
 

_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: yemiadeyanju1@gmail.com; 
 
Cite as: Adeyanju, Opeyemi Oluremi, Banji Samuel Awe, Marvellous Christopher Etuk, Olajumoke Helen Adeseko, and 
Adenike Mary Aderotoye. 2024. “Plastic Use in Agriculture: Balancing Benefits, Environmental Impacts, and Sustainable 
Solutions”. International Journal of Environment and Climate Change 14 (11):20-34. 
https://doi.org/10.9734/ijecc/2024/v14i114524. 

 
 

International Journal of Environment and Climate Change 
 
Volume 14, Issue 11, Page 20-34, 2024; Article no.IJECC.124903 
ISSN: 2581-8627 
(Past name: British Journal of Environment & Climate Change, Past ISSN: 2231–4784)  

 

 

 

Plastic Use in Agriculture: Balancing 
Benefits, Environmental Impacts, and 

Sustainable Solutions 

 
Opeyemi Oluremi Adeyanju a*, Banji Samuel Awe b, 

Marvellous Christopher Etuk c, Olajumoke Helen Adeseko a 
and Adenike Mary Aderotoye d 

 
a Ecoweb360 Environmental Foundation, Ado-Ekiti, Nigeria. 

b Department of Agricultural and Bio-environmental Engineering, The Federal Polytechnic Ado-Ekiti, 
Nigeria. 

c Environment Agency, United Kingdom. 
d Department of Agricultural and Environmental Engineering, The Federal University of Technology 

Akure, Nigeria. 
 

Authors’ contributions 
 

This work was carried out in collaboration among all authors. All authors read and approved the final 
manuscript. 

 

Article Information 
 

DOI: https://doi.org/10.9734/ijecc/2024/v14i114524 
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  

peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/124903 

 
Received: 05/08/2024 
Accepted: 08/10/2024 
Published: 19/10/2024 

 
 

ABSTRACT 
 

Plastics have become an essential component of modern agriculture, significantly enhancing 
productivity, improving water efficiency, and protecting crops due to their versatility, durability, and 
cost-effectiveness. Their widespread use in applications such as plastic mulches, greenhouse 
covers, irrigation systems, and packaging has revolutionized crop production by boosting yields and 
aiding pest control. However, the growing reliance on plastics in agriculture, commonly referred to 
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as plasticulture, has raised significant environmental concerns. These include soil contamination, 
diminished soil fertility, microplastic pollution, and greenhouse gas emissions, all of which pose 
serious long-term risks to ecosystems. This review offers a comprehensive exploration of plastic 
use in agriculture, detailing its various applications and the associated environmental challenges. 
The persistence of plastic waste in soils, waterways, and natural habitats not only leads to pollution 
and biodiversity loss but also presents potential threats to human health. This review emphasizes 
the urgent need for sustainable solutions, including effective waste management strategies and 
advancements in biodegradable and bio-based plastics. It also discusses the potential of recycling 
technologies and the role of policy reform in minimizing the ecological footprint of agricultural 
plastics. In conclusion, this review advocates for a balanced approach that maximizes the 
agronomic benefits of plastics while minimizing their environmental impacts through innovation, 
research, and the promotion of sustainable agricultural practices. 
 

 

Keywords: Plasticulture; plastic pollution; sustainable alternatives; soil contamination; environmental 
impact; biodegradable plastic. 

 

1. INTRODUCTION 
 

The use of plastics in agriculture also known as 
plasticulture has grown exponentially over the 
past few decades, driven by the need for 
increased agricultural productivity and efficiency. 
Plastics have become integral to modern farming 
practices, offering numerous benefits such as 
improved crop yields, efficient water use, and 
enhanced protection against pests and adverse 
weather conditions. Common applications of 
plastics in agriculture include greenhouse covers, 
mulching films, irrigation systems, and silage 
wraps, among others (Hofmann et al, 2023). 
 

Despite their benefits, the extensive use of 
plastics in agriculture poses significant 
environmental challenges. Plastic materials, 
particularly those that are non-biodegradable, 
contribute to soil and water pollution, disrupt 
ecosystems, and pose risks to wildlife and 
human health. Microplastic contamination of 
agricultural soils has been increasingly 
recognized as a critical issue, with potential long-
term impacts on soil health and productivity. 
Microplastic contamination of agricultural soils 
has been increasingly recognized as a critical 
issue, with potential long-term impacts on soil 
health and productivity. Research indicates that 
microplastics can alter ecosystem functions and 
services by increasing soil microbial biomass, 
while negatively affecting soil fauna growth and 
reproduction, and reducing soil bacterial diversity 
(Thompson et al, 2009, Rillig and Lehmann, 
2020, Liu et al, 2023). 
 

