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Abstract 

In Benin, the Fall armyworm (Spodoptera frugiperda J.E. Smith) causes severe damage to maize crop and 
threatens the food security of thousands of small farmers. The objectif of this study was to inventory local 
knowledge on the management of the Fall armyworm (FAW) by maize farmers in central Benin. A 
semi-structured questionnaire was used to collect information from 1885 maize farmers in six communes in 
central Benin. Data were analyzed using descriptive statistics, multivariate analysis and logistic regressions. 
Results showed that farmers consider FAW attacks as a major constraint to maize production. The common 
control method used by maize farmers is chemical control (90% of respondents) with synthetic products. 
Chemical families such as Pyrethroids, Avermectins, Neonicotinoids, Organophosphates are used. The farmers 
(4%) use organic products such as aqueous extracts of Azadirachta indica, Jatropha curcas and Carica papaya 
to control FAW. Certain farmers do not used any control method for FAW. Socioeconomic characteristics such as 
area planted, age, experience in maize production, farmer’s organization membership, level of education, gender, 
and income level of the farmer significantly determine (p < 0.05) the type of control method used against FAW. 
These factors should be taken into account by extension programs. Extension services can use farmers in these 
socio-economic categories as innovators to spread new and more effective control methods against Fall 
armyworm. 

Keywords: fall armyworm, insecticides, maize cropping system, farmer’s perception, Benin 

1. Introduction 

In Sub-Saharan Africa (SSA), nearly 23.2% of the population is undernourished (FAO, 2018a). This problem 
affects several Communes in Benin (Zinzindohoué, 2012). Hotspots of severe food insecurity exist in rural areas 
at the level of smallholder farmers (MAEP, 2017). To meet the food needs of the population, improving the 
productivity of staple crops is necessary (MAEP, 2017). Moreover, the staple food crop in Benin is maize 
(Houndété et al., 2021). The country ranks first in terms of consumption of this cereal in West Africa, with an 
estimated average annual consumption of about 85 kg per capita (Adégbola et al., 2011). Despite its importance, 
its production is faced with several problems including pest pressure especially the Fall Armyworm (Spodoptera 
frugiperda) (FAO, 2018b). Indeed, the Fall armyworm (FAW) can cause significant yield losses on the maize 
crop when not properly managed (FAO, 2018b). These losses can be up to more than 50% of the maize yield 
(Pomalegni et al., 2019). However, farmers’ perceptions of these constraints vary from one individual to another, 
but also from one context to another (Doumde, 2003). For example, Gnanglè et al. (2011) show that local 
perceptions of the causes and effects of climate change vary according to the socio-cultural categories of the 
respondents. Maize farmers have developed several techniques to control the FAW (Sikirou et al., 2019). Some 
growers use unregistered synthetic chemical insecticides that persist in the environment (El Fakhouri et al., 
2015). These synthetic chemical pesticides leave residues in crop products and are often a source of food 
poisoning (Achour et al., 2011).  

The perception of maize farmers in relation to the FAW pressure and the capitalization of farmer practices in the 
face of this constraint therefore constitutes a keystone for sustainable FAW management. This study aimed to 
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2.2 Data Analysis and Processing 

Data on the constraints of maize production, farmers’ perception of Fall armyworm (FAW) attack, FAW 
management methods adopted by maize farmers were submitted to frequency analysis in SPSS 20 software. 
Determinants of farmers’ choice of control method for FAW were analyzed using a logistic regression. In the 
econometric literature, the most commonly used models for analyzing the influence of qualitative and 
quantitative variables on a dichotomous dependent variable are generally grouped into four types: i) linear 
probability models; ii) logistic function (LOGIT); iii) normal density functions (PROBIT) and iv) limited 
dependent variable (Tobit) models (Ngondjeb et al., 2011). For all these models, the objective was the modeling 
of an alternative (Y = 1 or Y = 0) and thus to estimate the probability associated with the event Y = 1. But Tobit 
models are used in the case of limited dependent variables. LOGIT models are considered as approximations of 
PROBIT models for simpler calculations. Therefore, in this study, we chose the Logit model to identify and 
analyze the factors determining the adoption of Fall Armyworm (FAW) control methods. Due to the fact that the 
dependent variable under consideration has four independent modalities, multinomial logistic regression was 
used.  

P(Yt = j); j = 1, ... K − 1; t = 1, ... T                        (2) 

The approach consists of giving a reference modality, for example modality K, and modeling the probabilities 
p_j (X) according to the following equation: 

log
pj(Xt)

pk(Xt)
	=	β1jXt1	+	…	+	βpjXtp	=	Xt

'βj; βj	=	(β1j,	… βpj)                    (3) 

Using this model, it was assumed that the adoption of a control method for FAW depends significantly on the 
socioeconomic, and institutional characteristics of farmers. Non-adoption of a control method was considered as 
a baseline variable. Dependent variables included chemical control, botanical control, and cultural control. In 
this study, the independent variables considered were household socioeconomic variables (Table 1). 

