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Introduction

Previous studies have shown physiological changes of 
entomopathogenic fungi after successive subculture in 
vitro. For instance, Metarhizium anisopliae (Metsch.) 
showed reduced virulence in Tenebrio molitor (Linnaeus) 
(Coleoptera: Tenebrionidae) and Pr1 enzyme production after 
successive subculturing on sabouraud dextrose agar (SDA) 
medium (Shah et al. 2007). Quesada-Moraga and Vey (2003) 
believe that changes in virulence depend on the nutritional 
conditions of the subculture. These authors reported that 
conidia of Beauveria bassiana (Bals.) Vuill showed reduced 
virulence to Dociostaurus maroccanus (Thunberg, 1815) 
(Orthoptera: Acrididae) after two subcultures on SDA, but 
increased virulence after two subcultures on malt agar (MA) 
medium. Virulence of Paecilomyces fumosoroseus (Wise) 
in Diuraphis noxia (Mordvilko) (Hemiptera: Aphididae) 
and Plutella xylostella (Linnaeus, 1758) (Lepidoptera: 
Plutellidae) was unaffected after 30 successive subcultures on 
sabouraud dextrose yeast (SDY) extract medium. However, 
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Resumen: El efecto de subcultivos sucesivos in vitro de Beauveria bassiana a diferentes condiciones nutricionales fue 
evaluado mediante el crecimiento vegetativo, la producción conidial, la virulencia, tolerancia a la radiación UV y al calor. 
Se usaron los medios agar dextrosa papa (PDA) y un medio basado en adultos de Alphitobius diaperinus (MAD) para la 
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vegetativo y la producción conidial en cultivo y en arroz, después de un gran número de subcultivos en PDA. Así 
mismo, la reducción en la producción de conidias en MAD fue poco percibida comparado con la producción en PDA. 
El cultivo de conidias en MAD mantuvo la virulencia luego de 17 subcultivos sucesivos. Las conidias cultivados en 
PDA preservaron los niveles iniciales de termotolerancia. La viabilidade de los conídios disminuyó después de recibir 
radiación UV, pero esta disminución no afectó los subculivos sucesivos en PDA y MAD. La virulencia, la producción 
conidial y la tolerancia a alta temperatura, se redujeron después de los sucesivos subcultivos in vitro, pero restauradas 
con el paso de los hongos a través del hospedero.
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some isolates showed a decrease in conidial production 
and viability (Vandenberg and Cantone, 2004). Neither 
morphological changes nor altered virulence to Bemisia 
tabaci (Gennadius, 1889) (Hemiptera: Aleyrodidae = B. 
argentifolii Bellows and Perring) were detected in conidia of 
B. bassiana after 15 subcultures on SDY; thus, the isolate 
exhibits sufficient stability for mass production (Brownbridge 
et al. 2001).
	 Variable outcomes after successive in vitro subcultur-
ing may be associated with inter- and intraspecific variation 
and the use of monosporic or multisporic cultures. Brown-
bridge et al. (2001) believe that attenuation of virulence may 
be random (mutation) or caused by subculture conditions. 
However, the effects of successive in vitro subculturing on 
conidia tolerance to abiotic factors limiting the efficiency of 
fungi, such as heat and UV radiation, are unknown.
	 We evaluated the effects of successive in vitro subculture 
of B. bassiana under different nutritional conditions on ve
getative growth, conidial production, virulence, and toler-
ance to heat and UV radiation.
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Material and methods

