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Abstract
Knowledge of the composition and distribution of native entomopathogenic fungal species are essential
to evaluate the potential of biological control in a given ecosystem. In this study, 10 soil samples were
collected in two seasons (dry and rainy) in the Curió Municipal Natural Park in Paracambi and the presence of entomopathogenic fungi species was evaluated. The isolation was carried out using two methods:
the bait method with Galleria mellonella and Tenebrio molitor larvae and the selective media Agar Potato
Dextrose method supplemented with insect integument (PDA+IT) and Martin medium. A total of 216
isolates of entomopathogenic fungi were isolated. The bait method with larvae collected 88.0%, while the
PDA+IT media and Martin method caught 12.0%. The most predominant species was Beauveria bassiana
isolated with G. mellonella in the dry (36.0%) and in the rainy (36.0%) season. Metarhizium anisopliae was
isolated, mostly in T. molitor in the dry (33.3%) and in the rainy (32.0%) season. Beauveria bassiana was less
prevalent in the Martin medium, occurring 13.3% in the dry and 33.3% in the rainy season. The occurrence
of B. bassiana using the PDA+IT medium was 33.3% in the dry and 20.0% in the rainy season. The higher
incidence of M. anisopliae (26.7%) was in the rainy season with the PDA+IT medium. The higher incidence
of entomopathogenic fungi was observed using the bait method with high frequencies of B. bassiana and
M. anisopliae. The bait method with G. mellonella and T. molitor is a sensitive method for the isolation of
entomopathogenic fungi in soil.
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Introduction
Tenebrio molitor (Coleoptera) or other insect baits is relatively
The soil environment is an important reservoir for a wide variety simple and sensitive [38,43,44,49]. The principal advantage of
of entomopathogenic fungi, which can significantly contribute this method is the selective isolation of entomopathogenic
to the control of insect populations, including agricultural fungi that are biologically active [22]. The plating method using
and forest pests [19]. The occurrence and distribution of en- various selective media [10,25,37] is particularly advantageous
tomopathogenic fungi in soils have been widely investigated when quantification is required or when the material to be
[27,30]. Many species belonging to Hypocreales (Ascomycota) analyzed is not soil.
live in the soil for a significant part of their life cycle. Of these,
Calculation of diversity in fungal estimated world was 1.5-5.1
Beauveria sp., Metarhizium anisopliae (Metchnikoff ) Sorokin million species [14], of which only 100,000 have been described
and Isaria spp. (formally known as Paecilomyces) are especially [47]. Of these, approximately 750-1,000 entomopathogenic
common and have the greatest potential for use in biological fungi have been classified into more than 100 genera [39].
control [51].
The entomopathogenic fungi constitute the greatest numTwo methods are generally used to detect entomopathogenic ber of taxa of insect pathogens [17]. About 171 commercial
fungi in soil. The method using Galleria mellonella (Lepidoptera), preparations based on entomopathogenic fungi were in use
© 2016 Esparza Mora et al; licensee Herbert Publications Ltd. This is an Open Access article distributed under the terms of Creative Commons Attribution License
(http://creativecommons.org/licenses/by/3.0). This permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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or in development in 2007, the majority of them based on
Beauveria bassiana, B. Brongniartii, Metarhizium anisoplae and
Isaria fumorosea [9].
This study aimed to compare two methods for the isolation
of entomopathogenic fungi, the bait method versus direct
isolation method, and analysis of their occurrence in the
Atlantic Rain Forest soil.

