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Abstract

Vegetable growing plays an economic, social, and ecological role in the city of Bobo-Dioulasso, Burkina
Faso. However, large-scale urbanization, ongoing ecosystem degradation, and intense pest pressure are
undermining the productivity and profitability of vegetable growing in Bobo-Dioulasso. Given this situation,
an assessment of smallholder farming practices is necessary to enhance the sustainability of the agrosystem
vegetables of Kodéni in the city of Bobo-Dioulasso. Accordingly, a survey of smallholder practices was
conducted among 30 farms at the site. Soil samples were collected to determine the soil’s sanitary and
physicochemical quality. The results revealed that vegetable farmers practiced intercropping and crop
rotation on small plots (1,235 m? + 684.84 m?). The pests identified were caterpillars, mites, and snails. The
soil health analysis revealed a high prevalence of soil-borne fungal pathogens, with major species including
Fusarium oxysporum (100%), Fusarium solani (48.7%), Fusarium equiseti (41.2%), and Colletotrichum
dematium (37.3%). The physicochemical analysis of the soil showed a high level of fertility (pH = 6.83 +
0.52; organic matter = 1.38 + 0.47) compared to the general level of soil fertility in Burkina Faso. In response
to pest pressure, vegetable farmers applied a variety of pesticide products, 33.33% of which are not registered
for vegetable cultivation, and half of these pesticides are classified as highly hazardous. Producers also used
excessive doses of chemicals, with a phytosanitary treatment frequency (IFT) reaching 34, 30,14, and 13
(doses/ha) for tomatoes, cabbage, peppers, and lettuce, respectively. For the sustainable management of the
Kodéni vegetable-growing area, it would be necessary to provide guidance to producers on the responsible
use of pesticides and to initiate a new focus on agroecology.

Keywords: Vegetable farming, pest pressure; pesticide misuse; soil-borne pathogens; farming practices;
agricultural sustainability;, Bobo-Dioulasso.

1. Introduction

Agriculture plays a vital role in the socioeconomic development of communities (Yarou et al., 2017). It employs
86% of the labor force, accounts for 45% of household income and 30% of GDP, and generates 70% of export
earnings (FAO, 2019). Vegetable farming plays a prominent role in the agricultural sector by providing a large
portion of the food supply and contributing significantly to people’s incomes (Loumedjinon et al., 2021).
Economically, vegetable farming contributes to foreign exchange earnings for the country’s economy, with total
production estimated at 936,519 tons in 2018. It remains one of the most profitable agricultural activities in the
country (Nabie, 2018). However, this sector faces numerous challenges that threaten its sustainability. It is
constrained by several factors, such as the reduction of arable land due to increasing urbanization, soil nutrient
depletion resulting from overexploitation, and the vulnerability of crops to pests. The main soil-borne pests are
pathogenic fungi, bacteria, gall nematodes, and viruses.

In an effort to combat pests and maximize yields, farmers often resort to indiscriminately using pesticides
(Ouédraogo, 2019). This practice raises growing concerns about its effects on soil quality, particularly regarding
microbial biodiversity, soil structure, and long-term fertility. Studies have shown that pesticides, including
herbicides, insecticides, and fungicides, can enter the soil through various pathways. There, they reduce
microbial biomass and the diversity of mycorrhizal fungi. This disrupts the ecosystem services these organisms
provide (Riedo et al., 2021). Most vegetable growers periodically apply synthetic chemical pesticides without
adhering to the recommended dosage (Son et al., 2017; Romba et al., 2020). Only 40 to 45% of encountered
pesticides are registered for vegetable farming (Ouédraogo, 2019). Most vegetable farmers use pesticides
intended for cotton cultivation, which are not recommended for vegetable farming due to their high toxicity and
persistence in crops (Kabor¢ et al., 2025).

