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Graphical Abstract

Agricultural mulching films in Morocco raise yields, reduce pesticide use, and improve water efficiency. Yet poor recyclability causes soil and water pollution and microplastic spread. A survey of ten companies shows high reliance on virgin polymers, short lifespan, and recycling rates below 30%. Strategic pathways include a plastic tax, subsidies, robust monitoring, and integration with green transition policies to build a circular economy.
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	Abstract: Agricultural mulching films, mainly made from low-density polyethylene (LDPE), play a central role in Morocco's agricultural development, particularly in high value-added regions such as Souss-Massa and Gharb. They reduce the use of plant protection products, while increasing yields and saving water resources. The lack of recovery and recycling of these films has a major polluting effect on the environment. This study analyses the Moroccan mulch film sector, based on a survey of ten leading companies in the plasticulture sector, using tools such as the Ishikawa diagram, SWOT analysis, and risk analysis. The results show a high dependence on virgin polymers, with a recycling rate rarely exceeding 30%. The World Bank has set out a roadmap for 2028. Such measures could transform Moroccan plasticulture from an ecological burden to a real benefit. 
 Keywords: Agricultural mulching films, Recycling barriers, Circular economy.

	






Introduction 
For centuries, market gardening has provided food and improved living conditions for populations. For example, the Pharaohs grew a variety of vegetables, including onions, beans, cucumbers, lettuce, and radishes. [1]. The Romans also practised market gardening based on both self-sufficiency and local market sales. They cultivated vegetables such as celery, fennel, and coriander, as well as fruits such as cherries and peaches [2]. During the Middle Ages, monastery gardens contained a variety of vegetables [3]. According to the Bibliothèque nationale de France (2023), the term “maraîchage” (market gardening) appeared in the 18th century in connection with the vegetable gardens developed in the Parisian marshes, which covered the needs for vegetables and fruit [4].
The Industrial Revolution’s use of the steam engine, specifically in England between the 18th and 19th centuries, transformed the agricultural sector because the steam engine and railway transport allowed movement of produce to market more rapidly and at long distance [5,6]. Subsequently, the exploitation of resources such as natural gas, oil, and coal became established as non-renewable energy sources, leading to the appearance of the first agricultural tractor with an internal combustion engine. This expansion marked the modernization of agriculture, particularly in 1908, with the advent of nitrogen fertilizers thanks to the Haber-Bosch process. This progress improved soil fertility and significantly increased agricultural yields [7]. After World War I, in order to meet growing global demand and protect crops, the development of synthetic insecticides became essential [8].
In Morocco, agriculture is a pillar of the national economy. It has a major impact on employment, particularly in rural areas, ensuring food security and contributing to export development. This sector accounts for about 15% of the country’s Gross Domestic Product (GDP) (Ministry of Agriculture, Rural Development, and Water and Forests) [9], making it a strategic priority for Morocco.
The Souss-Massa and Gharb plains are pioneers of market gardening in Morocco, serving as key production and export hubs for vegetables, and ranking as the third largest tomato exporter. Together, they account for nearly 58% of total fresh vegetable production and exports, with an estimated volume exceeding 560,000 tonnes and a total value of about 7.5 billion dirhams [10].
National strategies maintain the process of agricultural development. The Green Morocco Plan (PMV) [11], implemented from 2008 to 2020, was followed by Génération Green 2020–2030 [12], which aims to consolidate agricultural achievements, promote technological modernization, and strengthen farmers’ integration into efficient agricultural organizations [10,13]. Following the positive outcomes of these programmes, a long-term agricultural strategy, Vision Agricole 2050, was launched to enhance the adaptability of Moroccan food systems to climate change [14,15].
In a context marked by climatic and pollution-related challenges, sustainable, efficient production with higher yields has become essential. This all depends on irrigation. National water consumption reaches about 16.28 billion m³, of which 89.26% is used for irrigation and only 10.74% for domestic, industrial, and tourism purposes [16]. Morocco’s water needs are becoming very serious. This persistent drought 2022-2023 has significant impacts on available water levels and, consequently, on agricultural production. According to the High Commission for Planning (HCP), adverse climatic conditions marked by rainfall deficits and thermal anomalies have reduced yields during the 2022–2023 agricultural season [16]. 
Beyond this water stress, pollution of groundwater and surface water has become an alarming environmental concern for Moroccan agriculture. The excessive use of pesticides and fertilizers causes severe consequences by contaminating both water and soil [17,18].
It is essential to promote alternative and sustainable solutions. Since the 1970s, plasticulture has been established in Morocco. It encompasses a wide range of agricultural techniques, including mulching and drip irrigation; particularly in the Souss-Massa region [19].
