[bookmark: _Hlk202370963][bookmark: _Toc114932748][bookmark: _Hlk112266588][bookmark: _Toc66354150][bookmark: _Toc66354247]Original Research Article
Farmers' Knowledge, Pesticide Use Practices, Exposure risk and Pesticide Pressure in Sesame Production Systems in Fara, Burkina Faso

[bookmark: _GoBack]ABSTRACT

[bookmark: _Toc107595210][bookmark: _Toc114932749][bookmark: _Hlk214382388]Aims: To describe farmer’s knowledge and pesticide use practices and to quantify pesticides pressure using the treatment Frequency Index (TFI, Indice de Fréquence de Traitement, IFT) among sesame producers in Fara, Burkina Faso.
Study design: A cross-sectional, descriptive survey was conducted among sesame farmers based on a structured questionnaire and detailed records of pesticide applications.
Place and duration of study: The study was carried out in five localities of Fara Department (Balé province, western Burkina Faso) during one sesame growing season.
Methodology: A total of 34 sesame farmers were interviewed to collect information on their soci-demographic characteristics and phytosanitary practices. Detailed pesticide application data were obtained from 15 farmers and used to calculate the TFI for 76 individual treatments. The calculated TFIs were compared with recommended reference values to assess pesticides pressure in the sesame production system.
Results: Among farmers, 76.47% wore no personal protective equipment. Incineration of containers (44.12%) was the most common disposal practice, while some farmers discarded (5.88%) or buried (2.94%) leftovers. These unsafe practices were associated with a lack of training (67.65%) and a low level of formal education (29.4%). Most farmers (88.24%) reported returning to their fields the morning after spraying pesticide, that is less than 24 hours later. Four of the six listed products (66.66%) were approved by the Sahelian Pesticides Committee (CSP), while two (33.33%) had no recognised registration status. None of the pesticides recorded on the surveyed farms were specifically authorized for use on sesame crops. Across the 15 monitored fields, 72 pesticides treatments were carried out. Overall, 08.33% of treatments had a compliant TFI, 18.05% were higher than normal, and 73.61% were lower than normal.
Conclusion: Overall, the findings indicate moderate pesticide use, but risky practices, underscoring the need for stronger oversight and targeted training for sesame producers.
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1. INTRODUCTION
In Burkina Faso, the sesame sector is a major economic pillar, generating income for nearly two-thirds of rural households (Ouali, 2023) and accounting for export revenues estimated at 45 billion CFA francs in 2012 (Gildemacher et al., 2015). Production is largely concentrated in the Bankui, Goulmou and Guiriko regions, which together represent 66% of the national output (MARHASA/DGESS, 2015).
However, the profitability of this crop is compromised by multiple phytosanitary challenges. Pests and weeds, which occur at various stages of sesame development, cause significant yield losses, estimated at between 20% and 25% for food crops in general (RONGEAD, 2013). To cope with these constraints, farmers are increasingly resort to the use of pesticides (Gomgnimbou et al., 2009). The uncontrolled and often inappropriate use of pesticides, driven by poor training, lack of PPE, and limited knowledge of recommended doses, exacerbates exposure and environmental risks (Tarnagda et al., 2017).
To date, few studies have quantitatively documented phytosanitary practices in sesame cultivation in Burkina Faso, particularly in the municipality of Fara. Yet, such knowledge is essential for guiding training policies, regulating pesticide use, and promoting sustainable agriculture.
The analysis of phytosanitary practices is therefore essential for assessing the magnitude of these risks. In addition, monitoring the intensity of chemical treatments through indicators such as the Treatment Frequency Index (TFI) makes it possible to better understand the level of phytosanitary pressure exerted on crops, by integrating both the frequency and the doses applied (Brunet, 2008; Raynal et al., 2024; Martin et al., 2016; Dessaint et al., 2014).
This study evaluates the phytosanitary practices of sesame producers in Fara, combining a qualitative assessment of pesticide use with a quantitative estimation of treatment intensity using the IFT. It aims to describe farmer’s knowledge and pesticide use practices and to quantify pesticides pressure using the treatment Frequency Index (TFI, Indice de Fréquence de Traitement, IFT) among sesame producers in Fara, Burkina Faso.

