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ABSTRACT 

Cotton leaf worm, Spodoptera littoralis (Boisd.) is a key pest 

affecting many field crops and vegetables in Egypt. Its control depends 

mainly on the application of various insecticides with different modes of 

action. In the current study, susceptibility of four field collected 

populations were tested to six insecticides for three consecutive years 

(2015-2017). These insecticides included insect growth regulators (IGRs), 

spinosad and emamectin benzoate. These insecticides at their variable 

concentrations were tested against 2
-nd

 instar larvae of S. littoralis under 

laboratory conditions. Comparing with laboratory strain, field-collected 



RESISTANCE MONITORING OF COTTON LEAF WORM 
 

 

320 

populations showed a susceptibility to very low levels of resistance to the 

tested IGRs. Resistance ratio (RR) recorded (1.23– 5.46-fold) to 

lufenuron, 2.16 – 5.57-fold to flufenoxuron, 1.69 –6.78 fold to 

chlorfluazuron and 0.45-2.46-fold to hexaflumuron. Furthermore, 

emamectin benzoate showed very low to low level of resistance (2–10 

fold), in line with spinosad which recorded 1.36 - 3.40-fold. Concerning 

the cross-resistance between the tested insecticides was explored 

throughout pairwise correlation analysis. The obtained data indicated a 

significant correlation between the tested IGRs except for lufenuron and 

hexaflumuron. In contrast, spinosad showed no correlation with all other 

tested insecticides with reference to the negative correlation with 

emamectin benzoate. Similarly, emamectin benzoate showed non-

significant correlation to all the tested insecticides except for 

chlorfluazuron. So, rotation of insecticides with none and negative cross-

resistance can carry out effective control of the pest and sustain pest 

susceptibility to recommended insecticides. 

Key words: Spodoptera littoralis, insect growth regulators (IGRs), 

spinosad, emamectin benzoate, resistance, pairwise 

correlation  
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INTRODUCTION 

The cotton leafworm, Spodoptera littoralis Boisd. (Lepidoptera: 

Noctuidae) is a serious polyphagous pest attacking many field crops and 

vegetables (Kandil et al., 2003). Its high fecundity and migratory 

potential contribute to severe damage which occurs as a result of feeding 

on leaves, flower buds, fruiting buds, and bolls. Insecticides application 

represents a main mean to combat the pest and preserve crop yield. So, 

several insecticides were used to control S. littoralis in Egypt (El-Sheikh 

2015). Extensive insecticides application caused resistance resurgence to 

major insecticides classes (Su et al., 2013; Garrood et al., 2016). 

Globally, documented pest resistance cases increasing by the time 

recording 260 pest species in 1986 (Brattsten et al., 1986) increasing to 

600 pest species in 2008 (Whalon et al., 2008) and then recorded 954 

pest species in 2014 (Tabashnik et al., 2014). 

In Egypt, chemical control of S. littoralis was used in large scale in 

1955 with the introduction of the organochlorine, toxaphene. But, 

resistance to toxaphene has been resurged in 1961. Then, resistance to 

other members of organochlorine was documented consecutively for 

DDT 1963, lindane 1964 and endrin 1965 (El-Sebae et al., 1993). After 

toxaphene resistance disaster, organophosphates were introduced to 

control the pest. Later, several reports confirmed organophosphates 

resistance in S. littoralis (Mahran 1981;  El-Nawawy et al., 1981; Issa et 

al., 1986; Smagghe and Degheele 1997). So, new classes of insecticides 

such as methoxyfenozide has been used and proved more effective pest 

control (Smagghe et al., 2003). Unfortunately, resistance to these 

insecticides has been reported in several insect pests such as in 

Spodoptera litura Fabricius (Lepidoptera: Noctuidae) (Ahmad et al., 

2007; Shad et al., 2012; Saleem et al., 2016) and Spodoptera exigua 

Hübner (Lepidoptera: Noctuidae) (Ishtiaq et al., 2014). In Egypt, the 

extensive use of different insecticide classes creates a great necessity to 

monitor resistance development in S. littoralis. So, monitoring resistance 

levels of the pest to these insecticides must be assessed periodically. This 

will contribute effectively to select appropriate insecticides and to 

maintain their efficacy for a long time (Shad et al., 2012; Zhang   et al., 

2014; Khan et al., 2013). 

The main objective of the present work was to assess the status of 

insecticide resistance of S. littoralis which was collected during 2015 – 

2017 from four Egyptian Governorates to six different insecticides, 

including insect growth regulator, spinosyn and avermectin groups and to 
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analyze potential cross-resistance between these insecticides throughout 

pairwise correlation analysis. 

