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Abstract 
Global food security is threatened by insect pests of economically important crops. Chemical pesticides have been used 

frequently for the last few decades to manage insect pests throughout the world. However, these chemicals are hazardous 

for human health as well as the ecosystem. In addition, several pests have evolved resistance to many chemicals. Finding 

environment friendly alternatives lead the researchers to introduce biocontrol agents such as entomopathogenic 

fungi (EPF). These fungi include various genera that can infect and kill insects efficiently. Moreover, EPFs have 

considerable host specificity with a mild effect on non-target organisms and can be produced in bulk quantity quickly. 

However, insights into the biology of EPF and mechanism of action are of prime significance for their efficient 

utilization as a biocontrol agent. This review focuses on EPF-mediated insect management by explaining particular EPF 

strains and their general mode of action. We have comprehensively discussed which criteria should be used for the 

selection of pertinent EPF, and which aspects can impact the EPF efficiency. Finally, we have outlined various 

advantages of EPF and their limitations. The article summarizes the prospects related to EPF utilization as biocontrol 

agents. We hope that future strategies for the management of insects will be safer for our planet. 
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Introduction 
Several species and strains of entomopathogenic fungi (EPF) originating from a wide diversity of environments have been used in microbial 

control of mites and insects (Vega et al., 2012). Entomopathogenic fungi are parasitic microorganisms with an ability to infect and kill 

arthropods. They are mainly used as biopesticides in ecologic farming as a safe alternative to toxic chemical insecticides, although some of them 

are also used in biotechnological processes or in Chinese medicine (Jaihan et al. 2016; Ríos-Moreno et al. 2016; Lovett and Leger 2017). 

Entomopathogenic fungi do not form one monophyletic group. Thus far, 12 species of Oomycetes, 65 species of Chytridiomycota, 339 species 

of Microsporidia, 474 species of Entomophtoromycota, 238 species of Basidiomycota, and 476 species of Ascomycota have been reported 

(Araújo and Hughes 2016). Species belonging to Ascomycota and Entomophtoromycota occur most frequently in nature. In the literature, species 
belonging to Ascomycota to the genera Metarhizium (M. anisopliae, M. robertsii, M. brunneum,M. lepidiotae, M. globosum, M. acridum, M. 

majus, M. flavoviride, M. rileyi, M. pingshaense, M. lepidiotae and M. guizhouense), Beauveria (B. bassiana and B. brongniartii), Isaria (I. 

fumosorosea—formerly Paecilomyces fumosoroseus, I. farinosa and I. tennuipes), Ophiocordyceps (O. sinensis—formerly Cordyceps sinensis, O. 

unilateralis), Cordyceps (C. militaris), Torubiella (T. ratticaudata), Pochonia (P. chlamydosporia), Lecanicillium (L. lecani—

formerly Verticillium lecanii, L. longisporum), Hirsutella (H. thompsonii, H. nodulosa, H. aphidis), and the species Paecilomyces variotii, 

Purpureocillium lilacinum are described (Khan et al. 2012; Tkaczuk et al. 2015; Jaihan et al. 2016). 

Among the known EPF, Entomophthorales (e.g., Furia, Conidiobolus, Entomophaga, or Erynia) show the highest insecticidal activity; however, 

because of technical difficulties in breeding in laboratory conditions, they are not used as components of biopreparations. The most commonly 

used EPF are easily cultured saprotrophic fungi belonging to Ascomycota (Mascarin and Jaronski 2016). Worldwide, several different 

biopesticides based on species belonging to the genera Metarhizium, Beauveria, Paecilomyces, Isaria and Lecanicillium have been used. These 

fungi have a wide spectrum of activity, and they can therefore infect a wide variety of arthropod species (Khan et al. 2012; Castro et al. 2016; 

Ríos-Moreno et al. 2016). 
Entomopathogenic fungi are heterogeneous organisms that play various ecological roles. For example, species of the 

genus Metarhizium and Beauveria, which are commonly found in soil, not only control natural arthropod populations but also form complex 

relationships with plants. They are described as endophytes of plant roots, stems, and leaves (Jaber and Enkerli 2017). It has been shown that M. 

robertsii and B. bassiana (but not L. lecani) provide plants with nitrogen that is assimilated during the parasitization of insects (Behie and 

