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BIOLOGICAL ACTIVITY OF SELECTED STRAINS OF ENTOMOPATHOGENIC  

FUNGI BEAUVERIA BASSIANA AGAINST LARVAE  

OF GALLERIA MILLONELLA L. 

 

Abstract: the article presents the data of the primary screening of the wax moth goose for the virulence 

of 10 isolates of the fungus Beauveria bassiana, isolated from various systematic groups of insects. As a result, 

the following 5 fungal strains were characterized by high virulence against the larvae of wax moth: ВСа3 (m)-

09, ВСа2 (m)-09, BSc1-15, BPit-16, BHy-09, the effectiveness of which reached 50-70 percent, for the 

concentration of the 5×107 titer, and 36-52 percent, for the 5×106 titer, of which the mortality of the most 

virulent strain of  BCa3 (m)-09 was (70,0±12,65) 70 percent. According to the results of the experiment, the 

strains BCo1-14, BSc2-15, BScar-09 of  showed medium (34-48 percent), an a strains BTr1-16 and BCo2(k)-

09 showed weak (32-38%) virulence against to caterpillars of. G. mellonella L. The death rate exceeds 50 

percent, which is a good indicator. Analysis of the data obtained from the point of view of the studied fungal 

cultures showed that the virulence of isolates isolated, which from steppe zones is significantly higher 

compared to mountain zones (about 6 percent). After the experiment, all the dead individuals were placed in a 

wet chamber to determine the cause and degree of death, and after three days in the wet chamber, the bodies 

of the dead caterpillars were covered with a mycelial layer, which confirmed that the death occurred under the 

influence of mycoinsecticide. It was noticed that under the action of mycoinsecticide, the body color of the 

dead asterisks becomes darker and tougher. Based on the results obtained, the strains ВСа3(m)-09, ВСа2(m)-

09, BSc1-15, BPit-16, BHy-09, and BHy-09 can be used against the larvae of wax moth. It can also be used 

against various agricultural pests, as well as some arthropods. But at the same time, it is necessary to take into 

consideration the sensitivity of the harmful pests to the action of the strain. 

Key words: insects, entomopathogenic fungi, virulence, Beauveria bassiana, strain, conidia, Galleria 

mellonella L., wax moth, biological activity. 

 
Introduction.  Currently, Kazakhstan uses 

mainly toxic chemicals to reduce the number of 

pests. Chemical pesticides play an important role in 

plant pest protection. However, the use of such 

powerful synthesis for plant protection has a 

number of negative consequences, such as 

contamination of soils and water bodies, 

deterioration of human and animal life and the 

emergence of insects resistant to chemical 

insecticides [1, 2]. There is evidence that pesticides 

used in agriculture may act as mutagens causing 

cytotoxic and adverse genetic effects [3]. In such a 

situation, ways must be found to protect the 

environment and humanity. The microbiological 

method plays an important role in the development 

of such approaches [4-6]. Currently, there is 

virtually no local drug in the country with strong 

effects on entomopathogenic strains [7]. 

Entomopathogenic ascomycetes are widespread in 

terrestrial ecosystems and can cause the death of 

host species under enzootic or epizootic conditions 

[8]. 

Therefore, research focused on the production 

of biological agents is relevant for Kazakhstan.  

The use of biopreparations based on 

entomopathogenic micro-organisms to reduce the 

number of harmful arthropods becomes a topical 

plant protection problem due to the need for green 

farming [9]. One of the most promising groups of 

entomopathogens in terms of the development of 

biological insecticides are anamorphic ascomycetes 

(Ascomycota: Hypocreales) [10].  

An important element in the selection of 

promising strains-producers of new biopreparations 

is the evaluation of the specific characteristics of the 

mailto:doni_uli@mail.ru


Reports   of the Academy of Sciences of the Republic of Kazakhstan 

 

44 

studied crops and the selection of optimal working 

suspension credits for the selected strains. 

In this regard, we conducted a laboratory 

experiment aimed at assessing the biological 

activity of selected strains of the fungus Beauveria 

bassiana. 

Materials and methods. The research was 

conducted in 2019 in the laboratory of 

"Environmental Parasitology" of the Institute of 

"Systematics and Ecology of Animals" of the 

Novosibirsk Branch of the Russian Academy of 

Sciences. 

 Research work was carried out to assess the 

biological activity of the selected strains of B. 

bassiana against insects other than locusts, Locusta 

migratoria migratoria L. 

Galleria mellonella L. was used as a test object 

to test the biological activity of entomopathogenic 

fungal strains. The results are given in Table 1. 

