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Inventory and Descriptive Assessment of Plant-Based Biopesticides Used in the Sudanian Zone of Burkina Faso


ABSTRACT 

	[bookmark: _Hlk214344357]Biopesticides offer a promising pathway toward more sustainable and environmentally responsible agricultural practices. 
Aims:This study aimed to inventory the diversity of biopesticides used by organic farmers in the Sudanian zone of Burkina Faso.
Study Design / Place and Duration of Study: The study was carried out from February to July 2025 across the Sudanian zone of Burkina Faso, specifically in Ouagadougou and Koubri in the North Sudanian zone, and Léo in the South Sudanian zone
Methodology: A survey was conducted with 84 producers certified under the Participatory Guarantee System, which complies with the standards of biological agriculture. The questionnaire focused detailed information on the types of biopesticides applied, their composition, modes of use, target pests and crops, and the botanical species and plant parts used in their preparation. Chi-square tests were performed to assess whether statistically significant differences existed among the citation frequencies of the biopesticides and the plant species used.
Results: A total of 21 biopesticide formulations were identified, including Kõgle-zanga, Apitchi, Ash broth, Toukgili, Solnat neem, Fertineem, Hortineem, Vitaplant, Pissezanga, and Song-Koaadba. Kõgle-zanga was the most frequently cited (71.42%), followed by Apitchi (61.90%) and Ash broth (51.19%), whereas Vitaplant was the least cited (5.95%). Nineteen (19) plant species were reported as ingredients in these formulations. Azadirachta indica was the most widely used species (85.71%; P = 0.006), followed by Capsicum annuum (52.38%), Allium sativum (35.71%), Allium cepa (17.85%), and Zingiber officinale (14.28%). Target pests include caterpillars, whiteflies, termites, mites, aphids, scale insects, thrips, grasshoppers, ladybugs and arachnids. 
Conclusion:The results highlight the diversity and importance of plant-based biopesticides in organic farming systems of the Sudanian zone and that producers are increasingly interested in biopesticides. They also underscore the potential of botanical extracts as effective alternatives for managing insect pests and diseases while reducing reliance on synthetic pesticides.



Keywords: Biopesticides, pests, pesticidal plants, formulations, biological agriculture



1. INTRODUCTION 

Agriculture remains a fundamental pillar of Burkina Faso’s economy (PDCA, 2019). It employs 63% of the active population (INSD, 2022), contributes nearly 45% of agricultural household income, and accounts for 30.1% of the national Gross Domestic Product (INSD, 2022). Despite its central role, the sector continues to face numerous biotic and abiotic constraints (Anjarwala et al., 2016). Crop and plantation pests and diseases cause severe damage, with yield losses estimated at 35-50% (Grunder et al., 2018). Moreover, the expansion of intensive and irrigated agriculture has contributed to an increase in crop pests and even vectors of human diseases such as Anopheles mosquitoes (PDCA, 2019). To control these threats, farmers widely and continuously rely on chemical pesticides, particularly synthetic herbicides and insecticides (Savadogo et al., 2016). Globally, nearly 4.6 million tons of chemical pesticides are released into the environment each year (FAO, 2022). In Burkina Faso alone, official imports exceed 5,000 tons annually, mainly for insecticides, fungicides, and herbicides (FAO, 2022). However, despite the approval and regulatory procedures established by the Sahelian Pesticides Committee (CSP), a significant portion of plant protection products enter the country illegally, escaping all quality control, toxicity verification, and traceability requirements (PURPABF, 2025). These unregulated pesticides circulate freely in local markets and are used by farmers who are often insufficiently informed about their risks, safety standards, or effectiveness. As a result, large quantities of chemical pesticides continue to accumulate in agricultural production zones. This problem is compounded by improper practices such as overdosing, failure to follow safety and hygiene guidelines, inadequate disposal of packaging and residues, and disregard for preharvest intervals (Congo, 2013; Son, 2018; Romba et al., 2020). Such practices pose serious risks to human and animal health, degrade soil and water quality, pollute air, and severely affect biodiversity, including microfauna, plant species, pollinators, and aquatic organisms (Zaller & Brühl, 2019). They have also been linked to health problems such as cancer, infertility, and certain genetic mutations (Md Ahmad et al., 2024). These growing environmental and health concerns underscore the urgent need for sustainable alternatives. Among the most promising solutions are plant-derived extracts with pesticidal properties, which have shown considerable potential in integrated pest management and pest control (Senthil-Nathan, 2015; Bateman et al., 2018), particularly in vegetable production systems in West African (Chaweye, 2024). Several studies have highlighted their efficacy: Thiaw et al. (2010) demonstrated the strong insecticidal activity of extracts from Calotropis procera against Caryedon serratus; Sane, (2025) reported that A. indica, Hyptis suaveolens, and Anacardium occidentale extracts significantly reduced Helicoverpa armigera larvae on cotton. Antifungal effects have also been recorded for Cymbopogon citratus, Portulaca oleracea, and Lippia multiflora, which inhibited fungal growth (Somda et al., 2003; Tiendrebeogo et al., 2017). Furthermore, neem seed extract has been shown not only to reduce caterpillar populations but also to increase yields (Sane, 2018). In Burkina Faso, a growing number of producers are adopting biological agriculture, supported by agroecological centers and farmer organizations (Savadogo, 2016). These structures assist farmers through awareness raising, training in the production of biopesticides and biofertilizers, composting, soil and water conservation techniques, and micro-vegetation systems (Ouédraogo et al., 2025). The increasing awareness of the benefits of bio-products has further stimulated the development of this sector. However, information regarding the types of biopesticides currently used by organic farmers remains limited. This study aimed to inventory the different biopesticides used by producers in biological agriculture in Burkina Faso.
2. methods 