MATERIALS AND METHODS 

Test insect and insecticides: 

The egg masses of cotton leafworm S. littoralis were collected from 

Behaira, Gharbia, Kafr El-sheikh and Beni Suef Governorates from 2015 

to 2017.  After collection, the egg masses were kept separately in 400 ml 

jar, covered with muslin held in position by rubber band until the eggs 

hatched. Laboratory strain of the S. littoralis, which is used in these tests, 

has been reared in the laboratory under the complete absence of 

insecticides as described by               El- Defrawi et al., (1964). The field 

populations and laboratory strain were reared on fresh castor bean leaves 

at 25±1 
o
C, 75±5% RH.  

Insecticides used presented in Table (1). 

Table 1. List of insecticides with their trade names, active ingredients, 

IRAC classification and their producers 

 

Bioassay :  

A series of seven concentrations of each commercial insecticide was 

prepared in aqueous solution and were tested on 2
nd

 instar larvae of S. 

littoralis. Fresh castor bean leaves were dipped into insecticides solutions 

for 20 seconds and allowed to dry. Ten larvae of S. littoralis were placed 

on treaded leaf into Petri dishes, while, leaves dipped in tap water served 

as controls. Larvae were allowed to feed on treated leaves for 24-hrs and 

then completed with untreated leaves. Five replicates (i.e. 50 insects) for 

each concentration were used and mortality was recorded after 72 hrs.  

Data analysis : 
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The mortality data were corrected for control mortality using 

Abbott's formula (Abbot 1925). The LC50 values, 95% confidence 

interval, and slopes were calculated by Probit analysis (Finney 1971) and 

if 95% FL of two treatments do not overlap, they are considered 

significant at 1% significance level (Litchfield and Wilcoxon 1949). The 

resistance ratio (RR) was calculated by dividing the LC50 value of a field 

population by the corresponding LC50 value of the L- strain Levels of 

resistance were classified according to Ahmad and Arif (2009) as 

follows: susceptible (RR ≤ 1-fold), very low resistance (RR= 2-10 fold), 

low (RR = 11-20) moderate resistance (RR= 21-50), high resistance (RR= 

51-100) and very high (RR > 100). Pearson correlation coefficient was 

calculated for pairwise correlation between Log LC50s to interpret the 

cross-resistance among insecticides via the IBM SPSS (version 24) 

Statistics software package.  

RESULTS AND DISCUSSION 

In the current study, resistance to six insecticides were evaluated in 

four field populations of S. littoralis collected from different Egyptian 

Governorates in the period of 2015–2017. The tested insecticides include 

four insect growth regulators (chlorfluazuron, flufenoxuron, 

hexaflumuron and lufenuron), spinosad (Spinosyns) and emamectin 

benzoate (Avermectins insecticides). 

Toxicity of the tested insecticides on field populations  

Insect growth regulators (IGRs) 

The tested IGRs compounds exhibited non to low resistant level 

(Table 2). Regarding hexaflumuron, non to a very low level of resistance 

to hexaflumuron was recorded with RR value ranged from (o.45-2.46 

fold). The most susceptible population was Behaira with RR value range 

(0.50-1.09 fold). Gharbia and Kafr El-shekh populations showed a similar 

trend as Behaira. In contrast, the least susceptible population was Beni 

Suif with RR value of (1.23-2.46 fold). Chlorfluazuron showed a very 

low resistance level with RR value ranged from 1.69 (Gharbia 2015) to 

6.78 (Kafr El-shekh 2017). The most important noteworthy was the 

resistance factor increasing by the time in all the tested populations. 

Similar trends were obtained with flufenoxuron and lufenuron which exert 

a very low resistance level in all the tested populations. The highest 

flufenoxuron RR was observed with population with RR value of 5.75-

fold (Beni Suif 2017). Similarly, lufenuron recorded the highest 

resistance level with population with RR= 5.46 (Kafr El-sheikh 2016). 
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Spinosad and emamectin benzoate 

Toxicity of spinosad and emamectin benzoate on field populations 

compared with susceptible strain is shown in Table (3). Field populations 

exhibited a very low resistance level to spinosad. The highest susceptible 

population was Behaira 2016 with RR = 0.92, and the same population, 

but season 2017, recorded the lowest susceptibility (RR = 4.60). The 

similar trend observed with emamectin benzoate as all the tested 

populations exhibited a very low resistance level except (Kafr El-sheikh 

2017) which recorded RR value of 10. The previous data clarified that no 

obvious regular increase in resistance to spinosad and emamectin 

benzoate was noticed. 

Table2. Toxicity of certain IGRs against different populations of       

S.  littoralis from Egypt. 
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Table 3. Toxicity of new chemistry insecticides against different 

populations of S.  littoralis from Egypt. 