This system, laid flat on the soil, brings significant benefits to agriculture. For example, for saffron cultivation (Crocus sativus L.), a study demonstrated that the use of polyethylene mulch film in the Oriental region effectively reduced weeds such as Cynodon dactylon and Aster squamatus, resulting in a 9% yield increase compared to the control. It also improved the vegetative development of the plant [20].
Findings from another study conducted in Taounate showed that soil covered with vegetation or mulch retained moisture more effectively and reduced water loss from evaporation compared to bare soil [21]. Likewise, another study confirmed that in production areas such as Loukkos and Souss-Massa, the efficiency of plastic tunnel films resulted in a 35% yield increase compared to uncovered strawberry plants, with a visible improvement in fruit quality. Moreover, this 150-micron film enhanced light diffusion and plant growth [22].
In the Souss-Massa region, the use of plastic mulch films is often associated with fumigants to ensure optimal use of phytosanitary products such as methyl bromide and metam sodium. These are applied to disinfect and improve soil quality. Farmers generally adopt an integrated pest management approach combining several techniques: rational irrigation and fertilization, the use of greenhouses and insect-proof nets, and the installation of plastic mulch. This method ensures efficient and sustainable control of pests and diseases [23,24].
Mulch films play a crucial role in reducing the use of inputs by limiting chemical pollution of soil and water. They help to maintain soil moisture, in an agricultural approach aimed at protecting terrestrial and aquatic biodiversity.
Fertilizer applications are designed to meet the growing food demand and to ensure food security [25,26]. To improve yields, the use of fertilizers has become widespread. Non-compliance with recommended dosages, combined with the effects of rainfall or irrigation, leads to infiltration into groundwater, threatening the quality of water resources [27,28]. Soil pollution has thus become a major problem, with the risk of long-term degradation of agricultural ecosystems.
According to the European Environment Agency (EEA), this pollution largely results from the direct introduction or burial of chemical substances such as phytosanitary products, fertilizers, and agricultural plastics. The intensification of agricultural practices and extensive use of pesticides also contribute to air pollution. During their application or degradation, these compounds can volatilize, disperse into the atmosphere, and alter air quality, with significant repercussions for human health [29].
The long-term use of agricultural plastic films leads to major environmental pollution consequences. Their limited recyclability, burial in soil, and dispersal into nature seriously threaten the quality of surface water and groundwater. The problem is intensified by the lack of structured collection and recovery systems, the predominance of informal networks, and the low recycling rate (generally below 30%) [30].
Yet, in contrast, there are pioneering regional initiatives, such as that of the AgroTech Souss- Massa Association, which has established recovery units capable of processing up to 55,000 tonnes of agricultural plastic waste per year, representing more than 50% of the national total. There needs to be further effort at the national level, where economic, logistical, and regulatory barriers persist.
The present study aims to provide a systemic approach to the agricultural mulch film sector in Morocco. Its objectives are to assess the evolution of LDPE production and use in agriculture, identify current practices and barriers related to recycling and the management of agricultural plastic waste, examine internal and external strategic factors structuring this sector through an Ishikawa analysis, analyse its internal and external context using a SWOT framework of strengths, weaknesses, opportunities, and threats, and finally, to carry out a risk analysis to propose actions for sustainability, which will improve competitiveness, and support alignment with international standards.



Materials and Methods
Type and study design
The main objective of the survey was to collect quantitative and qualitative data on domestic production of low-density polyethylene mulch film; to identify the most commonly used materials, according to their type, origin, and composition; to assess current recycling practices; to identify the constraints encountered; and, finally, to understand the environmental awareness of the manufacturers, particularly through the acquisition of labels or certifications. The study integrates technical, economic, and environmental dimensions.
Population and sample
As part of a field assessment, telephone discussions and face-to-face interviews were conducted to identify a well-defined panel of Moroccan companies working in the production, distribution and, where applicable, management of agricultural plastic film recycling. The companies were selected so as to cover the most important agricultural plastics industries at the regional level: Casablanca, Agadir, Fez, and Marrakesh. The selection criteria were as follows:
•    Major companies in the plastics industry in Morocco;
•   Their production of agricultural LDPE mulch films;
•    Accessibility and openness.
The survey targeted Moroccan companies specializing in the manufacture and marketing of agricultural films. Ten companies considered to be major players in the market were selected on the basis of their representativeness in terms of market share and product diversity. Their participation was voluntary after prior information on the objectives of the research