The quality of the model was assessed using the likelihood of the model following a Chi-square distribution. The 
model was considered as significant when the value of the likelihood is greater than that of the Chi-square at the 
same degree of freedom and at a given threshold (1%, 5% or 10%).  

 

Table 1. Variables used in the polytonic logistic model 

Variables Description Expected signs 

Sex Sex of respondent (male; female) +/- 

Age Age of farmer [Young (< 30 years); Adult (30-60 years); Old (> 60 years) +/- 

Formal education Level of formal education (Non-instructed; Primary; Secondary; University) +/- 

OP Membership in a farmer organization (no; yes) +/- 

Dep Respondent’s department (Collines; Zou) +/- 

Experience Number of years of experience in maize cultivation [Very experienced (> 10 years); 
Experienced (5-10 years); Little experienced (2-5 years); Very little experienced (1-2 years)] 

+/- 

Damage Intensity of FAW damage [Very high; High; Low; Not perceived +/- 

Income Income level of the respondent (High; Medium; Low) +/- 

 

3. Results 

3.1 Socio-economic Characteristics of Respondents 

Descriptive statistics on the socio-economic characteristics of the farmers are presented in Table 2. Surveyed 
farmers are predominantly male (89.8%) and married (99.41%). The most represented age group was adults 
(30-60 years-old). The number of years of experience of respondents in maize cultivation varies from 1 to 30 
years, and those who are very experienced (> 10 years of experience) are the most represented (69%). Only 6% 
of respondents do not belong to any farmer organization. With regard to the level of education, a large proportion 
of farmers do not have access to formal schooling. Most of the farmers surveyed had a low level of income.  
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Table 2. Characteristics of respondents 

Characteristics Modalities Number Frequency (%) 

Sex 
Male 1696 89.80 

Female 193 10.20 

Marital status 
Single 11 1.00 

Married 1880 99.00 

Age 

Young (< 30 years-old) 151 8.00 

Adult (30-60 years-old) 1648 87.20 

Old (> 60 years-old) 90 4.80 

Departments 
Collines 1164 61.60 

Zou 725 38.40 

Experience in maize cultivation 

Very experienced (> 10 years) 1303 69.00 

Experienced (5-10 years) 372 19.70 

Not very experienced (2-5 years) 190 10.10 

Very little experience (1-2 years) 24 1.30 

Farmer’s organization membership 
Yes 1776 94.00 

No 113 6.00 

Formal education 

Non-instructed 1588 84.10 

Primary level 165 8.70 

Secondary level 60 3.20 

University level 76 4.00 

Income level 

High 130 7 

Medium 525 28 

Low 1234 65 

 

3.2 Constraints in Maize Production 

Pests attacks are a major problem in all the Communes surveyed (Figure 2). Farmers are facing the FAW 
damages in Ouessè (99.46%), Savalou (94%), and Bantè (78.69%) than Djidja (62.11%) and Glazoué (42.53%).  

 

 
Figure 2. Farmers facing pest attacks by surveyed Commune 

 

3.3 Farmers’ Perception of the Fall Armyworm (FAW) Attack 

3.3.1 Identification of the FAW by the Farmers Surveyed 

The identification of FAW is easier in some Communes than others. Farmers in the Communes of Bantè (100%), 
Zogbodomey (98.77%), Ouessè (98.40%), Savalou (97.71%), and Djidja (86.85%) easily identify FAW from 
other species. In the Commune of Glazoué, this pest is not easily identified by farmers (only 41.79%) (Figure 3). 
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Recognition criteria vary from one individual to another. They recognize FAW by leaf tearing, leaves 
skeletonization, windows on the leaf’s lamina, regular holes on the leaves; central shoot nibbled by grown-up 
larva; faecal pellets or frass in the whorl with mature larvae.  

 

 
Figure 3. Distinction of FAW by farmers 

 

3.3.2 Farmers’ Perception of FAW Abundance Maize 

In this survey, 58.23% of the growers reported that the FAW is abundant in maize fields (Figure 4). They informe 
that FAW damages are pronounced on maize leaves than other organs. In the Communes of Savalou, Ouessè, and 
Zogbodomey, the abundance of FAW in the fields was reported by 94.85%, 87%, and 75.07% of the farmers, 
respectively (Figure 5). Informants in the communes of Djidja (60.56%) and Bantè (62.13%) suppose that FAW 
is not very abundant. In the Commune of Glazoué, 58.20% of respondents reported that this pest is rare in the 
fields, compared to 26.41% who reported that FAW is very abundant (Figure 5). 

