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Resumen

Los hongos entomopatégenos, a menudo considerados Unicamente como patdégenos de insectos,
desempefian funciones adicionales en la naturaleza, incluidos el endofitismo, el antagonismo de las
enfermedades de las plantas y la promocién del crecimiento de las plantas. Estos roles permiten
brindar oportunidades para el uso miiltiple de estos hongos en estrategias de manejo integrado de
plagas (MIP). Este articulo revisa los avances mas recientes en el uso del hongo entomopatégeno
Beauveria bassiana, su control en insectos plagay en la colonizacion endofitica de diferentes plantas
hospedantes. También aborda los posibles mecanismos de proteccidon conferidos por Beauveria
bassiana como hongo entomopatégeno y como hongo enddfito y explora el uso potencial del mismo
en el control biolégico dual. Finalmente, se resumen las limitaciones actuales y las direcciones que
deberia tener las investigaciones futuras con respecto a Beauveria spp. como agente de control
biolégico dual.

Palabras Claves: Hongos enddfitos, Hongos entomopatégenos, Plagas, Biocontrolador, PGP, Beauveria
bassiana.

Abstract

Entomopathogenic fungi, often considered only as insect pathogens, perform additional functions in
nature, including endophytism, antagonism of plant diseases and promotion of plant growth. These
roles allow opportunities for the multiple use of these fungi in integrated pest management (IPM)
strategies. This article reviews the literature currently available on the entomopathogenic fungus
Beauveria bassiana, its control in insect pests and in the endophytic colonization of different host
plants. It also addresses the possible protection mechanisms conferred by Beauveria bassiana as
an entomopathogenic fungus and as an endophytic fungus and explores its potential use in dual
biological control. Finally, we summarize the current limitations and directions that future research
should have regarded Beauveria spp. as a dual biological control agent.

Key Words: Endophyte fungus, Entomopathogenic fungus, Pests, Biocontroller, PGP, Beauveria
bassiana.
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Introduction

The applications of B. bassiana are broad in
Integrated Pest Management (IPM), as they
can encompass fields ranging from agriculture
(Ranesi et al., 2024; Afandhi et al., 2023; lida
et al., 2023), food production (Amobonye et
al., 2022; Gutiérrez-Roman et al., 2022) and
even the field of medicine, through the control
of vector insects that transmit diseases to the
population (Pirmohammadi et al., 2023;
Tawidian et al., 2023; Vivekanandhan et al.,
2022).

Many species of the genus Beauveria are
morphologically similar, leading to the
formation of complexes such as the B.
bassiana complex and the B.
subscarabaeidicola complex, which are
composed of species such as B.
subscarabaeidicola, B. songmingensis, B.
polyrhachicola, B. caledonica, B. blattidicola,
among others (Wang et al., 2022), the most
notable advantages these fungi offer to plants
are protection against endophytic pathogens
such as bacteria and phytopathogenic fungi,
such as Fusarium, Epicoccum sp., Alternaria
burnsii, (Pachoute et al., 2024), Botrytis
cinérea (Sui et al., 2023), etc. B. bassiana it is
a generalist entomopathogenic fungus that
initiates its cycle by penetrating the hard
chitinous cuticle of insects, producing
secondary metabolites directly in the
hemocoel, which causes the death of the
insect (Pedrini, 2022).

Aspects such as host compatibility and severe
environmental variations can lead to a loss in
the viability of fungal conidia (Quesada-
Moraga et al., 2024); this is why it is necessary
to standardize the processes for the mass
production of entomopathogenic fungi as
biocontrol agents (Jaronski, 2023).

Entomopathogenic fungi like B. bassiana
research has been mainly directed to develop
them as biological control agents for insects,
the great potential of this fungus in pest control
has been widely demonstrated (Swathy et al.,
2024; Liu et al., 2023; Pirmohammadi et al.,
2023; Tawidian et al., 2023; Wakil et al., 2023;
Chouikhi et al.,, 2022; Idrees et al.,, 2022;
Vivekanandhan et al., 2022; Wang et al.,
2022; Zhang et al., 2022), even though it is
effective on its own, it has been found that
symbiosis  with bacteria  such as
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Pseudomonas spp., promotes the vegetative
growth of the fungus, accelerating the
mortality of infected insects (Liu et al., 2023).

Although its most common use is as a
biopesticide (Pedrini et al., 2024), it is
considered a potential source of research from
the metabolomics and transcriptomics
perspective, which will allow the identification
of metabolites synthesized by the fungus,
potentially useful in numerous aspects across
various fields of knowledge (Fei et al., 2024).

This article reviews the available literature on
the potential of the entomopathogenic fungal
Beauveria spp. as biological pest insect
controller and its endophytic colonization in
different plants, The European Commission
has recently published a report on the impact
of the Community’s agricultural policy on the
Mediterranean. In addition, it describes the
control mechanisms used by fungal
entomopathogen as pest insect controller and
diseases of agricultural plants and discusses
the interactions of Beauveria spp. as
endophyte with other endophytes. Finally,
current research and future research direction
to potentially use Beauveria spp. as a dual
biological control agent are discussed and
concluded. For this reason, a review divided
by item is presented below about the
Beauveria spp. as a dual biological control
agent in agricultural crops.

Beauveria spp. and biological pest

control insects

The cosmopolitan species of Beauveria are
particularly suitable as possible biological
control agents for insect pests, this is because
its range of hosts is extremely diverse, can be
produced in mass easily and has an
extraordinary mechanism in the process of
pest insect infection (Blond et al., 2018).