2. METHODOLOGY
2.1 Study site description
The study was conducted in the municipality of Fara, located in the extreme south of the Balé province, within the southern Sudanian zone. Five villages were selected: Ton (10 km from Fara), Daho (5 km), Kabourou (12 km), Toné (20 km), and Nabou-Nouni (9 km). The map of the municipality and the location of the study sites are presented (Fig. 1). This area benefits from agroclimatic conditions favourable to agro-sylvo-pastoral activities. It is located on a granitic plateau dominated by weakly developed soils that are prone to water erosion. The climate, which is Sudano-Sahelian, is characterised by a marked alternation between a dry season and a rainy season; during the study year, rainfall reached 876 mm distributed over 53 days. The sites were selected based on the area cultivated in sesame, the intensity of pesticide use, and their accessibility from the municipal capital.
[image: ]
[bookmark: _Toc107415819][bookmark: _Toc108038368]Fig. 1: Map of the Fara municipality

[bookmark: _Toc107595259][bookmark: _Toc114932779]2.2. Methods
2.2.1. Sampling of producers
A stratified sampling method was adopted. The five villages were selected for their sesame-cultivated area, pesticide use intensity, and accessibility. Within each village, simple random sampling was used to select a total of 34 sesame producers, with an approximately proportional distribution across sites depending on farmers availability. Among these, 15 were selected for close monitoring of phytosanitary treatments in order to obtain accurate measurement of the applied doses, which were required for calculating the Treatment Frequency Index (TFI).

2.2.2. Assessment of agricultural practices 
To characterise agricultural practices, a survey was conducted among the 34 selected sesame producers. Data was collected using a semi-structured questionnaire administered individually. Interviews were conducted in the main local languages (Mooré, Dioula, Gourounsi), with translation into French provided by an interpreter when necessary. The information collected concerned the socio-demographic characteristics of the producers, general data on the farms, the identification of pesticides used in sesame cultivation, and how they were used.
The technical characteristics of the pesticides identified were determined from labels collected in the field and supplemented by documentary research. To this purpose, reference databases such as the Pesticide Properties Data Base (PPDB) and the global list of pesticides approved by the Sahelian Pesticides Committee (CSP) were consulted. The information extracted included the type of pesticide, its use, toxicity class, registration status, recommended dose, country of origin, and expiration date.

2.2.3. Assessment of pesticides application pressure 
A scoring sheet was used to evaluate the intensity of pesticide use on sesame farms through the calculation of the Treatment Frequency Index (TFI). Fifteen (15) producer-applicators were closely monitored throughout the agricultural season to quantify the actual volumes of pesticides applied to the cultivation areas. All phytosanitary treatments carried out during the season were considered. For each treatment, the applied dose (AD, in L/ha or g/ha) was compared to the authorized dose (DH), generally indicated on the product label. The TFI was calculated using the following formula (INRAE, 2020, Lesueur-Jannoyer et 2015):
TFI = (DA / DH) × (St / ST)
where St represents the area treated (in ha) and ST the total area cultivated in sesame by the producer. 
The total TFI of a plot corresponds to the sum of the individual TFIs for all treatments carried out during the season. This approach provides an integrated estimation of the phytosanitary pressure exerted on each farm.

2.2.4. Data treatment and analysis 
[bookmark: _Toc107595265][bookmark: _Toc114932785][bookmark: _Hlk105947493]The data were entered and processed using Excel 2015, then analysed using descriptive statistics. The results were presented in the form of frequency tables and graphs generated with the Sphinx iQ 3 software. The characterization of the active ingredients identified in the field were carried out based on product labels and verified using the list of pesticides approved by the Sahelian Pesticides Committee (CSP).

3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Farmers’ level of education
The analysis of education level of the sesame producers surveyed is presented (Fig. 2). It reveals that a minority (29.4%) had received formal education, while the majority (61.76%) had no formal education. 

[bookmark: _Toc107415821][bookmark: _Toc108038370]Fig. 2. Distribution of farmers according to education level

3.1.2. Farmers' knowledge and training on pesticide use
Table 1 shows the distribution of farmers according to their experience and knowledge regarding pesticides use. Among the surveyed farmers, 44.11% reported having long experience in pesticide use, with more than 15 years of practice. However, only 17.65% of farmers systematically consulted the instructions provided on pesticide labels. The majority (82.35%) relied instead on advice from other farmers or technical agents to guide their practices. Concerning training in good phytosanitary practices, about one-third of farmers (31.35%) had benefited from training provided by agricultural organisations or development projects.
[bookmark: _Toc107416820][bookmark: _Toc107416893]Table 1. Distribution of farmers according to their knowledge of pesticides
	Characteristics 
	Knowledge level  
	Frequency (%) 

	Reading levels
	Read
Do not read
	17.65
82.35

	Training in good pesticide-use practices 
	Untrained  
Trained  
	67.65 
32.35 

	Number of years of pesticide use
	[1 to 5]
[6 to 10]
	11.76
38.24

	
	[10 to 15[
	5.88

	
	15 years and above
	44.11


[bookmark: _Toc107595270][bookmark: _Toc114932789]
3.1.3. Cultivated areas by crop type
The distribution of cultivated areas according to the main crops is presented (Fig. 3). Maize occupied the largest area with 92 hectares, followed by sesame which for 61 hectares, confirming its growing importance in local farming systems.

