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Abstract— The increasing concerns about synthetic pesticides 

highlight the need for sustainable pest management. 

Entomopathogenic fungi (EPF) sustain their eco-friendly status 

for use in an IPM approach. These soil microbes penetrate 

protected cuticles of arthropod pests using toxins and enzymes 

to infect and kill their hosts. There are over 700 fungal species 

known to behave as this way. EPF pose no great harm to the 

environment, unlike synthetic pesticides. In addition, they are 

host-specific and limit the prospects for pest resistance-

powerful weapons for pest-control. However, promising they 

may be, drawbacks to their use remain, such as their sensitivity 

to environmental conditions, short shelf-life, slow action, and 

considerable costs of production. Stronger virulent strains, 

better formulations, and genetic modifications are being 

worked upon in recent years to overcome such constraints, thus 

allowing holistic incorporation of EPF into IPM programs and 

their synergistic mixtures. 
 

Keywords— Entomopathogenic fungi, Mycoinsecticide, Endophyte, 

Biological control. 

I.  INTRODUCTION 

The increasing awareness about environmental and health 

hazards of synthetic pesticides has made it more important to 

find the ecologically safe and sustainable pest management 

technologies [1]. The heavy use of synthetic pesticides has been 

cited as being detrimental to biodiversity, nothing that non-

target species such as pollinators and natural pests’ enemies 

could be affected [2]. Furthermore, through the continuous 

application of these chemicals, insect pests have evolved the 

frightening phenomenon of resistance and the traditional 

control is becoming more and more ineffective. This resistance 

necessitates an urgent search for, and implementation of, 

alternative and environmentally friendly pest control measures. 

Faced with all these challenges, there is a growing global trend 

towards eco-friendly, sustainable agriculture that takes a long-

term view of food security and healthy ecosystem preservation. 

Sustainable management of pests is one of the core concepts of 

this movement that managing agricultural pests while 

minimizing the influence on the environment [3]. 

Entomopathogenic fungi (EPF) are an innovative group of 

natural pest managers that are increasingly becoming the talk of 

the town in the realm of sustainable agriculture. These 

exceptional fungi have the special privilege of infecting and 

eventually killing arthropod pests, hence acting as useful 

natural predators in combat against agricultural loss [4]. In fact, 

EPFs are critical regulators of insect populations in natural 

ecosystems and provide a biological means for controlling pests 

that can be utilized in agriculture. Their utility as biopesticides, 

biologicals specifically utilized for pest management, makes 

them central elements of integrated pest management (IPM) 

strategies [5]. IPM is a comprehensive method that blends 

different pest control strategies, focusing on ecological integrity 

and reduced usage of chemical pesticides. Of the varied range 

of EPF, a number of genera have proven to be especially 

important in pest control, among them being Beauveria, 

Metarhizium, Lecanicillium, Isaria, Cordyceps, 

Entomophthora, Nomuraea, Hirsutella, Neozygites, and 

Tolypocladium. Each of these genera contains species with 

different host ranges and modes of action, demonstrating the 

extensive diversity within this group of natural pest control 

agents [4]. 

The following review possible to introduce 

entomopathogenic fungi as the most potent natural enemies in 

achieving these objectives. It will cover their taxonomic 

diversity, the complicated modes of action, the advantages 

against conventional chemical insecticides as well as extensive 

applications in agriculture. In addition, current obstacles and 

constraints in the use of EPF will be discussed and the most 

recent findings and potential future directions in this exciting 

area of research will be overviewed. Finally, this review aims 

to emphasize the priority of EPF, thereby reducing our reliance 

on synthetic chemical pesticide, favouring the development of 

an environmentally compatible agriculture in reaching 

simultaneously food security and the good ecologic state. 

 

TISECON - 25
International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181Published by, www.ijert.orgVolume 13, Issue 06

mailto:arshi.apda@gmail.com
www.ijert.org
www.ijert.org


II. DIVERSITY AND CLASSIFICATION OF 

ENTOMOPATHOGENIC FUNGI 

 

Fig 1. Classification of entomopathogenic fungi. 

Entomopathogenic fungi are categorized in 4 classes: 

Oomycetes, Chytridiomycota, Basidiomycota, and the most 

common Ascomycota [6]. This broad phylogenetic distribution 

indicates that the capacity to infect insects has independently 

evolved across multiple lineages within the fungal kingdom. 