Among the research known is the colonization
of B. bassiana allowed the reduction of
damage caused by trappers and lepidoptera
stems in corn (Bruck & Lewis, 2002), Banana
Gorgon (Luo et al., 2015; Akello et al., 2008),
the fruit worm of the tomato Helicoverpa zea
(Abdul et al.,, 2015), the cutting ant Atta
cephalotes (Lépez & Orduz, 2002), the corn
stalk sweeper Sesamia nonagrioides (Verma,
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2014), the onion thrips, the cotton worm
(Castillo & Sword, 2015), among others.
Additionally, the control exerted on insect
species that damage tea crops has been
demonstrated (Bhattacharyya et al., 2023). To
prevent resistance to insecticides, it has been
opted to use a combination of insecticide
doses with B. bassiana doses in both field and
laboratory conditions. As mentioned by Wakil
et al. (2022), they used concentrations of
fipronil with B. bassiana to test its insecticidal
effect on beetles such as Rhyzopertha
dominica, Tribolium castaneum, Sitophilus
granaries, and Trogoderma granarium,
obtaining higher mortality in formulations with
fipronil and B. bassiana, temperature
influenced the results, as the highest mortality
was reached at 30°C, with R. dominica being
the most susceptible. On the other hand, B.
brongniartii has also been tested for the
control of two hemipterans, Rhopalosiphum
padi and Sitobion miscanthi, which damage
wheat crops in China, causing high mortality
starting from day three in both larvae and
adults (Tian et al., 2024).

Coffee (Coffea arabica) has been threatened
by diseases such as coffee berry borer caused
by the beetle Hypothenemus hampei, in which
infected fruits were treated with B. bassiana,
achieving 100% mortality (Krutmuang et al.,
2023). The potato (Solanum tuberosum) crop
is also affected by pest insects, with the most
important being Phthorimaea operculella, a
moth that feeds inside the plants, making its
control difficult. Good results have been
obtained in contrg'tinn #hin inannt ninina nataia
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plants infected with B. bassiana (Eltair et al.,
2024; Zhang et al., 2023a; Zhang et al 2022).
From a different perspective, highlighting the
entomopathogenic characteristic previously
mentioned of the fungus, the mycoproteins of
B. bassiana can be derived from a substrate
composed of insects such as Eurysacca
melanocampta and H. hampei, transforming
them into more proteins for utilization in the
food industry (Gutiérrez-Roman et al., 2022).

There are studies that test the larvicidal
activity using the metabolites directly
produced by B. bassiana. An example is the
metabolites extracted from the fungus against
Tuta absoluta, causing 80% mortality at 24
and 48 hours after treatment with these
compounds (Vivekanandhan et al., 2024). It
has been shown that the metabolites a-
solanine, 5-0O-caffeoylshikimic acid,
clerodendrin A, and peucedanin have
insecticidal activity, as plants infected with B.
bassiana overexpress these metabolites,
providing protection to tomato plants against
Bemisia tabaci (Wang et al., 2023).

Mechanism of action

The development of Beauveria disease
towards the insect pest is divided into three
phases: (1) adhesion and germination of the
spore of the entomopathogenic fungus in the
cuticle of the insect, (2) hemocele penetration
and (3) hemocele replication (Jaber &
Alananbeh, 2018; Guesmi-jouini et al., 2014;
Krasno et al., 2014) (Figure 1).

B) Germination and
fungal penetration into
the insect

C) Mycosis by yeast-

like in hemocoel /

Figure 1. Development of B. bassiana in insects. (Jaber & Alananbeh, 2018; Guesmi-jouini et al., 2014; Krasno et al., 2014).

BioTecnologia, Afio 2025, Vol. 29 No.1

10



Articulos

Created in BioRender. Reyes-Silva, R. (2024) https://BioRender.com/s58x425.

(1) Adhesion and germination of the spore
After the spores have been dispersed by biotic
or abiotic factors, they can enter the insect
through the mouth, spiracles, anus, or its
surface. Once attached, a set of enzymes is
released to infiltrate the insect. (Altinok et al.,
2019). Germination (Figure 1) is a process by
which a spore emits one or more small
germinative tubes that, as they grow and
lengthen, give rise to hyphae, this process
depends on the conditions of humidity and
ambient temperature. The success of
germination and penetration does not depend
on the percentage of germination but on the
time of the duration of germination, the mode,
aggressiveness of the fungus, type of spore
and host susceptibility (Guesmi-jouini et al.,
2014).

(2) Penetration into the hemocele

The penetration process is possible thanks to
a combination of physical and chemical
mechanisms. The physical mechanism is
given by the pressure exerted by the haustory
which first deforms the cuticular layer then
breaking up the sclerosed and membranous
areas of the cuticle (Figure 1). The chemical
mechanism consists, on the other hand, in the
enzymatic action mainly of hydrolytic activities
such as protease, lipase and chitinase, which
degrade the tissue in the area of penetration
facilitating the entrance of the fungus; another
mechanism used by fungal entomopathogens
such as Beauveria to penetrate the hemocele
is the oral cavity, spiracles and other external
openings of the insect. (Jaber & Alananbeh,
2018).

(3) Replication in the hemocoel

When the spores of entomopathogenic fungi
reach the hemocele, most of them make a
dimorphic transition from mycelium to yeast.
Mycosis induces abnormal physiological
symptoms in the insect such as convulsions,
lack of coordination, altered behaviors and
paralysis. Death occurs due to a combination
of effects including physical tissue damage,
toxicosis, dehydration of cells by loss of fluid
and nutrient consumption (Quiroz et al., 2008).
Also, it has been observed that to prevent the
attack of the insect’s immune system, fungi
often do without cell wall formation and
develop as protoplasts, avoiding recognition
by circulating hemocytes in the hemocele,
when the nutrients from the insect, particularly

BioTecnologia, Afio 2025, Vol. 29 No.1

the nitrogen sources, become depleted, the
yeast-like phases resume their mycelial
growth (Figure 1) (Krasno et al., 2014).

Beauveria and its function as a

benefical endophyte

The term endophyte refers to microorganisms
that colonize the interior of plant tissues
without causing apparent damage to host
plants. Endophyte fungi have been found in all
types of plants, from those living in the arctic
to the tropics, as well as in agricultural fields
(Sanchez-Fernandez et al., 2013). One of the
main investigations on the introduction of the
entomopathogenic  fungus Beauveria is
presented by Lewis and Cossentine in 1986;
where B. bassiana was established as an
endophyte after aqueous application to the
maize plants Zea may L. (Poaceae), for the
suppression of the European corn sweeper
Ostrinia  hubialis (HUbner) (Lepidoptera:
pyradilae) throughout the season (Verma,
2014).