[bookmark: _Toc107415823][bookmark: _Toc108038372]Fig. 3. Representation of cultivated areas by crops type

3.1.4. Identification of pesticides used by farmers
[bookmark: _Hlk214520919]Six (06) commercial pesticide formulations were recorded across the survey sites. They consisted mainly of herbicides based on glyphosate and insecticides containing lambda-cyhalothrin- and acetamiprid (Table 2). Three herbicides were identified, all belonging to WHO toxicity class III, although some products (e.g. ADWUMA WURA) are not registered in Burkina Faso. The identified insecticides fell within toxicity classes II and III. Four of the six listed products (66.66%) were approved by the Sahelian Pesticides Committee (CSP), while two (33.33%) had no recognised registration status. None of the pesticides recorded on the surveyed farms were specifically authorized for use on sesame crops.
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[bookmark: _Toc107416821][bookmark: _Toc107416894]Table 2. Characterization of the pesticides used
	Trade name
	[bookmark: _Hlk214869805]WHO toxicity class
	Registration status 
	Active ingredient and concentration (g/kg or g/L)
	Pesticide type/ Use 

	ADWUMA WURA
	III
	No
	Glyphosate (480)
	Herbicide / -

	LAMACHETTE 757 WG
	III
	Yes 
	Glyphosate (757)
	Non-selective herbicide for maize cultivation 

	GLYPHALM 360 SL
	III
	Yes 
	Glyphosate (360)
	Non-selective herbicide for weed control in crops 

	K-OPTIMAL
	II
	Yes 
	Lambda-cyhalothrin (15)/ Acetamiprid (20)
	Insecticide for controlling pest insects in cabbage and cotton

	PACHA 25 EC
	II
	Yes 
	Acetamiprid (10)/ Lambda-cyhalothrin (15)
	Insecticide for controlling caterpillars and insects pest in tomatoes crops

	LAMBDA SUPER 2.5 EC
	III
	No
	Lambda-cyhalothrin (2,5)
	Insecticide / -



Legend: WG: water dispersible granule; SL: soluble concentrate; EC: emulsifiable Concentrate; WHO toxicity class II: Moderately hazardous; WHO toxicity class III: Slightly hazardous


3.1.5. Pesticide supply chain
The distribution of farmers according to their pesticide supply sources shows that 41.18% obtain their products from licensed retailers, while 52.94% purchase them from local markets. A minority, representing 5.88%, obtain their products directly from agrochemical companies.

3.1.6. Period of pesticide application and re-entry interval
[bookmark: _Hlk214521047]The distribution of producers according to weather conditions and application periods shows that 94.12% of the surveyed farmers carried out pesticide treatments when the weather was relatively calm, while 5.88% applied products after rainfall. Most farmers (61.76%) reported spraying with taking wind direction into account, whereas 38.24% sprayed without considering it. Most farmers (88.24%) reported returning to their fields the morning after pesticide, that is less than 24 hours later. Only 11.76% say they wait 24 to 48 hours before returning to their field. 

3.1.7. Management of empty containers and pesticide preparation leftovers
Regarding the management of empty containers, 44.12% of respondents burned empty containers after use; 17.65% used them for domestic purposes; 29.41% abandoned them in the fields and 8.82% buried them in the soil. Concerning the management of leftover pesticide mixture, 91.18% of producers kept the remaining spray solution for the next treatment, 5.88% discarded it into the environment, and 2.94% buried it in the soil.

3.1.8. Use of personal protective equipment (PPE)
[bookmark: _Hlk106309411]Most farmers (76.47%) carried out pesticides applications wearing only ordinary field clothing, without any conventional personal protective equipment (PPE). In addition, 14.71% used dust masks, while only 8.82% wore gloves and boots during pesticides application.

