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ABSTRACT 

The tobacco cutworm or cotton leafworm, Spodoptera litura is considered an important pest in the Asian 
tropics and other temperate and tropical environments which cause loss of yields and productivity of more than 350 
host species. The use of fungal strains as biological control agents to complement chemical techniques has 
achieved great success. This study assesses the use of indigenous entomopathogenic fungus (IBA5 & IBC6) in 
Kabirdam district of Chhattisgarh, India as a potential biopesticide to improve integrated pest management 
practices in the region. The mortality rate of IBA5 (Penicillium spp.) was 96.66% in the third stage and 80% in the 
fourth stage, while the efficacy of IBC6 (Fusarium spp.) was relatively lower, with 73.33% and 50% mortality, 
respectively. The incubation period was 10 days. Phylogenetic analysis identified IBA5 as belonging to Penicillium 
citrinum IBA5VYT, and these results were observed at a spore concentration of 1 × 107 spores/ml. Further 
investigation of the effectiveness of P. citrinum IBA5VYT against 3rd and 4th instar larvae of S. litura resulted in 
LC50 values of 4.5×104 spores/ml and 4.2×105 spores/ml, LC90 values of 1.6×106 spore/ml and 2.1×107 spores/ml, 
and LT50 values 121 hours and 134 hours. These results highlight the forte and effectiveness of P. citrinum against 
different larval stages of tobacco caterpillars and highlight the robustness and effectiveness of P. citrinum IBA5VYT 
as an entomopathogenic fungus to address environmental problems. 
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INTRODUCTION 
 

Spodoptera litura is considered a 
polyphagous pest. According to Shu et al. 2018, 
literature reveals that larvae exhibit a broad 
dietary range, consuming between 120 and up to 
180 plant species. Additionally, information 
indicates the existence of 389 host species for 
this insect, spanning across 40 different plant 
families. In the Asia-Pacific region, S. litura 
poses a significant threat to open field crops, 
causing substantial losses in cotton, maize, 
groundnut, soybean, tobacco, and various 
vegetables of economic importance. 
Furthermore, it emerges as a major concern in 
protected cultivation environments such as 
glasshouses and greenhouses, where it inflicts 
significant damage on crops like eggplants, 
sweet peppers, and tomatoes (Bragard et al., 
2018). 

Sustainable pest management offers a 
comprehensive approach that includes 
environment friendly, biological, mechanical, and 
regulatory control measures. These methods aim 
to manage forest and crop pests with reduced 
reliance on concentrated chemical pesticides 

which cause harmful effect on soil fertility as well 
as beneficial microbial biomass of soil. (Dara, 
2019; Goswami et al., 2020). Biological control, a 
key component of this approach, utilizes 
substances with precise biological effects to 
regulate agricultural pests. This can involve the 
application of products containing biocontrol 
agents sourced from natural origins such as 
animals, plants, microorganisms, or specific 
minerals, along with their genes or metabolites 
(Gamarra et al., 2023). As the use of natural and 
organic product like biofertilizer, organic plant 
growth promoters increase nowadays (Singh et 
al., 2015) biological control methods are also 
explored for pet control. Classical biological 
control typically entails the introduction of natural 
enemies to combat exotic hosts that lack their 
complete array of natural adversaries in a 
particular area (Shah et al., 2014). Within the 
realm of biocontrol, microbial agents such as 
entomopathogenic bacteria, fungi, nematodes, 
and viruses are frequently employed for pest 
management across diverse cropping systems 
(Navon et al., 2002).  