Data collection instrument
Data were collected through a structured questionnaire designed using the Google Forms platform. The questionnaire included closed, semi-open, and open questions, divided into six main sections:
1. Company profile (size, location, market share); 
2. Types of materials and mulch films produced.
3. Agricultural uses (targeted crops, application regions, film lifespan); 
4. Production and distribution volumes ; 
5. Collection, recycling, and recovery practices; 
6. Perceptions of barriers, constraints, and opportunities within the sector.
Data collection and analysis 
The questionnaire was distributed electronically between January and March 2025. Companies were given four weeks to respond. A reminder was sent midway through the period to improve the response rate. Data were automatically collected in digital format.
Responses were processed and coded in Microsoft Excel for both quantitative and qualitative variables. Descriptive statistics (frequencies, percentages, and means) were used to summarize the results. Data were then presented as pie charts, histograms, and maps to illustrate the main trends.

Reliability and limitations
The participation of ten companies is a limitation in terms of statistical representativeness. Their significant weight in the national market nonetheless provides analytical value to the sample. The absence of data from informal producers and small distributors narrows the scope of the results, but the chosen approach allows the identification of strong trends in the sector’s dominant practices.

Results and Discussion 
Figures 1 and 2 show, respectively, the distribution of materials used by Moroccan companies for the production of agricultural mulch films and the types of films produced. These data provide a clearer understanding of the technological choices favoured by the sector and the dominant production trends.
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[bookmark: _2on7u3cq8ffw]Figure 1. Materials used by the companies interviewed
Figure 1 shows that low-density polyethylene (LDPE) dominates the chart with a 50% share, followed by linear low-density polyethylene (LLDPE) with 40%. This reflects the importance of these two materials, which are considered benchmarks for agricultural films, mainly because of their favourable cost–performance ratio for users. Research [31, 32] indicates that LLDPE presents certain processing limitations. It is more difficult to extrude owing to its low polydispersity (narrow molecular-weight distribution), which can cause surface irregularities such as cracks, misalignments, or deformations.
A review of the literature, summarized in Gregory [32] Table 1 below, supports these graphical results: both LDPE and LLDPE are widely used in agricultural films. Gregory [32] explains that incorporating 25% LLDPE into an LDPE matrix significantly improves the film’s mechanical strength and toughness and facilitates extrusion. This complementarity combines lower cost with greater resistance and stability in agricultural films. Finally, polypropylene (PP) represents only 10% of the chart, which can be attributed to its adaptation to specific uses.

[bookmark: _ou5j7kwxl75m]Table 1. Polymers used for agricultural films
	PE Type
	M.I (dg/min)
	Density (g/cm³)
	Comment

	LDPE
	0.2
	0.919
	Mulch, silage, tunnels

	LDPE
	0.3
	0.922
	Tunnels, silage

	LDPE
	0.4
	0.923
	Greenhouse

	LDPE
	0.4
	0.950
	Greenhouse

	LDPE
	0.4
	0.924
	2 & 4 season film

	LDPE
	0.5
	0.918
	Greenhouse

	LDPE
	0.6
	0.920
	3 seasons

	LDPE
	0.6
	0.926
	Tunnels

	LDPE
	2.0
	0.918
	GP film (tunnels/mulch/cover)

	LDPE
	2.0
	0.917
	GP film (mulch/cover)

	LLDPE
	0.20
	0.918
	Silage bags and blending

	LLDPE
	0.30
	0.919
	Silage bags and blending

	LLDPE
	0.40
	0.922
	Blending/tunnels

	LLDPE
	0.90
	0.917
	Tunnels, mulch

	LLDPE
	1.0
	0.923
	Silage bags and blending

	LLDPE
	2.0
	0.926
	Silage bags and blending


            Source : Gregory [32]
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[bookmark: _i66g8sbi9f69]Figure 2. Type of film produced by the companies questioned