Inoculum growth of B. bassiana and successive subcultur-
ing in vitro. Unioeste 4 isolate of B. bassiana, which is part 
of the entomopathogen collection maintained by the Micro-
bial Control laboratory of Universidade Estadual Londrina, 
was selected for its virulence in Alphitobius diaperinus (Pan-
zer, 1797) (Coleoptera: Tenebrionidae) (Santoro et al. 2008). 
Initial conidial multiplication was performed on medium for 
spore production of Beauveria spp. (MSP) (Alves et al. 1998) 
in an incubator (25 ± 1 °C and a 12 h photophase) for 10 days.
Conidia produced on MSP were inoculated on adult A. dia­
perinus collected in poultry houses and previously surface 
sterilized with a solution of 2% sodium hypochlorite. The 
insects were submerged in a suspension of 1.0 × 107 conidia 
mL-1 for 15 s. Dead insects were again surface sterilized and 
placed in a humid chamber (25 ± 1 °C) for five days allowing 
for conidial multiplication. These conidia were called (A).
	 Successive subculturing was performed on potato dex-
trose agar (PDA) medium and the medium of A. diaperinus 
(MAD). To prepare the MAD, adult insects were frozen, then 
were surface sterilized and ground in a blender with distilled 
water at a 10% (w/v) concentration. Media were adjusted to 
pH 7 with NaOH (1N), solidified with agar (20 g·L-1), steri
lized by autoclaving for 30 min, and poured into sterile Petri 
dishes (diameter 5.2 cm).
	 Conidia (A), produced on dead insects, were grown on 
PDA and MAD under the same conditions described for 
MSP, giving rise to the first conidial subculture, 1st(A). These 
were grown in their respective media to obtain the second co-
nidial subculture and so on, up to 17 subcultures, when they 
were again inoculated on A. diaperinus. The fungus produced 
on these insects was called (B) and grown in the same media, 
producing conidia of the first subculture 1st(B).
	 Conidia produced from each in vivo and in vitro sub-
culture were stored at 6 °C. Because of the time required to 
obtain all subcultures (i.e., approximately 200 days), it was 
necessary to standardize the age of the conidia to eliminate 
possible interferences arising from the storage time. Thus, 
conidia produced and stored in (A), 3rd, 7th, 11th, 16th, and (B) 
were grown in their respective media (PDA or MAD), giv-
ing rise to conidial subcultures 1st (A), 4th, 8th, 12th, 17th, and 
1st(B), respectively.

Vegetative growth and conidial production on culture 
media. Petri dishes (9 cm diameter) with MSP were needle-
inoculated in the center with the fungus to obtain a single 
colony. Plates were placed in an incubator for 10 days. Ve
getative growth was determined by calculating the area of 
the colony based on the average measurements of two oppo-
site diameters. The conidial production in the same colonies 
was assessed. Conidia were removed from the medium with 
a spatula, suspended in an aqueous solution of 0.005% (v/v) 
tween 20, and vortexed for 30 s. After dilution, the conidia 
were quantified in a hemocytometer.

Conidial production on rice. Parboiled rice (500 g) was ad
ded to 1 L boiling distilled water, and cooked in a microwave 
at full power for 3 min. The unabsorbed water was discarded, 
and 65 g of rice were placed in glass bottles (500 mL). These 
were capped with a paper towel and sterilized by autoclaving 
for 30 min. After cooling, the rice was inoculated with 1.5 mL 
of a suspension containing 1.0 × 107 conidia mL-1 and placed 

in an incubator for 15 days. To assess conidial production, 
300 mL of an aqueous solution of 0.005% (v/v) tween 20 was 
added to each bottle and shaken manually for 3 min. After 
dilution, conidia were quantified in a hemocytometer.

Virulence to A. diaperinus. Adult A. diaperinus (n = 50) 
were placed on an acrylic plate (6 cm diameter), and 0.5 mL 
of a suspension containing 8 × 106 conidia mL-1 was sprayed. 
This corresponds to the LC50 of the isolate used in this ex-
periment (Santoro et al. 2007). Controls were sprayed with 
an aqueous solution of 0.005% (v/v) tween 20. Insects were 
fed sterilized corn food and kept in an incubator (25 ± 1 °C). 
After 10 days, the number of dead insects was assessed, and 
these insects were placed in a humid chamber (25 ± 1 °C) for 
another five days to confirm mortality by the pathogen.

Tolerance to UV radiation. The colony-forming units 
(CFUs) method was used because exposure to UV radiation 
cause a delay in germination of the surviving conidia (Nasci-
mento et al. 2010). A suspension containing 1 × 103 conidia 
mL-1 (0.1 mL) was spread on the surface of the MSP using a 
sterile glass spreader. Uncovered plates were placed in a lam-
inar flow hood under a low-pressure germicidal lamp (253.7 
nm; Philips TUV 30W) at a distance of 52 cm for 1 min. The 
plates were closed and transferred to an incubator. Conidia 
that were not exposed to UV radiation were used as controls. 
The CFUs were quantified on fifth day.

Temperature tolerance. Conidia were stored in sterile test 
tubes and placed in an incubator at 30 °C for 15 days in the 
dark. Conidia not exposed to 30 °C were used as controls. 
Viability was assessed by the CFU method.

Experimental design and statistical analysis. The study 
was a completely randomized factorial design (2 × 6) (co-
nidia media of origin × subcultures), with four replicates for 
vegetative growth, conidial production in culture medium, 
and tolerance to UV radiation, and five replicates for conidial 
production on rice and temperature tolerance. Experimental 
design for virulence to A. diaperinus was a completely ran-
domized factorial design (2 × 6) + 1 (conidia media of ori-
gin × subcultures) + control, with six replicates of 50 insects. 
Data analysis were performed using ANOVA. Mean values 
were compared using the Tukey test (P < 0.05); the mean va
lues of factorial analysis of virulence testing were compared 
using the Dunnett test (P < 0.05).