These poor practices have resulted in the development of pesticide-resistant pests and the accumulation of
pesticide residues in plant tissues (Babu et al., 2020). They have also led to the persistence of applied pesticides
in the tissues of protists, microarthropods, and unfertilized eggs (Hans & Farooq, 2000). Over the decades,
pesticide use has increased, impacting soil physicochemical properties (Mishra et al., 2023) through changes in
parameters such as organic carbon, available phosphorus, and soil acidification (Merouani et al., 2025), as well
as pH, conductivity, cation exchange capacity, organic matter content, and biological parameters (Bensaci et al.,
2025). These practices pose enormous and alarming risks to public health and the environment (Atieno et al.,
2020). In this context, agroecology appears to be a credible alternative for improving productivity whilst
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reducing environmental impacts. These approaches are based on the use of organic fertilisers, integrated pest
management and the utilisation of local resources (FAO, 2019). In addition to their agronomic benefits, they
offer economic opportunities such as reducing dependence on chemical inputs and improving the market quality
of produce. In Bobo-Dioulasso, nearly all farmers use chemical pesticides on their crops, particularly in urban
and peri-urban vegetable farming (Ouédraogo et al., 2019). These pesticides are often used intensively and do
not adhere to recommended dosages (Nar¢ et al., 2015). Thus, it became clear that assessing the current state of
smallholder farming practices in the Kodéni market garden area was essential. The study aimed to provide
scientific and technical knowledge to improve the sustainability and productivity of the Kodéni site.

Specifically, the objectives were:

- to assess the health status of the Kodéni vegetable-growing area;

- to evaluate the soil fertility of the Kodéni vegetable-growing area;

- to characterize smallholder agricultural and plant protection practices in the Kodéni vegetable-growing
area.

2. Materials and Methods
2.1 Study Area

The study was conducted in the city of Bobo-Dioulasso, located in western Burkina Faso and the capital of
Houet Province, with an estimated population of 904 920, representing 16.9% of the country’s urban population
(INSD, 2022). The Kodéni market garden area is located on the outskirts of the city of Bobo-Dioulasso (Burkina
Faso) along the Bobo-Dioulasso—Banfora road and situated near the industrial zone (Fig. 1). The site is located
at an elevation of 285 meters, 10°21°0"’ north latitude, and 5°4°60°” west longitude.
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Fig. 1. Overview of the study area
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2.2 Survey Procedure and Soil Sampling

Thirty plots were randomly selected using Google Earth in the Kodéni market gardening area (Fig. 2). Soil
samples were collected and surveys were conducted on the 30 selected plots.

The survey of smallholder farming practices was conducted in accordance with ethical principles, using a
participatory and respectful approach, without intrusion.

Prior to data collection, the research protocol, survey form and consent form were submitted for approval to the
managers of the Kodéni market gardeners’ cooperative. Each producer was provided with clear information on
the objectives of the study, the duration of the interview, the nature of the questions to be asked and the purpose
of the data. To maintain confidentiality, the data were anonymised using codes, personal information was
separated from other data, and the results were presented using codes only. No information that could directly
identify a farmer, their farm or their household will be published. The information collected covered: (i)
identification of farmers; (ii) farm characteristics; (iii) cropping and plant protection practices; and (iv) the main
symptoms and pest observed. Subsequently, soil samples were taken from each plot along a diagonal line, at a
depth of 0 to 20 cm. One (1) composite sample was taken from each plot, resulting in a total of thirty (30)
composite samples.

B Digitised point

Kodéni vegetable
growing perimeter

Fig. 2. Digitisation of study plots
2.3 Physicochemical Analysis of Soil in the Kodéni Vegetable-Growing Area

All soil samples were dried in the shade and transported to the Soil-Water-Plant Laboratory at the Institute of
Environment and Agricultural Research (INERA) in Farakd-ba for analysis. The dried soil samples were ground
and sieved using a 2 mm diameter sieve. The fine fraction (less than 2 mm) was used to determine total carbon
using the Walkley-Black method, total nitrogen using the Kjeldahl method, available phosphorus using the Bray
I method, and total potassium using spectrophotometry. pH was measured using a pH meter on a compost-water
suspension. The Robinson pipette method was used to determine the particle size fractions (sand, silt, and clay),
and the ammonium acetate method was used to determine the cation exchange capacity.