Review Article 

http://www.rndjournals.com/
https://www.sciencedirect.com/topics/immunology-and-microbiology/entomopathogenic-fungi
https://www.sciencedirect.com/topics/immunology-and-microbiology/entomopathogenic-fungi
https://www.sciencedirect.com/topics/immunology-and-microbiology/entomopathogenic-fungi
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/entomopathogenic-fungus
https://www.sciencedirect.com/science/article/pii/S1754504821000040?casa_token=ISNYlLED_6YAAAAA:mJLb_Yi7PCa5hcMimoI1iefpLq91_3CDGV4yGXwp7cT7QxyvxnoGOw-v6rpkguUWGW0zbBf8#bib67
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR46
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR75
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR61
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR5
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR51
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR98
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR46
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR62
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR51
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR16
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR75
https://link.springer.com/article/10.1007/s11157-020-09525-1#ref-CR45


2 | P a g e 

Review Article 
 

 

 

 

Bidochka 2014), thus supporting plant growth (Ríos-Moreno et al. 2016). Beauveria bassiana acts as an endophyte in about 25 plant species, 

contributing to the control of pests and fungal plant pathogens (McKinnon et al. 2017; Vega 2018). As a fungal endophyte and epiphyte, it 

colonizes leaves and shoots in addition to plant roots making plants more resistant to insects (Klieber and Reineke 2016; Ramakuwela et 
al. 2020), and also successfully protects plants from microbial pathogens by suppressing disease-causing agents or increasing plant defense 

responses. Similarly, Lecanicillium also prevents fungal disease by growing on the surface of leaves, limiting available nutrients and producing 

antimicrobial compounds in addition to inducing plant responses while colonizing plant roots. Among EPF, fumosorosea seems not to fall into 

strong interactions with plants. This is probably due to the fact that Isaria spp. are sensitive to chemical substances secreted by plants and 

belonging to the defense system against plant pathogens. Interestingly, isolates of I. fumosorosea are reported to act against the root 

nematode, Meloidogyne javanica, although infection rates were found to be very low (below 40%) (Moonjely et al. 2016). EPF are primarily used 

in biocontrol of insect pests in the laboratory, greenhouse or in the field. 

 

General Description of entomopathogenic fungi 

Most, if not all, entomopathogenic fungi have life cycles which synchronise with insect host stages and environmental conditions. In broad terms, 

the differences between Hyphomycetes and Zygomycetes, particularly Entomophthorales, are described below. However, as with all general 

principles, there are exceptions, with features of the two groups forming a continuum. Species, and sometimes isolates within a species, can 
behave very differently. For example, insect host range, infection levels, germination rates and temperature optima can vary between species and 

isolates (see e.g. Sierotzki et al. 2000; Pell et al. 2001; Shaw et al. 2002). Members of the Hymphoycetes are generally considered to be 

opportunistic pathogens infecting many species in a range of insect orders and host death is commonly associated with toxin production 

overwhelming host defence responses (Roberts 1981; Samson et al. 1988). In contrast, other groups of fungi are thought to have evolved into 

higher parasitic forms. For example, infection and host death by Entomophthorales tends to occur due to tissue colonisation with little or no use 

of toxins (Humber 1984). One of the best examples of a highly evolved insect pathogenic fungus is Strongwellsea castrans infecting flies. 

Infection does not interfere with insect feeding and movement but conidia are discharged, and thereby dispersed, from a cavity in the abdomen of 

infected insects over a long period of time prior to death (Pell et al. 2001). In general, Entomophthorales have biotrophic relationships with their 

insect hosts with little or no saprophytism, while Hyphomycetes can be hemibiotrophic with well-defined parasitic phases within insect hosts and 

saprophytic phases on death of their hosts. 

 

Some Potential EPF ( Entomopathogenic fungi ) 

Isaria fumosorosea 

Isaria fumosorosea has been used to control insect pests of plants grown for the production of cut flowers, ornamentals growing in greenhouses 

and nurseries, vegetable and cole crops, cotton, maize, rice and plantation crops. 

