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ABSTRACT 

 

The tobacco budworm Spodoptera litura (Fabricius) is one of the major insect pests of 

many economically important crops and vegetables. It attacks more than 112 cultivated plants 

species including cotton, maize, tobacco, groundnut, summer legumes and many vegetables.  It 

has developed high resistance against all type of insecticides including conventional and new 

chemistry insecticides. Keeping in view the importance of this pest, experiments were conducted 

to find out mechanism of resistance, cross resistance, stability and fitness cost of resistance of S. 

litura against methoxyfenozide and spinosad. 
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To investigate the mechanism, cross resistance and stability of S. litura to 

methoxyfenozide, a field collected population of S. litura selected with methoxyfenozide for 

thirteen consecutive generations resulted in the development of 83.24 and 2358.6-fold resistance 

to methoxyfenozide as compared to parental field population and susceptible laboratory 

population, respectively. The outcomes of synergism studies revealed methoxyfenozide 

resistance in S. litura to be monooxygenases (MO) mediated with high synergistic ratio (4.83) 

with piperonyl butoxide (PBO), while S, S, S-tributyl phosphorotrithioate (DEF) showed no 

synergism with methoxyfenozide (SR=1).  This methoxyfenozide resistant strain showed a high 

cross resistance to deltamethrin (28.82), abamectin (12.87) and little to emamectin benzoate 

(2.36), however no cross resistance of methoxyfenozide and other tested insecticides was 

recorded.  The results depicted the methoxyfenozide resistance in S. litura to be unstable with 

high reversion rate which decreased from 2358.6 to 163.9-fold (as compared to the susceptible 

strain) when reared for five generations without any insecticidal exposure. The present research 

supports the significance of MO-mediated metabolism in resistance to methoxyfenozide, which 

demands some tactics to tackle this problem. The resistance against methoxyfenozide in S. litura 

can be overcome by switching off its use for few generations or insecticides rotation having 

different mode of action.   

 

Similarly in order to investigate the mechanism of resistance, cross resistance and 

stability of spinosad resistance to S. litura, a field collected population of S. litura was selected 

with spinosad for eleven generations under controlled laboratory conditions. The resistance to 

spinosad in S. litura increased 3921-fold (after eleven generations of selection with spinosad) as 

compared to a susceptible population of S. litura. No cross resistance between spinosad and 
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emamectin benzoate, methoxyfenozide, fipronil, indoxacarb, profenofos, lufenuron or 

deltamethrin was found in the spinosad selected population of S. litura.  To find the possible 

mechanism of spinosad resistance in S. litura two synergists, piperonyl butoxide (PBO), S, S, S-

tributyl phosphorotrithioate (DEF) were tested on the susceptible and resistant strains and on the 

un-selected field population. The values of the synergist ratios of PBO and DEF were 2.33 and 

1.06 for the spinosad selected strain, 1.36 and 1.06 for the un-selected field population and 1.14 

and 1.00 for the susceptible strain, respectively. As high PBO ratio indicates the role of 

microsomal O-demethylase in causing spinosad resistance in S. litura. The spinosad resistant and 

field populations of S. litura were reared without any selection pressure from the 12th to the 16th 

generation (G12-G16).  The spinosad resistance decreased from 3921 to 678 -fold in the spinosad 

resistant population and from 31.1 to 15.1-fold in the un-selected population of S. litura as 

compared to the susceptible strain. Spinosad resistance in S. litura has a high reversion rate 

(−0.15) which indicates that spinosad resistance in S. litura is unstable and can be easily 

managed by switching off the selection pressure for a few generations or alternating with 

insecticides having different modes of action. 

To find out the fitness cost and sub lethal effects of methoxyfenozide to S. litura, two 

experiments were designed using the susceptible, field and methoxyfenozide resistant 

populations of S. litura. The first experiment was conducted to find out the fitness cost of 

methoxyfenozide resistance in a methoxyfenozide-resistant strain of S. litura for which a field 

collected population of S. litura was selected with methoxyfenozide for thirteen consecutive 

generations which resulted in the development of 83.0 and 2359-fold resistance to 

methoxyfenozide as compared to the field and susceptible population of S. litura and showed a 

fitness cost of 0.17 as compared to the susceptible strain of S. litura. In the second experiment 
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this susceptible strain was treated with methoxyfenozide by incorporating different concentration 

levels of methoxyfenozide i.e. LC30, LC20 and LC10 into its artificial diet and feeding the 2nd 

instar larvae on this treated diet for three days. The effects of different concentrations of 

methoxyfenozide on the biological parameters of S. litura were determined. It was observed that 

higher concentrations of methoxyfenozide significantly prolonged the development period of 

larvae and pupae of S. litura as compared to the untreated control population. The larval 

mortality was 28.00%, 19.00% and 10.00% at LC30, LC20 and LC10 levels of methoxyfenozide, 

respectively. Similarly the pupal mortality recorded at LC30, LC20 and LC10 levels of 

methoxyfenozide were 13.00%, 8.00% and 5.00%, respectively. Methoxyfenozide also showed a 

significant effect on the adult longevity and survival. The number of eggs laid per female, egg 

hatching, female ratio and the survival time of the adults of methoxy-treated groups were greatly 

reduced as compared to the control population of S. litura. However the effects of 

methoxyfenozide were greatly minimized in the next offspring generation of the methoxy-treated 

parent generation of S. litura. The results clearly indicated that fitness cost of methoxyfenozide 

and its sublethal effects on S. litura have an important impact on its population dynamics. Thus it 

should be incorporated in the IPM program of S. litura in order to keep the pest population below 

economic injury level. 

 

Similarly in order to find the fitness cost and sub lethal effects of spinosad on S. litura, 

experiments were conducted by using the susceptible, field and spinosad-resistant populations of 

S. litura. The fitness cost of resistance to spinosad was determined in S. litura. The results of the 

fitness study showed that the spinosad resistance in resistant strain of S. litura had a relatively 

high fitness cost of 0.15 as compared to the susceptible strain. Furthermore the lethal and sub-
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lethal effects of different concentrations of spinosad were checked on the susceptible strain at 

different levels including LC40, LC30, LC20 and LC10, which revealed that the impact of spinosad 

on the biological parameters of S. litura increased with the increase in concentrations of 

spinosad. The results showed a significant impact of spinosad on the larval duration, pre-pupal 

weight, pupal duration, pupal weight, No. of eggs per female and adult emergence etc. The 

outcomes of the current research clearly indicate that fitness cost of spinosad and its sub-lethal 

effects on S. litura have a significant impact on its population dynamics which can be 

incorporated in the integrated pest management of S. litura. 
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CHAPTER-1 

General Introduction of Spodoptera litura and Objectives of the Study 

 

1.6 INTRODUCTION 

 

Spodoptera litura (Fabricius) is a cosmopolitan and polyphagous insect pest (Brown and 

Dewhurst, 1975; Holloway, 1989, Azab et al., 2001). It is also known as tobacco cutworm, 

tobacco caterpillar, common cutworm, cluster caterpillar and armyworm (USDA, 1982, Armes et 

al., 1997; Kranthi et al., 2001, 2002). The important crops and vegetables which are attacked by 

S. litura include groundnut, cotton, tobacco, soybean, cucurbits, okra, potato, sweet potato, 

cabbage, brinjal, arum and brassica (Ramana et al., 1988; Sahayaraj and Paulraj, 1998, 

Holloway, 1989; Qin et al., 2004, Qin et al., 2004; Ellis, 2005; Ahmad et al., 2007a, Ahmad et 

al., 2013). This pest is mostly found in temperate and tropical regions with dry climate including 

New Zealand, Australia and many areas of Pacific islands (IIE, 1993; Zhang, 1994, CAB, 2003). 

The damage caused by S. litura varies from 26.00 to 100% under field conditions (Brown and 

Bewhurst, 1975; Holloway, 1989, Dhir et al., 1992, Qin et al., 2004). 

 

1.7 MODE OF DAMAGE 

 

S. litura feeds on a variety of economically important crops, vegetables, ornamental plants and 

weeds. It may cause both direct and indirect types of losses to crops. The initial instars larvae of 

S. litura feeds gregariously on the leaf surface of plants by scraping it. However later instars 
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disperse to other leaves of plants and cause irregular type of holes by feeding vigorously. In case 

of high infestation, the leaves looks like sieve which results in high defoliation.  

 

1.8 LIFE CYCLE 

 

S. litura breeds in all seasons of the year including both summer and winter. However it 

reproduction slows down in the winter season due to the decrease in temperature. The mating of 

male and female moths of S. litura mostly takes place during night hours when these are very 

active. The moths of S. litura are 15-20 mm in length with a wingspan of 30-38 mm. The colour 

of forewings varies from grey to reddish brown having creamy streaks with complex pattern. The 

hind wings are mostly grayish white in colour with grayish brown margins. The male moth can 

be differentiated from female moth by the presence of blue grey bands on the apex to inner 

margin of forewings. Bright yellow stripes are found on the back and the sides of the larvae 

(Pogue, 2003).   

 

1.9 RESISTANCE STATUS 

 

The main problem associated with the control of S. litura is its ability to develop resistance 

against all type of insecticides which are being used to control this insect pest (USDA, 1982; 

Dhir et al., 1992). The extensive use of insecticides against this pest has resulted in the 

development of resistance against different insecticides. In Pakistan both conventional and new 
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chemistry insecticides are being used to control this pest which has resulted in the development 

of resistance.  High level of resistance to almost all types of insecticides including carbamates, 

organochlorines, organophosphates, synthetic pyrethroids and new chemistry insecticides have 

been reported all around the world (Ramakrishnan et al., 1984; Wu et al., 1984; Zhou 1984; 

Armes et al., 1997; Kranthi et al., 2001, 2002; Shi et al., 2003; Ahmad et al., 2007a).  The new 

chemistry insecticides against which it has developed resistance includes spinosad, avermectins, 

indoxacarb, fipronil and certain growth regulators (Ahmad et al., 2008). Multiple resistance has 

been developed in this pest due to use of different groups of insecticides to control this pest, 

which has resulted in the failure of control program against this pest (Armes et al., 1997; Kranthi 

et al., 2001; Ahmad et al., 2007 a, b; Ahmad et al., 2008; Shad et al., 2012; Rehan and Shoaib 

2014a, b). 

 

1.5 OBJECTIVES OF THE STUDY 

Keeping in view the importance of S. litura due to its polyphagous nature and its ability to 

develop resistance against all types of insecticides used to control it, the present study was 

planned to understand the mechanism of development of resistance of S. litura in order to control 

this pest in an economical and appropriate way.  

The aims and scope of study are: 

1. To investigate the mechanism of resistance of S. litura against some new chemistry 

insecticides i.e. spinosad and methoxyfenozide.  

2. To check the stability of insecticides resistance i.e spinosad and methoxyfenozide in the 

absence of selection pressure.  
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3. To determine the cross resistance in S. litura to various conventional and new chemistry 

insecticides. 

4. To find out the fitness cost and sublethal effects of some new chemistry insecticides i.e. 

spinosad and methoxyfenozide on the biological parameters of S. litura.  

The first three objectives of the study are discussed in the chapter 2 and 3 while the fourth 

objective is discussed in the chapter 4 and 5.  
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CHAPTER-2 

Resistance selection, mechanism, cross resistance and stability of Spodoptera litura 

(Lepidoptera: Noctuidae) to methoxyfenozide  

 

2.1 INTRODUCTION 

 

The noctuid S. litura is a primary extensive polyphagous insect pest, which is distributed all over 

the world (Azab et al., 2001). Larvae of S. litura can feed on a number of economically 

important plant species including cotton, tobacco, groundnut and soybean (Holloway, 1989; Qin 

et al., 2004). The damage caused by its feeding varies from 26.00 to 100% in the field (Brown 

and Bewhurst, 1975; Holloway, 1989). Generally, the control of this pest has largely been 

relying on the use of nerve poisons including organochlorines, organophosphates, carbamates 

and pyrethroids due to which it has developed resistance against these insecticides (Brown and 

Bewhurst, 1975; USDA, 1982). However, the management of this pest is not successful because 

of its high capacity to develop resistance against majority of these compounds (USDA, 1982; 

Dhir et al., 1992).  

The extensive and injudicious use of insecticides for the management of insect pests of 

different crops, during the last three decades has resulted in the development of resistance in 

these insects against all types of insecticides and the beneficial insects are also greatly affected 

by this chemical control (Jenkins and Issac, 2007). Currently it is hard to control insect pests 

owing to resistance against insecticides and high mortality of beneficial organisms (Ahmad et al., 

2007a). In Pakistan, insecticides belonging to different insecticidal groups are being used to 
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control this pest, which has resulted in the development of resistance in S. litura to both 

conventional and novel insecticides (Saleem et al., 2008a) already reported in field populations 

of S. litura from China and India (Kranthi et al., 2002; Huang and Han, 2007).   

Methoxyfenozide belonging to a group of insecticide known as insect growth regulators 

(IGR’s) is one of the most effective molt-accelerating compounds to control the lepidopteran 

insect pests of different crops (Smagghe et al., 2003). It mimics the insect growth hormones thus 

causing premature molting of larvae (Smagghe et al., 2004; Schneider et al., 2003, 2008). The 

other effective insecticides of this group include halofenozide, tebufenozide and chromafenozide 

which are target specific in action and therefore safe for the non-target organisms including 

beneficial insects i.e. predators and parasitoids (Schneider et al., 2004; Chapman et al., 2009).  

On account of these characteristics methoxyfenozide and other compounds are ideal to be 

incorporated in the integrated pest management (IPM) program of S. litura.  

Here in this study, the potential of S. litura to develop resistance against 

methoxyfenozide through selection pressure and the mechanism of resistance through the 

synergistic experiments was investigated. In addition the cross resistance of methoxyfenozide in 

S. litura to various insecticides was also examined. 

 

2.3 MATERIALS AND METHODS 

 

2.2. 1 Insects 

  

The larval population of S. litura was collected randomly from cabbage plants at Rangeelpur, 

Multan, Punjab in order to generate a methoxyfenozide resistant population of S. litura, while 
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another population of S. litura was collected randomly from cotton fields of Bahauddin Zakariya 

University, Multan to generate a susceptible strain. These larvae were reared on a semi- synthetic 

diet (Ahmad et al., 2007a) under conditions of 27±2 °C, 65±5% RH and a 16/8 h light/dark 

photoperiod. After pupation, these were separated from diet and then placed in sterilized glass 

jars with damp soil to avoid any contamination. Tissue papers were hung vertically in the glass 

jars for oviposition and moths were fed on 10% honey solution. 

 

2.2.2 Insecticides  

 

The insecticides tested in these studies are given in Table 1. 