2.4 Analysis of the Fungal Flora in the Soil of the Kodéni Vegetable-Growing Area

Another portion of the soil samples was used to catalog soil fungal agents (Pereira e Silva et al., 2012). First,
11.7 g of potato dextrose agar (PDA) and 3.6 g of agar were dissolved in 300 mL of distilled water. The
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resulting medium was sterilized at 120°C under 2 bars of pressure. The medium was allowed to cool in a
sterilized laminar flow hood. Then, 0.15 g of streptomycin sulfate (an antibiotic) was added to the medium,
which was distributed into 30 Petri dishes. The dishes were inoculated with 1 g of the composite sample.
Sprinkling was performed under sterile conditions in a laminar flow hood. After sprinkling, all 30 Petri dishes
were incubated in an incubation chamber at 20 °C. The colonies that developed were observed seven to eight
days after incubation. They were examined first with a binocular magnifying glass and then with an optical
microscope after being mounted between a slide and a coverslip. The fungal agents were identified using
Mathur and Kongsdal's (2003) identification key.

2.5 Data Analysis
The Treatment Frequency Index (TFI) is an indicator used in agriculture to measure the intensity of pesticide

use and represents the number of reference doses applied per hectare (Son, 2018). The TFI is calculated using
the following formula:

Dose;
IFT = Z "
Dose,ot: €ref,i
With Dose i: applied to treatment i

Dose_(ref,i): approved dose for this treatment

The analyses were performed using XLSTAT software (version 2016). Microsoft Excel (2016) was used to
generate the graphs.

3. Results and Discussion

3.1 Results

3.1.1 Socio-Professional Profile of Market Gardeners

Surveys have shown that farmers range in age from 20 to 70 years old, with an average age of 43. The
population is exclusively male, and the majority (62.5%) have no formal education. Only 20.83% have

completed primary school, 12.5% have completed secondary school, and 4.17% have completed university (Fig.
3).
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Fig. 3. Educational attainment of vegetable farmers in Kodéni
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3.1.2 Characteristics of Smallholder Farming Practices

3.1.2.1 Average Farm Size

The farmers engaged in vegetable farming throughout the year and cultivated small plots, with an average size
of 1,235 m? + 1,055 m? (Fig. 4).

Exploited area (m?)
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Fig. 4. Average farm size of vegetable growers

3.1.2.2 Vegetable Crops Grown

The vegetable crops grown by market gardeners are diverse at the Kodéni site (Fig. 5). All market gardeners
produced lettuce (100%), bell peppers (97%), tomatoes (90%), cabbage (80%), green beans (73%), local
eggplant (67%), and leafy vegetables (60%).
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Fig. S. Percentage of vegetable farmers by crop type at the Kodéni site
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3.1.2.3 Application of Inorganic and Organic Fertilizers

Vegetable farmers in Kodéni use both inorganic (NPK and urea) and organic fertilizers. The application rates of
these fertilizers varied greatly from farmer to farmer. On average, they applied 1,414.55 + 1,082.93 kg of NPK,
572.42 £333.97 kg of urea, and 1,872.76 + 1,200.13 kg of organic matter (see Fig. 6).
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Fig. 6. Different fertilizer rates
3.1.3 Chemical Characteristics of Soils in Vegetable Farms in Kodéni

Table 1 presents the physicochemical characteristics of the soil samples. The soils were sandy-clay loam with a
sand content of 61% and a relatively high silt content of 12%, according to the particle size distribution analysis.
The soils were chemically slightly acidic (pH 6.83) with an organic matter content of 2.38%. The total nitrogen
content of the soils remained low at approximately 0.13%. Nutrient levels were low, at 53.67 and 83.14 mg/kg
for available phosphorus and potassium, respectively. The cation exchange capacity (CEC) was also relatively
low, at 10 cmol C.kg™.