Beauveria bassiana 

It is a ubiquitous, filamentous, soil-borne fungus possessing high host specificity.This is the most promising candidate of entomopathogenic fungi 

having a broadrange of host such as termites, whitefly, malaria-transmitting mosquitoes, scarabs,weevil, etc. (Sandhu et al. 2012). It causes white 

muscardine disease of insects andhas been developed as microbial insecticide against many major insects like lepi-dopterans, orthopterans, 

coleopterans, etc. (Mustafa and Kaur 2009). It producesmany dry, powdery conidia in distinctive white spore balls. 

 

Metarhizium Anisopliae 
It occurs naturally in soil and infects about 200 species of insects. It produces greencylindrical spores in chains from infected insects hence is the 

causative agent of“green muscardine” disease of insects (Cheraghi et al. 2013). The conidiophores areof variable length, penicillicate, in candle- 

or palisade-like arrangement, apicallyforming a sporulation layer, often aggregating into sporodochia. 

Nomuraea Rileyi 

It is yet another important entomopathogenic insect. It attacks mostly the larvae ofrice insect. Other host insects of this fungus are leaffolder, stem 

border larva, greenhairy caterpillar, army worm and caseworm (Rombach et al. 1994). It is composedof pale green to grey green conidiophores 

on a white basal felt of mycelium. Theconidia are broadly ellipsoid and in dry chains (Padanad and Krishnaraj 2009). Theyare 3.5–4.5  ×  2–

3  μm long (Fig.  17.1c). The conidiophores have branches. Eachbranch contains 2–5 phialides or conidial chains (Humber 1997).  

 

Infectious stages of EPF 

The pathogenesis caused by EPF requires the involvement of several infectious agents, the most important of which are adhesins, lytic enzymes, 

and secondary metabolites. 

 

Adhesins 

The first stage of the fungal infection process is spore adhesion to the surface of the arthropod’s body. In this stage, two types of proteins are 
produced: hydrophobins (whose layers disintegrate during the sporulation of spores) and adhesins (MAD1 and MAD2), which enable both close 

adhesion to the insect’s cuticle and recognition of the host by the fungal pathogen (Wang and Leger 2007; Greenfield et al. 2014). 

 

Lytic enzymes 

Lytic enzymes play the most important role during the process of insect infection by EPF. Their action, structure, and types are relatively well 

described. Their main role is hydrolysis of the components of the insect cuticle, which allows appressoria to penetrate the outer covers of 
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arthropods. Lytic enzymes are produced as soon as the spore attaches to the cuticle and begins to form appressorium (Santi et al. 2010). 

 

Secondary metabolites 
Entomopathogenic fungi secrete abundant low-molecular-weight organic compounds called secondary metabolites, especially in response to 

environmental conditions. The number of produced compounds suggests that they are necessary both for maintaining the vital functions of the 

hosts and for effectively infecting pathogens by damaging the nervous system or reducing insect resistance (Donzelli and Krasnoff 2016). 

Secondary metabolites are determined using chromatographic methods combined with mass spectrometry and molecular biology techniques. On 

the basis of their chemical structure, they can be divided into the following groups: cyclic depsipeptides (cyclic tetradepsipeptides and cyclic 

hexadepsipeptides), peptides (octadepsipeptides, dipeptides, and depsipeptides), amino acid derivatives, polyketides, peptide hybrids, and 

terpenoids (Donzelli and Krasnoff 2016; Wang et al. 2018b) (Online resource 1). A large number of these compounds can be distinguished due to 

their wide occurrence and unique properties. Taking advantage of this fact, researchers keep making efforts to extend the knowledge of the 

mechanisms of the secondary metabolites biosynthesis and their impact on living organisms and the environment. 

        

  Fig-1         

 

Infection structure formation 

Entomopathogenic fungi infect insects by direct penetration of the cuticle. Unlike bacteria or viruses, they do not have to be ingested by an insect 

(Bilgo et al. 2018). The infection process starts with the adhesion of spores to arthropod shells and has two stages: the first depends on the action 

of hydrophobic and electrostatic forces and the second requires the activity of enzymes and low-molecular-weight proteins called hydrophobins 

