
 

 

 
Agri Articles 

(e-Magazine for Agricultural Articles)  

Volume: 06, Issue: 04 (JULY-AUG, 2026) 
Available online at http://www.agriarticles.com  

Agri Articles, ISSN: 2582-9882 
 

 

Agri Articles ISSN: 2582-9882 Page 873 

Plastics in Agriculture 
*
P M Ruthra Priya 

J. K. K. Munirajah College of Agricultural Science, T. N. Palayam 
*
Corresponding Author’s email: hpyadyppah553@gmail.com

  

 

lastics have become an integral component of modern agriculture, significantly 

improving crop productivity, water-use efficiency, post-harvest storage, and food security 

through applications such as mulch films, greenhouse covers, drip irrigation systems, silage 

wraps, and nursery materials. Despite these benefits, the widespread use of conventional 

plastics has led to serious environmental concerns, including soil, water, and atmospheric 

pollution caused by the accumulation of persistent plastic waste and microplastics. These 

pollutants adversely affect soil fertility, microbial diversity, ecosystem health, and may 

ultimately enter the food chain, posing risks to both environmental and human health. This 

manuscript reviews the major applications of plastics in agriculture, their environmental 

impacts, emerging opportunities such as biodegradable plastics, smart agricultural 

technologies, circular economy approaches, and ongoing research in sustainable materials. It 

also discusses key challenges, including inadequate waste management infrastructure, 

economic constraints, regulatory gaps, and limited farmer awareness. Furthermore, the paper 

highlights the importance of policy interventions, technological innovations, recycling 

systems, farmer education, and international cooperation in promoting responsible plastic 

management. Achieving sustainable agricultural plastic use requires a balanced approach that 

maximizes agricultural benefits while minimizing environmental risks, ensuring long-term 

productivity, resource conservation, and ecosystem sustainability. 
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 Introduction 
Agriculture has undergone remarkable technological advancements to meet the growing 

global demand for food, fibre, and agricultural products. Among these innovations, plastics 

have become indispensable due to their durability, flexibility, lightweight nature, and cost-

effectiveness. They are extensively used in mulch films, greenhouse covers, drip irrigation 

systems, silage wraps, nursery trays, agrochemical packaging, and post-harvest storage. 

These applications improve crop productivity by conserving soil moisture, regulating soil 

temperature, enhancing water-use efficiency, reducing weed growth, minimizing post-harvest 

losses, and protecting crops from adverse climatic conditions. As a result, agricultural plastics 

have significantly contributed to increased farm productivity, improved resource-use 

efficiency, and enhanced food security, particularly in regions facing water scarcity and 

changing climatic conditions. Despite their numerous benefits, the extensive use of 

conventional plastics in agriculture has created serious environmental challenges. Most 

agricultural plastics are non-biodegradable and, when improperly managed, accumulate in 

agricultural soils and water bodies, where they gradually degrade into persistent microplastics 

and nanoplastics. These pollutants adversely affect soil fertility, microbial diversity, nutrient 

cycling, water quality, biodiversity, and may ultimately enter the food chain, posing risks to 
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environmental and human health. This manuscript reviews the major applications of plastics 

in agriculture, examines their environmental impacts, explores emerging opportunities such 

as biodegradable plastics, smart agricultural technologies, and circular economy approaches, 

and discusses the key challenges associated with plastic waste management. It further 

highlights sustainable strategies, including policy interventions, technological innovations, 

recycling infrastructure, and farmer awareness, to ensure the responsible use of plastics while 

safeguarding agricultural productivity and environmental sustainability. 

Plastic Uses in Agriculture  
Plastics serve a wide variety of functions in contemporary agricultural systems. Their 

applications can be broadly categorized into crop production, water management, storage, 

and input delivery systems.  

Mulching Films  

Plastic mulch films are among the most extensively used agricultural plastics globally. 

Applied to the soil surface around crops, they suppress weed growth, conserve soil moisture, 

regulate soil temperature, and reduce evaporation losses. Polyethylene (PE) mulch films are 

predominant, with an estimated over 1.2 million tonnes used annually in India alone. 

Biodegradable mulch films, typically made from poly lactic acid (PLA) or poly hydroxy 

alkanoates (PHA), represent a growing alternative, though their adoption remains limited by 

cost and performance barriers. Commonly in PLA plastic, microns measure either film 

thickness or microplastic particle size ranging from 10 to 100 microns for manufactured 

packaging films and 1to 5000 microns for fragmented particles and in PHA they are 150 to 

175 microns. 