Table 1. Physicochemical parameters of the soils at the Kodéni vegetable-growing site

Variable Mean £SD Median Minimum Maximum
pH-E 6.83+0.52 6.69 5.69 7.66
CO (%) 1.38+0.47 1.24 0.52 2.23
OM (%) 2.38+0.81 2.14 0.89 3.84
TN (%) 0.13+0.05 0.13 0.04 0.23
C/N 10.50+0.62 10.61 9.29 11.88
TP (mg/kg) 807.30+316.52 728.87 169.36 1507.64
AP (mg/kg) 53.67+£22.67 50.04 12.26 91.80
TK (mg/kg) 1432.17+344.86 1329.68 997.26 2160.72
K+ (mg/kg) 83.14+40.06 74.98 25.65 195.34
CEC (cmol/kg) 10.55+3.60 9.71 2.76 18.44
Sand (%) 61.67£8.61 62.75 44.12 75.49
Clay (%) 12.55+3.56 12.75 7.84 22.55
Silt (%) 25.78+8.37 23.53 5.88 45.10

SD: Standard deviation; pH-E: pH-eau; TC: Total Carbon; OM: Organic Matter (%); TN: Total; Nitrogen percentage of
total nitrogen (%), C/N: Carbon on Nitrogen; TP: Total Phosphorus; AP: Assimilable Phosphorus; TP: Total Potassium
(mg/kg), K+: Assimilable potassium(mg/kg); CEC: Cation Exchange Capacity (cmol/kg)
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3.1.4 Crop Intercropping and Crop Rotation in Kodéni

One hundred percent of vegetable farmers in Kodéni practice crop intercropping, and 96.67% practice crop
rotation. These practices are motivated by the desire for immediate income and limited space. For these
producers, crop rotation and intercropping are ways to diversify crops while seeking favorable production and
sales periods.

3.1.5 Characterization of Pests and Associated Symptoms
3.1.5.1 Symptoms of Pest Attacks
The main symptoms encountered by more than 80% of vegetable farmers were leaf, stem, and root rot;

yellowing; drying out; wilting; flower drop; and seedling blight. The identified pests were insects, primarily
caterpillars, followed by mites and snails (Fig. 7).
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Fig. 7. Farmers’ recognition of the main symptoms of diseases and pests
3.1.5.2 Inventory of Pathogenic Fungal Flora in the Soils of Kodéni

Ten fungal species were identified in the Kodéni soil samples. The most dominant species associated with collar
and root rot were from the Fusarium genus, including F. oxysporum (100%), F. solani (48.7%), and F. equiseti
(41.2%). Important species associated with post-harvest losses were also identified: Colletotrichum
lindemuthianum (37.3%) and Rhizoctonia solani (13.33%) (Fig. 8).

3.1.6 Pest Control Measures Adopted by Vegetable Farmers in Response to High Pest Pressure
3.1.6.1 Groups of Pesticides Used by Vegetable Farmers

