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 Background: The Cotton leafworm, Spodoptera littoralis (Boisd.) count as one of the 

major pests in Egypt, which attacking cotton, vegetables, fruits, and trees causing 

millions of Egyptian pounds losses every year.  Objective: To evaluate selected 
neonicotinoid pesticides against second and fourth instar larvae of Spodoptera littoralis. 

Results: Imidacloprid (35% SC) is the most potent compound among the tested 

compounds followed by Imidacloprid (70% WG), Acetamiprid (20% SP), and 
Thiamethoxam (18.6% SC). Further, The toxicity increased after 48 h and continues 

increased after 72 h compared to 24 h data for all compound tested on second and 

fourth instar larvae. Moreover, the toxicity index of the most toxic compound after 24 h 
which are Imidacloprid (35% SC) was 100% on both second and fourth instar larvae, 

however, the toxicity index for Imidacloprid (70% WG), Acetamiprid (20% SP), and 

Thaimethoxam (18.6% SC) after 24 h were (65.36%, 59.25%, and 58.27% respectively) 
on second instar, and (77.27%, 77.07%, and 76.53% respectively) on fourth instar, 

whereas, the lowest toxicity index was observed dramatically after 48 and 72 h for most 

of the pesticides. The tolerance ratio (TR) ranged from 1.04 to 2.11which shown 
unmarked variation between second and fourth instar larvae in the response of the 

selected neonicotinoid pesticides that tested in the study. Conclusion: This study 

showed that neonicotinoid pesticides have potential as conventional pesticide groups’ 
replacements against Spodoptera littoralis. 
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INTRODUCTION 

 

 The Cotton leafworm, Spodoptera littoralis (Boisd.) is considered one of the major and economic key pests 

in Egypt. However, the dangerous of this pest in that it can infest over 112 plant species among crops, 

vegetables, and fruits [1]. The conventional Pesticide groups such as organophosphates and pyrethroids are 

considered the common method for controlling Spodoptera littoralis. Unfortunately, the current application of 

pesticides on other crops is considered one of the main and critical factors that affecting the environment (viz. 

plant, soil, water, air and other organisms) and causes many healthy problems [2,3]. Furthermore, the extensive 

usage of these pesticides in Cotton leafworm control has been lead to the emergence of pesticides resistance 

[4,5]. Thus, it is very considerable to use new effective countermeasure strategy in order to avoid the 

development of resistance particularly among major insect pests of great health concern. One of these strategies, 

the using of new pesticide group such as neonicotinoids. Neonicotinoids are relatively new class of pesticides 

which belong to the fastest-growing class of pesticides in modern pest protection followed after the conventional 

pesticide group [6]. Interestingly, neonicotinoids have a unique mode of action as compared to other classes of 

insecticides in that they act as the agonists to the nicotinic acetylcholine receptor (nAChRs) [7]. Furthermore, 

their mammalian toxicities are generally low and also show low acute toxicities to birds, and fish, but displayed 

significant toxicity to bees [8]. Thus, the use of neonicotinoid pesticides is recommended to be increased in 

future to control the lepidopterous pests.  

 In the present study, the author investigate the evaluation of selected neonicotinoid pesticides, Imidacloprid 

35% SC, Imidacloprid 70% WG, Acetamiprid 20% SP, and Thiamethoxam 18.6% SC, against second and 

fourth instar of Spodoptera littoralis under laboratory conditions. 
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MATERIAL AND METHODS 

 

Strain: 

 A laboratory susceptible strain of Cotton leafworm, Spodoptera littoralis (Boisd.) reared in the laboratory 

of Plant Protection Department Research building, Faculty of Agriculture, Assiut University, for more than 25 

years (without any exposure to chemicals). Insects were reared under controlled conditions in an incubator at 26 

± 2
o
C and 65 ± 10% RH with 8:16 L:D photoperiod. Larval jars were supplied daily with fresh Castor leaves, 

Ricinus communis L., as a source of food which was provided daily. The adult were kept separately and mated 

on the third day of emergence in clean jars (250 g) adults were fed on 10% honey solution, fresh green leaves of 

Tafla, Nerium oleander (L.) were provided for egg laying. 