3.1.9. Pesticide pressure on the agroecosystem
[bookmark: _Hlk202447590][bookmark: _Toc107416822][bookmark: _Toc107416895]Table 3 presents the results of the Treatment Frequency Index (TFI) calculated from measurements taken in the 15 farms. Out of 72 treatments recorded, only 6 treatments (08.33%), carried out by a single farmer (NJ), were applied with a Treatment Frequency Index compliant with the standard (TFI/c ≈ TFi). In contrast, 13 treatments (18.05%), distributed among three farmers (notably NS1, NH and NK), were applied at higher than the recommended standard. Finally, most treatments, i.e. 53 treatments (73.61%) performed by 11 farmers, show TFI values below the standard.
Table 3. Results of the IFT calculation
	[bookmark: _Hlk202443961]Field Code
	Pesticides
	NT
	DA
	DH
	ST
	St
	TFI
	TFI/c
	TFI/n

	NK
	Adwuma wura
	1
	5.33
	4
	1.5
	1.5
	1.33
	6,32
	4

	
	3xlambda super
	1
	1.33
	0.8
	1.5
	1.5
	1.66
	
	

	NS
	Adwuma wura
	1
	1
	4
	1.5
	1.5
	0.25
	0.93
	5

	
	4xk-optimal
	1
	0.17
	1
	1.5
	1.5
	0.17
	
	

	NL
	Adwuma wura
	1
	1.33
	4
	1
	1
	0.33
	1.98
	4

	
	Pacha
	1
	0.15
	1
	1
	1
	0.15
	
	

	
	2xk-optimal
	1
	0.75
	1
	1
	1
	0.75
	
	

	NM1
	Adwuma wura
	1
	3
	4
	2
	2
	0.75
	2.9
	7

	
	3xPacha
	1
	0.3
	1
	2
	2
	0.3
	
	

	
	3xk-optimal
	1
	0.5
	1
	2
	2
	0.5
	
	

	NM2
	Adwuma wura
	1
	2
	4
	1.5
	1.5
	0.5
	1.32
	3

	
	2xlambda super
	1
	0.33
	0.8
	1.5
	1.5
	0.5
	
	

	CW
	Lamachette
	1
	2
	1
	6.5
	6.5
	2
	2.12
	4

	
	3xpacha
	1
	0.04
	1
	6.5
	6.5
	0.04
	
	

	NH
	Adwuma wura
	1
	4
	4
	0.5
	0.5
	1
	6
	6

	
	5xk-optimal
	1
	1
	1
	0.5
	0.5
	1
	
	

	NS1
	Adwuma wura
	1
	4
	4
	1
	1
	1
	8
	6

	
	5xk-optimal
	1
	0.5
	1
	1
	1
	0.5
	
	

	NB1
	Glyphalm
	1
	0.5
	4
	4
	4
	0.12
	5.12
	6

	
	5xK-optimal
	1
	1
	1
	4
	4
	1
	
	

	NB2
	Adwuma wura
	1
	2
	4
	1.5
	1.5
	0.5
	3.85
	6

	
	5xk-optimal
	1
	0.67
	1
	1.5
	1.5
	0.67
	
	

	NS2
	Glyphalm
	1
	2
	4
	1
	1
	0.5
	3.15
	6

	
	5xk-optimal
	1
	0.6
	1
	1
	1
	0.6
	
	

	ND
	Glyphalm
	1
	3
	4
	1
	1
	0.75
	4.75
	5

	
	4xk-optimal
	1
	1
	1
	1
	1
	1
	
	

	NJ
	Adwuma wura
	1
	1
	4
	1
	1
	0.25
	4
	3

	
	2xLambda super
	1
	1.5
	0.8
	1
	1
	1.87
	
	

	NN
	Adwuma wura
	1
	2
	4
	1
	1
	0.5
	1.75
	4

	
	Pacha
	1
	0.25
	1
	1
	1
	0.25
	
	

	
	2xk-optimal
	1
	0.5
	1
	1
	1
	0.5
	
	

	NG
	Adwuma wura
	1
	2
	4
	1
	1
	0.5
	1.87
	3

	
	Lambda super
	1
	0.5
	0.8
	1
	1
	0.62
	
	

	
	K-optimal
	1
	0.75
	1
	1
	1
	0.75
	
	


[bookmark: _Toc107595278][bookmark: _Toc114932795]Legend: nX is the number of times this product was applied under the same conditions; NT: numbers of treatment; DA: applied dose; DH: registered dose; ST: total area; St: treated area; TFI: treatment frequency index; TFI/c: calculated TFI; TFI/n: normalized TFI