 

2.2.7 Generating methoxyfenozide resistant (MR) and susceptible (Lab-BZU) strains of S. 

litura 

 

The population collected from Rangeelpur Multan was divided into two groups. One was 

selected with methoxyfenozide for up to 13 successive generations, while the second was reared 

without any insecticidal exposure. The concentration levels of 20, 40, 80, 160, 320, 640, 1280, 

2560, 2760, 2960, 3160, 3360 and 3560 were used for selection of S. litura with 

methoxyfenozide from 1st generation (G1) to 13th generation (G13), respectively. Approximately 

1000 to 1500 larvae were used for selection of S. litura population with methoxyfenozide. After 

13 generations of selection, a resistant population of S. litura was developed which was named 

as methoxy-resistant (MR) strain. The second group which was reared without any selection 

pressure along with the MR strain was named as unselected strain (UNSEL). The population 
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collected from B. Z. University was reared without any insecticidal exposure for up to 18 

generations and referred as susceptible (Lab-BZU), and a reference strain. 
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Table 1: Insecticides used to test the mechanism of resistance in Spodoptera litura 

 

Insecticide(s)  

 

Trade Name  

(Manufacturer) 

 

Formulation 

 

Toxicity  

class 

 

Group 

Deltamethrin Decis®, Bayer Crop  

Sciences 

10 EC II Synthetic  

pyrethroid 

Profenofos Curacuron®, Syngenta 50 EC II Organophosphate 

Indoxacarb Steward®, DuPont  15 EC III Oxadiazine 

Emamectin 

benzoate 

Proclaim®, Syngenta 19 EC II Avermectin 

Abamectin Agrimec® Syngenta 1.8EC II Avermectin 

Imidacloprid Confidor® Bayer Crop  

Sciences 

20 SL III Neonicotinoid 

Lufenuron Match®, Syngenta 50 EC III Insect growth  

regulator 

Methoxyfenozide Runner®, Dow Agro  

Sciences 

24 SC IV Insect growth  

regulator 

Spinosad Tracer®, Dow Agro  

Sciences 

24 SC IV Spinosyn 

Fipronil Regent®, Bayer Crop  

Sciences 

36 EC II Phenylpyrazole 

Methomyl Lannate® Dupont 40SP I Carbamate 

Thiodicarb  Larvin®  Bayer Crop  

Sciences 

80DF II Carbamate 
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2.2.8 Toxicity bioassay  

 

The bioassays were conducted through diet incorporation methods (Jia et al., 2009) in which 280 

second instars larvae of S. litura were used in each treatment including the control, while each 

treatment (6 levels) was repeated five times. The data were taken after 72 hrs for new chemistry 

insecticides, while 48 hrs in case of conventional insecticides. The mortality was recorded by 

touching the larvae with a brush to provoke movement; non-moving larvae were considered to be 

dead. 

 

2.2.9 Synergism studies on susceptible and methoxyfenozide resistant strains of S. litura 

 

The synergistic studies were conducted on the field population of the methoxyfenozide resistant 

(MR) strain and the un-selected strain (UNSEL) by using two synergists i.e. piperonyl butoxide 

(PBO) a strong inhibitor of microsomal oxidases especially cytochrome P450 monooxygenases 

and S, S, S-tributyl phosphorotrithioate (DEF) which inhibits the activity of esterases (Raffa and 

Priester, 1985; Roush and Tabashnik, 1999).  

 

2.2.10 Evaluation of cross resistance of methoxyfenozide to other insecticides in S. litura 

 

The bioassays were conducted before and after selection with methoxyfenozide to find the 

possible cross resistance of methoxyfenozide in S. litura to both conventional and new chemistry 

insecticides as described earlier. 
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2.2.11 Stability of methoxyfenozide resistance in methoxy-selected and unselected strains 

of S. litura 

 

To check the stability of methoxyfenozide resistance in S. litura, methoxyfenozide resistant 

(MR) and unselected (UNSEL) strains were reared for five generation from 14th generation (G14) 

to 18th generation (G18) without any selection pressure. The bioassays were conducted at 14th 

generation (G14) and G18 generations as explained previously. 

 

2.4.8 Data analysis 

 

The LC50 and P-values were calculated by using the POLO PC software (Leora Software, 2003) 

while Abbott’s formula was used to correct the data when mortality was recorded in the control 

(Abbott, 1925). 

 

2.5 RESULTS 

 

2.3.1 Generating the methoxyfenozide resistant (MR) and the susceptible (Lab-BZU) 

strains of S. litura  

 

The field population of S. litura when selected with methoxyfenozide for 13 generations showed 

percentage mortality of 49.00, 52.00, 47.00, 43.30, 48.50, 51.50, 55.00, 32.00, 36.67, 41.67, 

39.34, 36.00 and 39.00 at 1st generation (G1) to 13th generation (G13), respectively (Table 2).  
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The LC50 values of different insecticides used against S. litura at G14 decreased 4.19, 3.49, 3.35, 

4.00, 4.62, 3.79, 3.02, 3.29, 4.15, 4.89, 4.90 and 4.36-fold as compared to G1 generation when 

reared without any insecticidal exposure. The rates of decrease of resistance without insecticidal 

exposure after fourteen generations was -0.044, -0.038, -0.037, -0.043, -0.047, -0.041, -0.034, -

0.036, -0.044, -0.049, -0.049 and -0.045 for methoxyfenozide, emamectin benzoate, spinosad, 

fipronil, indoxacarb, profenofos, lufenuron, deltamethrin, imidacloprid, abamectin, methomyl 

and thiodicarb, respectively (Table 3). In contrast to this the LC50 values of susceptible strain 

(Lab-BZU) at G18 were 0.84, 0.05, 0.08, 1.41, 0.21, 13.12, 0.14, 19.12, 63.09, 20.51, 30.13 and 

20.14 for methoxyfenozide, emamectin benzoate, spinosad, fipronil, indoxacarb, profenofos, 

lufenuron, deltamethrin, imidacloprid, abamectin, methomyl and thiodicarb, respectively (Table 

4). 
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Table 2: Laboratory selection of field population of Spodoptera litura with methoxyfenozide  

Generation 
Concentration 

(mg/L) 

No. of 

larvae 

exposed (Na) 

Survival 

percentage 

LC50 (mg/L) 

(95% FL) 

nb 

 

RRc RRd 

G1 20 1000 49.00 23.8(18.4-30.5) 280 - 4.17 

G2 40 1000 52.00 37.6(26.8-50.6) 280 1.58 6.59 

G3 80 1000 47.00 64.2(47.8-87.7) 280 2.70 11.3 

G4 160 1000 43.30 107(79.8-154) 280 4.50 18.8 

G5 320 1000 48.50 316(234-445) 280 13.3 55.4 

G6 640 1000 51.50 759(589-1014) 280 31.9 133 

G7 1280 1000 55.00 916(697-1208) 280 38.5 161 

G8 2560 1500 32.00 1026(765-1396) 280 43.1 180 

G9 2760 1500 36.67 1185(876-1652) 280 49.8 208 

G10 2960 1500 41.67 1413(1055-1981) 280 59.4 248 

G11 3160 1500 39.34 1635(1207-2367) 280 68.7 287 

G12 3360 1500 36.00 1914(1387-2910) 280 80.4 336 

G13 3560 1500 39.00 1981(1529-2591) 280 83.2 348 

 

aTotal number of larvae exposed to methoxyfenozide selection 

bTotal number of larvae used in bioassay + control 

c Resistance ratio calculated as; LC50 of Nth generation divided by LC50 of  first generation. 

d Resistance ratio calculated as; LC50 of Nth generation divided by LC50 of  14th generation. 
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Table 3: Toxicity of field population (UNSEL) of Spodoptera litura to different conventional and new chemistry insecticides at 

G1 and G14 

   Fit of probit line 

 

    

Insecticides Population LC50 (mg/L) (95% FL) Slope 

(±SE) 

X² 

 

df 

 

P-value 

 

na 

 

RRb 

 

RRc DRd 

Methoxyfenozide G1 23.8(18.41-30.53) 1.69±0.20 3.45 4 0.48 280 4.19 28.33 – 

 G14 5.7(4.41-7.20) 1.77±0.20 2.06 4 0.72 280 – 6.75 -0.044 

Emamectin 

benzoate 

G1 1.5(1.22-2.03) 1.69±0.20 2.00 4 0.73 280 3.49 31.4 – 

 G14 0.5(0.33-0.58) 1.54±0.19 2.42 4 0.65 280 – 9.00 -0.038 

 
Spinosad G1 6.3(4.57-9.15) 1.23±0.18 0.83 4 0.93 280 3.35 78.75 – 

 G14 1.8(1.39-2.53) 1.38±0.18 1.08 4 0.89 280 – 23.50 -0.037 

Fipronil G1 26.8(21.28-33.81) 1.88±0.21 2.88 4 0.57 280 4.00 19.01 – 

 G14 6.7(4.80-9.30) 1.23±0.18 1.42 4 0.84 280 – 4.74 -0.043 
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Continued….           

Indoxacarb G1 70.4(54.70-90.54) 1.69±0.20 0.84 4 0.93 280 4.62 335 – 

 

 

G14 15.2(11.16-20.17) 1.43±0.19 1.83 4 0.76 280 – 72.47 -0.047 

Profenofos G1 44.2(34.17-57.87) 1.62±0.19 0.60 4 0.96 280 3.79 3.36 – 

 G14 11.6(9.14-14.67) 1.85±0.21 1.95 4 0.74 280 – 0.88 -0.041 

Lufenuron G1 1.12(0.86-1.45) 1.66±0.20 0.97 4 0.91 280 3.02 8.00 – 

 G14 0.4(0.28-0.48) 1.69±0.20 0.46 4 0.97 280 – 2.64 -0.034 

Deltamethrin G1 71.8(52.83-97.85) 1.33±0.18 2.09 4 0.71 280 3.29 3.73 – 

 G14 21.8(15.85-30.78) 1.24±0.18 0.74 4 0.94 280 – 1.13 -0.036 

Imidacloprid G1 240.1 (175.83-323.2) 1.36±0.18 2.13 4 0.71 280 4.15 3.80 – 

 G14 57.7 (44.48-74.11) 1.68±0.20 1.33 4 0.85 280 – 0.90 -0.044 

Abamectin G1 112.4 (87.01-143.12) 1.74±0.20 0.52 4 0.97 280 4.89 5.47 – 
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Continued….           

 G14 22.9 (17.28-29.67) 1.62±0.20 2.16 4 0.70 280 – 1.12 -0.049 

Methomyl 

 

G1 251.3 (165.1-379.2) 1.69±0.20 4.96 4 0.29 280 4.90 8.34 – 

 G14 51.3 (36.52-69.45) 1.31±0.18 0.39 4 0.98 280 – 1.70 -0.049 

Thiodicarb  G1 126.2 (96.71-163.73) 1.60±0.19 2.52 4 0.64 280 4.36 6.26 – 

 G14 28.92 (21.43-38.39) 1.43±0.18 1.33 4 0.85 280 – 1.43 -0.045 

 

a Total number of larvae used in bioassay + control 
b Resistance ratio calculated as; LC50 of un-selected population at G1 divided by LC50 of un-selected population of at G14 
c Resistance ration calculated as; LC50 of un-selected population divided by LC50 of Lab-BZU strain at G18 
d Rate of decrease in resistance calculated as; log (final LC50 – initial LC50)/number of generations (N) 
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Table 4: Response of susceptible strain (Lab-BZU) of Spodoptera litura to different conventional and new chemistry 

insecticides at G18 

   Fit of probit line 

 

 

Insecticide Generation LC50 (mg/L) (95% FL) Slope (±SE) X² 

 

df 

 

P-value 

 

na 

 Methoxyfenozide G18 0.84(0.65-1.10) 1.60±0.19 1.17 4 0.88 280 

Emamectin benzoate G18 0.05(0.04-0.07) 1.54±0.19 0.87 4 0.92 280 

Spinosad G18 0.08(0.06-0.09) 1.92±0.21 1.37 4 0.84 280 

Fipronil G18 1.41(1.09-1.82) 1.66±0.20 1.07 4 0.89 280 

Indoxacarb G18 0.21(0.15-0.29) 1.36±0.18 0.68 4 0.95 280 

Profenofos G18 13.1(9.0-17.88) 1.29±0.18 3.01 4 0.56 280 

Lufenuron G18 0.14(0.09-0.19) 1.23±0.18 0.41 4 0.98 280 

Deltamethrin G18 19.2(15.04-24.72) 1.73±0.20 3.02 4 0.55 280 

Imidacloprid G18 63.1(48.49-81.69) 1.62±0.19 2.62 4 0.62 280 

Abamectin G18 20.5(11.86-29.54) 1.27±0.20 1.32 4 0.86 280 

Methomyl 

 

G18 30.1(20.34-40.75) 1.40±0.19 1.78 4 0.78 280 

Thiodicarb G18 20.1(14.54-26.57) 1.48±0.19 2.18 4 0.70 280 

a Total number of larvae used in bioassay + control 
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2.3.2 Synergism studies on susceptible, methoxyfenozide resistant and field populations of 

S. litura 

 

To find the possible mechanism of resistance, the synergism studies were conducted on the 

susceptible, the methoxyfenozide resistant and the unselected field populations. 

Methoxyfenozide, abamectin and deltamethrin were tested with and without synergists on the 

resistant population, while methoxyfenozide with and without synergists was checked for the 

susceptible and the un-selected field populations. PBO showed high synergism with 

methoxyfenozide as compared to DEF. The highest synergistic ratio of methoxyfenozide with 

PBO was observed in resistant (SR=4.83) as compared to susceptible (SR=1.06) and un-selected 

populations (SR=1.49). Conversely methoxyfenozide showed no significant synergism with DEF 

i.e., the values of synergistic ratios 1.05, 1.00 and 1.09 for the susceptible, the resistant and the 

un-selected populations, respectively. Abamectin and deltamethrin showed high synergism with 

PBO for the resistant strain. The results showed that the synergistic ratios of PBO were 7.05 for 

abamectin and 3.13 for deltamethrin, while the values of synergistic ratios of DEF i.e., 1.07 and 

1.08 were calculated for abamectin and deltamethrin, respectively (Table 5). 
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Table 5:  Insecticide synergism of methoxyfenzoide, abamectin and deltamethrin with PBO and DEF in different 

populations of Spodoptera litura 

Strain Insecticide + Synergist LC50 (mg/L) (95% FL) Slope (±SE) RRa SRb 

Susceptible Methoxyfenozide  0.84 (0.65-1.10) 1.60±0.19 – – 

 methoxyfenozide + PBO  0.79 (0.61-1.04) 1.56±0.19 – 1.06 

 methoxyfenozide + DEF  0.80 (0.61-1.06) 1.53±0.19 – 1.05 

Resistant 

 

methoxyfenozide  

 

 1981 (1529.4-2590.7) 

 

1.60±0.19 

 

2359 

 

– 

 methoxyfenozide + PBO  410 (312.45-520.68) 1.79±0.21 488 4.83 

 methoxyfenozide + DEF  1964 (1486.6-2617.2) 1.48±0.19 2338 1.00 

 

 

Abamectin 

 

1446 (1021.5-2132.6) 

 

1.12±0.17 

 

70.5 

 

– 

 abamectin + PBO  205 (151.35-269.90) 1.47±0.19 244 7.05 

 abamectin+ DEF  1340 (945.7-1952.85) 1.13±0.17 1595 1.07 

 

 

 

 

deltamethrin 

 

 2069 (1570-2722) 

 

1.52±0.19 

 

108 

 

– 
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Continued……. 

