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Abstract 
Three field populations of Tobacco caterpillar, Spodoptera litura were tested for their susceptibility to 

newer chemistry insecticides and conventional mixtures. Third instars larvae of F1 generation of field 

population were deployed in a bio-assay using the topical application method. The index of effectiveness, 

security index (SI) of insecticides was worked out by comparing of dose response with established field 

use rates. Bio-assay results revealed that, chlorantraniliprole 18.5% SC @ dose ranging from 1-4 ppm 

(LC50) and emamectin benzoate 5% SG @ dose of 1-3ppm (LC50) were most effective formulations for 

all three field populations of S. litura. While, conventional insecticides mixtures, koranda (chlorpyrifos 

50% + cypermethrin 5%) and polytrin C (profenofos 40%+ cypermethrin 4%) were less effective for all 

three populations. Security index (SI) indicates that insecticides, emamectin benzoate, 

chlorantraniliprole, indoxacarb, bifenthrin, and pyridalyl are likely to be completely effective 

formulations to all three field populations with SI value of ≥ 1, except in some case. The pairwise 

correlation coefficient of LC50 values indicated that cross interaction within the insecticides was not 

significant except amid group insecticides (flubendiamide and chlorantraniliprole) that had positive 

correlation with a pyrethroid and a pyrethroid plus OP mixture. Of these tested, chlorantraniliprole and 

emamectin benzoate would be better chemical to manage S. litura irrespective of locations/populations. 

At recommended field dose, both of these insecticides scored the security index (SI) threshold value ≥1 

for all populations and they could be considered effective insecticides for the management of S. litura. 

  

Keywords: Toxicity, insecticide resistance, cross-resistance, reduced risk insecticides, Spodoptera litura, 

metabolic resistance, security index 

 

Introduction 
The tobacco caterpillar, Spodoptera litura Fab (Noctuidae: Lepidoptera), is one of the 

polyphagous pests of many agricultural crops, with a wider geographic range throughout Asia, 

Africa, Australia and New Zealand [10, 22, 29]. The crops such as cauliflower, chilli, groundnut, 

tobacco, cotton, sunflower, pulses, and castor are some of the important cultivated plants that 

serve as hosts of this notorious pest. Among the vegetables, cauliflower is one of the important 

hosts for S. litura and is considered as a serious pest next to Diamondback moth (DBM). Use 

of synthetic insecticides is indispensible for S. litura management in cauliflower. Synthetic 

pyrethroids and organophophates are being used widely for its management. Indiscriminate 

use of synthetic chemicals and development of resistance to synthetic chemicals in S. litura 

has been reported [3, 17, 25]. In the past, this drove the farmers to move towards the newer 

chemistry insecticides to suppress this pest in various crops as they have proven to have an 

added advantage over the conventional insecticide due to its novel mode of action and low 

eco-toxicity.  

In spite of various advantages in using newer molecules, the occurrence insecticide resistance 

to some molecules including abamectin, spinosad and indoxacarb has also been documented 

worldwide [2, 6, 27]. Hence, it is critical to evaluate the effectiveness of these new formulations, 

mixtures and their long term control potential at field level before its extensive use. Sauphanor 

et al. (1998) [26] enumerated superiority of insecticides in terms of safety and effectiveness by 

estimating security index. Security index (SI), is an index that determines the effectiveness of 

chemical when applied at field dose which is calculated by using field recommended rate and 

LC90 of the insecticides. If the threshold value ≥1 it is considered to be effective against the  
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target pest. In the context of insecticide resistance, 

determination of this threshold value for S. litura populations 

of various location could give a clear picture of sensitivity to 

insecticides that can be useful for selecting proper 

insecticides. Keeping these facts in view, the following 

objective was taken (1) to evaluate newer insecticides and 

registered conventional insecticide mixtures against S. litura 

(2) to determine the effectiveness of these insecticides to 

ascertain their potential in S. litura management. The 

information obtained in this study can be utilized in selecting 

the right insecticide for efficient management of S. litura. 

 

Materials and Methods 

Insect culture 

S. litura strains were collected from IARI, New Delhi, Palari 

Khurad Village of Sonepat, Haryana and Indian Institute of 

Vegetable Research, Varanasi (Uttar Pradesh) of Northern 

India from the host cauliflower during August to November 

2012. Collected larvae were reared under laboratory 

conditions at 27±1ºC, 60-65% RH and 12L: 12D h. Larvae 

collected from field were initially fed on castor leaves. 

