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A B S T R A C T 

Introduction: Synthetic chemical insecticides are becoming ineffective against 
Spodoptera littoralis (Boisaduval, 1833) because of resistance. Microbial 
insecticides, also known as entomopathogens, are an effective and environmentally 
acceptable way to control insect pests.  
Methods: Bacillus thuringiensis kurstaki (Btk) and Nuclear Polyhedrosis Virus 
(NPV), either separately or in combination, were tested in the present investigation 
by exposing two field strains of S. littoralis under controlled laboratory conditions.  
Results: The NPV and Btk demonstrated high effectiveness toward larvae of both 
two field strains in a dose-dependent manner in terms of larval mortality recorded 
after 3, 5, and 7 days. NPV appeared to be slightly more effective than Btk. In all 
cases, Btk combined with NPV-1 (1x10 PIBs/mL) or NPV-2 (1x107 PIBs/mL) had 
additive effects against larvae of either field strain. Combining Btk with NPV-2 at 
concentration of 3.2x10 IU/mL resulted in significant synergism against larvae of 
either of the two field strains examined. When larvae were fed Btk and NPV-
contaminated leaf discs, their growth and pupation rates were reduced.  
Conclusions: The results showed that the NPV and Btk could be fine as microbial 
insecticides when mixed to control and manage the insecticide-resistant S. littoralis 
in the field. 

1. Introduction 

he cotton leafworm, Spodoptera 
littoralis (Boisaduval, 1833), is a 
damaging pest recognized for its 
year-round activity and diverse 

preference for over 87 host plants belonging to 
40 plant families, resulting in massive output 
losses, making it a model of a major polyphagous 
pest [1]. After decades of indiscriminate use of 

synthetic insecticides to combat pests, not only 
has this caused serious harms to the 
environment, human health, and non-target 
pests, but it has also resulted in the development 
of insecticide resistance, the secondary pest 
outbreaks, and pest population resurgence 
[2,3,4]. This situation demands to evaluate safer 
eco-friendly alternatives in managing pests to 
promote a sustainable agriculture. Microbial 
biopesticides have received a lot of interest in 
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recent years as potential alternatives to 
synthetic insecticides as they are 
environmentally safe, self-perpetuating in 
nature, and specific to target pests [5,6]. The 
most well-known microbial biopesticides are Bt 
strains, which account for more than 50% of all 
biopesticides and are probably the most widely 
used due to their activity against insects of 
various orders, including Lepidoptera, 
Coleoptera, and Diptera, as well as other 
invertebrates like nematodes [7,8]. Viruses, 
after bacterial and fungal products, hold a 
unique place in biological pest control due to 
their appropriateness and safety, as they are 
simply formulated and deployed to target the 
particular host [9]. Viral insecticidal 
formulations, such as NPV, which form 
polyhedra-like occlusion bodies Chiu et al. 
(2012) [10] are used as a major component in 
IPM programmes, as they are able to kill major 
crop pests as Helicoverpa armigera (Hübner) 
and Spodoptera litura (Fabricius) [11]. In the 
present study, the potential activity of two 
microbial insecticides and their combinations, 
against the second instar larvae of S. littoralis 
were examined. This study is useful in 
expanding the use of pathogens in IPM programs 
to reduce the usage of broad-spectrum synthetic 
chemical insecticides, and at the same time, to 
control S. littoralis infestations. 

2. Materials and Methods 

2.1. Field collection and laboratory rearing of 
Spodoptera littoralis 

The initial S. littoralis colony was collected in 
June 2021 from cotton fields of Kafr El-Sheikh, 
Biala district (Biala), and Alexandria, El-Salhia 
district (El-Salhia) Governorates, Egypt. S. 
littoralis egg masses were carefully transferred 
to the Central Agricultural Pesticides 
Laboratory, Department of Insect Population 
Toxicology, Agriculture Research Center, Giza, 
Egypt. After hatching, their larvae were 
transferred to the clean sterilized glass jars with 
fine muslin cloth lids to prevent escape. The 
larvae were fed fresh castor bean leaves (Ricinus 
communis L.) daily until the end of the larval 
stage. In a growth chamber, the insect stock was 
kept at 25 ±1℃, 65 ±5% relative humidity under 
a 16:8 (L:D) h photoperiod. 