 

Pairwise correlations analysis 

Pairwise correlations analyses were conducted to explore cross-

resistance possibilities among the tested insecticides. Our data showed a 

significant correlation between IGRs members except for lufenuron and 

hexaflumuron. In contrast, correlations between IGRs and spinosad were 

non-significant. Similarly, correlations between IGRs and emamectin 

benzoate were non-significant except chlorfluazuron which exhibited 

significant correlation. Finally, the correlation between spinosad and 

emamectin benzoate recorded a negative correlation (Table 4). 
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Table 4. Pairwise correlation coefficient comparison between log 

LC50s of the insecticides 

 

The current study investigated resistance status to six insecticides 

against S. littoralis populations collected from four different Egyptian 

governorates during the period 2015-2017. Resistance monitoring data is 

importance for resistance management (Dennehy and Granett 1984; 

Zhang et al., 2016). Tested populations exhibit various degrees of 

resistance to the tested insecticides. Results indicate that S. littoralis has 

the ability to develop resistance to a wide range of insecticides and 

suggest the prevalence of varying resistance levels (Tong et al., 2013). 

But practically, insects should not be assumed resistant until exceeding 

10-fold of resistance (Khan et al., 2013). Pesticides resistance occurs 

mainly as a result of the extensive use of pesticides (Saeed et al., 2007). 

So, differences in resistance status in pest populations can contribute to 

differences in either selection pressure or the involvement of different 

resistance mechanisms. Consequently, previous reasons lead to 

differences in the rate of resistance development (Silva et al., 2011). 

Insect growth regulators showed either susceptibility or very low 

levels of resistance in S. littoralis tested populations. Despite the 

continuous use of IGRs in the management of many pests, the very low 

resistance levels in IGRs might be due to an independent resistance 

mechanism of IGRs. Resistance to IGRs in S. littoralis was reported to 

tebufenozide and diflubenzuron (Smagghe and Degheele 1997). In 

addition, resistance to IGRs have been reported in various lepidopteran 

insect pests e.g. the cut worm, Spodoptera litura (Rehan and Freed 

2014); Spodoptera frugiperda Smith (Nascimento et al., 2015), the beet 

armyworm; Spodoptera exigua (Ishtiaq et al., 2014) and the 

diamondback moth, Plutella xylostella Linnaeus (Lepidoptera: 
Plutellidae) (Cao and Han 2015).  
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Spinosad still effective insecticides and showed either susceptibility 

or very low level of resistance in all the tested populations. Similarly, 

emamectin benzoate shows a very low resistance level in all the tested 

populations except for Kafr El-shekh, in 2017, which exhibited low 

resistance level (10 fold). Our results in line with previous reports on S. 

littoralis, which showed non or very low resistance level to the new 

insecticides, pyridalyl (Shoaib et al. 2014), spinosad and emamectin 

benzoate (Ahmed et al., 2016; Mostafa et al., 2014). Other insect, in 

addition to S littoralis showed similar resistance profile to these 

alternatives such as the armyworm Spodoptera litura, which showed none 

to very low resistance to spinosad and emamectin benzoate, despite of 

their intensive use (Ahmad and Mehmood 2015). In contrast, other 

insect species showed obvious resistance to these insecticides like, 

Mexican populations of beet armyworm Spodoptera exigua which 

showed significant resistance to spinosad (16- 37-fold) compared with a 

susceptible colony (Osorio et al., 2008). Also, the tomato borer Tuta 

absoluta Meyrick (Lepidoptera: Gelechiidae) exhibited high resistance 

levels to spinosad (Campos et al., 2015). 

Pairwise correlation analysis revealed positive correlations and 

consequently cross-resistance between several insecticides. IGRs 

exhibited positive correlation in-between except hexaflumuron and 

lufenuron. Interestingly, the most attractive observation was the absence 

of a significant correlation between spinosad and all the tested 

compounds and the negative correlation between spinosad and emamectin 

benzoate. This implies that spinosad can be rotated with all other tested 

insecticides and can be rotated with emamectin benzoate for the 

management of insecticide resistance in S. littoralis. The absence of 

cross-resistance between spinosad and the other tested insecticides might 

be due to spinosad unique resistance mechanism. The different modes of 

action of these insecticides make cross-resistance between these 

insecticides unexpected. Consequently, the obtained results provide the 

opportunity to rotate the insecticides with different modes of action. 

Ultimately, rotating insecticides will reduce selection pressure resulting 

from the use of single insecticides for a long time (Tikar et al., 2009). In 

rotation, pesticide will be used to a short time to postpone resistance 

development. So, the efficacy of new insecticides will be sustained for a 

long time throughout optimizing their use (Pu et al., 2010). Cross-

resistance between alternative insecticides was previously reported, in 

beet armyworm Spodoptera exigua,  emamectin benzoate resistant strain 

showed a low level of cross-resistance to chlorfluazuron but no cross-
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resistance with spinosad, tebufenozide, and chlorpyrifos and lufenuron. 

