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Analysis of agroecological transition and polyculture: Djirataoua irrigated perimeter case



	ABSTRACT
Mixed farming plays an important role in the production of food both in quantity and quality. It is practiced by adopting various cropping systems and using conventional and agroecological agricultural practices. This study aims a characterizing of the agricultural practices implemented in the irrigated perimeter of Djirataoua and the challenges of the agroecological transition. The methodology consisted of collecting qualitative data by 14 focus groups with committees of the cooperative societies and of the associations of irrigation water users, 14 individual interviews with producers and resource persons in the perimeter and field observations. The data were synthesized and analyzed on the basis of the thirteen (13) agroecological principles. The results show that several agroecological practices are adopted in the development of the irrigated perimeter of Djirataoua. More than 69% of the agroecological principles defined by the High Level Panel Experts are adopted. Recycling and soil health are not priority issues but require improvements to ensure a dynamic and sustainable agroecosystem. Reducing synthetic inputs is the priority issue that requires immediate intervention. In this case, the transition will consist, initially, in the exclusive use and application of approved chemical inputs at doses recommended by research institutions. In a second phase, it will be based on a process of progressive substitution of conventional inputs and practices with agroecological alternatives.
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1. Introduction
Niger's rural sector plays an important role in the economy, contributing more than 40% to GDP and 44% of exports (MAGEL, 2020, FAO, 2019). However, it faces insufficient rainfall, agricultural and forage deficits, degradation of natural resources and negative externalities related to climate change (Mamadou, 2022). These constraints are the main factors driving down agricultural productivity, resulting in food shortages. Several irrigated perimeters have been established to improve production and fight again chronic food insecurity. Djirataoua irrigated perimeter was created in the 1980s to guarantee diversification of agricultural production while restoring and preserving natural resources (water, land, etc.). It offers the possibility of conducting two to three agricultural campaigns in a single year, providing jobs for young people and income-generating activities for women. However, its exploitation follows several production models, mainly conventional and the adoption of a few agroecological practices.
In Niger, agro-ecology is perceived as the sum of traditional agricultural practices, sometimes considered as not very productive, to meet the challenges of food and nutritional insecurity (Adam, 2022). It is not presented as a rethinking of agricultural production as part of a social process, with economic, sociological, food and environmental dimensions as defined by Caquet (2020). It does not exist in the strict sense, based on optimal use of endogenous factors whose agroecological optimum is based on minimizing incoming flows and undesirable effects, diversifying production systems to promote synergy between crops, etc. Debates focus on the agroecological transition as a systemic transformation of our agriculture and food (Duru et al, 2015), which is characterized by changes in values and behavior (OECD, 2010) and heightened uncertainty about the relevance and how to judge the model to be designed (Lubello et al, 2017, Plumecocq et al., 2018). Agroecological transition is complex (Boillat et al., 2022), and requires the production of knowledge that can accompany technical and organizational changes, as well as changes in the way stakeholders’ reason when redesigning systems (Caquet 2020). Its assessment refers to different approaches. The FAO (2018) refers to 10 elements and levels researchers to guide the agroecological transition towards a sustainable food system. However, this study draws on the thirteen agroecologicalthirteen-agroecological principles for sustainable agriculture and food systems as defined by the High Level Panel of Experts (HLPE) Committee on World Food Security (HLPE, 2019) to analyze the agroecological transition. It aims to characterize the current dynamics of agricultural practices, particularly those respecting the 13 agroecological principles, put in place in order to produce better on the Djirataoua Irrigated Perimeter.	Comment by L Raymundo Reyes G: I suggest changing to the following:
The purpose is to characterize the current dynamics of agricultural practices, particularly those that respect the 13 agroecological principles, implemented to achieve improved production in the Djirataoua Irrigated Perimeter.
2. MatErials and Methods	Comment by L Raymundo Reyes G: Here, you must include what you used (materials, equipment, subjects, etc.), and how it was done (procedures, research design, techniques and data analysis) to develop and validate the work.