3.2. Discussion
The survey revealed a low level of schooling among farmers, which limits their ability to read labels and apply good phytosanitary practices. These results confirm the observations made by Ouedraogo et al. (2009) and Toe et al. (2013), who had already reported a poor understanding of technical instructions, a factor that increases risk to human health and the environment.
Knowledge of pesticides, which are essential for safe use, remains insufficient. Although Compaoré et al. (2020) and Ilboudo et al. (2019) emphasize the importance of training, whether through experience, awareness campaigns, or formal education, the survey shows that very few farmers have benefited from such training. Consequently, the choice of pesticides, their synchronization with pest biology, and the adoption of practices to reduce health and environmental risks are seldom optimized (Bayili et al., 2024; Zongo et al., 2023).
Approximately 44% of farmers aged 15 years and above reported having long-term experience in the use of herbicides, which could potentially improve treatment effectiveness. However, according to Le Bars et al. (2022) and Kousse et al. (2023), this habitual use is accompanied by repeated exposure to toxic substances, which may lead to risks of chronic intoxication, particularly when protective equipment is lacking.
The study shows that most farmers do not use appropriate PPE during pesticide applications. This finding is consistent with Son et al. (2018), Gomgnimbou & Kara (2022), and Toe et al. (2013), who reported that less than 1% of farmers used complete PPE. 
In the municipality of Fara, empty pesticide containers are often abandoned in the fields, buried, in an uncontrolled manner, or reused for domestic purposes, a situation already reported in various agricultural contexts in Burkina Faso (Ilboudo et al., 2019; Bayili et al., 2024; Ouedraogo et al., 2011; Nare et al., 2018). These practices also include the uncontrolled disposal of leftover spray mixtures, which contributes to diffuse contamination of soil, groundwater and crops (FAO & WHO, 2008). Studies have shown that these residues may contain significant quantities of active substances, posing a high risk of migration into the environment and leading to chronic exposure among populations (Lehmann, 2017; FAO & WHO, 2008). This situation highlights a lack of awareness regarding good phytosanitary practices, particularly the absence of training on safe pesticide waste management techniques, such as triple rinsing, puncturing containers and centralized collection (FAO & WHO, 2008; Mohafrash et al., 2024).
The pesticides used mainly fall into classes II (moderately hazardous) and III (slightly hazardous), a practice that complies with WHO classification but requiring handling exclusively by trained personnel (OMS, 2020). However, this recommendation is often disregarded: Shinde et al. (2021) detected residues of these molecules in sesame seeds, directly exposing consumers. Meda et al. (2022) confirm exceedances of maximum residue limits in the local context, highlighting major gaps in monitoring, dosage compliance and user training. Zabeirou et al. (2018) and Ahissou et al. (2022) also report insufficient training on pesticide use and frequent application of multiple products, sometimes outside agronomic authorization.
The survey confirms that 33.33% of all pesticides used are not registered, and none of the pesticides applied have specific approval for sesame cultivation according to the CSP regulation. Toe et al. (2013) and Gomgnimbou et al. (2009) had already highlighted this practice, motivated by the low cost and easy availability of these products, which promotes purchases through informal supply channels. Tarnagda et al. (2017) and Kara et al. (2024) demonstrated that pesticide choices in vegetable production are based more on farmers experience, product cost, availability and commercial advice than on regulatory criteria. This results in uncertain treatment efficacy, risks of pest resistance, non-compliant residue and levels widespread environmental pollution. Moreover, the mismatch between the pesticides used and the target crop raises concerns not only about the actual effectiveness of phytosanitary treatments, but more importantly, about the health and environmental risks arising from the off-label use of these agrochemical inputs.
The calculation of the Treatment Frequency Index (TFI) shows substantial variability among farmers. Some apply doses below the reference values (under-dosage), while others use excessive doses (over-dosage). Under-dosage, often linked to a lack of training or a desire to reduce costs, can lead to inefficiency, an increase in the number of applications, and the development of resistance (Ahouangninou et al., 2011; Nkya et al., 2014). Over-dosage, observed among certain farmers, poses risks to non-target organisms, the environment, and human health, particularly when combined with the absence of PPE (Ilboudo et al. 2019). Moreover, N'Goran et al. (2019) confirm that excessive doses can provoke phytotoxicity and reduced yields by affecting photosynthesis.

4. CONCLUSION
This study, conducted in the municipality of Fara in Burkina Faso, highlights predominantly empirical practices that do not comply with regulatory recommendations for sesame cultivation. The high proportion of farmers without formal education, combined with a lack of training and the limited availability of personal protective equipment (PPE), contributes to the inappropriate use of pesticides. The frequent use of non-registered products, the non-compliance with prescribed doses, the domestic reuse or abandonment of empty containers, and the variability of the treatment frequency index (TFI) expose farmers, consumers and the environment to increased risks of pollution and poisoning. Monitoring the TFI is useful for identifying deviations in practices, but strengthened training, improved access to approved inputs, and targeted education on the management of pesticides waste are essential to secure the safety of sesame value chain. Further research on the environmental and health impacts of over- and under-dosage of treatments would be appropriate.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)
The authors declare that they did not use any generative AI technology (large language models, text-to-image generators etc.) in the writing or revision of this manuscript.

