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Abstract

Background: The Colorado potato beetle (CPB) Leptinotarsa decemlineata (Say) (Coleoptera: Chrysomelidae) is one
of the most damaging pests of potatoes all over the world as well as in Turkey. Both adults and larvae of this pest
feed on the foliage of potatoes, and often cause complete defoliation of potato plants, with considerable yield
losses of up to 60%. Chemical control of this pest has induced the selection of resistant CPB populations and
negative environmental impact. The aim of the present study was to evaluate the pathogenicity of 14 Turkish
isolates of Beauveria bassiana (Balsamo) Vuillemin (Deuteromycota: Hyphomycetes) against different stages of CPB
under laboratory conditions.

Results: All isolates were tested as conidial suspensions of (1 × 107 conidia/ml), using spray method. The results
from pathogenicity assays showed that virulence of tested isolates was variable, and mortality increased with the
time of exposure. The highest mortality was seen in larvae of CPB; however, young larvae (1st and 2nd instars) were
more susceptible to fungal isolates than older ones (3rd and 4th instars). Four isolates (BbDm-1, BbDs-2, BbMg-2,
and BbMp-1) were more pathogenic than others against L. decemlineata, causing mortalities between 96.7 and
100% in the 2 youngest larval instars, respectively, between 91.7 and 96.7% in the 2 oldest larval instars,
respectively, and between 93.3 and 96.7% in 0–48-h-old adults, respectively, 9 days post treatment. Furthermore,
these 4 isolates had the most potent egg-hatching inhibitory effects (66.7–90%). The results of molecular
phylogenetic analyses based on the ITS region sequence indicated that all tested B. bassiana isolates showed a
high similarity (99%) with other B. bassiana isolates in GenBank.

Conclusions: Results suggested that the 4 B. bassiana isolates were highly virulence and had the potential for
biological control of CPB. Further tests under field conditions are recommended to validate the laboratory results.
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Background
Potato (Solanum tuberosum L.) is a tuber crop belonging
to the family Solanaceae. After wheat and rice, potato is
the third largest crop in the world in terms of human
consumption (FAOSTAT 2019). As a horticultural crop
only, potato is the second most grown crop in Turkey
after tomato. There are many insect pest species attack-
ing potato crop and affect its production as well as qual-
ity in Turkey. One of the most damaging pests is the
Colorado potato beetle (CPB), Leptinotarsa decemli-
neata (Say) (Coleoptera: Chrysomelidae). The pest is na-
tive to Mexico and was first described by Thomas Say in
1824 (Casagrande 1987). It spreads across most of the
USA and was introduced into France in the 1920s from
where it spread further reaching also parts of China
(CABI 2017). In Turkey, the pest was detected for the
first time in 1963 in Edirne (in the Thrace Region of
Turkey), which borders with Bulgaria and Greece, and
spread towards the inner regions of the country (Atak
1973). Adults and larvae of the pest feed on the foliage
of potatoes and can cause complete defoliation of potato
plants, with considerable yield losses of up to 60% (Jac-
ques and Fasulo 2015).
In Turkey, control of this pest is usually based on the

use of synthetic insecticides. Some populations of the
beetle have already developed a resistance to many
groups of insecticides (Keskin and Yorulmaz-Salman
2020). As more insecticides are becoming ineffective due
to resistance development or becoming phased out due
to environmental concerns, the number of options avail-
able to potato growers dwindles. As an alternative
method, biological control is often considered as the
most environmentally friendly tool to control many
pests. One of the main factors in biological control is
the use of entomopathogenic fungi (EPF) (Mahr et al.
2008). Lately, attracting attention worldwide as a poten-
tial biological control agent for many insect pest species
was noticed. The EPF Beauveria bassiana (Balsamo)
Vuillemin (Deuteromycota: Hyphomycetes) is the most
widely used fungal agent that has a potential to protect a
range of crops (Goettel and Inglis 1997). Some previous
studies have proved the potential effectiveness of B.
bassiana against the insecticide resistant CPB strains
(Roberts et al. 1981; Campbell et al. 1985).
The aim of the present study was to evaluate the effi-

cacy of 14 indigenous isolates of B. bassiana isolated
from cultivated and uncultivated soils in Antalya prov-
ince, Turkey against different stages of CPB under la-
boratory conditions.

Methods
Insect material and maintenance
Insects used in the experiments were taken from a la-
boratory colony of CPB that originated with field-

collected adults from potato production areas in Cameli
(Denizli, Turkey). Rearing was carried out on the foliage
of potted potato (S. tuberosum var. nahita) plants in a
climate room set to 25±1°C, 60±5 R.H., and 16:8 (L/D)
hours photoperiod. Subsequent cultures were main-
tained in screen cages (90 × 90 × 90 cm) to obtain a
fresh (known age) insect material. In the experiments,
0–48-h-old eggs and adults, young (1st and 2nd instars),
and old (3rd and 4th instars) larvae of L. decemlineata
were used. Young and old instars were selected based on
their head capsule width and pronotum color (Niezgod-
zinski and Koroluk 1976; Boiteau and LeBlanc 1992).