 

 
Figure 4. Perception of surveyed farmers on the abundance of FAW in the fields 
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Figure 5. Perception of farmers surveyed by Commune on the abundance of FAW in the fields 

 

3.3.3 Parts Attacked by Fall Armyworm on Maize Plants According to Farmers 

Figure 6 shows the parts of the maize plant attacked by FAW according to the farmers. They mostly (57.07%) 
reported that the leaves are the most attacked. The stalk, inflorescence, cobs and cobs of maize were the other 
parts attacked by the FAW according to the farmers. However, flower, spathe, and cobs were lowly cited (less 
than 10%). According to farmers, the armyworm causes damage to up to 100% of the production (Figure 7). 
Indeed, more than 70% of the respondents indicated that FAW causes high (50% crop loss) to very high (75-
100% crop loss) damage. 

 

 
Figure 6. Maize organs attacked by the Fall armyworm 
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Figure 7. Farmers’ assessment of the damage caused by the FAW 

 

3.3.4 Fall Armyworm Control by Farmers 

In order to limit the damage caused by the Fall armyworm (FAW), farmers use several control methods. Among 
the control methods used by the farmers, we have: chemical control (90%), biological control (4.45%) and 
cultural control (1.30%) (Figure 8). About 4% of the surveyed farmers do not use any control method against 
FAW.  

 

 
Figure 8. Control methods for FAW 

 

Table 3 shows the products used in chemical control of FAW in the surveyed communes. Most of the products 
used are insecticides belonging to various chemical families. These are Pyrethroids, Avermectins, Neonicotinoids 
and Organophosphates. Acetamiprid, Emamectin benzoate, Lambda-cyhalothrin, Cypermethrin and 
Chlorpyriphos-ethyl are the active ingredients used. The chemicals are in liquid or powder form and act by 
contact, inhalation and/or absorption. 
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Table 3. List of chemicals used by farmers 

Trade names Active ingredients Rate per ha Formulation Types Chemical families Mode of action 

Napeco Metafos EC 
Acetamiprid 32 g/L +  

Emamectin benzoate 24 g/L 
1 Liter /ha Liquid Insecticide 

Pyrethroids and  

Avermectins 
Contact and ingestion

PACHA 25 EC 
Acetamiprid 10 g/L +  

Lambda-cyhalothrin 15 g/L 
1 Liter/ha Liquid 

Insecticide  

and acaricide

Neonicotinoids and  

pyrethroids 
Contact and ingestion

EMACOT 050 WG Emamectin benzoate 50 g/L 1 kg/ha Powder Insecticide Avermectins Ingestion 

EMACOT A 112 EC 
Emamectin benzoate 48 g/L 

+ Acétamiprid 64 g/L 
0.5 Liter/ha Liquid Insecticide 

Avermectins et  

Pyrethrinoïds 
Contact and ingestion

 
Cypermethrin 72 g/L +  

Chlorpyriphos-ethyl 600 g/L 
0.5 Liter/ha Liquid Insecticide 

Pyrethrinoïds et  

Organophosphates 

Contact, inhalation  

and ingestion 

 

The organic products used by the respondents in the botanical control of FAW are presented in Table 4. They are 
either aqueous extracts of parts or whole plants or oils extracted from the grains. The plants used are Azadirachta 
indica, Jatropha curcas, Carica papaya and Vernonia sp. 

 

Table 4. Products used in the botanical control of FAW 

Organic products used Dose per ha Organs 

Neem oil (Azadirachta indica) 2 liters/ha Grains 

Aqueous extract of neem leaves (Azadirachta indica) - Leaves 

Jatropha oil (Jatropha curcas) 2 liters/ha Grains 

Aqueous extract of Papaya leaves (Carica papaya) - Leaves 

Aqueous extract of Vernonia sp. leaves - Leaves 

 

3.3.5 Factors Influencing Different Control Methods by Farmers 

Type 3 tests (Table 5) show that most of the explanatory variables are significant for the model. Indeed, some 
explanatory variables such as field superficy, age, experience in maize production, membership in a farmer’s 
organization, level of formal education and income level of the farmer significantly determine the type of control 
method used against FAW.  

Table 6 summarizes the results of the polytomous logistic regression. The area planted determines negatively the 
use of botanical control and positively the use of chemical and cultural control of FAW. Indeed, the odd-ratio 
shows that when the sown area increases by one unit, the probability that a farmer uses botanical control to 
control FAW is reduced by a factor of 0.56 while the probability of the chemical and cultural method increases 
by 1.414 and 1.94 respectively. The age class of farmers significantly influences the use of botanical and 
chemical control. Young and adult farmers preferred the use of botanical control less than old farmers. An 
opposite response was observed for chemical control where they have a preference for its use. Botanical control 
was preferred by experienced (Wald Chi-sq = 4.31; p-value = 0.005) and very experienced (Wald Chi-sq = 3.37; 
p-value = 0.032) farmers compared to the old. The farmer’s experience in maize production did not significantly 
influence his decision to use the chemical or cultural method against FAW. The results showed that farmers used 
the chemical method when perceived damage was high or very high and preferred the botanical or cultural 
method when perceived damage was low and low. Membership in a farmer organization favors the adoption of at 
least one of the three control methods. However, as the odd-ratio values show, they prefer to use the chemical 
method. The regression coefficients are positive and significant for farmers with high school and university 
education for the adoption of the botanical method and the cultural method compared to uneducated farmers. 
This means that the latter prefer to use the botanical method and the cultural method to control FAW.  
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Table 5. Likelihood test results for the polytomous logistic regression. 