COMPETING INTERESTS
Authors declared no competing interests.
[bookmark: _Toc107595282][bookmark: _Toc114932799]

REFERENCES
[bookmark: _Hlk107418320]Ahissou, B. R., Sawadogo, W. M., Bokonon-Gant, A. H., Somda, I., &Verheggen, F. (2022). Farmers' knowledge and management practices of the fall armyworm (Spodoptera frugiperda smith) in Burkina Faso. BASE. 10.25518/1780-4507.19909
Ahouangninou, C., Fayomi, B., & Martin, T. (2011). Évaluation des risques sanitaires et environnementaux des pratiques phytosanitaires des producteurs maraîchers dans la commune rurale de Tori-Bossito (Sud-Bénin). https://doi.org/10.1684/agr.2011.0485
Bayili, B., Koursangama, B., Bayili, K., Ki, H., Sow, B., Bilgo, E., Kinda, A. A., Bazongo, T., Ouattara, A. Dabiré, R. & Diabate, A. (2024). Characterization of herbicide use practices in cereal agroecosystems in western Burkina Faso. Journal of Experimental Biology and Agricultural Sciences. 12. 248-256. 10.18006/2024.12(2).248.256
Brunet, N., Guichard, L., Omon, B., Pingault, N., Pley-Ber, E., & Seiler, A. (2008). L'indicateur de fréquence de traitements (IFT) : un indicateur pour une utilisation durable des pesticides. Le Courrier de l'environnement de l'INRA, 56(56), 131-141. https://www.researchgate.net/publication/282297946
Compaoré, H., Ilboudo, S., Nati, A. D. B, Dama-Balima, M. M. (2020). Chapitre 14. Pratiques paysannes de gestion des pesticides dans les bas-fonds rizicoles. 10.4000/books.irdeditions.36374
Dessaint, F., Biju-Duval, L., Buthiot, M., & Guillemin, J. P. (2014). Évaluer l’intensité de l’utilisation des pesticides dans les colzas d’hiver : cas de la zone d’étude de Fénay. OCL Oilseeds and fats crops and lipids, 21(1), 6-p. https://doi.org/10.1051/ocl/2013033 
[bookmark: _Hlk214616772]MARHASA/DGESS. 2015. Résultats définitifs de la campagne agricole 2014/2015 et perspectives de la situation alimentaires et nutritionnelle. http://cns.bf/IMG/pdf/rapport_general_campagne_2014-2015_vf.pdf 
FAO / WHO. (2008). International Code of Conduct on the Distribution and Use of Pesticides: Guidelines on Management Options for Empty Pesticide Containers, Rome. Rome, Italy. https://openknowledge.fao.org/server/api/core/bitstreams/f6a95514-8281-4c56-be87-0d7db94e66f6/content 
Gildemacher, P., Audet-Bélanger, G., Mangnus, E., Van De Pol, F., Tiombiano, D., & Sanogo, K. (2015). Sesame Sector Development: Lessons Learned in Burkina Faso and Mali. Common Fund for Commodities (CFC), Royal Tropical Institute (KIT), HELVETAS Swiss Interc, IFDC Mali. 
Gomgnimbou, A. P., Savadogo, P. W., Nianogo, A. J., & Millogo-Rasolodimby, J. (2009). Usage des intrants chimiques dans un agrosystème tropical : diagnostic du risque de pollution environnementale dans la région cotonnière de l'est du Burkina Faso. Biotechnol. Agron. Soc. Environ. 2009 13(4), 499-507.
Gomgnimbou, G. A., & Kara, M. (2022). Farmers' perceptions of pesticide and chemical fertilisers use in market gardening in the Comoé River watershed in Burkina Faso. Asian Res. J. Agricul, 15, 45-53. 10.9734/ARJA/2022/v15i230154 
Ilboudo, S., Sorgho, S. N. F., & Savadogo, P. W. (2019). Farmer Practices and Risk of Water Contamination by Pesticides Used in Vegetable Cropping in Ouagadougou, Burkina Faso. IJEMA, 7, 128. 10.11648/j.ijema.20190706.13 
INRAE. (2020). Calcul de l’indice de fréquence de traitement (IFT). Dans guide 2co-fruits- Fiche méthodologique IFT. Ephytia. https://ephytia.inra.fr/fr/C/21469/Guide-Eco-Fruits-Fiche-aide-IFT 