Indigenous B. bassiana isolates
Fourteen B. bassiana isolates were used in this evalu-
ation. Isolate names, sampling locations, isolation areas,
and geographic coordinates are listed in Table 1.

Viability of fungal isolates
The viability of conidia of each fungal isolate was deter-
mined before any bioassay by the method described by
Goettel and Inglis (1997). For this purpose, conidia of
each fungal isolate were harvested from 3-week-old cul-
tures with a sterile spatula and suspended in a 20-ml
sterile distilled water with a 0.03% Tween 80 and
counted using a hemocytometer. Conidial suspensions
(1 ml) adjusted to 1 × 107 conidia/ml were spread on
Petri dishes containing SDA (Sabouraud Dextrose Agar)
medium. The dishes were then incubated in complete
darkness at 25±2°C and examined after 24 h. Percentage
germination of conidia of each isolate was determined
by counting the number of germinated conidia (a germ
tube two times the diameter of the propagule) from 100
spores counted randomly on the surface area under the
light microscope (400 ×). Three replicate plates per iso-
late were used. The viability of all tested fungal isolates
was above 95%.

Preparation of conidial suspension
To determine the pathogenicity of indigenous B. bassi-
ana isolates against CPB, the experiments were carried
out under the controlled conditions of (25±2°C and 65±
5 RH). For this purpose, conidia from 2 to 3-week-old
cultures of each fungal isolate, grown on PDA medium
at (25±2°C, 65±5 RH), were collected by a sterile loop
and suspended in a 20-ml sterile distilled water with a
0.03% Tween 80. Then, all suspensions were filtered
through 4 layers of sterile cheesecloth in order to re-
move mycelium and agar pieces. Later, the conidial sus-
pensions were vortexed for 3 min for homogenization.
Conidial concentrations were determined using a
hemocytometer and final concentration of each fungal
isolate was adjusted to 1 × 107 conidia/ml (Fancelli et al.
2013). In all bioassays, all isolates were tested at a
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conidial suspension of 1 × 107 conidia/ml using the
spray method.

Experimental bioassays
Bioassay against L. decemlineata eggs
This experiment was conducted, using CPB egg masses
(0–48-h-old eggs) on potato leaves. The egg masses were
treated in 3 replications (10 eggs each) with one of the
tested B. bassiana isolates through direct spray, using a
handheld sprayer with a tank capacity of 0.5 l. However,
separate sprayers were used for each fungal isolate to
prevent cross-contamination. The control group was
treated by distilled water + 0.03% Tween 80. Treated
eggs were then removed and placed in clean Petri dishes
(9 cm in diameter) at 25±2°C and 65±5 RH till egg
hatching. Each Petri dish was counted as one replicate.
All egg masses were checked daily for hatching and a
small potato leaf was placed within each Petri dish as
food for the larvae when hatching day approached.
Number of hatched larvae was recorded to determine a
percentage of hatching for each replicate within a treat-
ment. During data collection, infected (unhatched) eggs
conspicuously shrunk, usually turned orange-brown and
had more or less fungal outgrowths (with a white fuzzy
appearance) on the surface, that could be easily distin-
guished from those killed by factor(s) that had a shriv-
eled and light brownish appearance, were counted as
dead and included in the count. Moreover, the rate of
mortality in surviving 1st instar larvae was also recorded
for each replicate within a treatment. After hatching, 1st
instar larvae were then reared under the abovemen-
tioned conditions on clean potato leaves until developed
to the 2nd instar. This procedure allowed detecting

latent effect of the exposure of egg masses to the tested
B. bassiana isolates on 1st instar larvae.

Bioassay against L. decemlineata larvae
Larval bioassay was conducted using young (1st and 2nd
instars) and old (3rd and 4th instars) larvae of CPB. Each
treatment, using spray method, was replicated 3 times
with 10 larvae each. For each treatment, 10 young (five
1st and five 2nd instars) or 10 old (five 3rd and five 4th
instars) larvae were placed in each Petri dish (9 cm in
diameter) lined with 3 layers of filter paper, and they
were then sprayed from 30-cm distance with a handheld
sprayer, using 2.0 ml of conidial suspension of any fun-
gal isolate. The control group was treated by sterile dis-
tilled water + 0.03% Tween 80. After air drying, the
treated larvae were carefully transferred to new Petri
dishes containing clean potato leaves using a fine camel-
hair brush. The lid of each Petri dish was closed and
perforated 20 times using a hot needle for ventilation.
All dishes were kept under the abovementioned labora-
tory conditions. Surviving larvae were fed on untreated
leaves for the rest of the experimental period. To record
mortality, Petri dishes were daily examined, and mortal-
ity rates were recorded 3, 5, 7, and 9 days after treat-
ment. At each observation, larvae were touched using a
fine-forceps and if the insect did not move, it was re-
corded as dead. To assess the growth of fungal mycelium
on the insects, which would indicate insect mortality
caused by the EPF agents, all dead larvae were removed
from the dishes and placed in new dishes lined with
moistened filter paper, incubated at 25±2°C and 65±5
RH in complete darkness, and evaluated for up to 14
days under a stereomicroscope to observe fungal growth