Results and discussion

Vegetative growth and conidial production on culture 
media. Vegetative growth was influenced by a significant 
interaction between successive subculturing and media. No 
difference in vegetative growth was observed from the 1st(A) 
to the 17th successive subculture for the fungus isolated from 
PDA. The vegetative growth from subculture 1st(B) did not 
differ from 1st(A) although it was higher than others subcul-
tures (Fig. 1).
	 For conidia produced on MAD, no change was observed 
from subculture 1st(A) to the 4th subculture, with a decrease 
from subculture 8th to 17th, and recovery on subculture 1st(B), 
similar to 1st(A). Comparison between the two media showed 
that the only difference was in the 12th successive subculture, 
wherein more conidia were produced on PDA (Fig. 1). The ef-
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fect of successive in vitro subculturing on vegetative growth 
has been reported. Isolates of P. fumosoroseus have shown 
a decrease in mycelium production in liquid medium after 
30 successive subcultures (Vandenberg and Cantone 2004). 
Morphological changes and reduced growth were observed 
for Lecanicillium lecanii (Zimmerman) after 98 successive 
subcultures (Hall 1980).
	 Most studies of successive subculturing in vitro have only 
assessed virulence (Barbosa et al. 1985; Brownbridge et al. 
2001; Shah et al. 2007). However, the success of biological 
control by fungi depends, among other factors, on the ability 
to produce high conidial concentrations in vitro. Although 
we did not find any difference in the vegetative growth of 
conidia produced on PDA from 1st(A) to the 17th succes-
sive subculture, conidial production suffered a marked de-
crease on the 4th subculture, remaining low up to the 17th 
subculture (Fig. 1). After fungus passage through the host 
on 1st(B) subculture, conidial production was recovered to 
the level of 1st(A). For conidia produced on MAD, there was 
a decrease on the 8th subculture that was more pronounced 
on the 12th and 17th, which did not differ from each other. 
Again, productive capacity was recovered on 1st(B), similar 
to 1st(A). Comparison of the two media showed that PDA 
did not differ from MAD on 1st(A) and 1st(B), but on all 
remaining subcultures, the conidial production was higher 
on MAD (Fig. 2).
	 MAD, which consists of insects, favored maintenance of 
the conidial production of B. bassiana after a greater num-
ber of subcultures, which may be a consequence of fungal 
adjustment to medium containing insects. Regardless of the 
medium for successive subculturing, fungus passage through 
the host restored vegetative growth and conidial production, 
which had been reduced. This information is important for 
mass production; if conidia that give rise to matrices are not 
produced in media that preserve these characteristics, a pe
riodic passage of the fungus through the host is essential.

Conidial production on rice. Conidia produced on PDA 
did not decrease in the production from 1st(A) to the 8th sub-

culture, but that in the 12th and 17th subcultures was reduced 
compared to the 1st(A) subculture. Initial production was 
restored after fungus passage through the host on the 1st(B) 
subculture (Fig. 3). For conidia produced on MAD, the pro-
duction did not differ between 1st(A), 4th, and 8th subcultures. 
There was a decrease on the 12th passage relative to subcul-
tures 1st(A) and 4th, and on the 17th passage relative to the 
4th subculture. Furthermore, the 1st(B) subculture showed an 
increase in the production compared to the 12th subculture. 
Comparison of the two media showed that conidial pro-
duction was always higher in cultures produced on MAD, 
reaching a 3-fold maximum on the 12th and 17th subcultures. 
Although conidial production on MSP and rice showed the 

Figure 1. Vegetative growth of B. bassiana after successive subcultur-
ing on potato dextrose agar (PDA) and medium of A. diaperinus (MAD) 
on day 10. Lowercase letters compare different successive subcultures 
on the same medium, and uppercase letters compare the same succes-
sive subculture on different media; Tukey test (P < 0.05, CV = 11.01%). 
(A): first subculture after passage through the host; (B): first subculture 
after 17 successive subcultures and another passage through the host.

Figure 2. Conidial production (1.0 × 107 conidia colony-1) of B. bassi­
ana on the medium for spore production of Beauveria spp. (MSP) after 
successive subculturing on potato dextrose agar (PDA) and medium of 
A. diaperinus (MAD) on day 10. Lowercase letters compare different 
successive subcultures on the same medium, and uppercase letters com-
pare the same successive subculture on different media; Tukey test (P < 
0.05, CV = 19.30%). (A): first subculture after passage through the host; 
(B): first subculture after 17 successive subcultures and another passage 
through the host.

