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Abstract  
 
Using two different bioassay methods, the pathogenicity of three isolates of Beauveria bassiana, one of                             
B. pseudobassiana and one of Metarhizium anisopliae, was evaluated against two model insects, Plodia interpunctella 
and Galleria mellonella in larval stage. In laboratory conditions, the insects were treated by immersion in a conidial 
suspension of 1x108 UFC/ml and by dusting. Larval mortalities were recorded daily, 14 days post-exposure. All the 
fungal isolates have been shown to be pathogenic to test insects. Thus, two isolates of B. bassiana determined the 
highest mycosis percentages for test insects both by immersion and dusting. One B. bassiana isolate (BbTd1) killed                
P. interpunctella larvae in the shortest time (6 days), and the other isolate (BbTd2) determined the highest mycoses 
percentage, followed by B. pseudobassiana isolate (BpPa) by both treatment methods. The highest mycosis percentage 
was determined by BbTd2 and BPa isolates in the dusting treatment. G. mellonella larvae proved to be the least 
sensitive to fungal treatments applied by immersion (MST>50%). In the dusting treatment, the BbTd1 and MaF isolates 
induced the highest percentage of mycosis of G. mellonella larvae. All isolates have pathogenicity against test insects, 
indicating their possible use for biocontrol. 
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INTRODUCTION  
 
By 2050, the number of people to be fed will be 
as significant as nine billion (Hawkins et al., 
2018). Sustainable food production for all 
populations should be considered, and crop 
protection has an essential role in maintaining 
soil and crop yields healthy (Godfray et al., 
2010). Pests, pathogens, and unfavorable 
growing conditions are responsible for up to 
26% of crop losses, estimated at over $470 
billion worldwide (Bamisile et al., 2021). The 
evolution of pesticide resistance of pests and 
pathogens in agriculture and concerns for 
sustainable agriculture has led to a 
reassessment of pest control options. In recent 
years, awareness of the impacts of chemical 
plant protection products on the environment, 
soil, biodiversity, and human health has 
resulted in struggles to reduce dependence on 
chemical pesticides (Committee on the 

Environment, Public Health and Food Safety of 
European Parliament, 2019).  
Entomopathogenic fungi are currently used as 
biological control agents (BCA) in biological 
control programs and integrated crop protection 
strategies (IPM) against pests, being an 
environmentally friendly alternative to 
chemical pesticides. The idea of using 
entomopathogenic microorganisms to control 
harmful insects appeared about two hundred 
years ago (Tanada and Kaya, 1993). After 
discovering the entomopathogenic character of 
some fungi, numerous studies on the interaction 
with arthropods have been conducted 
(Steinhaus, 1975). To date, more than 700 
species have been described and have been 
characterized as insect-pathogenic fungi 
(Khachatourians & Qazi, 2008). The most 
studied entomopathogenic fungal species are 
Beauveria bassiana (Balsamo-Crivelli), 
Vuillemin, Isaria fumosorosea Wize, 
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Metarhizium anisopliae (Metchnikoff) Sorokin, 
and Lecanicillium lecanii (Zimmerman) Viegas 
(Li et al., 2011; Chen et al., 2015). The most 
common mycopesticides are products 
formulated from B. bassiana, M. anisopliae,            
B. brongniartii, and I. fumosorosea (Bamisile 
et al., 2021).  
In recent years, an increasing body of 
molecular evidence has shown that the 
Beauveria genus is divided into cryptic 
lineages, and new species were described,                
B. asiatica, B. australis, B. kipukae,                        
B. pseudobassiana, B. sungii, and B. varroae 
(Rehner et al. 2011). 
B. pseudobassiana has many morphological 
similarities to B. bassiana (Wang et al., 2020) 
and probably it has been confused with this 
species before. Maybe this is the reason for 
only a few studies available on host diversity 
and virulence of B. pseudobassiana. Recently 
B. pseudobassiana has been shown to have 
great potential in the biocontrol of numerous 
insect pests (Wang et al., 2020).  
The path from discovering a BCA in a natural 
outbreak to its commercialization as a bioinsec-
ticide goes through many laboratory, field, and 
greenhouses experiments (Dent, 1998). 
To be used as a mycoinsecticide, it is necessary 
to establish the pathogenicity, virulence, 
temperature ranges, and humidity requirements 
for germination, infection, sporulation, etc., for 
each fungal isolate.  
The Indian meal moth P. interpunctella 
(Lepidoptera: Pyralidae) is a common 
cosmopolitan household principally on stored 
food products and processed food commodities. 
It is one of the most used lepidopterans as a test 
insect (Takov et al., 2020) for different research 
topics such as sexual selection (Gage, 1998; 
Lewis et al., 2011) and host-parasite dynamics 
(Sait et al., 1994; Knell et al., 1996). 
G. mellonella is widely used as a model insect 
to evaluate bacterial pathogenesis and virulence 
(Jønsson et al., 2017; Morales et al., 2019). The 
size of the larvae makes their manipulation 
easy. Monitoring survival is also very timely 
because larvae acquire a dark color due to 
strong melanization when they die (Contador & 
Zaragoza, 2014). 
G. mellonella and P. interpunctella are known 
to be susceptible to entomopathogenous fungi 
like B. bassiana and M. anisopliae so they are 