Greenhouse and Tunnel Structures  

Plastic films and rigid polycarbonate panels are the primary materials used in greenhouse and 

polytunnel construction. These structures extend growing seasons, protect crops from adverse 

weather and pests, and enable year-round production in climates where outdoor cultivation 

would otherwise be impossible. Spain's Almería region often called the 'Sea of Plastic' hosts 

the world's largest concentration of greenhouses, covering over 30,000 hectares and 

supplying a significant portion of Europe's fresh vegetables.  

Irrigation Systems  

Drip irrigation and micro-sprinkler systems rely heavily on plastic components, including 

pipes, emitters, connectors, and fittings. These systems deliver water directly to plant root 

zones, dramatically improving water use efficiency compared to surface irrigation methods. 

The widespread adoption of drip irrigation  particularly in water-scarce regions has been one 

of the most impactful applications of plastics in sustainable agriculture.   

Silage and Storage  

Plastic wraps, covers, and bags are widely used to preserve silage (fermented fodder for 

livestock) and store harvested grain, fruits, and vegetables. Silage wrapping films maintain 

anaerobic conditions essential for fermentation and prevent spoilage, reducing post-harvest 

losses that can otherwise account for 30–40% of production in developing countries.  

Seedling Production and Nursery Systems  

Plastic pots, trays, plug cells, and nursery bags are standard tools in seedling propagation and 

transplant production. They enable controlled germination environments, facilitate 

mechanized transplanting, and allow precise management of growing media, nutrition, and 

irrigation.  

Agrochemical Packaging and Delivery  

Pesticide containers, fertilizer bags, and seed coating polymers represent another major 

category of agricultural plastic use. Coated seeds in which a polymer layer encapsulates seeds 

alongside nutrients or pesticides are increasingly common in precision agriculture, allowing 

for timed release of inputs at critical growth stages.  
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Environmental  Pollution 
The environmental consequences of agricultural plastic use are extensive and 

multidimensional. Pollution occurs across the entire life cycle of plastic products — from 

manufacturing and transport to application, degradation, and disposal.  

Soil Contamination  

Soil is the primary sink for agricultural plastic pollution. Residual plastic fragments from 

mulch films, greenhouse covers, and irrigation components accumulate in agricultural soils 

over successive growing seasons. Microplastics plastic particles less than 5 millimeters in 

diameter are of particular concern. Research has demonstrated that micro plastic 

contamination reduces earthworm populations, suppresses microbial diversity, disrupts 

nutrient cycling, and interferes with plant uptake of water and essential minerals. The long-

term implications for soil health and agricultural sustainability are profound. In India 87.57 

plastic pieces per kilogram of soil is observed studies across regional farmlands report.  

Water Pollution  

Agricultural plastics enter aquatic systems through surface runoff, wind transport, and 

drainage from contaminated fields. Micro plastics have been detected in rivers, lakes, 

groundwater aquifers, and coastal marine environments adjacent to agricultural areas. They 

adsorb heavy metals, pesticides, and other organic pollutants, functioning as vectors that 

transport toxic compounds through food webs from water to terrestrial ecosystems. In India 

around 9.3 million tons entering ecosystems via agricultural runoff, wastewater sludge, and 

improper field disposal. 

 Atmospheric Pollution  
Open burning of agricultural plastics a common disposal method in many low and middle 

income countries — releases a cocktail of toxic gases, including dioxins, furans, polycyclic 

aromatic hydrocarbons (PAHs), and particulate matter. These pollutants pose severe risks to 

human health, contributing to respiratory disease, cardiovascular conditions, and increased 

cancer risk among farming communities. Even non-burning degradation of plastics releases 

volatile organic compounds into the atmosphere.  

Opportunities 
Despite the significant environmental challenges associated with agricultural plastics, the 

sector also presents substantial opportunities for innovation, sustainable development, and 

economic growth. These opportunities lie at the intersection of materials science, agronomy, 

circular economy principles, and digital technology.  

 Biodegradable and Bio-based Plastics  

The development and commercialization of biodegradable agricultural plastics represents one 

of the most promising pathways toward sustainable plastic use. Mulch films made from PLA, 

PHA, or thermoplastic starch can be incorporated into soil after use, degrading into water and 

carbon dioxide without leaving persistent residues. Recent advances have improved the 

durability and cost competitiveness of these materials, and regulatory frameworks in several 

countries now mandate  their adoption.  

