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Abstract 

Upon the evidence of its invasion in Chad in 2018, Spodoptera 

frugiperda has become a serious threat to maize production, thereby 

prompting farmers to a massive use of chemical pesticides to reduce its 

damage. However, given the adverse negative effects of chemical pesticides 

on human health and the environment, alternatives to chemical control are 

highly sought. In that respect, the effectiveness of Neem oil and Jatropha oil, 

two bio pesticides widely acknowledged for their insecticidal properties, was 

evaluated in the field in comparison with the chemical insecticide, Emamectin 

benzoate, in a Fisher Blocks design with 4 treatments and 4 replicates. The 

mean larval density per 25 plants was significantly the lowest (P < 0.0001) on 

Emamectin benzoate-treated plants(1.13 ± 0.70), followed by Jatropha oil 

(6.13 ± 0.87) and Neem oil treatments (7.13 ± 0.80) while the highest density 
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was recorded on the untreated plants (12.31 ± 0.87). Similarly, the infestation 

rates were significantly lower on plots that received the chemical insecticide 

or the bio pesticides compared to the control plots (P < 0.0001). Foliar and ear 

damage scores were also significantly lower on the treated than on the control 

plots (P < 0.0001); and the number of ears attacked was significantly higher 

on the untreated control than on the other treatments. Maize grain yields were 

significantly higher in the treated plots compared to the control plots (P < 

0.001). Yield gains over the control were 132.57%, 90.91% and 72.73% 

respectively for Emamectin benzoate, Jatropha oil and Neem oil treatments. It 

appears, therefore, that the use of Jatropha oil or Neem oil could significantly 

contribute to an effective and sustainable management of S. frugiperda on 

maize in Chad, thereby calling for the need for further investigations in that 

area in the frame of integrated pest management of this pest..

 
Keywords: Fall armyworm, Zea mays, Azadirachta indica, Jatropha curcas, 

biopesticides, sustainable pest management 

 

Introduction 

The Fall Armyworm (FAW), Spodoptera frugiperda (JE Smith) 

(Lepidoptera: Noctuidae), is a polyphagous pest native to tropical and 

subtropical regions of the Americas that attacks more than 80 plant species 

including maize, sorghum, sugar cane and some vegetable crops 

(Rwomushana et al., 2018). Its presence has been confirmed in 44 African 

countries, with maize as its main host-plant in Sub-Saharan Africa (Prasanna 

et al., 2018). In the Republic of Chad (Central Africa), its presence was 

confirmed in 2018 following its devastating impact, mainly on maize, 

throughout the majority of the provinces (FAO, 2018). This field infestation 

by S. frugiperda threatens food security in Chad, as it does in many other 

African countries, given its high potential for dispersal  (Kansiime et al., 

2019). As it generally happens at the discovery of an invasive agricultural pest, 

the first control strategy used by farmers was massive applications of chemical 

insecticides (Cook et al., 2004; Agboyi et al., 2019). However, the 

indiscriminate use of these chemical insecticides often leads to negative 

effects such as induction of pest resistance, elimination of natural enemies and 

the presence of toxic substances (residues) in food, water, air and soil; which 

can affect human health and pollute the environment (Kishi, 2005; Williamson 

et al., 2008). It, therefore, urges to find alternatives to chemical control, at least 

as a key component of an integrated control strategy against FAW (FAO, 

2018). 

To this end, botanical extracts have long been proposed as alternatives 

to synthetic pesticides in pest management because of their low cost that make 

them economically affordable; they are ecofriendly since they are 
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biodegradable and generally target-specific (Sisay et al., 2019). Moreover, 

botanical extracts are essentially nontoxic and non-pathogenic to animals and 

humans (Miresmailli and Isman, 2014; Stevenson et al., 2017). Therefore, the 

use of plant-based pesticides has become a major asset in plant protection that 

has shown its effectiveness in the management of diverse crop pests (Bateman 

et al., 2018; Sisay et al., 2019). In that respect, many plant species have shown 

insecticidal properties against FAW in several parts of the world. Such plant 

species include, among others, Azadirachta indica (Silva et al., 2015; 