 

 

deltamethrin + PBO  659 (482.2-894.5)            1.33±0.18 784.41 3.13 

 deltamethrin + DEF    1912 (1446.3-2508.3) 1.52±0.19 2277 1.08 

Un-selected 

 

methoxyfenozide  

 

 5.67 (4.41-7.20) 

 

1.77±0.20 

 

6.75 

 

– 

 methoxyfenozide + PBO  3.81 (2.76-4.99) 1.53±0.20 4.53 1.49 

 methoxyfenozide + DEF  5.18 (3.93-6.69) 1.62±0.20 6.16 1.09 

 

a Resistance ratio calculated as; LC50 of methoxy-resistant or un-selected population divided by LC50 of susceptible (Lab-BZU) 

strain 
b Synergist ratio calculated as LC50 of an insecticide without synergist (PBO or DEF) divided by LC50 of insecticide with 

synergist 
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2.3.3 Cross resistance of methoxyfenozide to other insecticides in S. litura 

 

In order to uncover the possible cross resistance of methoxyfenozide to other new chemistry and 

conventional insecticides, bioassays were conducted at G14. A positive cross resistance of 

methoxyfenozide was recorded with emamectin benzoate, abamectin and deltamethrin, while it 

showed negative cross resistance to other insecticides. The values of resistant ratio (RR) were 

28.82, 12.87, and 2.36 for deltamethrin, abamectin and emamectin benzoate, whereas the value 

of resistance ratio for all other insecticides tested was recorded less than one. The rate of 

decrease in resistance was recorded as 0.147, 0.028, -0.034, -0.039, -0.019, -0.037, -0.014, 0.112, 

-0.052, 0.085, -0.056 and -0.027 for methoxyfenozide, emamectin benzoate, spinosad, fipronil, 

indoxacarb, profenofos, lufenuron, deltamethrin, imidacloprid, abamectin, methomyl and 

thiodicarb, respectively (Table 6). 

 

2.3.4 Stability of methoxyfenozide resistance in the methoxyfenozide resistant strain and 

the un-selected field population of S. litura 

 

In order to check the stability of the methoxyfenozide resistance in S. litura, MR strain and 

UNSEL field populations were reared for five successive generations (G14 - G18) without any 

insecticidal exposure under similar conditions as described previously. The values of the rate of 

decrease of the methoxyfenozide resistance in S. litura (MR) were -0.178, -0.225, -0.234 and -

0.231 for G14 - G18 whereas in case of UNSEL, the value of the rate of decrease of 

methoxyfenozide resistance was -0.042 for G14 - G18. The resistance ratio (RR) of 

methoxyfenozide at G14 - G18 decreased from 2358.6 to 163.9-fold, while in case of un-selected 
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population the resistance ratio decreased from 6.7 to 4.12-fold at G14 - G18 as compared to Lab-

BZU strain (Table 7). 
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Table 6: Cross resistance between methoxyfenozide and other insecticides in the methoxy-selected strain of Spodoptera litura at 

G14 

  Fit of probit line 

 

     

Insecticide LC50 (mg/L) (95% FL) Slope 

(±SE) 

X² 

 

df 

 

P-value 

 

na 

 

RRb 

 

RRc RRd DRe 

Methoxyfenozide 1981(1529.4-2590.7) 1.60±0.19 0.83 4 0.93 280 83.24 2359 348 0.147 

Emamectin benzoate 3.71(2.84-4.95) 1.53±0.19 0.82 4 0.94 280 2.36 74.2 7.42 0.028 

Spinosad 2.23 (1.72-2.90) 1.61±0.20 1.35 4 0.85 280 0.35 27.9 1.24 -0.034 

Fipronil 8.27(6.04-11.57) 1.27±0.18 1.09 4 0.89 280 0.30 5.8 1.23 -0.039 

Indoxacarb 39.1 (29.41-49.95) 1.73±0.21 0.99 4 0.91 280 0.55 186 2.57 -0.019 

Profenofos 14.2 (10.76-18.64) 1.52±0.19 0.51 4 0.97 280 0.31 1.07 1.22 -0.037 

Lufenuron 0.7 (0.53-0.94) 1.59±0.20 0.84 4 0.93 280 0.64 5.14 1.75 -0.014 

Deltamethrin 2068 (1570-2722) 1.52±0.19 1.08 4 0.90 280 28.82 108 94.9 0.112 

Imidacloprid 49.9 (38.21-64.06) 1.68±0.20 1.78 4 0.77 280 0.20 0.79 0.86 -0.052 

Abamectin 

 

1446 (1021.5-2132.6) 1.12±0.17 0.96 4 0.92 280 12.87 70.5 63.1 0.085 
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Continued……. 

Methomyl 46.2 (33.89-60.84) 1.48±0.19 0.80 4 0.93 280 0.18 1.53 0.90 -0.056 

Thiodicarb  55.6 (41.43-73.25) 1.47±0.19 1.08 4 0.89 280 0.44 2.76 1.92 -0.027 

 

a Total number of larvae used in bioassay + control 

b Resistance ratio calculated as; LC50 of methoxy -selected strain at G14 divided by LC50 of un-selected population of at G1 

c Resistance ration calculated as; LC50 of methoxy -selected strain divided by LC50 of Lab-BZU strain at G18 

d Resistance ratio calculated as; LC50 of methoxy -selected strain at G14 divided by LC50 of un-selected population at G14 

e Rate of decrease in resistance calculated as; log (final LC50 – initial LC50)/number of generations (N) 
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Table 7: Stability of methoxyfenozide resistance in methoxy-selected strain and un-selected population of Spodoptera litura 

from G14 to G18 in the absence of selection pressure 

   Fit of probit line 

 

   

Population Generation LC50 (95% FL) Slope (±SE) X² 

 

df 

 

P-value 

 

na 

 

RRb 

 

DRc 

Resistant G14  1981 (1529.4-2590.7) 1.60±0.19 0.83 4 0.93 280 2358.6 – 

 G15  885 (629.03-1188.06) 1.37±0.19 0.57 4 0.97 280 1054.5 -0.178 

 G16  416 (314.02-532.89) 1.71±0.20 3.79 4 0.43 280 495.7 -0.225 

 G17  227 (168.99-297.18) 1.55±0.20 0.51 4 0.97 280 271.3 -0.234 

 G18  137 (105.32-177.29) 1.64±0.20 2.77 4 0.59 280 163.9 -0.231 

Un-selected G14  5.7 (4.41-7.20) 1.77±0.20 2.06 4 0.72 280 6.7 – 

 G18  3.5 (2.69-4.43) 1.72±0.20 1.76 4 0.78 280 4.12 -0.042 

 

a Total number of larvae used in bioassay + control 

b Resistance ratio calculated as; LC50 of methoxy -selected strain divided by LC50 of Lab-BZU strain of at G18 

c Rate of decrease in resistance calculated as; log (final LC50 – initial LC50)/number of generations (N) 
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2.6 DISCUSSION 

 

Methoxyfenozide is one of the most effective insecticide known as molting accelerating 

compounds (MAC’s) which is being used against Lepidopteran insect pests. The results of 

present study revealed that field population of S. litura, when selected with methoxyfenozide for 

thirteen consecutive generations, developed 83.24 and 2358.6-fold resistance to 

methoxyfenozide as compared to the parental field population and the susceptible lab. strain of S. 

litura. Resistance against methoxyfenozide and other kinds of MACs has been reported in 

various insect pests from different parts of the world. A susceptible population of Spodoptera 

littoralis (Boisduval) developed fivefold resistance to methoxyfenozide (as compared to the 

susceptible strain) after continuous selection for thirteen generations with methoxyfenozide 

(Mosallanejad and Smagghe, 2009). 

 

Similarly, resistance selection of a laboratory population of Spodoptera exigua (Hübner) 

with tebufenozide for twelve consecutive generations resulted in the development of 5.2-fold 

resistance (Smagghe et al., 1998). A field population of S. exigua developed a resistance level of 

120 and 150-fold against methoxyfenozide and tebufenozide, respectively after intense selection 

for 2-3 times (Moultan et al., 2002). Field population of S. litura selected with methoxyfenozide 

at low (LC10), moderate (LC50) and high (LC90) levels for seven consecutive generations resulted 

in the development of 9.7 and 9.4-fold resistance for colonies selected at moderate and high 

level, while the colony selected with low level of methoxyfenozide failed to develop a significant 

level of resistance (Gore and Adamczyk, 2004). On the other hand a field population of S. litura 

selected with methoxyfenozide for seven generations showed no significant increase in the 
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resistant level of S. litura to methoxyfenozide during first six generations but at G7 the value of 

LC50 increased 1.25-fold greater as compared to G1 of this population (Osorio et al., 2008). 

 

According to the findings of our synergism studies it revealed that the resistance in S. 

litura against methoxyfenozide was MO-mediated type of resistance. The toxicity of 

methoxyfenozide against methoxyfenozide-selected population of S. litura increased 4.83-fold 

when applied along with PBO as compared to methoxyfenozide alone, whereas DEF showed no 

effect on the toxicity of methoxyfenozide. The results of previous studies also report that the 

major mechanism of resistance which is involved to cause resistance against methoxyfenozide 

and other MAC’s in various insect pests is oxidative metabolism and the resistance against 

methoxyfenozide and tebufenozide in S. littoralis, S. exigua and Plutella xylostella (Linnaeus) is 

MO-mediated type of resistance (Smagghe et al., 1998; Smagghe et al., 2003, 2004; Qian et al., 

2008; Mosallanejad and Smagghe, 2009).  

 

The studies report that S. littoralis showed a synergistic ratio of 2.2 with PBO after 

continuous selection with methoxyfenozide for thirteen generations (Mosallanejad and Smagghe, 

2009). Similarly the toxicity of methoxyfenozide and tebufenozide increased when used along 

with PBO against a greenhouse selected population of S. exigua which showed resistance to 

these insecticides (Smagghe et al., 2003). Accordingly, tebufenozide used along with PBO 

against a laboratory selected population of S. exigua, showed a synergistic ratio of 3.4-fold as 

compared to tebufenozide alone (Smagghe et al., 1998) which indicates that the resistance in S. 

exigua against methoxyfenozide and tebufenozide involves oxidative metabolism.  A tenfold 

synergistic ratio was observed for PBO against a tebufenozide resistant strain of P. xylostella 
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(Qian et al., 2008). However research on S. exigua and Leptinotarsa decemlineata (Say) showed 

that both DEM and metyrapone (an oxidative inhibitor) increased the toxicity of 

methoxyfenozide, tebufenozide and halofenozide (Smagghe et al., 2004).  

 

The possible mechanism of resistance can be found by studying cross resistance (Sayyed 

et al., 2008b; Shad et al., 2010). The results of present research on cross resistance of 

methoxyfenozide to various insecticides showed its high cross resistance to abamectin (12.87) 

and deltamethrin (28.82), little to emamectin benozate (2.36) and no cross resistance to other 

tested insecticides. The results are in accordance with Qian et al. (2008) who reported that the 

resistant strain of P. xylostella selected by tebufenozide showed high cross-resistance to 

abamectin and the major mechanism for the cross-resistance was the enhancement of MFO 

activity.  The oxidative inhibitor PBO showed an increased toxicity of abamectin and 

deltamethrin when used against methoxyfenozide-selected strain of S. litura which indicates 

PBO to be involved in the metabolism of deltamethrin and abamectin in S. litura. Previous 

studies also report the mechanism of resistance in S. litura against deltamethrin to be MO-

mediated (Cho et al., 1999; Ahmad et al., 2007b; Tang et al., 2011). A population of P. xylostella 

when selected with tebufenozide showed a high cross resistance to abamectin (29.25) and 

toxicity of abamectin greatly increased when applied along with PBO (Tang et al., 2011). These 

results indicate the connection of mixed function oxidases for causing cross-resistance between 

tebufenozide and abamectin.   

 

The outcomes of the current experiment portray the methoxyfenozide resistance in S. 

litura to be unstable. The LC50 values decreased from 1981.0 to 137.0 when selection pressure 
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was removed for five generations showing the methoxyfenozide resistance in S. litura to be 

unstable. The findings are in agreement with Tang et al. (2011) which reports that the high 

fufenozide resistance in P. xylostella was not stable, and this may be attributed to the rigorous 

fitness cost in the resistant population. Even though fufenozide resistance can be reduced greatly 

in less than 10 generations when the selection pressure is removed, the P. xylostella still can 

maintain resistance. 

 

The resistance development in S. litura to bisacylhydrazine (BAH) insecticides including 

methoxyfenozide can be overcome by using certain resistance management techniques and 

monitoring programs. Owing to the safety of these insecticides to bio-control agents i.e. 

predators and parasitoids, therefore these insecticides can be incorporated in the IPM programs.  

Rotation of insecticides having different modes of actions and use of specific synergists may also 

minimize the resistance development in insects to these insecticides (Smagghe et al., 2012).  

 

 In conclusion the findings of our research report the potential of the field population of S. 

litura to develop MO-mediated and unstable resistance against methoxyfenozide. The field 

population can create high cross resistance to abamectin, deltamethrin and little to emamectin 

benzoate. Consequently, it is recommended that these insecticides should not be used in rotation 

with methoxyfenozide to control S. litura in the field.  
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CHAPTER- 3 

 

Selection, mechanism, cross-resistance and stability of spinosad resistance in Spodoptera 

litura (Fabricius) (Lepidoptera: Noctuidae) 

 

3.5 INTRODUCTION 

 

Spodoptera litura, commonly known as tobacco or common cutworm or oriental leafworm, is 

one of the most destructive pests of many economically valuable crops such as cotton, tobacco, 

groundnut, soybean and some important vegetables like cabbage, okra, potato, brinjal, brassica 

and cucurbits (Qin et al., 2004; Ellis, 2005; Ahmad et al., 2007a). It has the ability to cause 

excessive damage to these crops ranging from 26.00 to 100 percent by its vigorous defoliation 

(Dhir et al., 1992). A large number of insecticides, belonging to almost all insecticidal groups, 

fail to give optimum control of S. litura in the field due to reduced effectiveness caused by the 

development of resistance in S. litura to these insecticides. S. litura has developed medium to 

high levels of resistance against all types of insecticides (conventional and new chemicals) which 

are commonly used for the control of this pest in Pakistan (Ahmad et al., 2007, 2008). 

 

Spinosad is a newer chemical insecticide with a unique chemical composition mainly 

consisting of two very effective components spinosyn A and spinosyn D, which are obtained 

from fermentation of a specific soil inhibiting bacterium Saccharopolyspora spinosad (Mertz and 
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Yao) (Salgado and Sparks, 2005), which kills the insects by acting on the nervous system in a 

way which is different and unique compared to other chemical insecticides (Orr et al., 2009). 

Spinosad is comparatively safe to beneficial insects and has minimal adverse effects on the 

environment.  As a result it can be used against a variety of insects including beet armyworm, S. 

exigua, common cutworm, S. litura, diamond back moth, P. xylostella, American bollworm, 

Helicoverpa armigera (Hübner) and housefly, Musca domestica (Linnaeus). These pests have 

the ability to develop resistance against any kind of pesticide used to manage them (Salgado and 

Sparks, 2005; Whalon et al., 2008).  

 

Development of resistance against spinosad has been reported in many insect pests 

especially in diamond back moth, beet armyworm, house fly and tobacco budworm (Roe et al., 

2010; Sparks et al., 2012) which ultimately results in failure of this insecticide to effectively 

control the population and minimize damage in the field (Moulton et al., 2000; Young et al., 

2001; Zhao et al., 2002; Shono et al., 2003). Development of resistance against one particular 

insecticide may also cause resistance to other insecticides due to a common or single mechanism 

of resistance known as cross resistance (Georghiou, 1972). In order to minimize the chances of 

failure of insecticides there is a need to study the mode of action of insecticides and cross 

resistance of spinosad to find out the ways to reduce the development of resistance against these 

insecticides. Keeping in view the importance of this potential pest, research was planned to 

investigate the mechanism and stability of resistance in S. litura against spinosad and to examine 

the presence of cross resistance in a spinosad selected population.  