The environmental footprint of plastic use in 
agriculture necessitates the exploration of 
sustainable alternatives and practices. 
Biodegradable plastics, organic mulches, and 
innovative materials are being developed to 

mitigate the adverse effects of traditional plastic 
products. Additionally, policies and regulations 
aimed at reducing plastic waste and promoting 
sustainable agricultural practices are being 
implemented worldwide (Moshood et al, 2022, 
Hayes et al, 2017, European Commission, 2018). 
 

The environmental impact of plastic use in 
agriculture underscores the urgent need for 
sustainable alternatives and practices. The 
extensive reliance on traditional plastics has 
prompted the development of various solutions 
designed to reduce environmental harm. 
Biodegradable plastics offer a promising 
alternative, as they break down more readily and 
minimize long-term pollution. Organic mulches, 
made from natural materials, provide a 
sustainable alternative for soil management while 
enhancing soil health. Additionally, innovative 
materials are being explored to replace 
conventional plastics, aiming to reduce their 
negative environmental footprint (Moshood et al, 
2022, Hayes et al, 2017). 
 

Efforts to address plastic pollution are not limited 
to technological innovations. Policymakers are 
increasingly enacting regulations and policies 
aimed at curbing plastic waste and encouraging 
more sustainable agricultural practices. These 
initiatives include restrictions on single-use 
plastics and incentives for adopting eco-friendly 
alternatives. Around the globe, governments and 
organizations are working to integrate these 
measures into agricultural frameworks to 
promote environmental stewardship and reduce 
plastic dependency (European Commission, 
2018). 
 

This review aims to provide a comprehensive 
overview of the use of plastics in agriculture, 
examining their benefits, environmental impacts, 
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and potential sustainable alternatives. By 
synthesizing current research and case studies, 
we seek to highlight best practices and future 
directions for minimizing the ecological footprint 
of agricultural plastics while maintaining their 
benefits for food production and security. 
 

2. HISTORICAL CONTEXT AND 
EVOLUTION 

 

The integration of plastics into agricultural 
practices has a relatively recent history, 
beginning in the mid-20th century. The advent of 
synthetic plastics provided a cost-effective and 
versatile material that quickly found applications 
in various sectors, including agriculture. The first 
notable use of plastics in agriculture was the 
introduction of polyethylene films for greenhouse 
coverings in the 1950s (Espí et al, 2006). This 
innovation allowed for the extension of growing 
seasons, enhanced control over growing 
conditions, and protection against pests and 
diseases, thereby significantly boosting crop 
yields. 
 
In the 1960s and 1970s, the use of plastic 
mulches gained popularity. Plastic mulches, 
typically made from polyethylene, were used to 
cover the soil surface, providing benefits such as 
moisture retention, temperature regulation, and 
weed suppression (Steinmetz et al, 2016). This 
period also saw the development and adoption of 
plastic irrigation systems, including drip and 
sprinkler systems, which revolutionized water 
management in agriculture by improving 
efficiency and reducing water waste (Kumar and 
Singh, 2022). 
 
The 1980s and 1990s marked further 
advancements in agricultural plastics, with the 
introduction of more durable and specialized 
plastic products. These included UV-stabilized 
films for longer-lasting greenhouse covers, multi-
layered plastic films for enhanced performance, 
and silage films for better fodder preservation. 
During this time, the environmental impacts of 
plastic use began to garner attention, leading to 
initial efforts to recycle agricultural plastics and 
develop biodegradable alternatives (Pilapitiya 
and Ratnayake, 2024, Gross  and Kalra ,2002). 
 
In the 21st century, the focus has increasingly 
shifted towards sustainability. The environmental 
concerns associated with plastic waste, 
particularly in agricultural contexts, have driven 
research and development of biodegradable 
plastics and other eco-friendly materials. 

Additionally, there has been a growing emphasis 
on circular economy principles, promoting the 
recycling and reuse of plastic materials to 
minimize waste and environmental impact 
(European Commission, 2018, Sintim and Flury, 
2017). 
 

The evolution of plastics in agriculture reflects a 
trajectory from initial adoption for productivity 
enhancement to a more nuanced approach that 
balances agricultural benefits with environmental 
sustainability. This historical perspective 
underscores the ongoing need to innovate and 
implement sustainable practices in the use of 
plastics in agriculture. 
 

3. TYPES OF PLASTICS USED IN 
AGRICULTURE 

 
The utilization of plastics in agriculture spans a 
wide range of applications, leveraging the 
material's versatility to address various 
agronomic needs. The primary types of plastics 
used in agriculture include polyethylene (PE), 
polyvinyl chloride (PVC), polypropylene (PP), 
polystyrene (PS), and polyethylene terephthalate 
(PET). Each type offers unique properties that 
make them suitable for specific agricultural 
applications as itemized below (Espí et al, 2006, 
Kasirajan and Ngouajio, 2012, Lamont, 2005). 
 