B. bassiana has been extensively studied for
the symbiosis it forms when infecting hosts of
agro-industrial importance, thus improving
their performance. An example of this is the
increased size of tomatoes (Solanum
lycopersicum), which are larger in plants
colonized with B. bassiana than in plants
without the fungus (Sui et al., 2023). Similarly,
it has been tested in melon (Cucumis melo)
and strawberry (Fragaria sp.) crops, even
achieving infection rates of 100% in tissues of
both pot and field crops, providing resistance
against pests such as moths, mites,
hemipterans, among others (Mantzoukas et
al., 2022). Other investigations where B.
bassiana has been reported as endophyte are
that of (Guesmi-jouini et al., 2014) where it
was shown that ten days were sufficient to
confirm that B. bassiana could be established
endophytic in the artichoke Cynara scolymus.
In sugarcane, B. bassiana was shown to
endophytically colonize this agricultural plant
and improve root establishment (Kasambala
et al., 2018).

Beauveria spp. has also been shown to have
dual biological control in the bean, naturally
occurring in soil and plant; allowing the control
of the insect Piezodorus guildinii and as a
natural endophyte of the common bean plant
Phaseolus vulgaris (Ramos et al., 2017). On
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the other hand, (Castle & Sword, 2015)
provided evidence that B. bassiana and
Metharizum brunneum can effectively inhibit
the growth of several Furasium species that
cause root rot in cotton plants and (Greenfield
et al., 2016) demonstrated that B. bassiana
and M. anisopliae can control the disease
causing whitefly Aleurotrachelus socialis and
the same in the yucca plant, obtaining that B.
bassiana has the highest levels of colonization
in plants and exerts a better control on the
diseases of the same (84% control).

The dual effect of B. bassiana has been
demonstrated in both promoting growth in
plants and providing protection against pests
in crops (Figure 2), such as melon (C. melo),
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strawberry (Fragaria sp.) (Mantzoukas et al.,
2022), tomato (S. lycopersicum) (Sui et al.,
2023; Zheng et al., 2023), sugar beet (Beta
vulgaris L) (Darsouei et al., 2024); it has been
tested against the Asian corn borer O.
furnacalis, achieving good results in biomass
and protection against the borer (Sui et al.,
2024b). Similarly, the resistance to abiotic
stress in plants with B. bassiana has been
tested, improving drought tolerance in tomato
plants (Guo et al.,, 2024). It also induces
resistance in potato plants against salt stress,
showing higher tolerance when infected with
B. bassiana compared to the controls
(Tomilova et al., 2023).

C} The fungus releases
\\ beneficial metabolites for the:
+ plant in exchange for sugars

g ® and other nutrients

and diseases

Figure 2. Dual effect of B. bassiana on plants (Swathy et al., 2024; Tawidian et al., 2023; Idrees et al., 2022; Zhang et al.,
2022). Created in BioRender. Reyes-Silva, R. (2024) https://BioRender.com/s58x425.

Other research shows that Beauveria spp. has
been the most studied entomopathogenic
fungus as endophyte for disease control in
plants demonstrating its good response in
agricultural crops of tobacco (Nicotiana
tabacum) (Taylor et al., 2014), pumpkin
(Curcubita sp.) (Jaber & Salem, 2014), millet
(Panicum miliaceum)(Reddy et al., 2009),
tomato (S. lycopersicum) (Abdul et al., 2015),
sweet pepper (Capsicum annuum) (Kumar et
al.,, 2016), banana (Musa paradisiaca L)
(Akello et al., 2008) coffee (C. arabica) (Vega
et al., 2010), among others.
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Promotion of host plant
Beauveria

Crops are always exposed to biotic factors,
which is why it was necessary to develop a
defense system against threats such as
bacteria, viruses, fungi, insects, herbivores,
among others, which can represent potential
diseases leading to death (Ngou et al., 2022a).
The immune system in plants is based on
Pattern Recognition Receptors (PRRs), which
are extracellular, and Nucleotide Binding
Leucine-Rich Receptors (NLRs), which are
intracellular. The activation of these receptors
triggers an immune response that in turn
produces metabolites such as phytohormones
and reactive oxygen species (ROS) to defend

immunity by
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against infection or damage (Ngou et al.,
2022b). In the search for the role of B.
bassiana in improving the immune system of
host plants, it was found that they directly act
on the production and control of reactive
oxygen species (ROS).

The symbiosis between endophytic fungi and
plants leads to a significant improvement in
defense against endophytic pathogens,
enhancing the plant's immune system. It has
been shown that the colonization of B.
bassiana in tomato plants increases the
production of reactive oxygen species (ROS)
(Gupta et al., 2022). Similarly, infections by the
pathogen B. cinerea in tomato plants also
increase ROS production and, consequently,
oxidative stress in the plant. Plants colonized
with B. bassiana show higher production of
SOD-type enzymes that reduce oxidative
stress caused by ROS (Proietti et al., 2023).

Beauveria control mechanism in
agricultural plant diseases

The function of endophytic fungi in host plants
is well known, as they not only protect against
insects but also against pathogenic
microorganisms that can cause diseases. Its
effect has been tested against B. cinerea,
inhibiting the growth of the pathogen (Sui et
al., 2022), as well as against F. oxysporum
(Nchu et al., 2022), fungi that cause significant
diseases in crops such as tomatoes (S.
lycopersicum) and grapes (Vitis vinifera). It
has also been tested in ornamental and food
crops like sunflower against the disease
caused by Sclerotinia sclerotiorum,
significantly suppressing this pest (Sui et al.,
2024a). The following outlines the role of B.
bassiana in phytopathological diseases.

(1) Direct suppression of plant pathogens
Entomopathogenic fungi such as Beauveria
when acting as endophytes can directly
suppress plant pathogens through
mycoparasitism. Mycoparasitism is mainly
characterized by forming hyphae wrapped
around the host fungus’s hyphae (Quiroz et
al., 2008). The colonization of Beauveria
occurs through plant tissues involving host
recognition, spore germination, the
penetration of the plant surface and the
colonization of tissues (Mendiola-soto & Heil,
2014). Once Beauveria as endophyte
colonizes the plant, it occupies a niche by
depleting the nutritional resources of the plant
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without leaving any available for the plant
pathogen. Moreover, antibiosis is produced by
secondary  metabolites; these  confer
protection against plant pathogens that cause
diseases and insect pests (Ownley et al,
2010).