larvae of each species of insect were placed in a plastic container (2 L) containing 250 g soil, moistened and maintained
at 25±1°C, each sample had three replicates. Each container
was inverted during the first 3 days and subsequently every
2 days. After the 5 days the containers were evaluated daily
for dead larvae. The dead larvae were removed and sterilized
with 0.5% sodium hypochlorite for 1 min [27], and placed in a
humid chamberfor 5 days. After sporulation, the larvae were
Materials and methods
placed on PDA with chloramphenicol.
Soil sample
In the second isolation method, the selective media (Martin
The study area is located inside the Curió Municipal Natural and PDA+IT) method, 5 g of soil was suspended in 45 ml of
Park in Paracambi in the state of Rio de Janeiro. The park is in peptone water (Merck KGaA, Germany) with 0.1 ml 1% Tween
the Atlantic Forest biome, situated approximately between 80 (Croda, Singapore) and stirred (150 rpm) in a shaker for 30
the geographical coordinates, latitude: 22° 26’ 34” S and min. An aliquot of 1 ml of this homogeneous suspension was
longitude: 043° 27’ 33’’ W with an average altitude of 690 m, removed and placed in a tube with 9 ml of peptone water,
and an area of approximately

900 ha.
and so forth, were prepared decimal dilutions to 10-4.100 µL
Samples were collected at two different seasons, the first were inoculated from dilutions 10-1, 10-2 and 10-3 on MS plates
collection was in the dry seasons, at the end August 2014 and incubated at 25±1°C. Each dilution had three repetitions
(C1), and the second was in the rainy period at the beginning and each sample had three dilutions plated [12]. The colony
of March 2015 (C2). Five sampling points 10 m apart were forming units (CFUs) per gram of soil were counted on the
selected. The sampling protocol was: 1-The vegetation on the 7th day after the inoculation.
surface of soil and the forest floor litter were removed; 2- at
The fungal species obtained by both methods were identieach point 10 simple random sub-samples were taken in the fied based on the macroscopic and microscopic characteristics
rhizosphere, at a depth of 5-20 cm and 1 m between each using identification keys [16,35].
sub-sample with a volume of approximately 250 g. These 10
sub-samples were mixed together to form one 2.5 kg com- Statistical analysis
posite sample; 3- These composite samples were placed in The occurrence of fungi as indicated by the BM was represterile plastic bags and stored in a cold chamber at 4°C until sented as logical data (either present or absent). Quantitative
processing and analysis.
data obtained by the SM plating method were expressed as
Physical and chemical characterization of the soil sam- CFUs per gram of soil and by logical indication.
ples was conducted by the Soil Fertility Laboratory of the
The design for the experiment in selective medium was
Rural Federal University of Rio de Janeiro. The Soil fertility completely random with 15 repetitions and treatments
was evaluated using the following parameters: pH in water consisting of the factorial 2x2, two culture media (Martin
(pot method) [31], aluminum (Al) content (interchangeable), and BDA+IT) and the two evaluation seasons (dry and rainy).
hydrogen plus aluminum (H+Al), phosphorus (P), potassium The means of the logCFUs data were evaluated by the F-test
(K), calcium (Ca), organic carbon (orgC) and magnesium (Mg) of the analysis of variance and the frequency of occurrence
(exchangeable) to depths of 5-20 cm soil. The soil analytical of the entomopathogenic fungi were compared using the
methods were adapted from Embrapa [7]; whereas for clas- nonparametric Wilcoxon test, at 5% probability.
sification, the Brazilian System of Soil Classification method
The percentage of larvae killed by entomopathogenic
was used.
fungi, live larvae and the frequency of occurrence of the
entomopathogenic fungi as shown by the bait method were
Isolation of entomopathogenic fungi
evaluated according to a completely random design with 15
The following methods for the isolation of entomopathogenic repetitions (larvae) in a factorial scheme 2x2, totaling 4 treatfungi were used: 1- “bait method” (BM) with Galleria mellonella ments. The treatments consisted of combinations among the
(Lepidoptera: Pyralidae) and Tenebrio molitor (Coleoptera: levels of factors, types of bait (G. mellonella and T. molitor)
Tenebrionidae) applying the methodology described by 49 and evaluation seasons (dry and rainy). The comparison of
and 28, 2- “plating method” in selective medium (SM) Potato means between the levels of factors was performed using
Dextrose Agar (PDA) (Merck KGaA, Germany) supplemented the nonparametric Wilcoxon test at 5% probability.
with insect integument (T. Molitor) (PDA+IT) and Martin medium. Larvae of the fourth stage of G. mellonella and T. molitor Results
supplied by the Biology Institute in Campinas -SP were used. A total of 216 isolates of entomopathogenic fungi were isoThe first isolation method used G. mellonella larvae, which lated from the Atlantic Rain Forest biome. The bait method
were immersed in water at 56°C for 15 s to minimize their with larvae collected 87.96% and the method with selective
ability to produce silk in the soil before baiting [48]. Five media collected 12.03%.
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When the selective media (Martin and PDA+IT) method was
used significant differences were obtained between seasons
and between the media culture used (Figure 1). In the selective
Martin medium (p=0.0024) more CFUs were observed in the
rainy season (3.81 logCFU g-1 soil) compared to the dry season,
which showed a lower number of CFU (3.77 logCFU g-1 soil).
There were also significant statistical differences (p=0.0000)
between the seasons for the PDA medium supplemented with
T. molitor integument, with rainy and dry seasons presenting
3.67 and 3.60 logCFU g-1 soil, respectively. Among the media,
Martin showed a significantly higher (p=0.0000) average of
CFUs than the PDA supplemented with integument of T. molitor
both in the rainy (3.81 and 3.67 logCFU g-1 soil, respectively)
and the dry seasons (3.77 and 3.70 logCFU g-1 soil, respectively).
The isolation using selective media provided a lower overall
detection rate (12.03%), and the isolates were typically found
in larger quantities in the rainy season (Table 1). Beauveria
bassiana was less prevalent in the Martin medium, where there
was an occurrence of 13.3% in the dry season and 33.3% in the
rainy season. Paecilomyces lilacinus was observed on the plates

