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Abstract 
An invasion of jassids has been observed on cotton plants in Côte d'Ivoire during the 2022-2023 season. 

Insecticides used in plant protection programs were unable to stop damages caused by these pests. The 

goal of this survey was to assess a formulation based on the flonicamid + indoxacarb combination, in 

order to include it in protection programs. The test has been realized from June up to December, during 

the 2023-2024 cotton campaign. The scientific mechanism is in Fisher block design, with 5 objects and 4 

replicates. The seeds has been settled in holes separated by 0.80 m among lines and 0.30 m on the same 

lines. Three doses (187.5 ml/ha, 250 ml/ha and 375 ml/ha) were tested. Six (6) treatments spaced 14 days 

apart were realized. Surveys were realized by recording the number of individuals on 30 plants per 

elementary plot taken in groups of 5 plants consecutively on the 8 central lines. Observations were made 

for the main sucking pests (jassids, aphids and whiteflies) and carpophagous caterpillars (Earias species, 

Helicoverpa armigera and Diparopsis watersi). The results show a good control of the formulation tested 

on all the target pests, with significant variations in the activity of the product depending on the insect 

species. Concerning sucking pests, the level of jassid and aphid infestation was significantly reduced by 

the three doses tested, compared with the reference product and the untreated control. The indoxacarb + 

flonicamid formulation proved effective against H. armigera, Earias spp. and D. watersi larvae at all 

three doses tested. It is therefore an ideal alternative for controlling cotton pests in Côte d'Ivoire. 

 

Keywords: Côte d’Ivoire, flonicamid, indoxacarb, jassids, cotton pests 

 

Introduction 

In Côte d'Ivoire, the economy of savannah areas is still mainly based on cotton growing 

regarded to important incomes it provides. Cotton ranks 4th among agricultural exports and 

contributes 1.7% to national GDP. Cotton production stand for around 7% of exports [1]. 

Cotton is grown every year by around 130, 000 producers and feeds nearly 3.5 million people 
[2]. The total area sown is around 300, 000 hectares, with production exceeding 400,000 tonnes 
[3]. However, cotton growing still faces a number of constraints. These include the adverse 

effects of climate change, soil impoverishment and pest pressure. Cotton is one of the plants 

most frequently attacked by several species of arthropod pests. If plant protection is lacking, 

these pests can cause crop losses of up to 80% [4]. To date, the use of synthetic chemical 

insecticides remains the only means of controlling these pests to ensure optimum yields. 

Insecticides from the pyrethroid family were highly effective until the emergence of resistance 

in the noctuid Helicoverpa armigera in 1998 [5]. 

The damages caused by this dreaded bollworm has prompted the introduction of a pyrethroid 

resistance management and prevention strategy based on ‘window programmes’ [6]. These 

programmes recommend rationing pyrethroids and replacing them with alternative molecules 

such as spynosins, sulphoximins and diamids for the first insecticide treatments of cotton 

plants during the vegetative phase. The “window programmes” have kept H. armigera 

infestations at relatively low levels since 1999 [7]. However, in recent years, cotton growers 

have been and still are faced with a succession of new pest problems. 
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The emergence of other carpophagous caterpillars, such as 

Pectinophora gossypiella and Earias species [6], has been 

revealed in farming areas, while sucking pests of the 

Cicadelidae family, including Jocobiella fascialis and 

Empoasca papayae, are on the increase [8, 9]. Since the early 

2010s, many growers have also been complaining about 

massive outbreaks and population damage caused by the 

whitefly Bemisia tabaci [10]. During the 2022-2023 cropping 

season, production losses estimated at over 50% were 

recorded due to severe attacks by a new species of jassid, 

Amrasca biguttula [11–14]. Particularly against this species, the 

insecticides commonly used by growers have proved 

ineffective. Given the level of risk posed by these jassids, it is 

essential to find new formulations to recommend.  

This would enable protection programs to be readapted in the 

face of these new components of the cotton pest complex, 

which pose a considerable threat to farmers' incomes. The aim 

of this analysis is to help guarantee cotton productivity in 

Côte d'Ivoire by proposing new insecticide formulations. The 

candidate formulation for this study is a combination based on 

flonicamid and indoxacarb. The choice of this formulation is 

justified by efficiency of indoxacarb against various 

carpophagous and phyllophagous caterpillars [15] and the 

excellent efficacy of flonicamid against sucking biters [16]. 