 



58 

 

3.6 MATERIALS AND METHODS 

 

3.2.1. Insect collection and rearing procedure 

 

A population, consisting of 4th and 5th instar larvae of S. litura was randomly collected 

from a cotton field at Mianchanu, Punjab, Pakistan. This population was used for artificial 

selection with spinosad under laboratory conditions, while a population collected from the fields 

at Band Bosan near B. Z. University, Multan was reared in the laboratory without any selection 

pressure in order to generate a susceptible population of S. litura. The larvae were fed on a semi-

synthetic diet (Ahmad et al., 2007a) in plastic Petri dishes, while the diet was changed daily to 

avoid contamination.  Standard laboratory conditions of temperature 27±2 °C, humidity 65±5% 

and dark: light period 10:14 hrs was maintained throughout the experiment. After pupation, the 

pupae were separated from their diet and kept in glass jars on slightly damp soil. Tissue papers 

were hung vertically in the glass jars for oviposition and moths were fed on 10% honey solution.  

 

3.2.2. Chemicals used for bioassay 

Commercial formulations of different new chemical and conventional insecticides were 

purchased for bioassay from the pesticide market of Multan, Pakistan (Table 1).  
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3.2.3. Resistance selection with spinosad 

A field population of S. litura collected randomly from cotton crop at Mianchanu was divided 

into two lots, one of which was artificially selected with spinosad for up to eleven consecutive 

generations under controlled conditions. The concentrations used for selection included i.e., 20, 

30, 50, 60, 70, 120, 200, 300, 500, 700 and 900 mg/l for the 1st -11th generation (G1 to G11), 

respectively. The second portion of the S. litura population was reared on artificial diet without 

any insecticide exposure. Approximately 1500-2500 larvae were exposed to spinosad at each 

generation during selection. Spinosad was thoroughly mixed with the diet and then larvae were 

exposed to this diet. After three days of exposure, the living larvae were separated and then fed 

on normal diet. The population of S. litura collected from the cotton field was divided into two 

parts after conducting a bioassay at G1 to find out the LC50 values for conventional and new 

chemical insecticides.  

3.2.4. Generation of susceptible strain of S. litura (Lab-BZU) 

Field populations of S. litura were collected from various locations of the Punjab 

Province including Multan, Mianchanu, Khanewal, Lahore and Vehari. The population of S. 

litura collected from Band Bosan near B. Z. University Multan had lower LC50 values as 

compared to the other field collected populations; therefore this population was reared on 

artificial diet under standard laboratory conditions for up to 18 generations without any selection 

pressure and bioassays were conducted at the 18th generation (G18). This population was named 

as Lab-BZU and used as a reference strain. 
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3.2.5. Bioassay 

The diet incorporation method was used against 2nd instar larvae of S. litura (Jia et al., 2009) 

which comprised of six concentration (treatments) levels and five replications. A total of 280 

larvae were used for each bioassay including the control. For new chemistry insecticides data 

was taken after 72 hrs but after 48 hrs for conventional insecticides. The larvae were touched 

with a brush to provoke movement for recording the mortality and survival data.  

 

3.2.6. Bioassays for synergism studies 

Bioassays were again conducted for spinosad selected strain (SP-SEL) and unselected (UNSEL) 

population at 12th generation (G12) with and without synergists. Piperonyl butoxide (PBO, a 

mixed function oxidases inhibitor) and S, S, S-tributyl phosphorotrithioate (DEF, 

carboxylesterases inhibitor) were used to find the possible mechanism of resistance in S. litura 

against spinosad (Raffa and Priester, 1985; Roush and Tabashnik, 1999). 

 

3.2.7. Cross resistance evaluation 

For the purpose of finding cross resistance of spinosad to other insecticides (including both 

conventional and new chemical insecticides) SP-SEL and UNSEL populations were treated with 

insecticide for up to G11 and then data was compared with initial bioassay which was conducted 

at G1 to find whether spinosad caused any cross resistance. 
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3.2.8. Stability of resistance to spinosad in SP-SEL strain and UNSEL population 

SP-SEL strain and UNSEL population were reared from the 12th to the 16th generation (G12 - G16) 

without any insecticides exposure and bioassays were again conducted at G16 to examine the 

stability of spinosad resistance in S. litura. 

 

3.2.9. Data analysis 

The mortality data was corrected where necessary by using the Abbott’s formula (Abbott, 1925).  

POLO-PC software (Leora Software, 2003) was used to conduct probit analysis (Finney, 1971) 

for the analysis of mortality data to find the LC50 values and 95% fiducial limits and resistance 

ratios were calculated by dividing the LC50 values of field populations and resistance strains of S. 

litura with the LC50 values of susceptible (Lab-BZU) strain.  

 

3.7 RESULTS 

 

3.3.1. Selection of a field collected population of S. litura with spinosad 

One lot of the field collected population was artificially selected with spinosad for up to eleven 

consecutive generations under controlled conditions which showed increased LC50 values i.e., 

2.08, 3.89, 4.42, 5.90, 10.5, 13.0, 19.8, 23.5, 32.9 and 35.6-fold at G2 to G11 as compared to G1, 

respectively (Table 8). The second lot of the field population was reared under the laboratory 

conditions without any insecticidal exposure. The LC50 values decreased 3.46, 4.24, 3.67, 4.54, 

5.02, 3.71, 4.67 and 2.99-fold at G12 (as compared to G1) for spinosad, emamectin benzoate, 
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methoxyfenozide, fipronil, indoxacarb, profenofos, lufenuron and deltamethrin, respectively, 

while the rates of decrease in resistance (DR) were −0.04, −0.05, −0.06, −0.05, −0.06, −0.05, 

−0.06 and −0.04 for spinosad, emamectin benzoate, methoxyfenozide, fipronil, indoxacarb, 

profenofos, lufenuron and deltamethrin, respectively (Table 9).  

 

3.3.2. Generating the susceptible (Lab-BZU) strain of S. litura 

The resistance ratios  of the Lab-BZU strain  at G1 as compared to G18 were 54.4-, 18.0-, 40.5-, 

17.1-, 467.0-, 2.4-, 3.1- and 3.0-fold for spinosad, emamectin benzoate, methoxyfenozide, 

fipronil, indoxacarb, profenofos, lufenuron and deltamethrin, respectively, while the  values of 

rate of decrease in resistance (DR) from highest to lowest level were −0.15, −0.13, −0.10, −0.09, 

−0.07, −0.07, −0.03 and −0.03 for indoxacarb, profenofos, spinosad, methoxyfenozide, 

emamectin benzoate, fipronil, lufenuron and deltamethrin, respectively (Table 10). 

 

 



63 

 

Table 8: Response of a field population of Spodoptera litura against spinosad selection for eleven successive generations 

   Fit of probit line 

 

    

Generation Na LC50 (mg/l) (95% FL) Slope (±SE) X² 

 

df 

 

P-value 

 

nb 

 

RRc 

 

RRd DRe 

G1 

 

2500 8.6(6.8-10.8) 1.93±0.21 2.65 4 0.61 280 - 3.44 – 

G2 2000 17.9(12.9-24.5) 1.29±0.18 1.52 4 0.82 280 2.08 7.16 0.16 

G3 2000 33.5(25.9-43.3) 1.65±0.20 2.62 4 0.62 280 3.89 13.4 0.19 

G4 1500 

 

38.0(29.9-48.8) 1.75±0.20 0.60 4 0.96 280 4.42 15.2 0.16 

G5 2000 50.9(39.2-66.9) 1.59±0.20 1.25 4 0.87 280 5.90 20.4 0.15 

G6 2500 90.2(68.9-118.9) 1.53±0.19 0.51 4 0.97 280 10.5 36.1 0.17 

G7 2000 112.0(83.9-154.1) 1.39±0.18 2.32 4 0.68 280 13.0 44.8 0.16 

G8 2000 170.3 (128.4-236.2) 1.44±0.19 0.44 4 0.98 280 19.8 68.1 0.16 

G9 2500 202.2(152.5-277.8) 1.43±0.19 1.48 4 0.83 280 23.5 80.9 0.15 

G10 2500 283.5(210.5-401.6) 1.35±0.19 1.19 4 0.88 280 32.9 113.4 0.15 

G11 2000 306.9(233.4-417.8) 1.48±0.19 2.52 4 0.64 280 35.6 122.8 0.14 

aTotal number of larvae exposed to spinosad selection, 
bTotal number of larvae used in bioassay + control 
c Resistance ratio calculated as; LC50 of Nth generation divided by LC50 of  first generation. 
d Resistance ratio calculated as; LC50 of Nth generation divided by LC50 of  12th generation of UNSEL populations. 

e Rate of increase in resistance calculated as; log (final LC50 – initial LC50)/number of generations (N)  
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Table 9: Response of field population (UNSEL) of Spodoptera litura to different conventional and new chemistry insecticides at 

1st and 12th generation  

   Fit of probit line 

 

    

Insecticide Generation LC50 (mg/l) (95% FL) Slope (±SE) X² 

 

df 

 

P-value 

 

na 

 

RRb 

 

RRc DRd 

Spinosad G1 8.6(6.8-10.8) 1.93±0.21 2.65 4 0.61 280 3.46 107. – 

 G12 2.5(1.7-3.4) 1.44±0.20 1.54 4 0.82 280 – 31.1 −0.04 

Emamectin benzoate G1 1.2(0.90-1.6) 1.40±0.19 2.21 4 0.69 280 4.24 24.6 – 

 G12 0.3(0.2-0.4) 1.41±0.20 1.19 4 0.88 280 – 5.8 −0.05 

Methoxyfenozide G1 54.8(41.4-71.4) 1.56±0.19 1.7 4 0.79 280 3.67 65.2 – 

 G12 14.9(9.6-20.8) 1.27±0.19 3.15 4 0.53 280 – 17.8 −0.06 

Fipronil G1 37.5(29.6-47.7) 1.81±0.21 2.46 4 0.65 280 4.54 26.6 – 

 G12 8.3(5.5-11.3) 1.32±0.19 0.71 4 0.95 280 – 5.85 −0.05 

Indoxacarb G1 123.3(96.6-156.4) 1.79±0.20 1.09 4 0.89 280 5.02 587.3 – 

 G12 24.6(17.6-33.0) 1.34±0.18 1.14 4 0.88 280 – 116.9 −0.06 

Profenofos G1 53.0(40.4-71.8) 1.50±0.19 3.44 4 0.49 280 3.71 4.04 – 

 G12 14.2(11.3-17.9) 1.89±0.21 1.58 4 0.81 280 – 1.08 −0.05 

Lufenuron G1 0.7(0.5-0.9) 2.07±0.22 2.12 4 0.71 280 4.67 5 – 

 G12 0.1(0.12-0.18) 2.10±0.23 0.88 4 0.92 280 – 1.07 −0.06 

Deltamethrin G1 93.0(73.6-119.7) 1.81±0.21 2.91 4 0.57 280 2.99 4.84 – 

 G12 31.0(21.6-45.5) 1.09±0.17 2.77 4 0.59 280 – 1.61 −0.04 

a Total number of larvae used in bioassay + control 
b Resistance ratio calculated as; LC50 of Un-selected population at G1 divided by LC50 of Un-selected population of at G12 
c Resistance ration calculated as; LC50 of Un-selected population divided by LC50 of Lab-BZU strain at G18 
d Rate of decrease in resistance calculated as; log (final LC50 – initial LC50)/number of generations (N) 
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Table 10: Response of Susceptible (Lab-BZU) strain of Spodoptera litura to different conventional and new chemistry 

insecticides at 1st and 18th generation 

   Fit of probit line 

 

   

Insecticide Generation LC50 (mg/L) (95% FL) Slope (±SE) X² 

 

df 

 

P-value 

 

na 

 

RRb 

 

DRc 

Spinosad G1 4.4(2.9-5.9) 1.38±0.20 1.14 4 0.88 280 54.4 – 

 G18 0.08(0.06-0.09) 1.92±0.21 1.37 4 0.84 280 - −0.10 

Emamectin benzoate G1 0.9(0.6-1.2) 1.53±0.19 2.73 4 0.60 280 18.0 - 

 G18 0.05(0.04-0.07) 1.54±0.19 0.87 4 0.92 280 - −0.07 

Methoxyfenozide G1 34.0(23.7-45.6) 1.43±0.20 1.82 4 0.76 280 40.5 - 

 G18 0.84(0.6-1.1) 1.60±0.19 1.17 4 0.88 280 - −0.09 

Fipronil G1 24.0(17.7-31.6) 1.48±0.19 1.3 4 0.86 280 17.1 - 

 G18 1.4(1.0-1.8) 1.66±0.20 1.07 4 0.89 280 - −0.07 

Indoxacarb G1 98.0(74.8-125.8) 1.68±0.20 1.68 4 0.79 280 467.0 - 

 G18 0.2(0.1-0.3) 1.36±0.18 0.68 4 0.95 280 - −0.15 

Profenophos G1 31.8(24.3-41.4) 1.59±0.19 0.8 4 0.94 280 2.4 – 

 G18 13.1 (9.0-17.8) 1.29±0.18 3.01 4 0.56 280 - −0.13 

Lufenuron G1 0.5(0.3-0.6) 1.73±0.21 1.67 4 0.57 280 3.1 - 

 G18 0.1(0.09-0.19) 1.23±0.18 0.41 4 0.98 280 - −0.03 

Deltamethrin G1 58.4(44.1-76.2) 1.55±0.19 0.75 4 0.94 280 3.0  

 G18 19.2(15.0-24.7) 1.73±0.20 3.02 4 0.55 280 - −0.03 

a Total number of larvae used in bioassay + control 
b Resistance ratio calculated as; LC50 of Lab-BZU strain at G1 divided by LC50 of Lab-BZU strain at G18 
c Rate of decrease in resistance calculated as; log (final LC50 – initial LC50)/number of generations (N) 
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3.3.3. Synergistic studies to explore the possible mechanism of resistance to spinosad 

Synergism studies were conducted on the susceptible strain (Lab-BZU), the spinosad-selected 

strain and the field unselected population by using two synergists, piperonyl butoxide (PBO) and 

S, S, S-tributyl phosphorotrithioate (DEF). The synergism ratio (SR) was highest for spinosad-

selected population (2.33) and lowest for susceptible strain (1.14), while for the un-selected 

population the value of synergism ratio was 1.36. The results of synergistic study by using DEF 

were non-significant and showed only minimum values of synergist ratios for all populations i.e., 

1.00 for Lab-BZU strain, 1.06 for both sp-selected strain and un-selected population. The results 

suggest significant synergism of PBO with spinosad as compared to DEF (Table 11).  

3.3.4. Cross resistance of spinosad to different conventional and new chemical insecticides 

Bioassays were conducted at G12 of the spinosad-resistant strain to find possible cross resistance 

of spinosad to other groups of insecticides including organophosphates, pyrethroids, insect 

growth regulators, avermectins and some other new chemical insecticides. According to the 

results, no cross resistance was associated between spinosad and other groups of insecticides. 

The selection of S. litura resulted in the development of 36.4- and 3921.3-fold resistance at G12 

as compared to the parental field population and the susceptible Lab-BZU strain, respectively. 

