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In this study, to determine an effective fungal agent against Dendroctonus micans 

(Kugelann, 1794) (Coleoptera: Curculionidae), which causes significant economic 

losses in forested areas, Picea orientalis (L.) Link in Artvin between 2021-2022. 

Dendroctonus micans larvae and adults were collected from the trees, and 18 fungi 

were isolated from larvae and adult insects. Morphological (infection type, colony 

morphology, spore form) and molecular (ITS1-5.8S ITS2 gene region) 

characterization determined that the isolates were Metarhizium anisopliae 

(Metschn.) Sorokin, 1883 (Hypocreales: Clavicipitaceae), M. robertsii, M. 

pinghaense and Clonostachys rosea Samuels & Rossman, 1999 (Hypocreales: 

Bionectriaceae). Isolates M. robertsii (OZM4) and M. pinhaense (OZM9) have been 

isolated from this pest for the first time. As a result of insecticidal activity tests 

performed on D. micans larvae and adults of 1x107spore/ml spore suspension, the 

larvae, M. anisopliae (OZM2), showed a mortality rate of 92% within 7 days and 

adults mortality was determined 100% at the end of the experiment, and mycosis 

rates were found to be consistent with mortality rates. These results show that isolates 

with high virulence are promising in microbial and integrated control applications 

against important forest pests. 

 

 
1. Introduction 

 

Bark beetles (Coleoptera: Curculionidae, 

Scolytinae) are among the most harmful forest 

beetles in North America and Europe and settle 

on the host tree via aggregation pheromones 

establish brood systems in the phloem layer, 

resulting in tree death [1- 3]. According to 

Armendáriz-Toledano et al. [4], twenty species 

of the genus Dendroctonus have been recognized 

as having a significant negative impact on conifer 

forests [5]. Invasion pest Dendroctonus micans 

(Kugelann,1974) (Coleoptera: Curculionidae), 

sometimes known as the great spruce bark beetle, 

has expanded throughout practically all of 

Türkiye Picea orientalis (L.) Link. forests, where 

it aggressively damages numerous trees [6]. 

 

 

Dendroctonus (Coleoptera: Curculionidae) 

species, which especially like to attack living 

trees, colonize the tree and can kill all or part of 

their hosts due to their aggressive behavior 

during gallery formation [7, 8], and when the 

population reaches significant levels, they cause 

widespread tree death [9]. Changes in forest 

populations (abiotic and biotic) are known to 

impact species population dynamics. Climate 

change, degraded forest structure, water stress 

and drought, and other abiotic factors all 

contribute to increased bark beetle outbreaks in 

spruce forests [10- 12]. 

 

Chemical, biological, and physical control (or a 

mix of these approaches) are popular methods for 

managing various sorts of insects. Initially, 
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certain management measures were employed to 

control this pest, such as the using chemical 

pesticides and mechanical approaches, but 

effective results were not attained [13]. Several 

studies have focused on the pathogens and 

parasitoids of bark beetles searching for effective 

biocontrol agents in some parts of the world and 

Türkiye lately [14- 19]. 

 

Entomopathogenic fungi are parasitic 

microorganisms capable of infecting and killing 

arthropods. They are primarily employed in 

ecological farming as biopesticides as a safer 

alternative to hazardous chemical insecticides 

[20]. Around 750 entomopathogenic fungal 

species are identified, but the most researched 

and economically produced are Beauveria 

bassiana (Bals. -Criv.) Vuill. (Ascomycota: 

Hypocreales) and Metarhizium anisopliae 

(Metschn.) Sorokin, 1883 (Hypocreales: 

Clavicipitaceae) [21]. 

 

The average summer temperature in the Eastern 

Black Sea Region is 25-30°C, with a RH of 70-

80%. At the levels of temperature and humidity 

explained above, entomopathogenic fungus 

(EPF) development produces the most the ideal 

environment for virulence, germination, and 

continuance. Therefore, entomopathogenic fungi 

have the potential to be used especially in 

microbial control against bark pests. The primary 

objective of this study is to identify the EPF 

related to D. micans and investigate their 

pathogenicity in adults and larvae in the 

laboratory. 

 

2. General Methods 

 

2.1. Insect samples 

 

Between 2021 and 2022, D. micans larvae and 

adults were collected from Picea orientalis (L.) 