This will make it possible to highlight the spectrum of activity 

of the indoxacarb + flonicamid combination, as well as the 

optimal application rate. 

 

Materials and Methods 

Study area 

The test leaded at 2 sites in the cotton production area. This is 

subdivided into two major districts in relation to the 9th 

parallel: the northern zone for all cotton-growing localities 

above and the southern region for all cotton-growing localities 

below the 9th parallel. The first site in the southern zone is the 

cotton research station based in Bouaké (7°42'2.801 ‘North, 

5°0'14.716 ’East). The second site is located at Nambingué 

(10°3'20.308 ‘N, 5°21'17.028 ’W) in the north (Figure 1). 

According to Halle and Bruzon 2006 [17], the climate of the 

southern zone is of the Baouléen kind, characterized by 2 

rainy seasons and two distinct dry seasons, with irregularities 

between the different seasons.  

 

 
 

Fig 1: Study areas 

 

Annual rainfall is in the region of 1,300 to 1,750 mm, with 

temperatures ranging from 24 to 33 °C and relative humidity 

of 60 to 70%. In the north, the climate is Sudanian. It is 

characterized by a dry season lasting from 6 months 

(November to April) to 8 months (October to May) and a 

rainy season with maximum intensity in August. Annual 

rainfall varies from 1,150 to 1,400 mm/year, with average 

temperatures of 26 to 27.5 °C and 40 to 50% relative 

humidity. 

  

Experimental design 

The insecticides used for this test were ANGEL 320 SC 

(Indoxacarb 120 g/l + Flonicamid 200 g/l) tested product, 

supplied by the firm SAVANA. CROTALE 46 EC 

(Indoxacarb 30 g/l + Acetamiprid 16 g/l) formulation, already 

on the market, was used as a control. The cotton variety 

involved in this test is C1123 developed by the National 

Center for Agronomic Research of Côte d'Ivoire.  

Essays were guided from June up to December during the 

2023-2024 cotton season. The scientific mechanism is a 

completely randomized block (Fisher), with 5 objects and 4 

replications. The dimensions of the elementary plot are 10 m 

long and 8 m wide, giving a surface area of 80 m². Of the 10 

rows, 8 were treated (the border rows were left untreated). 

The seeds were sown in blocks 0.80 m apart between the rows 

and 0.30 m apart on the same row. The distance between 

blocks was 2 m. 

 

Comparative treatments 

The treatments are constituted of 3 doses of the new 

formulation (Indoxacarb 120 g/l + Flonicamid 200 g), a 

reference product (CROTALE 46 EC at 1 l/ha) and an 

untreated control (Table 1). 
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Table 1: Comparative treatments 
 

Treatment Description Dose (g. m.a/ha) Formulation dose (ml/ha) Source 

A Untreated - - - 

B Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 9 + 37,5 187,5 ANGEL 320 SC 

C Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 30 + 50 250 ANGEL 320 SC 

D Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 18 + 75 375 ANGEL 320 SC 

E Indoxacarb 30 g/l Acétamiprid 16 g/l + (EC) 30 + 16 1000 CROTALE 46 EC 

 - None 

 
Six (6) treatments spaced 14 days apart were carried out for 
objects B, C, D and E. Insecticide applications were made 
using a backpack, pressure-maintained, horizontal boom 
sprayer delivering 60 l of spray solution/ha. 
 
Effect of treatments on pests 
Subjects has been realized were carried out at T-1, T+3, T+7 
and T+13 (T being the date of insecticide application). They 
were carried out on 30 plants per elementary plot taken in 
groups of 5 plants consecutively on the 8 central rows, using 
the diagonal method [4]. The following observations were 
made according to following pest groups. 

 Jassids: Adults are counted by examining 5 well-
developed leaves at the top of the plant. Attacked plants-
5 well-developed leaves are examined at the top of the 
plant. The plant is. Considered attacked if any of these 5 
leaves show symptoms of attack. 

 Carpophagous caterpillars: The entire plant is observed 
and to record the number of caterpillars of each of these 
species (H. armigera, Earias spp. and Diparopsis 
watersi). 

 Whiteflies (Bemisia tabaci): Fixed forms are looked for 
on the underside of the 5 terminal leaves. The plant is 
considered to be attacked if one of these 5 leaves bears at 
least one fixed form. 