The value of the rate of increase in resistance to spinosad was 0.13 at G12, whereas the values of 

the resistance ratio of the spinosad selected population for all other insecticides including 

emamectin benzoate, methoxyfenozide, fipronil, indoxacarb, profenofos, lufenuron and 

deltamethrin were less than one fold. The values of the rate of decrease in resistance of the 

spinosad selected population were −0.011 to −0.019 for other insecticides, respectively (Table 

12). 
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Table 11: Insecticide synergism in the spinosad-selected strain of Spodoptera litura by comparison with unselected field 

population and susceptible Lab-BZU strain 

Strain Insecticide + Synergist LC50 (mg/l) (95% FL) Slope (±SE) RRa 

 

bSR 

Susceptible Spinosad 0.08(0.06-0.09) 1.92±0.21 – – 

 Spinosad + PBO 0.07(0.5-0.09) 1.83±0.21 – 1.1 

 Spinosad + DEF 0.08(0.06-0.10) 1.79±0.20 – 1.0 

Resistant Spinosad  313.7(252.9-391.0) 2.06±0.22 3921.3 – 

 Spinosad + PBO 134.8(96.4-177.2) 1.55±0.20 1685.3 2.3 

 Spinosad + DEF 295.6(240.5-364.5) 2.19±0.23 3695.0 1.0 

Un-selected Spinosad  2.5(1.7-3.4) 1.44±0.20 31.1 – 

 Spinosad + PBO 1.8(1.1-2.6) 1.37±0.20 23.0 1.3 

 Spinosad + DEF 2.3(1.6-3.1) 1.44±0.20 29.3 1.0 

a Resistance ratio calculated as; LC50 of sp-resistant or un-selected population divided by LC50 of susceptible (Lab-BZU) strain 

b Synergist ratio calculated as LC50 of an insecticide without synergist (PBO or DEF) divided by LC50 of insecticide with synergist 
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Table 12: Cross resistance between spinosad and other insecticides in the spinosad-selected strain of Spodoptera litura at 12th 

generation 

  Fit of probit line 

 

     

Insecticide LC50 (mg/l (95% FL) Slope (±SE) X² 

 

df 

 

P-value 

 

na 

 

RRb 

 

RRc RRd DRe 

Spinosad 313.7(252.9-390.9) 2.06±0.22 1.07 4 0.89 280 36.4 125.5 3921.3 0.13 

Emamectin benzoate 0.9(0.6-1.2) 1.42±0.19 2.25 4 0.69 280 <1 3.00 18.0 −0.011 

Methoxyfenozide 42.0 (31.3-54.4) 1.61±0.20 2.75 4 0.6 280 <1 2.81 50.0 −0.009 

Fipronil 26.8(20.9-33.9) 1.82±0.21 1.96 4 0.74 280 <1 3.22 19.0 −0.012 

Indoxacarb 95.5(73.7-121.1) 1.78±0.21 1.02 4 0.9 280 <1 3.88 454.8 −0.009 

Profenophos 39.4(29.2-53.7) 1.36±0.18 1.73 4 0.78 280 <1 2.77 3.0 −0.010 

Lufenuron 0.5(0.3-0.6) 1.81±0.21 1.87 4 0.76 280 <1 5.00 3.2 −0.015 

Deltamethrin 55.0(42.4-70.5) 1.69±0.20 3.42 4 0.49 280 <1 1.77 2.8 −0.019 

a Total number of larvae used in bioassay + control 

b Resistance ratio calculated as; LC50 of sp-selected strain at G12 divided by LC50 of Un-selected population of at G1 

c Resistance ratio calculated as; LC50 of sp-selected strain at G12 divided by LC50 of Un-selected population at G12 

d Resistance ration calculated as; LC50 of sp-selected strain divided by LC50 of Lab-BZU strain at G18 

e Rate of decrease in resistance calculated as; log (final LC50 – initial LC50)/number of generations (N) 
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3.3.5. Stability of resistance against spinosad in spinosad-selected strain and un-selected 

population of S. litura 

 

The spinosad-selected strain and un-selected population of S. litura were reared for five 

generations from G12 to G16 without any insecticidal exposure to find whether resistance to 

spinosad was stable in S. litura or not. The values of the rate of decrease in resistance to spinosad 

in spinosad-resistant strain were −0.04, −0.11, −0.15, and −0.15 for G13 to G16, respectively. The 

value of the rate of decrease in spinosad resistance in un-selected population was −0.06 at G16 as 

compared to G12 generation. The resistance ratio of the spinosad-selected strain to spinosad 

decreased from 3921.3 to 677.8-fold between G12 to G16 as compared to the susceptible Lab-

BZU strain. On the other hand the decrease in the resistance ratio for the un-selected population 

to spinosad was 31.1 to 15.1-fold between G12 to G16 as compared to the susceptible Lab-BZU 

strain (Table 13). 
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Table 13: Stability of resistance to spinosad in spinosad-selected strain and un-selected field population (UNSEL) of 

Spodoptera litura when reared without insecticidal exposure 

   Fit of probit line 

 

   

Population Generation LC50 (mg/L) (95% FL) Slope (±SE) X² 

 

df 

 

P-value 

 

na 

 

RRb 

 

cDR 

Sp-selected G12 313.7(252.9-390.9) 2.06±0.22 1.07 4 0.89 280 3921.3 – 

 G13 260.2(208.0-324.9) 1.98±0.22 2.21 4 0.7 280 3252.5 −0.04 

 G14 137.0(102.8-182.7) 1.44±0.19 2.49 4 0.65 280 1712.7 −0.11 

 G15 77.5(57.4-100.5) 1.62±0.20 1.32 4 0.86 280 969.5 −0.15 

 G16 54.2(40.7-70.6) 1.55±0.19 1.36 4 0.85 280 677.8 −0.15 

Un-selected G12 2.5(1.7-3.4) 1.44±0.20 1.54 4 0.82 280 31.1 – 

 G16 1.2(0.8-1.6) 1.35±0.19 0.57 4 0.96 280 15.1 −0.06 

a Total number of larvae used in bioassay + control 

b Resistance ratio calculated as; LC50 of Sp-selected strain divided by LC50 of Lab-BZU strain of at G18 

c Rate of decrease in resistance calculated as; log (final LC50 – initial LC50)/number of generations (N) 
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3.8 DISCUSSION 

 

In the current study, a field collected population of S. litura when selected with spinosad for 

eleven consecutive generations developed 3921.3- and 36.4-fold resistance to spinosad as 

compared to a susceptible (Lab-BZU) and the parental field collected population, respectively. 

Development of resistance to spinosad has been reported in many other insect pests belonging to 

the order lepidoptera (50.00%), diptera (26.00%), thysanoptera (21.00%) and hymenoptera 

(3.00%) (Sparks et al., 2012). Lepidopterans that show resistance to spinosad include cotton 

bollworm, H. armigera, tobacco budworm, Heliothis virescens (Fabricius), beet armyworm, S. 

exigua and diamond back moth, P. xylostella. A field collected population of S. exigua 

developed 345.4-fold resistance to spinosad (as compared to the susceptible strain) when 

selected with spinosad for five generations under lab. conditions (Wang et al., 2006). Another 

case of resistance to spinosad has been reported from China, where a field population of H. 

armigera developed 20-fold resistance (as compared to original parental population) when 

selected with spinosad under lab. conditions for up to 15 generations (Wang et al., 2009). A field 

population of H. virescens collected from different sites of North California developed 1068-fold 

resistance to spinosad when selected with spinosad for many generations (Young et al., 2003). 

Among dipterans which show resistance to spinosad are Bactrocera dorsalis (Hendel), 

Bacterocera oleae (Rossi), Drosophila melanogaster (Meigen), Liriomyza trifolli (Burgess) and 

M. domestica (Hsu et al., 2006; Kakani et al., 2010; Perry et al., 2007; Ferguson et al., 2004; 

Shono et al., 2003). Resistance to spinosad has been reported not only in insect pests but also in 

certain biological control agents. Resistance has been reported to spinosad in Cotesia plutellae 
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(Kurdjumov) when artificially selected with spinosad under laboratory conditions (Liu et al., 

2007). 

Synergism of PBO and DEF with spinosad was checked for susceptible strain (Lab-

BZU), un-selected (UNSEL) and spinosad resistant (SP-SEL) populations of S. litura to find the 

possible mechanism involved in the resistance to spinosad. The results indicate the presence of a 

strong synergism of PBO with spinosad. The synergist ratio (SR) of PBO was highest for sp-

selected population (2.33) as compared to un-selected (1.36) and Lab-BZU strain (1.14), whereas 

the SR values of DEF were 1.06, 1.00 and 1.06 for sp-selected, Lab-BZU and un-selected strains 

of S. litura, respectively. Synergism of PBO with spinosad in S. litura populations indicates the 

presence of a metabolic based resistance mechanism associated with high level of 

monooxygenases. Previously a number of studies have been conducted to find the possible 

mechanisms of resistance to spinosad in different insect pests. The results showed that the most 

common mechanisms of resistance to spinosad were target site resistance (67.00%), metabolic 

resistance (25.00%) and multiple gene or multiple mechanisms resistance (8.00%) (Sparks et al., 

2012).  Metabolic type resistance (high level of monooxygenases) was recorded in S. exigua, P. 

xylostella and H. armigera (Wang et al., 2009; Sayyed et al., 2008a; Wang et al., 2006). 

In the present study the cross resistance of spinosad to other groups of insecticides 

including oxadiazines (indoxacarb), pyrethroids (deltamethrin), fiproles (fipronil), avermectins 

(emamectin benzoate), insect growth regulators (methoxyfenozide and lufenuron) and 

organophosphates (profenofos) was determined, which showed no cross resistance of spinosad to 

other insecticides in S. litura, which suggests that the monooxygenases that cause resistance to 

spinosad in S. litura are relatively specific to spinosad and do not cause any cross resistance to 

other groups of insecticides. However, biochemical analyses are required to confirm the exact 
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mechanism and types of monooxygenases involved in the development of resistance to spinosad.   

Similar kinds of results have already been reported in many other insect pests of different crops. 

A field population of H. armigera collected from China was selected for 15 generations with 

spinosad which showed no cross resistance to chlorfenapyr, avermectins, methomyl and 

chlorpyrifos. However a low cross resistance of 2.4-fold was found between spinosad and 

fenvalerate (Wang et al., 2009). A population of S. exigua after five generations of selection with 

spinosad showed no cross resistance to cyfluthrin, abamectin, methomyl, phoxim and fenvalerate 

(Wang et al., 2006).  Similarly, no cross resistance was found between spinosad and indoxacarb, 

emamectin benzoate, profenofos or permethrin in a spinosad selected population of H. virescens 

(Young et al., 2003). 

In this work, the spinosad resistant strain and unselected population of S. litura were 

reared in the laboratory between G12 to G16 to determine the stability of spinosad resistance in the 

absence of selection pressure. The results showed that the resistance to spinosad was unstable in 

both the resistant strain and unselected population. The results of the bioassay of the field 

population (reared without any insecticidal exposure) conducted at G12 also revealed that the 

resistance to spinosad in field population of S. litura is unstable. Similar kinds of results were 

found when a field population of S. litura collected from Dunyapur, Punjab, Pakistan was reared 

without any selection pressure under the laboratory conditions (Rehan et al., 2011). 
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CHAPTER-4 

Fitness cost of resistance against methoxyfenozide and its effects on the development, 

reproduction and survival of Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae)  

 

4.3 INTRODUCTION 

 

The total effects of insecticides on different insect pests can be found through determination of 

sublethal effects along with their direct mortality (Yin et al., 2008). Insecticide application to 

control different insect pests may cause various types of sublethal effects, which can be due to 

contact of insect pests with different doses of insecticides (Singh and Marwaha, 2000). The 

insects are exposed to low concentrations of insecticides due to sudden weather changes and 

untreated areas at the field edges (Adamski et al., 2009). Certain types of physiological and 

behavioral changes are produced in the target insect pests due to the sublethal effects of 

insecticides which are applied to control these pests. Physiological changes may result in shorter 

life period (Stark and Rangus, 1994), low development rate (Cripe et al., 2003), low fertility (Liu 

and Trumble, 2005), changes in fecundity (Zalizniak and Nugegoda, 2006) and sex ratio of the 

target insect (Couty et al., 2001). Behavioral changes may be produced in the form of different 

kinds of effects on searching ability, feeding behavior (Stapel et al., 2000) and alternation in the 

oviposition of the insect pests, which survive the doses of insecticides (Fujiwara, 2002).  

 

Methoxyfenozide belongs to the group of insecticides known as insect growth regulators 

(IGR’s). It can be incorporated in the integrated pest management (IPM) due to its short 

persistence, low eco-toxicological effects (Pineda et al., 2007) and is considered as a safer 

insecticide against non-target organisms as compared to the conventional insecticides (Schneider 
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et al., 2004; Schneider et al., 2008). Methoxyfenozide being highly effective against lepidopteran 

insect pests (Smagghe et al., 2003) accelerates the larval molting by mimicking the molting 

hormone of insects, which results in premature larval molt (Dhadialla and Carlson, 1998).  

 

S. litura is a key insect pest of many economically important crops, vegetables and 

ornamental plants throughout the world including tropical and subtropical regions (Feaskin, 

1973). The crops which are commonly attacked by this pest are tobacco, soybean, cotton, beet, 

okra, chickpea, lucerne and cabbage (Ellis, 2005) and can cause economical damage ranging 

from 26.0 to 100% by its polyphagous nature and vigorous leaf feeding habit in the field 

(Holloway, 1989; Dhir et al., 1992). 

 

Most of the studies report the lethal effects of insecticides on S. litura, but quite a few 

studies report the sub-lethal effects of insecticides on the life parameters of S. litura (Trisyono 

and Chippendale, 1998; Stark and Banks, 2003; Pineda et al., 2007). The main objectives of 

present studies were to find out the fitness cost of methoxyfenozide resistance in a 

methoxyfenozide-resistant strain and field population of S. litura and to determine the lethal and 

sub-lethal effects of different concentrations of methoxyfenozide on a susceptible strain of S. 

litura and its off-spring. 
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4.4 MATERIALS AND METHODS 

 

4.2.1. Insecticide  

 

Methoxyfenozide (Runner®, 24 SC, Dow Agro Sciences) was used to find out the fitness cost of 

resistance and sub-lethal effects of its various concentrations on the development, growth and 

reproduction of S. litura. 

 

4.3.7 Fitness cost of methoxyfenozide resistance in the methoxy-resistant strain of S. litura 

 

A field population of S. litura collected from Rangeel pur Multan, Punjab was brought to the 

laboratory which was divided into two parts. One part was selected with methoxyfenozide for 

thirteen consecutive generations while the other was reared without exposure to any insecticides. 

The diet incorporation bioassay technique was used for selection of S. litura with 

methoxyfenozide. The methoxyfenozide was thoroughly mixed with diet and larvae of S. litura 

were fed on this diet for three days and then shifted to fresh diet without insecticide (Jia et al., 

2009). The concentration levels of 20, 40, 80, 160, 320, 640, 1280, 2560, 2760, 2960, 3160, 3360 

and 3560 (mg/L) were used for selection of S. litura  with methoxyfenozide from 1st generation 

(G1) to 13th generation (G13) respectively. Approximately 1000 to 1500 larvae were used for 

selection of S. litura population with methoxyfenozide. After thirteen generations of selection it 

developed 83.0 and 2359-fold resistance to methoxyfenozide as compared to the field and the 

susceptible population of S. litura (Rehan and Freed, 2014b). To find out the fitness cost of S. 

litura to methoxyfenozide, the biological parameters including larval duration, pre-pupal weight, 

pupal duration, pupal weight, copulation rate, emergence rate, female ratio, No. of eggs per 
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female, egg hatchability, adult longevity, larval mortality, pupal mortality and relative fitness of 

methoxyfenozide-resistance strain, field strain and susceptible strain was determined. A total of 

six hundred larvae were used in this experiment with two hundred larvae for each strain i.e. 

methoxyfenozide-resistant strain, un-selected field strain and susceptible strain. The larvae of 

each strain were reared separately. 