2.2. Larval mortality  

Btk and NPV were obtained from Plant 
Protection Research Institute Biopesticide Unit 
Production. Two concentrations of NPV based 
formulation (Viruset)®: 1x107 and 1x10 
PIBs/mL, and two concentrations of Btk based 
formulation (Protecto)®: 3.2x105 and 3.2x10 
IU/mL, were estimated individually and in 
combination against the S. littoralis second 
instar larvae (one-day old) by using the leaf–
dipping method. Leaf discs of 2 m2 from castor 
bean leaves were immersed in each 
concentration prepared of treatment for 10 s 
with a gentle agitation. Each concentration was 
replicated three times, with 10 larvae starved for 
2 hours before being treated in each replication. 
After 48 hours feeding, non-treated leaves were 
provided according to the need of the larvae and 
observed daily till they died or pupated. If larvae 
did not move when gently prodded, they were 
dead. All of the jars were placed in the insect 
growing room under the same conditions as 
before. Larval mortality was recorded after 3, 5, 
and 7 days of exposure. Actual and expected 
mortality were compared based on the formula 
Mansour et al. (1966) [12]:   

The co-toxicity factor: 

CTF = (Mo-Me)/Me ×100    

Where, Mo denotes observed mortality (%) 
resulted from the combined application, Me 
indicates the expected mortality (%) which was 
calculated by the sum of mortalities used in the 
combination.  

The effectiveness was categorized into three 
groups as follow: a positive factor of ≥ 20 or 
more suggested synergisms, a negative factor of 
< 20 or more suggested antagonisms, and any 
intermediate value (i.e. between -20 and +20) 
was considered as an additive effect. 

The growth larval index was calculated by 
using the formula of Itoyama et al. (1999) [13]: 
The larval growth rate: 

LG (%) = P/T     

Where, P is pupation (%) and T denotes the 
duration of the larval period (day). 

2.3. Statistical analysis
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The collected data on Btk and NPV mortality was 
corrected by mortality in control using Abbott’s 
(1925) [14] formula and analyzed statistically 
by the one-way analysis of variance (ANOVA). 
Tukey's (HSD) test was used to compare means 
at the P < 0.05 significance level. 

3. Results 

After 3, 5, and 7 days of application, significant 
differences were recorded regarding larval 
mortality when feeding on the leaf treated with 
Btk and NPV alone and in combinations (Tables 
1, 2, and 3). The results revealed that larval 
mortality increases with increasing Btk or NPV 
concentration. Whereas, Btk and NPV in 
combination resulted in considerably higher 
mortality than either Btk or NPV alone against 
two field strains.  

After 3 days of application, the larvae treated 
with only Btk or NPV caused 13.84–20.00% 
mortality, respectively, while larvae treated with 
the combination of Btk and NPV killed 54.08% in 

the El-Salhia strain. For the Biala strain, larvae 
treated with only Btk or NPV caused 11.35–
17.05% mortality, respectively, while larvae 
treated with the combination of Btk and NPV 
killed 45.68% (Table 1). A similar pattern of 
mortality rates was observed after 5 days of 
application in cases of either Btk or NPV alone or 
in combination, with mortality rates after 3 days 
of application in the tested population of two 
Governorates (Table 2). However, the overall 
mortality rates of S. littoralis were significantly 
increased in the tested population of two 
Governorates with either Btk or NPV alone or 
Btk + NPV, 7 days after application.  

An additive effect was observed when NPV at 
a low concentration (1x10 PIBs/mL) was 
combined with two concentrations of Btk 
(3.2x105 and 3.2x10 IU/mL). Whereas when the 
highest concentration of NPV (1x107 PIBs/mL) 
was combined with a low concentration of Btk 
(3.2x10 IU/mL), a synergistic effect was 
observed, but a high concentration of Btk 
(3.2x105 IU/mL) resulted in an additive effect. 

Table 1. Mortality (%±SE) of the second instar of Spodoptera littoralis from two different field 
populations after three days of exposure to single and combined applications of Bacillus thuringiensis 
kurstaki (Btk) and Nuclear Polyhydrosis Virus (NPV).  