Figure 1. Mean values±standard errors of colony forming
units (Log CFU/g of soil) of fungi in selective media Martin
and PDA+ insect integument in the dry and rainy seasons.
Bars indicated with different letters, lowercase between
seasons and uppercase between culture media, differ by F-test
at 5% probability.
Table 1. Occurrence of entomopathogenic fungi (n) in 15 soil
samples collected in the Curio Municipal Natural Park using the
isolation method with culture medium Martin and PDA+IT in
the dry and rainy seasons.
Fungal
Species
Bb
Ma
Pl
Bb+Ma

Dry
Rainy
Martin PDA+ IT Martin PDA+ IT
n
%
n
%
n %
n
%
2.0 13.3 5.0 33.3 5.0 33.3 3.0 20.0
0.0 0.0 2.0 13.3 0.0 0.0 4.0 26.7
0.0 0.0 2.0 13.3 1.0 6.7 5.0 33.3
Combinations
0.0 0.0 1.0 6.7 0.0 0.0 4.0 26.7

Beauveria bassiana (Bb), Metarhizium anisopliae (Ma) and
Paecilomyces lilacinum (Pl).

doi: 10.7243/2052-6180-4-1
occurring in 6.7% during the rainy season when the Martin
medium was used; for PDA+IT, its occurrence was of 33.3% in
the rainy season and 13.3% in the dry season. However, this
specie was not included in further analysis because it is not
considered pathogenic to insects. The frequency of occurrence
of B. bassiana in the dry season (33.3%) was higher than in the
rainy season (20.0%) using the PDA medium+IT. The highest
incidence of M. anisopliae (26.7%) was obtained in the rainy
season using the PDA medium+IT. No growth was observed
in the Martin medium for M. anisopliae. Combinations of B.
bassiana and M. anisopliae also had a greater incidence in the
rainy season (26.7%) using PDA medium+IT.
The occurrence of entomopathogenic fungi using the isolation method with T. molitor larvae as bait was 61.33% in the
dry season and 64% in the rainy season. With G. mellonella
larvae the occurrence of entomopathogenic fungi was 60%
and 68% in the dry and rainy seasons, respectively. However,
there was no statistical difference between the dry and rainy
seasons when used T. molitor (p=0.8127) and G. mellonella
larvae (p=0.4781) (Figure 2).

