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Spodoptera litura Fabricius (Lepidoptera: Noctuidae) is a deleterious agricultural pest worldwide. Field 
populations of S. litura manifest resistance to almost all conventional insecticides and it is imperative 
looking for novel biorational insecticides to control this pest. In this regard, this study bioassayed some 
promising biorational insecticides including botanical, microbial and non-conventional synthetic insecticidal 
formulations against 3rd instar larvae of S. litura. Bioassay with botanical formulations showed a significant 
toxicity of oil and extract formulations of neem (Azadirachta indica) causing 70–77% larval mortality in 
72 h observation and exhibiting minimum medial lethal concentration (LC50) and time (LT50) values (i.e. 
12.32 and 38.01 ppm and 16.67 and 11.68 days, respectively). Among microbial formulations tested, S. 
litura-nuclear polyhedrosis virus (NPV) and Bacillus thuringiensis kurstaki appeared as the most effective 
microbial treatments exhibiting minimum LC50 (3.78 × 103 OB mL-1 and 1.22 × 107 spores mL-1, respectively) 
and LT50 (3.83 and 3.71 days, respectively) values. While flubendiamide, chlorantraniliprole and spinetoram 
exerted most significant lethal and sublethal effects on S. litura with minimum LT50 values (i.e. 19.58, 
30.78 and 26.25 h, respectively). Larval development time was significantly prolonged by both half and 
one-fourth doses of flubendiamide and chlorantraniliprole (19.51 and 19.63 days and 17.77 and 17.20 
days, respectively), while pupal duration prolonged for spinetoram and lufenuron. Similarly, significant 
suppression of adult lifespan was exhibited by flubendiamide (11.83 and 11.85 days) and chlorfenapyr 
(12.28 and 12.06 days). Overall study results advocate further consideration of these aforesaid biorational 
insecticides against S. litura infestations. However, assessment of their compatibility with each other and 
with other IPM strategies both under lab and field conditions constitutes future perspectives of this work.

INTRODUCTION

Armyworm Spodoptera litura Fabricius (Lepidoptera: 
Noctuidae) is an economically important pest of a 
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wide array of horticultural and agricultural crops 
worldwide (Abdullah et al., 2019; Bragard et al., 2019). 
In Asia-pacific region including Pakistan, this species 
attacks and causes substantial damage (5–100%) to 
various field crops including cotton, maize, wheat, gram, 
brassica, potato etc. (Oerke et al., 1994; Ahmad et al., 
2013). For last few years, S. litura has been emerging 
as a deleterious pest of potato crop in Pakistan. It causes 
considerable damage to foliage of potato crop resulting in 
significant quantitative and qualitative yield loss (Ahmad 
et al., 2013). Most of the indigenous potato growers rely 
primarily on extensive and recurrent applications of highly 
persistent and broad-spectrum synthetic insecticides to 
combat S. litura infestations. However, it appears as a 
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difficult to control pest due to high incidence of insecticide 
resistance in field populations of S. litura (Shad et al., 
2012; Tong et al., 2013; Saleem et al., 2016; Zhang et 
al., 2022). Moreover, the disruption of non-target fauna 
including insect predators and parasitoids, resurgence 
and outbreaks of secondary pests and environmental 
contaminations posing human health hazards are being 
manifested by this excessive reliance on conventional 
synthetic insecticides (Khan and Ahmad, 2019; Serrão et 
al., 2022). These aforementioned ecological consequences 
of conventional synthetic insecticides necessitate looking 
for alternate biorational pest control strategies such as 
botanical, microbial and differential-chemistry synthetic 
insecticides which would be environmentally benign and 
less toxic to non-target fauna (Granados-Echegoyen et 
al., 2021; Rani et al., 2021). Development and evaluation 
of such biorational pesticides have been a focal point 
of modern plant protection research. A wide number 
of biopesticides have been effectively demonstrated 
against different sucking and chewing insect pests and 
most of these insecticides are biorational exhibiting less 
mammalian toxicity and environmental persistence and 
more target specificity and biodegradability (Ishaaya and 
Degheele, 1998; Lacey, 2017; Qadir et al., 2021; Acheuk 
et al., 2022).

Many plant-derived compounds including 
phytoextracts and essential oils are being used against 
various insect pest species of field crops and stored 
grain insect pests (Isman, 2015, 2020; Ahmed et al., 
2022; Landero-Valenzuela et al., 2022). Similarly, 
microbial insecticides including entomopathogenic fungi, 
nematodes, bacteria and viruses are being researched and 
commercially used against different insect pests (Rai et al., 
2014; Ullah et al., 2022). Similarly, synthetic insecticides 
with novel modes of action and chemistry such as 
diamides, fenoxycarbs, pyrroles, benzoylurea, avermectins 
and spinosyns etc. have been shown very effective for the 
management of resistant insect pests (Ahmad and Gull, 
2017; Sparks et al., 2020; Idrees et al., 2022). A number of 
studies have reviewed the effectiveness of these botanical 
and microbial pesticides against a wide array of insect 
pests both under laboratory and field conditions (Copping 
and Menn, 2000; Arthurs and Dara, 2019; Yasin et al., 
2020; Mansour and Biondi, 2021; Narciso et al., 2021; 
Duso et al., 2022).

In view of the aforesaid, this research work was 
aimed to assess the comparative toxicity and effectiveness 
of 19 promising botanical, microbial and differential-
chemistry synthetic insecticides against 3rd instar larvae of 
laboratory reared S. litura with ultimate objective to find 
out the most effective biorational insecticidal treatments 
which can be recommended to farmers combating S. 

litura infestations on potato and other vegetable crops. 
We hypothesized that S. litura larvae would be highly 
susceptible to these non-conventional biorational 
insecticides including six botanical formulations (i.e. 
neem extract, nicotine, pyrethrin, neem oil, rotenone 
and matrine), six microbial insecticides (i.e. Bacillus 
thuringensis var. kurstaki, Beauveria bassiana, Isaria 
fumosorosea, Metarhizium anisopliae, S. litura NPV and 
Verticillium lecanii) and seven non-conventional synthetic 
insecticides (i.e. chlorantraniliprole, chlorfenapyr, 
fenoxycarb, flubendiamide, methoxyfenozide, lufenuron 
and spinetoram).

