diverse soils to the intricacies of the gut microbiome (Trivedi et al., 2021). Soil serves as
the fundamental source of nutrients for plants, and the richness of its biodiversity directly
influences the nutritional content of crops consumed by humans (Yadav et al., 2021).
Furthermore, the intricate relationship extends to soil bioremediation, where diverse
microbial communities contribute to detoxifying soil contaminants (Wang et al., 2022). This
interplay serves as a poignant reminder of the profound connection between humans and
the natural world, highlighting the far-reaching implications of soil health on our overall
well-being (Martin et al., 2020). Recognizing and fostering soil biodiversity not only ensures
the sustainability of ecosystems but also holds the potential to positively impact human
health, making it imperative to prioritize the preservation and enhancement of soil
ecosystems in our pursuit of holistic well-being (Yin et al., 2022).

4. CONCLUSION

The correlation between soil biodiversity and human health is complex and multi-
dimensional. Maintaining healthy soil ecosystems, known for nutrient-rich content,
contributes to the production of nutritious food, positively impacting human health and
nutrition. The fascinating link between soil microbiomes and the human gut microbiome
underscores the potential influence of soil biodiversity on our internal ecosystems.
Additionally, soil biodiversity plays a crucial role in bioremediation, with environmental
and human health implications by reducing soil contamination. These findings emphasize
the interconnectedness of our environment and health, underscoring the importance of
preserving and enhancing soil ecosystems. Promoting organic farming methods, minimizing
soil disturbance, and reducing chemical inputs can help maintain and enhance soil
biodiversity. Public awareness campaigns can also educate individuals about the
importance of healthy soil for their well-being. Policy initiatives should promote sustainable
agricultural practices, prioritizing soil health and biodiversity. Incentives for farmers
adopting environmentally friendly practices can be a practical approach. Policymakers
should also consider integrating soil health assessments into broader environmental and
health policies to ensure a holistic approach to well-being. While significant progress has
been made in understanding the link between soil biodiversity and human health, further
research is needed to explore the nuances of this relationship. Long-term studies assessing
the impact of soil management practices on human health outcomes and in-depth
investigations into the mechanisms connecting soil and gut microbiomes are essential for
comprehensive insights. Such research will aid in developing evidence-based policies and
practices that promote human health through preserving and enhancing soil biodiversity.
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