used as model host insects in pathogenic 
investigations (Būda & Pečiulytė, 2008; 
Hussein, 2011; Baydar et al., 2016; 
Vertyporokh et al., 2020) and also relatively 
easy to grow in the laboratory. 
This paper aimed to evaluate the pathogenicity 
of some Beauveria bassiana,                                     
B. pseudobassiana, and Metarhizium 
anisopliae indigenous isolates recovered from 
insects against the two model test insects, 
Plodia interpunctella and Galleria mellonella. 
 
MATERIALS AND METHODS  
 
Test insects: Galleria mellonella and Plodia 
interpunctella larvae were obtained from 
cultures held at Research-Development 
Institute for Plant Protection (RDIPP) using 
insect colonies maintained in the laboratory at 
23±2°C, in sterile glass gears, 14:10 h, L:D. 
The larvae were reared on Hydak medium 
amended with bee wax (350 ml/kg medium). 
Fungal material: Three isolates of Beauveria 
bassiana, one isolate of B. pseudobassiana, and 
one isolate of M. anisopliae were used in the 
experiments (Table 1).  
 

Table 1. Origin of fungal isolates  

Code Species Host insect  Region 
of 
isolation  

BbTd1 Beauveria 
bassiana 

Tanymecus 
dilaticollis 
(adult) 

Tulcea  

BbTd2 Beauveria 
bassiana 

Tanymecus 
dilaticollis 
(adult) 

Ilfov  
 

BbIt Beauveria 
bassiana 

Ips typographus 
(adult) 

Botosani 

BpPa Beauveria 
pseudobassiana 

Pyrrhocoris 
apterus (adult) Giurgiu 

MaF Metarhizium 
anisopliae 

Anoxia villosa 
(larva)  