(Che et al., 2015: Ishtiaq et al., 2014). Similarly, the spinosad-resistant 

strain of the diamondback moth, Plutella xylostella exhibit non-cross-

resistance to other spinosyns (Sparks et al., 2012). In cotton mealybug 

Phenacoccus solenopsis Tinsley (Homoptera: Pseudococcidae), 

emamectin benzoate resistant strain showed moderate, low, and no cross-

resistance with abamectin, cypermethrin, and profenofos, respectively 

(Afzal and Shad 2016). 

The present study surveyed resistance levels of field-collected 

populations of S. littoralis to alternative insecticides among different 

governorates in Egypt. The obtained results can be used to prevent further 

development of insecticide resistance. To maintain effective management 

of insecticide resistance, spinosad and emamectin benzoate with non-

cross resistance insecticides should be used in rotation against S. 

littoralis. The present study showed the importance of continuous 

insecticide resistance monitoring to manage insecticides resistance of S. 

littoralis.  
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 تقصي مستوياث المقاومت في دودة ورق القطه لبعض المبيداث البديلت في أربع عشائر حقليت

السيد محمد سليمان مقبل 
1
 إيمان عاطف فؤاد، 

2
،شريفت عبدالحميد وصر الشريف 

2
 

 -انجيضة -يشكضانبحىد انضساعيت -انًعًم انًشكضي نهًبيذاث -لسى بحىد انخشبيت انمياسيت 1-

 يصش

 يصش -انجيضة -يشكضانبحىد انضساعيت -انًعًم انًشكضي نهًبيذاث -اساث انحيىيت لسى الإخخب 2-

دودة وسق انمطٍ آفت سئيسيت حصيب انعذيذ يٍ انًحاصيم انحمهيت وانخضشواث.وحعخًذ 

يكافحت هزة الآفت بصفت أساسيت عهي إسخخذاو انعذيذ يٍ انًبيذاث انكيًاويت انخي حنخًي نًجاييع 

يبيذاث يخخهفت . ولذ ادي ظهىس انًماويت نهًبيذاث انخمهيذيت إني إسخخذاو انًبيذاث انبذيهت وانخي 

حًخاص بفعهها انًخخهف.ونضًاٌ إسخًشاس فاعهيت هزة انًبيذاث يهضو انخخبع انًسخًش نحساسيت الآفت 

حجاه هزة انًشكباث انبذيهت.وفي هزة انذساست حى حمصي يسخىياث انًماويت نسخت يٍ انًبيذاث انبذيهت 

إني  2515في أسبعت يحافظاث وهي انبحيشة،انغشبيت،كفشانشيخ وبني سىيف في انفخشة يٍ عاو 

. ولذ سجهج انًبيذاث انخابعت نًنظًاث اننًى انحششيت يسخىياث يماويت ينخفضت حشاوحج  2517

 – 1.69‘ )ضعف( نهفهىفينىكسيشوٌ  5.57- 2.16‘ )ضعف( نهيفينيشوٌ  5.46 – 1.23بيٍ )

ضعف( نههكسافهىييشوٌ . بالإضافت اني رنك  2.46- 5.45نهكهىسفهىصوسوٌ و ) ضعف( 6.78

أيا انسبينىساد فأظهش  ضعف( 15 – 2ذ الإيًايكخيٍ بنضواث يماويت حشاوحج بيٍ )أظهش يبي

ضعف(.واظهش إخخباس ححهيم الإسحباط بيٍ انًبيذاث انًسخخذيت وجىد يماويت  3.45 – 1.36)

يشخشكت بيٍ انًبيذاث انًنخًيت نًنظًاث اننًى انحششيت فيًا عذا انهيفينيشوٌ و انهكسافهىييشوٌ. 

ٍ رنك أظهش انخحهيم عذو وجىد أي يماويت يشخشكت بيٍ الإسبينىساد وبالي انًبيذاث عهي اننميض ي

انًخخبشة ووجىد إسحباط سانب بينت وبيٍ الإيًايكخيٍ بنضواث.نزا حىصي هزة انذساست بعًم حخابع 

بيٍ انًبيذاث انخي لاحىجذ بينها يماويت يشخشكت ورنك نخحميك يكافحت فعانت ونهحفاظ عهي فاعهيت 

 بيذاث أطىل فخشة يًكنت وحلافي ظهىس انًماويت نهزه انًبيذاث .انً

 

 