Historically, the group Deuteromycota also encompassed many 

significant EPF; however, advancements in molecular 

phylogenetics have led to the reclassification of most of these 

fungi within the Ascomycota [7]. The sheer number of 

identified insect-pathogenic fungi is staggering, with over 700 

species described across approximately 90 different genera. 

This extensive diversity underscores the vast potential reservoir 

of EPF that can be explored and harnessed for the development 

of novel and effective biocontrol agents [8]. 

Some of the main genera of EPFs are prioritized 

because of their effective implementation and widespread use 

for integrated pest management. Beauveria is a good example; 

especially the species B. bassiana, because of its wide spectrum 

of insects it controls-butterflies, aphids, thrips, grasshoppers, 

and beetles [9]. White muscardine disease has been extensively 

researched for foliar application and as an endophyte colonizing 

the plant tissue to cumulatively provide systemic protection 

upon infection in an insect host [10]. Metarhizium, obviously, 

is the other important fungus, with Metarhizium anisopliae 

being the most famous species known as the green muscardine 

fungus [11]. Metarhizium is effective against a variety of 

insects but is especially noted for attacking soil-inhabiting pests 

such as beetles, root weevils, flies, thrips, and gnats. Its uses are 

also extended by its endophytic potential in crops such as citrus 

and maize [12]. The other important genus is Lecanicillium, 

once called Verticillium lecanii, which mainly attacks sucking 

insects such as aphids, scales, whiteflies, and mealybugs. Being 

under Order Hypocreales, Lecanicillium has been formulated 

and marketed into commercial mycoinsecticides, validating the 

usefulness of Lecanicillium in the control of these often-

difficult pests. The genus Isaria, with species such as Isaria 

farinosa and Isaria fumosorosea, recognizes a wider host range 

with a particular preference for Lepidopteran insects. Isaria 

fumosorosea stands out as a biocontrol agent for being effective 

against pests like whiteflies, thrips, aphids, and termites [4]. An 

exceedingly aggressive group of EPF exists within the Class 

Entomophthorales, including some of its genera, such as 

Entomophthora, Conidiobolus, Erynia, Zoophthora, and 

Entomophaga. These fungi specialize in particular groups of 

insects, such as aphids and grasshoppers, and while they are 

most successful, in practice, their application can be hindered 

due to difficulties in their laboratory cultivation. Some other 

major genera that contribute to the diversity of EPF include 

Hirsutella, against mites, Neozygites, against mites, Nomuraea 

rileyi, against lepidopteran pests, and Tolypocladium, against 

mosquito larvae. This complete list of major genera, each with 

its own set of target pests and characteristics of ecosystems, 

indicates the feasibility of selecting specific EPF to achieve 

desired and sustainable pest control in diverse agricultural 

ecosystems [13]. 

 

III. MECHANISM OF ACTION: THE 

ENTOMOPATHOGENIC INFECTION PROCESS 

These fungi are able to parasitize susceptible hosts via direct 

penetration of the cuticle with the initial and potentially 

determining interaction occurring between the fungal spore and 

the insect epicuticle [14].   

This initial, essential step is supported by a synergy 

between hydrophobic and electrostatic forces that induce 

adhesion between the spore and the epicuticle of the insect. In 

addition, the activation of several lytic enzymes and secondary 

metabolites is involved in solidifying this attachment. After 

successful attachment, the conidia germinate on the insect body 

surface, a process that includes sprouting and the production of 

special structures known as appressoria [15]. 

High relative humidity (RH) is required for optimum 

germination of fungal conidia, as 100% RH has been found to 

be the most suitable for fungal spore germination and 

intermediate temperature ranging from 15°C to 30°C for 

optimal activity. Such environmental requirements highlight 

one potential hurdle in delivering consistent efficacy in the field 

where such conditions cannot always be guaranteed. After 

germination of the fungus, it has to break through the insect's 

hard outer cover, the cuticle [16]. 

EPF exerting strong mechanical pressure on the insect’s 

cuticle -degrading enzymes, such as chitinases, lipases, and 

proteases. These enzymes easily digest the various layers of the 

insect exoskeleton, opening the door for the fungus to invade 

the haemolymph, the circulatory fluid of the insect. Once the 

fungus has gained entry into the haemolymph, it grows 

exceptionally fast, usually converting into hyphal bodies or 

blastospores, which are single-cell spores specifically suited for 

growth within the internal environment of the insect. The 

fungus then becomes systemically distributed within the body 

of the insect, infecting different tissues and organs. This 

widespread colonization impedes normal physiological 

processes in the insect, resulting in a chain reaction of harmful 

effects [17]. 