3.1 Polyethylene (PE) 
 
Polyethylene is the most widely used plastic in 
agriculture due to its flexibility, durability, and 
cost-effectiveness. It is commonly used in the 
following forms: 
 

1. Plastic Mulch Films: PE mulch films are 
used to cover the soil surface, aiding in 
moisture retention, temperature regulation, 
and weed control. They are available in 
various thicknesses and colours, tailored to 
specific crop requirements. 

2. Greenhouse Films: PE films are 
extensively used as greenhouse covers. 
These films can be treated with UV 
stabilizers to extend their lifespan and can 
be multi-layered to improve thermal 
insulation and light diffusion. 

3. Low Tunnel Films: Used to create mini-
greenhouses over rows of crops, these PE 
films provide protection against frost and 
pests, promoting early growth and 
extending the growing season. 

4. Silage Films: PE films are used to wrap 
silage bales, ensuring anaerobic conditions 
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for optimal fermentation and preservation 
of fodder. 

 

3.2 Polyvinyl Chloride (PVC) 
 
PVC is known for its rigidity and resistance to 
chemicals, making it suitable for: 
 

1. Irrigation Pipes: PVC pipes are widely 
used in irrigation systems due to their 
durability and resistance to corrosion and 
chemicals. 

2. Drip Irrigation Systems: PVC is also 
used in manufacturing components for drip 
irrigation systems, which enhance water 
use efficiency and reduce runoff. 

 

3.3 Polypropylene (PP) 
 
Polypropylene is favoured for its strength and 
resistance to heat, making it ideal for: 
 

1. Woven Ground Covers: PP woven 
fabrics are used as ground covers to 
suppress weeds, control soil erosion, and 
improve soil temperature and moisture. 

2. Twine and Ropes: PP is commonly used 
for agricultural twine and ropes due to its 
strength and resistance to abrasion and 
UV degradation. 

 

3.4 Polystyrene (PS) 
 
Polystyrene is known for its rigidity and insulating 
properties. It is primarily used in: 
 

1. Seedling Trays and Pots: PS is used to 
manufacture trays and pots for nurseries 
due to its rigidity and ability to retain 
moisture and nutrients. 

2. Packaging: PS is used for packaging 
agricultural products, providing protection 
during transportation and storage. 

 

3.5 Polyethylene Terephthalate (PET) 
 
PET is valued for its strength, transparency, and 
recyclability. It is used in: 
 

1. Water and Beverage Bottles: PET bottles 
are commonly used to store and transport 
water and other beverages in agricultural 
settings. 

2. Protective Covers: PET is also used for 
protective covers and cloches to shield 
plants from adverse weather conditions. 

 

4. BENEFITS OF PLASTICS IN 
AGRICULTURE 

 

The use of plastics in agriculture has 
revolutionized the industry, providing numerous 
advantages that enhance productivity, efficiency, 
and sustainability. These benefits are evident in 
various agricultural practices, from crop 
protection and irrigation to soil management and 
post-harvest handling. 
 

4.1 Enhanced Crop Protection 
 
Plastics offer effective solutions for protecting 
crops from environmental stressors and pests. 
Greenhouse films, for instance, create controlled 
environments that shield plants from adverse 
weather conditions such as frost, heavy rain, and 
excessive heat, while promoting optimal growth 
conditions. Additionally, low tunnel films provide 
similar benefits on a smaller scale, enabling early 
planting and extending the growing season (Espí 
et al, 2006, Lamont, 2005).  

 
Fig. 1 illustrates the percentage increase in crop 
yield associated with different plastic applications 
in agriculture, such as plastic mulch (30%), drip 
irrigation (25%), and greenhouse films (40%), 
highlighting the productivity benefits of plastics in 
agricultural practices. 

 
4.2 Improved Water Management 
 
Plastics play a crucial role in efficient water 
management, which is vital in agriculture. Drip 
irrigation systems made from polyethylene (PE) 
and polyvinyl chloride (PVC) ensure precise 
water delivery to plant roots, reducing water 
wastage and improving crop yield. Moreover, 
plastic-lined ponds and reservoirs help in water 
storage and conservation, particularly in arid 
regions (Kumar and Singh, 2022, Haman et al, 
2000). 

 
4.3 Soil Health and Weed Control 
 
Plastic mulch films significantly contribute to               
soil health and weed management. By covering 
the soil, these films reduce weed growth, 
conserve soil moisture, and moderate soil 
temperature, leading to improved plant health 
and yield (Kasirajan and Ngouajio, 2012). The 
reduction in weed growth minimizes the need for 
chemical herbicides, promoting more sustainable 
farming practices. 
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Fig. 1. Impact of plastics on crop yield (Kasirajan and Ngouajio, 2012, Lamont, 2005) 
 

4.4 Enhanced Post-Harvest Handling 
 
The use of plastics in post-harvest handling              
and storage has improved the shelf life and 
quality of agricultural produce. Plastic crates, 
bins, and packaging materials protect fruits and 
vegetables from physical damage and 
contamination during transportation and storage. 
Silage films, used for wrapping and preserving 
animal feed, ensure anaerobic conditions that 
prevent spoilage and maintain nutritional value 
(Flieger et al, 2003). 
 
