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ABSTRACT 
 
 The Tobacco caterpillar, Spodoptera litura, is a destructive pest that causes severe injury losses to various crops worldwide. 
The potential of different entomopathogenic fungi (EPFs) against S. litura was assesed at Institute of Plant Protection, MNS-
University of Agriculture, Multan, using leaf dip method. The eggs and larvae were the most susceptible while pupae were less 
susceptible to the tested entomopathogenic fungal isolates (EPFs). The early instar larvae were highly susceptible to EPFs as 
compared to the later instar larvae. The median lethal concentration (LC50) values for third instar larvae were 1.13×107 conidia 
ml-1 and 2.16×107 conidia ml-1 for Beauveria bassiana 25 and Isaria fumosorosea 32, respectively. Entomopathogenic fungi 
pathogenicity was increased with increase in conidial concentration. Median lethal time (LT50) of S. litura was increased with 
decreased in fungus conidial concentrations. Metarhizium anisopliae L6, Beauveria bassiana and Isaria fumosorosea 32 
showed LC50 of 1.22×106, 2.33×107 and 4.91×106, respectively, to eggs. No significant effect was recorded among all EPFs 
on adult emergence, while the I. fumosorosea had significant virulence on pupal formation.  
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INTRODUCTION 
Insecticides are widely practiced by farmers to control the 
agricultural and horticultural crops pests like chewing and sucking 
insect pests (Ramzan et al., 2019a, b). Synthetic pesticides are 
used repeatedly to suppress pest populations, but they negatively 
impact humans and the ecosystem due to their residual effect (Gu 
et al., 2018; Cai et al., 2017). Due to very modest toxicity hazards 
and insignificant residual impact on ecosystems, researchers 
focused on the application of natural chemicals as biopesticides at 
the turn of the century (Idrees et al., 2016; Idrees et al., 2017; Luo 
et al., 2018; Qadir et al., 2021; Idrees et al., 2021). 
Entomopathogenic fungi (EPFs) are an alternative management 
strategy to control insect pests (Idrees et al., 2021). There is a 
need to adopt microbial agents such as entomopathogenic fungi to 
control insect pests like Spodoptera litura. Entomopathogenic fungi 
offer several advantages: ecofriendly (Lacey et al., 2001), low cost, 
natural availability, high virulence, safety to humans, birds, 
animals, and biological agents (predators, parasitoids, parasite 
etc.). EPFs are found naturally in the soil and plants, while 
Lepidoptera and Coleoptera are mainly infested, hosts. EPFs have 
been used against insect pests such as Leptinotarsa 
decemlineata, Anastrepha ludens (Daglish, 1998), Ostrinia 
nubilalis, Popillia japonica, Laspeyresia pomonella, Pieris 
brassicae, Blissus leucopterus (Tanadaand Kaya, 1993), 
Odontotermis brunneus (Khader Khan et al., 1993), Melanoplus 
sanguinipes (Askary et al., 1998) and Plutella xylostella 
(Vandenberg et al., 1998). Entomopathogenic fungi have unique 
features to invade their hosts. The Fungus infests the hosts via 
conidial attachment to the host’s cuticle. EPFs attacked all stages 
of insects such as eggs (Ujian & Shahzad, 2007) larvae, pupae 
(Nguyen et al., 2007) and adults. Several EPFs like M. anisopliae, 
B. bassiana, Nomuraea rileyi and Verticillium lecanii have 
effectively managed insect pests (Lingappa et al., 2005). Different 
EPFs have different efficacy against insect pests like S. litura 
(Amer et al., 2008; Lin et al., 2007). Thackar (2002) has reported 
800 species from 90 genera used against target insect pests 
(Hajek & Leger, 1994). EPFs are different in conidia production, 
enzyme activity, radial growth and germination rate (Petlamul & 

Prasertsan, 2012). The efficacy and identification of most virulent 
and toxic fungi can be needed to control chewing and sucking 
insect pests. The current study was carried out to assess the 
effectiveness of EPFs pathogenicity against different eggs and 
larvae of S. litura. 
 