Criterion Intercept Only Intercept and Covariates 

AIC 1081.02 772.35 

SC 1096.68 1038.65 

-2 Log L 1073.02 636.352 

Testing Global Null Hypothesis: BETA = 0 

Test Chi-Square DF Pr > ChiSq 

Likelihood Ratio 417.98 56 < 0.0001 

Score 356.69 56 < 0.0001 

Wald 143.10 56 < 0.0001 

Like-R² 

R-Square 0.6759 

McFadden 0.718 

Deviance and Pearson Goodness-of-Fit Statistics 

Test Chi-Square DF Pr > ChiSq 

Pearson 2311.377 1284 < .0001 

Deviance 456.196 1284 1.000 

 

Table 6. Parameters of the polytomous logistic model to evaluate the determinants of the control method used to 
control fall armyworm 

Effect 
Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of Reduced Model ChiSq DF Pr > ChiSq

Intercept 456.196 0.000 0 

Field superficy 476.087 19.892 3 <0.0001 

Sex 457.329 1.133 3 0.7690 

Age 469.628 13.432 6 0.0377 

Department of origin 459.638 3.442 3 0.3280 

Experience 481.855 25.659 9 0.002 

Perception of FAW 3.868 3.4+42 12 0.3430 

Membership in a Farmers’ Organization 667.591 211.395 3 <0.0001 

Education 828.403 372.208 9 <0.0001 

Income 1597.303 1141.108 6 <0.0001 

 

4. Discussion 

The results showed that maize farmers consider Fall armyworm (FAW) as a major constraint to production. 
According to the respondents, FAW can cause considerable damage and even total crop loss. This confirms the 
findings of Tepa-Yotto et al. (2021) who stated that FAW is the most damaging insect currently affecting maize 
crops in Africa and Asia. Fall armyworm (FAW) can cause yield losses ranging from 15% to 75% (Hruska & 
Gould, 1997). In addition, its larvae are very voracious and attack more than 80 crops of different species, 
although with a preference for maize (Prasanna et al., 2018). The control method most used by maize farmers is 
chemical control and conducted with chemical families containing active ingredients such as Acetamiprid, 
Emamectin benzoate, Lambda-cyhalothrin, Cypermethrin and Chlorpyriphos-ethyl. These active ingredients that 
are dangerous for the ecosystem and humans (Chimweta et al., 2020; Kansiime et al., 2019; Davis et al., 2018). 
Although chemical molecules are used to control armyworm, some authors (Martin et al., 2005; Abou-Yousef et 
al., 2010; Houndété et al., 2010) have reported the resistance of FAW to most of the chemical insecticides used in 
in Benin. Aware of the resistance of FAW to most chemical molecules, the farmers surveyed are increasing the 
quantity of insecticides and the frequency of application. This is illustrated by the results by the number of 
phytosanitary treatments and the quantity of phytosanitary products that are higher than the recommendation of 
the plant protection services in Benin. This practice implies an additional cost for small farmers and an 
environmental and health problem due to the release of a large quantity of insecticide residues (Aubertot et al., 
2005). In addition, the molcules used are not specific to the FAW and kill almost all entomofauna including 
useful species and create a profound disruption in the ecosystem (Son et al., 2017). 
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The results of the present study show that a small proportion of the farmers surveyed use organic products such 
as leaves and/or seeds of A. indica, J. curcas, C. papaya and Vernonia sp for FAW control. Several authors have 
shown the effectiveness of these products and the advisability of using them to ensure the quality of harvested 
products and the maintenance of ecosystem balances. In Benin, Tepa-Yotto et al. (2022) showed that aqueous 
extracts based on Vernonia sp., J. curcas, H. suaveolens and A. indica significantly reduced larval density and 
damage to maize plants. Tamgno and Ngamo (2018) reported that ash has an abrasive effect that smothers, rubs 
out armyworm larvae. Bullangpoti et al. (2012) showed that vernonia and jatropha have a larvicidal and 
antifeedant effect that effectively controls armyworm. The advantage of using these insecticidal plants is that 
they are biorational and biodegradable, do not present hazards to human health and do not create any damage in 
the environment (Ramos-López et al., 2010; Yarou et al., 2017; Sisay et al., 2019). 