2.1 Study area

The study was carried out from February to July 2025 across the Sudanian zone of Burkina Faso, specifically in Ouagadougou and Koubri in the North Sudanian zone and in Léo in the South Sudanian zone (Fig. 1). In both study areas, the climate is dry and tropical with a unimodal rainy season extending from May to October (Paré et al., 2010). The mean annual rainfall ranges from 600 to 900 mm in the North Sudanian zone and from 900 to 1000 mm in the South Sudanian zone (Zampaligré et al., 2014). The vegetation of the South Sudanian zone is composed of a mosaic of savanna, dry forest and patches of gallery forest, and includes both Sudanian and Guinean species. In contrast, the North Sudanian zone is dominated by savanna vegetation characterized by annual grasses, shrubs, and scattered trees (Sambaré et al., 2011; Barthelemy et al., 2017).

[image: ]
Fig. 1: Map of the study area in Burkina Faso 

2.2 Data collection

In the three study locations, 84 bio-producers were surveyed through individual semi-structured interviews. All participants were members of the Participatory Guarantee System (PGS), a standard for organic farming developed by the National Council for Organic Agriculture (CNAbio). PGS certification provides quality assurance by ensuring that producers comply with key requirements, including the prohibition of chemical fertilizers and pesticides, as well as full product traceability from producer to consumer. Informants were between 30 and 90 years old and had completed secondary and/or University education. Participation in the survey was not restricted by ethnic group, religion, or occupation. In total, 14 men and 70 women were interviewed. The questionnaire collected information on the biopesticides used in bio-crop production, including their composition, methods of application, target pests and crops, as well as the plants with pesticidal properties and the plant parts used. 


2.3 Data analysis

Data processing and analysis were conducted using R software version 4.3.0. Chi-square tests were performed to assess whether statistically significant differences existed among the citation frequencies of the biopesticides and the plant species used. Statistical significance was evaluated at the 5% level. The citation frequency of biopesticides and plant species was calculated using the formula described by Tardío & Pardo-de-Santayana (2008): Frequency:  where n = is the number of informants who mentioned the use of biopesticides and; N is the total number of informants who participated in this study.

3. results 

3.1 Characteristics of biopesticides used by Bio-producers and target pests




A total of 21 biopesticides have been inventoried among Bio-producers (Table 1), of which 17 are liquid formulations, 2 are powders and 2 are granules. These biopesticides have varying compositions, including neem, chili pepper, garlic, black pepper, onion, ginger, wood ash, caïlcedrat, tobacco, lemon papaya, and baobab. The biopesticide Kõgle-zanga is prepared from chili peppers, garlic, onions, local soap, neem oil, and water. Apichi is made from garlic, chili peppers, ginger, neem leaves, and water. Ash broth is made from wood ash, local soap, and water. Most of these products are used in vegetable production. The target pests are whiteflies, caterpillars, mites, termites, aphids, spiders, and locusts. None of the biopesticides mentioned targets a single pest. 