Further, they were bred with kidney bean based artificial diet 
[9]. F1 generation of 3rd instar larvae was used for the bio-

assay. 

 

Insecticides 

The commercial formulations of emamectin benzoate 

(Proclaim 5% SG; Syngenta crop protection) and profenofos 

40% + cypermethrin 4% (Polytrin C 44% EC; Syngenta Crop 

Protection), spinosad (Tracer 45% SC; De-Nocil India), 

flubendiamide (Takumi 20% WG; Tata Chemicals), 

chlorantraniliprole (Coragen 18.5% SC; Dupont), indoxacarb 

(Avaunt15.8 EC; DuPont), bifenthrin (Talstar10% EC; FMC), 

pyridalyl (Pleo 10 EC; Sumitomo), and chlorpyrifos 50% + 

cypermethrin 5% (Koranda 505 EC; Rallis India) were used 

for this study. 

 

Insecticide bioassay 

A desired concentration of the test emulsions with distilled 

water (1ml) was directly sprayed on third instar larvae with a 

pressure of 340 g cm-2 with a Potters spray tower. Larva 

sprayed with distilled water was taken as controls. For each 

insecticide five to six concentrations were simultaneously 

tested to obtain the mortality response of test insects. The 

sprayed Petri-dishes containing larvae were shade dried for 

five minutes and later transferred to untreated fresh castor 

leaves. Three replications of 30 larvae each replication were 

maintained for each concentration. Mortality was recorded 48 

hrs after treatment. The moribund insects were counted as 

dead and control mortality was corrected using Abbot’s 

(1925) [1] formula. 

 

Statistical analysis  

Bioassay data of each replicate were pooled and the toxicity, 

LC50 and associated parameters for each population tested for 

insecticides were computed using probit analysis with the 

statistical software Indostat. Further, mean values were 

separated using the least significant difference test (LSD). 

Failure of 95% confidence limit (CL) to overlaped was used 

as the criterion for identifying significant differences among 

LC50 values for each insecticide on two host plants. The LC90 

obtained from topical bioassay were used to calculate security 

index (SI) (SI= recommended field rate/LC90) as per 

Sauphanor et al. (1998) [26]. Toxicity interaction among tested 

insecticides was determined by pairwise correlation 

coefficients with the LC50 values of field populations by 

Pearson correlation using SPSS Software. 

 

Results and Discussion 

The results of bioassays for newer insecticides and 

conventional mixtures against field populations of S. litura 

were presented in Table 1. Among the insecticides tested for 

Delhi population, chlorantraniliprole was most toxic and 

polytrin C was least toxic. Emamectin benzoate and 

chlorantraniliprole were similar in toxicity as the LC50 were 

overlap in 95% Fls. The order of toxicity was 

chlorantraniliprole > emamectin benzoate > indoxacarb > 

spinosad > pyridalyl > flubendiamide > bifenthrin > koranda 

> polytrin C. 

Similar to that of Delhi population, chlorantraniliprole and 

emamectin benzoate were most effective for Sonepat and 

Varanasi population (Table 1). The order of toxicity for 

Sonepat population was as chlorantraniliprole > emamectin 

benzoate > indoxacarb > spinosad > pyridalyl > fluendiamide 

> bifenthrin > koranda > polytrinC. The order of toxicity for 

Varanasi population was emamectin benzoate > 

chlorantraniliprole > bifenthrin > pyridalyl > flubendiamide > 

koranda > polytrin C > spinosad. The mixtures Polytrin C and 

koranda were least toxic to all three populations as compared 

to newer chemistry insecticides. 

The present study demonstrates that the S. litura populations 

of cauliflower in three locations have shown variations in 

their sensitivity to newer chemical insecticides and 

conventional insecticide mixtures. This suggests that 

populations of S. litura have potential to extend tolerance to 

wide range of insecticides. Tolerance towards the 

conventional mixtures was found at high level. The tendency 

of decrease in OPs and pyrethroids sensitivity also insecticide 

resistance has been reported earlier [7, 16, 17]. Over use of 

organophosphate and pyrethroid group of insecticides is 

attributed for reduced sensitivity to insecticides. 