 

Pesticides: 

 The formulations of Imidacloprid (35% SC and 70% WG), and Acetamiprid (20% SP), and Thaimethoxam 

(18.6 % SC) were used in the bioassay.  These materials were obtained from Central Agricultural Pesticides 

Laboratory (CAPL) in Dokki, Giza, Egypt as gifts (Figure 1). 

 

                            
. 

Fig. 1: Chemical structures of Imidacloprid, Acetamiprid, and Thiamethoxam  

 

Bioassay Test: 

 Two sets of three replicates each contain 10 newly molted 2
nd

 and 5 newly molted 4
th

 instar larvae for each 

concentration of each tested pesticide were used. The pesticide concentrations were dissolved in distilled water. 

Treatment of larvae was conducted by the leaf dipping technique. Fresh and clean castor leaves, Ricinus 

communis L., were immersed for 10 second in the prepared concentrations of the tested compounds. The treated 

leaves were then left to dry at room temperature before being offered to the newly molted 2
nd

 and 4
th

 instar of 

Spodoptera littoralis larvae. Larvae were left to feed on treated leaves for 24, 48, 72 h exposure. The same 

numbers of larvae was used for control experiments in which larvae were offered fresh clean castor leaves 

dipped in distilled water for pesticide bioassay. The percentages of mortality in larvae were recorded at 24, 48, 

and 72 h.  Mortality percentage was estimated and corrected according to Abott’s formula [9]. 

 Bioassay data were pooled and analyzed (the LC50 and 95% Confidence limits values) by using Proban 

probit analysis program version 1.1 [10]. Figures were done by using GraphPad Prism 6.01 software (San 

Diego, CA, USA).  

 

RESULTS AND DISCUSSIONS 

 

 The toxicity of selected neonicotinoid pesticides on second instar larvae of Spodoptera littoralis after 24, 

48, and 72 h was shown in Table 1. However, the LC50 for the most toxic compound was 5155.29 and 7825.98 

ppm for Imidacloprid 35% SC and Imidacloprid 70% WG respectively and the LC50 of lowest toxic compounds 

was 8633.58 and 8778.89 ppm for Acetamiprid 20% SP and Thiamethoxam 18.6% SC. After 48, the LC50 values 

dramatically decreased and the LC50 value for Imidacloprid 35% SC was 314.58 ppm. By 72 h, the LC50 values 

continued to decrease to be 186.23 ppm. On the other side, the same trend was particularly notable in the results 

of the toxicity of selected neonicotinoid pesticides on fourth instar larvae of Spodoptera littoralis after 24, 48, 

and 72 h (Table 2).  

 
Table 1: Toxicity of selected neonicotinoid pesticides on 2nd instar larvae of Spodoptera littoralis after 24, 48, and 72 h exposure. 

Compounds After 24 h After 48 h After 72 h 

LC50 (95% CL) a Slope SE) LC50 (95% CL) a Slope SE) LC50 (95% CL) a Slope SE) 

Imidacloprid 
(35% SC) 

5115.29  
(4645.67-7956.23) 

0.98 
(0.55) 

314.58  
(213.54-573.21) 

1.05 
(0.54) 

186.23  
(99.51-209.75) 

0.86 (0.57) 

Imidacloprid 

(70% WG) 

7825.98  

(6354.89-8623.09) 

0.75 

(0.46) 

344.63  

(287.55-498.65) 

1.96 

(1.13) 

286.54  

(197.59-376.90) 

2.09 (1.05) 

Acetamiprid 
(20% SP) 

8633.56 (6857.04-
9078.87) 

1.29 
(0.55) 

2342.59 
 (1856.67-3028.32) 

0.92 
(0.45) 

788.51  
(643.05-904.72) 

1.48 (0.52) 

Thiamethoxam  

(18.6% SC) 

8778.89  

(6945.67-9978.84) 

2.09 

(0.87) 

5521.63  

(4657.43-7004.28) 

3.52 

(1.22) 

3158.29  

(2473.47-4856.32) 

2.48 (0.83) 

a Concentrations are expressed in ppm  
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Table 2: Toxicity of select neonicotinoid pesticides on 4th instar larvae of Spodoptera littoralis after 24, 48, and 72 h exposure. 