Given the high pest pressure at the Kodéni site, pest control measures rely primarily on chemical control. All
producers used synthetic chemical pesticides. The most commonly used pesticides at the Kodéni vegetable-
growing site were Acarius (50%), Bomec (36%), and Savahaler (26%) (Fig. 9A). Of these pesticides, 89%
belong to the acaricide group, 36% to the insecticide group, 12% to the herbicide group, and 10% to the
fungicide group (Fig. 9B), formulated as emulsifiable concentrate (EC), wettable powder (WP), and water-
dispersible granules (WG).
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Fig. 8. Frequency of fungal pathogens identified in the soil of vegetable farms in Kodéni
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Fig. 9. Types and categories of pesticides used in Kodéni
A) Different types of pesticides; B) Categories of pesticides used at the Kodéni site
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Approximately 66.67% of the pesticides used are moderately hazardous (WHO Class 1) and 33.33% are highly
hazardous (Class I). These products belong mainly to the families of avermectins, neonicotinoids, pyrethroids,
acetamiprids, carbamates, organophosphates, dithiocarbamates, and imidazolinones. The main active ingredients
in these pesticides are abamectin, lambda-cyhalothrin, profenofos, deltamethrin, emamectin benzoate,
methomyl, imazapyr, and mancozeb (Fig. 10). Referring to the list of registered pesticides published in July
2023 by the Sahelian Pesticides Committee (CSP), it is noted that 33.33% of the pesticides used at this
vegetable farm in Kodéni are not registered, while 10% are registered, but for cotton cultivation (Table 2).
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&

0.0

Active substance

. Abamectin1g gfl

. Mancozeb

. Deltamethrin 12,5 g/l
Imazapyr
Emamectin benzoate 50 g/kg

Lambda-cyhalothrin 12 g;
Profenofos 200 o/l

Methomyl 250 g /ka

. Unknown

Number of cases

Type of pesticide

Fig. 10. Types of pesticides and their active ingredients used in Kodéni
3.1.7 Classes of Chemical Pesticides and Their Toxicity Levels
Of the active ingredients listed in Fig. 8, 50% are on the Highly Hazardous Pesticides (HHP) list (PAN, 2021)
and are banned in European Union countries. One such pesticide is abamectin (18 g/l), which 86% of vegetable
growers at the Kodéni site use. The WHO considers abamectin (18 g/l) very hazardous and lethal if inhaled
under the Globally Harmonized System (GHS) of the European Union and Japan. It is also highly toxic to bees.

Table 2. Hazard level of pesticides used at the Kodéni site (PAN-HHP classification, 2023)

Active Chemical Product Area of CSP Toxicity PAN-HHP
ingredients  families category application accreditation class
for vegetable
growing
Abamectin Avermectins Acaricides Vegetables Yes II -
(18 g/)
Deltamethrin  Pyrethroids Insecticides ~ Vegetables Yes 11 -
(12,5 g/l
Emamectine  Avermectins Insecticides ~ Cotton No 1T Highly persistent
benzoate (50 in water and soil;
g/kg) highly toxic to
bees
Lambda- Pyrethroids Insecticides ~ Vegetables No 11 Fatal if inhaled;
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Active Chemical Product Area of CSp PAN-HHP
ingredients  families category application accreditation
for vegetable
growing
cyhalothrin carcinogenic,
(25g/) highly toxic to
bees
Methomyl Carbamates Insecticides ~ Vegetables Yes -
(250 g/kg)
Profenofos Organophosphates Insecticides  Cotton No Harmful to
200g/1 ecosystem
services
Mancozeb Dithiocarbamates  Fungicides Vegetables Yes -
Imazapyr Imidazolinones Fungicides Cereals No Moderately
persistent, low
bioaccumulation

potential, low
toxicity to bees
and fish

11 = Moderately hazardous; 111 = Slightly hazardous, CSP = Sahelian Pesticides Committee

3.1.8 Intensity of Pesticide Applications at the Kodéni Site

In light of the intensification of vegetable farming, growers have been using excessive amounts of pesticides.
Analysis of the treatment frequency index (TFI) revealed that tomato plots received an average of 34 doses of
insecticides per hectare, followed by cabbage plots at 30 doses/ha, bell pepper plots at 14 doses/ha, and lettuce
plots at 13 doses/ha (Fig. 11).
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Fig. 11. Pesticide treatment frequency index (TFI) for the most common crops

3.2 Discussion

3.2.1 Socio-professional Profile

The study revealed that vegetable farming in Bobo-Dioulasso was dominated by men. Similarly, Ouédraogo
(2019) found that 97-99% of vegetable farmers in Houet Province were male. Women, meanwhile, were
primarily involved in marketing market garden produce (Koffie-Bikpo & Adaye, 2014). The study showed that
vegetable farmers at the Kodéni site had a low level of education. Very few had completed secondary school, as
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previously observed by Ouédraogo (2019), who concluded that most vegetable farmers lacked a high level of
education.