Include a flowchart of the methodology followed in this work.
2.1. Documentary research	Comment by L Raymundo Reyes G: Documentary research is the first step in developing a project. It consists of searching, compiling, analyzing, and synthesizing information from existing and published sources to support and delve deeper into the topic of interest. It is included and referenced in the introduction and throughout the project.
	Comment by L Raymundo Reyes G: I suggest removing this section
The bibliographical research was initially based on a summary of reports on the agricultural campaigns of the Djirataoua irrigated perimeter. This synthesis was used to better structure the work and identify the main players involved in the production zone's food system. It also enabled us to refine the questionnaires and interview guides for data collection. Secondly, the synthesis of the research work helped define the concepts of agroecology and agroecological transition.
2.2. Presentation of the study area	Comment by L Raymundo Reyes G: I suggest changing the title to:
Location and physical characteristics of the study area

I suggest including in this section:
Climate
Soil types
Hydrographic network
Djirataoua irrigated perimeter is located some ten kilometers from the town of Maradi, along the right bank of the Goulbi, in the commune of Djirataoua, in the Madarounfa department.	Comment by L Raymundo Reyes G: I suggest including a legend with symbols, containing the sampling points, locations, main rivers and locations, limits of the perimeters under study, for easy understanding of the figure.
[image: ] [image: ]
Figure 1: Satellite photo of Djirataoua I and II perimeters.	Comment by L Raymundo Reyes G: Label the figures with letters a), b)
2.3. Sampling and data collection tools
A systematic sampling of agricultural cooperative societies was used to better represent the different stakeholder groups involved in the production, processing and marketing chain. The two Unions of agricultural cooperatives societies were selected for the focus groups. Then, the two managers (director) and a few producers Djirataoua 1 & 2 irrigated perimeter were selected for individual interviews. Thus, 14 focus groups and 14 interviews were organized to collect qualitative data. Qualitative data from individual interviews were collected following a simple guide previously developed to collect the main information and those from focus groups in accordance with an interview guide developed for this purpose.	Comment by L Raymundo Reyes G: For systematic sampling, what did the interviews consist of, that is, what type of information was collected from each sample group? Include a sample template, table, or sheet.
2.4. Data analysis
First, the data were cross-referenced and synthesized to identify cropping systems and then the flows and effects of inputs used from production to consumption of produce. Secondly, farming practices are analyzed in line with the thirteen operational principles of agroecology defined by the Committee for World Food Security (CSAM), (HLEP, 2019) in order to synthesize levels of adoption of the principles and possibly the main agroecological transition needs.	Comment by L Raymundo Reyes G: Include a correlation matrix of these data	Comment by L Raymundo Reyes G: So far, the 13 operational principles of agroecology defined by the CSAM have not been indicated.	Comment by L Raymundo Reyes G: Explain how they suggest adapting these 13 principles and how the agroecological transition will be carried out.
3. REsults
[bookmark: _Toc122468233]3.1. Main characteristic of Djirataoua perimeter
Djirataoua irrigated perimeter was completed in 1982 (Figure 1a Djirataoua I) and extended in 2012 (Figure 1b Djirataoua II). It covers a net irrigable surface area of 907.36 ha, divided into plots of 0.04 ha, 0.16 ha; 0.25 ha, 0.32 ha and 0.64 ha. It is farmed all year round by 4,227 producers, including 305 women, grouped into 76 mutualist groups of farmers, spread across 20 surrounding villages. Market gardening is the main activity. Irrigation is based on groundwater collected by 77 boreholes with flow rates ranging from 12 to 30 l/s, at depths varying from 35 to 45 m, each constituting an independent hydraulic entity with an associated GMP. The water is pumped by electric pumps into 50 m3 or 200 m3 basins, or directly into the network of irrigation canals.	Comment by L Raymundo Reyes G: Define GMP acronyms and indicate the acronyms in parentheses.
3.2. Governance of resource exploitation
The governance of the resources of the Djiarataoua irrigated perimeter is carried out collegially by the General Assembly and is hierarchical at three levels. At perimeter level, the office of the Union Adeltchi of Cooperatives societies Societies (SCOOP) ensures that the shared resources are properly exploited, and that the rules and decisions taken at the General Assembly are respected. The offices of each cooperatives societies and each representative of the GMPs manage day-to-day business, ensuring compliance with the rules and decisions taken at the General Meeting, by sector and hydraulic district respectively. Two regular meetings are held at the beginning and end of each campaign. The first meeting defines the budgetary requirements/plan (financial, inputs, maintenance, etc.) for successful planting, and the second meeting assesses actual production costs and sets the negotiated royalty. The GMP General Secretaries meet every week to review weekly management and report to their superiors.	Comment by L Raymundo Reyes G: The governance of water resources in the Djiarataoua irrigation perimeter is carried out collegially by the General Assembly and has three hierarchical levels.	Comment by L Raymundo Reyes G: Water resources
The SCOOP boards are also responsible for collecting royalties and managing funds. They have set up an adaptive system for collecting royalties, enabling them to recover up to 99.51% of the amounts due. In contrast the transparent management of natural resources, the management of financial resources is opaque. The funds collected do not pass through an appropriate system (bank account, double signatures) to ensure proper traceability of disbursements. Expenditure is made on sight, without following an appropriate procedure for disbursing common funds. Nevertheless, they have a cash book in which all expenses and recoveries are recorded. Balances are kept at the end of each month.
Alongside the management of agricultural SCOOPs, a number of women's and/or youth cooperatives/associations have been set up to add value to agricultural products from the irrigated perimeter and develop household incomes. Most are active and specialized in the processing of moringa-based products, groundnuts, corn, etc.
The SCOOPs are interconnected to create a chain for the development of product chains in the irrigated perimeter. The board members of the Union des SCOOP and the SCOOPs are quite efficient and work for the well-being of the members of the farmers' organizations. They strengthen relations between farmers for better exploitation of the perimeter's resources.
3.3. Diversified crop rotation
Producers have a good understanding of the production cycles for most crops. They are able to cultivate several crops per year, taking into account crop requirements. However, the technical itineraries employed remain for the most part traditional, apart from the localized application of inputs using the micro-dose technique, and most cultivation operations are manual.	Comment by L Raymundo Reyes G: Indicate the production cycles	Comment by L Raymundo Reyes G: microdosing technique