 

4.3.8 Susceptible strain versus concentrations of methoxyfenozide 

 

In the second experiment, different concentrations of the methoxyfenozide i.e. LC30, LC20 and 

LC10 were determined through diet incorporation bioassay technique (Jia et al., 2009). A total of 

280 second instar larvae of the susceptible strain of S. litura were used in this bioassay including 

the control. The bioassay was conducted by using six concentration levels with five replications 

and 40 larvae were exposed to each concentration level. The insecticide was thoroughly mixed 

with the diet and mortality data was taken after 24, 48 and 72 hrs. The larval mortality was 

recorded by touching the larvae with a soft brush. 

 

Three different concentrations of methoxyfenozide (LC30, LC20 and LC10) were applied to 

a total of 800 second instar larvae of S. litura including the control. Two hundred second instar 

larvae of S. litura were exposed to each concentration level of methoxyfenozide. These larvae 

were reared separately for each. Different concentrations of methoxyfenozide i.e.,  LC30, LC20 

and LC10 were thoroughly mixed with diet and then larvae were exposed to these levels for 72 

hrs.  After three days (72 hrs) the surviving larvae were shifted to fresh diet without insecticide 

and diet was changed on daily basis for the remaining life period. 
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4.3.9 Effect of LC30, LC20 and LC10 on the susceptible strain 

 

The effect of three different concentrations (LC30, LC20 and LC10) on survival, growth and 

reproduction of parent population (i.e. the population exposed to methoxyfenozide) was 

evaluated. The total number of surviving larvae of each concentration level and control was 

recorded. The pre-pupal weight was recorded for each level and control. On pupation, the pupae 

were weighed and then placed in separate finger tube vial individually. The pupae were observed 

on daily basis. The identification of male and female moths was done on their emergence from 

pupae. The moths emerged on the same date were paired together with one female and one male 

ratio. These pairs were placed separately in cylindrical jars. Tissue papers were hung vertically 

inside the jar for oviposition and cotton soaked in 10% sugar solution was provided for feeding 

of moths. The total number of eggs laid per female was recorded until the female died and the 

per cent egg hatching was also recorded. The larval, pupal and adult durations were recorded for 

each concentration and control separately. 

 

4.3.10 Effect of methoxyfenozide on larvae, pupae and adults of S. litura 

 

The survival, growth and reproduction data of off-spring generation of methoxyfenozide-treated 

parent population of S. litura was recorded in order to find out whether the effects of different 

concentrations of methoxyfenozide were transferred to next generation or not. Two hundred eggs 

were used for each concentration level and control separately. The total number of eggs, total 

number of surviving larvae, larval duration, total number of pupae, pupal duration, total number 
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of moths emerged, male and female ratio, life duration of moths, number of eggs laid per female 

and percentage of egg hatching data was recorded for each concentration level and control 

separately.  

 

 

4.3.11 Data analysis 

 

Mortality data was corrected where necessary by using Abbott’s formula (Abbott, 1925). POLO-

PC software (Leora Software, 2003) was used to conduct probit analysis (Finney, 1971) for the 

analysis of mortality data to find the values for  LC30, LC20, LC10 values S. litura. The survival, 

growth and reproduction data of each concentration level and control were analyzed through 

analysis of variance (ANOVA) with mean separation at 5% level of significance by the Fisher 

protected least significant difference (LSD) test by using XL-STAT software. 

 

4.4 RESULTS 

 

4.3.1. Insecticide bioassay 

 

Insecticide bioassay was conducted by using methoxyfenozide against 2nd instar larvae of S. 

litura. Due to the variation in the LC30, LC20 and LC10 values of methoxyfenozide against 

susceptible strain of S. litura at different time intervals, the mortality data after 72 hrs was taken 

as standard for further experiments (Table 14). 
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4.4.2 Fitness cost of methoxyfenozide resistance in the methoxy-resistant strain of S. litura 

The fitness cost of resistance of methoxy-resistant strain of S. litura in comparison with the 

unselected field population and the susceptible population are presented in Table 15. 

Methoxyfenozide selection significantly affected the larval, pupal and total mortality of S. litura. 

The highest larval (P = 0.0001, F=54.04) and pupal (P<0.0001, F=363.05) mortalities were 

observed in the methoxy-resistant strain (31.47 & 26.97) followed by the un-selected field strain 

(15.97 & 10.63) and the susceptible strain (8.5 & 6.57), respectively. The maximum total 

mortality (P<0.0001, F=233) was observed in the methoxy-resistant strain (50.01) followed by 

the un-selected (25.00) and the susceptible strain (14.47), respectively (Table 15). 

 

The selection of S. litura with methoxyfenozide increased larval duration (P<0.0001, 

F=82.96) i.e., 14.9, 10.6 and 8.93 days for methoxy-selected, un-selected and susceptible strains, 

respectively. Similarly the highest pupal duration (P<0.0001, F=99.67) was observed in the 

methoxy-resistant strain (11.93 days). The pre-pupal and pupal weights were significantly 

reduced in the methoxy-selected strain (513.0 & 363.0 mg) as compared to unselected-field 

(897.0 & 516.0 mg) and susceptible strains (1007.3 & 526.0 mg), respectively (Table 15). 

 

Methoxyfenozide resistance in S. litura significantly affected its reproduction. The 

copulation rate, emergence rate, female ratio, No. of eggs per female, egg hatchability and adult 

longevity were significantly lowered in the methoxy-resistant strain as compared to the un-

selected field and susceptible strains of S. litura. The lowest value of relative fitness was 

observed in the methoxy-resistant (0.17) followed by field strain (0.65) as compared to the 

susceptible strain of S. litura (1.00) (Table 15). 
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Table 14: Toxicity of methoxyfenozide against second instar larvae of a susceptible strain of Spodoptera litura at different time 

intervals through probit analysis 

Assessment Time 

(hrs) 

na Slope (±SE) LC30 (mg/L) (95% FL) LC20(mg/L) (95% FL) LC10 (mg/L) (95% FL) 

24 280 1.26±0.21 3.23(2.15-6.27) 0.95(0.65-1.34) 0.31(0.15-0.48) 

48 280 1.45±0.19 1.32(0.99-1.87)  0.45(0.30-0.61) 0.17(0.09-0.26) 

72 280 1.60±0.19 0.56(0.43-0.85) 0.27(0.19-0.37) 0.13(0.07-0.20) 

a Total number of larvae used in bioassay + control 
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Table 15: Fitness cost of methoxyfenozide resistance in methoxyfenozide-resistant strain as compared to susceptible and field 

strains of Spodoptera litura through ANOVA 

Life history traits Susceptible strain  

(±SE) 

Field strain  

(±SE) 

Methoxyfenozide 

resistant strain  

(±SE) 

P-value F-value df 

Larval duration (days) 8.93±0.19c 10.6±0.19b 14.9±0.01a <0.0001 82.96 2 

Pre-pupal weight (mg) 1007.3±16.6a 897±17.4b 513±1.6c <0.0001 843.61 2 

Pupal duration (days) 7.3±0.17b 7.87±0.18b 11.93±0.02a <0.0001 99.67 2 

Pupal weight (mg)                  526±6.2a 516.3±6.64a 363.3±0.8b 0.0001 51.8 2 

Copulation rate (%)      89.23±1.3a 83.77±1.4b 63.10±0.2c <0.0001 147.83 2 

Emergence rate (%) 93.43±0.72a 89.47±0.8b 72.87±0.01c <0.0001 474.08 2 

Female ratio (%) 51.4±0.25a 50.8±0.3a 46.6±0.05b 0.001 27.37 2 

No. of eggs per female 1198.3±21.3a 1022.3±22.9b 744.67±4.3c <0.0001 153.9 2 

Egg hatchability (%)  94.9±1.4a 86.03±1.5b 64.56±0.29c <0.0001 1069.8 2 

Adult longevity (days) 13.8±0.21a 13.3±0.23a 8.06±0.03b <0.0001 80.27 2 

Larval mortality (%) 8.5±0.73c 15.97±0.7b 31.47±0.05a 0.0001 54.04 2 
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Continued……. 

Pupal mortality (%) 

 

6.57±0.69c 

 

10.63±0.7b 

 

26.97±0.07a 

 

<0.0001 

 

363.05 

 

2 

Total mortality (%) 14.47±1.12c 25.00±1.12b 50.01±0.08a <0.0001 233.00 2 

Next generation larvae 84197 54533 13969 - - - 

Net reproductive rate(Ro) 420.99 272.67 69.85 - - - 

Relative fitness 1.00 0.65 0.17 - - - 

 

Net reproductive rate (Ro) = Nn+1/Nn, where Nn= Total No. of off-spring in parent generation and Nn+1 = Total No. of off-spring in 

next generation. 

Relative Fitness = Net reproductive rate of a strain/ Net reproductive rate of susceptible strain 
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4.4.3 Effect of LC30, LC20 and LC10 on larval and pupal stages of the susceptible strain 

 

The various concentrations of methoxyfenozide adversely affected the larval and pupal stages of 

S. litura.  The larval (F= 175.49, df= 3, 708, P<0.0001) and pupal (F= 33.53, df = 3, 634, 

P<0.0001) durations of S. litura were significantly affected by methoxyfenozide (Table 16). The 

longest larval and pupal durations (15.37 and 8.55 days, respectively) were observed in the S. 

litura larvae treated with methoxyfenozide at LC30 level, while control and methoxy-LC10 groups 

showed lowest larval and pupal durations (Table 16). The pre-pupal (F= 33.45, df = 3,677, 

P<0.0001) and pupal (F= 18.69, df= 3, 634, P= 0.001) weights were badly affected with the 

methoxyfenozide treatment (Table 16). The maximum pre-pupal and pupal weight (8.70.3 and 

393.3 mg, respectively) were observed in the control group of S. litura as compared to the 

methoxyfenozide treated groups of S. litura, while the lowest pre-pupal and pupal weights (725.3 

and 343.67 mg, respectively) were observed in the methoxy-LC30 treated group of S. litura. 

(Table 16). 

 

4.4.4 Reproduction and longevity 

 

The effect of various concentrations of methoxyfenozide on the adults of susceptible strain of S. 

litura depicted highest emergence rate of healthy adult (F= 314.21, df = 3, 539, P<0.0001) in 

control group (92.47%) followed by the methoxy-LC10 group (87.70%), methoxy-LC20 (80.23%) 

and methoxy-LC30 (75.53%) treated groups, respectively. The highest female ratio (F= 25.67, 

df= 3, 277, P=0.0001) was found in the control group (54.63%) as compared to the methoxy-

treated groups of S. litura. The maximum fecundity per female (F= 140.52, df = 3, 257, 
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P<0.0001) was found in methoxy-LC10 treated (982.33) and the control (977.67) groups, 

followed by methoxy-LC20 (860.53) and methoxy-LC30 group (797.10) (Table 17).  

 

On the other hand, maximum egg hatching (F= 213.06, df = 3, 257, P<0.0001) was 

recorded in methoxy-LC10 (89.33%) and control (89.27%) groups while lowest in methoxy-LC30 

group (73%). The uppermost adult longevity (F= 15.38, df = 3, 518, P= 0.001) was observed in 

the methoxy-LC10 group (9.57 days) and the control group (9.16 days) followed by methoxy-

LC20 (8.10 days) and the methoxy-LC30 group (7.30 days), respectively (Table 17). 

 

 

4.4.5 Effects of methoxyfenozide on the offspring generation of S. litura 

 

The effects of various concentrations of methoxyfenozide on the off-springs of susceptible strain 

of S. litura are presented in Table 18. The larvae of parent generation treated with LC30 level of 

methoxyfenozide showed a longer larval duration (11.77 days) (F= 4.77, df = 3, 777, P=0.034) 

and lower pre-pupal weight (871.93 mg) (F= 7.29, df= 3, 767, P=0.011) as compared to the other 

methoxy-treated and the control group of S. litura (Table 18). However, non-significant 

difference in the pupal duration of methoxy-treated and control groups was recorded (F= 0.225, 

df = 3, 746, P=0.87). The methoxy-LC30 treated group of S. litura showed a significant 

difference in pupal weight as compared to other methoxy-treated and the control groups 

(F=30.07,df=3,746,P=0.0001).
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Table 16:  Sublethal effects of methoxyfenozide on the larval and pupal duration and weight of parent generation of 

Spodoptera litura through ANOVA 

Treatment  Larval duration (±SE) 

(days) 

Pre-pupal weight (±SE) 

(mg) 

Pupal duration (±SE) 

(days) 

Pupal weight (±SE) 

(mg) 

Control 10.53±0.15c 870.3±4.16a 6.60±0.06c 393.3±1.67a 

LC30 15.37±0.17a 725.3±4.87d 8.55±0.08a 343.67±2.05b 

LC20 13.58±0.16b 767±4.60c 7.23±0.07b 359±1.89b 

LC10 10.63±0.16c 812±4.37b 6.54±0.07c 389±1.77a 

P <0.0001 <0.0001 <0.0001 0.001 

F 175.49 33.45 33.53 18.69 

d.f. 3, 708 3, 677 3, 634 3, 634 
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Table 17: Sub-lethal effects of methoxyfenozide on the adults of parent generation of Spodoptera litura through ANOVA 

Treatment Emergence rate of 

healthy adults (±SE) 

(days) 

Female ratio 

(±SE) (%) 

No. of eggs laid 

/female (±SE) 

Egg hatching 

(±SE) (%) 

Adult longevity 

(±SE) (days) 

Control 92.47±0.51a 54.63±21a 977.67±9.29a 89.27±0.84a 9.16±0.08a  

LC30 75.53±0.70d 49.83±0.29b 797.10±12c 73±1.08c 7.30±0.10b 

LC20 80.23±0.63c 50.67±0.26b 860.53±10.82b 77.90±0.97b 8.10±0.09b 

LC10 87.70±0.56b 50.57±0.24b 982.33±9.67a 89.33±0.87a 9.57±0.08a 

P <0.0001 0.0001 <0.0001 <0.0001 0.001 

F 314.21 25.67 140.52 213.06 15.38 

d.f. 3, 539 3, 277 3, 257 3, 257 3, 518 
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Table 18: Sub-lethal effects of methoxyfenozide on the larval and pupal duration and weight of off-springs generation of 

Spodoptera litura through ANOVA 

Treatment  

Larval duration (±SE) 

(days) 

Pre-pupal weight (±SE) 

(mg) 

Pupal duration (±SE) 

(days) 

Pupal weight (±SE) 

(mg) 

Control 10.42±0.05b 902.63±1.04a 7.60±0.02a 389.03±1.01a 

LC30 11.77±0.05a 871.93±1.07b 7.60±0.02a 357.43±1.04b 

LC20 10.57±0.05b 897.37±1.05a 7.49±0.02a 386.53±1.04a 

LC10 10.42±0.05b 897.73±1.04a 7.70±0.02a 386.47±1.02a 

P 0.034 0.011 0.87 0.0001 

F 4.77 7.29 0.225 30.07 

d.f. 3, 777 3, 767 3, 746 3, 746 
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4.4.6 Reproduction and longevity of offspring generation of S. litura 