Precision Agriculture and Smart Plastics  

The integration of sensor technologies, biodegradable materials, and controlled-release 

mechanisms into plastic agricultural products is giving rise to 'smart' plastic systems. Smart 

mulch films embedded with moisture or temperature sensors, or seed coatings that release 

nutrients in response to specific soil conditions, represent the frontier of precision agriculture. 

These innovations have the potential to significantly reduce agrochemical inputs, minimize 

waste, and optimize resource efficiency.  

Circular Economy Models  

The agricultural plastics sector is increasingly adopting circular economy principles 

designing products for durability, reuse, and recycle ability; establishing take-back and 

collection schemes; and creating markets for recycled agricultural plastic materials. Programs 

such as the European WRAP (Waste and Resources Action Programme) and industry-led 
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collection initiatives in Australia and North America demonstrate that high recovery rates for 

agricultural plastics are achievable with appropriate infrastructure and incentives.  

Economic Benefits and Food Security  
Properly managed plastic technologies continue to offer substantial economic benefits, 

particularly in food-insecure regions. Drip irrigation systems can reduce water consumption 

by 30– 50% compared to flood irrigation while increasing yields by 20–50%. Mulch films 

and protected cultivation extend growing seasons and reduce crop losses, contributing 

directly to income stability for smallholder farmers and enhanced food availability for urban 

populations.  

Research and Development  
Growing awareness of agricultural plastic pollution has catalyzed significant investment in 

research and development. Academic institutions, government agencies, and private 

companies are actively investigating novel materials, innovative collection systems, advanced 

recycling technologies, and biological remediation approaches including plastic-degrading 

microorganisms and enzyme-based breakdown systems that could transform the 

environmental footprint of agricultural plastics.  

Threats and Challenges 
Inadequate Waste Management Infrastructure  
In many agricultural regions particularly in low- and middle-income countries — waste 

management infrastructure for collecting, sorting, cleaning, and recycling used agricultural 

plastics is severely deficient. Contamination of plastics with soil, fertilizers, pesticides, and 

biological material makes recycling technically challenging and economically unviable 

without dedicated facilities. The result is widespread open dumping, burning, or field 

abandonment of used plastics.  

Economic Barriers  

The lower upfront cost of conventional petroleum-based plastics compared to biodegradable 

alternatives remains a major barrier to adoption, particularly for smallholder farmers 

operating on narrow margins. Similarly, the cost of establishing plastic collection and 

recycling infrastructure often exceeds what individual farmers or even regional agricultural 

associations can bear without public subsidy or policy intervention.  

Regulatory Gaps  

In many jurisdictions, existing legislation does not adequately address the specific challenges 

of agricultural plastic management. Extended producer responsibility (EPR) schemes — 

which require manufacturers to take responsibility for end-of-life plastic management — are 

absent or poorly enforced in most agricultural plastic markets. Labeling standards for 

biodegradable plastics are inconsistent, leading to consumer confusion and greenwashing 

concerns.  

Long-term Ecosystem Degradation  
The cumulative effect of decades of plastic accumulation in agricultural soils represents a 

slow moving but profound threat to long-term agricultural productivity. Once microplastics 

are embedded in soil ecosystems, their removal is practically impossible with current 

technologies. The persistence of plastic-associated chemical pollutants including phthalates, 

bisphenol A, and heavy metals poses risks that will outlast the productive lives of current 

farming generations.  

Knowledge and Behavioral Gaps  

Many farmers lack awareness of the environmental consequences of agricultural plastic 

mismanagement, or face structural incentives that discourage responsible disposal. Extension 

services that could bridge this knowledge gap are underfunded in many regions. Changing 

deeply ingrained agricultural practices requires sustained, culturally sensitive outreach and 

demonstration of viable alternatives.  
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Importance of PlasticiIn Agriculture 
 Food Security: Plastic technologies such as drip irrigation, mulching, and protected 

cultivation enable consistent, high-yield crop production in environments that would 

otherwise be unable to support reliable food production. Eliminating agricultural plastics 

without viable alternatives would put food supplies at serious risk.  

 Water Resource Management: In an era of increasing water scarcity driven by climate 

change, plastic-based drip irrigation systems are among the most effective tools available 

for optimizing agricultural water use. Their role in enabling food production in arid and 

semiarid regions is irreplaceable in the near term.  