We observed that socio-economic characteristics such as field superficy, age, experience in maize production, 
farmer’s organization membership, level of education and income level of the farmer significantly determine the 
type of control method used against army worm. Farmers with high acreage prefer chemical control to any other 
control method. This may be explained by the fact that biopesticides are not well known in Benin, are even more 
expensive, and do not have special incentives. The positive influence of age was demonstrated by Mango et al. 
(2017). According to the results of the present study, young people and adults have a particular preference for 
chemical control compared to old people who prefer botanical control. This is justified by the fact that young 
people and adults are those who sow a large area and mostly assume that chemical control is the most effective. 
Our results show that literacy and education are key pillars that increase farmers’ predisposition to accept and 
adopt agricultural technologies such as fall armyworm control methods. Such conclusions were made by Brett 
(2004). Furthermore, the preferential adoption of biological and cultural control by the literate and those with 
advanced levels of education reflects the fact that these practices require an appreciation of the technology that 
access to education has provided them. In other words, people with an advanced level of education could inform 
themselves through the internet and social networks about the health and environmental consequences of 
chemical pesticide use and the benefits of biopesticides. Moreover, they are quick to accept and adopt new 
technologies compared to uneducated or non-literate farmers who are more conservative and reluctant to take the 
risk of adopting a technology that seems new to them (Akplo et al., 2020). It was found that the extent of damage 
determines the type of method chosen by farmers, and the chemical method is preferentially used when 
perceived damage is high or very high. Membership in a farmer organization favors the adoption of at least one 
of the three control methods. This observation justifies the fact that within farmers’ organizations, farmers 
exchange their own experiences and are well informed on different agricultural innovations (Nyangena & Juma, 
2014). In other words, farmers’ organizations constitute a kind of social network in which farmers make contact 
with new technologies and have their first experiences with these technologies (Akplo et al., 2020).  

The FAW is an invasive insect pest that continues to spread across Africa, affecting millions of smallholder 
maize farmers. In response to this situation, two elements are essential: innovative research and farmer training. 
Since the advent of this insect in West Africa, research initiatives have been undertaken both nationally and 
internationally to understand its biology and better control it. However, one is tempted to doubt the effectiveness 
of the proposed control approaches and to question their impact on the quality of the products and their effect on 
the environment. Synthetic pesticides have adverse effects through the presence of pesticide residues in products, 
the development of pesticide resistance by pests and the appearance of secondary pests (Al-Zaidi et al., 2011). 
They are often a source of intoxication (Thabet et al., 2009). Conventional pesticides that are used to effectively 
control similar insects are less effective on FAW. It is therefore important to explore the combination of several 
control methods with a particular emphasis on cultural control and the use of biopesticides produced. For 
example, the practice of intercropping is an ancient practice used in traditional agricultural systems in Africa 
(Kafara, 2007), one of the advantages of which is to break the life cycle of pests, including insects. In addition, 
the use of biofertilizers is a practice of providing nutrients that have a long-term positive effect on soil properties 
and crop yield (Mukendi et al., 2017). In contrast to conventional pesticides, biopesticides have tremendous 
advantages including biodiversity preservation, target specificity, and biodegradability (Kumar et al., 2015). 
According to Kumar et al, (2015), the use of biopesticides can play a major role in protecting plants from pests 
in a sustainable manner. However, the use of biopesticides remains low with only 2.5% of the overall pesticide 
market (Kaki, 2014). On the other hand, Korangi et al. (2021) showed that compared to developed countries, the 
development of biopesticide markets in Africa remains very low. Further research is needed on botanical extracts 
of neem leaves and/or oil, papaya leaves, tobacco, etc., to determine the effective dose and method of application 
to control FAW. 
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As mentioned above, the second essential element in controlling armyworm is farmer training. To disseminate 
the control tools to a larger number of small farmers, it will be necessary to build on existing structures and 
exploit opportunities currently available. Trials should be conducted both at research stations and at 
action-research sites in partnership with farmers, for example through Farmer Field Schools or other farmer-led 
extension initiatives. This strategy will allow for rapid and widespread adoption of the technologies. 

5. Conclusion 

The objective of this study was to inventory local knowledge on the management of the FAW by maize farmers 
in central Benin. The results showed that maize farmers consider the FAW as a major constraint to the 
development of maize cultivation. They mostly use chemical methods to control FAW to the detriment of organic 
methods which are sustainable. Also, it was found that socio-economic characteristics can influence the choice of 
a FAW control method. Therefore, the results of this research suggest that (a) the extension of agricultural 
technologies including FAW control methods should take these factors into account and (b) policy makers should 
encourage technical guidance, literacy and training of farmers.  

References 

Abou-Yousef, H. M., Farghaly, S. F., Singab, M., & Ghoneim, Y. F. (2010). Resistance to lambda-cyhalothrin in 
laboratory strain of whitefly Bemisia tabaci (Genn.) and cross-resistance to several insecticides. American 
Eurasian Journal Agriculture & Environnement Sciences, 7(6), 693-696. 