 

 

Table 1: Toxicity of some newer insecticides and conventional mixtures against different populations of S. litura 
 

Chemical Strain df χ2 Regression equation (Y) 
LC50 

(ppm) 

Fiducial Limit 

(95% CI) 

Emamectin benzoate 5% SG 

Delhi 5 4.511 Y= 7.760 + 0.792x 3 2 - 4 

Sonepatat 4 3.125 Y= 7.841 + 0.842x 4 3 - 6 

Varanasi 4 8.833 Y= 9.971 + 1.295x 1 1 - 2 

Spinosad 45% SC 

Delhi 4 6.369 Y= 8.077 + 1.135x 19 16 - 24 

Sonepatat 4 8.107 Y= 7.866 + 1.362x 79 65 - 95 

Varanasi 4 9.253 Y= 6.865 + 1.070x 181 141 - 231 

Flubendiamide 20% WG 

Delhi 4 7.628 Y= 7.241 + 1.169x 121 98 - 149 

Sonepatat 4 6.877 Y= 7.857 + 1.492x 122 103 - 144 

Varanasi 4 3.953 Y= 7.268 + 1.157x 110 87 - 138 

Chlorantraniliprole 18.5% SC 

Delhi 4 7.998 Y= 8.686 + 1.002x 2 2 - 3 

Sonepatat 4 5.630 Y= 9.631 + 1.369x 4 3 - 5 

Varanasi 4 5.943 Y= 9.899 + 1.250x 1 1 - 2 
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Indoxacarb 15.8EC 

Delhi 4 5.704 Y= 8.427 + 1.185x 13 10 - 16 

Sonepatat 4 9.035 Y= 7.863 + 1.223x 46 37 - 57 

Varanasi 4 6.923 Y= 9.074 + 1.460x 16 14 - 19 

Bifenthrin 10% EC 

Delhi 4 2.982 Y= 7.071 + 1.132x 148 118 - 185 

Sonepatat 4 8.344 Y= 8.119 + 1.733x 151 130 - 175 

Varanasi 4 3.455 Y= 0.007 + 0.010x 85 71 - 102 

Pyridalyl 

Delhi 4 3.993 Y= 8.391 + 1.739x 112 96 - 131 

Sonepatat 4 6.350 Y= 7.633 + 1.299x 94 77 - 155 

Varanasi 4 3.903 Y= 7.525 + 1.235x 90 73 - 111 

Polytrin C 

Delhi 4 9.346 Y= 6.730 + 1.050x 225 172 - 295 

Sonepatat 4 8.467 Y= 6.107 + 0.789x 396 252 - 622 

Varanasi 4 7.075 Y= 6.875 + 1.026x 149 117 - 189 

Koranda 

Delhi 4 4.661 Y= 6.546 + 0.906x 197 151 - 256 

Sonepatat 4 3.437 Y= 6.702 + 0.978x 182 143 - 232 

Varanasi 6 8.356 Y= 7.472 + 1.297x 124 102 - 150 

 

In the present study, though there was a variation in 

sensitivity among field populations but magnitude of 

difference was small, which was less than 4-fold for newer 

insecticides. This suggests that, susceptibility difference could 

be the reflection of natural variation and selection pressure. 

Studies also demonstrated variation in susceptibility could be 

due to host diets and gene level alterations [13, 14]. All 

populations had shown greater susceptibility to 

chlorantraniliprole and emamectine benzoate. These novel 

insecticides could be effective insecticides because it 

exhibited higher toxicity to S. litura. Chlorantraniliprole is a 

newer insecticide belongs to anthranilic diamide group, it 

activates the unregulated release of internal calcium stores 

leading to calcium ion depletion, feeding cessation, muscle 

paralysis and finally insect death [18]. Emamectin benzoate is 

novel semi-synthetic derivatives of abamectin, which act as 

chloride channel activators and effective against wide 

spectrum of lepidopteran insects [30]. Similarly, higher toxicity 

of chlorantraniliprole and emamectin benzoate was also 

observed by Dhawan et al. (2007) [7]. Further, indoxcarb and 

spinosad was more toxic for the Delhi population as well 

effective for Sonepat and Varanasi population. Indoxcarb is a 

member of oxadiazine group acts by inhibiting sodium ions 

entry into nerve cells [31]. Spinosad is a natural insecticide and 

a fermented metabolite of the actinomycetes, 

Saccharopolyspora spinosa which acts on insect nicotine 

acetylcholine receptors site. Other side, spinosad exhibited 

less toxicity to Varanasi population and indoxacarb against 

Sonepat population. The reason might be either due to 

possible cross-resistance mechanism to conventional 

insecticides which was not studied in this study or by 

unsynchronized use of this insecticide as reported in 

Diamondback moth, Plutella xylostella Zhao et al. (2006) [32]. 

