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Entomopathogenic Beauveria bassiana and Metarhizium anisopliae are well-known biological 
control agents worldwide, and have high potential in industrialization. However, their thermo-
susceptibility limits long-term storage under high temperature conditions and insecticidal 
activity after application in target pests. The virulences of M. anisopliae JEF-003 and JEF-
004, and B. bassiana JEF-006 and JEF-007 against bean bug (Riptortus pedestris), and the 
thermotolerance of conidia produced on three kinds of grains, sorghum, millet and Italian millet as 
substrates for solid cultures were investigated. Of the three grains, Italian millet was the suitable 
grains in the production of thermotolerant conidia, and a significant relationship between 
conidial thermotolerance and the media was demonstrated. This work suggests that biological 
characteristics of entomopathogenic fungi are altered by culture media, and these results will 
be a chance to understand the factors in the media which make such changes.
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Introduction

Entomopathogenic fungi are globally well-known biological 
control agents, which have high potential to control agricultural 
pests. Virulent species against insects have been isolated in 
the orders of Lepidoptera, Coleoptera, Hemiptera and Diptera. 
The most virulent and well-known entomopathogenic fungi 
are Beauveria bassiana  (Bals.-Criv.) Vuill., Metarhizium 
anisopliae (Metchnikoff) Sorokin, Isaria fumosorosea Wize and 
Lecanicillium lecanii R. Zare & W. Gams. Entomopathogenic 
fungi possess several characteristics that make them have 
excellent advantages in integrated pest management (IPM). They 
are relatively harmless to beneficial insects and have minimal 

impacts on the natural biodiversity of the ecosystem in which 
they exist. They do not leave toxic residues on the crops like 
some chemical pesticides, and also most of them are considered 
to be safe for human (Zimmermann 2007; Lacey et al., 2015). 

Several representative fungal insecticides have been commercialized 
and applied in agriculture, including B. bassiana: BotaniGard®, 
Mycotrol®, Bio-Power®, Beauverin®, Chonchaesak®, and M. 
anisopliae: Bio-Catch-M® (Faria and Wraight, 2007; Kim et al., 
2019). However, only a small percentage of market shares of fungi 
as mycoinsecticides is due to slow killing rate and short shelf life. 
Even though there are many advantages of entomopathogenic 
fungi, various abiotic factors can decline their effectiveness, and 
lead to their restricted use in agricultural productions, particularly 
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thermotolerance on selected grain-based media were investigated 
to characterize the relations between the isolates and culture 
media. Therefore, this study would provide a chance to develop 
an efficient fungal insecticide production strategy in future.

Materials and Methods

Bioassay of fungal isolates against bean bug
The four fungal isolates, M. anisopliae JEF-003 and JEF-

004, and B. bassiana JEF-006 and JEF-007 (Lee et al., 2015) 
were used in this study. The bean bugs were offered from the 
institute of LG Chem–affiliated FarmHannong agrochemical 
company, Korea. The insects were reared at 25 ± 2°C, 16:8 (L/
D) photoperiod under 60 ± 5% humidity in a plastic cage (35 
× 35 × 40 cm

3
). Green bean (Phaseolus vulgaris L.) was used 

as a host plant for insect rearing. Conidia from the isolates 
were suspended in 0.03% (v/v) siloxane solution (Silwet

TM
, 

FarmHannong, Korea), and adjusted to 1 × 10
8
 conidia/ml using 

a hemocytometer. A 50 µl of the conidial suspension was spread 
on a 1/4SDA medium and incubated at room temperature for 10 
days. Ten bean bug adults were placed on a 10-day-old fungal 
cultured agar for 1 h for transdermal infection. After the fungal 
exposure, the insects were transferred to fresh Petri dishes and 
kept at 25 ± 1°C, 90 ± 5% of relative humidity under 0:24 (L:D) 
photoperiod and observed daily for 6 days. Ten adults treated 
only with 0.03% siloxane solution served as negative control. 
This experiment was replicated three times (10 insects per 
replicate) in an experimental trial. 