The laboratory population of G. mellonella L. 

from Western Siberia was used in the experiment. 

Larvae were grown at 28°C on an artificial medium 

as follows: 90 g of corn, 40 g of wheat flour, 10 g of 

yeast, 50 g of powdered milk, 50 g of beeswax, 50 

g of honey, 50 g of glycerin, 50 ml of water [11]. 

The form of G. mellonella L. is recommended 

as the gold standard for scientific research. This 

object is chosen for agriculture, genetics, 

physiology, biochemistry, evolution and many other 

fields of research. In the last decade, G. mellonella 

L. has been used for several scientific studies on 

plant pathogens. This model is usually important 

not only for the ease of use depending on the age of 

their star larvae, but also for their special tools or 

special equipment, low cost, short lifespan and lack 

of special ethical requirements [12].  

To assess the virulence of the collectible strains 

of entomopathogenic fungi sampled in the 

laboratory, the spore biomass was accumulated in 

the agarised environment. Collected strains of B. 

bassiana from the Laboratory of Biotechnology of 

the Kazakh Research Institute of Plant Protection 

and Quarantine named after Zh. Zhiembayev were 

used in this experiment. Five of them are from the 

mountainous areas of Zailiyskiy Alatau (BCo1-14 

BSc1-15 BSc2-15 BTr1-16 BPit-16), and five are 

from the steppe regions (ВСа2(m)-09, ВСа3(m)-09, 

ВСо2(к)-09, BScar-09, BHy-09) and isolated from 

different systematic groups (Coleoptera - BCo1-14, 

ВСо2(к)-09; Scolytidae (Ips hauseri) - BSc1-15, 

BSc2-15; Trypodendron cirratum - BTr1-16; 

Pityogenes spesivtsev BPit-16; Carabidae ВСа2(m)-

09, ВСа3(m)-09; Scarabidae BScar-09; Hymenoptera 

BHy-09). 

In order to obtain a large number of conidia of 

locust, necessary for the infection, the cultivation of 

locust was carried out in a surface culture on a Petri 

dish, Saburo artificially modified solid nutrient 

medium at a temperature of 25-30оС. The 

composition of Saburo nutrient medium consists of 

the following components (g / l) consist of: peptone 

- 10,0; glucose - 10,0; maltose - 10,0; yeast extract 

- 5,0; agar-agar - 16,0; water – 1  liter . Autoclaving 

mode - 0.8 atm. 30 min.  

Pure growth of entomopathogenic fungi were 

obtained by repeated inoculation. Most spore 

isolates were obtained according to standard 

methods.  

After 7-14 days of mass formation of conidial 

spores, conidia were carefully removed from the 

culture with a sterile spatula. Fungi spores were then 

placed in a thermostat at 25-30°C for one week and 

dried up to 15% RH (relative humidity).  

After drying the conidia mass, the standard 

method was used to calculate the pathogen titer 

under the Goryaev chamber [13-15]. 

   The obtained biomaterial was stored in a 

refrigerator at a temperature of 3-5оС.  

Research results and discussion. To infect 

the stellate larvae, G. mellonella L., B. bassiana 

was submerged in 4 ml of the Twin suspension 

(10 larvae) for 10 seconds at concentrations of 

5×106 and 5×107 conidia / ml, then the larvae were 

dried on a filter paper for 20 seconds and placed on 

Petri dishes (90 mm) (10 star larvae per plate) 2.5 

mg. treated with prepared feed and moistened filter 

paper disks (800 ml of water per disk), then placed 

in the climatic chamber (26.5°C). If several sowing 

material concentrations are estimated at the same 

time, low titre versions are processed first. The 

experiment was laid out with five replication. 2-3-

year-old stellate larvae were selected. Control 

larvae G. mellonella L. were treated with Twin 

aqueous solution 20 (0.03%). The animals were 

kept at a constant temperature of 26.5ºC and 100% 

relative humidity. From the 4th day, the dead trees 

were counted and their food was changed as needed 

(figures 1 and 2). According to the results of the 

experiment, the overall coefficient of biological 

efficiency ranged from 32 to 70% (table 1). The 

death of stellate larvae was registered on the 13th 

day.  
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Figure 1 - The moment of the experiment 

 

 
 

Figure 2 - Condition of infected gooseberries in a Petri dish 

 
The biomass of entomopathogenic fungi was 

treated in agarised environments and their 

biological activity against insects was tested in the 

laboratory. Observations showed that in all variants 

of the experiment the mortality of experimental 

animals was significantly higher than in control. As 

a result, the following 5 strains of the fungus with 

high toxicity against bloodworms were 

distinguished:  ВСa3 (m)-09, ВСa2 (m)-09, BSc1-15, 

BPit-16, BHy-09  their effectiveness is 50-70 % at 

a titer concentration of 5×107, and 36-52% on 5×106 

titers, of which the mortality rate of the most toxic 

strain ВСa3 (m)-09 was 70%. Mortality over 50% is 

a good indicator. 