3.2.2 Characterisation of Smallholder Farming Practices

Vegetable farmers in Kodéni cultivated relatively small plots, averaging 1,235 m? per plot. This reduction in
plot size had also been noted in studies by Ouattara (2016) and Naré et al. (2015). Kodéni is located in an urban
area of Bobo-Dioulasso and faces intense land pressure and large-scale urbanisation. The study highlighted the
continued presence of market gardening activities at the Kodéni market garden site. According to Robineau
(2013), this can be explained by the fact that market gardening is the main source of income for farmers.
Furthermore, a wide variety of crops were found, including lettuce, bell peppers, tomatoes, green beans,
cabbage, local aubergines and leafy vegetables. All of the vegetable farmers at the site grew lettuce. This could
be explained by lettuce's low water requirements and relatively short growth cycle (30—50 days) (Nabie, 2018).
Crop rotation and intercropping are agricultural practices employed by vegetable farmers on small plots. Crop
rotation, practised by most vegetable farmers, appears to be a strategy for rapidly producing short-cycle crops in
order to capitalise on market demand while reducing pest populations. Ouédraogo (2019) concluded from his
research that short-cycle crops requiring fewer inputs (such as lettuce, green beans, amaranth and sorrel) are
prioritised in crop rotation in order to generate income quickly for purchasing the seeds of major vegetable crops
(such as peppers, cabbages and tomatoes), which are costly to maintain due to their long growing cycles and
high water and input requirements. Physicochemical analysis of the soil reveals high organic matter levels
(average pH = 6.93, average C/N ratio = 10.50, and average organic matter content = 2.38), in contrast to the
general level of fertility of soils in Burkina Faso, which have low organic matter content (less than 2%). The
high level of organic matter of soil of Kodéni is attributed to the extensive use of organic fertilisers (1,872.76 +
1,200.13 kg/ha) (Pouya et al., 2013; Saba, 2023; Bassol¢, 2024).

Although the results of soil analyses indicate a high level of organic matter compared to the average in Burkina
Faso, the soil in the Kodéni vegetable-growing area is becoming sandier (61% sand), which is a sign of
depletion due to continuous and intensive cultivation (Huang & Hartemink, 2020). Furthermore, almost 83.33%
of vegetable farmers do not treat their seeds before sowing them in the nursery, and they largely produce their
own seeds. Vegetable farming techniques in Bobo-Dioulasso remain traditional, with seeds often being self-
produced (Ouédraogo et al., 2019). According to the FAO, the use of untreated seeds can lead to an increase in
pest pressure. Seeds can serve as a vector for the transmission of Fusarium spp. (Blanco & Aveling, 2018).

3.2.3 Pest Pressure Associated with the Intensification of Vegetable Farming

The survey revealed a predominance of Fusarium species, including F. oxysporum (100%), F. solani (48.7%)
and F. equiseti (41.2%), associated with the intensification of vegetable farming. In the Kodéni vegetable-
growing area, farmers left crop residues on production plots after harvest. However, the work of Blancard et al.
(2009) showed that F. oxysporum, a soil-borne pathogen, persists in the soil through infested crop residues and
can also be transmitted via seeds. Certain species important for post-harvest losses were also identified:
Colletotrichum lindemuthianum (37.3%) and Rhizoctonia solani (13.3%). According to Padder & Sharma
(2017), C. lindemuthianum is a fungal pathogen responsible for anthracnose, which can result in yield losses of
up to 90-100%. Rhizoctonia solani is responsible for root rot, collar rot and other necrotic symptoms and can
cause significant yield losses in many crops. According to Padder & Sharma (2017), Colletotrichum
lindemuthianum is a fungal pathogen that causes anthracnose and can result in yield losses of up to 90—100%.
Rhizoctonia solani, which causes root rot, collar rot and other necrotic symptoms, can also result in significant
yield losses in many crops. Vegetable growers often rely on chemical interventions (pesticides) to control pests
and diseases and optimise yields (Soro et al., 2018; Kumar et al., 2024).