Grain-based solid culture
The mycotized grains of the fungal isolates were produced by 

grain-based culture method (Kim et al., 2011). To prepare fungal 
inocula of M. anisopliae for solid cultures, 1 ml of conidial 
suspension (1×10

7
 conidia/ml with 0.03% siloxane solution) of 

each M. anisopliae isolate was inoculated to a 100 ml of GM 
liquid medium (4 g dextrose, 0.4 g ammonium nitrate, 0.3 g 
potassium phosphate, and 0.3 g magnesium sulfate). In case of 
B. bassiana inocula, two sporulated agar blocks (6-mm diam) of 
each B. bassiana isolates were added to a 100 ml of Sabouraud 
Dextrose Broth (Difco, USA). All the culture flasks were held 
on a rotary shaker (150 rpm) at 25 ± 2°C for 6 days. In the 
solid cultures, the four fungal isolates were solid cultured on 
three kinds of grains (all purchased form a local organic food 
market), including millet (Panicum miliaceum L.), Italian millet 

temperature, humidity and ultraviolet (Daoust and Pereira, 1986; 
Inglis, Goettel and Johnson, 1995). The successful development of 
biopesticides required a minimum 12-18 month shelf life (Burges, 
2012), but currently registered fungal biopesticides produced on 
soybeans or rice, only show ca. 6–12 month shelf life at room 
temperature. Since the variety of shelf life depends on the sorts 
of formulation and the natures of commercialized isolates, the 
shelf lives of fungal insecticides are significantly insufficient 
(Copping, 2009). Improvements for longer shelf life of insect-
killing fungi are still needed to fulfill the requirements for successful 
commercialization (Burges, 2012).

Temperature is one of the major factors that can affect the 
fungal effectiveness. While entomopathogenic fungi allow 
a wide range of temperature (0-40°C), the optimal growth 
temperatures of most of entomopathogenic fungi are generally 
around 25-35°C (Vega and Kaya, 2012). Thermal stress is able 
to inhibit the efficiencies of fungal formulations by affecting 
conidial germination (Luz and Fargues, 1997). Most of all, the 
major reasons for this short shelf life is their instability at high 
temperatures, that is low thermotolerance (percentage conidial 
germination after exposure to high-temperature conditions) 
(McClatchie et al., 1994; Devi et al., 2005; Fernandes et al., 
2015). Fungal conidia may be exposed to high-temperature 
conditions during distribution of products in the market and 
after treatment on crops (Burges, 2012). Therefore, the greater 
thermotolerance of fungal isolates is an important consideration 
in practical applications. 

Thermotolerance of entomopathogenic fungi can be enhanced 
by manipulation of culture media successfully (Lane, Trinci 
and Gillespie, 1991). For instance, 4% glucose or 1% starch as 
carbon source greatly increased the thermotolerance of B. bassiana 
conidia, whereas the thermotolerance decreased remarkably 
when sucrose was used (Ying and Feng, 2004). It indicates 
that nutrient supplement is an important factor for fungal 
thermotolerance. Moreover, thermotolerant fungal conidia which 
have been produced on millet grain, whey permeate, and coating 
corn oil, suggested that medium manipulations and formulations 
can improve fungal thermal stability and contribute to fungal 
shelf life (Kim, Je and Roh, 2010; Kim, Skinner and Parker, 
2010; Kim et al., 2011).

Thus, four fungal isolates which previously reported their 
virulences against Asian tiger mosquito (Aedes albopictus) 
(Leeet al., 2015) were selected to study virulences against bean 
bug (Riptortus pedestris Fabricius), and conidia production and 
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Data analysis
Data on the numbers of conidia, percentage of live insect, 

percentage of germination were arc-sine transformed and 
analyzed using an ANOVA or generalized linear model (GLM) 
followed by Tukey's honestly significant difference (HSD) for 
multiple comparisons. All the analyses were conducted using 
SPSS (SPSS Inc., 2018) at the 0.05 (α) level of significance.

Results

Morphological examination and phylogenetic 
analysis

The isolates grew white hyphae in the medium, and M. 
anisopliae and B. bassiana isolates produced green and white 
conidia, respectively (Fig. 1). All the isolates showed typical 
morphological features of the identified species.

Virulence of the isolates against the bean bug
The M. anisopliae and B. bassiana  isolates both showed 

virulence and time dependent efficacy against bean bug adults 
compared to the negative control (F4,70=60, p <0.001 and 
F6,70=100, p<0.001, respectively) (Fig. 2). M. anisopliae JEF-
003 and JEF-004 showed 87% and 90% of insect mortality at 6 
days after treatments, respectively. B. bassiana JEF-006 and JEF-
007 both showed 97% insect mortality at 6 days after treatments, 
which were more virulent to the bean bugs compared to those of 
M. anisopliae isolates.