Table 1: Biopesticides used by bio-products and target pests

	Name of biopesticides
	Formulation 
	Composition
	Field of use
	Target pests

	[bookmark: _Hlk214142098]KÕGLE-ZANGA
	liquid
	Chili pepper, garlic, onion, local soap, neem oil, water
	Vegetable products
	Caterpillars, whiteflies, termites, aphids, scale insects, thrips and mites 

	[bookmark: _Hlk214142109]APICHI
	liquid
	Garlic, chili pepper, ginger, neem leaves, water
	Vegetable products
	Caterpillars, grasshoppers, aphids, whiteflies, termites, scale insects and ladybugs

	ASH BROTH
	Liquid
	Ash; local soap, water.
	Vegetable products
	Arachnids, caterpillars, aphids, whiteflies, termites, grasshoppers

	EFFECTIVE MICROORGANISM
	Liquid
	Maize
	Vegetable products
	Aphids, caterpillars, butterflies, whiteflies

	[bookmark: _Hlk214142124]TOUKGILI
	Liquid
	Neem leaves, Chili pepper
	Vegetable products
	Caterpillars, aphids

	[bookmark: _Hlk214142139]NEEM OIL
	Liquid
	Fried neem leaves + vegetable oil
	Vegetable products
	Caterpillars, ladybugs, whiteflies, arachnids, aphids, scale insects

	[bookmark: _Hlk214142150]NEEM POWDER
	Power
	Neem leaves
	Vegetable products
	Caterpillars, whiteflies, aphids, arachnids, scale insects, termites, thrips

	[bookmark: _Hlk214142163]SOLNAT NEEM
	Liquid
	Neem leaves
	Vegetable products
	Caterpillars, whiteflies, aphids, termites, thrips

	[bookmark: _Hlk214142179]FERTINEEM
	Granule
	Neem
	Vegetable products
	Termites, whiteflies, aphids, arachnids

	[bookmark: _Hlk214142194]HORTINEEM
	Power
	Neem
	Vegetable products
	Termites, scale insects, whiteflies, aphids

	PIOL
	Liquid
	Chili pepper, Garlic
	Vegetable products
	Ladybugs, caterpillars, grasshoppers, aphids, whiteflies

	[bookmark: _Hlk214142206]VITAPLANT
	Liquid
	Garlic, Onion, Neem
	Vegetable products
	Whiteflies, caterpillars, aphids

	[bookmark: _Hlk214142217]VITAFRUIT
	Liquid
	Garlic, neem
	Vegetable products
	Whiteflies, aphids, thrips, caterpillars

	[bookmark: _Hlk214142230]PISSEZANGA
	Liquid
	Caïlcedrat bark powder, Neem oil
	Vegetable products
	Termites, caterpillars, aphids, scale insects, whiteflies

	SONG-KOAADBA
	Liquid
	Baobab, Daniella oliviera (African copahu), Mitragyna inernis (yiilga)
	Vegetable products
	Caterpillars, grasshoppers, whiteflies, aphids

	ANONYMOUS
	Granule
	Neem cake
	Vegetable products
	Termites, whiteflies, scale insects, aphids, thrips, caterpillars, grasshoppers, ants

	ANONYMOUS
	Liquid
	Neem leaf extract
	Vegetable products
	Caterpillars, grasshoppers, whiteflies, aphids

	ANONYMOUS
	Liquid
	Aqueous extract of neem seeds
	Vegetable products
	Crickets, aphids, whiteflies

	ANONYMOUS
	Liquid
	Neem leaves and soap
	Vegetable products
	Grasshoppers, caterpillars, aphids, whiteflies

	ANONYMOUS
	Liquid
	Neem, Chili Pepper, Tobacco, Ginger
	Vegetable products
	Whiteflies, caterpillars, arachnids, ants