Figure 2 illustrates the distribution of plastic film types used by companies. Black plastic film dominates with 67%, reflecting strong market demand. This film is stabilized with carbon black, which makes it resistant to photodegradation. It is widely used for its low cost [33], its superior characteristics compared to intermediate opaque films, its significant ability to reduce soil evapotranspiration, and its efficiency in limiting weed growth [34,35].
Scientific studies confirm that black plastic film acts as an almost total absorber of visible and infrared solar radiation. This high absorption of solar energy can cause heat accumulation [36]. In hot or tropical climates, this may lead to scorching of leaves or fruits, damaging crop quality [37, 38].
Transparent plastic films account for 17% of the chart. Their use by farmers is linked to their ability to promote early yields through rapid soil warming [39]. This type of film has a major limitation related to its weak herbistatic effect. Being translucent, it stimulates weed germination, making it less effective for weed control [40].
Bicolour and transparent plastic films represent only 7% of the chart, showing limited use compared to other types. The adoption of biodegradable films remains financially challenging, as demonstrated by Velandia et al.  [41] and Hao et al.  [42]. The significant extra cost of biodegradable mulch films (BDM) compared to conventional polyethylene (PE) films, in addition to transport costs, forms a major obstacle to their adoption by farmers. Public subsidies or economic incentives are therefore needed to encourage their use.
Although bicolour films offer considerable advantages by combining the benefits of two types of films (heat control and weed suppression) [43], their practicality remains limited. They require more technical installation and are restricted to certain specific crops, which explains their modest position in the market [44,45].

[bookmark: _mqklhdajcw2y][image: ]
Figure 1. (a) Recycling rate of surveyed companies; (b) Proportion of companies with a collection program

Agriculture contributes 13% of Morocco’s GDP. According to the results of the 2024 General Population and Housing Census, the Kingdom’s population stands at 36,828,330 inhabitants [46]. The country has over 9 million ha of agricultural land and 30.4 million ha of pastoral land, continuously used for livestock grazing, which underlines the strategic importance of the agricultural sector.
Nevertheless, this sector exerts significant pressure on the ecosystem through soil degradation (erosion, clearing, salinization, desertification, overexploitation) and contributes considerably to national greenhouse gas emissions (24.6%). In addressing these challenges, Morocco has taken a proactive approach by implementing several national structuring programmes. The Green Morocco Plan focused on a circular approach aimed at agricultural waste recovery. More recently, the Generation Green 2020–2030 strategy has promoted the sustainable use of these resources. It encourages the growth of an innovative ecosystem mainly driven by research and development and by collaboration among all stakeholders, forming a strategic lever for sustainable agriculture by 2030 [47].
The study explored the practices of mulch film production companies regarding recycling, as shown in Figures 30a and 30b. It was observed that 50% of companies have no collection programme, which aligns with the proportion of 55% that do not carry out any recycling. Only 20% of companies reported having established a collection programme, corresponding to the 27% engaged in recycling more than half of their mulch films. Finally, it is notable that 30% of companies are in the process of implementing their recycling systems. This willingness remains constrained by several causes, which partly explains the 18% of companies limiting recycling to a low level (0–10%). These results will be further analysed using an Ishikawa diagram to identify the underlying causes.
[bookmark: _89xyqxfmbubm][image: ]
Figure 3. Distribution of companies according to possession of environmental certifications or labels

According to Figure 3, most companies do not follow an organized approach to control the environmental impacts linked to mulch film production. This can be partly explained by economic factors: a new mulch film costs between 20 and 25.5 MAD/kg, whereas its recovery value is only 1.80 to 2.30 MAD/kg, representing about 9% of its initial value. This profit remains negligible compared with the expenses generated by the process. The Extended Producer Responsibility (EPR) principle, derived from the “polluter pays” concept, first appeared in France for household waste management. Today, this principle is being developed for the bottling sector in Morocco. According to Benqlilou et al. [48], integrating EPR into household packaging waste management places greater responsibility on producers than on municipalities. Implementing this system could significantly increase the quantity of processed materials (plastic, glass, cardboard, etc.).
Thus, the mulch film sector remains in a rudimentary state and must align with this system to ensure its recovery. Lamrani-Jouti [49] and Yemli & Bengueddour [50] report that Moroccan companies, particularly SMEs, view the integration of an environmental management system mainly as an additional cost. Yemli & Bengueddour [50], sampling 68 Moroccan companies, confirm this perception.
In contrast, the chart shows that a minority of companies have adopted an organizational framework (certifications, labels, or continuing programmes) enabling them to reduce their impacts, engage in continuous improvement, and contribute to ecosystem protection while meeting market expectations and regulatory obligations. This trend is confirmed by Hasnaa [51], who shows that some certified or labelled Moroccan businesses follow an eco-responsible approach. This approach strengthens brand reputation, opens new markets, and improves economic efficiency. Ultimately, it supports the Porter and Van der Linde [52] hypothesis, which states that well-designed environmental regulation stimulates business innovation, balances costs, and enhances competitiveness.

