
 

Insect parasites in multicomponent systems 
and development of new bioinsecticides 
 

Viktor Glupov 1,*, Vyacheslav Martemyanov1, and Vadim Kryukov1 

 

1Institute of Systematics and Ecology of Animals SB RAS, 630091 Novosibirsk, Russia 

Abstract. Stable and dynamic interactions among plants, herbivorous 
insects, parasites and associated microbes are formed in natural habitats. The 

study of these interactions in multicomponent models is required to develop 
integrated methods for the management of insect pest populations. In this 
work, we summarize our studies on the influence of different factors, such 
as hygrothermal conditions, host development, host microbiota, plant 
quality, and concomitant infections, on interactions between insects and 
their parasites, such as fungi, bacteria, viruses and parasitoids. Some 
approaches for developing complex products for biocontrol are also 
discussed. For example, the use of natural compounds with 
immunosuppressive effects may enhance the efficacy of microbial agents 

toward pest insects. 

1 Introduction 

In natural ecosystems and agroecosystems, insects and their parasites are exposed to a broad 

range of factors, such as temperature, solar radiation, plant and microbial metabolites, as well 
as insecticides. Complicated interrelations in the host-parasite systems are therefore 

established. These systems exhibit intriguing models for ecological and immunological 

studies. The ecological properties and virulence of microorganisms are dependent on the 

species and strain. It is quite natural that these particular features should be considered for 

strains of bioinsecticide products [1]. Plants and insects have been coexisting for more than 

400 million years; therefore, they form stable dynamic systems in which endosymbionts and 

parasites also participate [2-3]. Among the parasites involved in this system, we can find 

species of various taxonomic groups ranging from viruses, bacteria and fungi to protists and 

invertebrates (e.g., nematodes and parasitic insects). These organisms can form associations 

with both plants and insects, causing changes in various parts of the systems [4-5]. Moreover, 

in these systems, the role of certain components can change; for example, entomopathogenic 

microorganisms entering into association with plants will enhance plant growth and 
resistance to diseases. Therefore, to create new bioinsecticides and approaches for their use, 

it is necessary to study the multicomponent systems as a whole. However, we need to know 

the properties of certain components, that is, plants, insects and microorganisms, including 

how they can change under the influence of certain conditions. 
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2 Pathogen virulence and ecological fitness 

It is well known that strains of one species or cryptic species of one genus may significantly 

differ in virulence, which is mediated by environmental adaptations. For example, cryptic 

species of the fungus Metarhizium have different hygrothermal preferences and may be 

associated with different habitats [6]. We have shown that the virulence of the cryptic species 

M. brunneum and M. robersii toward Colorado potato beetle (CPB) was mediated by 

hygrothermal conditions [7]. M. robersii was active against the CPB under both humid and 

arid regimes, although M. brunneum was less virulent under arid conditions than under humid 

conditions. Therefore, using M. robertsii will be more effective against CPB larvae in open 

ground under continental climate conditions. Similar effects were shown for natural isolates 

of Beauveria bassiana s.l. In particular, steppe isolates were more thermotolerant and most 
virulent toward wax moth and CPB under arid regimes as compared to forest and forest-

tundra isolates [8]. 

Population differences of viral entomopathogens in terms of virulence are partially 

determined by their genetic differences. In particular, the strains of Lymantria dispar multiple 

nucleopolyhedrovirus (LdMNPV, Baculoviridae) isolated in North America possess higher 

virulence than the Asian strain because of vef-1 gene deletion [9-10]. However, the 
phenotypic expression of these genetic differences does not depend on the host population 

[10]; conversely, it is ruled by the environmental conditions. In particular, sunlight easily 

decreases the potency of the American strain by UV even after 15 min of exposure, while the 

Asian strain possesses higher UV tolerance [11]. These features of highly potent strains 

should be considered for the producers of bioformulations for pest control. 

3 Physiological state of hosts 

The immuno-physiological state of insect hosts plays a crucial role in the development of 

pathogenesis. Host populations and ontogenetic stages differ significantly in their 

susceptibility to infections. For example, wax moths demonstrate different immune responses 

to fungal infection under an active state and under a facultative diapause [12]. Larval 
diapause induced by decreasing temperature was most favorable for the development of the 

fungus Cordyceps militaris due to a decrease in phenoloxidase activity and encapsulation 

rate. Additionally, while fought off in the active state of the host, the infection could still be 

activated in the diapause state. Interestingly, viral pathogenesis does not depend on the 

phenoloxidase activity that was shown on L. dispar larvae using several lines of evidence 

[13]. The larvae of CPB demonstrated strong differences in susceptibility to the  fungus 

Metarhizium during the intermolt period of the last instar due to the changes in integument 

thickness and epicuticular hydrocarbon contents (which determine the level of conidial 

adhesion) as well as changes in cellular immunity [14]. The solitaria phase of migratory 

locust was more resistant to fungi (Metarhizium and Beauveria) than to gregaria [15]. In 

experiments with another pest species (L. dispar), we did not demonstrate the effect of 
gregariously reared larvae on susceptibility to an entomopathogenic virus as compared to the 

larvae reared solitarily [16]. 