MATERIALS AND METHODS

Insect culture
Late instar larval population of S. litura was collected 

from the potato field (31°33’1.2’’ N; 74°13’19’’ E) and 
were brought to the laboratory for further rearing on 
artificial semi-synthetic (chickpea-based) diet prepared 
after slight modifications of protocol described by Jin et al. 
(2020). Insects were reared for at least three generations 
prior to their utilization in the experimentation. Rearing 
conditions were maintained at 25 ± 2°C, 70% ± 5 relative 
humidity and 14:10 hours light: dark photoperiod. As for 
laboratory bioassays involving the insecticidal evaluations 
against lepidopterous pests, usually early 3rd instar larvae 
are used because these are easy to handle or manipulate 
during the experimentation and are susceptible enough 
to respond to different insecticidal treatments than the 
other larval instars. In fact, 1st or 2nd instar larvae are 
delicate and soft and are vulnerable to mechanical damage 
while manipulating / handling, while later (4th-6th) instar 
larvae are somewhat resistant and do not respond well to 
treatments. Therefore, only early (freshly molted) 3rd instar 
larvae were used in all bioassays in this study.

 
Insecticidal treatments

Selected insecticidal products were procured from 
the authorized pesticide dealers and distributors from 
the grain market of Lahore (Punjab, Pakistan). Plant-
based insecticidal products (botanicals) included Matrine 
0.6% EC (Sophora flavescens), Pyrethrin 5.0% OL 
(Chrysanthemum cinerariaefolium), Rotenone 7.5% EC 
(Derris spp.), Nicotine 10% EC (Nicotiana tabacum), 
Neem oil 0.3% EC and extract 2.0% SL (Azadirachta 
indica) procured from Kingbo Biotech Co., Ltd, Beijing, 
China. While selective differential-chemistry synthetic 
insecticides included chlorantraniliprole (Coragen®, 
DuPontTM), chlofenapyr (Pirate®, Swat Agro Chemicals), 
fenoxycarb (Insegar®, Syngenta Pakistan), flubendiamide 
(Belt®, Bayer), lufenuron (Match®, Syngenta Pakistan), 

M.S. Ahmad et al.



1453                                                                                        

 

methoxyfenozide (Runner®, Arysta Life Science) and 
Spinetoram (Radiant®, Dow AgroSciencesTM). Details of 
all these insecticidal products evaluated in the study are 
provided in Tables I and II. Microbial formulations included 
Bacillus thuringensis var kurstaki (Lipel® AgriLifeTM); 
Beauveria bassiana (Racer® AgriLifeTM); Verticillium 
lecanii (Mealikil® AgriLifeTM); Isaria fumosoroseus 
(AgriLifeTM); Metarhizium anisopliae (Pacer® AgriLifeTM) 
and Spodoptera litura–NPV (Somstar® AgriLifeTM).

Toxicity bioassays with botanical insecticides
For toxicological bioassays conducted with botanical 

formulations, method as described by Paul and Chaudhary 
(2016) was used after slight modifications using plastic 
Petri-plates (dimensions: 60 × 15 mm). Potato plants (seed 
potatoes of cultivar diamant) used in the bioassays were 
procured from the Potato Research Institute, Sahiwal, 
Pakistan. Bioassays were laid out according to completely 
randomized design (CRD) with 10 replications for each 
treatment. Based on preliminary trials, five different ppm 
concentrations of each botanical formulation causing 
10–90% larval mortality (as described in Table I) were 
prepared using distilled water and were applied on potted 
potato plants using manual spray bottles. Discs (diameter: 
60 mm) of fresh potato leaves from treated and untreated 
potted plants were prepared and were placed in sterilized 
Petri-plates pre-lined with 1.0% agar medium, and ten 
early 3rd instar larvae of S. litura per plate were released 
on these discs. 

These petri-plates were then incubated in an 
environment chamber (Sanyo MLR-350H, Sanyo, 
Japan) set at 25 ± 2°C, 70% ± 5 RH and 14:10 h light: 
dark photoperiod. For lethal toxicity, larval mortality was 
recorded at regular time intervals (6, 12, 24, 48 and 72 
h post-exposure). For the determination of repellency 
potential of botanicals, choice test was used. In brief, 
one 3rd instar larva was exposed to two halves of a potato 
leaf disc (diameter: 60 mm) fixed apart in a Petri-plate 

(diameter: 60 mm). One half was treated with LC10, LC30 
or LC50 of each botanical and one was treated with water 
(control). Presence or feeding activity of larva on these 
leaf discs was observed at 6 and 12 h post-exposure (Lo 
Pinto et al., 2022). Ten independent replications were 
maintained for each treatment.