MATERIALS AND METHODS 
Fungus culture: M. anisopliae, B. bassiana 25, L. lecanii and I. 
fumosorosea isolates of EPFs were cultured on potato dextrose 
agar (starch 20g, glucose 20g, agar 20g solved in1000 ml of 
distilled). Glass test tubes to contain PDA media were autoclaved 
at 121○C (15 Psi) for 15-20 minutes.  Test tubes containing PDA 
medium were incubated at 27±1°C and 80±5% r.h. under 12L:12D 
photoperiod for 15 days. 
Source of Entomopathogenic Fungus: EPFs were obtained from 
Department of Entomology, University of Agriculture, Faisalabad, 
Punjab Pakistan.  
Conidia harvesting: Conidia were harvested from the 14-15 days 
old culture with the help of inoculation needle and placed in 
distilled water. The conidia containing solution were stirred with the 
help of glass stirrer for fifteen minutes to for homogenous 
suspension. The fine mesh cloth/sieve was used to remove the 
debris from prepared solution. The conidial concentration was 
calculated through Haemocytometer. The serial dilutions and final 
suspensions were prepared in distilled water. The serial dilution 
was well-maintained at 6○C. 
Insect rearing: S. litura larvae were collected from cotton fields 
from Multan during 2019 and reared in plastic cages (Size should 
be mentioned). Before shifting, Cages were washed with 70% 
ethanol and sterilized with ultraviolet light. The cages were 
incubated at 26±1○C. Cotton leaves were collected from MNS-
University of Agriculture Research Farm, washed with running 
water, sterilized with 0.5% v/v solution of sodium hypochlorite and 
air dried for an hour. After drying, leaves were provided toL1 and 
L2instars. For 3rdand later instars, sterilized mature cotton leaves 
were used. On daily basis, rearing cages were cleaned. Larvae 
were kept in separate plastic cages to avoid overcrowding and 
cannibalism. The pupae were kept into small petri dishes with 
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tissue paper lining at for adult emergence and ovi-position. Cotton 
swab was soaked in honey solution (10%) and placed in each 
cage as adult diet. Eggs were collected on daily basis and kept into 
small size petri dishes for hatching purpose. The culture was 
maintained up to seven generations and 6thgeneration was used in 
bioassay.  
Efficacy of EPFs against S. litura eggs: During the study, four 
different concentrations of fungi (1×105, 1×106, 1×107 and 1×108 
conidia ml-1) were prepared. Four treatments were arranged in four 
replicates. Newly laid 50 eggs were randomly selected and dipped 
into each concentration for three minutes. Eggs dipped in distilled 
water were used as control. The treated eggs were shifted into 
petri plates, bottom of plates covered with tissue paper. The petri 
plates were kept at 26±1○C temperature and 55-65% r.h.  On daily 
basis, petri plates were observed, and fresh cotton leaves were 
provided to hatched larvae. After 12 hours, emerging larvae were 
removed from treated eggs. Anand and Tiwary, (2009) have 
recorded eggs hatching data for up to 18 days. Eggs failed to 
hatch after 18 days of application, eggs were considered dead.  
Efficacy of EPFs on S. litura larvae: Second, third and fourth 
instar larvae (L2-L4) were randomly selected and dipped singly into 
1×107conidia ml-1solution for 30 seconds while on control treatment 
only distilled water was applied. The treated larvae were shifted 
individually into a container having (3.5×1.3 cm) and bottom 
covered with tissue paper. Cages were maintained at 26±1○C 
temperature and 55-65% relative humidity.  On daily basis, cages 
were observed and newly fresh cotton leaves placed into cages for 
larval feeding. Each treatment contains 20 larvae with four 
replicates and mortality was noted up to 15 days.  
Efficacy of EPFs against Spodoptera litura pupae: Bioefficacy 
of entomopathogenic fungi against 1-2 days old pupae was 

determined. Pupae (20) were collected randomly from culture, 
washed with distilled water and dipped in 1x108 conidia ml-1 

concentration. Pupae were well shaked in spore concentration with 
the help of stirrer for 2 minutes, placed into vials and kept in 
incubator at 26±1○C temperature and 50-60% relative humidity. 
Anand et al. (2008) have recorded that in control treatment, pupae 
were dipped in distilled water, both treated and untreated pupae 
kept in dark to examine the adult emergence for 18 days of 
application. Data for adult emergence was recorded and after 18 
days of post treatment, un-emerged pupae were regarded as 
dead. 
Statistical analysis: Data was subjected to analysis of variance 
(SAS System 2004) mortalities calculated by using Abbot formula 
and means compared by the Tukey HSD test at P = 0.05. LC50 and 
LT50values were determined through Probit analysis.  
 
