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DETERMINATION OF THE PRESENCE AND MANAGEMENT METHOD OF Spodoptera frugiperda (J. E. Smith) IN MARKET GARDENING IN THE CITY OF KORHOGO


ABSTRACT
The fall armyworm (Spodoptera frugiperda) is a species of moth in the Noctuidae family. This highly polyphagous caterpillar causes damage to cereal crops, particularly maize, as well as vegetable crops. The aim of this study is to contribute to knowledge about fall armyworm in market gardening crops in order to better combat it. A survey was conducted among market gardeners in the town of Korhogo. Nine sites were visited and 51 producers were surveyed. A total of 154 plots were visited. A questionnaire was submitted to the market gardeners. The results showed that 81.03% of market gardeners were women, 75.86% of market gardeners had 6 to 10 years of experience in market gardening and 70.68% had knowledge of fall armyworm although only 5.18% had received training on fall armyworm. The infested crops were tomato, cabbage, lettuce, zucchini, eggplant, and potato, with respective incidences of 66.66%, 64.51%, 50%, 37.5%, 18.75%, and 6.66%. The only symptom observed was perforated leaves. All the growers used chemical control as a method of managing fall armyworm.
This study revealed that fall armyworm (Spodoptera frugiperda) is indeed present on vegetable crops in the city of Korhogo, and that market gardeners had some knowledge about fall armyworm. Chemical control is the method used.
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1. INTRODUCTION
Market gardening is an important economic activity that contributes to food security and poverty reduction for rural households in Africa (WFP & FAO, 2009). In Côte d'Ivoire, more than 40 species of vegetable and protein crops are cultivated in rural areas (CNRA, 2021). They are a real source of income for local populations (Traoré, 2022). However, studies have shown that the fall armyworm or Spodoptera frugiperda (J. E. Smith), Spodoptera frugiperda (J. E. Smith), causes significant damage to vegetable crops (Kambale et al., 2023; Laminou et al., 2022; FAO, 2018). 
This pest is a nocturnal moth, a species of Lepidoptera in the family NoctuideaeNoctuidae. It is native to the Americas (Kasoma et al., 2021). It is a very voracious insect that attacks more than 80 plant species (Kambale et al., 2023). It was first detected in Africa in January 2016 (Goergen et al., 2016). In Côte d'Ivoire, it was first reported in October 2016 (Kouakou et al., 2019). The highly polyphagous caterpillar causes damage to cereal crops, particularly maize, as well as to vegetable crops and cotton (Kambale et al., 2023). The fall armyworm is present in almost all maize-producing regions of Côte d'Ivoire (CNRA, 2023). Infestation rates can reach 45% and lead to yield losses of 40% in Côte d'Ivoire, according to ANADER (2018). In some areas, yield losses are in the range of 50 to 60%, or even 100% if no control measures are taken (Prasanna et al., 2018).
Given the economic losses caused by this caterpillar in maize cultivation and its destructive impact on certain vegetable crops, it is important to conduct studies to anticipate the control of this pest in vegetable farming. The objective of this work is to contribute to the level of knowledge of the fall armyworm in vegetable crops in order to better control it. Specifically, it aims to determine, firstly, the level of knowledge and management practices of fall armyworm among market gardeners and, secondly, to detect the presence of fall armyworm in vegetable crops in Korhogo. 
2. MATERIALS AND METHODS
2.1. Materials
The biological material consisted of vegetable crops. The technical material consisted of questionnaires for the market gardeners, images of the caterpillar, a notepad, and a pen.
2.2. Methods
2.2.1. Selection of the study area and participants
This study was conducted in the city of Korhogo. Initially, all areas used for market gardening within the city were included in the survey (Figure 1). Nine major sites were visited as part of the study. These were Kassirimé, Ossiéné, Takali, Natiokobadara, Koko (Koko Nanguin, Koko dam), Cocody, Résidentiel 1, Nouveau quartier (Route Kapélé) and the low-lying area next to the UPGC (UPGC Lowlands). Table I shows the number of producers surveyed and the number of plots per site. A total of 51 producers were interviewed at the nine sites surveyed. Each producer had several vegetable plots. A total of 154 plots of market gardening were visited.
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Figure 1: Map of the city of Korhogo with the surveyed sites

Table I: Number of producers surveyed and plots per site
	Sites
	Number of Producers
	Parcel number