In vivo inoculations of B. bassiana in plants
have been conducted to test its antiparasitic
effect. Sui et al. (2023) found that in tomato
plants grown in pots and in the field, once
inoculated with B. bassiana and exposed to B.
cinerea, the plants that showed the smallest
lesions on their leaves were the experimental
plants, both in pots and in the field. The effect
of B. bassiana against the cucumber mosaic
virus in cucumber plants has also been
studied, observing that the virus can alter the
plant's metabolites to enhance its infection.
The use of the fungus mitigates the negative
effect on the plant and inhibits the virus
(Shaalan et al., 2022).

Some viruses, such as the beet yellowing
virus, appear to not be inhibited by B.
bassiana, but it somewhat reduces the viral
load and protects against the aphid Myzus
persicae, the main vector of the virus
(Dessauvages et al., 2024). Studies have
been conducted on the effect of B. bassiana
with beneficial soil bacteria and some that are
symbiotic  with the fungus, showing
compatibility with bacteria such as Bacillus
subtilis (Kramski et al., 2023). However, it has
also been shown to have a bactericidal effect
against Xanthomonas euvesicatoria (Gupta et
al., 2022). Positive results have also been
obtained against Pseudomonas aeruginosa,
P. fluorescence, X. campestris and
Clavibacter michiganensis (Camele et al.,
2023).

(2) Induction of systemic plant resistance.
Induced systemic resistance is an important
plant defense mechanism against a wide
range of plant pathogens and insect pests
(Pieterse et al., 2014). This defense
mechanism allows to reduce the symptoms of
the disease in parts of the plant away from the
site where the inducer is active. Systemic
resistance induced has been demonstrated in
cotton seedlings inoculated with strain 11-98
of B. bassiana which was soaked in the plant
root and followed by folia attack of
Xanthomonas sp., 13 days later. Significant
reduction in disease was obtained for plants
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not inoculated with B. bassiana (Ownley et al.,
2010; Griffin, 2007). Suppression or delay in
the development of symptoms is also
considered a mechanism of SRI, this was
evidenced in zucchini (C. pepo) plants
colonized by several strains of B. bassiana
(Jaber & Salem, 2014) where plants
inoculated with the  entomopathogen
presented a low rate of viral multiplication
compared to those that were not inoculated.

Systemic resistance in plants induced by
Beauveria spp. has been demonstrated in
multiple studies (Eltair et al., 2024; Sui et al.,
2023; Tomilova et al., 2023; Bhattacharyya et
al., 2023; Tomilova et al., 2023; Zhang et al.,
2023a; Mantzoukas et al., 2022; Zhang et al.,
2022), this resistance provides an advantage
to the host plants, as they exhibit greater
resistance to biotic (Dessauvages et al., 2024;
Kramski et al., 2023; Shaalan et al., 2022) and
abiotic factors (Guo et al., 2024; Tomilova et
al.,, 2023) when infected with B. bassiana
compared to those that are not (Sui et al.,
2024a), demonstrating its potential as a
beneficial endophyte in integrated pest,
vector, and disease management in plants
(Abd ElI-Wahab et al., 2023; de Oliveira et al.,
2023; Yasin et al., 2022; Zamora-Aviles et al.,
2022; Chouikhi et al., 2022).

(3) Promotion of plant growth

Another mechanism used by fungal
entomopathogens as endophytes is the
protection of their host plant through improved
plant growth (Gana et al., 2022). Fungal
entomopathogens have been shown to
promote plant growth after endophyte
establishment thus avoiding abiotic and biotic
stress (Liu et al., 2022). Example of promoting
plant growth is found in pumpkin (Curcubita
sp.) plants colonized with B. bassiana against
ZYMV (Kesh & Yadab, 2023; Jaber & Salem,
2014) which not only reduced the disease but
also proved more vigorous and developed
faster. The same has been demonstrated with
plants exposed to F. solani (Deng et al., 2018)
showed healthy growth and lower disease
rates compared to plants not colonized.

It should also be noted that the inoculation of
plants with fungal entomopathogens has
induced proteins related to photosynthesis
and energy metabolism, which leads to
increased plant growth and disease resistance
(Gébmez-Vidal, 2009). The improved growth
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can also be attributed to the production of
phytohormones as in the case of B. bassiana
which produces siderophores under iron
depletion culture conditions (Jirakkakul et al.,
2014; Krasno et al., 2014). Finally, it should be
noted that the ability of several species of
fungal entomopathogens such as B. bassiana,
B. brongniartii and M. brunneum depend on
the method used for inoculating plants with the
strains of fungi or the combination thereof.

Similarly, the promotion of plant growth
produced by B. bassiana can explain the
resistance to various types of abiotic stress,
such as salinity, as it can stimulate the
production of phytohormones, antioxidants,
flavonoids, photosynthetic pigments, among
others  (Abdelhameed et al., 2024,
Papantzikos et al., 2024; Akter et al., 2023).
Furthermore, this fungus can be leveraged to
increase yields in vegetable crops such as
tomatoes (S. lycopersicum), onions (Allium
cepa), potatoes (C. tuberosum), corn (Z. may),
cucumbers (C. sativus), peppers (Capsicum
spp.), among others (Eltair et al., 2024;
Mohammed et al., 2024; Russo et al., 2023;
Saragih, 2023; Zhang et al., 2023a; Gana et
al., 2022; Liu et al., 2022; Shaalan et al., 2022;
Zhang et al., 2022).

Current limitations and future

studies

Although there are not many studies, some
resistance presented by insects against B.
bassiana has been found. Gao et al. (2022)
discovered that young larvae of Spodoptera
frugiperda produce protective and detoxifying
enzymes against B. bassiana infections, which
are characteristic of the early larval stages,
potentially conferring resistance to the larvae
against the fungus’s infection mechanisms.
Also, S. frugiperda produces antimicrobial
peptides such as lepidopterin, which can
inhibit B. bassiana spores (Qi et al., 2024).
Some insects, like the beetle T. castaneum,
secrete defensive compounds against
pathogens, allowing them to inhibit the
development of B. bassiana (Davyt-Colo et al.,
2022).