Pathogenicity bioassays with microbial formulations
Evaluation of selected microbial insecticides was 

done following a previously described protocol (Nathan 
and Kalaivani, 2006) after slight modifications. Bioassays 
were laid out according to completely randomized 
design (CRD) with 10 replications for each treatment. 
Entomopathogens were purified and mass-cultured 
from the commercial formulations and then using 
sterilized distilled water containing 0.01% Tween 80, 
literature-based four different concentrations of each 
microbial treatment were prepared by serial dilutions. 
Concentrations C1 – C4 corresponded to 1.0 × 105 – 1.0 
× 108 conidia/spores mL-1 for all entomopathogens except 
for S. litura–NPV for which C1 – C4 corresponded to 
1.0 × 103 – 1.0 × 106 OB mL-1. Control treatment was 
comprised of water containing 0.01% Tween 80. These 
microbial solutions were applied on potted potato plants 
using manual atomizer sprayer bottles (50 mL). Fresh 
potato leaf discs (diameter: 60 mm) were prepared from 
treated and untreated potted plants and were placed in 
sterilized Petri-plates pre-lined with 1.0% agar medium. 
Ten early 3rd instar larvae of S. litura were released in each 
Petri-plate. These Petri-plates were then incubated in an 
environment chamber (Sanyo MLR-350H, Sanyo, Japan) 
set at 25 ± 2°C, 70% ± 5 RH and 14:10 hours light: dark 
photoperiod. Larval mortality was recorded at 2, 4, 8 and 
12 days post-exposure. Microbial infection-induced death 
of larvae was confirmed by shifting them immediately on 
sterilized plastic Petri plates (diameter: 60 mm) and by 
examining them daily (Ullah et al., 2022).

Table I. Selected botanical insecticides evaluated under laboratory conditions against 3rd instar larvae of Spodoptera 
litura.

Botanical name Plant species Formulation Concentrations used in study (ppm)
Neem oil Azadirachta indica 0.3% EC 120, 60, 30, 15, 7.5
Matrine Sophora flavescens 0.6% EC 180, 90, 45, 22.5, 11.25
Neem extract Azadirachta indica 2.0% SL 480, 240, 120, 60, 30
Nicotine Nicotiana tabacum 10% EC 3040, 1520, 760, 380, 190
Pyrethrin Chrysanthemum cinerariaefolium 5.0% OL 1520,760, 380, 190, 95
Rotenone Derris spp. 7.5% EC 3040, 1520, 760, 380, 190

EC, emulsifiable concentrate; SL, soluble concentrate; OL, oil miscible liquid.
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Table II. Selected synthetic insecticides evaluated under laboratory conditions against 3rd instar larvae of Spodoptera 
litura.

Chemical name
(active ingredient)

Chemical 
family*

Mode of action* Brand name Company Label dose 
(mL ha-1)

Chlorantraniliprole Diamides Ryanodine receptor modulator Coragen® 18.5 SC FMC, Pakistan 100
Chlorfenapyr Pyrroles Uncouplers of oxidative phos-

phorylation
Pirate® 360 SC Swat Agro Chemicals, 

Pakistan
200

Fenoxycarb Fenoxycarb Juvinile hormone mimic (IGR) Insegar® 20 SC Syngenta Pakistan 500
Flubendiamide Diamides Ryanodine receptor modulator Belt 480® SC Bayer CropScience Pakistan 125
Lufenuron Benzoylureas Chitin synthesis inhibitor (IGR) Match® 50 EC Syngenta Pakistan 500
Methoxyfenozide Diacylhydrazines Ecdysone receptor agonist (IGR) Runner® 240 SC Arysta Lifescience Pakistan 500
Spinetoram Spinosyns nAChR modulator Radiant® 120 SC Arysta Lifescience Pakistan 200

*According to Insecticide Resistance Action Committee (www.irac-online.org) IRAC MoA Classification Version 10.2_23 March 2022. SC = suspension 
concentrate; EC, emulsifiable concentrate.

Bioassays with synthetic insecticides
Lethal and sublethal effects of selected differential-

chemistry non-conventional synthetic insecticides 
were assessed against 3rd instar larvae of S. litura using 
ventilated plastic Petri-plates (dimensions: 60 × 15 mm). 
Slightly modified methodology as described by Sharma 
and Sharma (2018) and Enriquez et al. (2010) was followed 
for these bioassays. Experimental design was completely 
randomized (CRD) with 10 replications for each 
treatment. For lethal effects, single concentration based on 
label-recommended dose of each product was prepared, 
while half and one-fourth of these label-recommended 
concentrations were used to determine the sublethal effects 
of insecticides (Table II). Control treatment included water 
only. Rest of bioassay procedure including application of 
insecticidal treatments and exposure of test insects was 
the same as described above in botanical bioassay. In case 
of lethal toxicity, larval mortality was recorded at regular 
time intervals (i.e., at 6, 12, 24, 48 and 72 h) post-exposure, 
while for sublethal effects, larval development time, pupal 
weight, pupation time and adult longevity were recorded.

 
Statistical analysis

Apart from graphical representation, data were 
statistically analyzed using Statistix® Version 8.1 
(Analytical Software, Tallahassee, FL). Prior to analysis, 
data were corrected using Abbott’s formula (Abbott, 
1925) and were normalized by arcsine square root 
transformation. Larval mortality data were subjected 
to factorial analysis of variance (ANOVA), and the 
treatment means were further compared using Tukey’s 
highly significant difference (HSD) post-hoc test at 95% 
level of significance. For analysis of sublethal effects of 
insecticides, one-way ANOVA was carried out followed 
by Fisher’s least significant difference (LSD) post-hoc test. 

Median lethal time (LT50) and concentration (LC50) values 
of all insecticidal treatments were determined by probit 
analysis (Finney, 1971) using Polo-PC® software (LeOra 
Software, Parma, MO, USA, 2003).

RESULTS

Comparative toxicity of botanical insecticides against S. 
litura larvae

Bioassay with botanical insecticidal formulations 
showed significant mortality of S. litura larvae by all the 
treatments at all concentrations (Table III). This mortality 
response was treatment concentration and exposure time 
dependent as it increased along with the concentration 
and time factors. According to factorial analysis of 
variance, both the treatment (F6, 175 = 436.08; P < 0.001) 
and concentration (F4, 175 = 227.07; P < 0.01) factors, and 
their interaction (F24, 175 = 12.08; P < 0.001) had significant 
effects on the mean mortality of S. litura larvae (Table 
III). Mean maximum mortality was recorded for nicotine 
(79.33 ± 7.13%), followed by neem oil (77.33 ± 5.84%) and 
neem extract (69.67 ± 7.50%), while rotenone exhibited 
minimum mean mortality of S. litura larvae (32.33 ± 
6.94%) followed by matrine (45.33 ± 7.75%).