Aside from direct invasion of the tissue, a lot of EPF generate 

a range of highly toxic compounds, including bassianolides, 

beauvericin, and destruxins, that are directly involved in killing 

the host. These toxins can interfere with essential physiological 

functions and repress the immune system of the insect, adding 

to the virulence of the pathogen. The time from when the insect 

infects with the fungal pathogen to when it will ultimately die 

is referred to as the lethal infection time, the length of which 
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can be variable in terms of the particular fungal species, the 

insect host, and prevailing environmental conditions [18]. 

After the death of the insect, the fungus grows out of the 

insect cadaver in a saprophytic growth phase during which it 

still uses the dead insect as a nutrient source.  In favourable 

environmental conditions, the fungus later forms new fungal 

spores (conidia) on the surface of the dead insect [19]. These 

spores then get scattered, infecting other insects that are 

vulnerable, which keeps the cycle going. Things like water and 

wind really help spread the fungal spores across insect 

populations. One of the nice things about entomopathogenic 

fungi (EPF) is that they can reproduce and, after killing their 

host, they keep going without needing any help. This makes 

them pretty useful for long-term, self-sustaining pest control 

[20].  

 

IV. ADVANTAGES OF ENTOMOPATHOGENIC 

FUNGI IN SUSTAINABLE PEST MANAGEMENT 

Entomopathogenic fungi have several advantages over 

conventional insecticides, including cost-effectiveness, high 

yield, absence of harmful side-effects for beneficial organisms, 

fewer chemical residues in the environment and increased 

biodiversity in ecosystems [21]. While the possibility of 

mycotoxin production by certain EPF exists, most 

mycoinsecticides are low-risk and are not likely to find their 

way into the food chain via this pathway. This lower 

environmental burden and improved safety make EPF a 

preferable choice for environmentally friendly agricultural 

methods [22]. 

Another major benefit of EPF is their commonly high level 

of target specificity. Numerous EPF have a restricted host 

range, which means that they can act effectively against specific 

insect pests or pest groups without harming other organisms 

significantly. Such specificity reduces disturbance to the overall 

ecosystem in contrast to broad-spectrum chemical insecticides 

that may act indiscriminately on a variety of insects, including 

those that are beneficial. By projecting their influence on the 

intended pests, EPF help in maintaining biodiversity, which is 

an important component of ecological sustainability [23]. 

Additionally, the likelihood of developing resistance in insect 

pests against EPF is normally lower than with synthetic 

pesticides [24]. 

This is due to the complicated mode of action of EPF, which 

typically entails several enzymes and toxins that target the 

insect via several avenues. This multi-mode attack presents 

more difficulties in the evolution of practical resistance 

mechanisms among pests. At times, EPF have even been 

effective against pest populations already resistant to chemical 

control, showcasing their potential in overcoming the 

increasing threat to pest control [6].      

Aside from their direct effects on pests, certain endophytic 

EPF may provide other advantages to plants, such as the 

stimulation of plant growth, improved nutrient acquisition, 

increased root hair density, and general enhancement of plant 

well-being. They may also trigger systemic resistance in plants, 

thereby reducing their susceptibility to both insect pests and 

plant pathogens [21]. In addition, endophytic EPF are capable 

of modifying secondary metabolites of the plant and volatile 

organic compound emission, thus reinforcing the natural 

resistance of the plant to herbivorous insects. Through these 

two advantages of pest management and plant health 

improvement, more robust and productive agricultural systems 

are developed [25]. 

Lastly, EPF have the long-term potential for pest 

management. They can remain in the environment and in plant 

systems as endophytes, conferring extended protection against 

insect pests [26].  Their capacity to reproduce via sporulation 

following host killing can result in long-term suppression of 

pest populations. This regenerative potential can cut down on 

the number of applications needed compared to certain 

chemical pesticides, possibly saving money and being more 

efficient in the long term [15]. 

 

V. PRACTICAL USES AND CASE STUDIES OF 

ENTOMOPATHOGENIC FUNGI 

The field uses of entomopathogenic fungi are various and have 

shown substantial success in managing a broad range of 

economically valuable insect pests on many crops. 

