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Virulence of Native Kerala Isolates of Purpureocillium lilacinum Against Galleria mellonella Larvae

Abstract

Aim: Purpureocillium lilacinum is a well-known entomopathogenic fungus used against a wide range of insect and nematode pests in agricultural ecosystems. In this study, we determined the virulence of four native isolates of P. lilacinum from the soils of Kerala. 
Study design: The test organism used was the larval stage of G. melonella. The design used was CRD. 

Place and Duration of study: Department of Agricultural Entomology, College of Agriculture, KAU, Vellanikkara, Between 2024-2025  

Methodology: The mortality of G. melonella larvae was studied at spore concentrations from 1x104 to 1x109 for each isolate in vivo. 
Result: The isolate TVM3 showed higher mortality (97.50% 7 days after treatment) than other isolates (PKD20-85%, WYD7-92.50%, ALP2-65.00%). The TVM3 isolate showed the highest median lethal concentrations (LC50 and LC90) after 7 days of treatment and the lowest LT50 value, indicating that the strain is virulent towards insect pest. 
Conclusion: This study has shown that a Kerala native isolate exhibits high virulence against the lepidopteran pest G. melonella.

Keywords: Purpureocillium lilacinum, Galleria melonella, native isolate, Kerala, India.

1. Introduction

The entomopathogenic fungus, Purpureocillium lilacinum, is a species of filamentous fungus belonging to the family Ophiocordycipitaceae. This fungus has promising potential as a biocontrol agent to control several insect and nematode pests of crops, including root knot nematode, aphids, fall armyworm, fruit flies, leaf cutter ants, cotton bollworm, etc. (Goffre and Folgarait, 2015; Lopez and Sword, 2015; Sreeja and Kurien, 2017; Toledo-Hernandez et al., 2019). The ill effects of chemical pesticides on beneficial organisms, human beings and animals, as well as food safety, have forced the scientific community to focus more on the development of ecologically safer alternatives (Kannan et al., 2025; Seethapathy and Sruthi, 2026). Therefore, crop protection using mycopesticides has a crucial role in sustainable pest management programmes. Biocontrol agents, such as entomopathogenic fungi (EPF) and other microorganisms, offer a safer, more effective alternative to chemical insecticides and pesticides, which are associated with numerous environmental and health risks (Singh et al., 2017). Purpureocillium lilacinum is one of such good options. Purpureocillium lilacinum is often isolated from nematodes, insects, and the rhizosphere of different crops, indicating its versatility and potential for use in agricultural pest control. Owing to such broad-spectrum biological activity, several microbial bioagents has been exploited include Beauveria bassiana, Metarhizium anisopliae, Purpureocillium lilacinum, Psuedomonas fluorescens, Verticillium lecanii, Pasteuria penetrans, etc. (Ghule et al., 2014). The pathogenicity of the four native isolates is assessed using Galleria mellonella larvae. Galleria melonella feeds on honeycomb during its larval stages and lays its eggs on Apis mellifera's honeycombs during its adult stage, which results in considerable financial losses for the beekeeping business (Demirci and Altuntaş, 2019). Secondly, it is a highly useful model insect for pathogenic and toxicological studies of several xenobiotics and is also relatively easy to cultivate in the lab (Altınçiçek et al. 2007; Altuntaş et al. 2016; Maguire et al. 2016). Hence, this study aims to prove the virulence of four native isolates of P. lilacinum from Kerala soils. 

2. Materials and method

2.1. Rearing of Galleria melonella 
Galleria mellonella used in this study were obtained from infested beehives and were used to initiate a continuous culture at Banana Research Station, Kannara. For the laboratory evaluation, the greater wax moths were reared in plastic containers (14L × 14W × 16.5H cm). The mouth of the plastic container was closed with a muslin cloth to allow ventilation. An artificial diet for G. mellonella consisting of cereal mix (corn flakes) 600 g, milk powder 25g, honey 25 ml, glycerin 5 ml; vitamin solution 5 ml was used to feed larvae. The mother culture was obtained from the Banana Research Station, Kannara, and further cultured in the College of Agriculture, Vellanikkara, Thrissur. The containers were kept at room temperature and the fourth instar larvae were harvested and used in bioassays. 

2.2. Preparation of conidial suspension

Conidia of native isolates of P. lilacinum were harvested from PD broth after 10 days of growth, and filtered using muslin cloth, and suspended in sterile distilled water with Tween 80 (0.02% v/v). The conidial concentration was determined using a hemocytometer. For the pathogenic assay, the P. lilacinum conidial suspension was adjusted through a series of aqueous dilutions (1 × 104, 1 × 105, 1 × 106, 1 × 107, 1 × 108, and 1 × 109 conidia/ml).

