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Abstract. Studying and applying biological control approaches using entomopathogens against important agricultural insect pests is 
a sustainable, environmentally friendly practice for controlling their high density in agricultural communities, especially in 
monocultures. In this review, three species of important beetles were considered – the grey maize weevil, Tanymecus dilaticollis, the 
cereal leaf beetle Oulema melanopus and the Western corn rootworm Diabrotica virgifera virgifera. They cause significant damage to 
crops in some regions of distribution. Characteristics related to pest infestations, plant damage, species compositions of 
entomopathogens, and bioassays with them against the targeted insect species were summarized. The presented list includes viral, 
bacterial, fungal, protozoan, and nematode species found and tested in these pests: seven in T. dilaticollis, twelve in O. melanopus, and 
thirty-two in D. v. virgifera.  
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Introduction 
 
Biological control of cultivated plants' insect pests to reduce 
pesticide dependence has been very important in the last few 
decades. Investigating the pathogenic spectrum of insect 
pests can help increase the use of biological agents such as 
microorganisms, fungi, and nematodes as a good alternative 
to chemical insecticides (Bamisile et al. 2021). 

The bacterium Bacillus thuringiensis (Berliner, 1915), the 
fungi Beauveria bassiana (Balsamo) Vuillemin, 1912 and 
Metarhizium anisopliae (Metschnikoff, 1879) Sorokin, 1883 and 
some nematode species of genus Steinernema and 
Heterorhabditis are among the major pathogens that show 
promising efficacy against many insect pests (Lacey et al. 
2015). They can be effective as biological control agents 
(Draganova et al. 2012, Lacey & Georgis 2012, Mazurkiewicz 
et al. 2019, 2021, Pilz et al. 2008, Toepfer & Kuhlmann 2004, 
Toepfer et al. 2005). This review presents data and 
characteristics related to the impact of the three important 
coleopteran pest species in agroecosystems and their 
entomopathogens, tested for susceptibility and efficacy in 
laboratory and field conditions. 
 
 
Discussion  
 
Tanymecus dilaticollis – infestation, damage, pathogens 
The grey maize weevil, Tanymecus dilaticollis Gyllеnhal, 1834 
(Coleoptera: Curculionidae), is an economically important 
pest of maize in southeast Europe and southwest Asia  
(Georgescu 2023). This polyphagous species can cause serious 
damage to sunflower and sugar beet (Kirkov 1967, Popov 
1969, Gerginov 1989, Sáringer & Takács 1994, Krasteva et al. 
2006). In the spring, about 90% of adults appear on the soil 
surface three weeks after the average air temperatures reach 
10 °C. Overwintering adults feed before reproduction and 
cause the most damage. At high densities, in the early stages 

of crop vegetation, they can even cause crop devastation. For 
example, each year in Romania, attacks were on 
approximately one million hectares cultivated with maize 
(Popov et al. 2007). Mating begins in early spring and lasts 
until the middle of June. Eggs develop in 10-12 days at a 
temperature of 20°C. Young adults hibernate in the soil 
(Paulian et al. 1969, Voinescu 1985, Barbulescu et al. 2001, 
Cristea et al. 2004, Popov et al. 2007).  

Various agrotechnical measures (crop rotation, tillage, 
sowing dates, favorable conditions for rapid seedling 
development, and plant density) and chemical treatment 
control are applied against the grey maize weevil (Kirkov 
1967, Krasteva et al. 2006). The inclusion of suitable bioagents, 
in particular microbial insecticides, in integrated pest 
management can reduce the chemical treatment and the 
negatives associated with insecticide application. 
Theoretically, parasitoids, predators, and pathogens can 
reduce the population density of T. dilaticollis in infested 
regions, but data on their action and regulatory role are 
scarce. Entomopathogenic fungi are known as natural 
enemies of T. dilaticollis (Sáringer & Takács 1994, Čamprag & 
Sekulic 2002, Draganova et al. 2012, Takov et al. 2013, Fătu et 
al. 2019). According to Hajek & St. Leger (1994), 
entomopathogenic fungi are important for controlling beetle 
(Coleoptera) pests because viral and bacterial infections are 
rare among beetles. B. bassiana was isolated from adult 
individuals of T. dilaticollis in several localities in the 
Danubian Plain in Bulgaria (Draganova et al. 2012, Takov et 
al. 2013) and Romania (Fătu et al. 2019). M. anisopliae (isolate 
Ma (619) was reported by Draganova et al. (2012) from one 
locality in northern Bulgaria. In bioassays with three isolates 
of B. bassiana on adults of the grey maize weevil, high 
cumulative mortality of the test insects from the mycosis and 
lethality was reported shortly after treatment (Draganova et 
al. 2012). Additionally, during the study on entomopathogens 
of the grey maize weevil, Draganova et al. (2012) found the 
fungi Fusarium Link, Aspergillus flavus Link, and A. ochraceus 
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Wilhelm in smears, slide preparations, and cultures on SDAY. 
Toshova et al. (2021) examined the effectiveness of two 