Expand the discussion on what is meant by the microdosing technique. Of what?
Around twenty crops are grown on small plots, with moderate yields, during two seasons per year in the Djirataoua irrigated perimeter (Table 1). During each season, the crop rotation includes a dozen or so associated or pure crops grown on small plot between alternating strips of perennial crop. And from one season to the next, crops are rotated according to climatic conditions. Moringa is the main perennial crop grown all year round.	Comment by L Raymundo Reyes G: Indicate which dates cover the two seasons of the year. Dry season, wet season
Table 1 : Surface areas and yields of crops by season.
	
	Dry Season (DS)
	Wet Season (WS)

	Crops
	Surface area (ha)
	Yield (T/ha)
	Surface area (ha)
	Yield (T/ha)

	Maïze
	15
	1,365
	445
	2,7

	Anise
	275
	1,683
	
	

	Wheat
	4
	2,8
	
	

	Onion
	35
	36
	
	

	Sweet potato
	42
	18,103
	
	

	Kassava
	55
	Not disponible
	65
	33

	Cabbage
	1.48
	18,9
	
	

	Eggplant
	2.48
	39
	1,64
	26

	Tomato
	1.96
	28,218
	0,32
	18,2

	Groundnut
	6.25
	1,063
	20
	0,48

	Garlic
	0.48
	Nd
	
	

	Cowpea
	0.125
	43
	7
	1,2

	Banana
	7.42
	27
	15
	27

	Water melon
	0.27
	34
	
	

	Moringa
	72
	8,15
	75
	40,25

	Rice
	
	
	0,64
	1,5

	Pumkin
	
	
	0,32
	22,5

	Sorghum
	
	
	20
	2,6

	Pearl millet
	
	
	7
	1,5

	Chili pepper
	
	
	20
	6

	Green pepper
	
	
	10
	5

	Okra
	 
	 
	2,96
	2,1

	Forages
	Not disponible
	Not disponible
	Not disponible
	Not disponible


3.4. Endogenous and exogenous resources flows 
Water extraction is carried out by pumps powered entirely by fossil fuels. Water is distributed continuously from pumping stations that pump the water into a distribution basin or directly to the plots, via gravity-fed irrigation canals. It usually starts from 6 a.m. to 6 p.m. and sometimes 24 hours a day, with a few hours off to cool down the pumping machines. Water towers are organized by the members of each GMP. They are not fixed, can be revised at any time and can be day or night, depending on water requirements (total surface area) and pumping flow. Farmers work together to distribute water. Everyone knows his or her water towers and tries to respect it. The first farmers open the siphons to irrigate their plots and inform their immediate neighbors when their water needs are met. The process continues until all farmers have irrigated once before the water distribution cycle starts again.	Comment by L Raymundo Reyes G: Recomendar utilizar bombas sumergibles	Comment by L Raymundo Reyes G: It's important to monitor the water table during this irrigation period; generally, it shouldn't exceed 20-50 cm per hectare. However, this depends on the type of crop.

