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Abstract 

Helicoverpa armigera is a major pest of tomato crop. It reduces tomato fruit quality despite pesticides spraying. This study 

carried out to evaluate the efficacy of two pesticides commonly used by the farmers against the tomato fruit borer Helicoverpa 

armigera in Touba department, Côte d’Ivoire. The number and damage of Helicoverpa armigera larvae on tomato plants were 

recorded four times, from 41st to 62nd day after the transplanting of tomato plants on a quarter-hectare plot established on 

March 1, 2022. This plot was subdivided into three equal subplots. Two subplots of tomato plants were treated with the 

pesticides K-OPTIMAL 35EC® and SAUVEUR 62EC®, respectively and the third subplot was untreated. Each subplot was 

subdivided into four elementary plots. The results showed that the pesticides K-OPTIMAL 35EC® (1.5 larvae) and 

SAUVEUR 62EC (1.25 larvae) significantly reduced Helicoverpa armigera larvae on tomato crop compared with the control 

plots (5.5 larvae) per 12 plants (p<0.0001). Tomato fruits attack rates were 25.26%, 5.01% and 2.08% in untreated tomato 

plots and in plots treated with K-OPTIMAL 35EC® and SAUVEUR 62EC, respectively (p<0.0001). The percentage reduction 

of tomato fruit damaged by Helicoverpa armigera compared to untreated tomato plots was 80.19% and 91.76% for K-

OPTIMAL 35EC® and SAUVEUR 62EC, respectively. Yield loss percentages were 30.69%, 4.58% and 2.43% for the 

control, K-OPTIMAL 35EC® and SAUVEUR 62EC®, respectively (p<0.0001). The pesticide SAUVEUR 62EC® can be 

used to protect tomato crops against Helicoverpa armigera. 
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Introduction 

The tomato fruit borer Helicoverpa armigera Hübner 

(Lepidoptera : Noctuidae is a major pest of tomato crops 

(Wakil et al., 2009 ; Diabaté, 2016; Kumar et al., 2020; 

Rathour and Ravi, 2023) [1-4]. This insect pest is a prominent 

phytophagous that attacks tomato fruits and has been 

responsible for tomato yield losses (Ghosh et al., 2010 ; 

Diabaté et al., 2014a ; Deb & Bharpoda, 2017) [5-7]. Tomato 

yield losses caused by Helicoverpa armigera was estimated 

at 42% worldwide as well as in Côte d’Ivoire (Sapkal et al., 

2018 ; Diabaté et al., 2014a ; Diabaté 2016) [2, 6, 8]. The 

average daily temperature of 23.5°C was reduced H. 

armigera population’s per year and was also reduced tomato 

fruit damaged by this insect pest (Walker and Cameron, 

1990) [9]. H. armigera damage was regularly distributed 

during the dry season and tomato fruits damaged were lower 

during rainy season (Bouchard et al., 1992 ; Talekar et al., 

2006) [10 ; 11]. H. armigera populations showed resistance to 

several insecticides, such as organophostates, carbamates, 

indoxacarb, pyrethroids, benzoates and spinosad (Diabaté et 

al., 2014a ; Qayyum et al., 2015; Diabaté, 2016 ; Bade and 

Bhamare, 2023) [2, 6, 12, 13] and to pesticides based on Bacillus 

thuringiensis (Zhang et al., 2011) [14]. H. armigera larvae 

can optionally enter on diapause (Kranti et al., 2002 ; 

Torres-Villa et al., 2002 ; Bade and Bhamare, 2023) [13, 15, 

16]. At that time, more than 30% of world’s pesticides were 

used to control H. armigera worldwide (Ahmad, 2007) [17]. 

H. armigera resistance to the pesticides used by the farmers 

was thought to be related to the inability of the insecticides 

to bin with acetylchonisterase (Srinivas et al., 2004) [18]. 

Then, to protect the tomato cultivations against H. armigera 

and increase tomato yields, farmers used large quantities of 

insecticides that are harmful to humans, animals and 

environment. In Touba, farmers have notice that a decline in 

the efficacy of the pesticides K-OPTIMAL 35EC® and 

SAUVEUR 62EC® against H. armigera. This has led to 

overuse of pesticides. Furthermore, the ineffectiveness of 

the pesticides against H. armigera may be related to their 

active ingredients, or to the methods of application of the 

pesticides. Therefore, the study were carried out in Touba 

department to evaluate the efficacy of these two pesticides 

K-OPTIMAL 35EC® and SAUVEUR 62EC® against H. 

armigera in tomato farms, while scrupulously respecting 

good pesticide application practices. In fact, insecticide 

applications take into account climatic factors and, in 

particular, the spraying period. In this study, the impact of 

foliar applications of these two pesticides on H. armigera 

number on tomato plants, on the attack rates and the yield 

losses caused by H. armigera larvae were recorded. 