Achour, S., Khattabi, A., Rhalem, N., Ouammi, L., Mokhtari, A., Soulaymani, A., … Bencheikh, R. S. (2011). 
L’intoxication par les pesticides chez l’enfant au Maroc: Profil épidémiologique et aspects pronostiques 
(1990-2008). Santé Publique, 23(3), 195-205. https://doi.org/10.3917/spub.113.0195 

Adégbola, P. Y., Arouna, A., & Ahoyo, N. R. A. (2011). Analyse des facteurs affectant l’adoption des greniers 
améliorés pour le stockage du maïs au Sud-Bénin. Bulletin de la Recherche Agronomique du Benin, 2, 
43-50. 

Akplo, T. M., Kouelo Alladassi, F., Houngnandan, P., Azontondé, H. A., Agonvinon, M. S., & Bokossa, T. S. 
(2019). Factors Influencing Soil Erosion Control Practices Adoption in Centre of the Republic of Benin: 
Use of Multinomial Logistic. Journal of Agricultural Science, 11(17), 110-122. https://doi.org/10.5539/ 
jas.v11n17p110 

Al-Zaidi, A. A., Elhag, E. A., Al-Otaibi, S. H., & Baig, M. B. (2011). Negative effects of pesticides on the 
environment and the farmers awareness in Saudi Arabia: A case study. J Anim Plant Sci, 21, 605-611. 

Aubertot, J. N., Barbier, J. M., Carpentier, A., Gril, J. J., Guichard Laurence, L., … Voltz, M. (2005). Pesticides, 
agriculture et environ.nement: Réduire l’utilisation des pesticides et en limiter les impacts 
environnementaux. Synthèse du rapport de l’expertise (p. 64). INRA.  

Bett, C. (2004). Farm level adoption decisions of soil and water management technologies in semi-arid Eastern 
Kenya (p. 30). Conference (48th), Australian Agricultural and Resource Economics Society, February 11-13, 
2004, Melbourne, Australia. https://doi.org/10.22004/ag.econ.58369 

Bullangpoti, V., Wajnberg, E., Audant, P., & Feyereisen, R. (2012). Antifeedant activity of Jatropha gossypifolia 
and Melia azedarach senescent leaf extracts on Spodoptera frugiperda (Lepidoptera: Noctuidae) and their 
potential use as synergists. Pest Management Science, 68(9), 1255-1264. https://doi.org/10.1002/ps.3291 

Chimweta, M., Nyakudya, I. W., Jimu, L., & Mashingaidze, A. B. (2020). Fall armyworm [Spodoptera 
frugiperda (J.E. Smith)] damage in maize: Management options for flood- recession cropping smallholder 
farmers. International Journal of Pest Management, 66(2), 142-154. https://doi.org/10.1080/09670874. 
2019.1577514 

Dagnelie, P. (1998). Statistique théorique et appliquée. Tome 2: Inférences statistiques à une et deux dimensions (p. 
659). De Boeck et Larcier, Paris-Bruxelles, France Belgique. 

Davis, T., Day, R., Early, R., Godwin, J., Gonzalez-Moreno, P., Kansiime, M., & Kenis, M. (2018). Fall 
armyworm: impacts and implications for Africa. CABI Evidence Note Update (p. 26). CABI Publishing: 
Wallingford, Oxfordshire, UK. 

Doumde, M. (2003). Evolution des conditions paysannes de production du coton au sud du Tchad et ses 
conséquences sur les stratégies des paysans. Document technique et de recherché (p. 52). N’Djamena: 
PRASAC.  



jas.ccsenet.org Journal of Agricultural Science Vol. 15, No. 5; 2023 

104 

El Fakhouri, K., Lhaloui, S., Faouzi, B., Rochd, M., & El Bouhssini, M. (2015). Gestion phytosanitaire la 
menthe dans la région de Chaouia, Maroc. Revue Marocaine de Protection des Plantes, 8, 1-25. 

FAO. (2018a). Gestion intégrée de la chenille légionnaire d’automne sur le maïs: Un guide pour les 
champs-écoles des producteurs en Afrique (p. 120). Rome, Italie. 

FAO. (2018b). L’Etat de la Sécurité Alimentaire et de la Nutrition dans le monde: Renforcer la Résilience face 
aux Changements Climatiques pour la Sécurité Alimentaire et la Nutrition (p. 198). Organisation des 
Nations Unies pour l’Alimentation et l’Agriculture, Rome, Italie. 