There is no single optimal water table for all vegetables, as it varies depending on the crop, soil type, growth stage, climate, and irrigation method. The water table (in mm) represents the amount of water needed to meet the crop's water needs, avoiding both excess and shortages. To determine it, the soil's water-holding capacity, the depth of the crop's root zone, and evaporation and percolation losses must be considered.
Most of the seeds used are locally produced. They are produced using the mass selection technique (self-production). Cereal seeds and certain crops such as moringa, anise (dill), banana shoots and cassava cuttings have been produced by the farmers themselves since the perimeter was created over 40 years ago. Nevertheless, some exogenous seeds are used when their local production becomes complicated.
Fertilization is mixed, with conventional practices predominating over agroecological ones. Organic matter inputs are obtained in two ways, but remain low. The first is on-site in situ application of crop residues. The second is the collection and sprinkling of organic matter from animal waste, household refuse and composting. The use of chemical fertilizers is commonplace on all plots, with inputs well in excess of recommended standards, far exceeding the thresholds of agronomic and economic efficiency.	Comment by L Raymundo Reyes G: Indicate what types of chemical fertilizers are applied to crops and whether agrochemicals are used to prevent the growth of invasive vegetation and pesticides. These are important for achieving a proper transition to agroecology.
Crop pest control is mainly based on the excessive use of synthetic chemicals, which are often not registered and hazardous to health. Biopesticides based on local resources are rarely used. While various biopesticides can be manufactured locally to treat crop pests, farmers tend to go for what they call “the easy way out”, believing that manufacturing biopesticides is tedious and the products are slow-acting, with less effective results than chemicals.	Comment by L Raymundo Reyes G: Indicate these chemicals
The equipment used consists of home-made farm implements (hoe, daba, shovel, rake, etc.). A few rare items of industrial equipment are used for shallow ploughing of plots (power tiller or crop protection sprayers, etc.).
3.5. Resources flow efficiency
Yields are moderate for most crops, due to poor management of incoming resource flows. Firstly, water distribution is inefficient. Flow rates from some boreholes are low, for reasons not yet known. Water losses in the distribution system are high, due to dilapidated structures and a lack of appropriate maintenance. This is caused frequent water shortages in most hydraulic districts. Some farmers even irrigate at night, while others are reluctant to use their plots, especially in the dry season.	Comment by L Raymundo Reyes G: In the case of groundwater, it's possible that a small amount of the aquifer (non saturated or saturated) is being captured. This can be confirmed by conducting a geophysical study using the Vertical Electrical Sounding method to obtain information on the lithology and thickness of the aquifer.
The efficiency of agroecological practices is low and largely diluted by that of conventional practices. Some crops, such as aniseed, encourage the development of pests and other crop enemies. But other crops allow the development of bacteria and other beneficial and predatory organisms. These crops are particularly interesting for biological control. In addition, combined and/or rotational crops are useful for restoring soil fertility. They improve the quantity of available organic matter and soil quality, and break the proliferation dynamics of weeds and other crop pests. This practice is only timidly used and remains insufficient to significantly improve soil properties. What's more, much of the crop residue is exported to feed household animals or sold to livestock farmers. What's more, these few advantages are wiped out by the excessive use of synthetic fertilizers, which further destabilize the chemical, physical and biological properties of the soil (leading to the destruction of part of the microflora and fauna). These consequences are exacerbated by chemical treatments of crop pests based on harmful, poor-quality active ingredients, often no registered and used at short intervals. This has a negative impact on microbiological diversity and quantity (aerial and soil). In addition, the quantities of chemicals used are far in excess of agronomic and economic standards, leading to product losses (phyto and agricultural), loss of income, etc.
3.6. Production oriented towards a local food system
All products are part of the dietary habits of local residents. Some are produced primarily for family consumption, while others are more market-oriented.