bioinsecticides, Naturalis® based on B. bassiana and the 
azadirachtin-based botanical product NeemAzal T/S® 
against T. dilaticollis adults under laboratory and field 
conditions. The results showed that under laboratory 
conditions, adults of the pests were more susceptible to B. 
bassiana than to azadirachtin. A significantly higher mean 
percent of pest mortality was registered in maize plots after 
two treatments with Naturalis® than in the control variants.  

Takov et al. (2013) found an infection caused by a 
protozoan of the genus Gregarina (Apicomplexa: Sporozoa) in 
almost 30% of the studied T. dilaticollis individuals. 
Gregarines are parasites localized in the gut lumen of the host. 
They are less pathogenic but, through mechanical damage to 
the intestinal epithelium, favor the penetration of several 
toxins, metabolites, and microorganisms into the hemocoel of 
the affected insects (Lipa 1967). In addition, these protozoa 
favor susceptibility to other entomopathogens compared to 
uninfected individuals (Lopes & Alves 2005). 

Toader et al. (2017) tested a bioinsecticide derived from 
the bacterium Saccharopolyspora spinosa Mertz and Yao, 1990, 
Laser 240-TS (spinosad 240 g/l active substance) and a 
commercial formulation of B. thuringiensis subsp. kurstaki, 
Bactospeine DF-TS, against T. dilaticollis and reported that the 
seed yield in plots with seeds treated with these products was 
high - 6676 kg/ha and 6447 kg/ha for plots with spinosad and 
B. thuringiensis, respectively. Treatments of maize plants 
during vegetation with 54% B. thuringiensis (Bactospeine DF, 
at a dose of 0.01%) showed 78% saved plants, while after 
vegetation treatment with spinosad (Laser 240 SC, at a dose 
of 250 mL/ha), the saved plants were 79% (Toader et al. 2020). 

Recently Fătu et al. (2023) compared the effectiveness of 
native strains of B. bassiana and B. pseudobassiana Rehner et 
Humber with the bioinsecticide Naturalis® and the pure 
strain ATCC 74040 isolated from the commercial product 
against T. dilaticollis adults under laboratory conditions. They 
reported the lowest probability of survival and the highest 
virulence in the treatment with the commercial product 
Naturalis®. B. bassiana strain (BbTd1) and B. pseudobassiana 
strain (BbLy) were comparable in percentage of mycosis and 
virulence to the pure ATCC 74040 strain. In the field, the 
strains BbTd1 and BbLy applied as conidia multiplied on 
barley grains in the soil did not affect the T. dilaticollis density 
in maize crops. 
 
Oulema melanopus – infestation, damage, pathogens 
The cereal leaf beetle Oulema melanopus (Linnaeus, 1758) 
(Coleoptera: Chrysomelidae) is a pest of various cereals, 
mainly attacking wheat, oats, and barley (Leibee & Horn 1979, 
Dosdall et al. 2011). Originally from Eurasia, O. melanopus is a 
common pest of cereals throughout Europe, especially in the 
Balkans (Kostov 2001). It was discovered as invasive species 
in North America in 1962 (Dysart et al. 1973) and has also been 
reported in North Africa, as well as in northern and western 
Asia, where it is classified as a major pest of various cereals, 
grains, and grasses (Bai et al. 2002, Hitchcox et al. 2000). In 
Europe, a higher abundance of O. melanopus has been 
observed since the 1980s (Kaniunczak 1988) as a result of 
intensified agriculture and the presence of large areas with 
 