Stevenson et al., 2017; Sisay et al., 2019), Jatropha curcas L (Sisay et al., 

2019), Melia azedarach L (Santos et al., 2008; Bullangpoti et al., 2012). More 

specifically in the Republic of Chad, there is a wide range of opportunities 

linked to plant diversity that would be worth testing and promoting within the 

framework of alternative methods for controlling crop pests. As example, 

Neem (A. indica) and Jatropha (J. curcas) are plant species available in Chad; 

however, no studies have been conducted to evaluate their potentials against 

FAW. The objective of the present study was, therefore, to evaluate the 

effectiveness of Neem oil and Jatropha oil in controlling S. frugiperda, in 

comparison with Emamectin of benzoate, a chemical insecticide widely 

acknowledged as effective against the pest (Deshmukh et al., 2020), and 

commonly used by maize growers. 

 

1.  Materials and methods  

1.1.  Study site 

The study was carried out at the Agronomic Research Station of 

Bébédjia (8° 40' 34’ N; 16° 33’58’E; 397 m of altitude). This station is located 

in the Southern part of Chad, at c.a. 524 km south of N’Djamena the capital 

city. It prevails in this area a Sudanian tropical climate characterized by the 

alternation of a rainy season (4 to 5 months) which extends from April to 

October and a dry season (7 to 8 months) which runs from November to 

March. The average annual rainfall ranged between 600 mm and 1200 mm. 

During the study period, the average monthly rainfall collected was 81.78 mm 

and the average temperature varied between 23.62°C and 35.07°C with the 

minimum in August and the maximum in October. Relative humidity during 

the study period varied between 79 % and 86% with an average of 82 ± 1.64 

%. 

 

1.2.  Study materials 

Spodoptera frugiperda was the study insect, whereas the maize variety 

'TZEEW' known as susceptible to FAW in Chad (Mbaidiro et al., 2021) 

constituted the plant material. 

The pesticides tested included: 
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- Neem oil, a bio-pesticide applied at the dose of 1.4L/ha (Kammo et al., 

2019); 

- Jatropha oil, a bio-pesticide applied at the dose of 1.25 L/ha (Abdoul 

Habou et al., 2013); and 

- Emacot 19 EC (Emamectin benzoate 19 g/L), a chemical insecticide, 

applied at the dose of 0.6 L/ha (manufacturer's recommendation). 

 

1.3.  Experimental setup 

The experimental plots were tilled to a 15-20 cm-depth, and harrowed 

to prepare the seedbed. Maize was sown on July 12, 2021 at the rate of 3 seeds 

per seed hole with a spacing of 0.60 m x 0.40 m, after a rainy day of at least 

20 mm rainfall. A first weeding was carried out 14 days after plant emergence 

and a second occurred 21 days after the first. The chemical fertilizer N, P, K 

(20-10-10) for cereals was applied as the basal dressing fertilizer, at the dose 

of 150 kg/ha. It was buried in furrows, dug at 10 cm from the seed line. Urea 

was applied as a cover fertilizer in two sets at the dose of 25 kg/ha, when maize 

plants have developed the 10th leaf and at tasseling, respectively.  

The experiments were set up following a randomized complete block 

design (RCBD), with 4 treatments and 4 replicates. Each block contained four 

elementary plots (totaling 16 plots), separated from each other by a 1.5 m-

buffer while a 2 m-buffer separated the blocks. Each elementary plot was 7 m 

long and 5 m wide and had 13 rows of seedlings. The treatments were as 

follows: T1- Untreated maize plots (control); T2 - Maize plots treated with 

Neem oil; T3- Maize plots treated with Jatropha oil, and T4 - Maize plots 

treated with Emacot (Emamectin benzoate). All the pesticides (chemical and 

plant extracts) were applied four times at 7-day intervals, from Day 33 to Day 

54 after sowing, using a knapsack sprayer. After each application, care was 

taken to properly wash the sprayer before shifting from one product to another 

to avoid any contamination, thereby preventing bias in the results. 