 Aphids: The 5 terminal leaves are examined. The plant is 
considered to be attacked if one of the 5 terminal leaves 
bears both symptoms of attack and live aphids. 

 
Data analysis 
The data collected were submitted to analyses of variance in 
order to determine the effect of treatments (Objects) on 
various entomological variables. In event of significant 
differences, homogeneous groups were determined using 
Tukey's HSD test with a threshold of 5%. 
 
Results 
Efficacy of Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 
formulation against biting and sucking insects 
Aphids 
Infestations were only observed at the Bouaké site (Table 2). 
At this site, doses of 250 ml/ha and 375 ml/ha of the 
combination Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 
significantly reduced aphid attacks compared with the 
untreated control (p<0.05), being equivalent to the reference 

product (Indoxacarb 30 g/l + Acetamiprid 16 g/l EC). 
 
Jassids  
Tables 3 and 4 show the population levels and damage levels 
of jassids on the two trial sites respectively. At both sites, the 
three doses of Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 
were more effective than the reference product. These three 
doses significantly reduced (p<0.0001) jassid populations and 
attacks, compared with the untreated control and the reference 
control.  
 
Whitefly Bemisia tabaci  
Table 5 shows the level of whitefly damage on 30 cotton 
plants as a function of treatments at Bouaké and Nambingué. 
At these two sites, no treatment was effective against whitefly 
compared with the untreated plot. 
 
Effectiveness of the combination Indoxacarb 120 g/l + 
Flonicamid 200 g/l (SC) against carpophagous caterpillars  
Helicoverpa armigera  
Larval infestations of H. armigera were only observed at the 
Nambingué site (Table 6). At this site, the combination of 
Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) significantly 
(p<0.0001) reduced the level of infestation compared with the 
untreated control and the reference product. 
 
Earias spp. 
Average numbers of Earias larvae according to treatments are 
shown in Table 5 below. At the Bouaké site, the various 
treatments did not reduce infestations compared with the 
untreated control. At Nambingué, on the other hand, plots 
treated with Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 
and the reference product significantly (p = 0.003) reduced 
the number of Earias spp. larvae. However, it should be noted 
that the level of infestation was low at this site. 
 
Diparopsis watersi  
D. watersi larvae were only observed at Nambingué (Table 
6). At this site, the three doses of the combination of 
Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) resulted in a 
significant reduction (p<0.0001) in the number of larvae 
compared with the untreated control and the reference 
product. 

 
Table 2. Levels of aphid attack on cotton plants in the various experimental plots 

 

Average number of plants attacked/30 plants ± Standard deviation 

Treatment Description Dose p.c(ml/ha) Bouaké Nambingué 

A Untreated - 1, 829±0,48 b 0, 00 a 

B Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 187,5 1, 056±0,48 b 0, 00 a 

C Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 250 0, 917±0,83 a 0, 00 a 

D Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 375 0, 778±0,26 a 0, 00 a 

E Indoxacarb 30 g/l Acetamiprid 16 g/l + (EC) 1000 0, 629±0, 26 a 0, 00 a 

Pr > F 0, 036 - 

Meaning S - 

  - None, S significant. For Bouaké and Nambingué columns, the means bearing the same letters are not significantly different 

https://www.entomoljournal.com/


Journal of Entomology and Zoology Studies https://www.entomoljournal.com 
 

~ 238 ~ 

Table 3: Jassid densities on cotton plants in the various experimental plots 
 

Average number of individuals/30 plants ± SD 

Treatment Description Dose p.c ml/ha) Bouaké Nambingué 

A Untreated - 134, 57±60, 11 c 44, 75±17, 39 c 

B Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 187,5 12, 94±9, 86 a 13, 02±5, 04 b 

C Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 250 11, 69±9, 71 a 10, 25±4, 34 ab 

D Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 375 10, 67±9, 80 a 5, 65±4, 55 a 

E Indoxacarb 30 g/l Acetamiprid 16 g/l +(EC) 1000 97, 37±39, 80 b 42, 93±17, 33 c 

Pr > F <0,0001 <0, 0001 

Meaning VHS VHS 

 - None, VHS Very Highly Significant. For Bouaké and Nambingué columns, the means bearing the same letters are not significantly different. 