monocultures. In addition, climate change (warmer winters 
and early spring) seems to favor the survival and 
development of beetles. In Europe, the economic level of 
damage is estimated at two to three larvae per shoot/stalk 
(Stilmant 1995). The beetle is reported to cause damage to 
cereals in Hungary, the countries of the former Yugoslavia, 
Romania, Bulgaria, and the southern regions of the former 
USSR (Hilterhaus 1965). The life cycle of O. melanopus is well 
known (Helgesen & Haynes 1972, Gage 1974, Casagrande et 
al. 1977). This species is univoltine. Adults hibernate in 
groups in sheltered places such as shelters in the field, in 
cracks in the bark of trees, or inside rolled-up leaves. They 
become active in the spring when the temperature reaches  
10°C and feed initially on wild grasses. Egg-laying begins 
about 14 days after the appearance of adults. Over the next 
two months, each female can lay several hundred eggs. The 
larvae go through four instars, each lasting two to three days. 
Pupation occurs in the soil a few cm below the surface. Larvae 
and adults usually feed on the leaves of the host plants.  

The economic impact of the cereal leaf beetle can be 
significant. Heyer (1977) estimated that one O. melanopus 
larva reduced yields by about 10%. The massive larvae attack 
reduces overall yields by up to 80% (Grala et al. 1991), causing 
losses of about one ton of grain per hectare. In a 2002 study, 
an attack of 13 to 126 (average 88) larvae per 100 stalks was 
reported (Hitchcox et al. 2002). These levels would lead to 
yield losses of about 2 to 4% of the crop. This raises the 
question of the status and economic impact of these species.  

Pathogens of O. melanopus include fungi such as Alternaria 
alternata Keissler, Isaria farinosa (Holmsk.), and Verticillium 
lecanii (Zimmerman) Viegas (Machowicz-Stefaniak & 
Miczulski 1985). The entomopathogenic fungus B. bassiana is 
known to affect cereal leaf beetle populations (Paschke 1965). 
Adults treated with B. bassiana conidia showed a significant 
reduction in activity and feeding 48 hours after treatment at 
26 °C (Paschke 1965). Studying the arthropod host cadavers 
in a research farm in central Denmark for the presence of 
entomopathogenic fungi, Meyling et al. (2011) recorded 
Metarhizium flavoviride Gams and Rozsypal from O. 
melanopus. However, few studies have been conducted to 
optimize the effectiveness of this pathogen, probably because 
the yield value is too low compared to the cost of these 
alternative biopesticides. The nematode species, Steinernema 
carpocapsae (Weiser) and S. feltiae (Filipjev) (Steinernematidae) 
have also been reported as biocontrol agents for O. melanopus 
(Laznik et al. 2010a, 2010b, 2012). Laznik et al. (2010a) showed 
that S. carpocapsae strain C101 leads to greater than 80% 
mortality when overwintering adults of the cereal leaf beetle 
are treated with different doses of the nematode in laboratory 
conditions.  