2.3. Laboratory evaluation of the virulence of P. lilacinum isolates against G. melonella larvae.

For the bioassay, larval numbers were adjusted to 10 per plate, with 4 replications per plate. The 4th instar larvae of G. melonella were placed in glass petri plates (diameter 14 cm). 2 ml of the conidial suspension was added to the plates. For control, the larvae were swirled with 0.05% tween-20 and autoclaved water. All the treatment plates were incubated at 25±2 °C, 70 % relative humidity for 7 days. Larvae were examined 1 to 7 days after inoculation, and the experiment was terminated after 7 days. The mortality percentage was calculated. According to Butt et al. (1992), limited growth and/or toxicosis caused by an insect pathogenic fungus may be sufficient to kill the insect, and all dead insects that had been treated with fungus were therefore recorded as killed by the fungus, whether there was fungal growth or not. From the result obtained, Lethal Concentration (LC50 and LC90) and Lethal Time (LT50 and LT90) were calculated.

2.4. Statistical analysis

The statistical analyses were carried out by using IBM SPSS software version 16 and GRAPES 1.0.0 (General R-shiny based Analysis Platform Empowered by Statistics) software, developed by Kerala Agricultural University. 

3. Results

Laboratory evaluation of the virulence of P. lilacinum isolates against G. melonella larvae.

The effect of P. lilacinum isolates on the mortality of G. melonella was investigated in vitro with a range of concentrations from 1 × 104 to 1 × 109 conidia/ml for 7 days. Larval mortality with all four P. lilacinum strains differed significantly across conidial concentrations: mortality caused by each strain increased with conidial concentration.

Mortality by P. lilacinum isolate TVM3 after 7 days was significantly higher with 30.00%, 37.50%, 55.50%, 75.00%, 95.00% and 97.50% at 1 × 104, 1 × 105, 1 × 106, 1 × 107, 1×108, and 1 × 109 conidia/ml, respectively (Table 1). The mortality caused by P. lilacinum isolate WYD7 was 22.5%, 35.00%, 35.00%, 52.50%, 85.00% and 92.50% from 1 × 104 conidia/ml to 1 × 109 conidia/ml (Table 2). The other two isolates (P. lilacinum isolates PKD20 and ALP2) showed comparatively slower larval mortality (Tables 3 & 4). The isolate TVM3 showed higher mortality (97.50%) 7 days after treatment than the other isolates (PKD20- 85%, WYD7- 92.50%, ALP2- 65.00%) (Table 1-4). The results in Table 2 demonstrated that P. lilacinum TVM3 isolates at a concentration of 1 × 108 conidia/ml caused more than 90% mortality in G. melonella larvae in vitro after 7 days of treatment. After seven days of treatment with P. lilacinum, no statistically significant difference was observed in larval mortality between the concentrations of 1 × 108 and 1 × 109 conidia ml⁻¹. Similarly, the efficacy of the treatments after seven days was comparable at both concentrations. The lowest median lethal concentrations (LC50 and LC90) of P. lilacinum after 7 days of treatment were recorded as 2.7 × 105 conidia/mL and 8.7 × 108 conidia/mL, respectively, for the TVM3 isolate (Table 5). The LT50 and LT90 were the lowest (highest virulence) for the TVM3 isolate, at 4.113 and 9.310 days, respectively. The lowest virulence was noticed in the ALP2 isolate with 6.80 (LT50) and 23.3 (LT90) days (Table 6).