Several entomopathogens, highlighted by 
Zhou et al. 2009 demonstrate significant efficacy 
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against S. litura. Examples include Apanteles 
colemani Forster (Braconidae: Hymenoptera) as 
a parasite of larvae ( Ramaiah and Maheswari 
2018), Aspergillus flavus Link (Trichomaceae: 
Eurotiales) as a pathogen ( Kaur et al.,  2020) , 
Bacillus thuringiensis Berliner (Bacillaceae: 
Bacillales) as a pathogen , Bracon brevicornis 
Fabricius (Braconidae: Hymenoptera) as a 
larvae parasite (Ghosh et al.,  2020), Cotesia 
glomerata Linnaeus (Braconidae: Hymenoptera) 
as a larvae parasite (Ahuja et al.,  2012), 
Granulosis virus as a pathogen (Gupta et al.,  
2015), Metarhizium anisopliae Sorokin 
(Clavicipitaceae: Hypocreales) as a pathogen 
(Sarwar, 2015), Telonomus remus Nixon 
(Platygastridae: Hymenoptera) as an egg 
(Shivankar et al.,  2008), and Trichogramma 
chillonis as an egg parasite (Mani & 
Krishnamoorthy 1986). Nucleopolyhydroviruses 
demonstrated high pathogenicity (37.65–
96.82%) in the early larval stage, with mortality 
rates increasing over time and decreasing with 
larval age (Sajid et al., 2021). Entomopathogenic 
fungi (EPF) are particularly promising as eco-
friendly biocontrol agents due to their rapid 
reproduction, specific activity against target 
pests, minimal impact on beneficial organisms, 
and ability to survive in the absence of hosts 
(Mudgal et al., 2013). While various EPF species 
like Beauveria, Metarhizium, Aspergillus, 
Fusarium, Penicillium, and Paecilomyces are 
naturally present in agricultural soils, their natural 
spore levels are often insufficient for effective 
pest control. Therefore, applying EPF for pest 
management requires products with adequate 
spore numbers (Singh et al., 2020). 

P. citrinum and certain Fusarium sp., 
initially known as phytopathogens (Dara et al., 
2016), have also been explored for their 
entomopathogenic properties, exhibiting 
potential as biocontrol agents and growth 
promoters in plants (Waqas et al., 2015; 
Damasceno et al., 2019). Overall, these 
biocontrol strategies offer sustainable 
alternatives to conventional pesticide use, 
providing effective pest management while 
minimizing environmental impacts. In this paper 
indigenous entomopathogenic fungi P. citrinum 
and certain Fusarium sp. was explored for their 
biocontrol activity under laboratory condition 
against S. litura, and molecular identification of 
potential isolates was carried out. 
 

MATERIALS AND METHODS 
 
The study sites  
 

The present study was conducted from 
insect infested areas of Kabirdham district of 
Chhattisgarh. The region located at 21.32' and 
22.28' north latitude and 80.48' and 81.48' east 
longitude, covering an area of 4,447.5 km2, the 
district boasts a crop area of 241,458 hectares, 
with agricultural yields reaching 184,662 
hectares. During the Rabi and Kharif seasons, 
crops such as Rice, Sugarcane, Gram, Maize, 
Soybeans, and seasonal vegetables are 
cultivated in this area. 
(https://agriportal.cg.nic.in/PDF/AakasmikYojna/
CHH3-KABIRDHAM-10.08.12.pdf) 
 
Isolation of Fungal Culture  

Soil samples were collected randomly 
from different locations (Lohara village vegetable 
farm, Lalpur village rice crop field, and Pandaria 
village sugarcane and maize crop field etc.) in 
Kabirdham district, Chhattisgarh, India, at a 
depth of 5-10 cm in sterilized polythene bags. 
These samples were then brought to the 
laboratory for analysis. Indigenous 
entomopathogenic fungi were isolated using 
selective media following established protocols 
(Goettel & Inglis, 1997) and inoculated using a 
serial dilution method. The petri plates were 
incubated at 25°C for 4-7 days, during which 
fungal growth was regularly monitored. 
Morphological characterization was conducted 
by observing macroscopic and microscopic 
features such as colony colour, hyphal structure, 
and spore-bearing structures using lactophenol 
cotton blue stain under higher magnification of a 
microscope. 
 
Insect Culture  

Second instar larvae and egg patches of 
S. litura were obtained from both field and 
laboratory sources at Indira Gandhi Krishi 
Vishwavidyalaya, Raipur, India. Eggs were used 
for in vitro rearing, while larvae were used for 
bioassays. 
 