Figure 2. Mortality rate of larvae (G. mellonella and T.
molitor) in the dry and rainy seasons. Larvae killed by
entomopathogenic fungi. Bars indicated with the same letters,
lowercase between seasons and uppercase between culture
media, did not differ by F-test at 5% probability.

Entomopathogenic fungi were found in all samples. The
occurrence of isolated species differed considerably depending on the species of insects used as bait (Table 2). The most
predominant specie was Beauveria bassiana, isolated with
G. mellonella in the dry and rainy seasons (36.0% and 36.0%
respectively). Beauveria bassiana occurred in T. molitor larvae
in the dry season (25.33%) and in the rainy season (24.0%).
More Metarhizium anisopliae were isolated in T. molitor larvae
in the dry (33.3%) and rainy (32.0%) seasons than B. bassiana.
In G. mellonella larvae M. anisopliae occurred in 18.7% of the
samples in both periods. A co-infection of larvae caused by
two or more entomopathogens was observed in a total of
168 isolates, 91 belong to the species B. bassiana and 77 to
the species M. anisopliae.
Table 3 shows the amount of nutrients: sodium (Na), calcium
(Ca), magnesium (Mg), Hydrogen more aluminum (H+Al), alu-
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Table 2. Occurrence of entomopathogenic fungi (n) in 10 soil
samples collected in the Curio Municipal Natural Park using the
isolation method with larvae (T. molitor and G. mellonella), in
the dry and rainy seasons.
Fungal
species
Bb
Ma

T. molitor
n
%
19.0 25.3
25.0 33.3

Ma+F
Bb+F
V+F
Bb+Ma
N+F+T

1.0
0.0
0.0
1.0
0.0

1.3
0.0
0.0
1.3
0.0

Dry
Rainy
G. mellonella T. molitor G. mellonella
n
%
n
%
N
%
27.0 36.0
18.0 24.0 27.0 36.0
14.0 18.6
24.0 32.0 14.0 18.6
Combinations
0.0
0.0
2.0 2.6 1.0
1.3
1.0
1.3
0.0 0.0 4.0
26.7
2.0
2.6
0.0 0.0 0.0
0.0
4.0
5.3
1.0 1.3 6.0
8.0
0.0
0.0
0.0 0.0 3.0
4.0

Beauveria bassiana (Bb), Metarhizium anisopliae (Ma), Fusarium sp.
(F), Verticiullium sp. (V), Nomurea sp. (N) and Trichoderma sp. (T)

minum (Al), sulfur (S), organic carbon (orgC), phosphorus (P),
potassium (K) and pH values for the soil in the dry and rainy
season samples, respectively. In general, the rainy season sample were higher for the pH values, Na, Ca, Mg, H+Al, Al and S.

Discussion

High densities of fungi were found in both selective media,
although the Martin medium showed higher occurrence as
the PDA, which was supplemented with integument of T.
molitor during rainy season (6.5x103 CFU g-1 soil and 4.7x103
CFU g-1 soil, respectively). Scheepmaker and Butt (2010)
found that densities of M. anisopliae and B. bassiana were
highly variable, with concentrations of 102 and 103 CFU g-1 in
soil [27]. Obtained an entomopathogenic fungus detection
rate of 70% using selective media with Dodine and the most
prevalent specie was M. anisopliae (37%). The maximum spore
densities were 5.4x103 CFU g-1 to B. bassiana, 8.13x102 CFU g-1
for M. anisopliae and 7.89x102 CFU g-1 for Isaria fumosorosea.
[34] determined the natural occurrence of Metarhizium spp.
in Brazilian Cerrado soils using selective media with Dodine,
and 12 isolates were found.
The use of G. mellonella larvae produced the highest incidence of entomopathogenic fungi, verifying that the bait method with G. mellonella [49] is a very sensitive method for the detection of entomopathogenic fungi in soil samples [21]. Detailed
surveys of the diversity of entomopathogenic fungi using bait