Table 1: Selected Case Studies of Entomopathogenic Fungi 

in Pest Management 

 

Crop Target 

Pest 

EPF 

Species 

Used 

Appli

cation 

Meth

od 

Key 

Outcome/R

esults 

Refer

ences 

Citrus Citrus 

greening 

disease 

vector 

(Diapho

rina 

citri) 

Beauveria 

bassiana 

Foliar 

Endop

hyte 

Growth 

suppression 

of three 

successive 

generations 

of the 

vector. 

[27] 

Maize 

Stem 

borers 

(Chilo 

partellu

s) 

Beauveria 

bassiana 

Endop

hyte 

Susceptibilit

y in stem 

borers. 

[28] 

Corn 

Fall 

armywo

rm 

(Spodop

tera 

frugiper

da) 

Beauveria 

bassiana 

Endop

hyte 

Reduced 

larval 

growth, 

pupal 

survival, 

developmen

tal stages, 

lifespan, and 

reproductive 

success. 

[29] 

Locusts 

 

Oriental migratory 

locust 

Locust 

(Locusta 

migrato

ria 

manilen

sis) 

Metarhizium 

anisopliae 
Foliar 

70–80% 

mortality in 

lab (4th 

instars); 65–

97% 

population 

decline in 

field within 

8–11 days. 

[30] 
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Potato 

Colorad

o potato 

beetle 

(Leptino

tarsa 

decemli

neata) 

Beauveria 

bassiana 
Foliar 

Repeated 

applications 

reduced 

adult 

emergence 

by ~80% 

(58–93%). 

[31] 

Coffee 

Coffee 

berry 

borer 

(Hypoth

enemus 

hampei) 

Beauveria 

bassiana 

Endop

hyte 

Reported to 

control the 

coffee berry 

borer. 

[32] 

Tomato 

Tomato 

leaf 

miner 

(Tuta 

absoluta

) 

Beauveria 

bassiana 

Endop

hyte 

Showed 

both 

epiphytic 

and 

endophytic 

activity 

against this 

pest. 

[33] 

Sweet 

Pepper 

Green 

peach 

aphids 

(Myzus 

persicae

) 

Amanita 

muscaria 

Endop

hyte 

Altered the 

life cycle 

and 

behavioral 

response of 

the aphid. 

[34] 

Horticul

tural 

crop 

Aphids 

(various 

horticult

ural 

crops) 

Metarhizium 

anisopliae, 

Beauveria 

bassiana 

Foliar 

Dominantly 

used as 

biopesticide

s, leading to 

increased 

demand 

with over 

132,980 

hectares 

under use in 

2019. 

[35] 

 

 

VI. CHALLENGES AND LIMITATIONS IN THE 

USE OF ENTOMOPATHOGENIC FUNGI 

Although there are many benefits of entomopathogenic fungi 

to sustainable pest control, there are also some challenges and 

limitations to their wide use. Their sensitivity to environmental 

factors is one such limitation. The effectiveness of EPF is very 

much dependent upon conditions like temperature, humidity, 

and ultraviolet (UV) light [27]. 

Low humidity rates and temperatures beyond the ideal range 

tend to lower their capacity to infect and kill the pests. In 

addition, UV exposure can adversely affect the viability and 

performance of fungal spores. Such environmental dependency 

may result in inconsistency in pest control performance under 

varying field conditions [16]. 

The second challenge is the shelf life and formulation of 

EPF-based biopesticides. The shelf life of the fungal inoculum 

in commercial formulation might be constrained to between 

three and six months, requiring proper storage and timely use. 

Formulating strong and economical products that are capable of 

sustaining their performance under various environmental 

conditions is still an area of research. Although methods such 

as cryopreservation and oil-based formulation may enhance 

shelf life and stress tolerance, they are potentially detrimental 

to spore germination and adhesion, decreasing overall 

effectiveness [36].  

Relative to synthetic insecticides, EPF tend to have a slower 

rate of action, normally taking two or three weeks to bring about 

adequate control of insect pest populations. Such slow action 

could be inadequate for applications where there is an 

immediate need for pest elimination in order to avoid causing 

extensive and severe crop damage [37]. 

Commercially available EPF strains could also be a 

limitation in terms of cost and availability of EPF formulations 

available. The cost of EPF products versus those of synthetic 

chemical insecticide is frequently higher, this factor is a lot of 

concern to farmers and more particularly in the developing 

countries. Furthermore, EPF products may be less accessible 

and less widely available in some regions, which also hinders 

adoption [38]. 