 

2.  Data collection 

2.1.  Effect of treatments on the population dynamics of S. frugiperda 

To evaluate infestation rates and population densities of FAW larvae 

on each elementary plot, 25 maize plants were randomly selected from the five 

central rows of each plot. A total of 100 plants were, therefore, sampled per 

treatment. Samplings were made every 7 days from the 33rd day after sowing 

until the 54th day after sowing, just before spraying the plot with the 

corresponding insecticide. On each sampling day and per elementary plot, the 

number of FAW-infested plants (i.e. maize plants showing any symptoms of 

FAW attack), were determined. In addition, the number of FAW larvae 

encountered on the selected plants were also counted. Data collected included 

the mean densities of FAW-larvae as well as the infestation rate of each plot. 
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The infestation rate was calculated as the ratio between the number of infested 

plants (i.e., harboring the pest) and the total number of plants sampled. 

 

2.2.  Effect of treatments on leaf damage caused by S. frugiperda 

To evaluate damage caused by the feeding activities of FAW larvae, 

sampling was carried out on 25 maize plants randomly selected from each 

elementary plot. To achieve this, 5 plants were observed on each of the 5 

central rows of each elementary plot. On each sampling day, the number of 

maize plants bearing freshly consumed leaves and/or with dead hearts was 

determined. The extent of the pest damage to maize stalks, and/or leaves was 

also recorded. Damage level was scored following a scale of 0 to 4, modified 

from the 0 to 9 scale developed by Davis et al. (1992). Damage levels were 

then ranked as follows: 0 = zero damage; 1 = 1% to 25% damaged; 2 = 25% 

to 50% damaged; 3 = 50% to 75% damaged; and 4 = dead hearts (75% to 

100%); This scale is the one generally used for research purposes by 

researchers, including for testing the efficacy of phytosanitary treatments 

(Toepfer et al., 2021). 

 

2.3.  Effect of treatments on cob damage by S. frugiperda 

The extent of cob damage was assessed using the 0-9 scale from CYMMIT 

(2020), unpublished protocol (Table 1; Figure 1). Sampling was carried out on 

25 plants randomly selected from the five central rows of each elementary 

plot. The number of cobs attacked and the overall cobs damage index were 

determined and recorded per elementary plot. It has indeed been shown from 

recent studies that the invasive S. frugiperda exhibited a clear competitive 

advantage over other resident stemborers within maize cropping systems, 

thereby quickly excluding the latter through several mechanisms including 

intraguild predation (Mutua et al., 2022). Therefore, where S. frugiperda is 

present, damages can almost exclusively be attributed to hat invasive pest 
Table 1. Scale of damage of S. frugiperda to maize cobs  

(Source: CYMMIT 2020, unpublished protocol) 

Score Damage symptoms / description 

1 No damage caused to the cob 

2 Damage on a few grains (<5), or less than 5% damage on a cob 

3 Damage on a few grains (6 to 15), or less than 10% damage on a cob 

4 Damage on 16 to 30 grains, or less than 15% damage on a cob 

5 Damage on 31 to 50 grains, or less than 25% damage on a cob 

6 Damage on 51 to 75 grains, or more than 35% but less than 50% damage on a cob 

7 Damage on 76 to 100 grains, or more than 50% but less than 60% damage on a 

cob 

8 Damage on> 100 grains, or more than 60% but less than 100% damage on a cob 

9 Almost 100% damage to a cob 
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Figure 1. Scale of maize cob damage by S. frugiperda 

 

2.4.  Effect of treatments on maize yield 

At maturity, the grain yield was determined per elementary plot. For 

that, all maize ears from the five central rows of each elementary plot were 

harvested, and dried after removing the husk. Cobs were then manually shelled 

and maize grains dried and weighed using a Steinberg brand electronic balance 

(300 kg; int. Precision 50 g). The yield obtained from this 21 m2 area (i.e. the 

harvested plot size), was thereafter converted per hectare for clarity and to ease 

comparisons. The rate of yield increase accrued from each pesticide treatment 

as compared to the untreated control was calculated as follows: 

YR (%) = (YT-YC) x 100/YC; 
 

where: 

●  YT: grain yield obtained with a specific pesticide treatment; 

● YC: grain yield obtained in the untreated control plot; 

● YR: the rate of yield increase. 