(Setaria italica (L.) P. Beauvois), sorghum (Sorghum bicolor (L.) 
Moench). Each grain (200 g) was placed in a polyethylene bag 
(30 × 45 cm), soaked in 100 ml of water containing citric acid 
(160 µl per 100 ml). The upper part of the bag was covered with 
three layers of cheese cloths to allow ventilation. The bags were 
pre-incubated at 90°C for 1 h in a water bath and autoclaved 
at 121°C for 15 min. After drying at room temperature for one 
day, the fungal inoculum (1 ml of fungal liquid culture) was 
inoculated into the bag and mixed thoroughly. All the inoculated 
grains were held at room temperature (25 ± 1°C), 90 ± 5% of 
relative humidity, and a 16:8 (L:D) photoperiod for 10 days. 
After the incubation, mycotized grains were dried at ambient 
temperature for 2 days. The conidial productivity (the numbers 
of conidia per unit weight) was examined in all the batches 
of productions using a hemocytometer. All experiments were 
repeated three times.

Thermotolerance assay
The conidia samples (0.1 g mycotized grain substrate and 

6-mm agar block from 1/4SDA) were transferred into 1.5 ml 
microcentrifuge tubes, and exposed to 50°C for 0, 1, 2, 4 and 8 h 
using an incubator. An independent conidial sample was subjected 
to each exposure time. Following the exposure, the samples were 
suspended in 0.03% siloxane solution and adjusted at 1 × 10

7
 

conidia/ml. Ten microliters of a conidial suspension was spread on 
1/4SDA medium, and all plates were incubated at 25 ± 1°C for 20 h. 
The germination rate was microscopically determined by randomly 
counting the number of germinated and un-germinated conidia 
among 100 conidia counts. The assays were repeated three times.

Fig. 1. Fungal growth on 1/4SDA medium at 25°C for 7 days of M. anisopliae JEF-003 and JEF-004, and B. bassiana JEF-006 and JEF-007.



30       31

Int. J. Indust. Entomol. 
Vol. 41, No. (2), pp. 28-35 (2020)

produced 5 × 10
8
 ~ 1 × 10

9
 conidia/g, which was higher than 

those of the JEF-003 and JEF-004 (JEF-006: F2,9=8.9, p<0.013; 
JEF-007: F2,9=0.4, p<0.655) (Fig. 3B). Overall, Italian millet 
showed superior conidia production of JEF-006 while similar 
conidia production of JEF-004 and JEF-007 compared to those 
of millet or sorghum.

Thermotolerance of conidia from grain substrates
All the conidia of four fungal isolates were exposed to 50°C 

for 1, 2, 4 and 8 hours (Fig. 4). B. bassiana isolates showed 
higher thermotolerance than M. anisopliae isolates (F3,200=1720, 
p<0.001). When exposed to the heat stress, all the isolates 
showed decreased conidial germination rate with exposure 
time-dependent manner (F4,200=3599, p<0.001). Of the three 
grain substrates, Italian millet produced thermotolerant conidia 
in general, rather than millet, sorghum, and 1/4SDA medium 
(F4,200=2072, p<0.001). In particular, B. bassiana isolates, 
JEF-006 and JEF-007 grown in millet showed 77% and 79% 
germination rate (%) after 8 h heat stress, respectively.

Discussion

Entomopathogenic fungi of Metarhizium and Beauveria 
have very wide spectrum such as Hemiptera, Lepidoptera 
and Coleoptera. Entomopathogenic fungi have been used 
to control several agricultural pests, such as bean bug in 
agricultural practices (Song et al., 2019). The genetic variation 
of entomopathogenic fungi was speculated diversely from 
individual isolates within the taxon. Several molecular marker 

Conidia production on grain substrates
M. anisopliae JEF-003 and JEF-004, and B. bassiana JEF-006 

and JEF-007, were solid-cultured on three different cereal grains, 
Italian millet, millet and sorghum (Fig. 3A). The grains were 
fully mycotized by fungi, and finally they produced conidia, 2 
× 10

8
 ~ 1 × 10

9
 conidia/g grains in 10 days after inoculation. 