Cereal production is mainly for family consumption and is rarely sold. They are supplemented by moringa, the main crop grown in the Djiarataoua perimeter. Moringa, locally known as El Macka (in Hausa), is one of the main references in the Djirataoua irrigated perimeter's food systems. Its leaves are highly nutritious and have many medicinal virtues. It is appreciated by all socio-professional categories and can be served as breakfast, lunch, dinner or dessert. It has the advantage of being easily processed and conserved by simply drying the fresh leaves or after processing. Product processing is traditional, using mainly endogenous resources. Most steps are carried out manually, using traditional tools such as milling stones, mortar pans, cooking pots, etc.
Leaves are harvested fresh, dried or pre-prepared for home consumption or short-line marketing. Surplus production is conserved after processing into various products and by-products, in small quantities generally for local consumption or packaged sparingly for local marketing. Several other seeds are processed to balance the food system. Peanut seeds are processed into oil, oilcake, chocolate, paste, sweet and savory peanuts. They also process cowpeas, onions, wheat, corn, etc.
Moringa seeds and other crops (dill, sweet banana, sweet potato, etc.) are more cash crops, produced mainly to improve household income. Moringa seeds are used as an input to extract better quality oil, on order and mainly for international sale. Several other moringa-based products (soap, ointment, etc.) are also produced.
3.7. Short marketing circuit
Local demand for agricultural produce is high, and much of the production does not exceed consumption in neighboring towns. Moringa, aniseed, sweet bananas, etc., are sold to traders in neighboring towns (Maradi, Radi, Djirataoua) and to consumers or traders in other major national towns on order. Exports are made timidly to Nigerian towns close to the sites. Producers are directly connected to marketing networks or to certain customers for commercial exchanges. They sell their foodstuffs according to market prices. Fresh produce is often sold at the weekly local markets within the perimeter, in kilograms or volumes. It’s sometimes sold on the plots, by plot sector or by number of plots. In this case harvesting costs are supported by the customer.
Pre-prepared and processed products are sold at markets in major towns. Product prices fluctuate from the harvest period to the lean season. The price of certain products, such as onions, moringa leaf products, peanut products, aniseed, etc., can be doubled.
3.8. Diversified added value
Exploiting the perimeter's resources has positive benefits in terms of wealth creation (added value) and employment, especially for the poorest people in the area. It offers production guarantees due to the availability of the main factors of production (water and land), as well as opportunities for processing local production and marketing products and by-products. It also offers wealth-creation potential for the various links in the product value chains. Firstly, in the agricultural input supply chain, it creates jobs for young entrepreneurs, some of whom can specialize in compost manufacture and others in the marketing of fertilizer products. These services represent interesting wealth-creation activities for young people, as there is a real demand for them. At the production level, dominated by older men, moringa leaves are the main source of income, creating interesting revenues every two weeks. The leaves are regularly harvested every two weeks and sold in the locals’ markets. Then, the sale of other seasonal speculations, such as anise, groundnuts, sweet bananas, onions, tomatoes, sweet potatoes, etc., creates diversified revenues with high profit margins. The processing link, essentially female, creates added value by producing fresh products, then cooked or dried. Finally, marketing is also a potential activity. At the same time, women are organizing themselves to make achievements through warrantage or tontine operations in kind and in cash. They agree to contribute products or a sum of money over a fixed period of time, and make it available to a member in proportion to his or her contribution.
3.9. Agriculture/livestock integration
The polyculture practiced creates a strong synergy between perennial plants (Moringa, citrus, banana, etc.) and seasonal crops (cereals, legumes) in rotation from one season to the next. Most plants and legumes produce positive interactions that are highly beneficial for improving soil quality and soil microflora and fauna. Crop combination and crop rotation help to break the dynamics of massive weed and pest proliferation, while improving soil structure. The micro-climate developed by these cropping systems also has positive interactions on the biological diversity of insects and birds, providing them with habitats and ideal conditions for their development and residence in the Djirataoua production basin. Conversely, the presence of insects improves crop quality and yields by promoting pollination and the development of hybrid species.