Compounds After 24 h After 48 h After 72 h 

LC50 (95% CL)a Slope (SE) LC50 (95% CL)a Slope SE) LC50 (95% CL) a Slope SE) 

Imidacloprid 

(35% SC) 

7408.28  

(6589.45-9365.23) 

2.51 (1.45) 418.15 

 (387.09-607.23) 

0.84 (0.61) 296.06  

(186.82-498.12) 

0.75 (0.42) 

midacloprid 

(70% WG) 

9587.91  

(8365.71-10954.42) 

2.13 (0.70) 728.79  

(635.09-812.64) 

0.37 (0.48) 361.66  

(275.01-508.71) 

0.59 (0.56) 

Acetamiprid 

(20% SP) 

9612.75  

(8251.53-10428.41) 

0.56 (0.51) 3215.37  

(1980.58-5723.83) 

1.24 (0.49) 871.65  

(689.41-1004.37) 

0.74 (0.54) 

Thiamethoxam 

(18.6% SC) 

9679.87  

(7843.90-11004.89) 

1.89 (0.93) 7611.56  

(5908.23-9638.12) 

0.38 (0.48) 4762.03  

(3075.72-6935.84) 

2.29 (1.67) 

a Concentrations are expressed in ppm  

 

 The toxicity of all compounds on second instar larvae was increased after 48 and 72 h (Figure 2). For 

example, Imidacloprid (70% WG) increased in toxicity from 22.71-fold after 48 h to 27.31-fold after 72 h 

compared to the toxicity after 24 h (Figure 2). Furthermore, this trend was shown strongly in Imidacloprid (35% 

SC) toxicity (the toxicity increased from 16.26-fold after 48 h to 27.47-fold after 72 h compared to the toxicity 

after 24 h) (Figure 3). Similar trend was observed on the toxicity of all compounds on fourth instar larvae which 

increased after 48 and 72 h (Figure 3).  

 

 
 

Fig. 2: Times fold increase in toxicity of selected neonicotinoid pesticides on 2 
nd

 larvae of Spodoptera littoralis  

after 24, 48, and 72h exposure. 

 

 
 

Fig. 3: Times fold increase in toxicity of selected neonicotinoid pesticides on 4 
th

 larvae of Spodoptera littoralis  

after 24, 48, and 72h exposure. 

 

 Moreover, the toxicity index of the most toxic compound after 24 h, Imidacloprid (35% SC), was 100% on 

both second and fourth instar larvae (Figure 4). The toxicity index for Imidacloprid (70% WG), Acetamiprid 

(20% SP), and Thaimethoxam (18.6% SC) after 24 h were (65.36%, 59.25%, and 58.27% respectively) on 

second instar, and (77.27%, 77.07%, and 76.53% respectively) on fourth instar, whereas, the lowest toxicity 

index was observed dramatically after 48 and 72 h for most of the compounds. The tolerance ratio (TR) between 

fourth and second instar larvae was shown in Figure 5. For 24, 48, and 72 h exposure, the highest TR was met 

with Imidacloprid (70% WG) compound after 48 h (TR=2.11) however, in general, The most interested finding 
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is that the TR ranged from 1.04 to 2.11which shown unmarked variation between second and fourth instar larvae 

in the response of all compounds. 

 The results of this study indicated that various compounds have different effects on the mortality of 

different instar larvae of Spodoptera littoralis.  

 

0

2 5

5 0

7 5

1 0 0

T
o

x
ic

it
y

 I
n

d
e

x

Im id a .

(3 5 %  S C )

A c e ta .

(2 0 %  S P )

(A )

Im id a .

(7 0 %  W G )

T h ia m .

(1 8 .6 %  S C )

C o m p o u n d s

              A fte r  2 4 -h  e x p o s u re

 (2
n d

 in s ta r )

0

2 5

5 0

7 5

1 0 0

              A fte r  2 4 -h  e x p o s u re

T
o

x
ic

it
y

 I
n

d
e

x

(D )

Im id a .

(3 5 %  S C )

Im id a .

(7 0 %  W G )

A c e ta .

(2 0 %  S P )

T h ia m .

(1 8 .6 %  S C )

C o m p o u n d s

 (4
t h

 in s ta r )

0

2 5

5 0

7 5

1 0 0

              A fte r  4 8 -h  e x p o s u re

T
o

x
ic

it
y

 I
n

d
e

x

(B )

Im id a .