[bookmark: _cbqa5s3wtmmv]Analysis of the causes of non-recycling
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Based on the causes identified by the companies, both through questionnaire responses and producer interviews, it appears that the low recycling rate of agricultural mulch films results from several structural factors. These factors can be grouped according to the classical categories of the Ishikawa diagram, illustrated in Figure 4 below: labour, methods, materials, machines, and management/regulation.
78


91

[bookmark: _gk5lgm67gv4v][image: ]
[bookmark: _mofjsg45bbnb][bookmark: _GoBack]Figure 4 : ISHIKAWA diagram
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[bookmark: _my7waps4e3jo]Figure 5. (a) Location of the Souss-Massa region in Morocco; (b) Geographic distribution of agricultural plastic waste (APW) collection and recycling operators identified during the field survey and on-site investigations conducted in the Souss-Massa region
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Figure 6: SWOT analysis
The Ishikawa diagram, illustrated in Figure 4 helped identify the various causes that slow down or hinder the recycling process for agricultural plastic films. With regard to the “labour” category of causes, local authorities, in other words regional authorities, play an important role in Morocco, with the aim of satisfying common needs and interests, and have responsibility for household and similar waste disposal. Through awareness-raising, communication, and incentive measures, they are able to engage with citizens to reduce waste and encourage them to adopt good sustainable practices [53]. For example, Law No. 77-15, known as “Zero Mika,” in force since July 2016, banned the production, import, and sale of plastic bags [54]. This initiative demonstrated the strong mobilization of local authorities, combined with other efforts by several stakeholders (non-governmental organizations, associations, etc.), which constituted a major lever for supporting changes in practices.  A similar approach could be replicated in the agricultural sector, especially in regions which manufacture and use various agricultural plastic films. The deployment of various measures by local authorities could improve the agricultural plastic waste recovery chain. These actions could include raising awareness, training, and informing producers and users (farmers) and establishing good waste collection and sorting practices. 
In terms of methodology, the lack of documented information refers to the lack of traceability of all essential data, in various forms, whether procedures, work instructions, or control sheets, etc. 
In recent years, Morocco has undertaken various actions to improve the management of agricultural plastic waste (APW), mainly in the Souss-Massa region, the leading generator of this type of waste. According to Saber [55], the recycling rate has increased from 18% in 2020 to 45% in 2023. In this regard, a partnership agreement has been signed between the Ministry of Energy Transition and AgroTech Souss-Massa. More efforts are desirable in other regions that produce agricultural waste, such as Loukkos associated with the province (Larache), Gharb (Rabat-Salé-Kénitra), and Doukkala (Casablanca-Settat) [56, 57]. In comparison, data from the 2024 activity report of the CPA (Plasticulture and Agro-Environment Committee) (collection up 20% since 2020, smoothed rate at 71%, recycling at 62%) [58] show significant discrepancies. The formalization of procedures, work instructions, and data traceability remains essential for monitoring performance indicators and achieving defined objectives. For example, where mulch film deteriorates by exposure to UV, excessive exposure causes its mechanical properties to deteriorate, making it difficult to recycle after ageing [59].
Despite the obstacles identified at the national level, regional initiatives can - if continued - strengthen the recycling sector. This is the case with the AgroTech Souss-Massa Association, established in 2006 at the initiative of the Regional Council. Since 2013, AgroTech SM, in cooperation with the Regional Council and the Crédit Agricole du Maroc Foundation for Sustainable Development, has been engaged in structuring the agricultural plastic waste (APW) recycling sector. Several actions have been implemented, including the grouping of nine recycling companies, the creation of eleven cooperatives from the informal sector, and the establishment of a regional action plan to improve agricultural waste management.
[bookmark: _q112lubqpjus]Recently, AgroTech SM introduced an agricultural plastic recovery unit in Drarga. This facility aims to process 55,000 tonnes of agricultural plastic waste per year, representing more than 50% of the national total. Thus, the deployment of national strategies should extend to all relevant regions, following the example of the initiative launched in the Souss-Massa region [30-47].  Despite these structuring efforts, the management of agricultural plastics remains dominated by the informal sector, as clearly illustrated by the mapping presented in Figure 5. This mapping is based on the field survey and on-site investigations conducted as part of the present study.
Figure 5 focuses on the Souss-Massa region and shows the geographic distribution of agricultural plastic waste (APW) collection and recycling actors identified during the fieldwork. It highlights the predominance of informal collection depots (orange icons), mainly located near intensive agricultural areas, compared to cooperative depots (purple icons) and formal APW recycling companies (green icons).