The effectiveness of EPF may also differ based on a number 

of factors such as the type of fungal strain applied, the pest 

species being targeted, prevailing environmental conditions, 

and methods of application used. Consistent and effective 

control of pests under varied field conditions can prove to be a 

major challenge [39]. 

 

VII. RECENT ADVANCEMENTS AND FUTURE 

PROSPECTS IN ENTOMOPATHOGENIC FUNGI 

RESEARCH 

Nowadays, recent advances in entomopathogenic fungi 

research are expanding continuously their possibilities as 

environmentally friendly pest control agents. Continued 

discovery and characterization of new species and strains of 

EPF is anticipated to bring forth increased virulence agents with 

broader host range and tolerance of higher environmental 

extremes. For example, recent investigations have led to the 

identification of new species in Diversispora and 

Scutellospora genera [40]. These findings widen the existing 

biocontrol toolset and provide the potential to discover 

solutions to a broader range of agricultural pests [41].  

The use of new biotechnological measures is becoming an 

ever-more crucial role in increasing the effectiveness and 

virulence of EPF. Genetic engineering methods and induced 

mutation are being developed to enhance fungal strains, 

enhance the speed of their mode of action, and increase their 

endurance in harsh environmental conditions [42]. The 

construction of recombinant endophytic microorganisms to 

produce anti-pest proteins is also becoming increasingly 

popular as an effective approach for insect pest control [43]. 

Substantial advances are being made in the formulation and 

application technology of EPF. Developments are aimed at the 

formulation of extended shelf-life products, better stability 

under field conditions, and enhanced spore germination and 

attachment to insect cuticles. Emulsifiable oil-based 

formulations and vegetable oils are being explored to increase 

tolerance in fungal spores to both temperature extremes and 

lethal UV radiation [44]. Additionally, nanotechnology is being 

considered as a vehicle for making EPF delivery and overall 
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performance better [45]. New application techniques, including 

autodissemination methods along with semiochemicals that 

lure the pests, are also being explored to improve the efficacy 

of pest control [46]. Better comprehension of the complex 

relationships between EPF and insect hosts is important for 

improving more effective and sustainable biocontrol strategies. 

Continuing research seeks to demystify the molecular processes 

driving fungal pathogenicity, insect host immune systems, and 

pest susceptibility to resistance to EPF [47]. Research into the 

symbiotic bacteria's role in modulating insect susceptibility to 

EPF infection is also yielding useful information. Learning how 

EPF suppresses the immune systems of insect pests is another 

prime area of ongoing research [48].  

Lastly, an increasing focus is put on the integration of EPF 

with other biocontrol agents and in holistic IPM programs. 

Further research is investigating the compatibility and 

synergistic potential of integrating EPF with natural enemies 

like predators, parasitoids, and entomopathogenic nematodes. 

Improving the incorporation of EPF into large-scale IPM 

programs is significant in minimizing reliance on traditional 

chemical pesticides and increasing ecologically harmonious 

pest management systems [49, 50]. 

 

VIII. CONCLUSION 

Entomopathogenic fungi (EPF) are a unique group of fungi that 

act as natural enemies to insects. They have emerged as an 

essential tool in integrated pest management (IPM), offering a 

sustainable and environmentally friendly alternative to 

chemical pesticides. These fungi, including Beauveria 

bassiana, Metarhizium anisopliae, and Lecanicillium lecanii, 

infect insects through direct contact, penetrating their cuticles, 

proliferating internally, and eventually killing the host. They 

are known for their host specificity, minimal impact on the 

environment, and capacity to induce plant resistance 

mechanisms. Many case studies confirm their success in 

managing crop pests in varied agro-ecological zones. Despite 

these advantages, challenges such as sensitivity to 

environmental factors like temperature, humidity, and UV 

radiation, as well as limitations in shelf life and field 

persistence, continue to limit their effectiveness. Their slower 

action compared to chemicals and occasional non-target effects 

require ongoing improvements. Advances in formulation 

technologies and molecular tools are enhancing the efficacy and 

adaptability of EPF supporting their broader application in pest 

management. Further studies must focus on increasing stress 

tolerance, improving cost-effectiveness, and integrating EPF 

into IPM with other biocontrol agents. By refining these 

aspects, EPF can play a significant role in reducing chemical 

pesticide usage and promoting ecological stability in 

agriculture. 
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