 

3.  Statistical analyses 

Data were compared among treatments to determine the effect of each 

one on the population size of FAW, and their damage on maize plants and 
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yield. Comparisons were made using a one-way analysis of variance 

(ANOVA). For that, all the data were subjected to the Shapiro - Wilk test for 

normality (Shapiro and Wilk, 1965), and the Levene test for homogeneity of 

variances before being used in the statistical analysis. To correct for 

homogeneity of the variances, data on FAW counts were transformed using 

log10(x+1), whereas data on proportions were transformed using Arcsine√ (X 

/ 100), before their use in the statistical analyses. When ANOVA revealed 

significant differences among treatments, means were separated using the 

Student-Newman-Keuls (SNK) multiple range test. All data analyses were 

performed using XLSTAT Software, Version 2016.02.27444. 

 

4.  Results 

4.1. Effect of treatments on the population dynamics of S. frugiperda 

The temporal trend of S. frugiperda densities per 25 maize plants 

(Table 2), showed high densities of FAW larvae on the 33rd day after sowing 

(33rd DAS) in all the four treatments. These densities gradually decreased from 

the 40th DAS to reach their lowest levels at the 54th DAS corresponding to the 

last sampling day. Mean population densities of S. frugiperda larvae ranged 

from 1.13 ± 0.28 to 12.31 ± 1.36 caterpillars on 25 plants. The analysis of 

variance revealed a significant influence of treatments on the population 

density of S. frugiperda larvae (df = 3, F = 27.40, P = 0.0001). The Emamectin 

benzoate (Emacot) treatment harbored the lowest density of larvae per 25 

plants (1.13 ± 0.28), followed by the Jatropha oil and Neem oil treatments, 

with statistically similar densities (Table 2). The highest larval densities were 

observed on the untreated control, with 12.31 ± 1.36 caterpillars on 25 plants. 
Table 2. Mean densities (± SE) of S. frugiperda caterpillars on 25 plants in each in 

treatment 

Treatment 33 DAS 40 DAS 47 DAS 54 DAS Overall mean 

Control 15.75 ± 3.11 a 12.00 ± 3.55 a 11.25 ± 2.29 a 10.25 ± 1.93 a 12.31 ± 1.36  a 

Neem oil 9.75 ± 1.54 a 8.50 ± 0.65 ab 6.00 ± 0.40 b 4.25 ± 0.85 b 7.13 ± 0.70 b 

Jatropha oil 9.25 ± 1.03 a 6.50 ± 2.06 ab 4.25 ± 1.31 bc 4.50 ± 0.64 b 6.13 ± 0.80 b 

Emamectin 

benzoate 
2.00 ± 0.71 b 1.50 ± 0.64 b 0.75 ± 0.25 c 0.25 ± 0.25 c 1.13 ± 0.28 c 

df 3 3 3 3 3 

F 9.26 4.33 10.65 10.72 27.40 

Pr > F 0.002 0.027 0.001 0.0001 0.0001 

 

In a column, the means followed by the same letter are not statistically 

different (SNK test). 
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4.2.  Effect of treatments on the infestation of maize plants by S. 

frugiperda 

The temporal trend of the infestation of maize plants by FAW on the 

different treatments (Figure 2) showed that the infestation rate was the highest 

in all the treatments at the 33rd DAS. It, thereafter, decreased to reach its lowest 

level over all the treatments on the 54th DAS, corresponding to the last 

sampling day. On average, the infestation rate varied from 0.50 ± 0.28% to 

50.75 ± 4.80%. The ANOVA revealed a significant influence of the treatments 

on the infestation rate (df = 3, F = 18.63, P < 0.0001). Over the entire 

experimental period, the untreated control showed the highest average rate of 

infestation (29.44 ± 4.12%), while the lowest rate was recorded with Emacot 

(3.25 ± 0.84%). In the plots treated with Jatropha oil (13.00 ± 8.54%) or Neem 

oil (14.06 ± 10.33%), infestation rates were moderate and statistically similar 

(Figure 2). 

