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Abstract

Environmental pollution and declining agricultural productivity have become major global challenges
due to rapid industrialization, intensive farming practices, and excessive use of chemical inputs. These
factors have led to soil degradation, water contamination, biodiversity loss, and reduced crop yield.
Conventional agricultural and environmental management practices often fail to provide sustainable
solutions due to their harmful ecological impacts. In this context, green chemical technologies have
emerged as eco-friendly alternatives that enhance agricultural productivity while minimizing
environmental damage. These approaches not only reduce dependency on synthetic fertilizers and
pesticides but also promote long-term soil health and ecosystem stability. They support the restoration of
natural nutrient cycles and improve microbial activity in soil systems. Moreover, green technologies
contribute to reducing greenhouse gas emissions associated with conventional agricultural practices.
Their adoption is also crucial for improving food safety by minimizing toxic residues in agricultural
produce. This review highlights major pollution sources affecting agriculture, the role of green chemistry
in sustainable farming, key technological approaches, and prospects for environmental protection and
food security.
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1.Introduction

Environmental pollution caused by rapid
industrialization, urban expansion, mining activities,
and intensive agricultural practices has significantly
affected natural resources and agricultural
ecosystems across the world. Continuous release of
industrial effluents, greenhouse gases, and
agrochemical residues into the environment has led
to serious degradation of air, water, and soil quality. In
particular, the excessive and often unregulated use of
synthetic fertilizers, chemical pesticides, herbicides,
and fungicides in modern agriculture has resulted in
long-term soil deterioration, nutrient imbalance, and
accumulation of toxic residues in the food chain [1,2].
These pollutants not only reduce soil fertility but also
disrupt microbial diversity, weaken soil structure,
and impair essential biochemical processes required
for healthy plant growth. In addition to soil
degradation, contamination of surface and
groundwater resources due to agricultural runoff and
industrial discharge has emerged as a major global
concern. Polluted irrigation water introduces heavy
metals, nitrates, phosphates, and persistent organic
pollutants into agricultural fields, further
exacerbating soil and crop contamination. This
ultimately affects crop quality, yield stability, and food
safety, posing significant risks to human health and

ecosystem stability. Furthermore, air pollution
caused by industrial emissions and burning of
agricultural residues contributes to climate
variability, which directly influences crop
productivity and agricultural sustainability [3,4].

The increasing global population and rising demand
for food have placed additional pressure on
agricultural systems to enhance productivity and
efficiency. As a result, farming practices have become
more intensive and heavily dependent on chemical
inputs, often without adequate consideration of their
long-term environmental consequences. This
unsustainable approach has accelerated land
degradation, reduced biodiversity, and increased
vulnerability of agro-ecosystems to climate change
and pest outbreaks. Therefore, there is a growing
need to shift from conventional high-input
agriculture toward more sustainable and
environmentally friendly practices that can ensure
both productivity and ecological balance, the
development and adoption of green chemical
technologies offer promising solutions for addressing
these challenges. Such approaches aim to reduce or
eliminate the use of hazardous chemicals in
agriculture while maintaining or improving crop
productivity.
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By integrating eco-friendly inputs, biological
alternatives, and sustainable management practices,
it is possible to restore soil health, enhance nutrient
cycling, and reduce environmental contamination.
Therefore, sustainable and eco-friendly approaches
are essential to balance agricultural productivity with
long-term environmental protection and food
security.

2. Environmental Pollution and Agricultural
Impact

Pollution in agriculture mainly arises from chemical
fertilizers, pesticides, industrial waste, and irrigation
with contaminated water. These pollutants lead to
soil acidification, nutrient imbalance, and
accumulation of toxic residues in crops [5,6]. Water
pollution further affects irrigation quality, while air
pollution influences plant growth and
photosynthesis. Over time, these factors reduce soil
fertility and crop yield, threatening long-term
agricultural sustainability [7,8].