insects in soil samples has been used by several authors [15,28].
In this work the entomopathogenic fungi species detected
using bait larvae were: B. bassiana and M. anisopliae. These
results supported those of [27] who noted that four species
of entomopathogenic fungi were detected in soil samples
in Slovakia using the bait method (BM) with G. mellonella:
Beauveria bassiana (31% of the samples isolated) Metarhizium
anisopliae (8%), Isaria farinosa (6%) and Isaria fumosorosea
(6%). Only three species were detected by these authors with
selective medium (cycloheximide and dodine): B. bassiana
(36% of the samples isolated), M. anisopliae (37%), and I.
fumosorosea (9%).
According to [50], the most susceptible hosts for M. anisopliae
are species of Coleoptera. For B. bassiana over 700 species of
arthropod hosts are reported. However, the greatest abundance of Metarhizium species was presented on Coleoptera
larvae, and the highest incidence of Beauveria was observed
on Lepidoptera larvae.
The bait method with larvae of G. mellonella [49] is a sensitive method for the isolation of entomopathogenic fungi
in soil [21]. Beauveria bassiana (Bals) Vuill as well as Metarhizium anisopliae (Metsch). Sorok and Metarhizium flavoviride
Gams and Rozsypal are among the most commonly found
entomopathogenic fungi in nature [6,42] stated that B. bassiana and I. fumosorosea are more frequently isolated from a
“natural” ecosystem than from cultivated soils, although M.
anisopliae seems to be more common in cultivated soils. This
observation indicates that M. anisopliae populations are more
resistance to disturbances characteristic of farmed habitats
[29]. In tropical forests, M. anisopliae can be readily isolated
from soil samples using G. mellonella and T. molitor larvae
[15]. All fungi found in this study have also been recorded
in other parts of the world [1,2,28,30,42,44,45]. Knowledge
of the composition of the local entomopathogenic fungi
species in the soil is needed to evaluate the potential of this
group as a source of natural enemies for insect pest control
in a specific agro-ecosystem.
The greater occurrence of B. bassiana in the soil is due to
its preference in this natural environment. This preference has
also been described by several authors including [4,33,46].
Metarhizium anisopliae is generally more resistant to agricultural disturbances and several studies have reported that its
higher prevalence in cultivated areas is significant compared
to natural habitats [2,28,33,42]. Reported a lower frequency of
these species in cultivated soils in Denmark, but found that

Table 3. Physicochemical analysis of the soil carried out for both seasons (dry and rainy).
Chemical
elements