4.5 Increased Agricultural Efficiency 
 
Plastics contribute to increased efficiency in 
various agricultural operations. For example, the 
use of plastic twine and ropes in trellising 
systems supports plant structures, facilitating 
easier harvesting and maintenance. 
Furthermore, plastic seedling trays and pots 
improve nursery operations by providing a 
uniform and controlled environment for seed 
germination and growth (Stevens, 2003). 
 

4.6 Economic Benefits 
 
The adoption of plastics in agriculture can lead to 
significant economic benefits for farmers. By 
improving crop yields, reducing water and input 
costs, and minimizing post-harvest losses, 
plastics contribute to higher profitability and 
reduced financial risk (Lakhiar et al, 2024). 

Additionally, the durability and longevity of plastic 
products reduce the need for frequent 
replacements, offering long-term cost savings. 

 
5. ENVIRONMENTAL IMPACTS  
 
The widespread use of plastics in agriculture, 
while beneficial in numerous ways, has raised 
significant environmental concerns. These 
impacts stem from the production, use, and 
disposal of plastic materials, contributing to 
various ecological and health challenges. Table 1 
highlights the pathway of plastic its fate on the 
environment. However, the key environmental 
impacts associated with the use of plastics in the 
sections 5.1 to 5.11 below. 

 
5.1 Plastic Pollution and Soil 

Contamination 
 
One of the most pressing issues associated with 
agricultural plastics is their contribution to soil 
pollution. Plastic mulch films, often                    
left in the field after use, degrade slowly and can 
fragment into microplastics, which persist in the 
soil for decades (Geyer et al, 2017). These 
microplastics can affect soil health by altering its 
physical, chemical, and biological properties. For 
instance, studies have shown that microplastics 
can reduce soil porosity and permeability, 
affecting water infiltration and root growth (Jia et 
al, 2023). Additionally, the additives in plastics, 
such as plasticizers and stabilizers, can leach 
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Table 1. Sources and fate of microplastics in agricultural environments (Rillig and Lehmann, 2020, Geyer et al, 2017) 
 

Source of Microplastics Type of Plastic Entry Pathway Fate in the Environment Impact 

Plastic Mulch Films Polyethylene (PE) Fragmentation during 
use and disposal in 
fields 

Persistent in soil, breaking down into 
microplastics 

Alters soil structure, reduces porosity, and 
affects root growth 

Greenhouse Films Polyvinyl Chloride 
(PVC) 

Degradation and 
disposal 

Microplastic particles remain in soil or 
wash into water bodies 

Leaches chemicals and disrupts microbial 
communities 

Drip Irrigation Tubes Polyethylene (PE) Wear and tear during 
usage 

Microplastics accumulate in soil or 
water systems 

Reduces soil fertility and contaminates 
water sources 

Plastic Seed Trays and 
Pots 

Polystyrene (PS) Breakage and disposal Microplastic debris can remain in soil Decreases soil nutrient availability and 
interferes with plant growth 

Silage Films Polyethylene (PE) Wear and degradation 
during use 

Fragments into microplastics, persists 
in soil or water 

Affects soil health and can be ingested by 
wildlife 

Fertilizer and Pesticide 
Packaging 

Polypropylene (PP) Improper disposal or 
degradation 

Microplastics enter soil or waterways Contaminates ecosystems and 
bioaccumulates in food chain 

Agricultural Nets and 
Twines 

Polypropylene (PP) Fragmentation and loss 
during use 

Microplastics accumulate in soil and 
water bodies 

Entangles wildlife and disrupts soil 
microbial activity 
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Fig. 2. Microplastic accumulation in agricultural soil (Castan et al, 2021) 
 
into the soil, potentially disrupting soil microbial 
communities and affecting nutrient cycling (Rillig 
and Lehmann, 2020). As shown in Fig. 2, plastic 
components used in irrigation systems, such as 
polyethylene pipes and drip tapes; mulches; 
greenhouse films, seedling trays, and plastic-
based packaging used in post-harvest handling 
degrade over time, contributing to the 
accumulation of microplastic particles in the soil. 
Once introduced, microplastics accumulate in the 
soil, mixing with organic and inorganic particles. 
These particles persist for long periods due to 
their slow degradation rates. 
 