Strains of the entomopathogenic fungus 

ВСa3(m)-09, ВСa2(m)-09 showed the highest 

activity on day 11 compared to other strains, ie on 

the 11th day the mortality rate ranged from 52 to 

56% at a titer concentration of 5×107 and 42 to 48% 

on 5×106 (control mortality was 4.0%). 

On the 13th day after inoculation, high 

virulence strains can be observed for wax-

bloodworms: ВСa3(m)-09, ВСa2(m)-09, BSc1-15, 

BPit-16, BHy-09. At the same time, up to 5-7 pupae 

were observed on one Petri dish.  

According to the results of experiments, strains 

BCo1-14, BSc2-15, BScar-09 showed moderate (34-

48%) activity against larvae G. mellonella L., and 

strains BTr1-16 and ВСО2(к)-09 showed low 

virulence (32-38%).  

 
Table 1 - Biological activity of strains of the genus Beauveria against G. mellonella L. 2-3-year-old star larvae 

(Novosibirsk, laboratory experiments, 2019) 

 

Strain Title 
Lethality%. days after infection 

5 7 9 11 13 

Mountainous area 

BCo1-14 
5х106 2.0±2.0 12.0±3.74 24.0±6.0 36.0±6.78 44.0±8.12 

5х107 10.0±4.47 16.0±5.1 26.0±6.78 36.0±7.48 48.0±7.35 

BSc1-15 
5х106 16.0±2.45 26.0±4.0 40.0±6.32 42.0±7.35 48.0±7.35 

5х107 8.00±3.74 14.0±5.1 30.0±4.47 34.0±6.0 52.0±5.48 

BSc2-15 5х106 4.0±2.45 12.0±5.83 24.0±8.72 28.0±8.0 34.0±6.78 
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5х107 6.0±6.0 24.0±6.78 30.0±8.37 34.0±8.72 46.0±7.48 

BTr1-16 
5х106 10.0±3.15 16.0±6.78 16.0±6.78 24.0±9.27 34.0±6.78 

5х107 4.00±2.45 10.0±5.48 18.0±4.9 24.0±7.48 38.0±8.6 

BPit-16 
5х106 6.0±6.78 16.0±8.0 20.0±7.07 30.0±4.0 36.0±2.45 

5х107 16.0±2.45 28.0±2.45 30.0±3.16 44.0±4.47 54.0±5.1 

Steppe area 

ВСО2(к)-09 
5х106 4.0±2.45 12.0±4.9 26.0±6.0 30.0±7.07 32.0±8.0 

5х107 4.0±4.0 6.0±4.0 22.0±5.83 26.0±8.12 34.0±9.27 

BHy-09  
5х106 12.0±3.74 14.0±2.45 20.0±4.47 30.0±5.48 40.0±8.37 

5х107 10.0±3.16 24.0±6.0 32.0±7.35 40.0±8.37 50.0±12.25 

BScar-09 
5х106 12.0±5.83 22.0±8.0 26.0±6.78 38.0±8.6 40.0±10.49 

5х107 12.0±7.35 28.0±3.74 32.0±3.74 44.0±5.1 46.0±4.0 

ВСa2(m)-09 
5х106 12.0±2.0 24.0±5.1 28.0±3.74 42.0±3.74 50.0±6.32 

5х107 16.0±4.0 32.0±4.9 40.0±3.16 52.0±5.83 60.0±7.07 

ВСa3(m)-09 
5х106 18.0±5.83 26.0±6.78 38.0±6.63 48.0±8.6 52.0±8.6 

5х107 26.0±4.0 38.0±8.0 48.0±5.83 56.0±8.12 70.0±12.65 

Control 0.0 0.0 0.0 4.0±2.45 12.0±2.0 

 
Analysis of the data obtained in terms of the 

distribution zone of the studied fungal cultures 

showed that the virulence of isolates isolated from 

steppe zones is significantly higher than in 

mountainous areas (about 6%) (figure 3). In this 

case, the mountainous area can be described as a 

mixed forest belt, corresponding to the Taiga zone 

in terms of vertical zoning. This pattern is fully 

consistent with the data obtained by Kryukov and 

others [16].  