Larval repellency bioassay showed significant effect 
of both the treatments (F5, 342 = 49.84; P < 0.001) and 
concentration (F2, 342 = 163.40; P < 0.01) factors, and their 
interaction (F10, 342 = 3.10; P < 0.001) on the larval repellency 
(Table IV). For all lethal concentrations, neem oil caused 
maximum repellency followed by neem extract and 
nicotine, while rotenone and matrine exhibited minimum 
repellency (Table IV). At LC10, the maximum repellency 
was exhibited by neem oil (54%) followed by pyrethrin 
(48%), while matrine caused minimum repellency (18%). 
At LC30, neem oil and neem extract showed maximum 
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repellency (64%), whereas rotenone exhibited minimum 
repellency (30%). Similarly, neem oil, neem extract and 
nicotine caused significantly maximum larval repellency 
(98, 92 and 84%, respectively) at their LC50 concentrations 
(Table IV).

Probit regression analysis revealed that neem oil 
was the most toxic botanical formulation against S. litura 
larvae with minimum LC50 value (12.32 ppm), followed 
by nicotine (24.54 ppm) and neem extract (38.01 ppm). 
Least effective treatments were pyrethrin and rotenone 
with maximum LC50 values (Table V). According to LT50 

values, fast acting botanicals against 3rd instar larvae of S. 
litura were nicotine, neem oil and neem extract with LT50 
values of 11.19 h (7.99–13.98), 16.67 h (13.87–19.28) and 
11.68 h (8.58–14.33), respectively (Table VI). 

Effectiveness of microbial insecticides against S. litura 
larvae

Microbial insecticides exhibited significant mortality 
of 3rd instar S. litura larvae for all concentrations, and 
this mortality response was treatment concentration and 
exposure time dependent. Factorial analysis of variance 

Table III. Percent mortality (mean ± S.E.) of 3rd instar larvae of Spodoptera litura bioassayed against different 
botanical insecticides under laboratory conditions.

Botanical 
concentration

Neem extract B Matrine D Neem oil A Nicotine A Pyrethrin C Rotenone E df F P

C1 38.33 ± 5.16 b 20.00 ± 9.83 c 40.00 ± 5.10 ab 51.67 ± 4.96 a 36.67 ± 7.53 b 15.00 ± 5.48 c 5 10.98 < 0.001
C2 53.33 ± 4.94 b 28.33 ± 5.48 d 66.67 ± 7.89 a 66.67 ± 8.16 a 38.33 ± 8.24 c 25.00 ± 7.53 d 5 47.00 < 0.001
C3 73.33 ± 10.33 b 35.00 ± 8.94 d 86.67 ± 6.24 a 86.67 ± 5.27 a 53.33 ± 5.48 c 28.33 ± 5.15 d 5 75.15 < 0.001
C4 86.67 ± 5.08 a 60.00 ± 8.19 b 95.00 ± 3.95 a 95.00 ± 5.16 a 55.00 ± 8.37 bc 46.67 ± 7.92 c 5 55.57 < 0.001
C5 96.67 ± 5.16 a 83.33 ± 7.96 b 98.33 ± 4.08 a 96.67 ± 6.01 a 75.00 ± 8.51 c 56.67 ± 8.11 d 5 52.49 < 0.001

Lowercase letters in the same row indicate significant difference among the treatment means (one-way ANOVA; LSD post-hoc test at α = 0.05), while 
uppercase letters beside botanical names indicate overall significant difference among the botanical insecticides (factorial ANOVA; HSD post-hoc test 
at α = 0.05).

Table IV. Percent repellency (mean ± S.E.) of 3rd instar larvae of Spodoptera litura exhibited by different lethal 
concentrations of botanical insecticides under laboratory conditions.

Lethal con-
centration

Neem extractB MatrineC Neem oilA NicotineB PyrethrinB RotenoneC df F P

LC10 40.10 ± 5.96bc 18.00 ± 4.67d 54.30 ± 4.28a 42.10 ± 3.59ab 48.00 ± 4.42ab 28.20 ± 4.42cd 5 8.23 < 0.001
LC30 64.00 ± 4.00a 40.10 ± 4.22bc 64.10 ± 4.99a 46.00 ± 4.27b 52.20 ± 3.90ab 30.00 ± 4.47c 5 9.37 < 0.001
LC50 92.20 ± 3.27ab 52.00 ± 5.33d 98.80 ± 2.00a 84.50 ± 4.50b 70.30 ± 5.37c 52.10 ± 4.58d 5 22.11 < 0.001

Lowercase letters in the same row indicate significant difference among the treatment means (one-way ANOVA; LSD post-hoc test at α = 0.05), while 
uppercase letters beside botanical names indicate overall significant difference among the botanical insecticides (factorial ANOVA; HSD post-hoc test at 
α = 0.05). LC10, LC30 and LC values of botanical treatments are given in Table I.

Table V. Median lethal concentration (LC50) values for selected botanical insecticidal formulations evaluated against 
3rd instar larvae of Spodoptera litura under laboratory conditions.