RESULTS 
Pathogenicity of entomopathogenic fungi against eggs: 
Bioefficacy of entomopathogenic fungi viz. I. fumosorosea 32, 
M.anisopliae L6 and B. bassiana 25 used during this experiment 
were very effective to newly laid eggs. Significantly different 
(P<0.001) mortalities were caused by EPFs at each tested conidial 
concentration. B. bassiana 25, M. anisopliae L6 and I. 
fumosorosea32 resulted in 32.64-69.66% egg mortality above 
1×105conidia ml-1 while L. lecanii 17 didn’t showed any good egg 
mortality and caused 31.96%egg mortality at 1×108conidia ml-1 
conidial concentration. The egg mortality was low at lowest conidial 
concentration while increase by increasing the conidial 
concentration. LC50 values are also varies at different conidial 
concentration as shown in Table 1. 

 
Table 1- Efficacy of EPFs against eggs of S. litura 

     
Fungal isolate 1×105 1×106 1×107 1×108 
M. anisopliae L6 31.42 ± 3.99a 46.50 ± 3.59a 63.88 ± 4.09a 69.66± 3.16a 
B. bassiana 25 17.52 ±2.48bc 32.64 ± 2.94bc 45.27 ± 4.29b 53.36 ± 4.70a 
I. fumosorosea 32 22.99 ±2.31ab 39.80 ± 3.24ab 51.99 ± 3.25ab 60.99 ± 3.87a 
L. lecanii 17 6.89± 1.33c 11.99 ± 2.54c 20.54 ± 3.25c 31.96 ± 4.99b 

 
Table 3. Median lethal concentration for S. litura eggs treated with three fungal isolates 

Isolates LC50 (fudicial limits) Regression Equation X P 
B. bassiana 25 2.33×107(9.41×106-1.15×108) 0.1319x–2.5191 1.46 0.37 
M. anisopliae L6 1.22×106(3.37×105-2.59 ×106) 0.1424x–1.8974 1.5 0.46 
I. fumosorosus 32 4.91 ×106(2.30×106-1.23×107) 0.1541x-2.439 0.86 0.53 

 
Table 2. Mortality of different larval instars of S. litura 10 days after exposed to fungal isolates (1 x 107 conidia ml-1). 

Larval instars Mean Larval mortality (%±SE) 
 B. bassiana25 I. fumosorosea 32 M. anisopliaeL6 L. lecanii17 
L2 53.08 ± 4.11a 49.4± 6.47ab 40.89 ± 2.79 bc 21.26 ± 3.33c 
L3 47.32 ± 6.22a 43.87 ± 5.34a 32.89 ± 2.78a 11.25± 2.44b 
L4 21.29 ± 2.78a 29.44 ± 3.51a 12.88 ± 3.68b 6.90 ± 2.46b 

 
Table 4. LC50 values of fungal isolates against third instar larvae 

Fungal Isolates LC50 LFL UFL Regression Equation X P 
I. fumosorosea32 2.16×107 1.18 ×107 5.61 ×107 0.1702x-2.9571 5.94 0.05 
B. bassiana 25 1.13×107 5.49 ×106 2.77 ×107 0.1856x-3.0116 3.36 0.17 

 
Table 5. Dose-mortality effect of isolates against third instar larvae ten-day after application/treatment 