The efficacy of metabolites extracted from
Beauveria spp. has been tested, proving to be
more stable than the fungi themselves, making
it a promising tool against resistance
developed by some insects to the fungus, as
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these insects depend on environmental
conditions for development (temperature,
humidity, UV light) (Kramski et al., 2023).
Good results have been obtained using
extracts of Achyrocline satureioides and B.
bassiana against Rhipicephalus microplus,
causing high mortality in both larvae and
adults. However, when the extracts were used
together with B. bassiana, 100% mortality was
achieved (Fantatto et al., 2022). Kim et al.
(2024) extracted and identified 8 metabolites
(bassianin, bassianolide, beauvericin,
beauveriolide |, enniatin A, Al, and B, and
tenellin) present in the infection of Tenebrio
molitor by B. bassiana using UPLC-Q-Orbitrap
MS, with the main ones being bassianolide
and beauvericin, which are promising for
biopesticide development. Metabolites from B.
bassiana have also been obtained through
fermentation, including oosporein, which was
able to inhibit spores of Gibberella
moniliformis (Avila-Hernandez et al., 2022).

In the same way, it may occur that some crops
are not compatible with the plant, despite the
search for sustainable alternatives like
inoculation with B. bassiana. An example is
the search for pest resistance in the canola
crop, Brassica napus, infected with B.
bassiana, which resulted in longer germination
times compared to the controls. However, it
stimulated the production of flavonoids (Muola
et al., 2024).

Future studies on the metabolism of B.
bassiana that will focus on omics sciences
(genomics, metabolomics, proteomics,
transcriptomics, etc.) (Biswas et al., 2024; Wei
et al., 2024; Hou et al., 2023; Mannino et al.,
2023; Li et al., 2023a; Li et al., 2023b; Litwin et
al., 2023; Sun et al., 2023; Zhang et al., 2023b;
Guan et al., 2022; Li, 2022; Lin et al., 2022)
will be key in understanding the genes and
proteins involved in host infection, pathogen
and disease protection, plant growth
promotion, and the search for biotechnological
metabolites of interest for the production of
bioformulations that replace agrochemical
products used in integrated pest management,
which cause severe damage to the ecosystem
and human health.

Conclusions

Entomopathogenic fungi are a unique and
highly specialized group in pest insect control.
Although there are more than 700 species of
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fungal entomopathogens (Angelone &
Bidochka, 2018), most of the mushrooms sold
are concentrated in the Beauveria species,
Metarthizium, Isaria and Lecanicillium. In the
case of Beauveria, the species on which the
research is concentrated are B. bassiana and
B. brongniartii (Vega et al., 2009) This leads to
the conclusion that a better understanding of
the ecology of this species would allow for the
expansion of the development and uptake of
dual biological control in conventional
agriculture. Being B. bassiana a cosmopolitan
species, it exhibits great genetic diversity (Li et
al., 2023a; Li et al.,, 2022), which in turn
facilitates the acquisition of strains through
isolates from infected insects from various
regions, with different adaptations to various
pathogens and plant pests (Tian et al., 2024;
Ranesi et al., 2024; Sun et al., 2023; Idrees et
al., 2022).

Entomopathogens like endophytes are
becoming a potential group of microbial
biological control as could be observed in the
collection of some studies carried out in this
review. The use of Beauveria as a treatment
for seeds introduced at an early stage of plant
development allows to obtain a higher result in
dual biological control, overcoming several
inherent problems such as damage from UV
radiation, reduced humidity and excessive
precipitation (Pachoute et al., 2024; Muola et
al., 2024; Akter et al., 2023; Posada & Vega,
2006).

The extent and persistence of endophytic
fungal colonization within plants can be
improved by repeated application of the
microbial agent through foliar spraying or
soaking in the soil The European Commission
(Eltair et al., 2024; Mantzoukas et al., 2022;
Jaber & Ownley, 2018). Finally, the challenge
as researchers is to pave the way for the full
potential of fungal entomopathogens as
endophytes for integrated multiple pest
management. However, several problems
must be addressed mainly related to the
consistency of plant colonization (Muola et al.,
2024), subsequent endophytic protection (Guo
et al., 2024; Eltair et al., 2024; Muola et al.,
2024; Bhattacharyya et al.,, 2023), the
resistance of some insects to Beauveria spp.
(Qi et al., 2024; Davyt-Colo et al., 2022; Gao
et al., 2022), the compatibility of host plants
with the fungus (Muola et al., 2024), the
symbiosis with endophytic and beneficial soil
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2008), 27-34.

bacteria (Muola et al., 2024; Kramski et al.,
2023; Liu et al., 2023); along with the
development of new tools in the field of omics
sciences, will provide a better understanding
of the genes that regulate the proteins
involved in the fungus metabolism, enabling
the acquisition of biotechnologically relevant
metabolites (Biswas et al., 2024; Litwin et al.,
2023; Guan et al., 2022; Li, 2022).

References

Abd El-Wahab, A. S. E. D., Nada, M. S., EI-
Shazly, M. A., Galal, A., & Amin, H. A. (2023).
Effect of the entomopathogenic fungus,
Beauveria bassiana inhibiting  whitefly
transmission of squash leaf curl virus infecting
squash. Egyptian Journal of Biological Pest
Control, 33(1), 64.

Abdul, M., Wakil, W., Jalal, M., Talib, S., &

Dunlap, C. A. (2015). Infection of Helicoverpa

armigera by endophytic Beauveria bassiana

colonizing tomato plants. Biological control,

90, 200-207.

https://doi.org/10.1016/j.biocontrol.2015.04.0
05.

Afandhi, A., Rachmawati, R., Syib’li, M. A., &
Zain, H. A. U. (2023). Performance and
virulence of the entomopathogenic fungi
Beauveria bassiana grown in media derived
from biodegradable agricultural wastes
enriched with cricket powder. AGRIVITA
Journal of Agricultural Science, 45(2), 261-
270.

Akello, J., Dubois, T., Coyne, D., &
Kyamanywa, S. (2008). Endophytic Beauveria
bassiana in banana (Musa spp.) reduces
banana weevil (Cosmopolites sordidus)
fithess and damage. Crop Protection, 27(11),
1437-1441.
https://doi.org/10.1016/j.cropro.2008.07.003.