 

The off-spring population of the methoxy-LC30 and the methoxy-LC10 treated parent group of S. 

litura showed a significant difference in the emergence rate of healthy adults as compared to the 

offspring of the methoxy-LC20 parent population and the control group of S. litura (F=3.89 df= 

3, 685, P=0.055). Nevertheless no significant difference was recorded for the female ratio 

(F=2.18, df=3,344, P=0.168), No. of eggs laid per female (F=1.428, df = 3,337, P=0.305), egg 

hatching (F=0.06, d.f = 3,337, P=0.98) and adult longevity (F=0.105, df = 3, 678, P=0.95) in the 

offspring of methoxy-treated parent and the control groups of S. litura (Table 19). 
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Table 19: Sub-lethal effects of methoxyfenozide on the adults of off-springs generation of Spodoptera litura through ANOVA 

Treatment Emergence rate of 

healthy adults (±SE) 

(%) 

Female ratio 

(±SE) (%) 

No. of eggs 

laid/female (±SE) 

Egg hatching 

(±SE) (%) 

Adult longevity 

(±SE) (days) 

Control 92.70±0.10a 51.03±0.05a 1023.67±1.88a  91.70±0.10a 10.30±0.02a  

LC30 90.53±0.11b 50.37±0.06a 997±1.95a  91.43±0.11a  10.27±0.02a 

LC20 93.27±0.11a 50.83±0.06a  1002.33±1.91a  91.50±0.10a 10.20±0.02a 

LC10 90.53±0.11b 50.10±0.06a  1009.33±1.90a  91.30±0.10a 10.13±0.02a 

P 0.055 0.168 0.305 0.98 0.95 

F 3.89 2.18 1.428 0.06 0.105 

d.f. 3, 685 3, 344 3, 337 3, 337 3, 678 
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4.4.7 Larval and pupal mortality of susceptible strain 

A significant difference was recorded in the larval, pupal and total mortality of methoxy-treated 

(methoxy-LC30, methoxy-LC20 and methoxy-LC10) and the control group of S. litura. Maximum 

total mortality was observed in the methoxy-LC30 treated group (36.49%) followed by methoxy-

LC20 (25.50%), methoxy-LC10 (14.99%) and the control group (3.99%), respectively (Fig. 1).  

 

4.4.8 Larval and pupal mortality of offspring generation 

 

The offspring generation of the methoxy-LC30 and the methoxy-LC20 treated susceptible strain of 

S. litura showed a significant difference in the larval and the total mortality as compared to the 

off-spring of methoxy-LC10 and the control group of the parent generation of S. litura. However, 

there was no significant difference in pupal mortality between the methoxy-treated and the 

control groups of S. litura (Fig. 2). 
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Figure 1: Effect of methoxyfenozide on the susceptible strain of Spodoptera litura. Columns 

having different letter are significantly different. (Fisher Protected Least Significant 

Difference Test (LSD), P<0.05) 
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Figure 2: Effect of methoxyfenozide on the offspring generation of Spodoptera litura. Columns 

having different letter are significantly different. (Fisher Protected Least Significant 

Difference Test (LSD), P<0.05) 
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4.5 DISCUSSION 

 

Insect pests populations are greatly affected by the lethal and sub-lethal effects of the 

insecticides. In our present study, we found that methoxyfenozide-resistant strain of S. litura has 

a significant fitness cost of resistance as after thirteen generation of selection with 

methoxyfenozide the value of fitness cost was 0.17 for methoxy-resistant strain as compared to 

susceptible strain. Previously a number of studies have been conducted on fitness cost of 

insecticides resistance in different insects including S. litura, P. xylostella, S. exigua, Nilaparvata 

lugens (Stal) and Bemisia tabaci (Gennadius) (Liu and Han, 2006; Ling et al., 2011; Abbas et al., 

2012; Abbas et al., 2014).  However in S. litura few studies have been conducted to find the 

fitness cost of insecticide resistance. Most of these studies were only based on the non-target or 

conventional insecticide. Therefore it is the first study to find the fitness of resistance to IGR in 

S. litura. According to previous studies, S. litura showed relative fitness cost of 0.38 of 

resistance to imidacloprid, after fourteen generations of selection with imidacloprid, as compared 

to the susceptible population of S. litura (Abbas et al., 2012). Similarly another field population 

of S. litura showed a 0.38 relative fitness cost of resistance to profenofos, as compared to 

susceptible lab strain, after fourteen generations of selection with profenofos (Abbas et al., 

2014). 

 

  Sub-lethal effects of the insecticides may result in the form of reduced reproduction and 

low survival rate of insects that seriously affect their population dynamics (Trisyono and 

Chippendale, 1998; Stark and Banks, 2003; Pineda et al., 2007). The majority of studies 

conducted previously on S. litura were based on the acute toxicity and the lethal effects of 
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insecticides. However the sub-lethal effects of insecticides on the biological parameters of S. 

litura are not well understood. In our current experiment, we evaluated the sub-lethal effects of 

methoxyfenozide on the growth, reproduction and survival of a susceptible strain of S. litura. 

Methoxyfenozide is a novel ecdysone agonist insecticide having high efficacy against the 

lepidopteran insect pests which causes serious damages to various crops (Moulton et al., 2002; 

Smagghe et al., 2003; Pineda et al., 2004; Murray et al., 2005; Pineda et al., 2007; Enriquez et 

al., 2010; Saber et al., 2013). 

 

  Exposure of S. litura population to various concentrations of methoxyfenozide greatly 

affects the larval and pupal development. The larval and pupal development time of the 

methoxy-treated groups of higher methoxyfenozide concentration levels i.e., LC30 and LC20 were 

prolonged as compared to the control population. The pre-pupal and pupal weights at these levels 

were also reduced as compared to control group. However population of S. litura treated at LC10 

level of methoxyfenozide had no significant effect on larval and pupal development (Table 16). 

Similar results were found in other lepidopteran insect pests. A population of H.armigera treated 

at LC30 level of methoxyfenozide resulted in prolonged larval and pupal development time and 

reduced pupal weight as compared to the control group (Saber et al., 2013). Similarly a 

population of S.exigua which was treated at LC25 level of methoxyfenozide resulted in reduced 

pupal weight as compared to the control population (Enriquez et al., 2010). In another case the 

larvae of Spodoptera frugiperda (Smith) when treated at LC10 and LC50 levels of 

methoxyfenozide showed prolonged developmental time and reduced weights of larval and pupal 

stage (Zarate et al., 2011). Quite a number of researches show that the ecdysone agonists cause 
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cessation of larval feeding which eventually reduces larval weight (Pineda et al., 2006; 

Eizaguirre et al., 2007). 

The exposure of second instar larvae of S. litura to various concentrations of 

methoxyfenozide caused mortality at subsequent larval instars. The larval mortalities were 

28.00% at LC30, 19.00% at LC20 and 10.00% at LC10 level of methoxyfenozide (Fig. 1). A larval 

mortality of 26.00% and 8.00% were observed when a population of S. frugiperda was treated 

with methoxyfenozide at LC25 and LC10 levels, respectively (Zarate et al., 2011).  In another case 

a population of S. littoralis when treated with methoxyfenozide at early instars also showed a 

progressive mortality at subsequent larval instars (Pineda et al., 2007). This may be due to 

accumulation of methoxyfenozide, inside the body tissues of larvae when fed on 

methoxyfenozide treated diet, which may cause mortality at later stages (Trisyono and 

Chippendale, 1997, 1998). 

 

 The surviving larvae of S. litura that tolerated the methoxyfenozide exposure showed 

pupal mortality i.e. 13.00%, 8.00% and 5.00% at LC30, LC20 and LC10 levels of 

methoxyfenozide, respectively (Fig. 1). Similar results have also been reported in other 

lepidopteran insect pests when treated with methoxyfenozide or tebufenozide.  A population of 

S. frugiperda showed 46.00% and 27.00% pupal mortality when fifth instar larvae were fed on a 

methoxyfenozide treated diet at LC25 and LC10, respectively (Zarate et al., 2011).  These kinds of 

results may be due the presence of ecdysone receptor complex in the pupal stage of insects which 

made this stage susceptible to ecdysone agonists (Sundaram et al., 2002).  
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  The reproduction and adult longevity of S. litura population was significantly affected 

when larvae of S. litura were treated with methoxyfenozide. The adult longevity, fecundity per 

female and egg hatchability were significantly reduced in the methoxyfenozide treated groups (at 

LC30 and LC20 levels) as compared to the untreated control group of S. litura (Table 17). 

Similarly a population of H. armigera treated with a sub lethal concentrations level of 

methoxyfenozide showed decreased reproduction and adult longevity (Saber et al., 2013). In 

another case methoxyfenozide reduced the longevity of adults of S. littoralis upto 2.3 days at 

higher concentrations as compared to the control group (Pineda et al., 2009). In contrast a 

population of S. exigua treated with the sub-lethal concentrations level of methoxyfenozide 

showed no significant effect on the fecundity as compared to the control group (Enriquez et al., 

2010). 

  It can be concluded that methoxyfenozide caused a combination of lethal and sub-lethal 

effects on the development, survival and reproduction of S. litura thus significantly affecting the 

population dynamics of S. litura in the field. Therefore methoxyfenozide can be incorporated in 

the integrated pest management (IPM) program of S. litura in order to keep the population of this 

pest below the economic injury level. 
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CHAPTER-5 

Fitness cost of resistance against spinosad and its effects on the development, reproduction 

and survival of Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae)  

  

5.3 INTRODUCTION 

 

Spodoptera litura is one of the most destructive polyphagous and cosmopolitan pests which feed 

on a variety of weeds, ornamental plants, economically important crops and vegetables including 

groundnut, tomato, cotton, soybean etc. (Ramana et al., 1988; Sahayaraj and Paulraj, 1998). It 

feeds on more than 150 host plants belonging to 40 plant families (Brown and Dewhurst, 1975; 

Chari and Patel, 1983; Rao et al., 1993). In Pakistan, the major crops which are commonly 

attacked by S. litura include cotton, cauliflower, arum and castor (Ahmad et al., 2013). It may 

cause 100% crop loss under field conditions (Dhir et al., 1992; Qin et al., 2004). 

 

In Pakistan, conventional and new chemistry insecticides are being used for the 

management of this pest which resulted in the development of resistance in S. litura against all 

types of insecticides belonging to organochlorines, organophosphates, carbamates and pyrethroid 

groups. The extensive use of insecticides actions has also resulted in the development of multiple 

resistance in S. litura (Armes et al., 1997; Kranthi et al., 2001; Ahmad et al., 2007 a, b; Ahmad et 

al., 2008; Shad et al., 2012; Rehan and Shoaib, 2014a, b). Fitness cost of resistance has a 

significant impact on the resistance development of insect pests to different insecticides. The 

development of resistance to insecticides in a population can be delay if its resistant individuals 

have fitness cost of resistance (Carriere and Tabashnik, 2001). The rate of development of 
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resistance to insecticides mostly depends on two major factors viz., fitness cost and resistant 

genes (Lenormand and Raymond, 1998; Carriere et al., 2004).  Therefore the dominance of 

fitness cost and the impact of environmental factors are very important to develop some 

strategies to delay the resistance development in insects to insecticides (Abbas et al., 2012).  

 

Keeping in view the above mentioned points, the study of fitness cost of resistance is 

very important in order to find some ways to delay the insecticide resistance development in 

insect pests. The current study was planned with following important objectives, firstly to find 

out the fitness cost of spinosad-resistance in the spinosad-resistant strain of S. litura in 

comparison with un-selected and susceptible strains, secondly to determine the lethal and sub-

lethal effects of different concentrations of spinosad on the development, survival and 

reproduction of the susceptible strain of S. litura. 

 

5.4 MATERIALS AND METHODS 

 

5.2.1 Generating the spinosad resistant and susceptible strains of S. litura 

 

To generate a spinosad-resistant strain, a field population of S. litura collected from Mianchannu 

was divided into two lots. One lot was selected with spinosad for eleven successive generations 

under laboratory conditions, while the other lot was reared without any insecticidal exposure 

(Rehan and Shoaib, 2014a).  To generate a susceptible strain of S. litura, a field population 

collected from the cotton fields of Band Bosan Multan, was reared on artificial diet under 
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controlled laboratory conditions for eighteen consecutive generations without any selection 

pressure (Rehan and Shoaib, 2014a). 

 

5.4.2 Relative fitness cost of spinosad resistance in spinosad-resistant strain in 

comparison with un-selected and susceptible strains of S. litura 

 

To evaluate the fitness cost of spinosad resistance in the spinosad-resistant strain of S. litura, the 

biological parameters of spinosad resistant, unselected and susceptible strains of were noted. 

These biological parameters included larval development time and mortality, pupal development 

time and mortality, adult life duration and mortality, larval and pupal weights, fecundity, sex 

ratio and egg hatching etc. 

 

5.2.3 Susceptible strain versus different concentrations of spinosad 

 

To find the possible effects of different concentrations of spinosad on the reproduction and 

development of S. litura, the susceptible strain was reared on spinosad treated artificial diet at 

LC40, LC30, LC20 and LC10 levels for 72 hrs and then shifted to fresh diet without insecticide. The 

biological parameters were noted for each level separately. A total of 1000 larvae were used in 

the experiment including 200 larvae for each level while 200 larvae were used as control. The 

number of replications for each experiment was three. 
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5.2.4 Sub-lethal effects of different concentrations of spinosad on the off-springs generation 

of S. litura 

 

The effects of different concentrations of spinosad on the off-spring generation of spinosad 

treated parent population of S. litura were evaluated by using a total 1000 second instar larvae of 

S. litura in which two hundred larvae were used for each level (replicated three times) and 

control separately. The biological parameters were noted for each level separately as described 

earlier. 

 

5.2.5 Data Analysis 

 

The LC40, LC30, LC20 and LC10 values of spinosad against susceptible strain of S. litura were 

determined through probit analysis (Finney, 1971) by using POLO-PC software (Leora Software, 

2003). The fitness cost and sub-lethal effects data was analyzed by using analysis of variance 

(ANOVA) by Fisher protected least significant difference test at 5% significance level through 

XL-STAT software.  

 

5.5 RESULTS  

 

5.3.1. Toxicity of spinosad to susceptible, field and spinosad-resistant strains of S. litura 

 

The maximum toxicity of spinosad was observed against the susceptible strain of S. litura 

followed by the field and the spinosad-resistant strain. The LC50 values of spinosad against S. 
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litura were 0.08, 8.62 and 313.7 for susceptible, field and spinosad-resistant strains, respectively 

after 72 h of exposure to spinosad (Table 20). The spinosad-resistant strain of S. litura showed a 

3921-fold after selection with spinosad as compared to the susceptible strain (Rehan and Shoaib, 

2014a).   