	ANONYMOUS
	Liquid
	Chili pepper, Garlic, Papaya, Tobacco
	Vegetable products
	Caterpillars, whiteflies, aphids, arachnids







3.2 Frequency of citations of biopesticides used in bio-agriculture 

 The results showed that the frequency of citations of biopesticides used by bio-producers differed significantly (P = .002) (Fig.2). The most widely used biopesticide was Kõgle-zanga with 71.42%, followed by Apichi with 61.9% and ash broth with 51.19%. Neem powder, Solnat neem, and neem oil have significantly different frequencies of citation (P = .03) with 34.52%, 26.19%, and 19.04%, respectively. The biopesticides with the lowest citation frequencies are Hortineem with 9.52%, Piol with 7.14%, and Vitaplant with 5.95%. 

 
Fig.2: Frequency of biopesticide citations


3.3 Plant species used in the composition of biopesticides

A total of 19 plant species, belonging to 13 families, were reported as ingredients in biopesticides used by organic producers (Table 2). The most represented families were Malvaceae (4 species), Solanaceae (3 species), Amaryllidaceae (2 species), and Asteraceae and Fabaceae (1 species each) (Table 2). Various plant parts are utilized, including leaves, fruits, seeds, bark, almonds, pods, bulbs, rhizomes, and roots. For A. indica (neem), leaves, fruits, or almonds are used in the preparation of multiple biopesticides, including Kõgle-Zanga, Apichi, Toukgili, Neem Oil, Neem Powder, Solnat Neem, Fertineem, Hortineem, Vitaplant, Vitafruit, and Pissezanga.



Table 2: Inventoried pesticidal plants and their used parts

	Families
	Common names
	Scientific name
	Organs used

	[bookmark: _Hlk214141276] Asteraceae 
	 
	Eupatorium odoratum 
	Leaves

	Amaryllidaceae
	Onion
	Allium cepa 
	Bulbs

	
	Garlic
	Allium sativum
	Pods

	Caricaceae
	Paper
	Carica papaya L.
	Leaves

	[bookmark: _Hlk214141306]Fabaceae
	 
	Daniellia oliveri
	Leaves, bark, roots

	Leguminosae 
	-
	Cassia nigricans Vahl 
	Leaves

	[bookmark: _Hlk214141132]Malvaceae 
	African baobab
	Adansonia digitata
	Bark

	
	Neem
	Azadirachta indica
	Leaves, fruits, almonds

	
	Cailcedrat
	Khaya senegalensis
	Bark

	
	African crabwood
	Carapa procera
	Leaves

	Moringaceae
	Moringa
	Moringa oleifera
	Leaves

	Piperaceae
	Black pepper
	Piper nigrum
	Seeds

	Poaceae
	Maize
	Zea mays 
	Seeds

	Rubiaceae
	False abura
	Mitragyna inermis
	Leaves

	Rutaceae
	Lemon tree
	Citrus limon
	Fruits

	[bookmark: _Hlk214141186]Solanaceae
 
	Chili pepper
	Capsicum annuum 
	Fruits

	
	Tabac
	Nicotiana tabacum
	Leaves

	
	Field sedge
	Physalis angulata
	Leaves

	Zingiberaceae
	Ginger
	Zingiber officinale
	Rhizomes




3.4 Frequency of citation of plant species

The most frequently cited plant species was A. indica, with a citation frequency of 85.71%, followed by C. annuum (52.38%), A. sativum (35.71%), A. cepa (17.85%), and Z. officinale (14.28%) (Fig. 3). These differences in citation frequency were statistically significant (P = .006). All other cited plant species had frequencies below 10%. Notably, K. senegalensis was cited at a low frequency (1.19%); its ash, obtained after burning the wood, is incorporated into the ash broth biopesticide along with local soap, while its bark is used in the preparation of the biopesticide Pisse-zanga.