 
Table 4: Levels of jasside species attacks on cotton plants in the various experimental plots 

 

Average number of plants attacked/30 plants 

Treatment Description Dose p.c (ml/ha) Bouaké Nambingué 

A Untreated - 40, 34±16,60 a 21, 42±12,46 c 

B Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 187,5 1, 22±0,50 c 5, 78±5,01 b 

C Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 250 0, 56±0,10 a 4, 50±4,34 ab 

D Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 375 0, 50±0,32 a 0, 93±0,51 a 

E Indoxacarb 30 g/l Acetamiprid 16 g/l + (EC) 1000 34, 57±19,71 b 21, 18±12,40 c 

Pr > F <0,0001 <0,0001 

Meaning VHS VHS 

 - None, VHS Very Highly Significant. For Bouaké and Nambingué columns, the means bearing the same letters are not significantly different. 

 
Table 5: Whitefly Bemisia tabaci densities on cotton plants in various experimental plots 

 

Average number of plants attacked/30 plants 

Treatment Description Dose p.c (ml/ha) Bouaké Nambingué 

A Untreated - 0, 40 a 13, 88 a 

B Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 187,5 0, 50 a 13, 57 a 

C Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 250 0, 56 a 13, 52 a 

D Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 375 0, 53 a 13, 15 a 

E Indoxacarb 30 g/l Acetamiprid 16 g/l + (EC) 1000 0, 66 a 11, 78 a 

Pr > F 0, 933 0, 804 

Meaning NS NS 

 - None, NS Not significant. For the Bouaké and Nambingué columns, the means bearing the same letters are not significantly different 

 
Table 6: Helicoverpa armigera larval infestation levels in experimental plots 

 

Average number of plants attacked/30 plants 

Treatment Description Dose p.c (ml/ha) Bouaké Nambingué 

A Untreated - 0, 00 a 0, 83±0,07 b 

B Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 187,5 0, 00 a 0, 23±0,06 a 

C Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 250 0, 00 a 0, 22±0,09 a 

D Indoxacarb 120 g/l + Flonicamid 200 g/l (SC) 375 0, 00 a 0, 17±0,08 a 

E Indoxacarb 30 g/l Acetamiprid 16 g/l + (EC) 1000 0, 00 a 0, 43±0,07 b 

Pr > F - <0,0001 

Meaning - VHS 

  - None, VHS Very Highly Significant. For Bouaké and Nambingué columns, the means bearing the same letters are not significantly different 
 

Discussion 
The objective of this study was to evaluate the indoxacarb + 

flonicamid combination on the main lepidopteran and cotton-

sucking pests in Côte d'Ivoire. The objectve was to identify 

the product's strengths and weaknesses with a view to 

integrating it into recommended plant protection programs. 

The insects targeted by this study were found on the 2 sites 

with varying levels of infestation. With the exception of H. 

armigera and D. watersi, which were only present at the 

Nambingué site (In the north) with low levels of infestation, 

while aphids were only present at Bouaké (In the south). 

Jassid and whitefly populations recorded the highest levels of 

infestation. However, jassid infestations were higher in the 

south. This distribution depends on the current distribution of 

cotton pests as defined by Kouakou et al. 2021 [9]. The 

Nambingué zone in the north is characterized by a strong 

presence of most pests (H. armigera, D. watersi, B. tabaci, 

jassid species) and a scarcity of aphids. On the other hand, 

Bouaké, located in the southern zone, stands out for its low 

levels of infestation by D. watersi, Earias sp and H. armigera. 

The low levels of H. armigera infestation indicate the 

effectiveness of protection programs against this dreaded 

bollworm. The results of this study also show the good 

control exerted by the formulation tested (indoxacarb + 

flonicamid) on all the target pests, with significant variations 

in the activity of the product depending on the insect species.  

Among sucking biters, the level of jassid and aphid infestation 

was significantly reduced by the three doses tested (187.5 

ml/ha, 250 ml/ha and 375 ml/ha) in the 2 localities, compared 

with the reference product and the untreated control.  

Data on the efficacy of the flonicamid + indoxacarb 

combination on lepidoptera and sucking pests is virtually non-

existent in the literature. Those available refer either to 

flonicamid or indoxacarb, or to one or other of these active 
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ingredients in combination with other molecules. One of the 

few documents to mention the mixture flonicamid + 

indoxacarb [2], indicates its high efficacy on sucking biters 

(Jassid Amrasca biguttula, aphids and B. tabaci) as well as 

bollworm. (H. armigera, Earias spp, T. leucotreta and P. 

gossypiella). The same report also mentions that flonicamid 

alone does not control B. tabaci, H. armigera and Earias spp. 