The effectiveness of chlorantraniliprole and emamectin 

benzoate is in accordance with the findings of Bhatnagar et al. 

(2013) [5] and Kaur et al. (2007) [16]. Pyridaly showed better 

toxicity to all three popuation as compared to flubendiamide, 

bifenthrin and other conventional. 

 

Table 2: Pairwise correlation coefficient comparison between log LC50 values of tested insecticides on field populations of 

Spodoptera litura 
 

 
Emamectine 

benzoate 
Spinosad Flubendiamide 

Chloantraniliprol

e 

Indoxcar

b 

Bifenthri

n 
Pyridalyl 

Polytrin

C 

Spinosad -0.7590.451        

Flubendiamide 0.9670.164 -0.9000.287       

Chloantraniliprole 0.9290.242 -0.4640.693 0.8030.407      

Indoxcarb 0.7000.507 -0.0660.958 0.4940.671 0.9150.265     

Bifenthrin 0.9570.187 -0.9150.264 0.9990.022* 0.7820.429 0.4630.693    

Pyridalyl 0.3540.770 -0.8770.319 0.5810.605 -0.0190.988 -0.4210.723 0.6090.583   

PolytrinC 0.9180.260 -0.4380.711 0.7860.425 1.0000.018* 0.9260.247 0.7640.447 -0.0470.970  

Koranda 0.8630.337 -0.9840.114 0.9640.172 0.6140.579 0.2430.844 0.9720.150 0.7780.433 0.5910.597 

Superscripts represent significance (t-value) at 0.05% of the regression 
 

insecticide mixtures. Pyridalyl inhibits cellular protein 

synthesis in insects, also ovicidal action in lepidopteran 

insects [12, 20, 21]. However, as compared to emamectin 

benzoate and chlorantraniliprole pyridalyl was less toxic. The 

site of action in insects for emamectin benzoate and 

chlorantraniliprole is nicotine acetylcholine receptor and 

ryanodine receptor site and these could be a reason for the 

better toxicity of these chemicals over over pyridalyl. 

The pairwise correlation between LC50 values of different 

insecticide are given in the Table 2. A significant positive 

correlation observed between bifenthrin and flubendiamide as 

well as polytrin C and chlorantraniliprole. Spinosad showed 

negative correlation with all insecticides molecules. Besides 

pyridalyl had negative correlation with chlorantraniliprole, 

indoxcarb and polytrin C but was statistically not significant. 

Correlation with in newer chemistry insecticides and between 

insecticides mixtures and newer chemistry insecticides were 

not significant (P<0.05) except bifenthrin, which was 

positively correlated with flubendiamide and 

chlorantraniliprole, which was positively correlated with 

polytrin C. Insecticides spinosad was negatively correlated 

with all the insecticides. 

The paiwise comparision showed an amount of toxicity 

interaction between bifenthrin and flubendiamide and 

between polytrin C and chlorantraniliprole. The positive 

interaction within insecticides may facilitate the cross-

resistance mechanisms. Although these chemicals have 

differed in their mode of action, the prevalence of some 

amount of cross-interaction, possibly not because of cross-

resistance mechanism and some other factors might be 

associated. In such case, detoxification mechanisms which are 

driven by detoxification enzymes could be involved. These 

significant correlations could also due to the action of 

common enzyme against these insecticides. Studies also 

reported that variations in susceptibility to pyrethroid 

insecticides might be due to quantitative changes in the 
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esterase activity and other metabolic enzymes [15, 33]. 

The effectiveness index (security index) determined for all 

insecticides for each strain as given in the Table 3. 

Emamectin benzoate, chlorantraniliprole and pyridalyl scored 

index value of ≥1 for all three strains. The highest index value 

of 2.94, 2.84 and 28.57 attributed to emamectin benzoate for 

Delhi, Sonepat and Varanasi population, respectively. The 

security index for flubendiamide, polytrin C and koranda was 

≤ 1 for all strains. Bifenthrin scored ≥ 1 for Sonepat and 

Varanasi strain. Indoxcarb and spinosad scored index of ≥ 1 

for Delhi strain alone. Among the three populations, Varanasi 

population scored near about 10-fold higher security index 

value against the newer chemistry molecule. While the trend 

of index for Delhi and Sonepat populations was more or less 

similar. Results revealed that, the sentivity of Varanasi 

populations towards most of newer chemistry insecticides was 

much higher as compared to other two populations. This was 

also confirmed with LC50 value obtained for different 

insecticides.