[bookmark: _m6fmbcixqvh8]Analysis of internal and external challenges at the national level 
To complement the cause–effect analysis, a SWOT matrix was established to assess the current strategic situation of the LDPE mulch film sector in Morocco. This method highlights internal factors (strengths and weaknesses) as well as external factors (opportunities and threats) in order to identify relevant action levers. It thus provides better visibility of the actions to be undertaken to respond effectively to national and international market requirements while ensuring ecosystem protection.
In continuity with the Ishikawa diagram, which revealed all the risks and threats, the SWOT analysis provided an overall view of the challenges facing the mulch film sector in relation to the country’s context and its development in this field. It is important to extend the analysis towards a qualitative risk assessment to categorize the identified risks accurately and propose appropriate control measures.


Table 2. Strategic, Regulatory, Economic, Environmental, and Social Risks Affecting the Agricultural Plastic Film Recycling Sector
	Identified Risk
	Causes
	Consequences
	Proposed Actions

	Regulatory Risk
	Lack of specific regulation adapted to agricultural plastics and weakness in managerial aspects
	Persistence of the informal sector, lack of traceability in waste flows, difficulty in structuring the value chain
	Establishment of a clear regulatory framework (agricultural EPR), integration of producers and distributors in waste management, implementation of a practical and efficient traceability system

	Economic Risk
	Low profitability (resale price = 9% of initial price), high collection and recycling costs
	Insufficient economic incentives for companies and farmers in recycling, stagnation of the value chain
	Financial incentives (subsidies, green taxation), support for cooperatives, promotion of local valorization

	Environmental Risk
	Abandonment or burning of used films, use of contaminated polymers
	Soil degradation, water contamination, greenhouse gas emissions
	Deployment of regional recycling units, promotion of biodegradable materials

	Social Risk
	Lack of awareness and training among farmers and local authorities
	Persistence of the informal sector
	Inform, train, and financially motivate farmers to adopt sustainable practices. By understanding environmental impacts, they protect their land and ensure the sustainability of their agricultural activities.

	Strategic Risk
	Low level of integration of eco-innovative approaches, limiting ambitions for certification and environmental labelling
	Loss of export market share, reduced stakeholder confidence, deterioration of brand image
	Support for certification processes, encouragement of eco-innovation and the circular economy, leveraging university-industry partnerships as a driver for development



The risk analysis task brought together all the causes, threats, and risks identified previously. It clearly shows that the mulch film recycling sector faces regulatory, economic, environmental, social, and strategic obstacles. Accordingly, it appears essential to establish recycling units in all the regions concerned, starting with Souss-Massa, following established procedures for this sector.
The proposed actions are in line with the roadmap established by the World Bank, in collaboration with the Ministry of Energy Transition and Sustainable Development of the Kingdom of Morocco [60, 61], to reduce WEEE. This roadmap provides for incentives to be put in place until 2028. By focusing on the development of sustainable solutions, it accords with the promotion of agricultural mulch film and the development of biodegradable materials. There should be taxes on conventional plastics or, failing that, the strengthening of subsidies and the improvement of green taxation. New standards should specify the acceptable features of biodegradable films made from thermoplastic materials designed for mulching applications.
According to the Ministry of Energy Transition and Sustainable Development [62], Morocco's interest in Extended Producer Responsibility (EPR) shows its commitment to sustainable development and the green economy. It is just a few steps away from its strategy to structure the plastics recycling sector. This first initiative focused on PET (polyethylene terephthalate) water bottles, which constitute a pilot case on a national scale.
Conclusion 
The field study conducted among Moroccan manufacturers of mulch films revealed several major barriers to the recycling of agricultural LDPE. These include insufficient infrastructure, limited user awareness, lack of knowledge or enforcement of existing regulations, and the absence of incentives promoting the circular economy.
The SWOT analysis and Ishikawa diagram provided a systemic understanding of these obstacles, highlighting the urgent need for a national strategy structured around recyclability, ecological certification, and farmer training. Moreover, integrating risk assessment remains essential to anticipate and manage future impacts. A precise action plan is indispensable. 
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