Kara, N. M., Gomgnimbou, A. P. K., Sanon, A., Gomgnimbou M. K., Ouedraogo, O. W. & Sangare, I. 2024. Determinants of Pesticides Choice in Market Gardening in Urban and Peri-Urban Areas of the Cities of Bobo-Dioulasso and Ouagadougou in Burkina Faso. Biotechnol. Agron. Soc. Environ. 2022 26(4), 191-197. 10.9734/ijpss/2024/v36i84943
[bookmark: _Hlk202948639]Koussé, J. N. D., Ilboudo, S., Ouedraogo, J. C. R. P., Hunsmann, M., Ouedraogo, G. G., Ouedraogo, M., & Ouedraogo, S. (2023). Self-reported health effects of pesticides among cotton farmers from the Central-West region in Burkina Faso. Toxicology Reports, 11, 273-282. https://doi.org/10.1016/j.toxrep.2023.09.011
Le Bars, M., Sissako, A., De Montgolfier, A., Sidibe, Y., Diarra, A., Sagara, A., & Koita, O. (2022). Usage des pesticides et impacts sur la santé des applicateurs en zone cotonnière du Mali. Cahiers Agricultures, 31, 24. 10.1051/cagri/2022023
Lehmann, E. R. G. (2017). Impact assessment of pesticides applied in vegetable-producing areas in the Saharan zone: The case of Burkina Faso (Doctoral dissertation, École Polytechnique Fédérale de Lausanne). 297 pp.
Lesueur-Jannoyer, M., Cattan, P., Raimbault, M., Gentil, C., Bonnal, V., & Le Bail, M. (2015). Pesticides pressure assessment using TFI (treatment frequency index) at the field, farm and watershed scale. In Proceedings of the 5th International Symposium for Farming Systems Design (Montpellier, France). http://www.fagro.edu.uy/fsd/agro2015/media.html
[bookmark: _Hlk214618835]Martin, J., Maillary, L., Dutripon, S., Chaulet, G., Antoir, J., & Masson, J. (2016). L'IFT herbicides canne à sucre à la Réunion : la baisse semble amorcée. AFPP. https://agritrop.cirad.fr/583209/1/Martin%20Jos%C3%A9%20VD.pdf 
Meda, N. S. B. R., Bande, M., Kpoda, D. S., Meda, N. S. D., Savadogo, S., Nacoulma, A. P., & Kabre, E. (2022). Pesticide residues in commonly consumed food from five localities of Burkina Faso: occurrence and health risk assessment. Environmental Monitoring and Assessment, 195(1), 160. https://doi.org/10.1007/s10661-022-10672-x 
[bookmark: _Hlk203033066]Mohafrash, S. M., & Mossa, A. T. H. (2024). Disposal of expired empty containers and waste from pesticides. Egyptian Journal of Chemistry, 67(4), 65-85. 10.21608/ejchem.2023.222647.8249 
OMS (2020). Classification OMS recommandée des pesticides en fonction des dangers qu'ils présentent et lignes directrices pour la classification 2019. https://iris.who.int/server/api/core/bitstreams/a0eb335d-f496-4f97-8530-d2c542a7f203/content 
N’Goran, M. O., Kouadio, M. F. N., N’Guettia, A. M. C., Yeboue, N. L., & Tano, Y. (2019). Effets des pratiques phytosanitaires sur l’entomofaune et le rendement du concombre Cucumissativus (Cucurbitaceae) Linnaeus, 1753 en milieu paysan à Bonoua (sud-est de la Côte d’Ivoire). Agronomie Africaine, 31(1), 69-86.
Nare, A. R. W., Kehinde, E. O., Ouattara, M. B., Sawadogo, C., Ilboudo, R. M. N. Z., & Ouattara, Y. 2018. Knowledge, Attitude and Practice of Pesticides use and Waste Disposal among Vegetable and Cotton Farmers in Bobo Dioulasso, Burkina Faso. International Journal of Science and Research (IJSR), 8(11), 1351–1356. https://doi.org/10.21275/ART20202898 
Nkya, T. E., Poupardin, R., Laporte, F., Akhouayri, I., Mosha, F., Magesa, S., & al. (2014). Impact of agriculture on the selection of insecticide resistance in the malaria vector Anopheles gambiae: a multigenerational study in controlled conditions. Parasites & vectors, 7(1), 480, 12p. https://doi.org/10.1186/s13071-014-0480-z 
[bookmark: _Hlk203035547]Ouali, D. P., Zida, P. E., Soalla, W. R., &Guissou, K. M. L. (2023). Morphological Identification of the main fungi associated with sesame in Burkina Faso. American Journal of Plant Sciences, 14(8), 882-895. 10.4236/ajps.2023.148059 