 
Figure 3 - Virulence of B. bassiana strains 

depending on the isolated area (13th day after 

infection) 

 

One of the most important elements in the 

selection of promising strain-producers of new 

biologicals is the selection of the optimal 

concentration of the working suspension for the 

selected strains. The results of the experiment 

showed that in subsequent experiments for G. 

mellonella L. larvae and pests of agricultural crops, 

including locusts, it was advantageous to obtain 

suspensions with high-titer spores (5×107), because 

entomopathogens are delayed over time using 5×106 

titers (figures 4,5). 

 
Figure 4 - Biological activity of  B. bassiana 

strains isolated from the steppe area at  

different concentrations (13th day after infection) 

 

 
Figure 5 - Biological activity of B. bassiana strains 

isolated from mountainous areas at different 

concentrations (13th day after infection) 

 

After the experiment, all dead trees were 

placed in a humid chamber to determine the cause 

and extent of death. Three days later, the bodies of 

the dead larvae were covered in a layer of mycelium 

in a humid chamber, confirming that the death was 

caused by mycoinsecticide. Mycoinsecticides cause 

darkening and hardening of dead stellate larvae 

(figure 6). 
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Figure 6 - Suppression of mycosis by stellate larvae 

placed in a humid chamber 

 

 It should be noted that most entomopathogenic 

anamorphic ascomyces are non-specialized species 

[17]. Therefore, if a particular strain exhibits high 

biological activity for one type of pest, it can be said 

to have a high virulence for other species of 

phytophages [18]. 

 It should be noted that the test object has 

deficiencies such as the high sensitivity of wax 

larvae to mechanical damage and asynchronous 

development. Probably due to the high sensitivity of 

the object in this experiment, a high percentage of 

deaths were observed during the observation. 

However, during the cold season, when it is not 

possible to assemble rodents for natural 

experiments, the larvae of G. mellonella L. can be 

tested to assess the biological activity of strains. 

Conclusion. According to research results, 

strains ВСa3(m)-09, ВСa2(m)-09, BSc1-15, BPit-16, 

BHy-09  showed high biological activity against 

bloodworm stellate larvae (50-70%). The strains 

ВСa3(m)-09 (52-70%), showed the highest 

virulence, and the strains ВСO2(к)-09 (32-34%) 

showed the lowest virulence. In subsequent 

experiments for G. mellonella L. star larvae, it was 

advantageous to obtain suspensions with high-titer 

spores (5×107), as the effect of entomopathogens 

was prolonged over time when a 5×106 titer was 

used. Thus, by experimenting with G. mellonella L. 

larvae, five strains of new mycoinsecticides against 

pests of agricultural crops, including locusts, can be 

proposed in the future - ВСa3(m)-09, ВСa2(m)-09, 

BSc1-15, BPit-16, BHy-09. The research will 

continue in the future. 
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GALLERIA MILLONELLA L. ДЕРНӘСІЛДЕРІНЕ ҚАТЫСТЫ BEAUVERIA BASSIANA 

ЭНТОМОПАТОГЕНДІ САҢЫРАУҚҰЛАҚТАРЫ ІРІКТЕЛІП АЛЫНҒАН  

ШТАММДАРЫНЫҢ БИОЛОГИЯЛЫҚ БЕЛСЕНДІЛІГІ  

 

 Аннотация: мақалада Beauveria bassiana саңырауқұлағының табиғаттан бунақденелердің өлі 

денелерінің әр түрлі систематикалық топтарынан бөлініп алынған 10 изоляттарына уыттылығы 

бойынша балауыз қан көбелек жұлдызқұрттарына қарсы алғашқы скринингтің мәліметтері келтірілген. 

Нәтижесінде балауызды қан көбелек жұлдызқұрттарына қарсы жоғары уыттылығымен 

саңырауқұлақтың келесі 5 штаммдары ерекшеленді: ВСa3(m)-09, ВСa2(m)-09, BSc1-15, BPit-16, BHy-

09, олардың биологиялық тиімділігі 5×107 титр концентрациясы бойынша 50-70 пайызға дейін, ал 

5×106 титр бойынша 36-52 пайызға дейін жетті, оның ішінде ең уыттысы ВСa3(m)-09 штаммының әсер 

ету деңгейі (70,0±12,65) 70 пайызды құрады. Тәжірибе нәтижелері бойынша BCo1-14, BSc2-15, BScar-

09 штаммдары G. mellonella L. жұлдызқұрттарына қарсы орташа (34-48 пайыз), ал BTr1-16 және 

ВСО2(к)-09 штаммдары әлсіз (32-38 пайыз) уыттылықты көрсетті. Өлім деңгейі 50 пайыздан асса, ол 