Table 1 Indigenous isolates of Beauveria bassiana used in the experiments

Isolate name Sampling site Vegetation Geographic coordinates

BbKm-1 Kumluca/Antalya Olive N 36° 19′ 17.1′′ E 30° 20′ 23.0′′

BbKm-2 Kumluca/Antalya Orange N 36° 22′ 18.8′′ E 30° 16′ 29.1′′

BbDm-1 Demre/Antalya Orange N 36° 14′ 39.7′′ E 29° 58′ 45.0′′

BbFn-3 Finike/Antalya Orange N 36° 19′ 53.7′′ E 30° 08′ 40.6′′

BbDs-2 Döşemaltı/Antalya Pomegranate N 37° 00′ 02.4′′ E 30° 38′ 16.1′′

BbAk-1 Aksu/Antalya Grassland N 36° 56′ 03.3′′ E 30° 52′ 35.1′′

BbSr-1 Serik/Antalya Orange N 36° 55′ 33.8′′ E 31° 07′ 20.7′′

BbKr-1 Kemer/Antalya Forest N 36° 35′ 51.0′′ E 30° 33′ 22.7′′

BbKp-1 Kepez/Antalya Forest N 36° 54′ 50.4′′ E 30° 37′ 48.4′′

BbMg-1 Manavgat/Antalya Olive N 36° 49′ 40.8′′ E 31° 20′ 35.3′′

BbMg-2 Manavgat/Antalya Wheat N 36° 58′ 58.8′′ E 31° 14′ 48.5′′

BbMp-1 Muratpaşa/Antalya Fig N 36° 53′ 07.2′′ E 30° 44′ 30.4′′

BbGp-1 Gazipaşa/Antalya Forest N 36° 12′ 52.0′′ E 32° 23′ 45.0′′

BbKl-1 Korkuteli/Antalya Pear N 37° 03′ 21.3′′ E 30° 10′ 33.8′′
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on larval cadavers. Dead larvae showed no fungal out-
growths of similar characteristics of the treated ones
were excluded.

Bioassay against L. decemlineata adults
The bioassay was conducted using 0–48-h-old adults of
L. decemlineata. Adult CPB was treated by each of B.
bassiana isolates as previously mentioned in larval bio-
assay. Each treatment was replicated 3 times (10 adults
each). The control group was treated by sterile distilled
water + 0.03% Tween 80. Treated adults (10 per dish)
were transferred into new Petri dishes containing fresh
potato foliage. The dishes were then closed and kept
under the aforementioned laboratory conditions. Treat-
ments were checked at daily basis and the rate of adult
mortality was recorded 3, 5, 7, and 9 days post treat-
ment. Final mortality counts were performed using the
same procedure mentioned in larval mortality counts.

Phylogenetic placement of tested B. bassiana isolates
Genomic DNA of tested B. bassiana isolates were ex-
tracted, following the modified CTAB method described
by Doyle and Doyle (1990). The PCR was performed in
a Thermal Cycler by using two different primers based
on ITS-rDNA region gene sequences, which included,
ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS4
(5′-TCCTCCGCTTATTGATATGC-3′) (White et al.
1990). Each PCR reaction was conducted in a final vol-
ume of 50.0 μl containing 3.0 μl 2.5 mM MgCl2, 5.0 μl
10× Taq buffer with KCI, 8.0 μl 100 mM dNTPs, 0.25 μl
5 Uμl−1 Taq-DNA polymerase (Thermo Fisher Scien-
tific, Waltham, MA, USA), 1 μl of each primer, 27.8 μl
sterile ddH2O, and 4.0 μl fungal DNA suspension. The
cycling conditions included an initial denaturation for 60
s at 95°C, followed by 35 cycles of 60 s at 94°C, 120 s at
58°C, 60 s at 72°C, and a final extension 300 s at 72°C.
The amplified PCR products (10 μl) and 1 kb DNA Lad-
der (Thermo Fisher Scientific) were separated by gel
electrophoresis in 1% agarose gel in 0.5× TAE (dH2O
1000 ml, Tris-Base 4.84 g, glacial acetic acid 1.02 ml, 0.5
M. EDTA (pH: 8.0) 2 ml) buffer after staining with jel
red (1 mg/l) and run at 80 V/cm for 90 min. The gel
was then visualized with an ultraviolet light imaging sys-
tem (Vilber Lourmat SR 12 575 UV transilluminator,
France). The amplified PCR products were sequenced
using the ABI 3730XL Sanger sequencing device (Ap-
plied Biosystems, Foster City, CA) and the BigDye Ter-
minator v3.1 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA) in the Macrogen Netherlands labora-
tory. The DNA sequences of isolates were performed
using the ClustalW algorithm in the Bioedit program
(Thompson et al. 1994; Hall 1999). The nucleotide se-
quence of tested isolates was compared with that of the
other isolates of the related species using a Blast