 

Materials and methods 

Study area 

The field experiment was conducted from March to May, 

2022 in department of Touba (8°49’9’’N and 7°52’47’’W). 

The climate of this area is characterized by two seasons, a 

rainy season from April to October and a dry season from 

November to March. The annual rainfall and temperature 
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avarages were 1370 mm and 26°C, respectively (Bamba et 

al., 2020) [19]. 

Tomato variety UC 82, GOLDEN QUALITY, GALASSI 

SEMENTI, Italy was grown in a quarter-hectare plot 

established on March 1, 2022 at a spacing of 40 cm x 40 cm. 

After transplanting, dead plants were replaced. This plot 

was divided into three equal subplots. Two subplots of 

tomato plants were treated with the pesticides K-OPTIMAL 

35EC® and SAUVEUR 62EC®, respectively and the third 

subplot was untreated. Each subplot was divided into four 

elementary plots. 

 

Evaluation of the efficacy of the two pesticides on H. 

armigera larvae 

The two pesticides K-OPTIMAL 35EC® and SAUVEUR 

62EC® were sprayed every week, from 6 am to 8 am from 

the 38th to the 59th day after transplanting. The control plots 

were not sprayed with the pesticides. ALMANEB 80 

(Maneb 80%) was sprayed two time on tomatoes plot. 

Sampling of H. armigera larvae and their damage on tomato 

fruits was carried out on 12 tomato plants per elementary 

plot, four times, from 41st to 62th day after transplanting, 

from 6 am to 8 am, three days after treatment. Our study 

focuses on H. armigera larvae. In fact, this study focuses on 

H. armigera larvae because it is the larval stage that causes 

damage to tomato leaves and fruits. H. armigera larvae were 

collected and then identified in the laboratory and from the 

literature. Percentage reduction of tomato fruits attacked by 

H. armigera larvae, the attack rate and yield losses were 

recorded.  

 

Attack rate on tomato fruits by H. armigera 

From the 41st day after transplating to 62th day after 

transplanting, tomato fruits were harvested at 4 day intervals 

on 1 m2 of each elementary. Tomato fruits damaged by H. 

armigera and the healthy fruits were recorded and the attack 

rate on tomato fruits was calculated by using the following 

formula 

 

 
 

Ta = attack rate (%) ; 

Nfa = number of tomato fruits attacked by H. armigera per 

treatment ; 

Nt = total number of tomato fruits harvested per treatment.  

 

Percentage reduction of tomato fruits damaged by H. 

armigera 

The percentage reduction of tomato fruits attacked by H. 

armigera was calculated by using the following formula 

 

 
 

with:  

PRFat= percentage reduction of tomato fruit attacked ; 

C= number of tomato fruits damaged on untreated plots ; 

T= number of tomato fruits damaged on treated plots. 

 

Yield losses due to H. armigera on tomato plots 

In each elementary plot of the treatments (control, K-

OPTIMAL 35EC® and SAUVEUR 62EC®), tomato fruits 

attacked by H. armigera and healthy tomato fruits were 

weighed and the yield losses (YL) were calculated using the 

following formula 

 

 
 

With: 

YL: Yield losses ; 

Wt: Total weight of tomato fruits collected ; 

Wh: total weight of healthy tomato fruits. 

 

Data analysis 

Data of H. armigera larvae recorded, attack rates, 

percentage reduction of tomato fruits damaged and yield 

losses were subjected to an analysis of variance (ANOVA 

main effect) using SPSS software version 22.0. The means 

were discriminated by using the Fisher test (LSD, p < 0,05) 

of XLSTAT 2016.  

 

Results 

Number of H. armigera larvae found on tomato plants in 

the different treatments  

The pesticides K-OPTIMAL 35EC® and SAUVEUR 

62EC® significantly reduced H. armigera larvae number on 

tomato crop compared to the untreated plots (5.5 larvae per 

12 plants). These two pesticides had a similar efficacy on H. 

armigera larvae (F = 74.455; p < 0.0001). However, the 

number of H. armigera larvae on tomato plants sprayed 

with the pesticide K-OPTIMAL 35EC® was higher than 

that of tomato plants treated with the pesticide SAUVEUR 

62EC®, being 1.5 larvae and 1.25 larvae per 12 tomato 

plants, respectively (Figure 1).  

 

 
 

Fig 1: Efficacy of the pesticides K-OPTIMAL 35EC® (T1) and SAUVEUR 62EC® (T2) on the level of infestation of tomato plants by 

Helicoverpa armigera larvae 
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SE= standard error ; T0= control plots; T1= K-OPTIMAL 

35EC® ; T2= SAUVEUR 62EC®.  