Figure 3. Conidial production of B. bassiana on rice inoculated with 
conidia produced by successive subculturing on potato dextrose agar 
(PDA) and medium of A. diaperinus (MAD) on day 15. Lowercase let-
ters compare different successive subcultures on the same medium, and 
uppercase letters compare the same successive subculture on different 
media; Tukey test (P < 0.05, CV = 29.04%). (A): first subculture after 
passage through the host; (B): first subculture after 17 successive sub-
cultures and passage through the host. 
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same trend, with the largest reductions produced on PDA and 
maintenance of conidia production through a greater number 
of subcultures on MAD, the decrease in the production on 
rice were less pronounced.

Virulence to A. diaperinus. Nutritional conditions and the 
number of successive subcultures significantly affected the 
virulence of B. bassiana in A. diaperinus. Total and confirmed 
mortality of insects treated with the fungus were higher than 
in controls. On PDA, reduced virulence was observed when 
using conidia from the 4th subculture (total mortality) and 
from the 8th subculture (confirmed mortality). The virulence 
was reduced until the 17th subculture, with a reduction of up 
to 50%. However, after fungus passage through the host on 
1st(B) subculture, virulence was restored to the level of 1st(A) 
(Fig. 4).
	 Attenuation of virulence may be related to the germina-
tion and adhesion of conidia to the insect cuticle (Adames 
et al. 2010), which are indicative of virulence (Inglis et al. 
2001). In fact, Shah et al. (2005) showed that conidia with 
a higher C:N ratio germinated slowly and were less virulent. 
Thus, the PDA medium, which is rich in carbon and poor 
in nitrogen, may have favored the marked reduction of viru-
lence after successive subculturing.
	 Virulence was unaffected by successive subculturing 
on MAD, and fungus passage through the host did not fa-
vor an increase in virulence. Comparison of the two media 
showed that both total and confirmed mortality were higher 
for conidia produced on MAD, except for the 1st(B) subcul-
ture, which was similar to the results observed for the PDA 
medium. Maintenance of virulence after several successive 
cultures on MAD is probably related to nutritional aspects of 
the medium, which consists of insects. Hussain et al. (2010) 
believe that the host provides the fungus an adequate nutri-
tion to produce conidia that are more virulent. Research has 

shown that media containing insect cuticle can induce the 
production of Pr1 enzyme (Campos et al. 2005; Tiago et al. 
2002), which is considered a virulence determinant due to its 
ability to degrade the insect cuticle (Shah et al. 2005).
	 Fungus passage through the host is commonly reported as 
a way of recovering attenuated virulence after subculturing 
in vitro (Brownbridge et al. 2001; Vandenberg and Cantone 
2004; Hussain et al. 2010). Culture medium is considered a 
less restrictive reproduction environment than the host, al-
lowing for the development of more genetic variants of the 
fungus, including less virulent or avirulent derivatives. On 
the other hand, fungus passage through the insect can act as 
a filter and reduce this diversity (Scully and Bidochka 2006). 
Feng et al. (1994) believe that changes in virulence of B. 
bassiana arising from successive subculturing are a conse-
quence of genetic changes due to the parasexual cycle, which 
was reported by Paccola-Meirelles and Azevedo (1991), and 
that monosporic isolates can be used in addition to passage 
through the host.
	 In this study, fungus passage through the host may have 
eliminated the nonpathogenic variants that developed during 
successive subculturing on PDA. However, our results show 
that the relationship between successive subculturing and 
fungus nutrition is complex, possibly because fungal patho-
genicity is not determined by a single factor but depends on 
coordinated interaction between several factors (Shah et al. 
2005). Thus, after selection of a fungal isolate to control a 
given pest, it is necessary to routinely check if virulence char-
acteristic and sporulation have been preserved after subcul-
turing in vitro.

Tolerance to UV radiation. The effect of media and succes-
sive subculturing, as well as the interaction between these 
factors, was not significant for conidia that were exposed to 
UV radiation for 1 min and for those that were unexposed. 
Viability reduction (expressed in CFUs) after exposure was 
approximately 50% (Fig. 5). These results show the sensiti
vity of this fungus to radiation, which may compromise its 

Figure 4. Mortality rates of A. diaperinus from B. bassiana infection af-
ter successive subculturing on potato dextrose agar (PDA) and medium 
of A. diaperinus (MAD). Lowercase letters compare different succes-
sive subcultures on the same medium, and uppercase letters compare the 
same successive subculture on different media, using the Tukey test (P 
< 0.05, CV = 11.01%), for total mortality (CV = 18.52%) and confirmed 
mortality (CV = 22.89%). Mortality rates of controls, total (7.33%) and 
confirmed (0%), were significantly different; Dunnett test (P < 0.05). 
(A): first subculture after passage through the host; (B): first subculture 
after 17 successive subcultures and passage through the host.