(3 5 %  S C )

Im id a .

(7 0 %  W G )

A c e ta .

(2 0 %  S P )

T h ia m .

(1 8 .6 %  S C )

C o m p o u n d s

 (2
n d

 in s ta r )

0

2 5

5 0

7 5

1 0 0

              A fte r  4 8 -h  e x p o s u re
T

o
x

ic
it

y
 I

n
d

e
x

(E )

Im id a .

(3 5 %  S C )

Im id a .

(7 0 %  W G )

A c e ta .

(2 0 %  S P )

T h ia m .

(1 8 .6 %  S C )

C o m p o u n d s

 (4
t h

 in s ta r )

0

2 5

5 0

7 5

1 0 0

              A fte r  7 2 -h  e x p o s u re

T
o

x
ic

it
y

 I
n

d
e

x

(C )

Im id a .

(3 5 %  S C )

Im id a .

(7 0 %  W G )

A c e ta .

(2 0 %  S P )

T h ia m .

(1 8 .6 %  S C )

C o m p o u n d s

 (2
n d

 in s ta r )

0

2 5

5 0

7 5

1 0 0

              A fte r  7 2 -h  e x p o s u re

T
o

x
ic

it
y

 I
n

d
e

x

(F )

Im id a .

(3 5 %  S C )

Im id a .

(7 0 %  W G )

A c e ta .

(2 0 %  S P )

T h ia m .

(1 8 .6 %  S C )

C o m p o u n d s

 (4
t h

 in s ta r )

 
 

Fig. 4: Toxicity index of selected neonicotinoid pesticides on 2 
nd

 larvae of Spodoptera littoralis (A, B, and C)  

and on 4 
th

 larvae of Spodoptera littoralis (D, E, and F) after 24, 48, and 72 h exposure. Toxicity index =  

[(LC50 of the most toxic tested compound/LC50 of the tested compound) ×100]. 

 

 However, many studies focused on the effects of neonicotinoid pesticides on lepidopterous pests. In agreed 

with our finding, Dini Pour and Gurkan (2012) [11] found that Imidacloprid is considered potent on Spodoptera 

littoralis. Further, Nauen et al. (2003) [12] demonstrated that Thiamethoxam was the second toxic neonicotinoid 

pesticides that tested against Heliothis virescens and Spodoptera frugiperda using leaf-dip bioassay, however, in 

the same study on different insect pest such as Myzus persicae, Imidacloprid was the most potent neonicotinoid 

pesticides (LC95=1.09 mg/L) followed by Clothianidin and Thiamethoxam (LC95= 1.28 and 1.31 mg/L 
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respectively). Moreover, neonicotinoid pesticides were shown effectiveness on many different insect pests, for 

instance, Colorado potato beetle, Leptinotarsa decemlineata (Say) [13], Mosquitoes, Culex pipiens [14], and 

Aedes aegypti [6,8], Sand Termites, Psammotermes hypostoma Desneux [15], Aphids, Pea aphid, Acyrthosiphon 

pisum [16], and soybean aphid, Aphis glycines [17]. 

 

 
 

Fig. 5: Tolerance ratio of the 4
th

 instar larvae of Spodoptera littoralis to selected neonicotinoid pesticides after  

24, 48, and 72 h exposure on the basis of LC50 values. Tolerance ratio (TR) = LC50 for 4
th

 instar  

larvae/LC50 for 2
nd

 instar larvae). 

 

Conclusion: 

 To sum up, our finding indicates the possibility of using neonicotinoid pesticides in controlling Cotton 

leafworm, Spodoptera littoralis, and given excellent alternative way and prominent role for insect resistance 

management (IRM) and integrated pest management program (IPM). However, further studies especially field 

study must be done to meet the demand of the Ministry of Agriculture, Egypt,  for instance of these studies, on 

terrestrial animals (e.g. mammalian and avian) and on aquatic animals (e.g. marine fish), also, on non-target 

organisms such as predators, parasitoids, and honeybees under Egypt conditions. Moreover, biochemical and 

molecular biological investigation must be done to figure out the possible different unique mode of action for 

neonicotinoid pesticides in insect pests especially on Spodoptera littoralis. 
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