Conidia (ml-1) Mean Larval mortality (%± Standard Error of Means) 
Isolates 1 x 105 1 x 106 1 x 107 1 x 108 
M. anisopliae L6 10.21 ± 2.32b 12.94 ± 2.17b 37.21 ± 2.94b 45.05 ± 2.75b 
I. fumosorosus 32 15.90 ± 1.09ab    22.32 ± 3.31ab 55.62 ± 2.49a 60.83 ± 3.70a 
B. bassiana25 22.26 ± 2.16a 29.27 ± 2.89a 61.31 ± 2.9a 65.29 ± 3.62a 

 
Table 6. LT50 values of fungal isolates at conidial concentration of 1x108 conidial ml-1 against third instar larvae 

Isolate LT50 (Hours)  LFL UF Regression Equation X P 
I. fumosorosea 32 190 183.90     199.88 0.0166x- 3.2141   37.80 0.00 
B. bassiana 25 184 179.19     197.89 0.1672x -3.1333   43.71 0.00 

 
Table 7.  Effect of fungal isolates against pupal stage at conidial concentration of 1 x 108 conidia ml-1. 

Sr. no. Fungal isolates Adult Emergence 
14 days post treatment 

(%± Standard Error of Means) 
18 days post treatment 

 L. lecanii17 91.51±2.51a 92.66± 1.25ab 
 I. fumosorosea32 77.257 ± 3.76b 86.01± 2.04c 
 B. bassiana 25 82.76 ± 4.28ab 91.45± 2.04abc 
 M. anisopiae L6 81.51± 4.34ab 89.77± 2.39bc 
 Control 98.51± 1.45a 98.51± 1.43a 
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 M. anisopliae L6, I. fumosorosea 32 and B. bassiana 25 with 
LC50 values of 1.22×106, 4.91×106 and   2.33×107 conidia ml-1, 
respectively were effective against egg of S. litura. Among all 
tested entomopathogenic fungi, M. anisopliae L6 was found most 
effective fungi followed by I. fumosorosea 32 and B. bassiana 25.  
Based on LC50, B. bassiana 25 was found less effective as 
compared to other fungi against egg of S. litura. The median lethal 
concentration (LC50) value of B. bassiana 25 was 2.33×107 conidia 
ml-1 which was less virulence than others fungi (Table 3).  
Virulence of entomopathogenic fungi against different larval 
instars: Significantly different mortalities were caused by 
entomopathogenic fungi on different larval instars of S.litura (F = 
16.3, P < 0.001 for second instar; F = 17.3, P < 0.001 for third 
instar while F = 21.3, P < 0.001 for fourth instar) at conidial 
concentration of 1x107 conidia ml-1 ten days after application. B. 
bassiana 25 showed highest pathogenicity against second larvae 
while minimum against fourth instars (Table 2).  
 I. fumosorosea 32, M. anisopliaeL6and L. lecanii17 were 
found more effective against second instars while less against 
fourth instar. All entomopathogenic isolates were virulence against 
all larval instar but pathogenicity of fungi decreases with increase 
in larval instar. The second instars were more susceptible to 
fungus than third and fourth. B. bassiana 25 and I. fumosorosea32 
mortalities were significantly higher but statistically equal as 
compared to L. lecanii (Table 4). 
Dose-mortality effect of entomopathogenic fungi against third 
instar larvae: All fungal isolates were proved virulence against 
third instar larvae of S. litura under controlled conditions. The 
mortality rate was low at low conidial concentration while increase 
with increase in concentrations. The mortalities rate was varied at 
different (P < 0.01) conidial concentrations against third instar 
larvae. B. bassiana25 was given highest mortalities against third 
instar larvae followed by I. fumosorosea 32 and M. anisopliae L6 
(Table 5). 
 LC50 values for 3rd instar larvae were 2.17×107 and 
1.11×107 conidia ml-1, respectively in I. fumosorosea32 and B. 
bassiana 25 (Table 4). The median lethal time (LT50) for 3rd instar 
larvae were190 hours and 184 hours in I. fumosorosea 32 and B. 
bassiana 25at 1x108 conidia ml-1, respectively (Table 6).  
Impact of fungal isolates on S. litura pupae: It was observed 
that pupae were shown to be less vulnerable to fungal isolates 
than all other biological parameters such as eggs and treated 
pupae take time in adult conversion or emergence. There was 
statistically significant difference (df = 4, F = 6.03, P < 0.01) of 
fungal isolates on pupae fourteen (14) days after application. 
There was statistically significant difference (df = 4, F = 6.38, P < 
0.01) of fungal isolates on pupae eighteen (18) days after 
application. 
 In B. bassiana25, M. anisopliae L6 and L. lecanii17 no 
difference was found in adult emergence as compared with control 
treatment while different in I. fumosorosea (Table 7).  
 Eighteen days of fungus application, adult emergence in I. 
fumosorosea (86.01%) was significantly different from control 
treatment. It was observed that pupae were found highly resistant 
to EPFs (Table 7). 
 