Means with the same letter are not statistically different 

(Fisher test, LSD, P < 5%).  

  

Effect of the treatments on tomato fruit damaged by H. 

armigera larvae 

Helicoverpa armigera larvae damaged tomato fruits and 

reduced the market value of tomato fruits (Figure 2). The 

total number of fruits harvested per 1 m2 was higher in the 

plots treated with the pesticides K-OPTIMAL 35EC® 

(201.00 ± 54.95 fruits) and SAUVEUR 62EC® (179.25 ± 

5.38 fruits) than in the control plot (97.25 ± 17.54 fruits). 

The two pesticides had similar efficacy on the tomato fruits 

harvested (F= 10.704 ; p= 0.004). Moreover, the number of 

healthy tomato fruits was statistically the same in the plots 

sprayed with the pesticides K-OPTIMAL 35EC® (190.50 ± 

49.88 fruits) and SAUVEUR 62EC® (175.50 ± 4.51 fruits). 

The lowest number of tomato fruits harvested was recorded 

on the control plots with a value of 72.25 ± 13.30 tomato 

fruits (F = 18.520 ; p = 0.001). While, the lowest number of 

tomato fruits attacked by H. armigera collected in the plots 

sprayed with the pesticides K-OPTIMAL 35EC® and 

SAUVEUR 62EC® and the highest number of tomato fruits 

damaged were recorded on the control plot (F = 8.493 ; p = 

0.008). The tomato fruit attack rates were 25.27%, 5.01% 

and 2.08 in the control plots, in the plots treated with the 

pesticides K-OPTIMAL 35EC® and SAUVEUR 62EC®, 

respectively (F = 20.596; p < 0.0001). The reduction rate of 

H. armigera damage on tomato fruits compared to the 

controle were 80.19% and 91.76% for the pesticides K-

OPTIMAL 35EC® and SAUVEUR 62EC®, respectively 

(Table 1). 

 

   
 

Fig 2: Damage caused by Helicoverpa armigera (a) and it damage on tomato fruit 

 
Table 1: Total number of tomato fruits recorded, tomato fruits 

attacked rate by H. armigera and the reduction rate of tomato fruits 

attacked by the pesticides 
 

Treatment 

Total 

fruits 

harvested 

± SE 

Healthy 

fruits ± 

SE 

Fruits 

attacked ± 

SE 

Fruit 

attacked 

rate (%) 

Reduction 

rate of 

attacked 

fruits (%) 

T0 
97.25 ± 

17.54b 

72.25 ± 

13.30b 

25.00 ± 

11.80b 
25.27b - 

T1 
201.00 ± 

54.95a 

190.50 ± 

49.88a 

10.50 ± 

5.07a 
5.01a 80.19 

T2 
179.25 ± 

5.38a 

175.50 ± 

4.51a 

3.75 ± 

1.26a 
2.08a 91.76 

F 10.704 18.520 8.493 20.596 - 

p 0.004 0.001 0.008 < 0.0001 - 

SE= Standard error; T0= Control plots; T1= K-OPTIMAL 35EC® 

; T2= SAUVEUR 62EC®. 

Means with the same letter within the same column were not 

statistically different (Fisher test, LSD, p<5%). 
 

Yield losses due to H. armigera larvae on tomato plot 

The pesticides K-OPTIMAL 35EC® and SAUVEUR 

62EC® have similar efficacy on the total weight of tomato 

fruits recorded, on the weight of healthy tomato fruit and on 

the weight of tomato fruits attacked. The total weight of 

tomato fruit harvested from the plots treated with the 

pesticides K-OPTIMAL 35EC® (16.325 ± 3.827 kg) and 

SAUVEUR 62EC® (14.350 ± 0.451 kg) was statistically 

higher than that harvested from the control plots with 5.750 

± 1.392 kg per 1 m2 (F = 22.597 ; p < 0.0001). The weight 

of healthy tomato fruit harvested from plots treated with K-

OPTIMAL 35EC®, SAUVEUR 62EC® and control plots 

were 15.550 ± 3.487 kg, 14.00 ± 0.408 kg and 3.925 ± 0.854 

kg, respectively (F=36.610 ; p < 0.0001). However, the 

highest weight of tomato fruits damaged by H. armigera 

was recorded in the control plots (1.825 ± 0.960 kg) and the 

lowest weight were on the plots treated with the pesticides 

K-OPTIMAL 35EC® (0.775 ± 0.340 kg) and SAUVEUR 

62EC® (0.350 ± 0.058 kg) (F = 6.641 ; p = 0.017). These 

two pesticides significantly reduced yield losses caused by 

H. armigera larvae on tomato fruits (F = 22.501 ; p < 

0.0001). The percentages of the yield losses caused by H. 

armigera larvae were 30.69%, 4.58% and 2.43% for the 

control, K-OPTIMAL 35EC® and SAUVEUR 62EC®, 

respectively.  