Link trees in Artvin were obtained from an ax to 

open tunnels beneath the bark and transferred to 

the laboratory. They were subsequently put in 20 

x 20 cm plastic cages and fed spruce bark for 2-

3 days at room temperature. Pest larvae and 

adults, which were assumed to be signs of 

infection other than a natural death, were tested 

regularly for fungal infestations. 

 

 

2.2. Isolation of fungal strains  

 

Insects collected as cadavers in the forest or died 

in the laboratory while growing on spruce 

branches were studied to see whether the fungal 

infection was the cause of death. To induce 

mycosis, surface sterilized cadavers were 

cultured in Petri dishes and kept in an incubator 

under 25°C for 1-2 weeks to promote fungal 

growth (Figure 1) [22]. Transfer affected insects 

to PDAY (Potato dextrose agar + 1% Yeast 

extract) (Sigma, USA) with 50 g/ml ampicillin 

(AppliChem, Darmstadt, Germany) to prevent 

bacterial infection.  

 

A single colony was transplanted to another 

PDAY medium for a pure culture of the fungal 

isolate. The isolate's pure culture was plated on 

PDAY agar and incubated in the dark at 25°C for 

1-2 weeks for additional sporulation [19]. After 

ensuring the purity of the cultures and preparing 

stock culture. The samples were kept at -80°C in 

20% glycerol (BioChemica, A0970). 

 

 

Figure 1. Fungus sporulating on Dendroctonus 

micans adults infected by Metarhizium anisopliae. 

 

2.3.Morphological identification 

 

For the morphological identification of fungal 

strains, shape, surface, edge, consistency, and 

height were first observed for each colony trait, 

such as macroscopic features on the PDA of 

colonies, and color on the top and bottom of the 

colonies [23]. The EPF strains were stained with 

Lactophenol blue solution (Merck, 113741) with 

slide culture methods [24]. The stained samples 

showed spore shape, color, mycelium type, and 

colony height features under light microscopy. 

All isolates were identified using Humber's 

identification key [23]. 
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2.4. DNA extraction and amplification 

 

Following the manufacturer's recommendations, 

EPF was resuscitated from stock culture and 

DNA was obtained using the Quick-DNA 

Fungal/Bacterial MiniPrep Kit (Zymo Research, 

Irvine, CA, USA). ITS5 (5'-

GGAAGTAAAATCGTAACAAGG-3') and 

ITS4 (5'-TCCCCGCTTGATATGC-3') primers 

were used in the PCR reaction for the ITS1-5.8S-

ITS2 region [25]. Amplified areas were detected 

on 1.0% agarose gel electrophoresis and purified 

using a NucleoSpin gel and PCR cleaning kit 

from MAchery-Nagel in Duren, Germany. 

Samples were sent for sequence analysis to 

Macrogen Inc. (Amsterdam, Netherlands), and 

their phylogenetic relationships were determined 

using BioEdit and MEGA software version 

7.0.26 [26]. Candida albicans CBS562 was used 

as an external group in phylogenetic trees. 

 

2.5.  Prepared spore suspension and 

insecticidal activity tests  

 

Bioassay tests were conducted using 4-week-old 

cultures. These cultures were treated with 10 ml 

of 0.01% Tween 80 on top of the spores for the 

spore solution, and the spores were recovered 

from the Petri surface. The spore suspension was 

passed through a sterile double-layer cheesecloth 

to remove mycelial pieces. Conidia viability was 

determined by spreading spore suspensions on a 

PDAY medium and evaluating germination after 

24 hours of incubation at 25°C in the dark. For 

bioassay tests, cultures with conidia viability of 

more than 95% were chosen.  

 

Larvae and adult beetles to be used in the 

bioassay were obtained from the Trabzon 

Regional Directorate of Forestry Forest Pests and 

Biological Control Laboratory. Biotest 

experiments were also performed on healthy last-

instar larvae and same-age adults selected 

randomly. For evaluation of the virulence of the 

isolates on D. micans larvae and adults, ten 

larvae and adults (larvae and adults were used in 

separate experimental setups for each 

experiment) from all of the groups were sprayed 

with a hand-operated sprayer and conidial 

solutions containing 107 spore/ml. The control 

groups were given sterilized 0.01% Tween 80. 

Adults received feed and shells in plastic boxes 

(20 cm), while larvae were inserted (square-

shaped) between the shells. Spruce bark and meal 

were used as food for adult insects. All larval and 

adult test groups were kept in plastic boxes and 

were conducted in a climate-controlled cabinet at 

20°C and %65 RH under L12:D12. For 15 days, 

dead insects were observed daily. Each treatment 

was replicated 3× on separate days. 