Bioinformatics search of sequences from the National
Center for Biotechnology Information (NCBI) GenBank
(Altschul et al. 1997).
Molecular phylogenetic analyses were conducted with

MEGA5 software (Biodesign Institute, Tempe, Arizona)
using the maximum likelihood method based on the
Tamura 3-parameter model (Kimura 1980; Tamura et al.
2011). The phylogenetic analysis was done based on the
ITS region sequence of tested isolates and the nucleotide
sequence of the other fungi retrieved from GenBank, the
accession numbers of which are presented in Table 6.

Statistical analysis
In larval and adult bioassays, no control mortality was
observed; therefore, no correction was necessary for the
mortality data. All values were arcsine transformed prior
to analysis. Data were then analyzed by one-way
ANOVA using the general linear model of the SPSS 23.0
Windows (IBM Corp. 2015, New York, USA). Differ-
ences among the treatment means were compared using
the Tukey’s HSD test at a significance level of P < 0.05.

Results
Effectiveness of tested B. bassiana isolates against L.
decemlineata eggs
Data presented in Table 2 showed that the tested B.
bassiana isolates generally had low pathogenic activity
against 0–48-h-old eggs. There were significant differ-
ences among some of the B. bassiana isolates tested at 1
× 107 conidia/ml in terms of hatching rate of L. decemli-
neata eggs (P < 0.05). The lowest hatching rate (6.7%)
was recorded in eggs treated with isolate BbMg-2, which
showed the most potent egg-hatching inhibitory effect
(93.3%) (Table 2). This isolate was followed the most
strongly by the isolates BbMp-1, BbDs-2, and BbDm-1,
all the three of which exhibited the same rate of inhibi-
tory effect (90%). The lowest inhibitory effect (6.7%) was
exhibited by isolate BbKm-2, recording (93.3%) hatching
rate in eggs.
For the mortality rates of the fed 1st instar larvae dur-

ing molting to 2nd instar (usually 4 days), there were
significant differences among some of the isolates tested
(P < 0.05). The highest mortality rate (63.3%) in 1st in-
star larvae hatched from the eggs treated with B. bassi-
ana was caused by the isolates BbDs-2 and BbMp-1.
These 2 isolates were followed most strongly by the iso-
lates BbMg-2 and BbDm-1, both of which exhibited the
same rate of mortality (60%).

Effectiveness of tested B. bassiana isolates against L.
decemlineata larvae
All tested B. bassiana isolates at 1 × 107 conidia/ml
showed pathogenic activity against both young (1st and
2nd instars) and old (3rd and 4th instars) larvae of L.
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decemlineata. Mortality rates decreased with increasing
age of L. decemlineata larvae but increased with the
elapsed time after treatment (Tables 3 and 4). There
were significant differences among the tested B. bassiana
isolates in their mortality rates in young larvae 3, 5, 7,
and 9 days after treatment (P < 0.05) (Table 3). Based on
the mortality rates of young larvae on the 9th day, 4 iso-
lates (BbMp-1, BbMg-2, BbDm-1, and BbDs-2) of the 14
B. bassiana isolates tested were more virulent than
others, and caused 100, 100, 98.3, and 96.7% mortalities,
respectively. On the 3rd and 5th days of treatment, the
highest mortality (53.3 and 85%, respectively) was exhib-
ited by the isolate, BbKl-1; however, efficacy of this iso-
late remained stable on the 7th and 9th days. As for the
oldest larvae, data presented in Table 4 indicated that
mortality rate increased with the elapsed time after treat-
ment. As in the young larvae, 4 isolates (BbMp-1,
BbMg-2, BbDm-1, and BbDs-2) were significantly more
pathogenic than others against the oldest larvae and ex-
hibited 96.7, 93.3, 95.0, and 91.7% mortalities, respect-
ively, 9 day post treatment (P < 0.05).