DISCUSSION 
I. fumosorosea was found highly pathogenic against S. littoralis 
and Mamestra brassicae eggs (Rodriguez-Rueda & Fargues, 
1980). B. bassiana, I. fumosorosea, I. javanicus and M. anisopliae 
were highly effective against eggs of S. frugiperda (Idrees et al., 
2021; Lezama- Gutierrez et al., 1996). The mortality rate of eggs 
varies according to the conidial concentration. The present study 
results revealed that the mortality rate increases with conidial 
concentration (Idrees et al., 2021). Eggs are found less vulnerable 
to entomopathogenic fungi than all other biological parameters of 
insects like larvae and pupae (Abdel-Baky et al., 1998; Mochi et 
al., 2009).  

The infection rate of fungal isolates varies depending upon strain 
and insect species like S. litura (Dayakar & Kanaujia, 2003; Lin et 
al., 2007). The present study results further revealed that the 
mortality rate was high on earlier instars than on older instars 
(Purwar and Sachan, 2005). The low mortality on older instars is 
due to the presence of cuticle that reduced the efficacy of fungal 
isolates by increasing humoral immune (Asi et al., 2013).  
The highest mortality was recorded at high concentration against 
second instar S. litura larvae. The present study results are in line 
with (Anand and Tiwary, 2009; Amer et al., 2008). The lower dose 
of M. anisopliae increase the median lethal time (LT50) of insect 
such as S. littoralis (Abou-Bakar, 1997).  
In the present study, pupae were found less susceptible against 
entomopathogenic fungal isolates while few earlier researchers 
have suggested that pupa found resistant against fungal isolates 
due to hard and sclerotized cuticle that covered the pupal body (De 
et al., 2002). The current study findings are similar to some earlier 
study findings (Asi et al., 2013), reported that adult emergence was 
delayed and abnormal emergence occur. The body size and wings 
of adults reduced due to fungal infection. The life period of adults 
reduced and fertility as well as fecundity affected due to infection of 
fungi.  
Due to fungal infection, most of the adults can’t continue the 
mating and died during and after mating. Infected pupae, which are 
converted into adults causing size reduction and wing deformation 
of adults which resulting death. Similar findings have been 
reported by many researchers (Ekesi et al., 2002; Anand et al., 
2008). The present study findings are in line with the results of 
many earlier studies that suggested that all life stages were not 
evenly vulnerable to fungal isolates (Angel-Sahagun et al., 2005).  
The current study reported that among all biological parameters, 
larvae and eggs were highly susceptible while pupae less against 
fungal isolates. Mortality rate of eggs to fungus infection was high 
due to the absence of defensive mechanism (Bulet et al., 2003) 
while pupa has this defensive system that makes it less 
susceptible (Gorman et al., 2004). The entomopathogenic fungi 
such as I. fumosorosea 32, B. bassiana 25 and M. anisopliae L6, 
are highly against tested instar and egg of S. litura. Proper 
concentration of EPFs should be applied in the presence of larvae 
and eggs. 
 
CONCLUSION 
The current study concluded B. bassiana 25, M. anisopliae L6 and 
I. fumosorosea were proved to be an effective biocontrol agent 
against all tested stages (egg, larva, pupa and adult) of S. litura. 
The growth, and developmental parameters of insect pest reduced 
during high conidial concentration. Such strategy can prove an 
effective tool in insect pest control under laboratory as well as filed 
conditions.  
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