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Abstract

The discipline of soil science is presently at a crucial stage, influenced by a combination of
global challenges such as climate change, land degradation, biodiversity loss, rapid population
growth, and the increasing demand for food and energy resources. These emerging concerns
have expanded the significance of soil science in ensuring environmental sustainability and
global food security. In recent years, remarkable advancements in technologies such as remote
sensing, geographic information systems (GIS), nanotechnology, and digital soil mapping have
transformed the study of soil properties and processes. These modern tools enable scientists to
analyse soils from multiple perspectives with greater precision and efficiency.

Furthermore, the integration of data science, artificial intelligence, and machine learning
techniques has opened new opportunities for predictive soil mapping and advanced land-use
planning. Such innovations support faster and more accurate decision-making in agriculture,
ecosystem management, and natural resource conservation. Soil science is also increasingly
adopting interdisciplinary and transdisciplinary approaches, emphasizing its strong connection
with climate science, hydrology, microbiology, engineering, and computer science. This
collaborative approach enhances the understanding of complex environmental interactions and
promotes sustainable solutions for future challenges.

At the same time, ecosystem management strategies are shifting towards comprehensive
adaptation and mitigation measures aimed at restoring degraded lands and protecting fragile
ecosystems. Global cooperation and scientific collaboration are becoming essential to address
issues related to climate change, biomass degradation, and sustainable resource utilization.
Alongside modern scientific advancements, equal importance is being given to the integration
of traditional knowledge systems with contemporary research methods. The combination of
indigenous practices and innovative technologies can contribute significantly to sustainable
soil management and environmental conservation in the face of rapidly changing global
conditions.
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Introduction services arise from the interaction of

o different soil functions with other
Soils, like other valuable natural resources, , _
. components of the Earth’s environment,
are regarded as a form of natural capital ) ; ;
L . resulting from the complex relationship
because they play a significant role in . ) .
o : between living organisms and non-living
providing ecosystem services (ES). These
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elements. Ecosystem services are generally
classified into four categories:
provisioning, regulating, supporting, and
cultural services. Provisioning services
include products obtained from ecosystems
that possess economic value, such as food,
fibre, feed, and fuel. Regulating services
refer to the benefits gained from the control
and balance of ecosystem processes,
including climate regulation, flood control,
and disease management. Supporting
services assist the functioning of other
ecosystem services through processes like
nutrient cycling, water cycling, biomass
production, soil formation, and soil
retention. Cultural services provide non-
material benefits to humans, including
recreation, aesthetic enjoyment, spiritual
fulfilment, and cultural development.

Soils interact closely with the lithosphere,
atmosphere, hydrosphere, and biosphere,
making them an essential part of all
ecosystems. Because of this interconnected
nature, soils must be studied through
interdisciplinary and transdisciplinary
approaches. They contain immense
biodiversity that governs numerous
ecosystem functions across different
landscapes and supports everyday human
activities. Soils serve as the foundation for
plant growth, food production, and the
supply of raw materials used in industries
and pharmaceuticals. Since human use
greatly influences soil existence and
quality, soils are considered conditionally
renewable resources, and their management
depends on the ecosystem services they
provide.

In recent years, soils have faced serious
environmental challenges due to climate
change and increasing human activities,
threatening future food security. Declining

soil fertility and rising greenhouse gas
emissions can disturb the balance between
soil, water, air, and plants. Moreover, soils
act as the largest terrestrial carbon reservoir,
but improper management can transform
them into significant sources of greenhouse
gases. Rapid agricultural expansion and
unsustainable farming practices have
intensified soil degradation, reducing
overall soil quality and value. Harmful
agricultural methods negatively affect soil
organisms, microbial biomass, and soil
carbon while increasing issues such as
compaction, acidification, salinity, and
erosion. Ecosystem services related to soil
provisioning, regulation, and cultural
importance are particularly at risk in
intensively managed areas, emphasizing the
need for sustainable land management
practices. The restoration of degraded
ecosystems can help revive soil health and
strengthen its contribution to ecosystem
services.

Relevance of soils and SDGS

The United  Nations Sustainable
Development Goals (SDGs), established in
2015, are directed towards ensuring
sustainable utilization of natural resources,
eliminating hunger, promoting equality, and
providing quality education for everyone.
The successful accomplishment of many
SDGs depends greatly on the efficient
functioning of soil-water systems. Certain
goals are directly linked with soils, whereas
others are connected indirectly. For
instance, SDG 2 aims to eradicate hunger
and ensure food security by improving the
nutritional quality of food crops and
encouraging sustainable agriculture. This
objective extends beyond agronomy and
also involves social, economic, and
political dimensions. Achieving this goal
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requires cooperation among more than
twenty different disciplines.