 

Table 3: Security index of newer molecules tested against three different populations of S. litura 
 

Insecticide 
Field 

Dose (ppm) 

LC90 (ppm) Security Index (SI)* 

Delhi Sonepat Varanasi Delhi Sonepat Varanasi 

Emamectin benzoate 5% SG 400 136 141 14 2.94 2.84 28.57 

Spinosad 45% SC 300 262 181 2849 1.15 0.44 0.11 

Flubendiamide 20% WG 500 1510 881 1406 0.33 0.56 0.35 

Chlorantraniliprole 18.5% SC 100 40 36 13 2.50 2.78 7.69 

Indoxacarb 15.8EC 300 155 16 122 1.94 0.59 2.46 

Bifenthrin 10% EC 1600 2006 85 729 0.80 1.89 2.19 

Pyridalyl 1000 613 90 985 1.63 1.10 1.02 

Polytrin C 1500 3741 149 2640 0.40 0.09 0.57 

Koranda 1000 5108 124 1208 0.66 0.27 0.83 

*Security Index (SI) = Recommended field dose/LC 90 of individual insecticide 

 

The topical bioassay using potter’s tower resembles real 

situations in the field and it could be used to evaluate whether 

the recommended field rate is adequate for an effective 

control. This approach was adopted in the present study to 

evaluate the effectiveness of all the insecticides. In the current 

study, the security index (SI) of the nine newer insecticides 

was in the range of 0.09 to 28.57. The highest security was 

obtained with emamectin benzoate against Varanasi 

population. Whereas, lowest was observed with polytrin C, a 

mixture of profenofos and cypermethrin for all three 

population. Except flubendiamide and insecticide mixtures, 

security index of all evaluated insecticide exceeds the 

threshold value of 1 and they would to be effective chemicals 

at the field dose. Flubendiamide showed less toxicity against 

S. litura than emamectin benzoate and spinosad have been 

earlier reported by Sharma et al. (2014) [28]. Similar results 

were obtained in the present study and correspondingly they 

registered low effectiveness index among newer insecticides. 

The insecticide exhibited highest security index can be 

considered as effective. Further studies also suggested that, 

although spinosad and abamectin have a high SI, applying a 

reduced field dose is not recommended because of their short 

persistence [11, 23, 26]. Pyridalyl is an effective molecule against 

lepidopteran and thysanopteran pest of vegetable and safer to 

natural enemies [12]. Bifenthrin, a type I pyrethroid which 

interfere in sodium channel gating mechanism of impulse 

transmission tend to delay the channel opening for short 

periods. The results of present study suggest that although 

there was difference in sensitivity of field populations to 

newer chemistry insecticide, effectiveness was like to be good 

in most of time and they could be viable alternative to 

conventional insecticides which act on insect nervous system. 

In this study, polytrin C found to be less toxic. Mixing 

insecticides with different modes of action usually prove very 

effective [19] and it can delay the development of resistance in 

more effective manner [24]. However, contrary to the positive 

results, mixtures could also give rise to multiple resistance, 

that may extend across other chemical and thus become 

difficult to manage was also elaborately discussed by Attique 

et al. (2006) [4] while working with Plutella xylostella. 

 

Conclusion 
In conclusion, the present study revealed local variation in 

their sensitivity to newer insecticides has been observed 

among the S. litura strains collected from three different 

locations. Relatively, Varanasi population was found to be 

more susceptible to all the insecticides, except to Spinosad. 

Sonepat strain was most tolerant to all insecticides evaluated 

in this study. Of the nine insecticides evaluated, 

chlorantraniliprole and emamectin benzoate showed better 

toxicity irrespective of population. S. litura is an important 

pest of cauliflower, the development of broad spectrum 

resistance to conventional insecticides has complicated its 

management using chemicals. Thus, successful management 

strategies could be possible by proper monitoring of 

resistance and devising local management strategies along 

with other IPM methods. In this context of effectiveness and 

safety, newer chemistry insecticides were better in terms of 

toxicity and their threshold of security index value. The LC50 

value obtained from this study would serve ready rekconer for 

the selection of insecticides for field strain. The base line data 

could be useful for the comparisons of relative toxicity and 

monitoring resistance in S. litura. The information on local 

variation in sensitivity of S. litura could be helpful in devising 

local management strategies. 
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