3.2.4 Phytosanitary Responses to Pest Pressure

The study revealed that all producers used chemical pesticides to protect their crops and optimise their yields.
This finding is consistent with Ouattara's (2016) research, which found that 96.87% of vegetable farmers in the
Bobo-Dioulasso area use chemical pesticides. For vegetable farmers, synthetic chemical pesticides act quickly
and are effective at controlling diseases and pests. According to Ahouangninou (2013), the systematic use of
chemical pesticides can be explained by the fact that most vegetable farmers believe they can limit the damage
caused by pests and produce sufficient quantities of vegetables of an acceptable quality for the market. Analyses
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revealed a strong predominance in the use of a pesticide based on a single active ingredient (abamectin 18 g/1).
This focus on a single product may reflect vegetable farmers' heavy reliance on chemical control, likely due to
the product's effectiveness or availability. However, the prolonged use of this specific product carries risks,
including the development of pest resistance, as well as increased environmental and health impacts (South &
Hastings, 2018; Sonhafouo-Chiana et al., 2022).

The study revealed that some of the pesticides used at the Kodéni site were intended for the cultivation of
cereals or cotton, rather than vegetables. Pesticides that were not registered with the CSP were also found at this
site, thus confirming the findings of Son et al. (2017). The majority of the pesticides used were insecticides,
acaricides, herbicides and fungicides. Half of these were classified as highly hazardous and banned in the
European Union. The heavy use of pesticides in vegetable production can be partly explained by the large
number of pesticide distributors in Burkina Faso's cities (Yaméogo 2021; Romba et al., 2020), as well as the
absence of monitoring and guidance for producers from advisory support services. Although Burkina Faso has a
pesticide regulatory framework based on Law No. 026-2017/ AN, which has been strengthened in recent years
through the adoption of implementing decrees and a national strategy to combat the misuse of pesticides, as well
as through enhanced market surveillance and the establishment of regional harmonisation frameworks (Ministry
of Agriculture, 2021; CILSS/COAHP, 2023), porous borders, the high cost of registered pesticides and poverty
among producers could also explain the use of unregistered pesticides at this vegetable farm. These poor
practices could have harmful impacts on living organisms, including animals, humans and plants. Certain active
ingredients, such as abamectin, deltamethrin, lambda-cyhalothrin and methomyl, are considered highly
hazardous by the WHO and lethal if inhaled (GHS). They are also carcinogenic and highly toxic to bees.The
pesticide treatment frequency indicator (IFT) showed high average values for tomatoes (34) and cabbage (30).
This indicates the heavy use of synthetic chemical pesticides on these crops, with application rates averaging 30
times the recommended dose. Heavy pest pressure forces producers to use pesticides without adhering to
recommended doses or usage standards. In the long term, this could lead to the pollution of the three
environmental compartments (water, soil and air) (Scholtz et al., 2002), as well as the deterioration of the health
of producers and consumers, and of biodiversity (Son et al., 2017).