	Kassirimé
	4
	19

	Takali
	5
	12

	Ossiéné
	7
	23

	Natiokobadara
	6
	19

	Koko
	8
	25

	Cocody
	4
	14

	Nouveau quartier
	5
	11

	Résidentiel 1
	7
	16

	UPGC Lowlands
	5
	15

	Total
	51
	154




2.2.2. Data collection
Data collection was carried out among market gardeners using a questionnaire. The survey was conducted in the morning at the sites. During this survey, information was gathered on: (i) market gardeners' level of knowledge about the caterpillar, (ii) detection of the caterpillar's presence on market garden crops, and (iii) market gardeners' methods of managing the caterpillar.
Based on this information, the following was calculated:
- the frequency of crops grown (F) according to the following formula (Dunia, 2023):
                    F = (n / N) x 100    With: 
· n being the number of plots where the crop is cultivated 
· N being the total number of plots surveyed.
-the incidence of fall armyworm by site (ICs) and by culture (ICc) according to the modified formula of Musubao et al. (2022).
Total number of plots per site
Number of infested plots per site

    ICs =                                                                                 X 100


Number of plots cultivating the species
Number of plots with infested species


   ICc =                                                                                                                     X 100


2.2.3. Data Processing and Analysis
The collected data were entered into Excel 365 and analyzed using SPSS (Statistical Package for the Social Sciences). The data were analyzed quantitatively using descriptive statistics and presented in the form of frequency tables, histograms, and pie charts.
3. RESULTS AND DISCUSSION
3.1. RESULTS
3.1.1. Level of knowledge of market gardeners regarding the fall armyworm
3.1.1.1. Sociodemographic profile of market gardeners
The market gardeners interviewed comprised 81.03% and 18.97% women and men, respectively (Figure 2). Among these market gardeners, 75.86% had between 6 and 10 years of experience, while 12% had more than 10 years of experience. Furthermore, 6.89% and 1.70% had 4 to 5 and 1 to 3 years of experience, respectively. However, 3.55% did not know their years of experience (Figure 3).
The survey also showed that 5.18% of market gardeners had already received training on fall armyworm (Figure 4). The results in Figure 5 revealed that 96.36% of respondents were interested in fall armyworm training.

   
Figure 2: Distribution of market gardeners         Figure 3: Years of experience of market gardeners
                by sex




           
Figure 4: Percentage of trained market gardeners                Figure 5: Distribution of market gardeners
                in the fall armyworm interested in training





3.1.1.2. Situation of the fall armyworm in vegetable crops
The results showed that 70.68% of market gardeners reported the presence of the caterpillar on vegetable crops, compared with 29.32% who reported its absence on their crops (Figure 6). Furthermore, 14.63% of market gardeners stated that the caterpillar was first observed more than 10 years ago (Figure 7). However, 39.02%, 21.96% and 4.88% of market gardeners reported the presence of the caterpillar dating back 5 to 10 years, 2 to 4 years and less than 2 years, respectively.

             
Figure 6: Fall armyworm presence rate                       Figure 7: Date of fall armyworm appearance
                on vegetable crop sites



3.1.2. Presence of the fall armyworm on vegetable crops
3.1.2.1. Crops grown at the study sites
The results showed that several crops are grown in the city of Korhogo. A total of 18 species belonging to 12 families were identified (Table II). The most common crop was cabbage, with a frequency of 20.13%, followed by lettuce and eggplant, with respective frequencies of 13% and 10.39%. Minority crops were spinach, beans, cockscomb, mint, okra, carrots, nightshade, onions, and chili peppers, with frequencies ranging from 2.59% to 0.65%. Regarding potato, tomato, sorrel, parsley, cucumber, and zucchini, the frequencies were intermediate with values between 9.74 and 5.19 (Figure 8).