5.2 Waterway Contamination 
 
Agricultural plastics, particularly those used in 
irrigation systems and greenhouse covers, 
contribute significantly to waterway 
contamination. Plastic debris from fields and 
greenhouses often finds its way into rivers, lakes, 
and oceans, posing threats to aquatic life. Large 
pieces of plastic debris can entangle or be 
ingested by marine organisms, leading to injury 
or death (Gall and Thompson, 2015). Moreover, 
the degradation of plastics in aquatic 
environments releases toxic chemicals, including 
bisphenol A (BPA) and phthalates, which can 
accumulate in the food chain, affecting the health 
of wildlife and humans (Cole et al, 2011). 

5.3 Greenhouse Gas Emissions 
 

The production of agricultural plastics is a major 
contributor to greenhouse gas (GHG) emissions. 
The manufacture of plastics involves the 
extraction and processing of fossil fuels, which 
release significant amounts of carbon dioxide 
(CO₂) and methane (CH₄) into the atmosphere 
(Andrady, 2011). Additionally, the disposal and 
degradation of plastic waste in landfills and 
natural environments release methane, a potent 
greenhouse gas (Thompson et al, 2009). The 
environmental footprint of plastic production and 
disposal highlights the need for more sustainable 
practices and alternatives. 
 

5.4 Biodiversity Loss 
 
The accumulation of plastics in agricultural 
landscapes and natural habitats can lead to 
biodiversity loss. Plastic waste can alter habitats, 
obstruct sunlight, and affect the reproductive 
success of various species. For example, plastic 
debris in soil and water bodies can harm soil-
dwelling organisms and disrupt aquatic 
ecosystems (Jambeck et al, 2015). The presence 
of microplastics in the soil can affect the growth 
and reproduction of soil organisms, thereby 
reducing biodiversity and ecosystem resilience 
(Wright et al, 2013). 
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5.5 Chemical Contamination 
 

Plastics in agriculture often contain additives that 
can leach into the environment, posing risks to 
both ecosystems and human health. These 
additives, including flame retardants, stabilizers, 
and plasticizers, can disrupt endocrine functions 
in wildlife and humans (Raju et al, 2023). The 
persistence and bio-accumulative nature of these 
chemicals in the environment further complicate 
their management and removal (Rochman et al, 
2016). Studies have demonstrated that these 
chemicals can interfere with the hormonal 
systems of aquatic and terrestrial organisms, 
leading to adverse health effects and population 
declines (Smith et al, 2018). 
 

5.6 Soil Contamination 
 
The use of plastic mulches, greenhouse films, 
and drip irrigation systems contributes to soil 
contamination. Over time, these plastics degrade 
into smaller particles known as microplastics, 
which can persist in the soil for decades 
(Nizzetto et al, 2016). Microplastics can affect 
soil structure, nutrient availability, and microbial 
activity, potentially disrupting plant growth and 
soil health (Rillig and Lehmann, 2023). 
 

5.7 Water Pollution 
 
Plastic waste from agricultural activities often 
ends up in water bodies, contributing to water 
pollution. This is particularly true for plastic 
mulches and irrigation materials that are not 
properly managed after use. Plastics can leach 
harmful chemicals into water, affecting aquatic 
ecosystems and contaminating drinking water 
sources (Wagner et al, 2014). Additionally, 
microplastics can be ingested by aquatic 
organisms, leading to bioaccumulation and 
biomagnification in the food chain (Cole et al, 
2011). 
 

5.8 Impact on Wildlife 
 
Plastic pollution poses a severe threat to wildlife. 
Animals can ingest or become entangled in 
plastic debris, leading to injury, suffocation, or 
death. Agricultural plastics, such as mulches and 
nets, are often lightweight and can be easily 
carried by wind to natural habitats, where they 
can harm terrestrial and marine wildlife. Birds, 
fish, and mammals are particularly vulnerable to 
the impacts of plastic pollution (Gall and 
Thompson, 2015). 
 

5.9 Greenhouse Gas Emissions 
 

The production and disposal of plastics 
contribute to greenhouse gas emissions. The 
manufacturing of plastic materials involves the 
use of fossil fuels, which releases significant 
amounts of carbon dioxide ( 𝐶𝑂2 ) and other 
greenhouse gases into the atmosphere (Geyer et 
al, 2017). Additionally, when plastics are burned 
for disposal, they release toxic gases, including 
dioxins and furans, which further exacerbate 
climate change (Hopewell et al, 2009). 
 

5.10 Human Health Risks 
 

The presence of plastics in the environment also 
poses risks to human health. Chemicals used in 
the production of plastics, such as bisphenol A 
(BPA) and phthalates, can leach into soil and 
water, leading to potential human exposure 
(Teuten et al, 2009). These chemicals are known 
endocrine disruptors and can cause various 
health problems, including reproductive issues 
and cancer (Rochman et al, 2016). Furthermore, 
the ingestion of microplastics through 
contaminated food and water can have unknown 
long-term health effects (Smith et al, 2018). 
 