Effectiveness of tested B. bassiana isolates against L.
decemlineata adults
As shown in Table 5, all tested B. bassiana isolates had
different efficacy rates against 0–48-h-old adults of L.
decemlineata. Mortality was isolate- and elapsed time-
dependent, and differences in mortality at each count

date were generally significant among the different iso-
lates tested (P < 0.05). As in the larvae of L. decemli-
neata, 4 isolates (BbMp-1, BbMg-2, BbDm-1, and BbDs-
2) were significantly more virulent than the others
against L. decemlineata adults (P < 0.05). Of these 4 iso-
lates, BbDs-2 caused the highest adult mortality by
96.7%. The remaining 3 isolates had the same mortality
rate (93.3%) 9 day post treatment. Isolates BbFn-3 and
BbAk-1 caused the lowest adult mortalities (0 and 3.3%
on the 3rd and 5th days of treatment, respectively) that
were non-significantly different from each other (P <
0.05).

Phylogenetic placement of tested B. bassiana isolates
The DNA sequences of the tested B. bassiana isolates
were loaded into GenBank, and their accession numbers
were obtained and used for comparison in phylogenetic
analysis. The accession numbers of the isolates are pre-
sented in Table 6. After alignment, the ITS region se-
quence data set consisted of 487 aligned positions for
Beauveria isolates. All the B. bassiana isolates from
Turkey and GenBank were clustered together. All the B.
bassiana isolates tested had 99% evolutionary homology
with other B. bassiana isolates from the NCBI (Fig. 1).

Discussion
The present study demonstrated that some of the tested
indigenous isolates of B. bassiana can be used for the

Table 2 Egg-hatching rates of Leptinotarsa decemlineata eggs treated with fourteen indigenous Beauveria bassiana isolates, egg-
hatching inhibitory effects of tested fungal isolates, and mortality rates of fed 1st larval instar during molting to 2nd instar*

Isolate name Egg-hatching (%) Inhibition of egg-hatching (%) First instar mortality (%)

BbKm-1 70.0±0.0bc** 30.0 20.0±0.0d

BbKm-2 93.3±3.3a 6.7 6.7±3.3f

BbDm-1 10.0±0.0e 90.0 60.0±0.0a

BbFn-3 66.7±3.3bc 33.3 23.3±3.3cd

BbKp-1 43.3±3.3d 56.7 40.0±0.0b

BbAk-1 80.0±0.0ab 20.0 10.0±0.0ef

BbSr-1 76.7±6.7b 23.3 16.7±3.3e

BbKr-1 60.0±5.8c 40.0 33.3±3.3bc

BbDs-2 10.0±0.0e 90.0 63.3±3.3a

BbMg-1 60.0±0.0c 40.0 30.0±0.0c

BbMg-2 6.7±3.3e 93.3 60.0±5.8a

BbMp-1 10.0±0.0e 90.0 63.3±3.3a

BbGp-1 43.3±3.3d 56.7 40.0±0.0b

BbKl-1 66.7±3.3bc 33.3 26.7±3.3c

df 41 - 41

F 85.0 - 49.7

P 0.000 - 0.000

*In a single-dose trial, all the isolates were tested at a concentration of 1 × 107 conidia/ml
**Means in a column followed by the same letter are not significantly different (Tukey’s HSD test; P < 0.05)
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management of CPB. However, successive subcultures of
indigenous B. bassiana isolates on solid media differed
significantly in their virulence. Moreover, different stages
of CPB had different susceptibilities to the isolates
tested. Eggs were not so much susceptible to infection.
Adults showed susceptibility much lower than larvae. In
larval bioassay, the tested B. bassiana isolates signifi-
cantly differed in their pathogenicity to L. decemlineata
larval instars. High mortality was obtained in younger
larvae than the oldest ones. The findings of this research
are in accordance with the previous studies that com-
pared efficacy of different B. bassiana isolates on differ-
ent stages of CPB (Ignoffo et al. 1983; Watt and LeBrun
1984; Fargues 1991; Long et al. 1998).
A review of the related literature indicated that B.

bassiana isolates obtained from different parts of the
world varied in their pathogenic activity against different
stages of CPB, and there was a high variability among
the fungal isolates in terms of mortality rates. For in-
stance, Timonin (1939) tested the efficacy of B. bassiana
against L. decemlineata eggs and newly hatched larvae
and reported that there was no effect of B. bassiana on
egg mortality, but he observed 1st instar mortality on
the 4th day after egg hatch. He also reported that 1st in-
star mortality was due to ingestion of fresh spores still
on the egg chorion by the larvae. In a similar study,