 

5.5.2 Relative fitness cost of spinosad resistance in spinosad-resistant strain in 

comparison with un-selected and susceptible strains of S. litura 

 

The fitness cost data of the spinosad-resistant strain in comparison with un-selected and the 

susceptible strains of S. litura is presented in the Table 21.  The highest percent larval and pupal 

mortalities were observed in the spinosad-resistant strain (38.0 & 31.4), followed by the field 

(11.5 & 15.8) and the susceptible strain (6.5 & 10.2), respectively. The spinosad-resistant strain 

showed longest larval duration (16.4 days, F=217.7, P<0.0001), pupal duration (11.2 days, 

F=83.4, P<0.0001) as compared to susceptible and field strains. The susceptible strain of S. litura 

depicted highest adult emergence (89.7%, F=318.5, P<0.0001), followed by the field and 

spinosad-resistant strain. The results showed significant difference in the copulation rate of all 

three strains. The eggs of the spinosad-resistant strain showed lowest hatchability percentage 

(68.6, F=216.2, P<0.0001) while the susceptible strain showed maximum percent egg hatching 

(93.8, F=216.2, P<0.0001). The relative fitness cost of spinosad resistance in the spinosad-

resistant strain of S. litura was 0.15 as compared to the susceptible strain while the value of 

fitness cost of the field strain was 0.69 as compared to susceptible strain (Table 21). 
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Table 20: Response of spinosad-resistant, field and susceptible strains of Spodoptera litura 

to spinosad through probit analysis 

Strain Sub-lethal 

level 

Assessment 

time (hrs) 

LC (mg/L)  

(95% FL) 

No. of larvae 

exposed 

Spinosad-resistant LC50 72 313.7 (252.9-390.8) 280 

Field population LC50 72 8.62 (6.81-10.78) 280 

Susceptible LC40 24 0.40 (0.3-1.1) 280 

 LC40 48 0.12 (0.08-0.17) 280 

 LC40 72 0.07 (0.06-0.1) 280 

 LC30 24 0.3 (0.2-0.5) 280 

 LC30 48 0.07 (0.05-0.1) 280 

 LC30 72 0.06 (0.04-0.07) 280 

 LC20 24 0.14 (0.9-0.23) 280 

 LC20 48 0.03(0.02-0.06) 280 

 LC20 72 0.04 (0.03-0.05) 280 

 LC10 24 0.07 (0.04-0.1) 280 

 LC10 48 0.02 (0.01-0.03) 280 

 LC10 72 0.01 (0.01-0.04) 280 
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Table 21: Fitness cost of spinosad resistance in spinosad-resistant strain as compared to susceptible and field strains of 

Spodoptera litura through ANOVA 

Life history traits 

Susceptible strain 

(±SE) 

Field strain (±SE) 

Spinosad resistant strain 

(±SE) 

P-value F-value df 

Larval duration (days) 9.7±0.22b 10.7±0.22b 16.4±0.01a <0.0001 217.7 2 

Pre-pupal weight (mg) 986.7±12.2a 873.7±12.6b 613.3±1.36c <0.0001 108.8 2 

Pupal duration (days) 7.5±0.14b 7.7±0.15b 11.2±0.02a <0.0001 83.4 2 

Pupal weight (mg) 503.3±6.9a 467.7±7.33a 311.3±1.05b <0.0001 121.9 2 

Emergence rate (%) 89.7±0.70a 84.4±0.74b 69.5±0.1c <0.0001 318.5 2 

Female ratio (%) 

Copulation rate 

54.07±0.18b 

91.9±1.09a 

51.4±0.19c 

84.3±1.78b 

56.7±0.02a 

71.1±0.35c 

   0.0001 

<0.0001 

54.4 

161.8 

2 

2 

No. of eggs per female 1059.3±23.7a 948.3±25.39b 622.3±7.63c <0.0001 179.5 2 

Egg hatchability (%) 93.8±1.31a 83.0±1.41b 68.6±0.42c <0.0001 216.2 2 

Adult longevity (days)       11.5±0.15a 10.2±0.17b 7.4±0.03c    0.0001 56.3 2 

Larval mortality (%) 

 

 

 

6.5±1.04c 11.5±1.04b 38.0±0.07a <0.0001 173.60 2 
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Continued…….       

Pupal mortality (%) 10.2±0.70c 15.8±0.71b 31.4±0.07a <0.0001 396.3 2 

Total mortality (%) 16.0±1.33c 25.5±1.33b 57.5±0.09a <0.0001 386.8 2 

Next generation larvae 69564 48093 11108    

Net reproductive rate 347.8 240.5 55.5    

Relative fitness 1.00 0.69 0.15    

 

Net reproductive rate (Ro) = Nn+1/Nn, Nn= Total No. of off-spring in parent generation and Nn+1 = Total No. of off-spring in next 

generation. 

Relative Fitness = Net reproductive rate of a strain/ Net reproductive rate of susceptible strain 
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5.5.3 Effects of different concentrations of spinosad on the parent generation of S. litura 

 

The larval (F=88.75, P<0.0001) and pupal durations (F=14.85, P<0.0001) of S. litura increased 

with the increase in the concentration of spinosad. The LC40 has highest larval duration (14.1 

days) while LC10 (10.5 days) and control (9.9 days) groups have lowest larval durations. 

Similarily LC40 (8.75 days) and LC30 (8.13 days) groups have highest pupal duration as 

compared to LC20, LC10 and control groups. The lowest pre-pupal weight was observed in LC40 

(686.3 mg) while highest in control (1004 mg) group. The pupal weight was lowest in LC40 (313 

mg) and LC30 (332 mg) group while highest in control (428.3 mg) group respectively (Table 22). 

 

The different concentrations of spinosad significantly affected the reproduction of S. 

litura.  The control population of S. litura showed highest values of healthy adult emergence 

(F=343.86, P<0.0001), female ratio (F=115.03, P<0.0001), number of eggs laid per female 

(F=444.4, P<0.0001) and egg hatching (F=758.2, P<0.0001), while the values of emergence of 

healthy adults, female ratio, number of eggs laid per female and egg hatching were 92.1, 55.6, 

1010.0 & 94.0 for control, 78.7, 50.9, 878.0 & 84.4 for LC10, 75.5, 49.2, 809.0 & 82.7 for LC20, 

73.2, 47.17, 777.0 & 75.8 for LC30  and 70.8, 44.8, 702.0 & 73.4 for LC40, respectively (Table 

23), while the highest larval and pupal mortality were observed in LC40 as compared to LC30, 

LC20, LC10 and the control population (Fig. 3). 
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Table 22: Sublethal effects of spinosad on the larval and pupal durations and weight of parent generation of susceptible strain 

of Spodoptera litura through ANOVA 

Treatment Larval duration (±SE) 

(days) 

Pre-pupal weight (±SE) 

(mg) 

Pupal duration (±SE) 

(days) 

Pupal weight (±SE) 

(mg) 

Control 9.9±0.12c 1004.0±8.67a 7.23±0.04b 428.3±3.28a 

LC40 14.1±0.12a 686.3±10.65d 8.75±0.06a 313.0±4.49c 

LC30 13.03±0.008b 700.3±0.83c 8.13±0.004a 332.0±0.34c 

LC20 12.2±0.12b 730.7±9.72c 7.13±0.05b 388.3±3.73b 

LC10 10.5±0.12c 766.3±8.89b 7.3±0.04b 401.3±3.39b 

P <0.0001 <0.0001 <0.0001 <0.0001 

F 88.75 351.9 14.85 68.70 

d.f. 4 4 4 4 
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Table 23: Sublethal effects of spinosad on the adults of parent generation of susceptible strain of Spodoptera litura through 

ANOVA 

Treatment Emergence rate of 

healthy adults (±SE) (%) 

Female ratio (±SE) 

(%) 

No. of eggs /female (±SE) Egg hatching (±SE) 

(%) 

Control 92.10±0.58a 55.60±0.29a 1010.67±12.18a 94.0±0.84a 

LC40 70.80±0.90e 44.83±0.44d 702.0±18.8e 73.40±1.3e 

LC30 73.20±0.08d 47.17±0.03c 777.0±2.35d 75.80±0.16d 

LC20 75.50±0.73c 49.20±0.36b 809.0±14.6c 82.70±1.01c 

LC10 78.70±0.65b 50.90±0.32b 878.0±15.1b 84.40±1.05b 

P <0.0001 <0.0001 <0.0001 <0.0001 

F 343.86 115.03 444.4 758.2 

d.f. 4 4 4 4 
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Figure 3: Effect of different concentrations of spinosad on the parent susceptible strain of 

Spodoptera litura. Columns having different letter are significantly different. (Fisher 

Protected Least Significant Difference Test (LSD), P<0.05) 
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5.3.4 Effects of different concentrations of spinosad on the off-spring generation of S. litura 

 

The longest larval (F=46.6, P<0.0001) and pupal durations (F=15.3, P=0.0002) were observed at 

higher concentration levels i.e. LC40 (11.6 days) and LC30 (10.5 days), respectively. Similarly the 

pre-pupal (F=66.6, P<0.0001) and pupal weight (F=43.07, P<0.0001) decreased with the increase 

in the concentration of spinosad. The lowest pre-pupal (799.3 mg) and pupal weights (343.3 mg) 

were recorded at LC40 level of spinosad (Table 24). 

 

The emergence rate of healthy adults (F=133.8, P<0.0001), No. of eggs per female 

(F=92.2, P<0.0001), egg hatching (F=99.5, P<0.0001) and adult longevity (F=43.5, P<0.0001) 

significantly reduced at higher levels of spinosad i.e. LC40 and LC30 as compared to the control 

population of S. litura. However the female ratio (F=15.3, P=0.0002) was highest in control 

followed by LC10, LC20, LC30 and LC40, respectively (Table 25). In the same way, the data 

showed that the larval, pupal and total mortalities were higher at upper concentrations of 

spinosad as compared to the control population of S. litura (Fig. 4). 
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Table 24: Sublethal effects of spinosad on the larval and pupal duration and weight of off-spring generation of susceptible 

strain of Spodoptera litura through ANOVA 

Treatment Larval duration (±SE) 

(days) 

Pre-pupal weight (±SE) 

(mg) 

Pupal duration (±SE) 

(days) 

Pupal weight (±SE) 

(mg) 

Control 8.80±0.08c 1013.7±6.40a 6.53±0.05b 470.3±3.4a 

LC40 11.60±0.08a 799.3±6.50c 8.10±0.05a 343.3±3.5d 

LC30 10.50±0.006b 824.7±0.47c 7.80±0.003a 374±0.25cd 

LC20 8.87±0.09c 939.0±6.43b 6.83±0.05b 395.3±3.38c 

LC10 8.67±0.08c 980.7±6.56b 6.60±0.05b 426.7±3.43b 

P <0.0001 <0.0001 0.0002 <0.0001 

F 46.6 66.6 15.3 43.07 

d.f. 4 4 4 4 
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Table 25: Sub-lethal effects of spinosad on the adults of off-spring generation of susceptible strain of Spodoptera litura through 

ANOVA 

Treatment Emergence rate of 

healthy adults (±SE) (%) 

Female ratio 

(±SE) (%) 

No. of eggs 

laid/female (±SE) 

Egg hatching 

(±SE) (%) 

Adult longevity 

(days) 

Control 94.4±0.36a 53.2±0.11a 1043±9.2a 96.8±0.49a 11.4±0.08a 

LC40 80.6±0.37d 49.1±0.11c 809±9.4e 84.2±0.51d 8.4±0.09c 

LC30 84.8±0.03c 50.7±0.008bc 871±0.96d 89.2±0.05c 8.9±0.006c 

LC20 89.4±0.36b 49.9±0.11bc 930±9.07c 95.03±0.49ab 10.3±0.09b 

LC10 90.6±0.37b 51.7±0.12ab 996±9.3b 93.6±0.5b 11±0.09ab 

P <0.0001 0.0002 <0.0001 <0.0001 <0.0001 

F 133.8 15.3 92.2 99.5 43.5 

d. f. 4 4 4 4 4 
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Figure 4: Effect of different concentrations of spinosad on the off-spring generation of 

Spodoptera litura. Columns having different letter are significantly different. (Fisher 

Protected Least Significant Difference Test (LSD), P<0.05) 
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5.6 DISCUSSION 

 

The current study describes the evaluation of fitness cost of resistance in the spinosad-resistant 

strain of S. litura in comparison with un-selected and susceptible strains. The results of the 

present study clearly indicated that the development of resistance in S. litura against spinosad 

has a high value of fitness cost. The survival, development and reproduction of the spinosad-

resistant strain were significantly different from the field and the susceptible strain. The negative 

impact of insecticide resistant development on the reproduction and fitness of population has 

been found in many insects including S. litura, S. exigua, P. xylostella, B. tabaci and N.lugens. 

 

  A field population of S. litura developed a 137-fold resistance to imidacloprid when 

selected with imidacloprid for 14 consecutive generations under laboratory condition. The value 

of fitness cost of imidacloprid resistance was 0.38 as compared to the laboratory population with 

lower survival rate, life duration, development time, fecundity and hatchability etc. (Abbas et al., 

2012). Another field population of S. litura developed 52-fold resistance to profenofos after 14 

generation of selection with profenofos with relatively high value of fitness cost (0.38), lower 

survival, fecundity and hatchability as compared to the lab. population of S. litura (Abbas et al., 

2014). A strain of N. lugens developed 250-fold resistance to imidacloprid when selected for 35 

generations under laboratory conditions. This strain had a high fitness cost (0.169) owing to the 

development of resistance to imidacloprid (Liu and Han, 2006). However selection of N. lugens 

with fenvalerate showed a positive impact on the reproduction and the fitness cost. A moderate 

level of insecticide resistance was development in N. lugens after selection with fenvalerate for 

11 generations. The resistant population showed significantly higher values of reproductive 
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parameters including eggs per female, copulation rate and female ratio (Ling et al., 2011), while 

a field collected population of S. exigua developed 92-fold resistance to tebufenozide after 

selection for 61 generations, with a relative fitness cost of 0.71 (Jia et al., 2009).  

 

In our second experiment, we investigated the effects of different concentrations of 

spinosad in susceptible strain of S. litura. Previously the sub-lethal effects of spinosad have been 

investigated in many insect pests and beneficial organisms including P. xylostella, Harmonia 

axyridis Pallas and Daphnia pulex Leydig (Stark and Banks, 2001; Schneider et al., 2004, 

Galvan et al., 2005). The results indicated that spinosad have a negative impact on the 

development, survival and reproduction of S. litura. A higher mortality of pupal and larval stages 

was found at higher LC values of spinosad, in addition the larval and pupal weights also 

decreased with the increasing LC values of spinosad. The spinosad-treated groups of S. litura 

showed lower fecundity/ female, less hatchability and shorter life durations of adults. 

Furthermore, Yin et al. (2008) found similar kind of sub-lethal effects of spinosad on P. 

xylostella. The eggs size and hatchability, pupal weight and emergence from the spinosad treated 

groups of P. xylostella decreased as compared to the untreated group. The effects of spinosad 

were also investigated on the off-springs of spinosad-treated parent generation of S. litura which 

showed a significant effect of spinosad on the growth, reproduction and the survival of S. litura 

especially at higher concentration levels i.e. LC40 and LC30, respectively as compared to the 

control population of S. litura.  

 

From these findings it can be concluded that the fitness cost of spinosad resistance and its 

sub-lethal effects have a significant impact on the development of insecticides resistance in S. 
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litura to spinosad. The sub-lethal effects of spinosad on survival, reproduction and development 

of S. litura greatly reduced the damage caused by S. litura. The lethal and sub-lethal effects of 

spinosad can be incorporated in the integrated pest management of S. litura. Further research is 

required to find the fitness cost and sub-lethal effects of spinosad in S. litura under field 

conditions. 
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