Ialomița 

 
They were isolated from natural infected 
insects and maintained as pure cultures in the 
Culture Collection of Entomopathogenic Fungi, 
Department of Useful Organisms (RDIPP 
Bucharest). 
All fungal isolates were grown on sterile barley 
grains in polypropylene bags (30 x 50 cm). The 
aerial conidia of Beauveria and Metarhizium 
isolates were produced by two-stage and one-
stage techniques, respectively (Mascarin and 
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Jaronski, 2016). After 30 days of incubation at 
25˚C, 50 grams of barley kernels colonized by 
fungus (0.8-9 x109 UFC/g) was washed with 40 
ml sterile distilled water containing Tween 80 
(0.01%). After homogenization, in order to 
remove coarse impurities, the suspension was 
filtered through sterile cotton wool. Conidial 
concentrations were determined using a Burker 
hemocytometer, at a 400x magnification. The 
adjustment of the suspension titer was made by 
dilution with sterile distilled water containing 
Tween 80 (0.01%). 
Bioassay: Batches of 15 or 20 larvae were pre-
sorted into separate 80 ml pp tubes (4cm Ø) 
with snap-top lids just before the testing. The 
larvae were exposed to the fungus by 
immersion or by dusting.  
In immersion treatment, each batch of insects 
was transferred on the bottom of a Sartorius 
funnel covered with filter paper connected with 
vacuum pump over which 30 ml of each fungal 
suspension was applied. Sterile-distilled water 
with Tween 80 was used for control 
experiments. After 10 seconds, the liquid was 
absorbed and after one minute, the larvae were 
transferred individually in sterile, 
compartmentalized plastic boxes to avoid 
cross-contamination. Equal amounts of diet 
were distributed for each insect. There were 
three replicates (boxes) per treatment and insect 
species and 15 to 20 individuals per box. 
Insects were incubated at 25°C. Larval 
mortalities were recorded daily, for 14 days, 
after-exposure. 
In dusting treatment, groups of 15 larvae of           
P. interpunctella or 20 larvae of G. mellonella 
were sorted into sterile plastic tubes with a 
capacity of 80 ml (4 cm diameter) provided 
with a lid over which barley kernels colonized 
by fungus were inserted to cover the larvae 
completely and left in contact an hour, after 
which they were individually transferred to 
sterile compartmentalized boxes with lids. Each 
insect was distributed equal portions of food. 
Insects were incubated at 23± 1ºC, 16:8 L: D, 
and 50-60% humidity.  Mortality of larvae was 
recorded daily, during 14 days after 
inoculation. The dead larvae were removed 
from the box and placed in Petri dishes 
provided with moistened filter paper and 
incubated at 25°C for 3-5 days to stimulate the 
appearance of fungal mycelium. Death due to 

fungus infections were confirmed by conidia 
formation on cadavers. 
Statistical analysis: the effectiveness of fungal 
isolates was expressed as a cumulative 
percentage of mycosis. The virulence of each 
isolate on each insect species, was estimated by 
the values of median survival time (MST), 
calculated by Kaplan Meyer survival curves 
which were modelled using GraphPadPrism V7 
and a log-rank (Mantel-Cox) test was applied to 
the significance threshold p <0.05 (GraphPad 
Software, San Diego California USA). The 
individuals who survived until the end of the 
observation period were considered censored.  
The percentages of larval mortality were 
transformed (arcsin) and analyzed using variant 
analysis. The averages were compared using 
the Tukey test and were considered statistically 
different at a signification level of 5%. 
 
RESULTS AND DISCUSSIONS  
 
Both insect species have manifested diseases 
caused by treatment by immersion in conidial 
suspensions or by direct contact with barley 
kernels colonized by fungus (dusting). The 
mycelium that covered the treated larvae 
confirmed that they died from fungal infection. 
There were no deaths due to fungal infection in 
control. 
 
The effect of treatments on the larvae of 
Plodia interpunctella  
Immersion treatment 
The lowest percentage of survival (the highest 
mortality) was recorded in the case of larvae 
treated with B. bassiana isolate (BbTd2) after 
ten days of incubation, followed by the isolate 
of B. pseudobassiana (BpPa), after eight days 
of incubation (Figure 1). 
The comparison of survival curves showed a 
significant difference in susceptibility of                   
P. interpunctella larvae to immersion treatment 
(Χ2=14.56, p=0.0057) with different fungal 
isolates. All fungal isolates resulted in a 
significantly lower percentage survival of                
P. interpunctella larvae compared to the control 
demonstrated by log-rank analyses (Table 2). 
The laboratory results of the virulence bioassay 
show the median survival time (MST) for the 
larvae of test insect, P interpunctella assessed 
at 14 d is presented in Table 3.  
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Figure 1. Percentage survival of Plodia interpunctella larvae  after immersion (a) and dusting (b) treatments with three 

fungal isolates of Beauveria bassiana (BbTd1, BbTd2, and BbIt), one isolate of B. pseudobassiana (BpPa), and one 
isolate of Metarhizium anisopliae (MaF), recorded after 14 days 