Ouedraogo, M., Tankoano, A., Ouedraogo, T. Z., & Guissou, I. P. (2009). Risk factors for pesticide poisoning among users in the cotton-production region of Fada N’Gourma in Burkina Faso. Environnement, Risques & Santé, 8(4), 343-347.  10.1684/ers.2009.0275
Ouedraogo, M., Toe, A. M., Ouedraogo, T. Z., & Guissou, P. I. (2011). Pesticides in Burkina Faso: overview of the situation in a Sahelian African Country. Pesticides in the Modern World-Pesticides Use and Management, 35-48. 10.5772/16507
Raynal, M., Debord, C., Davadan, L., Aubert, C., & Raineau, Y. (2024). Préconiser et garantir : essai d’un protocole de traitement assurable pour la réduction des pesticides en viticulture. Innovations Agronomiques, 96(74), 10-17180. 10.17180/ciag-2024-vol96-art06
RONGEAD (2013) Le sésame au Burkina Faso, état des lieux 2013: Fiche technique de production du sésame. Livret 3, projet mis en œuvre par RONGEAD et INADES Formation Burkina, 16 p. 
Shinde, R., Pardeshi, A., Dhanshetty, M., Anastassiades, M., & Banerjee, K. (2021). Development and validation of an analytical method for the multiresidue analysis of pesticides in sesame seeds using liquid-and gas chromatography with tandem mass spectrometry. Journal of Chromatography A, 1652, 462346. https://doi.org/10.1016/j.chroma.2021.462346
Son, D., Zerbo, F. K., Bonzi, S., Legreve, A., Somda, I., & Schiffers, B. (2018). Assessment of tomato (Solanum lycopersicum L.) producers’ exposure level to pesticides, in Kouka and Toussiana (Burkina Faso). International Journal of Environmental Research and Public Health, 15(2), 204. https://doi.org/10.3390/ijerph15020204
Tarnagda, B., Tankoano, A., Tapsoba, F., Pane, B. S., Hissein, O. A., Djbrine, A. O., & al. (2017). Évaluation des pratiques agricoles des légumes feuilles : le cas des utilisations des pesticides et des intrants chimiques sur les sites maraîchers de Ouagadougou, Burkina Faso. Journal of Applied Biosciences, 117, 11658-11668. 10.4314/jab.v117i1.3
Toe, A. M., Ouedraogo, M., Ouedraogo, R., Ilboudo, S., & Guissou, P. I. (2013). Pilot study on agricultural pesticide poisoning in Burkina Faso. Interdisciplinary toxicology, 6(4), 185. 10.2478/intox-2013-0027
Zabeirou, H., Guero, Y., Tankari, D. B. A., Haougui, A., & Basso, A. (2018). Pratiques paysannes d'utilisation des pesticides sur les cultures maraichères dans le département de Madaoua, Niger. Environmental and Water Sciences, Public Health & Territorial Intelligence, 2(2), 63-74.
Zongo, K. F., Dabire, K., Zongo, S. F., Sanon, A., Guebre, D., & Hien, E. (2023). Caractérisation, typologie des connaissances et logique socio-économique d'utilisation des biopesticides par les producteurs maraîchers en zone soudano-sahélienne. International Journal of Innovation and Applied Studies, 39(1), 333-346.
Areas (ha)	
Maize 	Sesame 	cotton	Peanut 	Sorghum	Millet 	Rice 	Sweet potato	Cowpea 	Soybean	Bambara groundnut	92	61	59.5	26	14	10	7.75	3.25	2.25	0.5	0.25	Crops 


Areas (ha)



Fréquences	




Primary	Secondary	Literate	None	0.1764	0.1176	8.8200000000000001E-2	0.61760000000000004	

8
image1.png
75000

KoTl

DANO

Nabou-peuh

BOURA

Fiien

ato

NABOUR!

o O

&

sy

P

Nassene

BURKINA FASO

MINISTRY OF AGRICULTURE
AND FOOD SECURITY

GENERAL SECRETARIAT

SECOND NATIONAL PROGRAM FOR.
RURAL LAND MANAGEMENT PNGT
2),PHASED

COORDINATION UNIT

Legend
@ Pop< 1000 inhab.

@ Fov entre 1000 et 3000inhab

. Pop entre 3000 et 5000inhab.

= Regional road
—— Departemental road

= River
[ Protected area
[ Adiacent municipality

N Study villages

Sourcas BNDT/IGBIRGPH 2006

Realisation: Geginformaton
‘Agency (GEOFA)
Mai 2013

zsivo

7400