Long et al. (1998) evaluated effects of the B. bassiana-
based commercial product (Mycotrol®, Mycotech Cor-
poration, Butte, Montana) at 5 concentrations (ranging
from 1 × 104 to 1 × 108 conidia/ml) on egg hatching and
subsequent 1st instar larval survival of L. decemlineata
by spraying egg masses on potato leaves. They reported
that there was no effect of B. bassiana on egg and 1st in-
star mortality, even at the highest concentration. Ob-
tained findings on 1st instar mortality are in accordance
with those of Timonin (1939), but in contrast with those
of Long et al. (1998). In another study, Todorova et al.
(2000) evaluated 10 isolates of B. bassiana from different
sources and geographical sites under laboratory condi-
tions at a concentration of 1 × 107 conidia/ml for their
pathogenicity against adults of L. decemlineata and re-
ported that 6 isolates were highly virulent and caused
mortalities ranging from 86.7 to 100% by 8 day post-
treatment. In a more recent study, Ozturk et al. (2015)
tested pathogenicity of 3 local B. bassiana isolates at 1 ×
108 conidia/ml, using spray method against different
stages of L. decemlineata in Isparta province of Turkey
and reported that tested isolates caused mortalities be-
tween 57.1 and 100% in young (2nd and 3rd instars) lar-
vae, between 36.7 and 100% in old (4th instar) larvae,
and between 23.3 and 86.2% in 1-week adults; 3 and 7
days post treatment. As well, obtained results on adult

Table 3 Percentage mortalities of young larvae (1st and 2nd instars) of Leptinotarsa decemlineata in response to the tested
Beauveria bassiana isolates at 3, 5, 7, and 9 days after treatment under laboratory conditions

Isolate
name

Percent mortality (±SE) from a single-dose trial* df F P

3 days 5 days 7 days 9 days

BbKm-1 8.3±1.7cdC** 30.0±5.7efB 41.7±1.7deAB 56.7±6.7cA 11 20.0 0.000

BbKm-2 0.0±0.0dC 15.0±5.0fBC 26.7±6.7eB 53.3±3.3cA 11 25.2 0.000

BbDm-1 46.7±4.4abC 78.3±4.4abcB 95.0±5.0aAB 98.3±1.7aA 11 33.4 0.000

BbFn-3 6.7±4.4dB 25.0±8.7fB 61.7±6.0cdA 70.0±5.0bcA 11 23.2 0.000

BbKp-1 3.3±3.3dC 53.3±3.3deB 88.3±6.0abA 91.7±8.9abA 11 52.8 0.000

BbAk-1 0.0±0.0dC 13.3±3.3fBC 30.0±5.0eAB 46.7±6.0cA 11 22.7 0.000

BbSr-1 30.0±2.9bcB 81.7±1.7abA 85.0±2.9abA 86.7±3.3abA 11 97.6 0.000

BbKr-1 48.3±1.7abB 58.3±4.4bcdAB 80.0±7.6abcA 85.0±7.6abA 11 13.7 0.002

BbDs-2 50.0±5.0abC 78.3±1.7abcB 83.3±3.3abcAB 96.7±1.7aA 11 37.0 0.000

BbMg-1 36.7±10.1abB 58.3±4.4bcdAB 71.7±6.0bcA 86.7±3.3abA 11 10.7 0.004

BbMg-2 46.7±3.3abC 56.7±1.7cdC 75.0±2.9abcB 100.0±00aA 11 98.8 0.000

BbMp-1 38.3±1.7abD 78.3±1.7abcC 91.7±1.7abB 100.0±00aA 11 358.6 0.000

BbGp-1 5.0±2.9dC 50.0±7.6deB 71.7±1.7bcA 86.7±4.4abA 11 57.0 0.000

BbKl-1 53.3±6.7aB 85.0±2.9aA 88.3±6.0abA 88.3±6.0abA 11 9.3 0.006

df 41 41 41 41

F 23.0 30.5 25.4 15.3

P 0.000 0.000 0.000 0.000

*In a single-dose trial, all the isolates were tested at a concentration of 1 × 107 conidia/ml
**Means in a column followed by the same lower-case letter are not significantly different, and means in a row followed by the same upper-case letter are not
significantly different (Tukey’s HSD test; P < 0.05)
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Table 4 Percentage mortalities of old larvae (3rd and 4th instars) of Leptinotarsa decemlineata in response to the tested Beauveria
bassiana isolates at 3, 5, 7, and 9 days after treatment under laboratory conditions