 
Table 2. Pairwise treatment comparisons using Log-Rank (Mantel-Cox) test based on Kaplan-Meir survival  

analysis of Plodia interpunctella larvae after immersion and dusting treatment  

Immersion 
Isolate BbTd1 BbTd2 BbIt BpPa MaF 

 Χ2 P Χ2 P Χ2 P Χ2 P Χ2 P 
BbTd1 - -         
BbTd2 0.50 0.47 - -       

BbIt 1.64 0.199 9.19 0.002 - -     
BpPa 0.08 0.769 0.23 0.631 5.81 0.015 - -   
MaF 2.75 0.096 10.25 0.001 1.91 0.166 7.24 0.007 - - 

Control 15.70 <0.0001 27.58 <0.0001 15.56 <0.0001 20.58 <0.0001 9.04 0.002 
           

Dusting      
Isolate BbTd1 BbTd2 BbIt BpPa MaF 

 Χ2 P Χ2 P Χ2 P Χ2 P Χ2 P 
BbTd1 - -         
BbTd2 5.66 0.0170 - -       

BbIt 16.10 <0.0001 1.38 0.238 - -     
BpPa 0.51 0.4735 4.54 0.033 11.04 0.0009 - -   
MaF 17.89 <0.0001 5.98 0.0145 2.412 0.12 14.87 0.0001 - - 

Control 32.39 <0.0001 17.2 <0.0001 9.308 0.002 22.77 <0.0001 2.86 0.09 
 

Table 3. Median survival time (MST) of the  
Plodia interpunctella larvae treated with isolates  

of B. bassiana, B. pseudobassiana, and Metarhizium 
anisopliae for 14 days 

Isolate MST (days) 

 Immersion Dusting 
BbTd1 6 5 
BbTd2 8 7 
BbIt 9 9 
BpPa 7 6 
MaF - - 
Control - - 

MST= Median Survival Time 
 
The shortest median survival time was 
registered for larvae treated with suspensions of 
B. bassiana isolate BbTd1 (6 d) followed by         
B. pseudobassiana isolate, BpPa (7 d). The log-
rank analyses indicate that the two treatments 
are statistically similar in terms of survival 

percentage (Χ2=0.08, p=0.769). Because 
survival of larvae over 14 days was more than 
50% (Figure 1), the MST for P. interpunctella 
untreated control and MaF treatment could not 
be determined. This is according to another 
experiment, where more than 50% of                     
P. interpunctella larvae survived during 14 
days after being sprayed with Paecilomyces 
farinosus conidial suspension (2.6 × 106 conidia 
ml–1) (Būda & Pečiulytė, 2008).  
Regarding the percentage of mycosis, statistical 
analysis indicated that there are no significant 
differences between treatments. However, the 
highest rate of mycosis was recorded in the 
case of treatment with B. bassiana BbTd2 
isolate (82.2%), and the lowest in the case of 
treatment with M. anisopliae MaF isolate 
(44.4%) (Figure 2, a). Similar results were 
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registered by Mantzoukas et al. (2021), who 
noticed an 86.5% and 50% mortality of P. 
interpunctella larvae when were sprayed with 

1x108 conidia ml-1 of Isaria fumosorosea and 
Gnomoniopsis castaneae, respectively.  
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Figure 2. Cumulative percentage of mycosis (±SD) (before arcsin transformation) of Plodia interpunctella larvae 
treated by immersion (a) and dusting (b), with three different isolates of Beauveria bassiana (BbTd1, BbTd2 and 

BbIt), one isolate of B. pseudobassian (BpPa) and one isolate of Metarhizium anisopliae (MaF) 
 