Figure 5. Colony Forming Units (CFUs) of B. bassiana after successive 
subculturing on potato dextrose agar (PDA) and medium of A. diape­
rinus (MAD), for conidia exposed to UV radiation for 1 min and those 
that were not exposed. Interactions between media and successive sub-
culturing were not significant; Tukey test (P > 0.05). (A): first subculture 
after passage through the host; (B): first subculture after 17 successive 
subcultures and passage through the host.
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effectiveness in the field. Based on the literature, this seems 
to be the first study on the effect of successive subculturing 
in vitro under different nutritional conditions on the tolerance 
of B. bassiana to UV radiation.
	 Among the abiotic factors, solar radiation is considered 
the most detrimental to entomopathogenic fungi (Braga et 
al. 2001), given it can damage cell molecules such as DNA, 
biomembranes, RNA, and ribosomes (Engelberg et al. 1994; 
Griffiths et al. 1998). Radiation tolerance is a quantitative and 
complex trait, involving defense mechanisms that prevent or 
reduce damage, and damage repair mechanisms, which come 
into play during cell recovery (Chelico et al. 2006). Never-
theless, Yao et al. (2010) believe that even the most tolerant 
isolates of B. bassiana and M. anisopliae would not survive 
a day of sunlight exposure. Therefore, protective measures, 
such as the use of photoprotective agents in formulations, are 
necessary (Edgington et al. 2000; Reddy et al. 2008).

Temperature tolerance. The interaction between media and 
successive subculturing, and the comparison between subcul-
tures was not significant for conidia not exposed to 30 °C. 
Comparison of the two media showed that MAD favored a 
greater number of CFUs. Upon exposure to 30 °C for 15 days, 
conidia produced on PDA were not affected by temperature, 
with the average number of CFUs similar to the unexposed 
conidia. Furthermore, no difference was observed between 
successive subcultures (Fig. 6).
	 Conidia produced on MAD maintained their initial tole
rance up to the 8th subculture, with reduction on the 12th and 
17th subcultures. After passage through the host on subculture 
1st(B), the thermotolerance was recovered to that of 1st(A). 
Comparison of the two media showed that conidia produced 
on MAD were less tolerant on the 12th and 17th subcultures 
and did not differ from PDA in the remaining subcultures. 
As suggested for UV radiation, this may be the first study to 

assess the effect of successive subculturing in vitro, under 
different nutritional conditions, on temperature tolerance in 
this fungus.
	 Outside the ideal range, temperature can limit the effec-
tiveness of fungi because it directly alters production of en-
zymes and toxins and indirectly influences germination, pe
netration, colonization, and reproduction (Alves and Lecuona 
1998). One factor that confers high thermotolerance is the 
accumulation of trehalose in conidia (Hallsworth and Magan 
1995; Singer and Lindquist 1998), a process favored by the 
addition of carbohydrates to the culture medium (Kim et al. 
2010). This may explain the greater tolerance of conidia pro-
duced on PDA, which is rich in carbohydrates because of the 
presence of dextrose and potato; MAD consists primarily of 
insects and is thus richer in protein (Verkerk et al. 2007). In 
addition to being more tolerant to temperature, conidia pro-
duced on PDA maintained this characteristic after several 
successive subcultures in vitro. Whenever nutritional condi-
tions of the subculture do not favor this maintenance, as was 
the case with subculture on MAD, the initial level of thermo-
tolerance can be restored after passage through the host.

Conclusions

Successive subculturing in vitro and nutritional conditions 
affect conidial production, virulence and stress tolerance. 
MAD, which consists of insects, favors maintenance of ve
getative growth and conidial production after a greater num-
ber of successive subcultures than on PDA. Even when there 
is a decrease in conidial production, it is less marked than the 
conidia produced on PDA. Virulence is not affected by suc-
cessive subculturing on MAD but is reduced on PDA, which 
is the opposite of the effect on temperature tolerance. Conidia 
of B. bassiana are sensitive to UV radiation, although this 
feature is not affected by successive subculturing in different 
media. Successive fungal subculturing attenuates virulence 
characteristics, conidial production, and temperature tole
rance, which can be restored by passage through the host.
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