3.Green Chemical Technologies in Agriculture
Green chemical technologies focus on reducing or
eliminating hazardous substances in agricultural
practices. These include biofertilizers, biopesticides,
organic amendments, and environmentally friendly
synthesis of agrochemicals [9,10]. These approaches
improve soil health, enhance nutrient availability, and
reduce dependency on synthetic chemicals. Green
chemistry principles promote safer production,
reduced toxicity, and improved biodegradability of
agricultural inputs [11,12].

4. Role of Sustainable Inputs in Productivity
Enhancement

Biofertilizers such as nitrogen-fixing bacteria and
phosphate-solubilizing microorganisms improve
nutrient uptake and soil fertility. Biopesticides
derived from natural sources help control pests
withoutharmingbeneficial organisms [13,14].

Organic farming practices and compost-based
fertilizers enhance soil structure and microbial
activity, resulting in improved crop yield and
resilience against environmental stress [15,16].

5.Mechanisms of Green Chemical Action

Green chemical technologies work through biological
nitrogen fixation, enzymatic degradation of
pollutants, and natural pest suppression
mechanisms. Microbial interactions improve nutrient
cycling, while plant-based compounds exhibit
antimicrobial and insecticidal properties [17,18].
These mechanisms reduce chemical load in the
environment and support sustainable crop
production systems.

6.Applicationsin Sustainable Agriculture

Green technologies are widely used in organic
farming, precision agriculture, integrated pest
management, and soil restoration programs. They are
also applied in irrigation management and post-
harvest protection to reduce chemical residues in
food products [19,20]. These applications contribute
to improved food safety and environmental
conservation.

7.Environmental and Health Benefits

Green chemical technologies reduce soil and water
contamination, improve biodiversity, and minimize
exposure to toxic chemicals for farmers and
consumers. They also reduce greenhouse gas
emissions associated with synthetic fertilizer
production and usage, contributing to climate change
mitigation [1,2].

8.Challenges and Future Prospects

Despite their advantages, green technologies face
challenges such as high initial cost, limited awareness
among farmers, variable field performance, and lack
of large-scale adoption. Future research should focus
on improving efficiency, scalability, and integration
with modern technologies such as Al and precision
farmingtools [3,4].

Table 1: Major Sources of Environmental Pollution Affecting Agriculture and Their Impacts

Pollution Source Examples
SO, NOx, heavy metals
Fertilizers, pesticides, herbicides
Sewage, plastics, landfill leachate
Chemical discharge, dyes

Crop residue burning

Industrial emissions
Agricultural chemicals
Urban waste
Industrial effluents
Biomass burning

Environmental Impact
Air and soil contamination
Soil and water pollution
Water pollution, microplastics
Water ecosystem damage
Air pollution, greenhouse gases

Impact on Agriculture
Reduced photosynthesis, soil toxicity
Soil degradation, crop residue toxicity
Irrigation water contamination
Reduced soil fertility, crop stress
Climate stress on crops

Table 2: Green Chemical Technologies and Their Applications in Sustainable Agriculture

Green Technology
Biofertilizers
Biopesticides

Organic fertilizers
Green synthesis agrochemicals
Precision agriculture

Description
Microbial-based nutrient sources
Natural pest control agents
Compost, manure-based inputs
Eco-friendly chemical production
Smart farming technologies

9. Conclusion

Nitrogen fixation, soil enrichment
Pest and disease management

Safer crop protection chemicals

Application in Agriculture Key Benefit
Improves soil fertility naturally
Reduces chemical pesticide use
Enhances soil structure and health
Reduces toxicity and residues

Minimizes fertilizer and water waste

Soil nutrient supply

Efficient resource use

Environmental pollution and declining agricultural productivity are closely linked challenges that
require sustainable solutions. Green chemical technologies offer effective and eco-friendly
alternatives that enhance soil health, improve crop productivity, and reduce environmental damage.
Continued research and innovation in this field will be essential for achieving sustainable agriculture

and long-term food security.
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