A microsporidian pathogen, Nosema oulemae Ditrich, 
Hostounsky, Lom, da Silva, Slemenda, and Pieniazek, 1995 
has been found, and its SSU rRNA sequence was deposited in 
GenBank under accession U27359. Recently, the 
microsporidia Vairimorpha hostounsky sp. nov. was detected in 
the Blue shieldbug, Zicrona caerulea Linnaeus, 1758 
(Hemiptera: Pentatomidae), showing 99.9% SSU rRNA 
sequence similarity to N. oulemae (Yıldırım 2021). Based on 
sequence similarity, the isolate from Z. caerulea was attributed 
to O. melanopus provisionally designated as N. oulemae.  
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Diabrotica virgifera virgifera – infestation, damages, pathogens 
In Europe, the species Diabrotica virgifera virgifera LeConte, 
1868 was first discovered in 1992 near Belgrade airport in 
former Yugoslavia (Bača 1994) and became a very serious 
quarantine maize pest in Europe in the mid-1990s (Bažok et 
al. 2021). D. v. virgifera has one generation per year (Chiang 
1973). Usually, overwintering eggs are concentrated up to 20 
cm in the soil. The larvae hatch in May-June, depending on 
several environmental factors. Three larval instars feed on the 
roots of corn. As the larvae grow and their food needs 
increase, they burrow into the roots. Damage to larvae is 
usually most severe after the secondary root system is well 
developed and supporting roots are formed. They are often 
located in tunnels formed in the larger roots and occasionally 
in the plant's crown. The larvae are found close to the base of 
the plant, causing growth retardation or death. Soon after the 
plants have sprouted, root feeding begins. Early symptoms 
are expressed as drying or nutrient deficiency. The lodging of 
plants occurs later in plant development. The development of 
the larval stages depends on the temperature, which is 
optimal between 21 °C and 30 °C (Krysan 1986). In Central 
and Eastern Europe (e.g., Hungary and Serbia), the 
аppearence of adults can begin in late June to early July, with 
peaks often occurring in July and even earlier in Croatia 
(Barčić et al. 2003) and later in Bulgaria – from the middle of 
July (Toshova et al. 2017). Adult beetles can be observed in the 
field for weeks. Females prefer to lay their eggs in moist soil. 
The pest can be spread actively and passively over long 
distances - for example, by the natural spread of flying beetles 
(carried by the wind) or possibly by supplies of corn. 
According to European studies, yield losses were assessed 
from 10% to 30% (Wesseler & Fall 2010).  

Since its discovery, it has become the most important pest 
of this crop in several Central and Eastern European countries 
(Boriani et al. 2006) and may pose a potential threat to all EU 
maize production. Damage during feeding of D. v. virgifera 
larvae often causes economically significant losses in yield 
and quality of agricultural production. Area-wide studies 
showed that crop rotation is an effective strategy to interrupt 
the pest's life cycle and to keep D. v. virgifera populations 
below the damage threshold (Bažok et al. 2021, Furlan et al. 
2022). The rationale is that egg-laying in most D. v. virgifera 
adult populations commonly occur in maize fields (Levine & 
Oloumi-Sadeghi 1991), and larvae develop mainly on maize 
roots (Moeser & Hibbard 2005). However, many farmers 
prefer not to alternate crops in their maize fields every year, 
as maize is one of Europe's most profitable field crops (Fall & 
Wesseler 2008), and it can be grown continuously for many 
years in the same field. Kuhlmann & van der Burgt (1998) 
reviewed the known associations of D. v. virgifera with natural 
pathogens and parasites, which include virus-like particles, 
bacteria, gregarines, fungi, and nematodes. Three RNA 
viruses, tentatively named Diabrotica virgifera virgifera virus 1, 
Diabrotica virgifera virgifera virus 2, and Diabrotica virgifera 
virgifera virus 3 (DvvV3) (genome sequences in GenBank 
under accession numbers KY070327, KY064174, and 
KY200663, respectively) were extracted and identified from 
the Western corn rootworm specimens collected from various 
locations in United States and Europe (Liu et al. 2017a, 2017b, 
2017c). Recently, Liu et al. (2021) reported DNA sequences 
derived from а novel nudivirus (Nudiviridae) (DvvNV) 

embedded in adults of this pest collected from the United 
States.  

Treatment of D. v. virgifera adults with B. thuringiensis 
showed that applying spores to the food substrate did not 
increase the mortality of corn rootworms (Sutter 1969). Later 
Herrnstadt & Soares (1989) reported that spores and crystals 
of B. thuringiensis (strain San Diego) had been used as an 
insecticide against insect pests of maize and that pests 
including D. v. virgifera have been controlled with this agent. 
Transgenetic maize hybrids, which produce insecticidal 
toxins of the bacterium B. thuringiensis (Bt), have been used to 
control D. v. virgifera since 2003. The first Bt hybrids selected 
to protect maize plants produced Bt toxic proteins such as 
Cry3Bb1, mCry3A, and Cry34/35Ab1 (Tabashnik & Gould 
2012, Yin et al. 2020). The insecticidal proteins (Cry1, Cry2, 
Cry3) derived during the development of Bt have their 
essential role in protection against insects (Lepidoptera and 
Coleoptera). They form α-helical transmembrane pores on the 
insect gut epithelium, ultimately leading to pest mortality 
(Adang et al. 2014). They are classified as α-pore-forming 
proteins (α-PFPs) and β-pore-forming proteins (β-PFPs). As a 
final result, these proteins (Cry35Ab1, Cry34Ab1) cause 
toxicity to the western corn rootworm. As a fundamental 
approach to control D. v. virgifera in the USA, transgenic 
maize (expressing WCR-active proteins from B. thuringiensis) 
is cultivated (ISAAA 2017, Brookes & Barfoot 2015). Later, 
another Bt protein (Vpb4Da2) with a similar activity which 
was species-specific against WCR, was selected. Its effect is 
manifested in the fact that the grown transgenic maize has a 
better root defense against D. v. virgifera and a significant 
reduction in the population of the pest's beetles (≥ 97%) was 
also reported. All these data confirm that, under field 
conditions, transgenic maize provides the necessary 
protection (Yin et al. 2020). 