Treatment LC50 
(ppm)

Lower and upper 95% fiducial 
limits (ppm)

 X2 

(df = 28)*
P-value Slope Intercept

Neem oil 12.32 9.96 – 14.66 127.41 < 0.001 1.686±0.06 1.839±0.09
Matrine 55.53 46.94 – 66.45 127.11 < 0.001 1.471±0.06 2.566±0.10
Neem extract 38.01 30.32 – 45.54 153.39 < 0.001 2.081±0.08 3.291±0.16
Nicotine 24.54 13.98 – 29.22 237.35 < 0.001 1.659±0.07 3.758±0.21
Pyrethrin 333.84 246.83 – 442.41 114.77 < 0.001 0.806±0.05 2.031±0.14
Rotenone 2981.43 2137.60– 4919.58 83.04 < 0.001 0.820±0.06 2.851±0.17

*Since the significance level is less than 0.15, a heterogeneity factor is used in the calculation of confidence limits.
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Table VI. Median lethal time (LT50) values for selected botanical insecticidal formulations evaluated against 3rd 
instar larvae of Spodoptera litura under laboratory conditions.

Treatment LT50 
(hr)

Lower and upper 95% fiducial 
limits (hr)

 X2 

(df = 22)*
P-value Slope Intercept

Neem oil 16.67 13.87 – 19.28 99.91 < 0.001 2.269±0.10 2.772±0.15
Matrine 37.59 32.17 – 44.58 148.41 < 0.001 2.208±0.09 3.478±0.15
Neem extract 11.68 8.58 – 14.33 152.77 < 0.001 2.479±0.12 2.647±0.16
Nicotine 11.19 7.99 – 13.98 121.69 < 0.001 2.067±0.11 2.168±0.15
Pyrethrin 26.93 21.82 – 32.45 79.84 < 0.001 1.285±0.09 1.839±0.13
Rotenone 92.28 68.45 – 153.44 52.27 < 0.001 0.964±0.93 1.895±0.14

*Since the significance level is less than 0.15, a heterogeneity factor is used in the calculation of confidence limits.

Table VII. Percent mortality (mean ± S.E.) of 3rd instar larvae of Spodoptera litura bioassayed against different 
concentrations of entomopathogenic microbes under laboratory conditions.

Botanical 
concentration

Bacillus thurin-
gensis kurstaki B

Beauveria 
bassiana D

Verticillium 
lecanii A

Metarhizium 
anisopliae A

Spodoptera 
litura–NPV C

Isaria 
fumosorosea E

df F P

C1 65.00 ± 4.98 a 43.75 ± 3.78 b 8.75 ± 0.00 d 23.75 ± 3.27 c 71.25 ± 3.13 a 10.00 ± 2.27 d 5 69.04 < 0.001
C2 70.00 ± 5.49 a 53.75 ± 3.27 b 12.50 ± 2.63 d 27.50 ± 2.95 c 78.75 ± 2.67 a 12.50 ± 2.63 d 5 72.27 < 0.001
C3 87.50 ± 2.95 a 57.50 ± 4.41 b 15.00 ± 2.63 d 36.25 ± 3.66 c 85.00 ± 3.24 a 13.75 ± 2.67 d 5 99.05 < 0.001
C4 91.25 ± 2.50 a 67.50 ± 5.15 b 17.50 ± 2.95 d 31.25 ± 3.13 c 96.25 ± 1.64 a 18.75 ± 1.89 d 5 134.33 < 0.001

Concentrations C1 – C4 were 1.0 × 105 – 1.0 × 108 conidia/spores mL-1 for all entomopathogens except for S. litura NPV for which C1 – C4 were 1.0 × 
103 – 1.0 × 106 OB mL-1. Lowercase letters in the same row indicate significant difference among the treatment means (one-way ANOVA; LSD post-hoc 
test at α = 0.05), while uppercase letters beside microbe names indicate overall significant difference among the microbial insecticides (factorial ANOVA; 
HSD post-hoc test at α = 0.05).

Table VIII. Median lethal concentration (LC50) values for promising entomopathogenic microbes evaluated against 
3rd instar larvae of Spodoptera litura under laboratory conditions.

Treatment LC50 (conidia or 
spore or OB mL-1)

Lower and upper 95% fiducial 
limits (conidia or spore or OB mL-1)

X2 (df = 
30)*

P value Slope Intercept

Bacillus thuringensis kurstaki 1.22 × 107 3.52 × 105– 6.34 × 109 249.28 < 0.001 0.351±0.24 0.733±0.11
Beauveria bassiana 5.59 × 106 4.55× 105 – 2.10 × 107 171.33 < 0.001 0.192±0.02 1.106±0.13
Spodoptera litura–NPV 3.78 × 103 1.44E × 102 – 2.04 × 104 153.52 < 0.001 0.349±0.03 0.550±0.11

*Since the significance level is less than 0.15, a heterogeneity factor is used in the calculation of confidence limits.

revealed a significant impact of microbial treatments 
(F5, 168= 128.71; P < 0.001), their concentrations (F3, 168 = 
268.90; P < 0.01), and their interaction (F15, 168 = 3.60; P 
< 0.001) on S. litura mortality (Table VII). Highest larval 
mortality was caused by S. litura-NPV (71.25–96.25%) 
and B. thuringensis kurstaki (65.01–91.25%), followed 
by B. bassiana (43.75–67.50%), while minimum larval 
mortality was exhibited by V. lecanii (8.75–17.50%) and 
I. fumosorosea (10.00–18.75%). Mean maximum larval 
mortality was caused by S. litura-NPV (82.81 ± 2.67%), 
followed by B. thuringensis kurstaki (78.44 ± 3.98%) and 
both these treatments were significantly different from 
other three microbial insecticides, while V. lecanii and I. 
fumosorosea exhibited minimum larval mortality i.e. 13.44 

± 2.05% and 13.75 ± 2.36%, respectively (Table VII).
According to probit analysis, S. litura-NPV was the 

most effective microbial insecticide (LC50= 3.78×103 OB 
mL-1), followed by B. thuringensis kurstaki (1.22× 107 

spores mL-1) and B. bassiana (5.59×106 conidia mL-1) (Table 
VIII), while the most fast-acting microbial insecticide was 
B. thuringensis kurstaki with a LT50 value of 3.71 days 
(3.11–4.31), followed by S. litura-NPV (3.83 days), while 
maximum medial lethal time was recorded for B. bassiana 
(8.88 days) (Table IX).