Table II: Vegetable crops at the study sites
	FAMILY 
	CULTURE 
	SCIENTIFIC NAME

	Apiaceae
	Carrot

Parsley
	Daucus carota

Petroselinum crispum

	Asteraceae
	Lettuce
	Lactuca sativa

	Amaranthaceae
	Spinach


Chickencomb
	Spininacia oleracia


Celosia cristata

	Amarylidaceae
	Onion
	Allium cepa

	Brassicaceae
	Cabbage
	Brassica oleracea

	Curcubitaceae
	Zucchini

Cucumber
	Curcubita pepo

Curcumis sativus

	Convolvulaceae
	Potato
	Solanum tuberosum

	Capsiceae
	Chili Pepper
	Capscium frutescens

	Fabaceae
	Beans
	Phaseolus vulgaris

	Lamiaceae
	Mint

	Mentha spicata

	Malvaceae
	Okra

Sorrel
	Abelmoschus esculentus

Hibiscus sabdariffa

	Solanaceae
	Eggplant

Black Nightshade

Tomato

	Solanum melongena

Solanum nigrum

Lycopersicon esculentum







Figure 8: Frequency of crops grown

3.1.2.2. Incidence of fall armyworm
Figure 9 shows the incidence of fall armyworm by site. The results show that the Takali, Natiokobadara, Koko, and Ossiéné sites recorded incidences of 33.33%, 26.31%, 24%, and 21.73%, respectively. In contrast, the sites of Kassirimé, Cocody, UPGC Lowlands, and Résidentiel 1 recorded average incidences of 15.78%, 14.28%, 13.33%, and 12.50%, respectively. Furthermore, the Nouveau Quartier site (9.09%) had a low incidence of fall armyworm.
Regarding the incidence of fall armyworm on vegetable crops, the results revealed that 33.33% of the crops were infested with the caterpillar. Tomatoes, cabbage, and lettuce were the most affected crops, with respective incidences of 66.66%, 64.51%, and 50% (Figure 10). In contrast, zucchini and eggplant, with respective incidences of 37.5% and 18.75%, showed intermediate infestation rates. The lowest incidence, at 6.66%, was observed in potatoes.

      
Figure 9: Incidence of fall armyworm by site                  Figure 10: Incidence of fall armyworm by crop

3.1.2.3. Observed Damage
During the surveys, damage caused by the caterpillar was observed on the leaves. All infested plants showed holes in their leaves caused by the caterpillar (Figure 11).
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                                           Figure 11: Cabbage leaves infested with fall armyworm
3.1.3. Fall armyworm Management Method
Regarding control methods, all the market gardeners surveyed (100%) used chemical methods, particularly chemical insecticides, to combat fall armyworm (Figure 12). They all indicated that insecticides were applied weekly, with one treatment per week. However, 12.12% of the producers stated that they also applied insecticides daily when the infestation level was high. In addition to chemical insecticides, some farmers used other control methods. For example, 24.24% practiced crop rotation, while 9.09% crushed the caterpillars and removed any symptomatic parts of the plants, and 3.03% used a biopesticide.
Regarding the effectiveness of control methods, 21.05% of market gardeners considered the methods they used to control fall armyworm to be very effective (Figure 13). Conversely, 52.63% and 26.32% of respondents reported that these control methods were moderately and poorly effective, respectively.