Dematheis et al. (2012) presented a study providing new 
data about microbial communities associated with larval guts 
and eggs of D. v. virgifera. The bacterial compositions 
included species (Wolbachia, Duganella sp, Herbaspirillum sp., 
Mortierella elongata, Pseudomonas sp., Azotobacter chroococcum, 
Lysobacter sp, Streptomyces sp., Rhodococcus sp., Tsukamurella 
sp.) identified in the larval gut and/or in the eggs, but their 
biological role should be explored in the future investigations. 

Pilz et al. (2008) studied pest populations from Austria, 
Italy, Romania, Serbia, and Hungary and, like Toepfer & 
Kuhlmann (2004), found a low rate of pathogenic infections 
in the studied individuals from all countries except Austria. 
Total infections with M. anisopliae and Beauveria spp. were 
found in 1.4% of larvae, 0.2% of pupae, and 0.05% of adult 
individuals collected from the field. At the same time, high 
levels of pathogen infection have been reported in maize 
fields in Hungary. Beauveria brongniartii (Sacc.) Petch and M. 
anisopliae, under laboratory conditions, reported that only one 
strain of B. brongniartii significantly influenced the mortality 
of the larvae after seven days. However, 21 days from the start 
of exposure of the larvae to spores, four strains of B. bassiana, 
two strains of B. brongniartii, and one strain of M. anisopliae 
significantly influenced mortality of the larvae with average 
mortality ranging from 63% to 87%. Jackson et al. (1986) and 
Brooks & Jackson (1990) reported eugregarines from this pest. 

Pilz et al. (2008) also established entomopathogenic 
nematodes (EPN) of the genera Heterorhabditis and 
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Steinernema in the larvae of D. v. virgifera from Hungary. For 
biological control of this insect pest, in addition to the 
entomopathogenic fungi (Beauveria spp. and Metarhizium 
spp.), entomopathogenic nematodes (families 
Steinernematidae and Heterorhabditidae) are also used. Still, 
there are some critical aspects related to variable efficacy and 
high costs compared to insecticides and the impact on the 
local fauna (Ferracini et al. 2021). Results of laboratory 
screening tests with Steinernema glaseri (Steiner, 1929), S. 
arenarium (Artyukhovsky, 1967), S. abbasi Elawad, Ahmad & 
Reid, S. bicornutum Tallosi, Peters and Ehlers, S. feltiae, S. 
kraussei (Steiner, 1923), S. carpocapsae and Heterorhabditis 
bacteriophora Poinar against D. v. virgifera in small-volume 
arenas showed the highest potential in H. bacteriophora, 
followed by S. arenarium and S. feltiae, for further testing as 
candidate biological control agents (Toepfer et al. 2005). 
Toepfer et al. (2008) demonstrated that three 
entomopathogenic nematodes, S. feltiae, H. bacteriophora, and 
H. megidis Poinar, Jackson, and Klein significantly reduced D. 
v. virgifera independently, whether applied as a row spray 
with a solid stream into the soil at sowing or onto the soil 
along maize rows in June. S. feltiae appeared to be the least 
suitable EPN compared to H. bacteriophora and H. megidis 
(Toepfer et al. 2005, 2008). The choice of application technique 
in the field influenced the efficacy of the entomopathogenic 
nematode species H. bacteriophora. The highest density 
reduction (68%) of D. v. virgifera density was observed in the 
case of the application of nematodes to the soil together with 

maize sowing using a fluid-solid stream (Toepfer et al. 2010). 
Rainfall the day before applications and the type of soil also 
affect the mobility and effectiveness of the entomopathogenic 
nematodes (Toepfer et al. 2010)  