Fig. 3: Frequency of pesticide plant citations



3. Discussion 
Organic agriculture in Burkina Faso remains in its infancy and is still underdeveloped, although it is practiced in certain regions. This approach relies on biopesticides, biofertilizers, and organic seeds, with biopesticides often produced on site by farmers near their fields. Results from this study indicated that organic farming is predominantly practiced by women, who represent 83.33% of organic producers. These high women’s participation may be attributed to the income-generating potential of organic farming, which allows women to achieve financial independence and support their families, including their children’s education. These findings align with those of CNABio (2021), which reported that 83% of organic farmers nationwide are women. Biopesticides play a crucial role in pest management within organic farming systems. Twenty-one (21) types of biopesticides with varying compositions were identified in this study. This diversity likely reflects efforts to enhance the product efficacy against specific pests. Among the biopesticides mentioned, Kõgle-zanga, Apitchi, and Ash broth were the most widely used, owing to their ease of preparation and effectiveness against aphids, whiteflies, caterpillars, and scale insects (Hassan, 2014). The Kõgle-zanga formulation consists of 1 kg chili peppers, 1 kg garlic, 1 kg onions, 300 g local soap, 1 L neem oil and 7 L water. Apitchi is prepared from 250 g each of garlic, chili peppers, ginger, neem leaves and 5 L water. Ash broth contains 25 kg ash, 300 g of local soap and 30 L of water. The efficacy of these biopesticides may be attributed to bioactive compounds such as polyphenols, capsaicinoids, and carotenoids in chili peppers, or to azadirachtin in neem oil, a mixture of seven tetranortriterpenoid isomers that disrupt insect morphogenesis and embryonic development (Deravel et al., 2014). Nineteen plant species were identified as ingredients in the biopesticides, including A. indica, C. annuum, A. sativum, and A. cepa. In contrast to Sawadogo et al. (2016), which recorded 24 plant species, namely Anogeissus leiocarpa, Vitellaria paradoxa, Hyptis spicigera, Hyptis suaveolens, and Cymbopogon schoenanthus, in the Sudanese and Sahelian zones of Burkina Faso. Several studies have demonstrated the pesticidal activity of extracts or oils from these plants (Sotondji et al., 2019; Sanou et al., 2018; Sane, 2021). Gahuubi et al. (2016) highlighted that families such as Myrtaceae, Meliaceae, Caricaceae, Lamiaceae, Asteraceae, Apiaceae, Cupressaceae, Poaceae, Zingiberaceae, Piperaceae, Liliaceae, Apocynaceae, Solanaceae, Caesalpinaceae, and Sapotaceae contain bioactive compounds effective against crop pests. These plants are widely available, making them affordable and easy to integrate into production systems. Botanical pesticides often contain secondary metabolites such as steroids, alkaloids, tannins, terpenes, phenols, flavonoids, and resins, which exhibit antifungal, antibacterial, antioxidant, or insecticidal properties (Ahmad et al., 2017). For example, aqueous extracts of A. indica and C. papaya applied to tomato plants infected with Sclerotium rolfsii reduce disease severity and enhance growth (Okereke et al., 2007). Similarly, extracts of C. annuum and A. sativum reduce the severity of whitefly induced virosis and improve yields in tomato and eggplant (Kambou & Guissou, 2011). Various plant parts, including leaves, roots, flowers, bark, seeds and buds, are used in the biopesticide preparation. Leaves are the most commonly used part due to their year-round availability and ease of handling (Ahishakiye, 2022; Nath & Puzari, 2022; Sall et al., 2023). Their frequent use may also be linked to their high concentration of bioactive compounds associated with photosynthesis (Lassa et al., 2021).

4. Conclusion

[bookmark: _Hlk214729645]This study highlighted the biopesticides produced by organic farmers within the Participatory Guarantee System in the Sudanian zone of Burkina Faso. A total of 21 biopesticides were inventoried, incorporating 19 plant species. Kõgle-zanga, Apitchi, and Ash broth were the most frequently cited formulations. The key plant ingredients included A. indica, C. annuum, A. sativum, and A. cepa, with various plant parts leaves, fruits, seeds, bark, and kernels used in their preparation. The use of these biopesticides is environmentally sustainable and supports the preservation and responsible management of local ecosystems. Strengthening farmers’ training on the benefits and proper use of biopesticides remains essential to promote their wider adoption and reduce reliance on synthetic pesticides. Continued research is also needed to improve bioformulations and enhance the visibility and accessibility of biopesticides.
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