Isolate
name

Percent mortality (±SE) from a single-dose trial* df F P

3 days 5 days 7 days 9 days

BbKm-1 3.3±3.3deC** 15.0±2.9cdBC 26.7±3.3cdeB 50.0±2.9defA 11.0 40.8 0.000

BbKm-2 3.3±1.7deC 11.7±1.7dBC 20.0±2.9eB 45.0±2.9efA 11.0 58.3 0.000

BbDm-1 18.3±1.7abcdC 45.0±2.9aB 61.7±6.0abB 95.0±2.9aA 11.0 74.1 0.000

BbFn-3 0.0±0.0eB 10.0±2.9dB 41.7±3.3abcdeA 51.7±1.7cdefA 11.0 110.2 0.000

BbKp-1 1.7±1.7deC 21.7±4.4bcdB 53.3±1.7abcA 61.7±4.4cdeA 11.0 70.1 0.000

BbAk-1 3.3±3.3deB 8.3±1.7dB 25.0±2.9deA 38.3±4.4fA 11.0 24.6 0.000

BbSr-1 10.0±2.9bcdeC 30.0±2.9abcBC 48.3±7.3abcdB 81.7±3.8abA 11.0 46.0 0.000

BbKr-1 18.3±1.7abcdC 31.7±3.3abcC 46.7±3.3abcdeB 68.3±3.3bcdA 11.0 50.9 0.000

BbDs-2 28.3±4.4aC 46.7±3.3aBC 58.3±6.7abB 91.7±6.0aA 11.0 25.6 0.000

BbMg-1 16.7±4.4abcdeC 30.0±2.9abcBC 40.0±5.8bcdeB 70.0±2.9bcA 11.0 29.6 0.000

BbMg-2 26.7±3.3abD 41.7±1.7aC 61.7±1.7abB 93.3±4.4aA 11.0 92.0 0.000

BbMp-1 21.7±6.0abcD 45.0±5.8aC 68.3±4.4aB 96.7±1.7aA 11.0 45.0 0.000

BbGp-1 5.0±2.9cdeC 18.3±1.7bcdBC 45.0±10.0abcdeB 81.7±6.7abA 11.0 29.4 0.000

BbKl-1 16.7±3.3abcdeC 33.3±4.4abC 55.0±5.8abB 85.0±2.9abA 11.0 48.3 0.000

df 41 41 41 41

F 9.0 17.9 8.1 27.0

P 0.000 0.000 0.000 0.000

*In a single-dose trial, all the isolates were tested at a concentration of 1 × 107 conidia/ml
**Means in a column followed by the same lowercase letter are not significantly different, and means in a row followed by the same uppercase letter are not
significantly different (Tukey’s HSD test; P < 0.05)

Table 5 Percentage mortalities of 0–48-h-old adults of Leptinotarsa decemlineata in response to the tested Beauveria bassiana
isolates at 3, 5, 7, and 9 days after treatment under laboratory conditions

Isolate
name

Percent mortality (±SE) from a single-dose trial* df F P

3 days 5 days 7 days 9 days

BbKm-1 0.0±0.0aB** 6.7±3.3cdB 13.3±3.3bB 36.7±8.8eA 11 10.2 0.004

BbKm-2 0.0±0.0aC 16.7±3.3abcdBC 26.7±6.7abAB 40.0±0.0deA 11 20.5 0.000

BbDm-1 6.7±3.3aC 33.3±3.3aB 43.3±6.7abB 93.3±3.3abA 11 67.6 0.000

BbFn-3 0.0±0.0aC 3.3±3.3dBC 13.3±3.3bB 46.7±3.3deA 11 54.6 0.000

BbKp-1 3.3±3.3aB 10.0±5.8bcdB 23.3±8.8abAB 53.3±8.8cdeA 11 9.8 0.005

BbAk-1 0.0±0.0aC 3.3±3.3dC 26.7±3.3abB 56.7±6.7cdeA 11 41.1 0.000

BbSr-1 10.0±5.8aB 13.3±8.8abcdB 30.0±10.0abB 76.7±6.7abcA 11 14.8 0.001

BbKr-1 3.3±3.3aB 10.0±5.8bcdB 20.0±5.8abB 80.0±0.0abcA 11 63.4 0.000

BbDs-2 10.0±5.8aC 26.7±3.3abcBC 46.7±8.8aB 96.7±3.3aA 11 42.3 0.000

BbMg-1 3.3±3.3aB 16.7±3.3abcdB 20.0±0.0abAB 36.7±6.7eA 11 11.3 0.003

BbMg-2 16.7±3.3aB 30.0±0.0abB 36.7±8.8abB 93.3±3.3abA 11 45.7 0.000

BbMp-1 10.0±5.8aB 26.7±3.3abcC 50.0±0.0aB 93.3±6.7abA 11 58.8 0.000

BbGp-1 3.3±3.3aB 10.0±5.8bcdB 23.3±6.7abB 66.7±8.8bcdA 11 19.4 0.000

BbKl-1 0.0±0.0aC 6.7±3.3cdC 30.0±5.8abB 80.0±0.0abcA 11 118.3 0.000

df 41 41 41 41

F 2.2 5.1 3.3 15.7

P 0.035 0.000 0.004 0.000

*In a single-dose trial, all the isolates were tested at a concentration of 1 × 107 conidia/ml
**Means in a column followed by the same lowercase letter are not significantly different, and means in a row followed by the same uppercase letter are not
significantly different (Tukey’s HSD test; P < 0.05)
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and larval mortalities are in agreement with those re-
ported by Todorova et al. (2000) and Ozturk et al.
(2015).
As for the phylogenetic placement of tested B. bassiana