In particular, JEF-003 and JEF-004 showed about 2~5 ×108 
conidia/g and no significant difference between the isolates and 
among the substrate grains (JEF-003: F2,9=4.6, p=0.043; JEF-
004: F2,9=3.9, p=0.062). However, the JEF-006 and JEF-007 

Fig. 2. Virulence of M. anisopliae isolates (JEF-003 and JEF-004), 
and B. bassiana isolates (JEF-006 and JEF-007) against bean bug 
adults in laboratory conditions. The insects were inoculated by 
conidia mass on fungi cultured agar and the numbers of live insects 
were observed daily for six days. 0.03% siloxane solution served as 
control.

Fig. 3. Conidial production of M. anisopliae isolates (JEF-003 and JEF-004), and B. bassiana isolates (JEF-006 and JEF-007) on three 
different grains in Petri dishes. (A), The fungal isolates were cultured on Italian millet, millet and sorghum for 10 days and (B) the numbers 
of conidia per grain substrates were investigated. 
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are the major problems of heat with high humidity (wet-heat), 
whereas dry heat cause DNA damage through base loss leading 
to depurination (Setlow and Setlow, 1998; Hedgecock et al., 
1995). Based on our previous study (Kim, Lee and Lee, 2014), 
fungal conidia were much sensitive to wet heat than dry heat, 
suggesting conidial proteins were probably very unstable under 
moist thermotolerance.

Rice grain is the most common selective substrate for fungal 
conidia productions (Posada-Flórez, 2008). Additionally, other 
parts of plants like millet grain also can be used as substrates for 
conidia production (Kim et al., 2011). Since different substrates 
influence fungal physiology, virulence and conidial yield, some 
parameters need to be optimized, such as moisture, temperature, 
light and concentration of substrates (Rodríguez-Gómez et 
al., 2009; Pham, Kim and Kim, 2010). In our study, we found 
four isolates grew on the millet were severely aggregated, but 
such aggregation was rarely observed on the Italian millet 
grains. Millet grain became stickier and softer after autoclave 
than Italian millet and sorghum, which might be due to the 
composition ratio of amylose and amylopectin of grain starch. 
Amylose is tightly packed structure, which is higher resistant to 
digest than other starch molecules (Bagdi et al., 2011). Millet 
possibly has lower ratio of amylose in grain starch than Italian 
millet and sorghum, resulting in sticky and aggregative features 
in fungal production.

detection techniques have revealed genetic diversity among 
fungal strains (Wang et al., 2005; Luan et al., 2013; Steinwender 
et al., 2014). Due to the genetic variations of entomopathogenic 
fungi, the prevalence of host specificity of strains differs in their 
host range (Meyling and Eilenberg, 2007; Devi et al., 2008). 
The innate virulence and conidial viability might cause various 
mortality rates between each isolate. In this study, both B. 
bassiana and M. anisopliae, which were reported their virulences 
against Asian tiger mosquito (Lee et al., 2015), showed high 
virulences against bean bugs also, however, the bioassays 
were performed under an optimized laboratory condition. The 
potential of these isolates as fungal pesticides to control bean 
bugs need to be investigated in a further study under various 
experimental and environmental conditions along with 
commercially available fungi.

Thermotolerance is one of the key factors of fungal biopesticides 
for effective insect pest control. The temperature may affect 
conidial viability in different ways, such as incubation time, 
moisture content of conidia, and volume of the suspension 
exposed to heat (Hedgecock et al., 1995; Rangel et al., 2005). 
Since the moisture of dry heat was relatively lower than the 
air, the thermotolerance of dry heat condition was found to be 
higher than moist conditions. Therefore, commercialized granule 
formula is expected to be better thermal stability than wettable 
powder. Protein denaturation and membrane disorganization 

Fig. 4. Thermotolerance of M. anisopliae isolates (JEF-003 and JEF-004), and B. bassiana isolates (JEF-006 and JEF-007) conidia from the 
grain substrate-based solid cultures. The four fungal isolates were cultured on the grain substrates for 10 days and dried cultured grains were 
placed in a plastic tube with cap and then exposed to 50°C for 1, 2, 4 and 8 hours as a dry heat. 
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the Korea government (MEST) (No.2018R1A2B6001351). 
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