On the other hand, a large proportion of harvest residues are used for animal feed. Some residues, such as cowpea and groundnut fans, and maize, sorghum and millet stalks, are used mainly to feed fattening or dairy animals, and also to feed herds during the lean season. Some producers keep the residues to feed their own animals, while others sell them to generate household income. To compensate for the export of organic matter from the fields, animal droppings and household waste are collected and returned to the plots. This practice, although insufficient, slightly improves the quantity of organic matter and soil quality.
3.10. Involving women and young people in resource exploitation
Exploiting the resources of the Djirataoua irrigated perimeter has created a new balance in decision-making and contribution to household expenses in relation to traditional customs. In the past, land belonged to the household, in particular to the men, who were the main owners/heirs. Today, some women have their own plots of land and are free to make their own decisions about agricultural development. They take financial responsibility for themselves and contribute to the household's financial expenses. The current trend is towards women's involvement in the management of all household resources.
In addition, women and young people are active in the input supply, production, processing and marketing chains for agricultural products. They participate fully in decision-making, as members of agricultural cooperatives, processing companies and production and development associations. They are present at all stages of production, processing and marketing of local products.
3.11. Knowledge generation
The Djirataoua irrigated perimeter has built its sustainability and profitability to the improvement and sharing of ancestral local know-how. This knowledge has been developed and transformed into empirical knowledge of food production, processing and preservation. It is practiced and reproduced on the job from generation to generation.
Most farming practices have been inherited from grandparents and shared from farmer to farmer, without any capacity building. Several production techniques are quite specific to the irrigated perimeter. Moringa intercropping and sweet banana production have been practiced for several years without any external contribution of expertise or skills. Production techniques for certain crops, such as aniseed, are fairly well mastered by growers. This crop is neglected by research, and there are no appropriate documents on cultivation techniques, etc. Despite it is the second most important crop in the world. Yet it is the second most important off-season crop, due to the quantity produced and the profit margins it offers.
The manufacturing processes for pre-prepared or dried Moringa are traditional techniques, specific to the conservation of fresh leaves in rural households. They have been improved by women processors from the towns surrounding the irrigated perimeter. They are easily carried out with totally local products, but are of vital importance not only for the conservation of surplus moringa leaf production, but also for its nutritional quality. These conservation processes are widely disseminated and shared in Djirataoua irrigated perimeter zone.
Very little modern, exogenous knowledge is mobilized and applied in the context of exploiting the resources of the Djirataoua irrigated perimeter. Nevertheless, several capacity-building programs have been carried out by development agencies, but most have not been applied. Several training courses have been given on the manufacture of biopesticides and composts based on local natural resources, but these have rarely been adopted by producers. In addition, other training courses on the importance of technical itineraries, the use of fertilizer doses, the dangers of chemical products, product processing and packaging, etc. have produced mixed results.
3.12. Agroecological transition challenges for polyculture in Djirataoua
The priority challenge of the agroecological transition of polyculture at Djirataoua is the reduction of chemical inputs. Plots are treated with excessive quantities of chemical fertilizers, phytosanitary products and herbicides that are harmful to soil health. Recycling and initiatives to preserve soil health are practiced, but remain insufficient to create a significant impact on agroecosystem dynamics. The other principles of agroecological transition are well applied, although improvements are desirable as production conditions evolve.