Gnanglè, C. P., Kakaï Glèlè, R., Assogbadjo, A. E., Vodounnon, S., Yabi, J. A., & Sokpon, N. (2011). Tendances 
climatiques passées, modélisation, perceptions et adaptations locales au Bénin. Climatologie, 8, 27-40. 
https://doi.org/10.4267/climatologie.259 

Houndété, C. J., Assongba, Y. F., Yoka, J., & Djego, J. (2021). Importance de l’association de cultures face aux 
variabilités climatiques dans les collines au Benin. Journal of Applied Biosciences, 150, 15419-15433. 
https://doi.org/10.35759/JABs.150.3 

Houndété, T. A., Kétoh, G. K., Hema, O. S. A., Brévault, T., Glitho, I. A., & Martin, T. (2010). Insecticide 
resistance in field populations of Bemisia tabaci (Hemiptera: Aleyrodidae) in West Africa. Pest 
Management Science, 66, 1181-1185. https://doi.org/10.1002/ps.2008 

Hruska, A. J., & Gould, F. (1997). Fall armyworm (Lepidoptera: Noctuidae) and Diatraea lineolata (Lepidoptera: 
Pyralidae): Impact of larval population level and temporal occurrence on maize yield in Nicaragua. Journal 
of Economic Entomology, 90(2), 611-622. https://doi.org/10.1093/jee/90.2.611 

Kafara, M. J. (2007). Pratiques paysannes d’association de cultures dans les systèmes cotonniers des savanes 
centrafricaines. In J. Y. Jamin, L. Seiny-Boukar & C. Floret (Eds.), Savanes africaines: Des espaces en 
mutation, des acteurs face à de nouveaux défis (p. 11). Actes du Colloque, Garoua, Cameroun. 

Kaki, A. (2014). Recherche de nouvelles potentialités de bactéries du genre Bacillus pour l’agriculture et 
l’agroalimentaire (p. 133, Thèse de doctorat, Université Constantine 1, Algérie et Université de Liège, 
Belgique).  

Kanime, M. K., Mugambi, I., Rwomushana, I., Nunda, W., Lamontagne-Godwin, J., Rware, H., … Day, R. K. 
(2019). Farmer perception of fall armyworm (Spodoptera frugiperda J.E. Smith) and farm-level 
management practices in Zambia. Pest Management Science, 75, 2840-2850. https://doi.org/10.1002/ 
ps.5504 

Koffi, K. D., Kouakou, M., Mamadou, D., Bini, K. K. N., & Ochou, O. G. (2021). Étude de la sensibilité de 
Spodoptera frugiperda (J.E. Smith, 1797) (Lepidoptera: Noctuidae) à des insecticides chimiques. Journal of 
Applied Biosciences, 166, 17223-17230. https://doi.org/10.35759/JABs.166.6  

Korangi, A .V., Kubindana, G., Fingu, M. J., Sulu, A., Kasereka, G., Matamba, A., & Ndindir, J. (2021). 
Utilisation des biopesticides pour une agriculture durable en République Démocratique du Congo (Synthèse 
bibliographique). Revue Africaine d’Environnement et d’Agriculture, 53-67. 

Kumar, S., & Singh, A. (2015). Biopesticides: present status and the future prospects. J Fertil Pestic, 6(2), 
100-129. https://doi.org/10.4172/2471-2728.1000e129 

Le Bars, M., Sidibe, F., Mandart, E., Fabre, J., Le Grusse, P., & Diakite, C. H. (2020). Évaluation des risques liés à 
l’utilisation de pesticides en culture cotonnière au Mali. Cahiers Agricultures, 29(4). https://doi.org/ 
10.1051/cagri/2020005 

MAEP. (2017). Plan Stratégique de Développement du Secteur Agricole (PSDSA) 2025 et Plan National d’In-
vestissements Agricoles et de Sécurité Alimentaire et Nutritionnelle PNIASAN 2017-2021. Ministère de 
l’Agriculture, de l’Elevage et de la Pêche (MAEP), Cotonou, Bénin. Retrieved from 
http://www.agriculture.gouv.bj/IMG/pdf/psdsa_2025_et_pniasan_2017_-_2021_version_finale_adoptee.pdf 

Mango, N., Makate, C., Tamene, L., Mponela, P., & Ndengu, G. (2017). Awareness and adoption of land, soil 
and water conservation practices in the Chinyanja Triangle, Southern Africa. International Soil and Water 
Conservation Research, 5, 122-129. https://doi.org/10.1016/j.iswcr.2017.04.003  

Martin, T., Ochou, O. G., Djihinto, A., Traoré, D., Togola, M., Vassal, J. M., … Fournier, D. (2005). Controlling 
an insecticide-resistant bollworm in West Africa. Ecosystems and Environment, 107, 409-411. 
https://doi.org/10.1016/j.agee.2004.11.006 



jas.ccsenet.org Journal of Agricultural Science Vol. 15, No. 5; 2023 

105 

Mukendi, R. T., Mutamba, B. T., Kabongo, D. M., Longanza, L. B., & Munyuli, T. M. (2017). Amélioration du 
sol dégradé par l’apport d’engrais inorganique, organiques et évaluation de rendement du maïs (Zea mays L.) 
dans la province de Lomami, République Démocratique du Congo. International Journal of Biological and 
Chemical Sciences, 11(2), 816-827. https://doi.org/10.4314/ijbcs.v11i2.23 