Flonicamid has been shown to be effective against sucking 

biters [16], while indoxacarb provides excellent control of 

various carpophagous and phyllophagous caterpillars at all 

stages of their development [15]. In addition to good control of 

lepidoptera, indoxacarb is also highly effective against 

sucking biters such as jassids [18]. Thus, the flonicamid + 

indoxacarb formulation would a priori control the spectrum of 

pests that occur throughout the cotton crop cycle.  

The efficiency of the flonicamid + indoxacarb mixture 

observed on aphids and jassids could then be attributed to a 

synergistic effect of the two active ingredients. In the case of 

flonicamid, several studies attest to its high toxicity on 

sucking biters in general and jassids in particular [16,19–21]. This 

insecticide acts by contact and ingestion, irreversibly 

inhibiting feeding activity leading to the insect's death [20]. 

This mode of action gives it good tolerance for beneficial 

insects and mites and an absence of cross-resistance with 

other conventional insecticides [19]. This would also make it 

possible to overcome the resistance of certain pests to other 

insecticides. The flonicamid + indoxacarb combination is 

therefore particularly interesting as an adjunct product in the 

management of jassids, which caused more than 50% of crop 

losses during the 2022-2023 season. This damage was 

attributed to the species A. biguttula when it appeared on the 

parasitic facies of cotton in Côte d'Ivoire [9, 12, 14]. 

While the flonicamid + indoxacarb combination provides 

good control of jassids, this is not the case for the whitefly 

species B. tabaci, which has a certain level of tolerance to the 

product. Some authors have shown that indoxacarb can cause 

low mortality in B. tabaci [22]. In addition, several studies refer 

to the very high toxicity of individual flonicamid on these 

insects. On the other hand, other authors show that flonicamid 

is not very effective against whiteflies [28].  

However, these studies do not specify the nature of the B. 

tabaci biotypes involved in the experiments. In fact, B. tabaci 

is a complex species whose individuals are morphologically 

identical, but differ in several factors, including their genome 

and response to insecticides. Within this species complex is 

the MED-Q1 biotype from the Mediterranean genetic group. 

It is invasive and has the ability to resist a wide range of 

insecticides [30]. The latter, recently detected in Côte d'Ivoire 

on vegetables [31], is also mainly present on cotton plants [32] 

(unpublished data). The low efficacy of the formulation tested 

on B. tabaci observed would then be due to tolerance of the 

product by the MED-Q1 biotype of B. tabaci. Similar results 
[33, 34] have shown average resistance to flonicamid in 

individuals from the Asia-I genetic group in India. In our 

case, further investigations will enable us to rule on this 

hypothesis. 

With regard to carpophagous caterpillars, the flonicamid + 

indoxacarb formulation proved effective against the larvae of 

H. armigera, Earias sp. and D. watersi, at the three doses 

tested (187.5 ml/ha, 250 ml/ha and 375 ml/ha). As flonicamid 

has a low activity on carpophagous insects [2], the efficacy of 

the formulation tested on lepidopterans is due to indoxacarb 

or a synergistic effect of its combination with flonicamid. 

Indoxacarb is effective against the main lepidopteran pests [18, 

35, 36]. This molecule belongs to the oxadiazine class. These 

insecticides act by inhibiting the entry of sodium ions into 

nerve cells, which causes paralysis and death in insects [37]. 

Several studies indicate that indoxacarb has no significant 

effect on beneficial insects [35–37]. This molecule also reduces 

A. biggutila populations by more than 50% [21, 38, 39]. Taken 

together, these properties make the flonicamid + indoxacarb 

combination an ideal alternative for controlling the main 

cotton pests. 