 
Figure 2. Infestation rate by S. frugiperda on the different treatments 
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4.3.  Effect of treatments on leaf damage by S. frugiperda 

In all the treatments, the leaf damage index was high at the 33rd DAS 

and declined gradually to reach its lowest value at the 54th DAS, corresponding 

to the last assessment (Figure 3). Mean leaf damage level scores ranged from 

0.50 ± 0.28 to 3.25 ± 0.25, corresponding, respectively to the Emacot and 

control treatments. The analysis of variance revealed a significant among-

treatment differences (df = 3, F = 15.27, P < 0.0001) with the highest damage 

in the control treatment while the lowest damage was observed in the Emacot 

treatment. However, no significant differences were observed among the two 

biopesticides and the chemical pesticide treatments (Figure 3). 

 
Figure 3. Evolution of leaf damage score caused by S. frugiperda 

 

4.4.  Effect of treatments on S. frugiperda damage to maize cobs 

The mean number of cobs attacked over 25 maize plants varied from 
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cobs damaged by the pest (df = 3, F = 10.50, P < 0.001). The control treatment 
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varied from 1.00 ± 0.00 to 4.25 ± 0.47, with the highest index recorded in the 

untreated control treatment (df = 3, F = 20.79, P < 0.0001). Emamectin 

benzoate and Jatropha oil treatments recorded the lowest damage indices, 

followed by the Neem oil treatment. 
Table 3. Effect of treatments on cobs damage by S. frugiperda 

Treatment Number of cobs attacked/25 plants   Maize cob’s damage score 

Control 11.75 ± 1.97 a 4.25 ± 0.47 a 

Neem oil 8.00 ± 0.71  b 2.50 ± 0.28  b 

Jatropha oil 6.75 ± 1.03  b 1.50 ± 0.28  c 

Emamectin benzoate 2.50 ± 0.28  c 1.00 ± 0.00  c 

Df 3 3 

F 10.50 20.79 

Pr > F 0.001 0.0001 

In a column, the means followed by the same letter are not statistically 

different (SNK test). 

 

4.5.  Effect of treatments on cob weight, grain yield and yield increase  

 Over all the treatments, mean cob weight per 25 maize plants ranged 

from 2.38 ± 0.49 kg to 4.28 ± 0.20 kg (Table 4). The ANOVA revealed a 

significant among-treatment differences (df = 3, F = 5.91, P < 0.010). The 

untreated control had the lowest cob weight per 25 plants. The estimated maize 

grain yield varied from 785.71 ± 30.73 Kg/ha to 1827.38 ± 235.57 Kg/ha. The 

ANOVA revealed a significant impact of the treatments on grain yield (df = 

3, F = 10.47, P < 0.001). The lowest yield was recorded on the untreated 

control while the highest yields were obtained, respectively, with Emamectin 

benzoate, Jatropha oil and Neem oil treatments, with no significant differences 

among these three treatments (Table 4). Maize yield gains accrued from the 

pesticide treatments in comparison to the untreated control treatment were 

132.57%, 90.91% and 72.73%, respectively for Emamectin benzoate, Jatropha 

oil and Neem oil (Table 4). 
Table 4. Impact of treatments on cobs weight, the grain yield and the gain in grain yield of 

maize 

Treatment 
Cobs weight 

(Kg/25plants) 

Grain yield 

 (Kg/ha) 

Grain yield increase 

 (% control 

treatment) 