 

2.6. Statistical analysis  

 

The mortality statistics gathered in bioassay 

experiments were calculated using Abbott's 

method [27]. For bioassay validation, percent 

mycosis values were determined using cadaveric 

mycelial growth. The results were subjected to 

one-way ANOVA, followed by Duncan’s post-

hoc tests to compare test isolates with each other 

and the control group in terms of mortality 

(p<0.05). SPSS 28.0 (IBM Corp., United States) 

was used to perform every graphic and statistical 

analysis for the experiments. 

 

3. Results and Discussion 

 

3.1. Morphological identification and 

molecular characterization  

 

Eighteen isolates belonging to two genera from 

the parasitic fungi family Bionectriaceae and 

Clavicipitaceae were obtained from D. micans. 

The isolates Metarhizium sp. and Clonostachys 

sp. isolates OZM1, OZM2, OZM3, OZM4, 

OZM6, OZM7 OZM8, OZM9, OZM10, 

OZM12, OZM18, OZM19, OZM22b OZM25 

and OZM26 were determined as Metarhizium sp. 

and OZM23 was determined as Clonostachys sp. 

All Metarhizium sp. isolates generated the 

characteristic greenish conidial masses on the 

culture plate with smooth plate reversal, 

according to the preliminary characterization 

(Figure 2). Such cultural morphology played a 

crucial role in separating the desired EPF from its 

other cousins [28].  Additionally, partial 

identification of the isolates was supported by 

microscopic inspection of spore characteristics 

(spore shape and size). The obtained isolates 

generated ellipsoid, tiny, and intermediately 

sized spores (Figure 2). This study noted that the 

spore characteristics of different Metarhizium 

strains might occasionally differ in terms of color 

and size [29] (Figure 2). 
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OZM1, OZM2, OZM3, OZM6, OZM7 OZM8, 

OZM10, OZM12, OZM18, OZM19, OZM22b 

OZM25 and OZM26 were determined as 

Metarhizium anisopliae, OZM4 was determined 

as Metarhizium robertsii, OZM9 as Metarhizium 

pinghaense (Figure 3), OZM23 was determined 

as Clonostachys rosea (Figure 3). In particular, 

OZM4 isolate M. roberstii ARSEF 2575 was 

determined to be closely related and OZM9 

isolates to be closely related to M. pinghaense. 

 

3.2. Insecticidal activity tests D. micans 

larvae and adults 

 

In bioassay, all isolates were tested D. micans 

larvae and adults at concentrations of 1 × 107   

spore/ml. The larvae mortality rates ranged from 

30-100% testing within 15 days (F = 256.377, df 

= 18, p <0.05) (Figure 4). The adult mortality 

rates varied from 28-100% after 15 days of 

testing (F = 273.041, df = 18, p <0.05) (Figure 5). 

It was established that mortality happened, 

particularly within three days, and the mortality 

rate rapidly increased. 

 

It was determined that OZM2, OZM4, OZM6, 

and OZM22b isolates were extremely effective 

on larvae (p<0.05). These isolates 7-day larvae 

mortality rates were 92.2%, 82.2%, 80% and 

88.9%, while their 15-day mortality rates were 

100%, respectively (p<0.05) (Figure 4). Mycosis 

rates after death were calculated to be 96.4%, 

97.3%, 93.3 and 94.0, respectively (p<0.05). 

 

As a result of the adult experiments, it was 

determined that the mortality rates increased 

after seven days and at the end of the experiment, 

most of the isolates exhibited 100% mortality 

(p<0.05) (Figure 5). OZM2, in particular, was 

shown to be the most effective strain on both 

larvae and adults, with an 80% mycosis value 

(p<0.05). The mortality rate of D. micans larvae 

and adults in control treatment ranged between 5 

and 15% and mycosis was not observed. 

 

 

 Figure 2. PDA colony growth, morphological 

structures of entomopathogenic fungus isolates and 

microphotographs of samples stained with 

lactophenol blue cotton. 
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Figure 3 Phylogenetic tree of strains isolated from Dendroctonus micans. The approximately 580-bp 

sequence of the ITS1-5.8S-ITS2 gene region was used to construct the dendrogram. Bootstrap values based 

on 1000 replicates were indicated above the nodes. Bootstrap values C ≥ 70 are labeled. All isolates were 

indicated with a black circle. The scale on the bottom of the dendrogram indicates the degree of dissimilarity 

[26]. 
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Figure 4 Mortality of Dendroctonus micans larvae after application of 18 entomopathogenic fungal isolates 

within 15 days after application of 1 × 107 spore/ml. Mortality data were corrected according to Abbott’s 

formula [26]. Different uppercase letters represent statistically significant differences among treatments 

concerning mortality according to Duncan’s post-hoc tests (p <0.05). Bars show standard deviation. 