Entomopathogen 
Field 
strain 

Actual 
mortality 

Expected 
mortality 

e CTF 
Type of 

interaction 

Btk-1 + NPV-1 
El-Salhia 33.84 ± 2.29de 35.97 6.29 Additive 

Biala 28.40 ± 2.14ef 29.85 5.11 Additive 

Btk-2 + NPV-1 
El-Salhia 39.63 ± 1.34cd 41.67 5.15 Additive 

Biala 34.04 ± 2.02de 35.52 4.35 Additive 

Btk-1 + NPV-2 
El-Salhia 48.29 ± 1.93ab 58.79 21.74 Synergistic 

Biala 40.04 ± 2.27bc 48.16 20.28 Synergistic 

Btk-2 + NPV-2 
El-Salhia 54.08 ± 2.08a 55.32 2.29 Additive 

Biala 45.68 ± 1.46ab 46.19 1.12 Additive 

a Btk-1 
El-Salhia 13.84 ± 1.97hi    

Biala 11.35 ± 1.21hi    

b Btk-2 
El-Salhia 19.63 ± 2.30gh    

Biala 16.99 ± 0.96gh    

c NPV-1 
El-Salhia 20.00 ± 1.96fg    

Biala 17.05 ± 1.91gh    

d NPV-2 
El-Salhia 34.45 ± 1.99de    

Biala 28.69 ± 1.61ef    
a,b Btk concentration applied at 3.2x105 IU/mL (a Btk-1) and 3.2x10 IU/mL (b Btk-2); c,d NPV concentration 
applied at 1x107 PIBs/mL (c NPV-1) and 1x10 PIBs/mL (c NPV-2);  e CTF: Co-toxicity factor; Means, followed by 
different letters within columns indicate significant differences P < 0.05 by using Tukey’s test. In each 
experiment, 30 larvae of each concentration were tested in three replicates. 
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Table 2. Mortality (%±SE) of the second instar of Spodoptera littoralis from two different field 
populations after five days of exposure to single and combined applications of Bacillus thuringiensis 
kurstaki (Btk) and Nuclear Polyhydrosis Virus (NPV).  

Entomopathogen 
Field 
strain 

Actual mortality 
Expected 
mortality 

e CTF 
Type of 

interaction 

Btk-1 + NPV-1 
El-Salhia 50.71 ± 2.06de 54.06 6.61 Additive 

Biala 46.31 ± 1.45ef 48.98 5.77 Additive 

Btk-2 + NPV-1 
El-Salhia 55.15 ± 1.92cd 58.41 5.91 Additive 

Biala 51.10 ± 2.17de 53.77 5.23 Additive 

Btk-1 + NPV-2 
El-Salhia 66.81 ± 2.24ab 83.47 24.94 Synergistic 

Biala 60.98 ± 2.27bc 74.10 21.52 Synergistic 

Btk-2 + NPV-2 
El-Salhia 71.25 ± 2.89a 72.30 1.47 Additive 

Biala 65.77 ± 1.95ab 66.43 1.00 Additive 

a Btk-1 
El-Salhia 24.02 ± 1.11jk    

Biala 22.14 ± 1.13jk    

b Btk-2 
El-Salhia 28.46 ± 2.14j    

Biala 27.20 ± 1.21j    

c NPV-1 
El-Salhia 26.69 ± 1.58j    

Biala 23.90 ± 2.19jk    

d NPV-2 
El-Salhia 42.79 ± 1.66fh    

Biala 38.57 ± 1.54hi    
a,b Btk concentration applied at 3.2x105 IU/mL (a Btk-1) and 3.2x10 IU/mL (b Btk-2); c,d NPV concentration applied at 1x107 

PIBs/mL (c NPV-1) and 1x10 PIBs/mL (c NPV-2); e CTF: Co-toxicity factor; Means, followed by different letters within 
columns indicate significant differences P < 0.05 by using Tukey’s test. In each experiment, 30 larvae of each concentration 
were tested in three replicates.  

Table 3. Mortality (%±SE) of the second instar of Spodoptera littoralis from two different field 
populations after seven days of exposure to single and combined applications of Bacillus thuringiensis 
kurstaki (Btk) and Nuclear Polyhydrosis Virus (NPV).  

Entomopathogen 
Field 
strain 

Actual mortality 
Expected 
mortality 

e CTF 
Type of 

interaction 

Btk-1 + NPV-1 
El-Salhia 66.49 ± 2.57cd 70.30 5.73 Additive 

Biala 55.57 ± 3.00de 58.06 4.48 Additive 

Btk-2 + NPV-1 
El-Salhia 80.80 ± 2.54ab 84.98 5.17 Additive 

Biala 67.70 ± 1.52cd 70.81 4.59 Additive 

Btk-1 + NPV-2 
El-Salhia 77.91 ± 1.99bc 98.26 26.12 Synergistic 

Biala 66.33 ± 2.46cd 81.86 23.41 Synergistic 

Btk-2 + NPV-2 
El-Salhia 92.22 ± 3.22a 93.18 1.04 Additive 

Biala 78.46 ± 2.85bc 79.00 0.69 Additive 

a Btk-1 
El-Salhia 30.27 ± 1.50ij    

Biala 25.33 ± 1.20jk    

b Btk-2 
El-Salhia 44.58 ± 1.73ef    

Biala 37.46 ± 2.32hi    

c NPV-1 
El-Salhia 36.22 ± 1.24hi    

Biala 30.24 ± 1.72ij    

d NPV-2 
El-Salhia 47.64 ± 1.82ef    

Biala 41.00 ± 1.42fh    
a,b Btk concentration applied at 3.2x105 IU/mL (a Btk-1) and 3.2x10 IU/mL (b Btk-2); c,d NPV concentration applied at 1x107 

PIBs/mL (c NPV-1) and 1x10 PIBs/mL (c NPV-2); e CTF: Co-toxicity factor; Means, followed by different letters within 
columns indicate significant differences P < 0.05 by using Tukey’s test. In each experiment, 30 larvae of each concentration 
were tested in three replicates. 
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Concerning proportion of larvae succeeded in 
pupating, shows a significant variation between 
in combinations and single treatments of Btk 
and NPV. Lower proportion of pupation was 

observed when Btk and NPV were applied in 
combination than applied alone against two the 
field strains (Table 4). 