Emamectin Benzoate 4.28 ± 0.20 a 1827.38 ± 235.57 a 132.57 

Jatropha oil 3.63 ± 0.20 a 1500.00 ± 68.73 a 90.91 

Neem oil 3.95 ± 0.37 a 1357.14 ± 105.58 a 72.73 

Control 2.38 ± 0.49 b 785.71 ± 30.73  b - 

Df 3 3 - 

F 5.91 10.47 - 

Pr > F 0.010 0.001 - 

 

In a column, the means followed by the same letter are not statistically 

different (SNK test). 
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5.  Discussion 

The present study is a prerequisite for the development of alternative 

methods to the chemical control of S. frugiperda in the Republic of Chad, and 

hopefully in many other maize growing countries. It appears from the results 

of this study that the application of Neem oil or Jatropha oil against this key 

maize pest could well replace Emamectin Benzoate, a chemical insecticide 

commonly acknowledged as effective against the pest (Deshmukh et al., 

2020). Indeed, densities of S. frugiperda larvae, infestation rates of maize plots 

as well as damages caused to maize leaves and cobs by S. frugiperda were 

significantly lower in the Emamectin benzoate, Neem oil and Jatropha oil 

treatments than in the control treatment. Moreover, Emamectin Benzoate 

outcompeted the biological pesticides in only few of the maize growth 

parameters evaluated. 

Indeed, it results from this study that Neem oil and Jatropha oil 

significantly reduced the density of the pest's larvae, its infestation rate, leaf 

damage and damage to the ears, thereby generating a considerable yield 

increase although slightly lower than that obtained with Emamectin benzoate. 

The effectiveness of neem extracts has already been reported by several 

authors in the management of more than 400 pest species on which they act 

mainly as insecticide, or have deterrent, anti-ovipositional, antifeedant, 

growth-disrupting (growth-regulating), fecundity- and fitness-reducing 

properties on insect pests (Schmutterer, 1990; Isman, 1999; Erler et al., 2010). 

More specifically, Sisay et al. (2019), showed in both laboratory and field 

trials, the efficacy of wettable powder of neem seed (applied in 5% water) 

against S. frugiperda. Likewise, Neem oil has also been reported by several 

other authors as effective in controlling S. frugiperda (Adeye et al., 2018; 

Duarte et al., 2019; Phambala et al., 2020; Aniwanou et al., 2021). The 

efficacy of Neem extracts on S. frugiperda and other insect pest species is 

linked to its biochemical composition that includes substances toxic to the 

targeted pests (Medina et al., 2003; Rakshit et al., 2008; Li et al., 2010; Insanu 

et al., 2013; Dono et al., 2020). These substances generally, have deterrent 

and antifeedant properties on S. frugiperda larvae (Nesseim et al., 2012; 

Okumu et al., 2007). Likewise, several authors reported that incorporating 

Neem oil into the diet of S. frugiperda larvae affects the survival as well as the 

development of all juvenile stages, even including adult moths (Correia et al., 

2013; Duarte et al., 2019). They argued that ingestion of Neem oil affects the 

immune defense of S. frugiperda larvae thereby increasing their mortality. 

As for Jatropha oil, its toxicity and insecticidal effects have been 

reported by several authors on several insect pests such as the diamondback 

moth Plutella xylostella (Lepidoptera: Plutellidae) (Diabate et al., 2014b), the 

whitefly Bemisia tabaci (Gennadius) (Homoptera: Aleyrididae) and the cotton 

bollworm Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae) on 
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tomato plants in Côte d’Ivoire (Diabate et al., 2014 a). Moreover, several 

studies have demonstrated the insecticidal and deterrent potentials of Jatropha 

oil or of pure compounds isolated from parts of J. curcas plants on insect pests 

of cowpea stocks (Adebowale and Adedire, 2006), as well as on various other 

stored grain pests (Silva et al., 2012; Ukpai et al., 2017). In this register, 

Devappa et al. (2012), showed the effectiveness of phorbol esters, extracted 

from Jatropha oil, in significantly reducing the consumption of maize leaves 

by third-instar S. frugiperda caterpillars. Meanwhile, Adebowale and Adedire 

(2006), reported anti-ovipositional as well as ovicidal effects of Jatropha oil 

on the cowpea storage bruchid pest, Callosobruchus maculatus F. 