  

2

BIO Web of Conferences 18, 00009 (2020) 
IV All-Russian Plant Protection Congress

https://doi.org/10.1051/bioconf/20201800009



 

4 Interactions between parasites and host microbial communities 

Insect symbiotic bacteria may inhibit or promote the development of parasitoids and 

pathogenic microorganisms [17-18]. Recent studies have shown intriguing interactions 

between gut microbiota of the host and its fungal pathogens [18]. In particular, the penetration 

of the fungus through integuments may lead to an increase in the gut bacterial load that 

promotes fungal infection [19]. Inhibition of gut bacteria with antibiotics enhances insect 

survival after topical application of fungi [20]; however, the opposite effect is usually 

observed after oral administration of the fungi [e.g., 21]. We showed that the envenomation 

of wax moth larvae by the parasitoid Habrobracon hebetor as well as a combination of 

envenomation and B. bassiana infection led to a shift in the balance among Enterococcus, 

Enterobacter and Serratia in the wax moth midgut [22]. Envenomation causes uncontrolled 
proliferation of gut bacteria; however, the strong activation of antimicrobial peptides in the 

midgut was observed. We suggest that the activation of wax moth gut immunity prevents the 

bacterial decomposition of envenomated larvae, thus permitting the development of 

parasitoids and fungi. Moreover, the oral administration of predominant bacteria 

(Enterococcus, Enterobacter and Serratia) to the wax moth larvae synergistically increased 

susceptibility to the fungi [22]. Thus, the changes in the midgut bacterial community may 

promote death of larvae induced by the fungi. Interestingly, the combined treatment of the 

larvae with the aforementioned symbiotic bacteria and Bacillus thuringiensis led to 

antagonistic effects on mortality (O. Polenogova, unpublished). In other experiments, we 

demonstrated that the diversity of bacteria in the L. dispar midgut was decreased by the 

consumption of low-quality leaves and was associated with a decrease in the susceptibility 

of the insects to the entomopathogenic bacterium B. thuringiensis [23]. 

5 Interactions among insects, parasites and plants 

It is known that the host plant quality may affect both the primary and the higher level 

(secondary) consumers [24-25]. However, the expression of this effect strongly depends on 

many factors, including the species involved and the weather conditions. For example, 

defoliation of oak Quercus rubra by L. dispar may induce an increase in the phenolic 

concentration in leaves that will inhibit both the life history traits of herbivores and their 

susceptibility to LdMNPV [26]. Alternatively, when the host plant is silver birch Betula 

pendula, the induction of phenolics (and possibly another phytochemicals) synthesis leads to 

a negative effect on herbivores [27-29] but  has no effect on the interaction between L. dispar 
and LdMNPV [28] or the entomopathogenic bacteria Bacillus thuringiensis [30]. One 

chemical defense mechanism triggered by defoliation, which was shown for B. pendula, is 

the trade-off between glycosides and aglycons of flavonoids [27]. Synthesis of monoterpens 

is also induced by tree defoliation, especially at the moment of defoliation, which may be the 

chemical signal attracting parasitoids to the location of defoliators [27, 31]. The interactions 

between host plants, herbivores and pathogens/parasites significantly depend on the weather 

conditions, which may i) directly modify the traits of each participant of the food chain and 

ii) indirectly synchronize or desynchronize the phenological development of plants and 

herbivores, which is related to the dynamics of plant phytochemistry during a season. The 

effect of weather-induced asynchrony between the phenological development of plants and 

insects on insect survival via the dynamics of plant chemicals was demonstrated 

approximately 50 years ago [32] and provided the start of a new direction in ecology, i.e., 
chemical ecology. However, we recently showed that a mismatch in synchrony may spread 

further though the food chain, effecting the interaction between insects and entomopathogens 

[23, 33-34]. Moreover, this effect will depend on the type of pathogen involved in this 

interaction. For example, viruses have the advantage when insects appear asynchronously 
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(because of cold weather) with the host plants [33], while this is disadvantageous for bacteria 

[33]. The host plant-mediated modification of an insect’s innate immunity status is one of the 

mechanisms determining the outcome of insect-pathogen interactions [23]. 

 

6 Multicomponent approaches in biological control 

The study of interactions in multicomponent systems allows the development of new 

products for biocontrol. For example, the use of natural compounds with immunosuppressive 

effects may enhance the efficacy of microbial agents toward insect pests. We studied the 

effects of different microbial and plant metabolites (e.g., Streptomyces toxins, usnic acid 

derivatives, and Cordyceps extracts) as well as mixed infections on the defense systems and 

development of pathogeneses in different insects such as wax moth, CPB and four-eyed fir 

bark beetle Polygraphus proximus, and mosquito Aedes aegypti [35-40]. The synergy 
between pathogenic fungi (Metarhizium, Beauveria) and bacteria (B. thuringiensis) or 

between these fungi and the aforementioned metabolites was shown. We found that the 

synergy is caused by changes in cellular and humoral immunity responses, gut microbiota, 

morphological and biochemical properties of integuments that stipulate fungal adhesion, 

penetration and colonization. We also suggest that the disturbance in larval development 

caused by these metabolites and bacteria has a great impact on immunity, integument 

properties and susceptibility to fungi [14]. The investigated combinations provide a stable 

synergy in laboratory and field experiments. These combinations may be promising for the 

development of efficient products to manage pest insects. 

The study was supported by the Russian Science Foundation (project № 19-14-00138). 
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