Table 4. Larval growth index (LG) of the second instar of Spodoptera littoralis from two different 
field populations after three days of exposure to single and combined applications of Bacillus 
thuringiensis kurstaki (Btk) and Nuclear Polyhydrosis Virus (NPV).   

Entomopathogen Field strain Pupation (%) Larval growth index (LGI) 

Btk-1 + NPV-1 
El-Salhia 18.69 ± 2.67ab 4.19 

Biala 20.83 ± 2.82bc 4.67 

Btk-2 + NPV-1 
El-Salhia 17.33 ± 2.21ab 3.25 

Biala 19.49 ± 1.07ab 3.86 

Btk-1 + NPV-2 
El-Salhia 13.02 ± 2.72a 1.14 

Biala 16.17 ± 0.92ab 1.73 

Btk-2 + NPV-2 
El-Salhia 23.89 ± 2.89cd 5.18 

Biala 30.64 ± 1.37e 5.78 

a Btk-1 
El-Salhia 63.54 ± 2.53hi 9.07 

Biala 66.04 ± 2.57ji 9.76 

b Btk-2 
El-Salhia 59.43 ± 3.75gh 8.31 

Biala 62.77 ± 1.92hi 8.65 

c NPV-1 
El-Salhia 52.43 ± 1.52fg 7.15 

Biala 54.61 ± 2.08fg 7.71 

d NPV-2 
El-Salhia 49.46± 1.14f 6.00 

Biala 50.70 ± 2.47fg 6.69 
a,b Btk concentration applied at 3.2x105 IU/mL (a Btk-1) and 3.2x10 IU/mL (b Btk-2); c,d NPV concentration 
applied at 1x107 PIBs/mL (c NPV-1) and 1x10 PIBs/mL (c NPV-2); Values are means ±SE; Means, followed by 
different letters within columns indicate significant differences P < 0.05 by using Tukey’s test. In each 
experiment, 30 larvae of each concentration were tested in three replicates 

4. Discussion 

These serious problems resulting from the use of 
synthetic insecticides, such as health hazards, 
environmental concerns, and negative effects on 
non-target organisms, as well as the 
development of resistant insect populations 
have prompted a search for safe pest control 
alternatives [2,3,4]. As a result, the current study 
was designed to evaluate the efficacy of 
microbial insecticides or insect pathogens as 
potential alternatives to synthetic insecticides 

[5].   

The efficacy of two microbial insecticides, Btk 
and NPV, and their combination against S. 
littoralis of the two field strains was validated in 
this investigation, with a high mortality rate and 
low percentage pupation. Similar results have 
been found in H. armigera and S. litura [15] and 
S. littoralis [16] when both Bacillus thuringiensis 
(Bt) and SpltNPV were used.  

Given that both BtK and NPV have strong 
performance but take longer to kill due to their 
sluggish mode of action, which typically limits 
their commercial use, it may be hypothesized 
that the combined action of microbes may 
increase their effects and reduce the time to kill 
[17,18]. In present study, combined action of 
both pathogens was proved to be more fatal than 
their sole application where were found additive 
and synergistic effects when combination of Btk 
and NPV is occurred. Reddy and Manjunatha 
(2000) [19] found that when SpltNPV and Btk 
were used together, mortality was higher than 
when they were used separately. According to 
Knaak and Fiuza (2005) [17], NPV infection 
increased 6 hours after the NPV-Bt combination 
was applied to lepidopteran caterpillars. 
Kalantari et al. (2014) [18] also found that 
pairing Bt at a lower concentration with HaSNPV 
at a higher concentration resulted in synergistic 
effect. 
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4. Conclusions 

Based on these findings, the tested microbial 
insecticides and their mixes is recommended as 
extremely promising for implementing an 
effective anti-resistance strategy against cotton 
leaf worm. This needs future studies to clarify its 
performance under practical field conditions.  

Highlights 

►Btk and NPV have potency to S. littoralis. ► 
Mixture of Btk -NPV have additive and 
synergistic toxic effects in S. littoralis. ► Major 
bioactivity against this pest is manifested by 
growth inhibition and high mortality.  
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