(Coleoptera: Bruchidae). Indeed, they found that Jatropha oil contains sterols 

and triterpene alcohols that are responsible for its insecticidal properties, and 

suggested, therefore, its incorporation into grain legume protection programs. 

Emamectin benzoate (Emacot 19 EC) used in this study as a positive 

control is a chemical insecticide acknowledged by several authors as effective 

against S. frugiperda (Deshmukh et al., 2020). This product is authorized for 

usage in Chad and is frequently used by farmers to control lepidopteran crop 

pests (CSP, 2018). It is a semi-synthetic insecticide of the Avermectins family, 

resulting from the natural fermentation of abamectin produced by 

Streptomyces avermitilis which belongs to the most profuse group of 

microorganisms in soil: the Actinomycetes. They are aerobic and Gram-

positive bacteria, with anthelmintic and insecticidal potentials (Kuster, 1968; 

Kim and Goodfellow, 2002).  

Emamectin benzoate is used worldwide for its insecticidal and 

acaricidal properties (Jansson and Dybas, 1998). Deng et al (2020), reported 

that it could quickly dissipate in the environment when released; it is less toxic 

to beneficial insects and harmless to human health at the concentration 

recommended by the manufacturer. Therefore, Emamectin benzoate is 

considered as an alternative to highly toxic synthetic broad-spectrum 

pesticides. Several authors have demonstrated its efficacy against S. 

frugiperda worldwide including on the African continent (Bonni et al., 2020; 

Deshmukh et al., 2020; Ahissou et al., 2021; Aniwanou et al., 2021; Dileep 

Kumar and Murali Mohan, 2021).  

Our results also suggest that Emacot 19 EC showed supremacy over 

the biological pesticides tested, notably, in reducing pest densities and damage 

to maize plants. However, a careless use of emamectin benzoate could cause 

environmental pollution and serious harm to other non-target organisms (Deng 

et al., 2020). Thus, this product is still regarded as at least, moderately toxic 

or even dangerous compound by the World Health Organization (Wang et al., 

2012). It urges therefore, that farmers are sufficiently trained on the ideal way 

of using this product, or instead, they should safely shift to alternatives such 

as one of the two biopesticides tested in this study. Indeed, although the maize 
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yield increase is relatively higher with Emacot 19 EC than in the biopesticide 

treatments, this gain may not significantly differ from those obtained with 

Neem oil and Jatropha oil. Similarly, several authors have also reported yield 

increase of many crops treated with Neem or Jatropha oil to control insect 

pests (Diabaté et al., 2014a; Kammo et al., 2019; Aniwanou et al., 2021).  

Based on our findings, it appears that those two biological products 

could well be an alternative to Emacot 19 EC in the management of S. 

frugiperda in maize fields in the Republic of Chad. Beside their availability, 

other advantages accrued from using those biopesticides emerged from their 

low toxicity to the environment, their biodegradability as well as their 

compatibility with biological control strategies since they better preserve the 

natural enemy guild of diverse crop pests, thereby mitigating side effects 

(Deravel et al., 2014). By virtue of all those positive protective effects, the two 

biopesticides tested in the present study can safely be incorporated in 

Integrated Pest Management (IPM) strategies against FAW in Chad and 

certainly many other countries on the continent. 

 

Conclusion 

This study evaluated the effectiveness of Neem and Jatropha oil in the 

management of S. frugiperda in maize fields. The application of these two 

biopesticides resulted in a significant reduction in the larval density, incidence 

of attack, leaf damage and ear damages to caused by the fall armyworm. As a 

result, a notable increase in maize yield was recorded compared to plots that 

received no pesticide application. Both biopesticides outperformed the 

untreated control and provided almost as effective control as the chemical 

insecticide Emacot 19 EC. Although further trials are still needed, the present 

results clearly indicate that both biopesticides (Neem oil and Jatropha oil) can 

well be included in the control strategies against S. frugiperda as an alternative 

to harmful chemical control. 
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