(Skinner et al. 2014). Spore germination occurs in the presence of carbon and energy sources on the insect’s cuticle at sufficient humidity and 

temperature. The optimum temperature for the growth and germination of EPF is between 20 and 30 °C. Spores can also germinate at 

temperatures outside this range and this is a characteristic feature of the particular fungal strain (Skinner et al. 2014). Subsequently, appressoria 

emerge, causing strong mechanical pressure on the cuticle and the production of lytic enzymes (proteo-, lipo- and chitinolytic) that disintegrate 

the insect’s body shells (Skinner et al. 2014; Lacey et al. 2015). After penetrating the arthropod’s body cavity (hemocel), the fungal hyphae start 
to grow. Some EPF can produce blastospores that enter host’s hemolymph and produce secondary hyphae that inhabit the host’s tissues. At this 

stage, the fungi produce secondary metabolites that cause paralysis and disrupt the host’s physiological processes, mainly its immune responses 

(Donzelli and Krasnoff 2016). Because of the developing infection, the insect’s body is destroyed by both mechanical damage to the internal 

organs by the developing hyphae and nutrient depletion (Donzelli and Krasnoff 2016; Mascarin and Jaronski 2016; Fan et al. 2017). 

As a result of the progressive infection, the insect’s body, initially soft, becomes stiff due to fluid absorption by the fungus. Cadavers of insects 

attacked by fungi of the genus Beauveria may initially take on a dark red color. The entire infection process is relatively long and takes 

approximately 14 days after infection, but first symptoms of infection usually occur about 7 days post infection (or even earlier, depending on 

fungal species). After killing the insect and using all nutrition, the hyphae of the fungus emerge from the cadaver of the host through holes in its 

body (mouth hole, anus) and through intersegmental areas. Then, resting or infective spores are produced, which allows the fungus to spread and 
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infect other individuals (Skinner et al. 2014). 

       

Isolation of entomopathogenic fungi 
Generally, the collection source of EPF can be infested cadaver of hosts or soil. But, several methods are used to collect and identify potential 

EPF. These methods involve fungal culturing from soil samples, leaves, insects baits, and host-seeking ticks and identifying common EPF 

morphologically (Ortiz-Urquiza et al., 2013). 

 

Isolation from dead cadavers 

Entomopathogenic fungi can be harvested from insect cadavers embedding external fungal sporulation (St. Leger et al., 2020). These insects can 

be found easily either floating on standing water or stuck to the sheath of the leaf. In the laboratory, the cadavers are collected in sterilized glass 

tubes. For surface sterilization of insect cadavers, 0.5 % sodium hypochlorite, in 75 % alcohol is used, followed by rinsing in sterile water three 

times. Washed specimens are cut into pieces or homogenized and are kept on the Sabouraud's dextrose agar (SDA). The appearance of the fungal 

colonies is noted. The tip of mycelial growth is shifted in the slants of SDA, aseptically. The purified cultures are sustained in the SDA slants for 

further culturing (Jaber et al., 2016). 

 

Isolation from soil 

Entomopathogenic fungi are heterogeneously distributed in soil particularly near insect cadavers (Bara et al., 2020). Therefore, if the samples are 

pooled, it can increase the frequency of fungal isolation. Normally, 10–15 cm deep soil cores are collected from the rhizosphere or organic soil 

zone. The collection tools should be surface-sterilized before the collection of soil so that any sort of contamination can be avoided. The soil is 

then placed in the refrigerator at 4 °C for storage and further experimentation. Dilution plate (Harris et al., 1968) or direct plating technique 
(Golden et al., 1988) is used to purify the EPF leading towards identification and mass culture. 

Advantages of Entomopathogenic Fungi 

I. They are environment-friendly and without residual effects. 

II. They are generally host-specific. 

III. In some instances, they could be applied in a combination of synthetic chemical insecticides and result in a synergistic effect. 

IV. They could self-perpetuate under conducive environmental conditions. 

V. They are generally safe to biodiversity and reduce reliance on chemical insecticides. 

VI. Myco-insecticides are unique in their mode of action, therefore no or less pest resistance development (Bara et al., 2020). 

 

Conclusion 
Entomopathogens can be effectively used alone and/or in integration to control insect pest populations. Natural capability of entomopathogens to 

infect and disseminate into other hosts makes them excellent biocontrol agents to be incorporated in the IPM plan and to make growers confident 
with the use of the most promising microbial control agents.  
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