Akter, T., Mimma, A. A., Haque, M. A,,
Hossain, M. M., Ghosh, T. K., Zinan, N., &
Islam, S. M. N. (2023). Seed priming with
Beauveria bassiana improves growth and salt
stress response in rice. Environmental and
Experimental Botany, 213, 105427.

Alarcon, A., Encarnacion, M., & Hernandez, L.
(2008). Antagonismo in vitro de cepas de
Aspergillus y Trichoderma hacia hongos
filamentosos que afectan el cultivo de ajo.
Revista Mexicana de Micologia, 26 (January

BioTecnologia, Afio 2025, Vol. 29 No.1

Altinok, H. H., Altinok, M. A., & Koca, A. S.
(2019). Modes of action of entomopathogenic
fungi. Current Trends in Natural

Sciences, 8(16), 117-124.

Amobonye, A., Bhagwat, P., Ruzengwe, F. M.,
Singh, S., & Pillai, S. (2022). Pear juice
clarification using polygalacturonase from
Beauveria bassiana: Effects on rheological,
antioxidant and quality properties. Polish
Journal of Food and Nutrition Sciences, 72(1),
57-67.

Angelone, S., & Bidochka, M. J. (2018).
Diversity and abundance of
entomopathogenic fungi at ant colonies.
Journal of Invertebrate Pathology, 156 (July),
73-76.
https://doi.org/10.1016/j.jip.2018.07.009.

Avila-Hernandez, J. G., Aguilar-Zarate, P.,
Carrillo-Inungaray, M. L., Michel, M. R., Wong-
Paz, J. E., Mudiz-Méarquez, D. B., ... &
Martinez-Avila, G. C. G. (2022). The
secondary metabolites from Beauveria
bassiana PQ2 inhibit the growth and spore
germination of Gibberella moniliformis

LIA. Brazilian Journal of Microbiology, 53(1),
143-152.

Bhattacharyya, P. N., Sarmah, S. R., Roy, S.,
Sarma, B., Nath, B. C., & Bhattacharyya, L. H.
(2023). Perspectives of Beauveria bassiana,
an entomopathogenic fungus for the control of
insect-pests in tea (Camellia sinensis L.) O.
Kuntze]: opportunities and

challenges. International Journal of Tropical
Insect Science, 43(1), 1-19.

Biswas, C., Dey, P., Ramesh Babu, V., Alam,
N. M., & Mandal, A. K. (2024). Transcriptome
analysis revealed endophytic Beauveria
bassiana triggered methyl jasmonate pathway
associated with resistance against stem
weevil (Apion corchori). Archives of
Phytopathology and Plant Protection, 57(8),
588-602.

Blond, C. L. H., Ridgway, H. J., Brownbridge,
M., Chapman, R. B., Condron, L. M., Saville,
D. J.,, & Glare, T. R. (2018). Non-host larvae
negatively impact persistence of the

entomopathogen Beauveria bassiana in soil.
Journal of Invertebrate Pathology, 156 (July),

16



Articulos

immunity. Parasites & vectors, 16(1), 17.

19-28.
https://doi.org/10.1016/j.jip.2018.07.001.

Bruck, D. J., & Lewis, L. C. (2002). Rainfall and
crop residue effects on soil dispersion and
Beauveria bassiana spread to corn, 20, 183—
190.

Camele, I., Sadeek, S. A., Racioppi, R., &
Elshafie, H. S. (2023). Antimicrobial activity of
diffusible and volatile metabolites emitted by
Beauveria bassiana: Chemical profile of
volatile organic compounds (VOCs) Using
SPME-GC/MS analysis. Plants, 12(15), 2854.

Castillo, D., & Sword, G. A. (2015). The
endophytic fungal entomopathogens
Beauveria bassiana and Purpureocillium
lilacinum enhance the growth of cultivated
cotton (Gossypium hirsutum) and negatively
affect survival of the cotton bollworm
(Helicoverpa zea). Biological Control, 89, 53—
60.
https://doi.org/10.1016/j.biocontrol.2015.03.0
10.

Chouikhi, S., Assadi, B. H., Lebdi, K. G., &
Belkadhi, M. S. (2022). Efficacy of the
entomopathogenic fungus, Beauveria
bassiana and Lecanicillium muscarium
against two main pests, Bemisia tabaci
(Genn.) and Tetranychus urticae (Koch),
under geothermal greenhouses of Southern
Tunisia. Egyptian Journal of Biological Pest
Control, 32(1), 125.

Darsouei, R., Karimi, J., & Stelinski, L. L.
(2024). Endophytic colonization of sugar beet
by Beauveria varroae and Beauveria bassiana
reduces performance and host preference in
army worm, Spodoptera littoralis. Crop
Protection, 175, 106441.

Davyt-Colo, B., Girotti, J. R., Gonzélez, A., &
Pedrini, N. (2022). Secretion and detection of
defensive compounds by the red flour beetle
Tribolium castaneum interacting with the
insect pathogenic fungus Beauveria
bassiana. Pathogens, 11(5), 487.

de Oliveira Barbosa Bitencourt, R., Corréa, T.
A., Santos-Mallet, J., Santos, H. A.,
Lowenberger, C., Moreira, H. V. S., & da Costa
Angelo, I. (2023). Beauveria bassiana
interacts with gut and hemocytes to
manipulate Aedes aegypti

BioTecnologia, Afio 2025, Vol. 29 No.1

Deng, J. J., Huang, W. Q., Li, Z. W., Lu, D. L.,
Zhang, Y., & Luo, X. chun. (2018). Biocontrol
activity of recombinant aspartic protease from
Trichoderma harzianum against pathogenic
fungi. Enzyme and Microbial Technology, 112
(February), 35—42.
https://doi.org/10.1016/j.enzmictec.2018.02.0
02.

Eltair, A. S., Abd-El Rahman, I. E., & Ibrahim,
A. A. (2024). Efficacy of certain
entomopathogenic fungi for controlling the
potato tuber moth Phthorimaea operculella
(Lepidoptera: Gelechiidae) under field
conditions in Beheira Governorate,

Egypt. Egyptian Journal of Plant Protection
Research Institute, 7(2), 188-198.

Fantatto, R. R., Gainza, Y. A., Figueiredo, A.,
Sorrechia, R., Chagas, A. C. D. S., & Pietro,
R. C. L. R. (2022). The association of extracts
of Achyrocline satureioides and the fungus
Beauveria bassiana against the tick
Rhipicephalus microplus. Experimental and
Applied Acarology, 87(4), 351-363.