Ngondjeb, Y., Nje, P., & Havard, M. (2011). Déterminants de l’adoption des techniques de lutte contre l’érosion 
hydrique en zone cotonnière du Cameroun. Revue d’Élevage et de Médecine Vétérinaire des Pays 
Tropicaux, 64(1-4), 9-19. https://doi.org/10.19182/remvt.10120 

Nyangen, W., & Juma, O. M. (2014). Impact of improved farm technologies on yields: The case of improved 
maize varieties and inorganic fertilizer in Kenya. Environment for Development Discussion Paper Series 
(EfD 14-02). Environment for Development, Nairobi, Kenya. 

Pomalegni, S. B. C., Ahoyo Adjovi, N. R., Kpadé, C. P., Gbemavo, D. S. J. C., Allagbé, C. M., Adjanohoun, A., 
& Mensah, G. A. (2019). Capitalisation des études et autres travaux sur les chaînes de valeur du maïs au 
Bénin. Document Technique et d’Informations (DT&I). 

Prasanna, B. M., Huesing, J. E., & Eddy, R., & Peschke, V. M. (2018). Fall Armyworm in Africa: A Guide for 
Integrated Pest Management (1st ed.). Mexico, CDMX: CIMMYT.  

Sikirou, R., Aniwanou, C., & Adossou, E. (2019). Les méthodes alternatives de lutte contre la chenille 
légionnaire d’automne (p. 9). Rapport de Formation, Décembre 26 et 27, 2019, Bohicon, Bénin. 

Sisay, B., Tefera, T., Wakgari, M., Ayalew, G., & Mendesil, E. (2019). The Efficacy of Selected Synthetic 
Insecticides and Botanicals against Fall Armyworm, Spodoptera frugiperda, in Maize. Insects, 10(2), 45. 
https://doi.org/10.3390/insects10020045 

Son, D., Somda, I., Legreve, A., & Schiffers, B. (2017). Pratiques phytosanitaires des producteurs de tomates du 
Burkina Faso et risques pour la santé et l’environnement. Cahiers Agricultures, 26, 25005. https://doi.org/ 
10.1051/cagri/2017010 

Tamgno, B. R., & Ngamo Tinkeu, L. S. (2018). Potentialisation de l’efficacité insecticide des poudres de feuilles 
ou amandes de neemier Azadirachta indica A. Juss par formulation avec la cendre de tiges de mil contre 
Sitophilus zeamais M. et Sitophilus oryzae L. (Coleoptera: Curculionidae). African Journal of Food, 
Agriculture, Nutrition and Development, 18(1), 13254-13270. https://doi.org/10.18697/ajfand.81.17095 

Tepa-Yotto, G. T., Adandonon, A., & Adikpeto, M. B. S. (2021). Potentiel des extraits de plantes insecticides 
pour la gestion de la chenille légionnaire d’automne (Spodoptera frugiperda) au Bénin. Sciences and 
Technologies for Substainable Agriculture, 1(1), 1-8.  

Tepa-Yotto, G. T., Dahoueto, B. T. A., Winsou, J. K., Hounmakou, E. A. F., Billa, A. A. D., Nonfodji, A., … 
Kpindou, O. K. D. (2022). Efficacité en laboratoire et sur le terrain des cendres et de divers insecticides 
biorationnels sur la chenille légionnaire d’automne, Spodoptera frugiperda J. E. Smith (Lepidoptera, 
Noctuidae) au Bénin. Science de la Vie, de la Terre et Agronomie, 10(01), 43-52. 

Thabet, H., Brahmi, N., Kouraïchi, N., Elghord, H., & Amamou, M. (2009). Intoxications par les pesticides 
organophosphorés: nouveaux concepts. Réanimation, 18(7), 633-639. https://doi.org/10.1016/j.reaurg. 
2009.05.006 

Yarou, B. B., Silvie, P., Komlan F. A., Mensah, A., Alabi, P., Verheggen, F., & Francis, F. (2017). Plantes 
pesticides des cultures maraichères en Afrique de l’Ouest (synthèse bibliographique). Biotchnologie, 
Agronnomie, Société et Environnement, 21(4), 288-304. https://doi.org/10.25518/1780-4507.16175 

Zinzindohoué, E. (2012). Etat des lieux de la sécurité alimentaire dans le département de l’Atacora (au 
Nord-Ouest du Bénin) et analyse des politiques publiques (p. 50). Centre d’Enseignement et de Recherche en 
Action Humanitaire (CERAH) de Genève, Suisse. 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