 

 
Figure 5 Mortality of Dendroctonus micans adults after application of 18 entomopathogenic fungal isolates 

within 15 days after application of 1 × 107 spore/ml. Mortality data were corrected according to Abbott’s 

formula [27]. Different uppercase letters represent statistically significant differences among treatments 

concerning mortality according to Duncan’s post-hoc tests (p <0.05). Bars show standard deviation. 

 

 

Bark beetles cause significant infestations, 

especially in needle forests, and often cause the 

death of older trees [30, 31]. Especially, D. 

micans is one of the important bark beetle species 

that cause significant economic damage in spruce 

forests in Europe and Asia [32, 33]. By this time, 

the most effective method of control among the 

methods of control is the production and release 

of the predator beetle of the pest. Biological 

methods of controlling the pests have also been 

tried. In particular, the potential of EPF to be 

used in the control against pests is higher than 

other microorganisms. 

 

According to Sevim et al. [17], Metarhizium 

anisopliae (2), Beauveria cf. bassiana (2), 

Beauveria bassiana (2), Isaria fumosorosea (1), 

Metarhizium sp. (1), and Evlachovaea sp. (1) 

fungi were identified from this pest. In particular, 

it has been emphasized that there may be efficacy 
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potential of Metarhizium sp. strains in which B. 

bassiana KTU-53 isolate has high lethal activity 

on the pest. In our study, seventeen species of 

Metarhizium were identified especially in D. 

micans and it was determined that Metarhizium 

isolates were effective on the pest.  

 

Beuaveria bassiana, an EPF species, has been 

found in studies to be effective against various 

bark beetles, particularly spruce bark beetles [34-

36]. There are few studies on the use of M. 

anisopliae, particularly against spruce bark 

beetles. Some research has been carried out with 

Ips typographus Linnaeus [37] and D. micans 

[17].  Due to its powerful spore-producing ability 

and virulence, M. anisopliae is recognized to be 

an effective biocontrol agent against several 

pests [38, 39]. This investigation demonstrated 

that M. anisopliae OZM-2 is also effective 

against D. micans. Especially among bark 

beetles, in his study, Moore [40], found two 

species of M. anisopliae and 37 Penicillium sp., 

especially from the D. frontalis pest. Pabst and 

Sikorowski [41], also described Paecilomyces 

viridis and also B. bassiana, and M. anisopliae 

species. In another study, on the Ips typographus 

adults, Takov et al. [42], for the first time 

evaluated the virulence of M. pemphigi (isolated 

from unidentified carabid beetle) and found the 

cumulative mortality caused by M. pemphigi at 

four different conidial concentrations (2×104-

2×107spore/ml) should range from 75% to 100% 

ten days after treatment, with an LC50 value of 

2.9×103conidia/ml and an LC90 value of 

6.4×104conidia/ml. In our study, M. robertsii and 

M. pinhaense were isolated for the first time, 

especially from D. micans, for the first time, and 

in the bioassay studies, it was determined that 

they showed 100% mortality at the end of the 

application (15 days) on both larvae and adults. 

 

In another study conducted by Draganova et al. 

[35], different fungi species showed high 

efficacy in both laboratory and natural 

environments, especially in a laboratory 

environment (4. day 100% mortality) log 

experiments performed in the natural 

environment of M. anisopliae 619 strain 

determined that it was especially I. typographus 

and Hylastes cunicularius. 

 

4. Conclusion 

 

Worldwide, Metarhizium spp. has been used in 

the biological control of Coleoptera species. 

However, in our study and other studies, it was 

also revealed that spruce bark beetles can cause 

high mortality. Although the isolation and 

identification of Metarhizium species from the 

soil is remarkable, it has been shown to have a 

high potential for use, especially on bark beetles. 

Of course, the high virulence of the tested strains 

is optimistic, as our study was carried out under 

laboratory conditions, but field trials are 

necessary to determine the performance of bark 

beetles under their true ecological conditions. 
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