A biological control product was developed based on the 
entomopathogenic nematode H. bacteriophora. It is available in 
several European countries, such as Germany, Italy, Austria, 
and Hungary (Toth et al. 2020). Investigation of the efficacy of 
the following four bioinsecticide products on the larval stages 
of the pest in field trials in Hungary was conducted: the 
entomopathogenic fungus M. anisopliae strain BIPESCO 5 
(also known as F52) (Novozymes Biologicals BioAg Group, 
France), the entomopathogenic nematode species – H. 
bacteriophora (product of e-nema, Germany), the soil 
insecticide (tefluthrin) and clothianidin – an insecticide which 
is used for treating maize seeds (Pilz et al. 2009). As a result 
of this study, the authors believe that the effectiveness of the 
nematode product is comparable to that of chemical 
insecticides (Pilz et al. 2009). It achieved a 60% reduction in 
the adult population density, just like the results reported in 
the United States (Georgis et al. 1991). Records about 
bacterial, protozoan, and viral species were summarized by 
Toepfer et al. (2009). Combinations of entomopathogens offer 
new perspectives for biological control of the Western corn 
rootworm (Jaffuel et al. 2019). Table 1 summarizes the list of 
natural entomopathogens and tested bioproducts containing 
entomopathogens against the grey maize weevil, the cereal 
leaf beetle, and the Western corn rootworm. 

 
 
 
Тable 1. List of entomopathogens (detected and tested) against T. dilaticiollis, O. melanopus, and D. v. virgifera, and the cited studies  
 

Pathogens Cited studies 

                                                                          Tanymecus dilaticollis 

Bacillus thuringiensis  Toader et al. 2017; 2020 
Aspergillus flavus Draganova et al. 2012 
Aspergillus ochraceus Draganova et al. 2012 
Beauveria bassiana  Draganova et al. 2012; Takov et al. 2013; Fătu et al., 2019; Toshova et al. 2021; 

Georgescu et al. 2022; Fătu et al. 2023 
Beauveria pseudobassiana Georgescu et al. 2022; Fătu et al. 2023 
Metarhizium anisopliae  Draganova et al. 2012; Georgescu et al. 2022 
Fusarium sp. Draganova et al. 2012 
Gregarina sp.  Takov et al. 2013  

                                                                                Oulema melanopus 

Bacillus thuringiensis Meissle et al. 2012 
Nosema oulemae Yıldırım 2021 
Alternaria alternata  Raizada 1976; Machowicz-Stefaniak & Miczulski 1985 
Beauveria bassiana  Paschke 1965; Kher et al. 2012 
Fusarium sp.  Gallo 2007 
Metarhizium flavoviride  Meyling et al. 2011 
Verticillium lecanii  Kher 2014 
Heterorhabditis bacteriophora  Laznik et al. 2010a; 2010b; Jaffuel et al. 2019; Mazurkiewicz et al. 2021 
Heterorhabditis megidis  Kreft et al. 2013; Mazurkiewicz et al. 2019 
Steinernema arenarium  Kreft et al. 2013 
Steinernema carpocapsae  Laznik et al. 2010a; 2010b, 2012; Kreft et al. 2013 
Steinernema feltiae  Laznik et al. 2010a; 2010b; Kreft et al. 2013; Mazurkiewicz et al. 2019; 2021 
  

(Table 1 – continued next page) 
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(Table 1 – continuation) 
 

 

Pathogens Cited studies 

                                                                           Diabrotica virgifera virgifera 

Diabrotica virgifera virgifera virus 1 (DvvV1) Liu et al. 2017a 
Diabrotica virgifera virgifera virus 2 (DvvV2) Liu et al. 2017b 
Diabrotica virgifera virgifera virus 3 (DvvV3) Liu et al. 2017c 
Nudivirus (DvvNV) Liu et al. 2021 
Bacillus pumilus Meyer and Gottheil, 1901 Disi et al. 2018 
Bacillus thuringiensis Herrnstadt & Soares 1989; Moellenbeck et al. 2001; Al Deeb & Wilde 2005; 