4. Discussion

An important part of managing insect pests with a new entomopathogen involves assessing its efficacy in infecting pests before it reaches a destructive stage (Idrees et al., 2023). And therefore, we check the pathogenicity and virulence of the four native isolates of P. lilacinum. To determine the virulence of the isolates obtained, they were cultured in conventional laboratory media (potato dextrose agar) to obtain inoculum, specifically spores. All four isolated fungi showed high rates of sporulation. As mentioned by Feng et al. (1994), a key factor in selecting new isolates as potential biocontrol agents, specifically entomopathogenic fungi, is the capacity for mass production (i.e., high sporulation rate), rapid growth, and maintenance of viability and infectivity. In the bioassay, the P. lilacinum isolate TVM3 is comparatively more virulent than the other isolates against G. melonella larvae (97.50% mortality within 7 days). The other isolates showed slow mortality, and none of the concentrations from 104 to 109 over 7 days reached 95% mortality, except for the TVM3 isolate. This shows that the TVM3 isolate is more virulent than the PKD20, WYD7, and ALP2 isolates, which had 85.00%, 92.50%, and 65% mortality at 1×109 concentration after 7 days. The larval integument, which prevents the fungal spore from penetrating effectively, may be the cause of the mature larvae's strong resistance to fungal infection (Bosa et al., 2004; Kannan et al., 2025). It's interesting to note that certain fungal isolates were significantly more effective against early instar larvae while less virulent against mature larvae. For instance, the isolate of Cladosporium sp. significantly killed early instar larvae when compared to mature H. armigera larvae (Bahar et al., 2011). The high mortality might indicate that the isolate is a promising control agent against lepidopteran pest insects.

5. Conclusion

In conclusion, this study has shown that two Kerala-native isolates of P. lilacinum (PKD20 and TVM3) exhibit high virulence against G. melonella larvae. Further, all the isolates should be investigated as potential microbial control agents against several other insect and nematode pests to effectively manage the highly damaging insect pests and other nematode pests. Biocontrol, cultural, and chemical methods should be applied in line with integrated pest management (IPM) practices. As the four isolates represent P. lilacinum isolates thriving in three different abiotic stress ecosystems of high temperature, acidic and water-logged conditions, further screening and molecular studies pave the way for the development of efficient stress-tolerant isolates of P. lilacinum useful for biological control of several pests.
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	Table 1
Mortality per centage of fourth instar larvae of Galleria mellonella after treatments of different concentrations of Purpureocillium lilacinum isolate TVM3

	Days after
treatment
	Purpureocillium lilacinum isolate TVM3 concentrations
	SE(m)

	
	1 x 104
	1 x 105
	1 x 106
	1 x 107
	1 x 108
	1 x 109
	

	Day 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	-

	Day 2
	7.50d
	7.50d
	12.50cd
	20.00bc
	25.00b
	35.00a
	0.295

	Day 3
	7.50d
	7.50d
	15.00cd
	22.50bc
	30.00b
	42.50a
	0.289

	Day 4
	7.50e
	10.00de
	15.00d
	30.00c
	37.50b
	50.00a
	0.250

	Day 5
	10.00d
	10.00d
	15.00d
	32.50c
	40.00b
	57.50a
	0.250

	Day 6
	15.00d
	27.50c
	42.50b
	52.50b
	77.50a
	77.50a
	0.349

	Day 7
	30.00e
	37.50d
	55.50c
	75.00b
	95.00a
	97.50a
	0.22

	Values are presented as percentage. Values within the same column followed by the same letter are not significantly different using Duncan’s multiple range test within
the same column.

	Table 2
Mortality per centage of fourth instar larvae of Galleria mellonella after

treatments of different concentrations of Purpureocillium lilacinum isolate WYD7

	Days after
treatment
	Purpureocillium lilacinum isolate WYD7 concentrations
	Se
(m)

	
	1 x 104
	1 x 105
	1 x 106
	1 x 107
	1 x 108
	1 x 109
	

	Day 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	

	Day 2
	2.50e
	2.50d
	10.00c
	15.00bc
	20.00b
	30.00a
	0.186

	Day 3
	2.50c
	2.50c
	10.00b
	15.00b
	20.00a
	30.00a
	0.212

	Day 4
	15.00c
	20.00c
	30.00b
	35.00b
	42.50a
	45.00a
	0.228

	Day 5
	15.00c
	20.00c
	35.00b
	40.00b
	52.00a
	55.00a
	0.283

	Day 6
	17.50e
	25.00d
	32.00c
	47.00b
	70.00a
	80.50a
	0.243

	Day 7
	22.50d
	35.00c
	35.00c
	52.50b
	85.00a
	92.50a
	0.330

	Values are presented as percentage. Values within the same column followed by the same letter are not significantly different using Duncan’s multiple range test
within the same column.