жақсы көрсеткіш болып есептеледі. Зерттелген саңырауқұлақ дақылдарының бөліну аймағы 

тұрғысынан алынған деректерді талдау барысында далалық аймақтардан бөлініп алынған 

изоляттардың вируленттілігі таулы аймақтармен салыстырғанда едәуір жоғары екенін көрсетті 

(шамамен 6 пайыз). Тәжірибеден кейін барлық өлген дарақтардың өлу себебі мен деңгейін анықтау 

үшін ылғалды камераға орналастырылды, үш күннен кейін ылғалды камерада өлген 

жұлдызқұрттардың денелері мицелиалды қабатпен жабылды, яғни олардың микоинсектицидтің 

өлгендігін расталды. Микоинсектицидтің әсерінен өлген жұлдызқұрттар денесінің түсі қарайып, қатты 

болатындығы байқалды. Осылайша, G. mellonella L. жұлдызқұрттарына тәжірибе жүргізу арқылы 

келешекте ауыл шаруашылығы дақылдарының зиянкестеріне, соның ішінде зиянды шегірткелерге 
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қарсы жаңа микоинсектицидтердің перспективті негізі ретінде бес штаммды ұсынуға болады - 

ВСa3(m)-09, ВСa2(m)-09, BSc1-15, BPit-16, BHy-09.  

Түйін сөздер: бунақденелілер, энтомопатогендік саңырауқұлақтар, уыттылық, Beauveria 

bassiana, штамм, конидия, Galleria mellonella L., балауызды қан көбелек, биологиялық белсенділік.  
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БИОЛОГИЧЕСКАЯ АКТИВНОСТЬ ОТОБРАННЫХ ШТАММОВ ЭНТОМОПАТОГЕННЫХ 

ГРИБОВ BEAUVERIA BASSIANA В ОТНОШЕНИИ ЛИЧИНОК GALLERIA MILLONELLA L 

 

Аннотация: исследовательская работа проводилась для оценки биологической активности 

отобранных штаммов Beauveria bassiana в отношении насекомых, кроме саранчовых, Locusta 

migratoria migratoria L. На агаризованной среде была обработана биомасса энтомопатогенных грибов, 

а их биологическая активность против насекомых была испытана в лабораторных условиях. 

Полученные данные в исследовании показали, что во всех вариантах эксперимента смертность 

испытуемых была значительно выше по сравнению с контролем. В статье представлены данные 

первичного скрининга гусениц вощинной огневки на вирулентность 10 изолятов гриба Beauveria 

bassiana, выделенных из различных систематических групп насекомых. В результате с высокой 

вирулентностью против гусениц вощинной огневки отличались следующие 5 штаммов грибов: 

ВСа3(m)-09, ВСа2(m)-09, BSc1-15, BPit-16, BHy-09, эффективность которых достигала 50-70% по 

концентрации титра 5×107, и 36-52% по титру 5×106, из которых смертность самого вирулентного 

штамма ВСа3 (m)-09 составляла (70,0±12,65) 70%.  По результатам эксперимента штаммы BCo1-14, 

BSc2-15, BScar-09 средние (34-48%), штаммы ВТr1-16 и ВСо2(к)-09 показали слабую (32-38%) 

вирулентность против G. mellonella L. гусениц. Уровень смертности превышает 50%, что является 

хорошим показателем. Анализ полученных данных с точки зрения зоны отвода изученных грибных 

культур показал, что вирулентность изолят, выделенных из степных зон, значительно выше по 

сравнению с горными (около 6%). После эксперимента всех погибших особей помещали во влажную 

камеру для определения причины и степени гибели, через три дня во влажной камере тела погибших 

гусениц покрывали мицелиальным слоем, что подтверждало, что смерть наступила под действием 

микоинсектицида. Было замечено, что под действием микоинсектицида цвет тела погибших гусениц 

становится темнее и жестче. G. mellonella L. в следующих опытах для гусениц наиболее эффективно 

получение суспензий со спорами с высоким титром (5×107), поскольку при использовании титра 5×106 

действие энтомопатогенов продолжалось с течением времени. Таким образом, G. mellonella L., проводя 

опыты на гусеницах, в перспективе можно рекомендовать пять штаммов - ВСа3(m)-09, ВСа2(m)-09, 

BSc1-15, BPit-16, BHy-09 в качестве перспективной основы новых микоинсектицидов против 

вредителей сельскохозяйственных культур, в том числе вредных саранчовых.  

Ключевые слова: насекомые, энтомопатогенные грибы, вирулентность, Beauveria bassiana, 

штамм, конидия, Galleria mellonella L., вощинной огневки, биологическая активность.  
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