 Post-Harvest Loss Reduction: Plastic packaging, storage systems, and silage wraps 

prevent enormous quantities of food from being wasted after harvest. Reducing post-

harvest losses is increasingly recognized as one of the most cost-effective strategies for 

improving food security without expanding the agricultural land base.  

 Climate Adaptation: As climate change intensifies weather extremes, plastic-based 

protective structures (greenhouses, windbreaks, frost covers) will become increasingly 

important tools for adapting agricultural systems to more variable and unpredictable 

conditions.  

 Economic Livelihoods: For millions of farmers worldwide, access to affordable plastic 

agricultural inputs is a prerequisite for commercially viable production. Drip irrigation 

systems, quality seed packaging, and reliable silage storage are not luxuries but 

necessities for sustainable farm enterprise.  

Strategies for Sustainable Agricultural Plastic Management 
Policy and Regulatory Frameworks  

 Implementing extended producer responsibility (EPR) schemes that make plastic 

manufacturers financially responsible for end-of-life collection and recycling.  

 Setting minimum recycled content standards for new agricultural plastic products to 

stimulate demand for recycled materials.  

 Providing fiscal incentives (tax rebates, subsidies) for the adoption of biodegradable 

alternatives and investment in recycling infrastructure.  

 Harmonizing labeling standards for biodegradable and compostable agricultural plastics 

to eliminate greenwashing and enable informed consumer choice.  

Technological Innovation  

 Development of cost-competitive biodegradable mulch films and other plastic products 

that fully decompose in agricultural soil environments without leaving toxic residues.  

 Microplastic remediation technologies, including engineered microbial communities and 

enzymatic breakdown systems capable of degrading plastic residues in situ.  

 Advanced recycling technologies (chemical recycling, solvent-based purification) capable 

of processing contaminated agricultural plastics that are unsuitable for mechanical 

recycling.  

 Smart agricultural plastics integrating sensors, controlled-release mechanisms, and 

biodegradable matrices to minimize waste and maximize agronomic efficiency.  

Collection and Recycling Infrastructure  

 Establishing farm-based plastic collection depots with transparent pricing and clear 

logistics for aggregation and transport.  

 Supporting the development of regional agricultural plastic recycling facilities, potentially 

as public-private partnerships.  

 Creating certified markets for recycled agricultural plastic products, including plastic 

lumber, drainage pipes, and irrigation components.  

 Developing mobile cleaning units to address the contamination challenge that limits 

recycle ability of field-recovered plastics.  
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Farmer Education and Capacity Building  

 Integrating agricultural plastic management into extension service curricula and farmer 

field school programs.  

 Developing peer-to-peer learning networks and demonstration farms that showcase best 

practices in plastic use reduction and end-of-life management.  

 Providing targeted training for women farmers, who often manage household agricultural 

waste but are frequently excluded from formal extension programming.  

 Creating farmer-friendly information resources  in local languages and accessible formats 

on the environmental impacts of plastic burning and mismanagement.International 

Cooperation Agricultural plastic pollution is a transboundary issue requiring coordinated 

international action. Key priorities include  

 Developing binding international standards for agricultural plastic composition, labeling, 

and end-of-life management under the framework of the UN Global Plastics Treaty.  

 Establishing technology transfer mechanisms to help low and middle income countries 

access and adopt best-practice agricultural plastic management systems.  

 Supporting global monitoring networks to track agricultural plastic pollution levels in 

soils, waterways, and food systems.  

Conclusion 
Plastic has become both an indispensable tool and a profound environmental liability in 

modern agriculture. Its contributions to food security, water efficiency, post-harvest 

preservation, and climate adaptation are undeniable and must not be discounted in the pursuit 

of sustainability. At the same time, the mounting evidence of soil contamination, water 

pollution, biodiversity loss, and food chain infiltration by agricultural plastics demands 

urgent, coordinated action.Ultimately, achieving sustainable agricultural plastic management 

is inseparable from the broader challenge of building food systems that are simultaneously 

productive, equitable, and ecologically sound. The decisions made in the coming decade 

about how to produce, use, collect, and dispose of agricultural plastics will have 

consequences for soil health, water security, biodiversity, and human nutrition that extend far 

beyond the boundaries of any individual farm or growing season.With the right combination 

of innovation, policy, investment, and farmer engagement, agriculture can harness the 

benefits of plastic while dramatically reducing its environmental footprint — ensuring that 

future generations inherit both productive farmland and a healthy planet.  
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