5.11 Waste Management Challenges 
 

The disposal of agricultural plastics presents 
significant waste management challenges. In 
many regions, there are limited facilities for 
recycling agricultural plastics, leading to improper 
disposal methods such as open burning or 
landfilling (Steinmetz et al, 2016). These 
practices contribute to environmental pollution 
and the loss of valuable materials that could 
otherwise be recycled and reused. 
 

6. SUSTAINABLE ALTERNATIVES TO 
CONVENTIONAL PLASTICS 

 

The environmental impact of conventional 
plastics in agriculture has prompted extensive 
research and development of sustainable 
alternatives. These alternatives aim to provide 
the same benefits as conventional plastics while 
reducing environmental harm. However, the 
transition to the following sustainable alternatives 
to conventional plastics in agriculture is essential 
for reducing environmental impacts while 
maintaining agricultural productivity. 
 

6.1 Biodegradable Plastics 
 

Biodegradable plastics are designed to break 
down more quickly and completely than 
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conventional plastics when exposed to 
environmental conditions such as soil and 
composting environments. They are made from 
renewable resources such as starch, cellulose, 
and polylactic acid (PLA), which microorganisms 
can degrade into water, carbon dioxide, and 
biomass. 
 

1. Polylactic Acid (PLA): PLA is derived 
from fermented plant starch (usually corn) 
and is commonly used for mulch films, 
plant pots, and packaging. Studies have 
shown that PLA mulch films can perform 
similarly to conventional polyethylene (PE) 
films in terms of weed control and soil 
moisture retention, with the added benefit 
of biodegradability (Scarascia-Mugnozza 
et al, 2006). 

2. Polyhydroxyalkanoates (PHA): PHAs are 
a group of biodegradable polymers 
produced by bacterial fermentation of 
sugars and lipids. They are used in various 
agricultural applications, including mulch 
films and slow-release fertilizer coatings. 
PHA's biodegradability in soil and marine 
environments makes it a promising 
alternative to conventional plastics (Chen, 
2020). 

3. Starch-based Plastics: These are made 
by blending starch with synthetic polymers 
to enhance biodegradability. They are 
used in applications such as mulch films 
and packaging. Research indicates that 
starch-based plastics can degrade in soil 
within a few months, significantly reducing 
long-term environmental impact (Ali et al, 
2023). 

 

6.2 Bio-based Plastics 
 

Bio-based plastics are derived from renewable 
biological sources such as plants, algae, and 
microorganisms. Unlike biodegradable plastics, 
bio-based plastics are not necessarily 
biodegradable but have a reduced carbon 
footprint compared to petroleum-based plastics. 
 

1. Bio-polyethylene (Bio-PE): Produced 
from ethanol derived from sugarcane, Bio-
PE has similar properties to conventional 
polyethylene but with a lower 
environmental impact. It is used in various 
agricultural applications, including 
greenhouse films, irrigation pipes, and 
packaging (Burelo M, et al, 2023). 

2. Polyethylene Furanoate (PEF): PEF is 
derived from plant-based materials and 
has superior barrier properties compared 

to PET (polyethylene terephthalate). It is 
used in applications such as bottles and 
films. PEF's enhanced performance and 
renewable origin make it a viable 
sustainable alternative (Vink et al, 2007). 

 

Despite the environmental benefits of bio-based 
plastics, their application in agriculture faces 
several limitations. One key challenge is their 
relatively higher cost compared to conventional 
plastics, which can be prohibitive for large-scale 
agricultural use, especially in developing 
countries. Additionally, not all bio-based plastics 
are biodegradable, meaning they still contribute 
to plastic waste if not properly managed 
(Rosenboom et al, 2022, Folino, 2023). 
 

6.3 Recycled Plastics 
 

Recycled plastics offer another sustainable 
alternative by repurposing existing plastic waste, 
thereby reducing the overall carbon footprint and 
environmental nuisance caused by plastic 
production. In agriculture, recycled plastics can 
be used for applications such as irrigation pipes, 
mulch films, greenhouse covers, and packaging. 
By incorporating recycled materials, the demand 
for virgin plastics is lowered, and less waste ends 
up in landfills or polluting ecosystems. However, 
the use of recycled plastics in agriculture is often 
limited by concerns about material quality, 
contamination, and durability. Addressing these 
challenges through advancements in recycling 
technologies and quality control can enhance the 
usability and environmental benefits of recycled 
plastics in agricultural applications (Hofmann et 
al, 2023, Saleem, 2023, Briassoulis, 2023). 
 

6.4 Innovative Practices 
 

In addition to developing alternative materials, 
innovative agricultural practices can significantly 
reduce the reliance on conventional plastics.  
 