Spore Suspension Preparation  

Spore suspensions of the fungal isolates 
were prepared from 20-day-old cultures. Mycelial 
discs were extracted and eluted in sterile water 
with 0.01% Tween 80. The resulting spore  
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suspensions were filtered and adjusted using 
Neubauer's improved hemacytometer to various 
concentrations (1 × 104, 1 × 105, 1 × 106, 1 × 107, 
and 1 × 108 spores/ml) for use in bioassays 
(Sarwar, 2017). 
 
Mortality Bioassay  

Bioassays were conducted to determine 
concentration-dependent and time-dependent 
mortality effects. S. litura larvae of the third and 
fourth instars were exposed to different spore 
concentrations for a brief period (5-10 second) 
and then provided with fresh castor leaves in 
controlled environments. 0.01% Tween 80 was 
added to sterile water to treat the controls. 
Mortality rates were monitored over 10 days, with 
mortality percentages were calculated using 
Abbott's formula. Additionally, temporal mortality 
experiments were conducted using single 
concentrations for specific larval instars (1 ×107 
spores/ml for 3rd instar larvae and 1 × 108 
spores/ml for 4th instar larvae). (Abbott, 1925) 
The formula is: 
 M = (T - C) / (T - C + U) 
 

Where: 
M = Mortality percentage 
T = Total number of insects in the treatment 
group 
C = Number of insects in the control group that 
died (natural mortality) 
U = Number of insects in the treatment group 
that died 

The formula is used to correct for natural 
mortality in the control group and provides a 
more accurate estimate of the mortality caused 
by the treatment or exposure. (Abbott, 1925) 
 

Statistical Analysis  
(LC50, LC90, and LT50 value) 

Probit analysis was employed to determine the 
lethal concentration (LC50, LC90) and lethal time 
(LT50) required to kill 50% and 90% of the 
population, using SPSS software with a 
significance level set at p < 0.05 and 95 % CI. 

Molecular Characterization  
Genomic DNA was extracted from the 

samples, and ribosomal RNA (rRNA) internal 
transcribed spacer (ITS) sequencing was 
performed to identify Penicillium isolates. PCR 
amplification of the ITS1-5.8S-ITS2 rDNA region 
was carried out using specific primers (ITS4 and 
ITS5), and the PCR products were analyzed 
through electrophoresis on agarose gel. The 
resulting sequences were compared to 
sequences in the GenBank database for 
identification. 
 
RESULTS AND DISCUSSION 
 
Isolation of fungal culture & Identification 
 

Soil samples were collected biannually 
over a three-year period for the isolation of EPF, 
specifically IBC6 (Fusarium sp.) and IBA5 (P. 
citrinum). Fusarium sp. colonies on potato 
dextrose agar (PDA) exhibited white coloration 
with aerial mycelia, possessing a cottony or 
somewhat ropey texture (Figure 1a). Abundant 
uni- or bicellular ovoid to ellipsoid microconidia 
were observed (Figure 1b), alongside canoe-
shaped macroconidia containing three to five 
septa, featuring a long apical cell and a foot-
shaped basal cell (Figure 1c). Chlamydospores 
were predominantly single-celled (Figure 1d). On 
PDA medium, P. citrinum IBA5VYT colonies 
developed a basal felt with floccose aerial 
mycelium, generating conidiophores. These 
colonies were characterized as short, floccose, 
flat, round, with an olive-green top and white 
periphery (Figure 2 a,b). Conidiophores were 
solitary, possessing a smooth, thin wall and 
irregular penicillus bearing conidia and phialides. 
Conidia were produced in distorted chains, 
spherical to subspherical (Figure 2c). The 
morphological features of the isolates aligned 
with previous characterizations and 
identifications of P. citrinum as reported by 
Nguyen et al. (2023). 