Siegfried et al. 2005; Meissle et al. 2011  
Chromobacterium subtsugae Martin et al., 2007 Martin et al. 2007 
Pseudomonas aeruginosa Hamilton 1968 
Pseudomonas chlororaphis 
 (Guignard and Sauvageau 1894) Bergey et al. 1930 

Jaffuel et al. 2019 

Pseudomonas protegens Flügge, 1886 Jaffuel et al. 2019 
Wolbachia sp. (group A) Giordano et al. 1997; Clark et al. 2001; Degrugillier et al. 1991 
Beauveria bassiana  Brooks & Raun 1965; Branson et al. 1975; Oloumi-Sadeghi & Levine 1989; Mulock 

& Chandler 2000; Mulock & Chandler 2001a, 2001b; Bruck & Lewis 2002; Toepfer 
& Kuhlmann 2004; Humber & Hansen 2005; Alvarez-Zagoya & Perez-Dominguez 
2006; Pilz et al. 2008; Rudeen et al. 2013; Hoffmann et al. 2014; Cagáň et al. 2019 

Beauveria brongniartii  Cagáň et al. 2019 
Clonostachys rosea (Link) Schroers, 1999 Modic 2007; Modic et al. 2008 
Fusarium oxysporum 
 (Schlecht. Emend. Snyder & Hansen) 

Oloumi-Sadegh & Levine 1989 

Metarhizium anisopliae Toepfer & Kuhlmann 2004; Pilz et al. 2007; Pilz et al. 2008; Meissle et al. 2009; 
Rudeen et al. 2013; Babendreier et al. 2015; Cagáň et al. 2019 

Metarhizium brunneum  Hoffmann et al. 2014; Zottele et al. 2021 
Metarhizium pemphigi Toshova et al. 2022 
Paecilomyces lilacinus (Thom) Samson, 1974 Modic 2007; Modic et al. 2008 
Eugregarines Jackson 1986; Brooks & Jackson 1990 
Heterorhabditis bacteriophora  Toepfer et al. 2005, 2009, 2010; Kurtz et al. 2007, 2009; Ehlers et al. 2008; Hiltpold 

et al. 2010; Hoffmann et al. 2014; Babendreier et al. 2015; Jaffuel et al. 2019; Geisert 
et al. 2018; Toth et al. 2020 

Heterorhabditis megidis Kurtz et al. 2007; Hiltpold et al. 2010; Toepfer et al. 2008, 2010; Geisert et al. 2018 
Steinernema arenarium Van der Burgt et al. 1998; Toepfer et al. 2005 
Steinernema abassi  Toepfer et al. 2005 
Steinernema bicornutum  Toepfer et al. 2005 
Steinernema carpocapsae Munson & Helms 1970; Jackson & Brooks 1995; Nickle et al. 1994, Journey & Oslie 

2000; Toepfer et al. 2005; Geisert et al. 2018 
Steinernema diaprepesi Nguyen & Duncan Geisert et al. 2018 
Steinernema feltiae Van der Burgt et al. 1998; Toepfer et al. 2005; 2008, 2010; Kurtz et al. 2007, 2009; 

Hiltpold et al. 2010; Hoffmann et al. 2014; Geisert et al. 2018; Jaffuel et al. 2019 
Steinernema glaseri  Toepfer et al. 2005 
Steinernema kraussei  Toepfer et al. 2005 
Steinernema rarum Doucet Geisert et al. 2018 
Steinernema riobrave Cabanillas, Poinar & Raulston Geisert et al. 2018 

 
 
 
Conclusion  
 
Our review summarizes the pathogens of three important 
beetle pests of agricultural plants used for human and animal 
food. Biological control approaches are increasingly being 
developed as environmentally friendly alternatives to 
chemical insecticides. Among bacteria, fungi, and nematodes, 
there are effective species for control, and the development of 
biopreparations based on these bioagents are innovative, 
promising, and environmentally friendly practices that will 
be further developed. 
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