Texture

Dry season
Sandy loam
Rainy season Sandy loam

Na

Ca

Mg

0.04 3.46 1.54
0.06 3.86 2.56

K
Cmolc/dm3

H+Al Al

0.13
0.71

2.22
6.14

S

pH

0.55 5.16 5.3
0.20 7.19 5.5

Org C% Pmg/L K
2.016
2.128

17.4
16.6

50
227

Sodium (Na), Calcium (Ca), Magnesium (Mg), Potassium (K), Hydrogen (H), Aluminium (Al), Sulfur (S),
Organic carbono (orgC) and phosphorus (P).
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M. flavoviridae was significantly more common than usually
reported. This study found a number of M. anisopliae species
with a frequency of 45.83% and B. bassiana species occurring
in 54.16% using the bait method.
Significant differences (p£0.01) were found between the
results obtained by the methods used. The method with
selective medium was not able to detect high frequencies
of M. anisopliae and B. bassiana; however, the method with
larvae bait resulted in high detection rates of B. bassiana and
Metarhizium anisopliae [46], detected entomopathogenic fungi
in 38.6% of soil samples from Finland, while [33] found fungi
in 71.7% of soil samples in Spain and [4] 15.8% of soil samples
in the UK, all using the BM with G. mellonella [21], found entomopathogenic fungi in 96% of soil samples in Switzerland
when using selective medium along with BM and G. mellonella.
These authors also concluded that baiting with G. mellonella
in soil samples tends to be more sensitive for the detection
of entomopathogenic fungi than using the selective agar
method [15]. Determined the diversity of entomopathogenic
fungi in tropical forest soils in Panama using G. mellonella
and T. molitor larvae and a selective medium with dodine,
which resulted in 58 isolates of Metarhizium anisopliae with
the bait method, and one strain of B. bassiana isolated with
the selective medium method.
In Brazil the occurrence of Metarhizium spp. using Triatomainfestans nymphs (Hemiptera: Reduviidae) and selective
medium modified with dodine was verified. A total of 107 (22%)
isolates of Metarhizium were obtained in Brazilian cerrado soils
in the state of Goiás; 95 were obtained using the T. infestans
nymphs and 12 were obtained in a selective medium [32,34].
Determined the abundance and diversity of entomopathogenic fungi in agricultural soils in Mexico, using G. mellonella
larvae as bait. Only entomopathogenic fungi of the genus
Beauveria sp. and Metarhizium sp. were recovered. Overall, a
total of 121 isolates were recorded and 112 were of the genus
Beauveria and 9 of the genre Metarhizium. In other studies M.
anisopliae was isolated approximately four times more often
by the selective medium than by the bait method with G. mellonella, although higher sensitivity of the bait method with
G. mellonella has been reported by several other authors and
differences have also been reported for B. bassiana [3,18,23].
Almost all methods used today show some selectivity to
species. The bait method is used more often and can detect
a relatively large number of species, but it only detects the
pathogenic isolates of bait insects. Variations were detected
when different species of bait insect are used [5,22,46]. Currently, the selective media normally used are only able to detect
a few different entomopathogenic fungi reliably. Thus, more
than one medium is needed to obtain a realistic view of the
composition of species of entomopathogenic fungi in soils.
The occurrence of M. anisopliae and B. bassiana was not
affected by the physical and chemical properties of the soil.
The soil analyzed showed a sandy loamtexture and organic
carbon content of 2.012% in the dry season and 2.118% in the

doi: 10.7243/2052-6180-4-1
rainy season. Several authors [8,19,24] have reported that the
organic matter content and soil biological activity adversely
affect the persistence of Beauveria spp. due to antagonistic
effects caused by other soil micro-organisms. Secondly, [27]
found a higher occurrence of B. bassiana and I. farinosa in soils
with a high content of organic matter and minerals in soils
of fine texture. Furthermore, M. anisopliae and I. fumosorosea
are less common in such conditions [33], found M. anisopliae
in coarse textured soils with high organic matter content and
B. bassiana was found in soils with high clay content, high pH
and higher organic matter content of less than 1-3% (41.3%
occurrence) or 2-3% (25% occurrence). The latter two important variables in the presence of Beauveria and Metarhizium
genres [33]. Humidity is a factor that is related to soil texture,
but [41] found that clay soils saturated with water appear to
inhibit the infection of B. bassiana, while in sandy soils this
inhibition does not occur [40]. Showed that the temperature
and soil moisture are key factors for the formation of conidia
in the soil. High humidity and high soil temperatures reduce
the survival of conidia and the infectivity of Beauveria spp [28].
Fungi in general are more tolerant to the acidity than the
alkalinity [11]. In this study the pH measured in the dry period
and the rainy season was 5.3 and 5.5 respectively [27]. Found a
significant correlation between the soil pH and the presence of
fungi. M. anisopliae occurred more often in soils with an alkaline
pH while B. bassiana and I. farinosa preferred an acidic environment. In Spain [33], found that B. bassiana had the highest
occurrence (52.9%) with pH ≥ 8-8.5 and M. anisopliae showed
a 27.8% occurrence with pH <7 and 38.9% with pH≥8-8.5.

Conclusion

B. bassiana and M. anisopliae isolates were found in soils of
the Atlantic Rain Forest biome in the state of Rio de Janeiro,
and B. bassiana was the most abundant species. The higher
incidences of entomopathogenic fungi were observed with
the bait method -the higher incidence of the Metarhizium species using T. molitor larvae and Beauveria using G. mellonella
larvae. These results represent an important contribution to
the understanding of entomopathogenic fungi in the soil of
the Atlantic Rain Forest biome in Rio de Janeiro and provide
the basis for future research onthe subject.
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