1. Agroforestry and Crop Diversification: 
Incorporating trees and diverse crops into 
agricultural systems can reduce the need 
for plastic mulch by naturally suppressing 
weeds and maintaining soil moisture. 
Agroforestry systems can enhance 
biodiversity, improve soil health, and 
increase resilience to climate change (Nair, 
2011). 

2. Organic Mulching: Using organic 
materials such as straw, grass clippings, 
and compost as mulch can provide similar 
benefits to plastic mulch without the 
associated environmental impacts. Organic 
mulches improve soil structure, enhance 
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nutrient availability, and support beneficial 
soil microorganisms (Zhang et al, 2020). 

3. Precision Agriculture: Implementing 
precision agriculture techniques, such as 
drip irrigation and targeted pesticide 
application, can reduce the need for plastic 
irrigation tubing and pesticide containers. 
Precision agriculture optimizes resource 
use and minimizes waste, contributing to 
more sustainable agricultural practices 
(Gebbers and Adamchuk, 2010). 

 

7. REGULATORY AND POLICY 
FRAMEWORK 

 

The use of plastics in agriculture is governed by 
a complex array of regulatory and policy 
frameworks at international, national, and local 
levels. These frameworks aim to balance the 
benefits of plastics in enhancing agricultural 
productivity with the need to mitigate their 
environmental impacts. This section reviews key 
regulations and policies impacting the use of 
plastics in agriculture, their effectiveness, and 
areas for improvement. 
 

7.1 International Regulations and 
Agreements 

 

At the international level, several agreements 
and conventions address the environmental 
impacts of plastics, including their use in 
agriculture: 
 

1. Basel Convention: The Basel Convention 
on the Control of Transboundary 
Movements of Hazardous Wastes and 
Their Disposal regulates the international 
movement of plastic waste. Amendments 
adopted in 2019 specifically address 
plastic waste, aiming to improve the 
management and recycling of plastics 
globally (Secretariat of the Basel 
Convention. Basel Convention on the 
Control of Transboundary Movements of 
Hazardous Wastes and Their Disposal, 
2019). 

2. MARPOL Annex V: The International 
Convention for the Prevention of Pollution 
from Ships (MARPOL) Annex V prohibits 
the discharge of plastics from ships into 
the sea, which includes agricultural plastics 
used on offshore installations (International 
Maritime Organization, 2017). 

3. European Union Directives: The EU has 
implemented several directives to manage 
plastic waste, such as the Waste 

Framework Directive (Directive 
2008/98/EC) and the Packaging and 
Packaging Waste Directive (Directive 
94/62/EC) (European Commission, 2018, 
European Commission, 2008). These 
directives promote recycling and the 
reduction of plastic waste through 
extended producer responsibility schemes 
and targets for recycling rates. 

 

7.2 National Regulations 
 

National governments have implemented various 
policies to manage plastic use and waste in 
agriculture: 
 

1. United States: The Resource 
Conservation and Recovery Act (RCRA) 
regulates the management of agricultural 
plastics as solid waste. The U.S. 
Department of Agriculture (USDA) also 
promotes practices such as plasticulture, 
which involves the use of plastic mulch, 
while encouraging research into 
biodegradable alternatives (USDA, 2020). 

2. China: China's National Sword policy, 
implemented in 2018, restricts the import 
of plastic waste, encouraging domestic 
recycling and the development of 
biodegradable plastics. Additionally, the 
Chinese government has set targets to 
reduce plastic use in agriculture through its 
Circular Economy Promotion Law (National 
Development and Reform Commission, 
2018). 

3. India: India has enacted the Plastic Waste 
Management Rules (2016), updated by the 
Waste Management (Amendment) Rules, 
2022, which establish comprehensive 
guidelines for the management of plastic 
waste in agriculture, including the use of 
materials such as mulch films and 
greenhouse coverings. These regulations 
emphasize the adoption of biodegradable 
plastics in agricultural practices and 
promote recycling to mitigate plastic waste 
accumulation. The rules aim to reduce 
environmental impact by encouraging 
sustainable alternatives and effective 
waste management strategies, aligning 
with global efforts to combat plastic 
pollution (Ministry of Environment, Forest 
and Climate Change, 2016, IPCA, 2022). 

 

7.3 Effectiveness and Areas for 
Improvement 

 

While existing regulations and policies have 
made significant strides in managing the use and 
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disposal of plastics in agriculture, several 
challenges remain: 
 

1. Enforcement and Compliance: Ensuring 
compliance with regulations, especially in 
developing countries, remains a significant 
challenge due to limited resources and 
infrastructure. 

2. Innovation and Research: Continued 
investment in research and innovation is 
necessary to develop more effective 
biodegradable plastics and sustainable 
alternatives. 