SDG 3 focuses on ensuring healthy lives
and well-being for people of all age groups.
This goal also relies on soil scientists for
effective  fertilizer ~management and
balanced nutrient utilization. SDG 6
emphasizes sustainable water management
and proper sanitation for all. Soils
contribute significantly by acting as natural
filters that remove pollutants and toxic
substances from the environment. SDG 13
highlights the wurgent need to address
climate change and reduce its impacts.
Since agriculture contributes to greenhouse
gas (GHG) emissions, it also plays an
important role in minimizing these
emissions through suitable mitigation
strategies. Furthermore, SDG 15 stresses
the protection, restoration, and sustainable
use of terrestrial ecosystems, improved
forest ~management, prevention of
desertification, and reversal of land
degradation to conserve biodiversity. One
of the initial steps towards achieving these
SDGs is to bring together soil scientists to
develop soil-water-plant-atmosphere
(SWAP) models, identify soil functions that
support ecosystem services, and encourage
interdisciplinary collaboration.

Soil  ecosystem services (ES) are
fundamental to nutrient cycling, pollutant
buffering, food production, and reduction
of poverty. The quantity and quality of these
ecosystem services depend on factors such
as soil formation, parent material,
topography, living organisms, and climate.
Provisioning services ensure the supply of
food, fibre, timber, and raw materials for
human society. These services are
supported by soil organisms, often called
“ecosystem engineers,” which participate in

soil-forming processes and help develop
essential soil properties required for organic
matter decomposition, nutrient cycling, soil
biomass

structure  formation, and

production.

The regulatory functions of soil ecosystem
services help maintain forest, agricultural,
and urban ecosystems. Forests provide
numerous benefits including fruits, berries,
timber, medicinal plants, oxygen, and
water, all of which are directly or indirectly
dependent on soils. In return, forests protect
soils by serving as ground cover, reducing
erosion caused by wind and water, and
storing carbon through the accumulation of
leaf litter.

Challenges In Achieving Sustainable
Food Production: A Soil’s Perspective

Soil degradation as a natural resource takes
place due to a combination of
interconnected factors such as interactions
between climate and living organisms, bio-
physical and socio-economic processes,
along with natural as well as human-
induced disturbances. Declining soil
quality directly influences human nutrition
because it reduces both the quantity and
quality of agricultural production (IRP
2019). One of the major causes behind the
decline in soil biodiversity is the loss of soil
organic matter (SOM). This loss mainly
results from unsuitable land management
practices, removal of fertile topsoil through
overgrazing, deforestation, land clearing,
and forest fires. In addition, soil salinity
caused by excessive use of low-quality
irrigation water and inadequate drainage
systems also contributes significantly to
soil degradation. Rapid urbanization and
expansion of cities increase competition for
natural resources such as land, which can

Received: 24-07-2025 | Accepted: 03-09-2025 | Published: 10-09-2025 | www.ijeml.com 54



INTERNATIONAL JOURNAL OF ECONOMIC SOCAL SCIENCE AND MANAGEMENT LAW

Peer Reviewed, Referred & Indexed]Journal
E-ISSN:3070-0558
VOL.6, NO.3 (2025)

seriously threaten future food security. The
growing demand to feed an increasing
population further weakens the soil’s ability
to maintain crop productivity. Changes in
land use may shift agricultural activities
from semi-urban and rural regions towards
marginal lands. Such pressure also
increases the exploitation of irrigation
resources, lowers groundwater levels, and
restricts both crop production and
alternative agricultural opportunities.

Furthermore, the worldwide rise in
atmospheric temperature due to increasing
greenhouse gas (GHG) emissions has
intensified the problem. Higher
temperatures can alter crop phenology,
decrease pollen viability, raise respiration
rates, and shorten grain-filling duration,
ultimately reducing crop biomass and
yields (Ahmed et al., 2018). Important food
crops such as wheat, rice, maize, and
soybean, which together contribute over
67% of global calorie intake, are now
highly vulnerable to global warming.
Studies estimate that an increase of 1°C in
temperature may reduce global wheat
production by about 6%, rice by 3%, maize
by 7.4%, and soybean by 3.1% (Zhao et al.,
2017). Among these crops, sorghum is
expected to experience the least impact,
with production varying within 5% of
present levels. Root crops such as potato,
sweet potato, and cassava are also predicted
to be comparatively less affected, with
yields ranging between 10% and 15%.
Rising temperatures may promote biomass
production while simultaneously reducing
soil organic carbon (SOC) accumulation
because of enhanced microbial
decomposition (Keestrea et al., 2016).
Experimental evidence also indicates a
positive land-carbon feedback mechanism,

where increasing temperatures lead to
greater release of soil carbon into the
atmosphere, thereby accelerating climate
change (Crowther et al., 2016).