Lethal and sublethal effects of synthetic insecticides on S. 
litura larvae

Furthermore, some in-vitro bioassays were conducted 
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to assess seven synthetic insecticides having differential-
chemistry and modes of action than the conventional ones 
against 3rd instar larvae of S. litura. In first bioassay, data 
regarding larval mortality by label-recommended dose 
rates of the insecticides recorded at different time intervals 
was subjected two-factor factorial analysis of variance 
which exhibited that treatments (F7, 240 = 289.12, P < 0.001), 
time (F4, 240 = 630.76, P < 0.01) and their interactions (F28, 

240 = 24.99, P < 0.001) had statistically significant effect on 
S. litura mortality (Table X).

All insecticides caused significant larval mortality 
recorded at each time interval (Table X). The mortality in 

control ranged from 0.00 to 5.71%. At 6 h post-treatment, 
flubendiamide gave maximum mortality (10.00 ± 2.18%) 
followed by spinetoram and chlorantraniliprole (5.71 ± 2.02 
and 2.86±1.74%, respectively), while methoxyfenozide 
and chlorfenapyr revealed no mortality. Similar trend of 
mortality was observed at 12, 24 and 48 h post-treatment. 
Trend of mortality changed at 72 h post-exposure where 
chlorantraniliprole caused maximum and significant 
mortality (88.57±2.94%) followed by flubendiamide 
(84.29 ± 2.02%) and spinetoram (77.14 ± 2.86%), while 
fenoxycarb and methoxyfenozide showed minimum larval 
mortality (37.14 and 35.71%, respectively) (Table X).

Table IX. Median lethal time (LT50) values for promising entomopathogenic microbes evaluated against 3rd instar 
larvae of Spodoptera litura under laboratory conditions. 

Treatment LT50 
(days)

Lower and upper 95% 
fiducial limits (days)

 X2 (df = 30)* P-value Slope Intercept

Bacillus thuringensis kurstaki 3.71 3.11 – 4.31 210.37 < 0.001 2.031±0.08 1.157±0.06
Beauveria bassiana 8.88 7.61 – 10.81 172.97 < 0.001 1.892±0.09 1.791±0.07
Spodoptera litura–NPV 3.83 3.42– 4.25 184.73 < 0.001 2.911±0.09 1.689±0.07

*Since the significance level is less than 0.15, a heterogeneity factor is used in the calculation of confidence limits.

Table X. Percent mortality (mean ± S.E.) of 3rd instar larvae of Spodoptera litura bioassayed against differential-
chemistry synthetic insecticides at their label recommended dose rates.

Time in-
terval (h)

LufenuronD SpinetoramB Fenoxycarb F Flubendi-
amide A

Chlorantra-
niliprole C

Methoxy-
fenozide F

Chlor-
fenapyr E

df F P

6 1.43±1.43bc 5.71±2.02ab 1.43±1.43bc 10.00±2.18a 2.86±1.84bc 0.00±0.00c 0.00±0.00c 5 5.67 0.0002
12 17.14±2.86b 37.14±2.86a 4.29±2.02c 42.86±2.86a 17.14±2.86b 14.29±2.02b 15.71±2.02b 5 29.11 < 0.001
24 31.43±2.61c 50.00±3.09b 18.57±2.61de 60.00±3.09a 28.57±2.61c 14.29±2.02e 24.29±2.02cd 5 40.97 < 0.001
48 44.29±2.02c 64.29±2.02b 22.86±1.84d 74.29±2.02a 70.00±2.18ab 24.29±2.02d 38.57±3.40c 5 88.55 < 0.001
72 60.00±3.09c 77.14±2.86b 37.14±3.60d 84.29±2.02ab 88.57±2.61a 35.71±2.97d 52.86±2.86c 5 56.40 < 0.001

Lowercase letters in the same row indicate significant difference among the treatment means (one-way ANOVA; LSD post-hoc test at α = 0.05), while 
uppercase letters beside chemical names indicate overall significant difference among the synthetic insecticides (factorial ANOVA; HSD post-hoc test 
at α = 0.05).

Table XI. Median lethal time (LT50) values for selected non-conventional synthetic insecticides evaluated against 3rd 
instar larvae of Spodoptera litura under laboratory conditions.

Treatment LT50 (h) Lower and upper 95% fiducial 
limits (hr)

 X2 (df = 
33)*

P-value Slope Intercept

Chlorantraniliprole 30.78 27.78 – 34.21 183.192 < 0.001 2.780±0.08 4.138±0.12
Chlorfenapyr 64.30 55.16 – 77.89 115.21 < 0.001 1.745±0.07 3.155±0.11
Fenoxycarb 117.34 88.73 – 178.88 157.91 < 0.001 1.606±0.9 3.323±0.13
Flubendiamide 19.58 17.44 – 21.87 121.35 < 0.001 1.901±0.06 2.454±0.09
Lufenuron 51.26 44.69 – 60.37 125.53 < 0.001 1.788±0.07 3.057±0.11
Methoxyfenozide 139.80 100.82 – 230.51 131.20 < 0.001 1.331±0.08 2.956±0.12
Spinetoram 26.25 23.07– 29.96 149.42 < 0.001 1.785±0.06 2.534±0.09

*Since the significance level is less than 0.15, a heterogeneity factor is used in the calculation of confidence limits.
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Table XII. Effect of sublethal doses of selected differential-chemistry synthetic insecticides on different biological 
parameters of Spodoptera litura under laboratory conditions.