Table 2 : Challenge for agroecological transition for polyculture at Djirataoua	Comment by L Raymundo Reyes G: It would be better to use a numerical weighting (e.g. 1 to 10) to indicate the level of transition for the crop.
		Principles HLPE (2016)
	Level of agroecological transition challenge

	Recycling
	

	Soil heath
	

	Reduction of synthetic inputs
	

	Animal welfare and health
	

	Biodiversity
	

	Synergies
	

	Economic diversification
	

	Knowledge cocreation
	

	Values social and alimentation
	

	Equity
	

	Producers-consumers connectivity
	

	Governance on land and naturals resources
	

	Participation
	

	
	


	Legend
	Priority challenge, requiring immediate attention (black)
	Intermediates challenges, requiring improvement (Mauve)
	Not priority challenges, already relatively well applied (green)

	
	
	
	






4. Discussions
Several agroecological practices have been adopted as part of polyculture on Djirataoua irrigated perimeter. Alternate strip cropping of moringa in association with other crops, and crop rotations during and between cropping seasons, create positive impacts on the evolution of agroecosystems and environmental services. In addition to this synergy between crops, there is a timid but interesting recycling of natural resources. These results are in line with those of Rasse et al., 2018, Fanchone et al., 2020, Ouédrago (2019) and Kouakou (2019), who have made similar observations in the establishment of market garden crops.
Fertilization is organo-mineral (inputs of both organic matter and chemical fertilizers). This combination could be more interesting if it is set up to improve soil fertility so that crops can express their performance like Mbaye’s (2025) results in Senegal. However, they are often applied according to the availability of inputs, without respecting the standards recommended by research institutions. These results are in line with those obtained by Ouédrago (2019) in the Bobo Dioulasso region of Burkina Faso, and by Kouakou (2019) in the commune of Port-Bouët in Côte d'Ivoire. Organic fertilizers are often applied in insufficient quantities, in contrast to the very high inputs of chemical fertilizers, with excess nutrients such as phosphorus and nitrogen being released and wasted. This interaction between inappropriate doses of fertilizers creates an imbalance that has a negative impact on soil quality and pollutes the environment. These results corroborate those of Abdulkadir et al (2013), who found high doses of nitrogen and phosphorus in vegetable production systems around the city of Kano, which are potentially harmful to the environment. In the long term, this interaction will encourage the proliferation of weeds and crop pests, which are often treated by excessive use of herbicides and synthetic plant protection products, both registered and unregistered. According to Bertrand & et al. (2023), the rate of pesticide use has increased 20-times in less than 20 years. These findings confirm those of Son et al, (2017), Zabeirou & et al. (2018), Ouédrago & et al., (2019). According to Reca (2013), more than 90% of insecticides and 81% of pesticides are not registered. All growers use phytosanitary products to combat crop pests. According to Zabeirou & et al. (2018), 97% of growers believe that pesticides reduce crop losses due to pests.
Reducing the use of chemical inputs is a priority issue in the agroecological transition of Djirataoua polyculture. It is desirable to promote systemic practices for sustainable production, while at the same time raising producers' awareness of the need to adopt practices that are economically viable and attractive for creating environmental services. Abdulkadir & et al. (2020) concluded his work by promoting appropriate agricultural policies for efficient nutrient management for sustainable agriculture. In the first instance, the transition will consist of using homologated products and reducing the exaggerated doses of chemical inputs used to the thresholds of the standards recommended by research institutes in conventional agriculture. Secondly, it is cleaner to produce on the basis of agroecological alternatives. These proposals corroborate the theory developed by Gliessman (2016), which proposes firstly to increase the efficiency of conventional agriculture (reducing the impact of synthetic inputs) and secondly to replace conventional practices with those advocated by agroecology.
5. Conclusion
Mixed farming on the Djirataoua irrigated perimeter is practiced through the adoption of a few agroecological practices. Just over 69% of HLPE agroecological principles are adopted. Crops are diversified, with a multitude of crop rotations within and between seasons. Farmers are well organized in cooperative societies, sharing knowledge horizontally and helping each other to develop production and processing activities. They have diversified their sources of income by adding value to their produce, and are connected to the local network marketing produce. Cropping systems interact on and off the perimeter. Mixed farming is an ongoing source of wealth creation. It has enabled women and young people to become financially independent.	Comment by L Raymundo Reyes G: Present a discussion for each of Djirataoua's perimeters (I, II). Or indicate whether both perimeters of interest are referenced in this study.

Indicate what these agroecological practices are	Comment by L Raymundo Reyes G: Indicate which crops are appropriate for each season
However, recycling and soil health principles are adopted, with no immediate priority issues. Nevertheless, they require improvement to ensure the sustainability of soil and environmental quality. Priority challenge is to reduce chemical inputs (synthetic fertilizers and pesticides). For the immediate future, the agro-ecological transition will consist in the intrinsic use of homologated inputs and the application of doses corresponding at most to the threshold of the standards recommended by research institutions. Organo-mineral fertilization and treatments based on effective biopesticides are real directions of research for exploring proposals for better agroecological production, supported on most mixed farming and market gardening sites.	Comment by L Raymundo Reyes G: Please indicate your proposal for making the transition to agroecological production.

Consent (where ever applicable)
Not applicable
Ethical approval (where ever applicable)
Not applicable
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