isolates, the results demonstrated that all the B. bassiana
isolates tested had 99% evolutionary homology with other
B. bassiana isolates from the NCBI database. In a previous
study, Sayed et al. (2018) investigated the genetic differ-
ence of 11 B. bassiana isolates from the Taif region of
Saudi Arabia by sequencing based on the ITS and COI re-
gions and found genetic differences among the 4 isolates
tested. In another study, Gürlek et al. (2018) defined and
characterized the molecular phylogenetic diversity of 40
fungus isolates including Beauveria spp. and Metarhizium
spp. using Bloc and B-tubulin gene regions, and they de-
termined that there was a close relationship among the
isolates examined. Dhar et al. (2019) performed phylogen-
etic analysis of 13 B. bassiana isolates from India by com-
parative RAPD-PCR amplification with 10 different RAPD
primers. They found that 3 of them were closely related
each other. Zhang et al. (2020) examined the genetic dif-
ference among B. bassiana isolates from different hosts by
phylogenetic analysis and determined genetic differences
between the virulent isolates. In a more recent study,
Gasmi et al. (2021) characterized the variety of genes in-
volved in diverse mechanisms of the infective cycle of 42

isolates that have different thermo-tolerance, growth rates,
and virulence. The analyzed genes showed general genetic
diversity measured as and copy number variation (CNV)
and non-synonymous changes (NSC) with most of them
being subjected to positive episodic diversifying selection.
Correlation analyses between NSC or CNV and the isolate
growth rate, thermo-tolerance, and virulence revealed that
various genes shaped the biological features of the fungus.
ITS1/ITS4 primers, which are used to reproduce the ITS
region that is one of the general diagnosis primers in
fungi, are widely used in the diagnosis of EPF in the world
(Fergani and Yehia 2020). Therefore, it was used in mo-
lecular identification of fungi isolated in this study. The
similarity value in the dendrogram drawn at the highest
Boot Strap value (Select distribute test) (1000 replicates),
using ITS gene regions in GenBank with all B. bassiana
isolates tested in this study varied around 99%.

Conclusion
This study demonstrated that indigenous isolates of B.
bassiana were pathogenic to different stages of CPB
under laboratory conditions. However, 4 isolates
(BbDm-1, BbDs-2, BbMg-2, and BbMp-1) were more
pathogenic than others. Further studies are however
needed to evaluate the efficacy of B. bassiana isolates on
CPB under field conditions.

Table 6 GenBank nucleotide accessions of tested Beauveria bassiana isolates along with other Beauveria species based on ITS region
used for phylogenetic analysis

Strain/isolates Accession no. Strain/isolates Species Accession no.

BbKm-1 MT441868 TF6-1B B. bassiana JX122736.1

BbKm-2 MT441869 EABb 04/01 B. bassiana DQ364698.1

BbDm-1 MT441872 CGAIPFBS-012 B. bassiana KY495188.1

BbFn-3 MT441875 IISR-EPF-04 B. bassiana KU363833.1

BbKp-1 MT441877 2718 B. bassiana KU364353.1

BbAk-1 MT441881 HHWG1 B. brongniartii JX110385.1

BbSr-1 MT441882 SASRI B. brongniartii JX110388.1

BbKr-1 MT441871 ARSEF 2641 B. amorpha HQ880808.1

BbDs-2 MT441879 B518a B. amorpha HQ880806.1

BbMg-1 MT441883 BYYC-05 B. asiatica MG345071.1

BbMg-2 MT441884 BUB824 B. asiatica MG642836.1

BbMp-1 MT441880 FUM03 B. varroae MF667767.1

BbGp-1 MT441886 B5 B. varroae MH374536.1

BbKl-1 MT441885 ARSEF 4622 B. australis HQ880790.1

F19-N MG640376.1 ARSEF 4598 B. australis HQ880789.1

MG562497 MG562497.1 F585 B. caledonica DQ529233.1

SHU.M.161 KU158472.1 BG47 B. caledonica MT180427.1

SHU.M.131 KU158461.1 1717 B. vermiconia FJ973063.1

EABb04 KC753382.1 ARSEF 7281 B. sungii HQ880815.1

SASRI BB444 JX110368.1 EFCC 5657 B. sungii JX463219.1
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Fig. 1 Maximum likelihood tree based on the Tamura 3-parameter model showing the phylogenetic relationship between the tested Beauveria
bassiana isolates and other Beauveria isolates from GenBank based on ITS region sequence
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