Biological 
parameters

Lufenuron Spinetoram Flubendi-
amide

Chlorantra-
niliprole

Chlorfenapyr Control df F P

Half of the label recommended dose rates
Larval development 
time (days)

14.21±0.42e 16.64±0.72c 19.51±0.47a 17.77±0.75b 15.25±0.64d 12.47±0.83f 5 150.0 < 0.001

Pupal weight (mg) 218.87±2.74c 211.76±2.03d 201.94±4.46e 221.24±2.86b 225.65±2.12b 241.05±3.40a 5 187.0 < 0.001
Pupal duration (days) 11.49±0.97b 12.55±1.17a 11.75±1.01ab 11.36±1.08b 11.63±1.15ab 7.67±0.80c 5 27.4 < 0.001
Adult longevity (days) 12.20±1.00b 12.27±0.88b 11.83±0.96b 12.21±0.90b 12.06±0.81b 13.80±0.74a 5 6.4 0.001
One-fourth of the label recommended dose rates
Larval development 
time (days)

15.96±0.56bc 15.65±0.77c 19.63±0.72a 17.20±0.70b 16.50±0.82cd 14.85±0.75d 5 56.0 < 0.001

Pupal weight (mg) 224.87±2.97d 227.71±5.64cd 228.81±6.18cd 233.98±4.48b 231.06±5.22bc 239.77±1.51a 5 13.0 < 0.001
Pupal duration (days) 9.89±1.03a 9.56±0.87ab 9.88±0.83a 9.32±0.88 ab 9.12±0.12b 7.57±0.63c 5 12.1 < 0.001
Adult longevity 
(days)

12.77±1.09b 12.51±0.80bc 11.85±0.43c 12.59±0.90b 12.28±0.79bc 13.63±0.79a 5 5.2 0.001

Second instar S. litura larvae were exposed to half and one-fourth of the recommended dose rates of different insecticide formulations. Values are means 
(± S.E.) of 10 independent replications for each treatment. Values within a row having different letters are significantly different from each other (one-way 
ANOVA followed by LSD post-hoc test at α = 0.05).

Overall, the most effective insecticides against 
S. litura were chlorantraniliprole, flubendiamide and 
spinetoram, while fenoxycarb, methoxyfenozide and 
chlorfenapyr were least effective (Table X). Similar pattern 
of lethality was exhibited by median lethal time (LT50) 
values (Table XI). According to probit regression analysis, 
flubendiamide, spinetoram and chlorantraniliprole were 
the most fast-acting insecticides with minimum LT50 
values i.e. 19.58 h (17.44–21.87), 26.25 h (23.07–29.96) 
and 30.78 h (27.78–34.21), respectively. Maximum LT50 
values were recorded for fenoxycarb and methoxyfenozide 
(Table XI). 

In second bioassay, effects of sublethal doses of 
five most effective insecticides were further assessed on 
different biological characteristics of S. litura including 
larval development time, pupal weight, pupal duration 
and adult longevity under laboratory conditions. 
Results revealed a significant effect of sublethal doses 
of insecticides on all biological parameters of S. litura 
larvae (Table XII). Larval development time was 
significantly prolonged by both half and one-fourth doses 
of flubendiamide and chlorantraniliprole (19.51 ± 0.47 
and 19.63 ± 0.72 and 17.77 ± 0.75 and 17.20 ± 0.70 days, 
respectively) in comparison with control (12.47 ± 0.83 and 
14.85 ± 0.75 days). The pupal weight was statistically less 
when flubendiamide was administered at half dose (201.94 
± 4.46 mg) and lufenuron at one-fourth dose (224.87 ± 
2.97 mg), while maximum pupal weight was recorded for 
the control treatment (241.05 ± 3.40 and 239.77 ± 1.51 

mg, respectively). In case of pupal duration, statistically 
longer duration was recorded for spinetoram (at half 
dose) and lufenuron (at one-fourth dose). Similarly, adult 
longevity was significantly decreased for all insecticides as 
compared to control. Particularly, significant suppression 
of adult lifespan was exhibited by flubendiamide (11.83 
and 11.85 days) and chlorfenapyr (12.28 and 12.06 days) 
at half and one-fourth dose rates, respectively (Table XII).

DISCUSSION

Armyworm infestations on potato crop have become 
the growing concern of indigenous farmers in Pakistan. 
S. litura is appearing as a difficult to control pest due to 
high incidence of resistance being manifested by its field 
populations against the prevailing conventional synthetic 
insecticides (Saleem et al., 2016; Zhang et al., 2022). 
To this end, we assessed under laboratory conditions the 
comparative effectiveness of 19 promising biorational 
insecticidal formulations against 3rd instar larvae of S. 
litura because utilization of such reduced-risk insecticides 
will improve the food quality by minimizing the ecological 
risks associated with conventional synthetic pesticides.