3.2.5 Sustainable Management of the Agrosystem Vegetables of Kodéni

The study revealed an intensive production system in Kodéni. Vegetable growers cultivate small plots of 1,235
+ 1,055 m?, and the small size of these plots leads to the excessive use of organic matter (1,872.76 + 1,200.13
kg/ha), NPK (1,414.55 + 1,082.93 kg/ha) and urea (572.42 + 333.97 kg/ha), in an attempt to increase yields. The
site is also infested with crop pests. To combat these pests, growers use various plant protection products, some
of which are harmful to the environment and human health. In light of these findings, it would be beneficial to
establish or strengthen the monitoring of chemical pesticides, and to raise awareness among vegetable growers
of the need to use these pesticides only as a last resort. In addition, the use of high-quality organic fertilisers,
such as compost enriched with beneficial microorganisms (Trichoderma harzianum, mycorrhizae, etc.), should
be encouraged for more effective pest management. Appropriate crop rotation and intercropping systems should
also be promoted, and guidance provided to producers on the judicious use of pesticides. A new focus on
agroecology should also be initiated. Kpadenou et al. (2020) propose intercropping and crop rotation as pest
control techniques in the context of pest management in vegetable farming. However, farmers should be trained
to identify which types of crop rotation and intercropping effectively control pests. According to Sawadogo et
al. (2025), applying compost enriched with Trichoderma harzianum significantly increases crop yields and
improves certain soil chemical parameters (e.g. organic matter, nitrogen and phosphorus). Converting crop
residues left on the ground by farmers after harvest into compost could help reduce the proliferation of
pathogens while improving soil fertility (Coulibaly et al., 2020; Gnankambary ef al., 2022).

4. Conclusion

Vegetable production improves household living conditions and ensures a food supply for urban residents.
However, pest infestations are a problem for the industry, leading farmers to use synthetic chemical pesticides.
Our study involved assessing production systems in order to characterise vegetable farming practices and

operations with a view to sustainable pest management.

Our research revealed that vegetable farming at the Kodéni site is predominantly carried out by men who are
largely illiterate. These producers work on small plots of land and use excessive amounts of chemical fertilisers
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(NPK and urea) and synthetic chemical pesticides, primarily from the avermectin, neonicotinoid, pyrethroid,
acetamiprid and carbamate families. The main active ingredients in these products are abamectin (18 g/L),
lambda-cyhalothrin (25 g/L), deltamethrin (12.5 g/L) and methomyl (250 g/kg). These ingredients are toxic to
human health, the environment and bees, and are mostly banned internationally. The values of the pesticide
treatment frequency indicator (IFT) reflect non-compliance with the recommended application rates among my
vegetable growers. In fact, for tomato and cabbage crops, these rates can be up to 30 times higher than the
recommended dose, which could have long-term adverse effects on the environment. This heavy use of
synthetic chemical pesticides is linked to the high prevalence of various pests, primarily fungal pathogens
dominated by the genus Fusarium, which is present in all plots. Analysis of soil chemical parameters indicates
an important concentration of chemical elements in the soil due to regular use of organic fertilisers. However,
the use of high-quality organic manure should be promoted by recycling crop residues through composting and
enriching the compost with beneficial microorganisms. A sound crop rotation and intercropping system should
also be implemented for sustainable and agroecological pest management in vegetable farming. Further research
is needed to quantify the identified pathogens and determine the effects of soil physicochemical characteristics
on pathogen incidence, in order to inform the efficient management of soil-borne pests in vegetable-growing
areas.

5. Study Limitations

This study had significant limitations that may restrict the generalisability of its conclusions, notably the small
sample size of just 30 plots. Furthermore, the absence of control sites prevents robust comparisons from being
made. The study was conducted during the dry season (March—April), largely based on farmers’ self-reports,
whereas pesticide use can vary depending on the production period and self-reports may introduce a self-
reporting bias. The identification of soil born pathogens was based on the morphological characterization of
fungi. It would be useful (i) to assess the soil's infectious potential through fungal counts, (ii) to consider other
pathogens, namely bacteria and nematodes, and (iii) to combine these morphological identifications with a
molecular and pathological characterization of soil born pathogens. Despite these limitations, the results
provides important information on the phytosanitary practices of smallholder farming farmers and provides a
basis for more in-depth research in the future.
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