                            Figure 12: Different methods of fall armyworm management by market gardeners


                                    Figure 13: Effectiveness of control methods according to producers
3.2. DISCUSSION
The fall armyworm causes damage to maize and vegetable crops. Specifically, the objective of this study was to determine, firstly, the level of knowledge and management methods of the fall armyworm among vegetable farmers and, secondly, to detect the presence of the fall armyworm in vegetable crops in Korhogo.
Regarding the level of knowledge of the fall armyworm, the sociodemographic profile of market gardeners revealed that the majority of producers were women, representing 81.03%, compared to 18.97% men. This could be explained by the fact that market gardening is an income-generating activity that allows women to provide for their households. As for men, they are more interested in cash crops such as cotton, cashew nuts and mangoes, hence their limited presence in market gardening. This observation was made by Boitini (2013). According to this author, in the city of Korhogo, over 98% of women engaged in market gardening, compared to only 2% of men. Regarding the situation of the caterpillar infestation, 70.68% of producers acknowledged having seen the caterpillar on their crops. This high recognition rate is attributed to the producers' years of experience in market gardening. Indeed, most (75.86%) had 6 to 10 years of experience and were therefore able to identify harmful insects in vegetable crops. However, 29.32% of producers reported never having seen it. This result could be due to the fact that some market gardeners confused the fall armyworm with other pests of vegetable crops. This was the case with the larvae of Spodoptera littoralis and Hellula undalis in cabbage during the survey. Munyinga et al. (2021), during a maize farming survey in the DRC, also observed that producers confused the fall armyworm with other pests such as stem borers. Furthermore, a lack of knowledge about the fall armyworm could also explain this result. The survey showed that only 5.18% of market gardeners had received training on the fall armyworm.
Regarding the presence of fall armyworm on vegetable crops, the results showed that several crops are cultivated in the city of Korhogo. A total of 18 species belonging to 12 families were identified. This result differed from that of Traoré (2022) but was consistent with that of Sui Bi (2019), who found 14 and 18 cultivated species, respectively. However, unlike Sui Bi (2019), peanuts and amaranth were not cultivated at the sites visited. Cabbage, with a frequency of 20.13%, was the most cultivated crop. As cabbage is a leafy vegetable, this result is consistent with that of Gockowski et al. (2003), who showed that leafy vegetables were the most cultivated in West Africa, particularly in Côte d'Ivoire.
During the survey period, tomato (66.66%), cabbage (64.51%), lettuce (50%), zucchini (37.5%), eggplant (18.75%), and potato (6.66%) were the crops infested by the fall armyworm. These results were similar to those of several authors. Indeed, Germain et al. (2017) showed that the fall armyworm infests Brassicaceae, Cucurbitaceae, eggplant, tomato, and potato. Furthermore, Day et al. (2017) stated that the fall armyworm caused damage to approximately 80 different commercial crops, including cabbage, onion, and tomato. Furthermore, Laminou et al. (2022) obtained a 6.3% infestation rate of the fall armyworm on tomato, cabbage, onion, and lettuce. However, these results differed from those of these authors regarding onion, which was not infested in the surveyed areas. The results also revealed that the damage caused to crops infested by the caterpillar consisted of perforated leaves. This damage is typical of fall armyworm attacks at the larval stage, as it feeds on leaf tissue (Abrahams et al., 2019). Barlow and Kuhar (2009) and Hruska (2019) described the fall armyworm as a defoliating caterpillar in maize. These results were consistent with those of Makgoba et al. (2021), who showed that the caterpillar attacked and damaged maize leaves by creating holes.
Regarding the management of the fall armyworm by market gardeners, the analysis of the results indicates that chemical control was the most widely used method, with an adoption rate of 100%. This choice is justified by the fact that synthetic pesticides, in addition to being readily available on the market, acted rapidly against the caterpillars. Goergen et al. (2016) also explained the widespread use of synthetic pesticides by their accessibility on the local market, their rapid action against larvae, and the absence or lack of awareness of effective alternatives. This result was consistent with that of the FAO (2018), which showed that chemical control was widely observed in sub-Saharan African countries, where producers, often faced with severe infestations, prefer quick and effective solutions.
All producers using chemical control applied treatments weekly. This frequency suggests low pressure from the fall armyworm in vegetable plots compared to that in maize plots. Indeed, according to Barlow and Kuhar (2009), sweet maize requires four applications per week during the silking and ear development stages. Furthermore, farmers in Kenya and Ethiopia made extensive use of pesticides on maize crops to control the larva larvae (Kumela et al., 2018). 
Alongside chemical control, cultural control is practiced by 24.24% of producers. This included methods such as crop rotation, which is recognized as capable of managing and controlling Spodoptera frugiperda population pressure in maize-growing areas (Yigezu & Wakgari, 2020).
As for other methods, often including mechanical approaches (manual collection and crushing of eggs or larvae, use of homemade traps) or biological approaches (use of plant extracts or biopesticides), they are used by 9.09% and 3.03% of producers, respectively. According to Bateman et al. (2018), the use of biological methods remains marginal, probably due to a lack of extension services, cost, or low levels of confidence among farmers regarding their effectiveness.
However, several studies have shown the existence of natural parasitoids in West Africa (Ganou et al., 2024). In Côte d'Ivoire, Telenomus remus Nixon (Platygastrida), a parasitoid of butterfly eggs, was identified by Kenis et al. (2019). Regarding mechanical control, Baudron et al. (2019) considered these practices to be labor-intensive, exhausting, time-consuming, and difficult, particularly for women. This would explain the limited use of this method.
Regarding the perceived effectiveness of the methods used, 21.05% of producers considered them very effective. The same results were observed by Kumela et al. (2018) in Kenya, where 60% of maize producers felt that synthetic pesticides were ineffective against fall armyworm. Meanwhile, Cokola et al. (2023) showed that most farmers in Benin and Burkina Faso perceived chemical treatments as very effective against fall armyworm in maize crops. In Ethiopia, 46% of farmers also considered chemical control effective against fall armyworm. These results reflect the limited effectiveness of current methods, particularly chemical methods, which may be due to the development of insecticide resistance by fall armyworm. Indeed, Yu (1991) states that fall armyworm can easily develop resistance to organophosphate, pyrethroid, and carbamate insecticides, among others.
4. CONCLUSION
This study was conducted in the city of Korhogo to contribute to the understanding of the fall armyworm in order to better control it. Analysis of the results showed that 81.03% of market gardeners were women, and 75.86% and 70.68% of market gardeners had 6 to 10 years of experience in market gardening and knowledge of the fall armyworm, respectively. The survey revealed that the fall armyworm was prevalent in vegetable crops in Korhogo, with incidences of 66.66%, 64.51%, 50%, 37.5%, 18.75%, and 6.66% in tomato, cabbage, lettuce, zucchini, eggplant, and sweet potato, respectively. The only observed symptom was perforated leaves. All market gardeners used chemical control methods for managing the fall armyworm.
This study represents a first step towards a better understanding of the presence and management of the fall armyworm on vegetable crops in the city of Korhogo. Further research will allow for an assessment of the incidence and severity of the fall armyworm on selected vegetable crops.
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Average effectiveness	Not very effective	Very effective	52.63	26.32	21.05	Effectiveness of control methods


Pourcentage (%)
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