 

Conclusion 
Heavy pest pressure is one of the main constraints linking to 

cotton growing. This study was carried out in a context where 

the invasion of the jassid species A. bigutula has been 

detected, the damage to which has halved cotton yields in 

Côte d'Ivoire. The results show that the indoxacarb + 

flonicamid formulation considerably reduces the damage 

caused by this pest. The results also indicate that it has a good 

effect on the carpophagous lepidopterans H. armirgera, 

Earias sp and D. watersi. The 3 doses tested (187.5 ml/ha, 

250 ml/ha and 375 ml/ha) gave more or less the same results 

on both Lepidoptera and sucking pests. In the light of the 

above, the formulation Indoxacarb 120g/l + Flonicamid 200 

g/l can be recommended for the phytosanitary protection of 

cotton, at a dose of 250 ml/ha, against jassids, aphids, H. 

armigera larvae, Earias spp. and D. watersi. 

 

Acknowledgments 
We would like to thank the firm SAVANA for providing us 

with the formulation tested during this study and the PR PICA 

for its funds. 

 

Conflict of Interest: Authors have no conflict of interest. 

 

References 

1. Koffi SY. Liberalisation de la filiere coton en Côte 

d’Ivoire quinze ans apres: Empreinte spatiale et 

organisationnelle. Cinq Continents. 2013;3(7):5-17.  

2. PRPICA. Programme Regional de Production Integree du 

Coton en Afrique. 2023 [cité 2024 oct 20]. Available 

from: 

https://prpica.org/wp-

content/uploads/2024/01/Newsletter-PR-PICA-

N%C2%B049-Nov-Dec-2023.pdf 

3. Tillie P, Louhichi K, Paloma SG y. La culture attelée 

dans le bassin cotonnier en Côte d’Ivoire : Analyse et 

modélisation des impacts d’un programme de relance de 

la culture attelée. Working Papers [Internet] 2018 [cité 

2024 oct 20];Available from:  

https://ideas.repec.org//p/hal/wpaper/hal-02790377.html 

4. Ochou GO. Guide pour les traitements sur seuil du 

cotonnier en Côte d’ivoire. Afrikréa, 1ère édition, Centre 

National de Recherche Agronomique, Abidjan, Côte 

d’Ivoire 35pp 2011; 

5. Martin T, Ochou GO, Hala-N’Klo F, Vassal JM, 

Vaissayre M. Pyrethroid resistance in the cotton 

bollworm, Helicoverpa armigera (Hübner), in West 

Africa. Pest Management Science. 2000;56(6):549-554.  

6. Ochou GO, Doffou MN, N’goran EK, Kouassi PK. 

Impact de la gestion de la résistance aux pyréthrinoïdes 

sur l’évolution spatiotemporelle des principaux 

lépidoptères carpophages du cotonnier en Côte d’Ivoire. 

Journal of applied biosciences. 2012;53:3831-47.  

7. Ochou GEC. Evolution de la sensibilité aux 

https://www.entomoljournal.com/


Journal of Entomology and Zoology Studies https://www.entomoljournal.com 
 

~ 240 ~ 

pyréthrinoïdes chez trois lépidoptères [Helicoverpa 

armigera Hübner (Noctuidae), Thaumatotibia leucotreta 

Meyrick (Tortricidae) et Pectinophora gossypiella 

Saunders (Gelechiidae)]: approches agroécologiques de 

gestion de la résistance en culture cotonnière en Côte d. 

Nangui Abrogoua; c2019. 

8. Kone PWE, Ochou GEC, Didi GJR, Dekoula SC, 

Kouakou M, Bini KKN, et al. Evolution spatiale et 

temporelle des dégâts du jasside Jacobiella facialis 

Jacobi, 1912 (Cicadellidae) en comparaison avec la 

distribution de la pluviométrie au cours des vingt 

dernières années dans les zones de culture cotonnière en 

Côte d’Ivoire. International Journal of Biological and 

Chemical Sciences. 2017;11(3):1190-201.  

9. Kouakou M, Norbert BKK, Mamadou OB, Germain OO. 

New subdivision of cotton production area of Côte 

d’Ivoire based on the infestation of main arthropod pests. 

Journal of Entomology and Zoology Studies. 

2021;9(3):50-57.  

10. Didi GJR, Kone PWE, Ochou GEC, Dekoula SC, 

Kouakou M, Bini KKN, et al. Évolution spatio-

temporelle des infestations de la mouche blanche Bemisia 

tabaci (Gennadius, 1889) associées à la culture 

cotonnière en Côte d’Ivoire. Journal of Applied 

Biosciences. 2018;121:12202-12210.  