Dusting treatment 
The lowest survival percentage was recorded in 
the case of larvae treated with BbTd1 followed 
by BpPa, after eight days of incubation (Figure 
1). The log-rank analyses indicate that the two 
treatments are statistically similar in terms of 
survival percentage (Χ2=0.51, p=0.473). As in 
the immersion treatment, those two isolates 
also determined the shortest MST of 5 and 6 
days, respectively.  
The comparison of survival curves indicated a 
significant difference in the susceptibility of           
P. interpunctella larvae to treatment with 
different fungal isolates (Χ2=33.34, p=0.0001) 
by dusting. All fungal isolates resulted in a 
significantly lower survival percentage of               
P. interpunctella larvae compared to the control 
demonstrated by log-rank analyses (Table 2).  
The method of treating the larvae of                      
P. interpunctella by dusting highlighted again 
the effectiveness of the BbTd2 isolate, which 
determined the highest percentage of mycosis 
(85%) (Figure 2, b). 
 
The effect of treatments on the larvae of 
Galleria mellonella  
Immersion treatment 
The larvae of G. mellonella proved to be less 
sensitive to fungal treatments applied by 

immersion than the larvae of P. interpunctella, 
the percentage of survival being more than 50% 
(Figure 3, a), which is why the average survival 
time could not be calculated. All fungal isolates 
resulted in a significantly lower percentage 
survival of G. mellonella larvae than the 
control demonstrated by log-rank analyses 
(Table 4). Mycosis percentages were also 
reduced, with the highest being induced by the 
strains BbTd1 (43.3%) and MaF (37.7%) 
(Figure 4, a).  
This could be due to poor conidial attachment 
of conidia from aqueous suspension to the 
insect cuticle. This is in contrast with results 
from other similar experiments in which                  
G. mellonella proves to be more sensible to 
Beauveria action. In a study of genes involved 
in B. bassiana infection to G. mellonella, Chen 
et al. (2018) obtained 90% G. mellonella larvae 
mortality after 99 h post treatment. In another 
experiment evaluating the virulence of various 
isolates, a mortality of 100% of G. mellonella 
larvae was due to B. bassiana and                          
M. anisopliae treatment at concentrations of 
105 or 106 conidia ml−1 (Hussein et al., 2011). 
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Figure 3. Percentage survival of Galleria mellonella larvae after immersion (a) and dusting (b) treatments with three 
fungal isolates of Beauveria bassiana (BbTd1, BbTd2 and BbIt), one isolate of B. pseudobassiana (BpPa) and one 

isolate of Metarhizium anisopliae (MaF) recorded after 14 days 
 

Table 4. Pairwise treatment comparisons using Log-Rank (Mantel-Cox) test based on Kaplan-Meir survival analysis of 
Galleria mellonella larvae after immersion and dusting  treatment 

Immersion           
Isolate BbTd1 BbTd2 BbIt BpPa MaF 

 Χ2 P Χ2 P Χ2 P Χ2 P Χ2 P 
BbTd1 - -         
BbTd2 14.29 0.0002 - -       

BbIt 2.86 0.090 4.78 0.028 - -     
BpPa 4.85 0.0270 1.51 0.218 0.65 0.418 - -   
MaF 0.14 0.699 12.20 0.0005 1.62 0.202 3.97 0.046 - - 

Control 35.73 <0.0001 8.26 0.004 22.63 <0.0001 15.06 0.0001 35.49 <0.0001 
           

Dusting           
Isolate BbTd1 BbTd2 BbIt BpPa MaF 

 Χ2 P Χ2 P Χ2 P Χ2 P Χ2 P 
BbTd1 - -         
BbTd2 27.3 <0.0001 - -       

BbIt 31.45 <0.0001 3.84 0.049 - -     
BpPa 8.21 0.0042 0.23 0.626 1.38 0.239 - -   
MaF 24.95 <0.0001 0.50 0.475 7.71 0.005 1.08 0.296 - - 