Fei, H., Cui, J., Zhu, S., Xia, Y., Xing, Y., Gao,
Y., & Shi, S. (2024). Integrative Analyses of
Transcriptomics and Metabolomics in Immune
Response of Leguminivora glycinivorella Mats
to Beauveria bassiana

Infection. Insects, 15(2), 126.

Gana, L. P., Etsassala, N. G., & Nchu, F.
(2022). Interactive Effects of Water Deficiency
and Endophytic Beauveria bassiana on Plant
Growth, Nutrient Uptake, Secondary
Metabolite Contents, and Antioxidant Activity
of Allium cepa L. Journal of Fungi, 8(8), 874.

Gao, Y. P., Luo, M., Wang, X. Y., He, X. Z., Lu,
W., & Zheng, X. L. (2022). Pathogenicity of
Beauveria bassiana PfBb and immune
responses of a non-target host, Spodoptera
frugiperda (Lepidoptera:

Noctuidae). Insects, 13(10), 914.

Gobmez-Vidal, S. (2009). Proteomic analysis of
date palm (Phoenix dactylifera L.) responses
to endophytic colonization by
entomopathogenic fungi. Enzyme and
Microbial Technology, 2996-3005.
https://doi.org/10.1002/elps.200900192.
Greenfield, M., Gdmez-jiménez, M. I., Ortiz,

17


https://doi.org/10.1016/j.biocontrol.2015.03.0
https://doi.org/10.1016/j.enzmictec.2018.02.0

Articulos

V., Vega, F. E., Kramer, M., & Parsa, S.
(2016). Beauveria bassiana and Metarhizium
anisopliae endophytically colonize cassava
roots following soil drench inoculation.
Biological Control, 95, 40-48.
https://doi.org/10.1016/j.biocontrol.2016.01.0
02.

Griffin, M. R. (2007). Beauveria bassiana, A
Cotton Endophyte With Biocontrol Activity
Against Seedling Disease.

Guan, Y., Wang, D., Lin, X,, Li, X., Lv, C,,
Wang, D., & Zhang, L. (2022). Unveiling a
novel role of Cdc42 in pyruvate metabolism
pathway to mediate insecticidal activity of
Beauveria bassiana. Journal of Fungi, 8(4),
394.

Guesmi-jouini, J., Garrido-jurado, I., L6pez-
diaz, C., Halima-kamel, M. Ben, & Quesada-
moraga, E. (2014). Establishment of fungal
entomopathogens Beauveria bassiana and
Bionectria ochroleuca (Ascomycota :
Hypocreales) as endophytes on artichoke
Cynara scolymus. Journal of invertebrate
pathology, 119, 1-4.
https://doi.org/10.1016/}.jip.2014.03.004.

Guo, W., Lu, Y., Du, S., Li, Q., Zou, X., Zhang,
Z., & Sui, L. (2024). Endophytic Colonization
of Beauveria bassiana Enhances Drought
Stress Tolerance in Tomato via “Water
Spender” Pathway. International Journal of
Molecular Sciences, 25(22), 11949.

Gupta, R., Keppanan, R., Leibman-Markus,
M., Rav-David, D., Elad, Y., Ment, D., & Bar,
M. (2022). The entomopathogenic fungi
Metarhizium brunneum and Beauveria
bassiana promote systemic immunity and
confer resistance to a broad range of pests
and pathogens in

tomato. Phytopathology®, 112(4), 784-793.

Gutiérrez Roman, A. ., Laynes Zela, P. F.,
Acufia Payano, R. K., Nolasco Cardenas, O.
P., Santa-Cruz Carpio, C. M., & Leiva
Eriksson, N. R. (2022). Production of
Sustainable Proteins Through the Conversion
of Insects to Proteins Using Beauveria
bassiana Cultures. Frontiers in Sustainable
Food Systems, 5, 760274.

Hou, J., Zhang, H., Ding, J. L., Feng, M. G., &
Ying, S. H. (2023). Transcriptomic

BioTecnologia, Afio 2025, Vol. 29 No.1

investigation reveals a physiological
mechanism for Beauveria bassiana to survive
under linoleic acid stress. Iscience, 26(4).

Idrees, A., Afzal, A., Qadir, Z. A., & Li, J.
(2022). Bioassays of Beauveria bassiana
isolates against the fall armyworm,
Spodoptera frugiperda. Journal of Fungi, 8(7),
717.

lida, Y., Higashi, Y., Nishi, O., Kouda, M.,
Maeda, K., Yoshida, K., & Kubota, M. (2023).
Entomopathogenic fungus Beauveria
bassiana—based bioinsecticide suppresses
severity of powdery mildews of vegetables by
inducing the plant defense

responses. Frontiers in Plant Science, 14,
1211825.

Jaber, L. R., & Alananbeh, K. M. (2018).
Fungal entomopathogens as endophytes
reduce several species of Fusarium causing
crown and root rot in sweet pepper (Capsicum
annuum L.). Biological Control, 126 (May),
117-126.
https://doi.org/10.1016/].biocontrol.2018.08.0
07.

Jaber, L. R., & Ownley, B. H. (2018). Can we
use entomopathogenic fungi as endophytes
for dual biological control of insect pests and
plant pathogens? Biological Control, 116, 36—
45,
https://doi.org/10.1016/].biocontrol.2017.01.0
18.

Jaber, L. R., & Salem, N. M. (2014).
Endophytic colonisation of squash by the
fungal entomopathogen Beauveria bassiana
(Ascomycota : Hypocreales) for managing
Zucchini yellow mosaic virus in cucurbits.
Biocontrol Science and Technology,
(December 2014), 37-41.
https://doi.org/10.1080/09583157.2014.92337
9.

Jaronski, S. T. (2023). Mass production of
entomopathogenic fungi—state of the

art. Mass production of beneficial organisms,
317-357.