11. Kouadio H, Kouakou M, Bini KK, Delphin KK, Abdel-

Nasser OM, Adepo-Gourène BA, et al. Evaluation of the 

effectiveness of new phytosanitary protection programs 

in cotton crops adapted to jassids. Journal of 

Experimental Agriculture International. 2022;44(5):48-

56.  

12. Kouadio H, Kouakou M, Bini KKN, Koffi KJI, Ossey 

CL, Kone PWE, et al. Annual and geographical 

variations in the specific composition of jassids and their 

damage on cotton in Ivory Coast. Sci. Rep. 

2024;14(1):2094.  

13. Kouadio H, Kouakou M, Bini KKN, Ouattara MAN, 

Adepo-Gourène BA, Ochou OG, et al. Diagnostic des 

attaques de jassides sur des parcelles de gombos et 

d’aubergines au Centre et au Centre-Ouest de la Côte 

d’Ivoire. International Journal of Innovation and Applied 

Studies. 2022;38(2):408-416.  

14. Kouadio H, Kouakou M, Konan K, Bini K, Delphin K, 

Ouattara M, et al. Specific composition of cotton 

leafhoppers in Côte d’Ivoire. Journal of Entomology and 

Zoology Studies. 2022;10:39-43.  

15. Wing KD, Andaloro JT, McCann SF, Salgado VL. 

Indoxacarb and the sodium channel blocker insecticides: 

chemistry, physiology and biology in insects. Insect 

control biological and synthetic agents. 2010;35:57.  

16. Morita M, Yoneda T, Akiyoshi N. Research and 

development of a novel insecticide, flonicamid. Journal 

of Pesticide Science. 2014;39(3):179-180.  

17. Halle B, Bruzon V. Profil Environnemental Ci. 

pdfcoffee.com. 2006 [cité 2024 oct 20]; Avalable from: 

https://pdfcoffee.com/profil-environnemental-ci-pdf-

free.html 

18. Michaelides P, Irving SN. Cotton insect pest control with 

indoxacarb: A novel insecticide. In: Proceedings of the 

World Cotton Research Conference. 1998 [cité 2024 oct 

20]. p. 773-776. Available from:  

https://www.icac.org/Content/EventDocuments/PdfFilese

5fbc1cb_cd86_41b3_b3ce_201d11d5b5e4/Cotton%20Ins

ect%20Pest%20Control.pdf 

19. Laurentie D, Morita M. Flonicamid: A new aphicide. 

2008 [cité 2024 Oct 20]. Available from:  

https://www.cabidigitallibrary.org/doi/pdf/10.5555/20093

019056 

20. Tariq K, Noor M, Backus EA, Hussain A, Ali A, Peng 

W, et al. The toxicity of flonicamid to cotton leafhopper, 

Amrasca biguttula (Ishida), is by disruption of ingestion: 

an electropenetrography study. Pest Management 

Science. 2017;73(8):1661-1669.  

21. Diabaté D, Jean E, Ohoueu EJB, Fondio D, Tano Y. 

Efficacy of New Insecticides Against Amrasca biguttula 

in Odienné Cotton Cultivation. Journal of Agricultural 

Science. 2024;16:108-117.  

22. Gupta JK, Meena KA, Nagal G. Comparative efficacy of 

novel insecticides against whitefly, Bemisia tabaci 

(Gennadius) on Capsicum under shade net house. 

2022;40(2C):969-975.  

23. Roditakis E, Fytrou N, Staurakaki M, Vontas J, 

Tsagkarakou A. Activity of flonicamid on the sweet 

potato whitely Bemisia tabaci (Homoptera: Aleyrodidae) 

and its natural enemies. Pest Management Science. 

2014;70(10):1460-1467.  

24. El-Zahi EZS, El-Sarand ESA, El Masry GN. Activity of 

Flonicamid and Two Neonicotinoid Insecticides against 

Bemisia tabaci (Gennadius) and Its Associated Predators 

on Cotton Plants. Egyptian Academic Journal of 

Biological Sciences A, Entomology. 2017;10(8):25-34.  

25. Abbas A, Iqbal J, Zeshan A, Ali Q, Nadeem I, Malik H, 

et al. Lethal and sublethal effects of flonicamid (50 WG) 

and spirotetramat (240 SC) on Bemisia tabaci 

(Homoptera: Aleyrodidae): An age-stage two sex life 

table study. Phytoparasitica. 2022;50(3):727-742.  