3. Education and Awareness: Raising 
awareness among farmers and 
stakeholders about the environmental 
impacts of plastic use and available 
sustainable alternatives is crucial for 
improving adoption rates. 

4. International Cooperation: Enhanced 
international cooperation is needed to 
address the global nature of plastic 
pollution, including sharing best practices 
and technologies. 

 

8. FUTURE DIRECTIONS AND 
RESEARCH NEEDS 

 

The integration of plastics in agriculture has 
yielded significant benefits, yet the environmental 
drawbacks necessitate urgent attention and 
innovation. To strike a balance between utility 
and sustainability, future research must focus on 
developing environmentally friendly alternatives 
and improving current plastic management 
practices. This section outlines key areas for 
future research and potential directions to 
mitigate the adverse impacts of plastics in 
agriculture. 
 

8.1 Development of Biodegradable and 
Bio-based Plastics 

 

One of the most promising avenues is the 
development and adoption of biodegradable and 
bio-based plastics. These materials can 
potentially reduce environmental pollution by 
breaking down more quickly and completely than 
conventional plastics. Research should focus on 
enhancing the durability and cost-effectiveness 
of these alternatives to ensure they can compete 
with traditional plastics in terms of performance 
and price. 
 

8.2 Advancements in Recycling 
Technologies 

 

Improving recycling technologies is critical for 
reducing plastic waste. Innovations in sorting, 

cleaning, and processing plastics can increase 
the efficiency and effectiveness of recycling 
programmes. Research should also explore 
chemical recycling methods that can break               
down plastics into their original monomers, 
allowing for the production of new, high-quality 
plastics from recycled materials (Al-Salem et al, 
2009). 
 

8.3 Sustainable Agricultural Practices 
 
Incorporating sustainable agricultural practices 
can significantly reduce the reliance on plastics. 
Research into alternative farming techniques, 
such as agroecology and permaculture, can 
provide insights into methods that minimize 
plastic use while maintaining productivity 
(Garnett et al, 2013). Additionally, exploring the 
use of natural mulches, cover crops, and other 
organic materials can offer practical alternatives 
to plastic mulches. 
 

8.4 Environmental Impact Assessment 
 
Conducting comprehensive environmental 
impact assessments of plastic use in agriculture 
is essential for understanding the full scope of its 
effects. Long-term studies that evaluate the 
impacts of microplastics on soil health, crop 
productivity, and biodiversity are needed (Rillig 
and Lehmann, 2020). These assessments can 
inform regulations and best practices for plastic 
use in agriculture. 
 

8.5 Policy and Regulation 
 
Effective policies and regulations are crucial for 
managing plastic use in agriculture. Future 
research should focus on developing and 
evaluating policy frameworks that incentivize the 
reduction, reuse, and recycling of plastics. This 
includes exploring economic instruments such as 
taxes, subsidies, and credits that can drive the 
adoption of sustainable practices. 
 

8.6 Education and Outreach 
 
Education and outreach programmes are vital for 
promoting sustainable plastic use among farmers 
and agricultural workers. Research should 
investigate the most effective strategies for 
educating stakeholders about the environmental 
impacts of plastics and encouraging the adoption 
of sustainable alternatives. This can include the 
development of training programmes, 
workshops, and informational materials. 
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8.7 Collaboration and Multidisciplinary 
Approaches 

 
Addressing the challenges of plastic use in 
agriculture requires a collaborative and 
multidisciplinary approach. Researchers, 
policymakers, industry stakeholders, and farmers 
must work together to develop and implement 
solutions. Future research should focus on 
creating platforms for collaboration and 
knowledge sharing to foster innovation and drive 
progress. 
 

9. CONCLUSION 
 
The integration of plastics into agriculture has 
revolutionized the industry, offering significant 
benefits such as enhanced crop protection, 
efficient water management, and improved post-
harvest handling. However, the environmental 
costs of plastic use, including pollution, soil and 
water contamination, and greenhouse gas 
emissions, are substantial and require urgent 
attention. 
 
As agriculture continues to rely on plastic for its 
productivity and efficiency, it is crucial to balance 
these advantages with sustainable practices. The 
development of biodegradable and bio-based 
plastics, advancements in recycling technologies, 
and the adoption of alternative farming methods 
offer promising pathways for reducing plastic-
related environmental harm. Regulatory 
frameworks, policy innovations, and effective 
waste management systems will also play a 
critical role in mitigating the negative impacts of 
plastic use in agriculture. 
 
Future research and collaboration among 
scientists, policymakers, and agricultural 
stakeholders will be essential to drive the 
transition toward a more sustainable agricultural 
model. By integrating innovative solutions and 
adopting best practices, the agriculture industry 
can continue to reap the benefits of plastics while 
minimizing their environmental footprint, ensuring 
a healthier, more resilient ecosystem for future 
generations. 
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