Control 31.45 <0.0001 16.2 <0.0001 5.81 0.015 8.86 0.002 20.14 <0.0001 
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Figure 4. Cumulative percentage of mycosis (±SD) (before arcsin transformation) of Galleria mellonella larvae treated 
by immersion (a) and dusting (b), with three different isolates of Beauveria bassiana (BbTd1, BbTd2 and BbIt), one 

isolate of B. pseudobassian (BpPa) and one isolate of Metarhizium anisopliae (MaF) 
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When Oreste et al. (2012) evaluated the 
pathogenicity of 23 isolates of B. bassiana and 
four of M. anisopliae against G. mellonella and 
Tenebrio molitor (Coleoptera: Tenebrionidae) 
larvae in laboratory assays, a mortality of 80-
100% after 17 days was reported, using 2×106 

conidia ml-1 fungal suspensions, and that two  
B. bassiana isolates killed G. mellonella larvae 
within 2.2 and 2.3 days, respectively. But 
Kryukov et al. (2018) reported 63% mortality 
after 12 days due to mycosis of Galleria larvae 
treated with 108 conidia ml-1 of B. bassiana 
occurred. The authors state that the increase of 
the mycosis percent was due to the 
transmission of conidia between wax moth 
larvae in clusters. Other entomopathogenic 
species like Purpureocillium lilacinus prove to 
be highly infectious for G. mellonella, causing 
100% larval mortality within seven days post-
immersion with 1 × 108 conidia ml-1  and a 
median lethal time (LT50) value of 1.83 days 
(Demirci & Altuntaş, 2019). Using the agar 
surface technique, P. lilacinus demonstrated 
very low infectivity of only 30% larval 
mortality on G. mellonella in 10 days and an 
LT50 value of 16.16 days (Baydar et al., 2016). 
 
Dusting treatment 
The comparison of survival curves (Figure 3) 
indicated a significant difference in the 
susceptibility of G. mellonella larvae to 
treatment with various fungal isolates 
(Χ2=55.01, p<0.0001) by dusting. 
The comparison of survival curves indicated 
that B. bassiana isolate BbTd1 is significantly 
more effective than all the other fungal isolates 
(Table 4) killing the larvae treated by dusting 
within the shortest time (4 d) (Table 5). 
 

Table 5. Median survival time (MST) of the  
Galleria mellonella larvae treated with isolates  
of Beauveria. bassiana, B. pseudobassiana and 

Metarhizium anisopliae for 14 days 
Isolate MST (days) 

 Immersion Dusting 
BbTd1 - 4 
BbTd2 - 9 

BbIt - - 
BpPa - - 
MaF - 8 

Control - - 
MST= Median Survival Time 
 

For the BbIt and BpPa isolates, the average 
survival times could not be calculated. Dusting 
treatments with BbTd1 and MaF isolates 
induced the highest percentage of mycosis of 
G. mellonella larvae of 83% and 78%, 
respectively (Figure 4).  
About the efficacy of treatment related to the 
kind of bioassay (with “dry” conidia by direct 
contact or dusting and “wet” conidia by dipping 
or spray), our study shows that it depends on 
the target pest, G. mellonella being more 
susceptible to fungus infection applied by 
dusting than by immersion. The treatments of 
Rhynchophorus ferrugineus with dry conidia of 
B. bassiana induced significant adult mortality 
compared to the dipping method (Ricaño et al., 
2013; Güerri-Agulló et al., 2010). The 
laboratory and greenhouse trials results found 
dry conidia of M. anisopliae to be more 
effective than wet conidia in infecting 
mosquitoes (Culicoides nubeculosus), causing 
100% mortality after five days (Ansari et al., 
2011). In contrast, the mortality of 1st larval 
instar of both H. variegata and                                
C. undecimpunctata and pupal stage of                     
C. undecimpunctata were significantly 
increased with the spray method only (Sayed et 
al., 2021). 
 
CONCLUSIONS 
 
The obtained results demonstrated the efficacy 
of pathogenicity screening to isolate 
entomopathogenic fungi to control insect pests, 
and the availability of indigenous virulent 
entomopathogenic fungi, which can be 
exploited for the development of sustainable 
crop protection strategies. 
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