26. Moustafa MAM, El Hefny DE, Alfuhaid NA, Helmy 

RMA, El-Said NA, Ibrahim EDS. Effectiveness and 

Biochemical Impact of Flubendiamide and Flonicamid 

Insecticides against Bemisia tabaci (Hemiptera: 

Aleyrodidae) and Residue Dissipation in Cherry Tomato 

Plants and Soil under Greenhouse Conditions1. Journal 

of Entomological Science. 2024;59(3):289-310.  

27. Kalyan RK, Saini P, Meena B, Pareek A, Verma S, 

Naruka P, et al. Evaluation of new molecules against 

jassids and white flies of Bt cotton. Journal of 

entomology and zoology studies. 2017;5:236-240.  

28. Ingale AS, Mutkule DS, Deshmukh KV, Sangle RM, 

Ghodke SS. Effectiveness of different insecticides against 

whitefly (Bemisia tabaci) in sunflower. 2019;7(5):797-

802.  

29. Barro PJD, Liu SS, Boykin LM, Dinsdale AB. Bemisia 

tabaci: A Statement of Species Status. Annual Review of 

Entomology. 2011;56(Volume 56, 2011):1-19.  

30. Horowitz AR, Ishaaya I. Dynamics of biotypes B and Q 

of the whitefly Bemisia tabaci and its impact on 

insecticide resistance. Pest Management Science. 

2014;70(10):1568-72.  

31. N’cho AJ, Seka K, Assiri KP, Simiand C, Otron DH, 

Ochou G, et al. Genetic diversity of whitefly species of 

the Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) 

species complex, associated with vegetable crops in Côte 

d’Ivoire. PLOS ONE. 2022;17(10):e0276993.  

32. DIDI RJG. Distribution spatio-temporelle, structuration 

genetique et sensibilite aux insectes des populations 

d’aleurodes du cotonnier en Cote d’Ivoire: These de 

Doctorat en Science Biologique: option, Biodiversite et 

Gestion durable des Ecosystemes, specialite Entomologie 

https://www.entomoljournal.com/


Journal of Entomology and Zoology Studies https://www.entomoljournal.com 
 

~ 241 ~ 

Agricole). Abidjan: CNRA; c2021.  

33. Roy D, Bhattacharjee T, Biswas A, Ghosh A, Sarkar S, 

Mondal D, et al. Resistance monitoring for conventional 

and new chemistry insecticides on Bemisia tabaci genetic 

group Asia-I in major vegetable crops from India. 

Phytoparasitica. 2019;47(1):55-66.  

34. Kumar V, Grewal GK. Monitoring of Insecticide 

Resistance in Field Population of Whitefly, Bemisia 

tabaci (Gennadius) in Bt Cotton in Punjab. Pesticide 

Research Journal. 2024;36(1):56-61.  

35. Hewa-Kapuge S, McDougall S, Hoffmann AA. Effects of 

Methoxyfenozide, Indoxacarb, and Other Insecticides on 

the Beneficial Egg Parasitoid Trichogramma nr. 

Brassicae (Hymenoptera: Trichogrammatidae) Under 

Laboratory and Field Conditions. Journal of Economic. 

Entomology 2003;96(4):1083-1090.  

36. Ochou GO, Martin T. Activity spectrum of spinosad and 

indoxacarb : rationale for an innovative pyrethroid 

resistance management strategy in West Africa. 2004 

[cité 2024 Oct 20]; Available from: 

https://publications.cirad.fr/une_notice.php?dk=520552 

37. Dinter A, Wiles JA. Safety of the new DuPont 

insecticide, Indoxacarb to beneficial arthropods: an 

overview. IOBC WPRS BULLETIN. 2000;23(9):149-56.  

38. Bajya DR, Ranjith M, Lakharan MC. Evaluation of 

combination product (Indoxacarb 5%+ Fipronil 5% SC) 

against jassid, Amrasca biguttula and whitefly, Bemisia 

tabaci in cotton. Indian Journal of Agricultural Sciences. 

2015;85(10):1356-1359.  

39. Dake RB, Bhamare VK. Bio-efficacy, persistence and 

residual toxicity of different insecticides against jassids 

(Amrasca biguttula) on sunflower. J Entomol. Zool. Stud. 

2019;7(3):1245-1250  

https://www.entomoljournal.com/