	Table 3
Mortality per centage of fourth instar larvae of Galleria mellonella after treatments of different concentrations of Purpureocillium lilacinum isolate PKD20

	Days after
treatment
	Purpureocillium lilacinum isolate PKD20 concentrations
	SE(m)

	
	1 x 104
	1 x 105
	1 x 106
	1 x 107
	1 x 108
	1 x 109
	

	Day 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	

	Day 2
	5.00e
	20.00d
	25.00cd
	30.00bc
	35.00ab
	37.50a
	0.228

	Day 3
	7.50d
	20.00c
	25.00c
	32.50b
	40.00a
	42.50a
	2.12

	Day 4
	7.50e
	17.50d
	30.00c
	37.50b
	45.00a
	50.00a
	0.212

	Day 5
	10.00d
	25.00c
	30.00c
	40.00b
	52.50a
	55.00a
	0.306

	Day 6
	27.50a
	32.50b
	37.50c
	45.00d
	60.00de
	70.00e
	0.212

	Day 7
	37.50d
	37.50d
	45.00c
	50.00c
	75.00b
	85.00a
	0.243

	Values are presented as percentage. Values within the same column followed by
the same letter are not significantly different using Duncan’s multiple range test within the same column.

	Table 4
Mortality per centage of fourth instar larvae of Galleria mellonella after treatments of different concentrations of Purpureocillium lilacinum isolate ALP2

	Days after
treatment
	Purpureocillium lilacinum isolate ALP2 concentrations
	SE(m)

	
	1 x 104
	1 x 105
	1 x 106
	1 x 107
	1 x 108
	1 x 109
	

	Day 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	

	Day 2
	0.00c
	0.00c
	5.00c
	12.50b
	15.00ab
	20.00a
	0.195

	Day 3
	0.00d
	2.50d
	10.00c
	15.00bc
	20.00b
	27.50a
	0.186

	Day 4
	7.50c
	10.00c
	12.50c
	25.00b
	30.00b
	37.50a
	0.212

	Day 5
	15.00e
	17.50de
	25.00cd
	30.00bc
	35.00b
	45.00a
	0.257

	Day 6
	15.00d
	20.00d
	30.00c
	32.50c
	42.50b
	52.50a
	0.271

	Day 7
	20.00e
	30.00d
	32.50cd
	37.50c
	52.50b
	65.00a
	0.212

	Values are presented as percentage. Values within the same column followed by the same letter are not significantly different using Duncan’s multiple range test
within the same column.


	Table 5
Lethal concentration (LC50 and LC90) of Purpureocillium lilacinum native isolates against fourth instar larvae of Galleria melonella

	Isolates
	
	Value
	 95% confidence limits

	Slope
	Chi-square

	
	
	
	Lower limit
	Upper limit
	
	

	TVM3
	LC 50
(conidia/ml)
	2.7 x 105
	1.0 x 105
	6.3 x 105
	0.51±0.06
	3.34

	
	LC 90
(conidia/ml)
	8.7 x 108
	1.1 x 106
	5.1 x 107
	
	

	PKD20
	LC 50
(conidia/ml)
	9.4 x 106
	1.1 x 106
	5.1 x 107
	0.27±0.05
	4.83

	
	LC 90
(conidia/ml)
	-
	-
	-
	
	

	AYI
	LC 50
(conidia/ml)
	1.4 x 106
	3.5 x 105
	5.4 x 106
	0.431±0.05
	6.33

	
	LC 90
(conidia/ml)
	2.9 x 109
	1.8 x 108
	6.5 x 108
	
	

	ALP2
	LC 50
(conidia/ml)
	5.3 x 108
	1.2 x 108
	4.8 x 109
	0.23±0.05
	1.09

	
	LC 90
       (conidia/ml)

	-
	-
	-
	
	


	Table 6
Lethal time (LT50 and LT90) of Purpureocillium lilacinum native isolates against fourth instar larvae at a spore concentration of 1x108 spores/ml

	Isolates
	
	Value
	 95% confidence

	Slope
	Chi-square

	
	
	
	Lower limit
	Upper limit
	
	

	TVM3
	LC 50
(conidia/ml)
	4.113
	3.15
	5.44
	3.61±0.4
	7.14

	
	LC 90
(conidia/ml)
	9.310
	6.58
	24.5
	
	

	PKD20
	LC 50
(conidia/ml)
	4.16
	3.39
	5.26
	3.56±0.4
	8.46

	
	LC 90
(conidia/ml)
	13.9
	9.38
	32.2
	
	

	AYI
	LC 50
(conidia/ml)
	4.17
	3.79
	4.59
	3.4±0.4
	4.77

	
	LC 90
(conidia/ml)
	9.82
	8.25
	12.64
	
	

	ALP2
	LC 50
(conidia/ml)
	6.80
	5.78
	8.71
	2.39±0.4
	2.19

	
	LC 90
         (conidia/ml)

	23.3
	15.68
	47.34
	
	