 
Figure 1: Fusarium sp. macroscopic and microscopic picture (1a) colony on PDA plate (1b)  Bicellular 
microconidia (1c) Macroconidia (1d) Chlamydospores 
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Figure 2: P. citrinum IBA5VYT macroscopic and microscopic picture (2a) colony on PDA plate (2b) 
Back pigmentation (2c) isolate with septate hyphae, branching conidiophores and conidia 
 

.Mortality bioassay 
 

For mortality bioassays, five 
concentrations ranging from 1 × 104 to 1 × 108 
spores/ml were tested for both isolates to 
determine their minimal inhibitory concentration 
(MIC). P. citrinum IBA5VYT exhibited an MIC of 
1×107spores/ml for third instar larvae, and 1 × 
108 spores/ml for fourth instar larvae, while 
Fusarium sp. showed an MIC of 1 × 108 

spores/ml for both larval stages (shown in  
Figure3, graph1 and Figure4, graph2) 
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Figure 3, Graph 1: Dose response of 3rd instar 
larvae of S.litura against Fusarium sp. and P. 
citrinum IBA5VYT  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4, Graph 2: Dose response of 4th instar larvae 
of S.litura against Fusarium sp. and P. citrinum 
IBA5VYT 
 

Regarding efficacy, P. citrinum IBA5VYT 
caused notable mortality rates of 96.66% in third 
instar larvae and 80% in fourth instar larvae, 
whereas Fusarium sp. exhibited lower efficacy 
with mortality rates of 73.33% and 50%, 
respectively, after 10 days of incubation. These 
results are consistent with findings by Nguyen et 
al. (2023), who reported P. citrinum 
pathogenicity against third instar larvae at a 
concentration of 1 × 108 spores/ml after 7 days of 
treatment (Figure5, graph3 and Figure 6 
graph4). Additionally, P. citrinum strains CTD-24 
and B. bassiana ZK-5 showed significant effects 
on egg mortality and reduced early third instar 
feeding efficacy of S. frugiperda larvae at higher 
concentration levels. These potent fungal 
isolates hold promise for the development of 
integrated biopesticides to manage FAW 
populations, as noted by Idrees et al. 2023 and 
Hernandez et al. 2019. 
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Figure 5, Graph 3 - Corrected % mortality in 3rd 

instar larvae after exposure of both isolates. 
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Figure 6, Graph 4- Corrected % mortality in 4th instar larvae after exposure of both isolates 

 

Statistical Analysis (LC50, LC90, and LT50 
value) 

  
Furthermore, probit analysis was conducted 
using SPSS software at a 95% confidence level 
to determine the lethal concentrations (LC) and 
lethal times (LT) of P. citrinum IBA5VYT against 
third and fourth instar larvae. The analysis 
revealed that, LC50 (the concentration required 
to kill 50% of the test population); 4.5 × 104 
spores/ml (third instar) and 4.2 × 105 spores/ml 
(fourth instar). LC90 (the concentration required 
to kill 90% of the test population); 1.6 × 106 

spores/ml (third instar) and 2.1 × 107 spores/ml 

(fourth instar). LT50 (the time required to kill 50% 
of the test population); 121 hours (third instar) 
and 134 hours (fourth instar). These findings are 
consistent with previous research by 
Arunthirumeni et al. (2023), who investigated the 
larvicidal activity of Penicillium sp. ethyl acetate 
extract on Spodoptera litura. Their study 
reported significant larval mortality after 48 hours 
of exposure, with LC50 and LC90 values of 
72.205 mg/ml and 282.783 mg/ml, respectively. 
The present study's results corroborate these 
findings, highlighting the potential of P. citrinum 
IBA5VYT as a biopesticide agent against S. 
litura larvae. 

 

Table 1:  P. citricum LC50, LC90 value for S. litura in vitro mortality 
 

Treatment Larvae stages LC50 LC90 χ2 Reg. Equation 

P. citricum 
Third instar 4.5× 104 1.6× 106 .477 Y=.820x+(-3.819) 

Fourth instar 4.2× 105 2.1× 107 1.251 Y=.754x+(-4.245) 
 

Table 2:  P. citricum LT50 value for S. litura in vitro mortality 
 

Treatment Larvae stages LT50 χ2 Reg. Equation 

P. citricum 
Third instar 121 hrs .120 Y=5x+(-10.420) 

Fourth instar 134 hrs .291 Y=2.962x+(-6.302) 