Among the tested botanical formulations, nicotine (N. 
tabacum) and neem oil and extract (A. indica) appeared 
as the most effective treatments exhibiting maximum 
cumulative larval mortality (69–79%) in 72 h exposure, 
concomitantly with the minimum LC50 and LT20 values. 
Similarly, these botanicals showed maximum larval 
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repellency by their LC10, LC30 and LC50 values. These 
results are consistent with the findings of some recent 
studies demonstrating significant toxicity of N. tabacum 
and A. indica extracts against different fall armyworm S. 
frugiperda (Duarte et al., 2019; Phambala et al., 2020; 
Hernandez-Trejo et al., 2021). Sisay et al. (2019) and 
Phambala et al. (2020) revealed significantly higher 
mortality (50–66%) of 3rd instar larvae of S. frugiperda 
by N. tabacum extracts. Apart from different Spodoptera 
species, less larval morality showed by these studies than 
our results would also be due to the plant extract nature 
because we used commercial formulations (emulsifiable 
concentrates) of these plants while above mentioned 
studies used either aqueous or crude plant extracts. Phyto-
constituents derived from A. indica have been effectively 
used since decades against various lepidopterous, 
coleopterous, dipterous and hemiptrous pests (Isman, 
2006; Benelli et al., 2017). Nature has blessed this plant 
with a wide array of alkaloids, phenolics and terpenoids 
particularly triterpenoids (nimbin, salannin etc.) and other 
azadirachtin analogues thereof (Isman, 2006). A. indica 
extractives have multifaceted modes of action exhibiting 
contact and stomach toxicity, ovipositional deterrence, 
ovicidal, growth inhibitory and antifeedant effects against 
various insect pests (Chaudhary et al., 2017; Isman, 2020). 
Regarding repellency, our results are also in line with 
those of Nelson and Venugopal (2006) and Phambala et 
al. (2020) showing maximum feeding deterrence by the 
extracts of A. indica and N. indica.

Regarding evaluation of microbial formulations, 
S. litura-NPV and Bt kurstaki were the most effective 
treatments exhibiting 65–96% cumulative larval mortality 
in 12-days bioassay. These findings corroborate some 
previous studies which have shown the individual and 
combined synergistic toxicity of Spodoptera-specific 
NPV strains and B. thuringiensis against the larvae S. 
frugiperda under laboratory conditions (Nagal and Verma, 
2015; Guido-Cira et al., 2017). NPVs are usually highly 
pathogenic and effective against different lepidopterous 
pests including many Spodoptera, Helicoverpa and 
Heliothis species (Ravishankar and Venkatesha, 2010; 
Beas-Catena et al., 2014; Arrizubieta et al., 2022). Nagal 
and Verma (2015) and Suarez-Lopez et al. (2022) showed 
significant pathogenicity of S. litura-NPV against 3rd 
instar larvae of S. litura and S. littoralis with LC50 values 
of 1.32×105 and 6.6 × 105 OB/ml, respectively. Although 
B. bassiana exhibited considerable (up to 68%) larval 
mortality, other two entomopathogenic fungal formulations 
(M. anisopliae and I. fumosorosea) tested in this study did 
not show significant toxicity against S. litura. Our results 
are in contrast to Batool et al. (2022) and Ullah et al. (2022) 
demonstrating the indigenous strains of M. anisopliae as 

the most effective EPF against 3rd instar larvae of S. litura 
and S. frugiperda, respectively. This is possibly due to the 
fact that different biogeographic strains of EPF can vary 
in their pathogenicity and virulence against target insect 
pests because of their genetic diversity and differential 
molecular and enzymatic characteristics (Maistrou et al., 
2020). 

In third bioassay with non-conventional synthetic 
insecticides, the most toxic and fast-acting insecticides 
were flubendiamide, chlorantraniliprole and spinetoram 
with significantly maximum larval mortality and 
minimum LT50 values. Similarly, significant suppression 
of life-table parameters was exhibited by sublethal doses 
of flubendiamide and chlorantraniliprole. Flubendiamide 
is novel diamide group insecticide and is highly effective 
against lepidopterous larvae including S. litura (Tohnishi 
et al., 2005; Maqsood et al., 2018). Our results affirm 
the findings of Nagal and Verma (2015) and Thakur and 
Srivastava (2019) that diamides (chlorantraniliprole 
and flubendiamide) and spinosyns (spinetoram and 
spinosad) are effective differential-chemistry reduced-risk 
insecticides against 3rd instar larvae of S. litura. Hannig 
et al. (2009), Liu et al. (2017) and Kong et al. (2021) 
demonstrated chlorantraniliprole as an effective biorational 
alternate to conventional synthetic insecticides exerting 
lethal and sublethal effects on moths and larvae of S. litura, 
S. exigua, Agrotis ipsilon and Helicoverpa armigera. 
Likewise, significant toxicity of chlorantraniliprole, either 
alone or in combination with an indigenous isolate of M. 
anisopliae, has been shown against S. litura 3rd instar 
larvae by Batool et al. (2022). 

Nevertheless, it would be imperative to look for the 
compatibility of these effective botanical (N. tabacum 
and A. indica extracts), microbial (NPV, B. thuringiensis 
and B. bassiana) and differential chemistry synthetic 
(flubendiamide, chlorantraniliprole and spinetoram) 
insecticidal treatments among themselves with other 
biorational or reduced-risk pesticides. For instance, some 
recent studies have demonstrated the synergistic action of 
S. litura-NPV with emamectin benzoate, lufenuron and 
spinosad (Yasin et al., 2020; Suarez-Lopez et al., 2022; 
Ayyub et al., 2019; Dáder et al., 2020; Thakur et al., 
2022). Similarly, B. thuringiensis have shown synergistic 
action against 3rd instar larvae of S. littoralis when applied 
in combination with spinosad and cypermethrin (El-
Sheikh 2012; Abd El-Samei et al., 2019) and against 3rd 
instar larvae of Indian meal moth (Plodia interpunctella) 
(Nouri-Ganbalani et al., 2016).

CONCLUSIONS

In brief, this laboratory study revealed the 
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effectiveness of aforementioned botanical, microbial 
and non-conventional synthetic insecticides, particularly 
of A. indica, N. tabacum, B. thuringensis kurstaki, S. 
litura-NPV, flubendiamide and spinetoram, against 3rd 
instar larvae of S. litura. However, further in-vitro and 
in-situ assessment of the combinations of these effective 
treatments and their lethal and sublethal impacts on insect 
natural enemies and on other non-target species constitute 
the future perspectives of this work. 
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