 
Table 2: Yield losses of tomato fruits caused by Helicoverpa armigera larvae 

 

Treatment Total fruit weight (kg) Healthy fruit weight (kg) Weight of attacked fruit (kg) Percentage of yield loss (%) 

T0 5.750 ± 1.392b 3.925b ± 0.854b 1.825b ± 0.960b 30.689b 

T1 16.325 ± 3.827a 15.550a ± 3.487a 0.775a ± 0.340a 4.580a 

T2 14.350 ± 0.451a 14.000a ± 0.408a 0.350a ± 0.058a 2.434a 



International Journal of Entomology Research www.entomologyjournals.com 

141 

F 22.597 36.610 6.641 22.501 

p < 0.0001 < 0.0001 0.017 < 0.0001 

SE= Standard error, T0= control plots ; T1= K-OPTIMAL 35EC® ; T2= SAUVEUR 62EC®. 

Means with the same letter within the same column were not statistically different (Fisher test, LSD, p < 5%). 
 

Discussion 

The pesticides K-OPTIMAL 35EC® and SAUVEUR 

62EC® significantly reduced H. armigera larvae number on 

tomato plants, tomato fruits attacked and yield losses, 

compared to the control plots. These two pesticides are 

neurotoxic and act on H. armigera larvae by contact and by 

ingestion. The pesticides K-OPTIMAL 35EC® and 

SAUVEUR 62EC® caused hyperactivity of the insects, 

tremors and convulsions, leading to the paralysis and the 

death of the insects (Ghosh et al., 2010) [5]. In addition, 

these pesticides exert antiappetant and repellent effects on 

the insects through contact and ingestion (Diabaté et al., 

2014b; Diabaté et al., 2022) [20 21]. They act on respiratory 

mechanisms (Park et al., 2003 ; Diabaté et al., 2014b; 

Diabaté et al., 2022) [20-22]. They disrupt the normal function 

of synapses. Pesticides bind to acetylcholinesterase (AChE) 

to form the AChE-insecticide complex, which is highly 

stable and resistant to hydrolysis. With the enzyme 

immobilized by the insecticide, acetylcholine can no longer 

play its normal role as a neuromediator (Shi et al., 2004) [23].  

The insect’s metabolism is thus disrupted. The 

ineffectiveness of these two pesticides against H. armigera 

larvae on tomato farms would be related to the poor 

application of K-OPTIMAL 35EC® and SAUVEUR 

62EC®. Furthermore, the pesticide K-OPTIMAL 35EC® is 

less effective than the newly introduced pesticide 

SAUVEUR 62EC®. This would result in the emergence of 

the lowest resistance of H. armigera to the pesticides K-

OPTIMAL 35EC®. This lower resistance of H. armigera to 

the pesticide K-OPTIMAL 35EC® would be related to the 

inability of the pesticides to bind to acetylchonisterase 

(Srinivas et al., 2004) [18]. The ineffectiveness of these 

pesticides against H. armigera is sometimes related to the 

poor conditions of the application of the pesticides on 

tomato plants. Famers shoud respect the spray times and 

recommended doses of pesticides. The pesticides are 

sometime sprayed on the tomato plants when weather 

conditions are not optimal and this would induce slower 

resistance of H. armigera larvae populations. Farmers then 

have to spray tomato farms early in the morning or at the 

end of the day, when relative humidity is higher, wind speed 

is lower and the temperatures are lower. This allows the 

pesticides to their targets, increases their effectiveness, and 

prevents pesticide drift and pollution. Furthermore, 

respecting the conditions of pesticide application will 

increase pesticide efficacy, limit the emergence of pesticide 

resistance of insects and protect animal and plant 

biodiversity. We recommend that the doses of pesticides K-

OPTIMAL 35EC® and SAUVEUR 62EC® recommended 

by the manufacturer be respected, thus preserving 

biodiversity and avoiding contamination of food and the 

environment. 

 

Conclusion 

The study showed that the pesticides K-OPTIMAL 35EC® 

and SAUVEUR 62EC® significantly reduced H. armigera 

larvae number on tomato crop, the tomato fruits damaged 

rates and the yield losses caused by H. armigera. The 

pesticides K-OPTIMAL 35EC and SAUVEUR 62EC® can 

still be recommended to farmer against H. armigera in 

tomato cultivation. However, judicious use of these 

pesticides can help the farmer to increase the efficacy of 

these pesticides on H. armigera. Moreover, biopesticides 

can be combined with chemical pesticides to the integrated 

pest management in tomato farms.  
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