 
3.4 Molecular characterization- for confirmation of 
potential isolate. 
Aligned Sequence Data of Sample – 6_l (599 bp) 
CTTCCTCCGCTTATTGATATGCTTAAGTTCAG
CGGGTATCCCTACCTGATCCGAGGTCAACCT
GAGTATAATTCAAACGTGTTGGACTGTGGCA
CTGCGCTCGCGCGTCTCGGCCGGGCCTACT
AGAGCGGGTGACGAAGCCCCATACGCTCGA
GGACCGGACGCGGTGCCGCCGCTGCCTTTC
GGGCCCGTCCCCCCGGCGGGGGGGACGGG
GCCCAACACACAAGCCGGGCTTGAGGGCAG
CAATGACGCTCGGACAGGCATGCCCTCCGG

AATACCAGAGGGCGCAATGTGCGTTCAAAGA
CTCGATGATTCACTGAATTCTGCAATTCACAT
TAGTTATCGCATTTCGCTGCGTTCTTCATCGA
TGCCGGAACCAAGAGATCCGTTGTTGAAAGT
TTTAACTAATTTCGTTATAGGTCTCAGACTGC
AACTTCAGACAGCGTTCAGGGGGGCCGTCG
GCGGGCGCGGGGCCCGCCGAGGCAACATA
GGTTCGGGCAACACGGGTGGGGAGGCTGG
GCCCCGAGGGGACCCGCACTCGGTAATGAT
CCTTCCGCAGGTTCACCTACGGAAACCTTGT
TACGACT TTTACTTCCATC 
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The Microbe was identified as 

Penicillium citrinum IBA5VYT accession 
number PP721327 as it showed highest 
similarity of 96.97% with Penicillium citrinum 

strain Xia16 small subunit ribosomal RNA, 
internal transcribed spacer with accession no. 
OR346130.1 (Fig.7) 

 

 
Figure 7: Phylogenetic tree of P. citrinum 

 

Several studies have confirmed 
significant mortality rates of common 
entomopathogenic fungi against S. litura, 
although the efficacy of P. citrinum IBA5VYT 
reported in this study exceeds typical 
concentrations. For example, Nomuraea Riley 
exhibited 100%, 93.4 %, 86.2 and 74.3 
%mortality on fourth and fifth instar larvae at 
conidia concentrations above 1010, 109, 108, 107 
with mortality rates of 88%, 89%, and 77% at 
lower concentrations, respectively, according to 
Namasivayam et al., 2015. Additionally, Fitriana 
et al., 2021 reported S. litura mortality rates of 
74.07% with Beauveria bassiana and 25-60% 
with Aspergillus oryzae for third instar larvae. 
Penicillium citrinum, widely studied as a 
filamentous fungus, has gathered attention not 
only in biotechnology and pharmaceuticals but 
also for its potential as a plant growth promoter. 
Some strains of P. citrinum have been explored 
for their biocontrol properties against plant 
pathogens and insects, secreting bioactive 
compounds like indole-3-acetic acid (IAA), 
siderophores, cellulases, and chitinases. These 
compounds play crucial roles in plant-microbe 
interactions, including hormone regulation, 
nutrient uptake facilitation, and defence against 
pathogens. Researchers are investigating the 
formulation of Penicillium citrinum-based 

biostimulants for agricultural use (Patel et al., 
2019; Kaur & Saxena 2023; David et al., 2023). 
 
CONCLUSION 
 

The investigation into the utilization of 
indigenous Entomopathogenic Fungi (EPF) in 
Kabirdham district reveals promising prospects 
for enhancing integrated pest management 
(IPM) practices. By harnessing local resources 
and biodiversity, this research offers a potential 
alternative to synthetic pesticides, promoting 
environmental conservation and sustainability. 
Further research is necessary at the localized 
level to comprehend the pest invasion dynamics 
in the region. Future research prospects include 
the efficient formulation of Penicillium citrinuum 
IBASVYT spores with minimal concentrations of 
chemical pesticides and their field trials for IPM. 
Additionally, genetic manipulation may be 
explored if required. This research contributes to 
local agricultural sustainability and aligns with 
global efforts towards eco-friendly pest control 
methods. Moving forward, further research and 
implementation of these biopesticides could 
significantly benefit farmers by improving soil 
health, fertility, and the entire ecosystem, 
ultimately contributing to a more sustainable 
agricultural practice. 
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