Soil contamination caused by excessive
concentrations of heavy metals, residues of
agrochemicals, industrial discharges, and
urban wastes in agricultural lands interferes
with the breakdown of soil organic matter,
suppresses microbial activity, and disrupts
nutrient cycling. As a result, soil fertility
and crop productivity decline. These
pollutants can enter the food chain and
accumulate at higher trophic levels,
becoming a serious threat to animals as well
as humans. Soil pollution may also arise
from the use of contaminated irrigation
water. Therefore, the utilization of
municipal  sewage and  industrial
wastewater for agriculture must be
carefully evaluated. Recycled wastewater is
increasingly being considered in regions
where groundwater quality is poor. Soil
salinization, another form of land
degradation, creates nutrient imbalances
and ion toxicity that hinder plant growth
and reduce crop yields. Although these
challenges are extensive, developing an
effective framework to identify and
implement solutions should remain the
foremost priority.

Climate Change and Adaptations to
Food Security

Adaptation and mitigation are two major
approaches used to protect food security
from the impacts of climate change.
Agricultural adaptation strategies include
modifying sowing schedules, improving
post-harvest storage systems, choosing
climate-resilient crop varieties, efficient use
of agricultural inputs, and adopting water
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harvesting techniques. Crop diversification
and enhancement of on-farm biodiversity
are also effective methods for maintaining
stable crop yields. In developing nations,
small-scale farmers may gain support
through weather-indexed crop insurance
programs. Although adaptation remains the
primary response to climate change, several
mitigation measures also hold significant
potential. Practices such as agroforestry,
organic farming, and sustainable land
management are important mitigation
options. Farmers can improve profitability
agroforestry with
adopting

by integrating
leguminous  fodder  crops,
intercropping  systems, implementing
region-specific ~ crop  rotations, and
mechanizing farming operations along with
crop residue retention or incorporation.
These practices contribute to the three key
objectives of climate-smart agriculture:

adaptation, mitigation, and food security.

Organic farming 1is another important
production system that helps store carbon in
soils. It reduces dependence on synthetic
fertilizers, which are considered
environmental pollutants and major
contributors to emissions of greenhouse
gases such as NOz, CO2, and CHs in
agriculture.  Organic  methods  also
encourage recycling and reuse of
agricultural waste, thereby lowering the
carbon footprint of farming activities.
Sustainable land management, as both an
adaptation and mitigation strategy, can help
reduce or reverse land degradation while
increasing soil carbon storage, improving
agricultural productivity, and ensuring food
security for future generations. Proper
grazing management practices can further
decrease soil erosion and nutrient depletion
by enhancing soil cover, retaining crop

residues, and promoting conservation
tillage.

Changes in food consumption habits and
reduction of food waste can also
significantly lower carbon emissions, with
the potential to reduce around three
gigatonnes of CO: equivalents by 2030.
However, the adoption of recommended
adaptation and mitigation measures often
faces socio-economic, agro-ecological,
financial, and political challenges. Farmers
commonly encounter problems such as
weak extension services, poor community
organization, inadequate market and supply
chain infrastructure, expensive farm inputs,
insecure land tenancy, and exploitation, all
of which hinder the acceptance of
alternative  practices. While  policy
development and institutional reforms are
largely  beyond  farmers’  control,
institutional ~ systems can  still be
strengthened to better support small-scale
farmers.

Present adaptation and mitigation strategies
alone may not be sufficient to cope with
future climatic uncertainties and the
increasing global demand for food.
Therefore, developing high-yielding crop
varieties that are tolerant to biotic and
abiotic stresses and enriched with better
nutritional quality is essential for ensuring
global food security. Effective research and
governance efforts should involve all
stakeholders, including local communities,
organizations, and government bodies.

Conclusion

Soils play a vital role in ecosystem services
through their various functions, which
influence biomass production,
environmental sustainability, and human
welfare. These functions are affected by
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factors such as vegetation, climate, water
availability, pests, and land management
practices. An interdisciplinary approach is
necessary to understand soil-ecosystem
relationships and to recognize soils as
living systems. Modern pedological studies
should emphasize the impact of soil
management and land-use history on soil
classification. Effective integration of soil
functions with ecosystem services requires
continuous interaction, shared learning, and
stronger collaboration between  soil
scientists, landowners, and policy makers.
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