Jirakkakul, J., Cheevadhanarak, S., Punya, J.,
Chutrakul, C., Senachak, J., Buajarern, T.,
Amnuaykanjanasin, A. (2014). Tenellin acts as
an iron chelator to prevent iron-generated
reactive oxygen species toxicity in the

18


https://doi.org/10.1016/j.biocontrol.2016.01.0
https://doi.org/10.1016/j.biocontrol.2018.08.0
https://doi.org/10.1016/j.biocontrol.2017.01.0
https://doi.org/10.1080/09583157.2014.92337

Articulos

1085631.

entomopathogenic fungus Beauveria
bassiana, 1-19.

Kesh, H., & Yadav, S. (2023). Recent
advances in genetics and breeding of pumpkin
(Cucurbita moschata Duch.). The Journal of
Horticultural Science and

Biotechnology, 98(2), 141-158.

Kim, J. C., Hwang, I. M., Kim, H. M., Kim, S.,
Shin, T. S., Woo, S. D., & Park, H. W. (2024).
Rapid analysis of insecticidal metabolites from
the entomopathogenic fungus Beauveria
bassiana 331R using UPLC-Q-Orbitrap

MS. Mycotoxin Research, 40(1), 123-132.

Kramski, D. J., Nowinski, D., Kowalczuk, K.,
Kruszynski, P., Radzimska, J., & Greb-
Markiewicz, B. (2023). Beauveria bassiana
water extracts’ effect on the growth of
wheat. Plants, 12(2), 326.

Krasno, S. B., Keresztes, I., Donzelli, B. G. G.,
& Gibson, D. M. (2014). Metachelins,
Mannosylated and N - Oxidized Coprogen-
Type Siderophores from Metarhizium robertsii,
2-9.

Kumar, C. M. S., Jacob, T. K., Devasahayam,
S., Silva, S. D., & Nandeesh, P. G. (2016).
Characterization and virulence of Beauveria
bassiana associated with auger beetle
(Sinoxylon anale) infesting allspice (Pimenta
dioica). Journal of Invertebrate Pathology,
139, 67-73.
https://doi.org/10.1016/}.jip.2016.07.016.

Li, J. X. (2022). Genomic and transcriptomic
signatures of virulence and UV resistance in
Beauveria bassiana (Doctoral dissertation,
University of British Columbia).

Li, J. X., Fernandez, K. X., Ritland, C., Jancsik,
S., Engelhardt, D. B., Coombe, L., & Birol, I.
(2023a). Genomic virulence features of
Beauveria bassiana as a biocontrol agent for
the mountain pine beetle population. BMC
genomics, 24(1), 390.

Li, Y. H., Chang, J. C., Yen, M. R., Huang, Y.
F., Chen, T. H., Chen, L. H., & Nai, Y. S.
(2023b). Whole-genome DNA methylome
analysis of different developmental stages of
the entomopathogenic fungus Beauveria
bassiana NCHU-157 by nanopore
sequencing. Frontiers in Genetics, 14,

BioTecnologia, Afio 2025, Vol. 29 No.1

Litwin, A., Mironenka, J., Bernat, P., Sobon,
A., & Rézalska, S. (2023). Accumulation of
pyrethroids induces changes in metabolism of
the entomopathogenic fungus Beauveria
bassiana—Proteomic and lipidomic
background. Ecotoxicology and
Environmental Safety, 249, 114418.

Liu, M., Ding, J., & Lu, M. (2023). Influence of
symbiotic bacteria on the susceptibility of
Plagiodera versicolora to Beauveria bassiana
infection. Frontiers in Microbiology, 14,
1290925.

Liu, Y., Yang, Y., & Wang, B. (2022).
Entomopathogenic fungi Beauveria bassiana
and Metarhizium anisopliae play roles of
maize (Zea mays) growth promoter. Scientific
reports, 12(1), 15706.

Lépez Arismendy, E., & Orduz Peralata, S.
(2002). Metarhizium anisopliae y Trichoderma
viride controlan colonias de Atta cephalotes en
campo mejor que un insecticida quimico. Rev.
Colomb. Biotecnol., 4(574), 71-78.

Luo, F., Wang, Q., Yin, C., Ge, Y., Hu, F.,
Huang, B., Li, Z. (2015). Differential metabolic
responses of Beauveria bassiana cultured in
pupae extracts , root exudates and its
interactions with insect and plant. Journal of
invertebrate pathology, 130, 154-164.
https://doi.org/10.1016/j.jip.2015.01.003.

Mannino, M. C., Davyt-Colo, B., Huarte-
Bonnet, C., Diambra, L., & Pedrini, N. (2023).
Transcriptomic landscape of the interaction
between the entomopathogenic fungus
Beauveria bassiana and its tolerant host
Tribolium castaneum revealed by dual RNA-
seq. Scientific Reports, 13(1), 16506.

Mantzoukas, S., Daskalaki, E., Kitsiou, F.,
Papantzikos, V., Servis, D., Bitivanos, S., &
Eliopoulos, P. A. (2022). Dual action of
Beauveria bassiana (Hypocreales;
Cordycipitaceae) endophytic stains as
biocontrol agents against sucking pests and
plant growth biostimulants on melon and
strawberry field

plants. Microorganisms, 10(11), 2306.

Mendiola-soto, J. & Heil, M. (2014). from
resistance induction to disease facilitation.

19



Articulos

https://doi.org/10.1111/1574-6968.12454.

Mohammed, V. G., Matrood, A. A., Rhouma,
A., & Hajji-Hedfi, L. O. B. N. A. (2024). Efficacy
Of Beauveria bassiana and Trichoderma viride
against Bemisia tabaci (Hemiptera:
Aleyrodidae) on tomato plants. Journal of
Biological Control, 179-185.

Muola, A., Birge, T., Helander, M., Mathew, S.,
Harazinova, V., Saikkonen, K., & Fuchs, B.
(2024). Endophytic Beauveria bassiana
induces biosynthesis of flavonoids in oilseed
rape following both seed inoculation and
natural colonization. Pest Management
Science, 80(5), 2461-2470.

Nchu, F., Macuphe, N., Rhoda, I., Niekerk, L.
A., Basson, G., Keyster, M., & Etsassala, N.
G. (2022). Endophytic Beauveria bassiana
induces oxidative stress and enhances the
growth of Fusarium oxysporum-infected
tomato plants. Plants, 11(22), 3182.

Ngou, B. P. M., Ding, P., & Jones, J. D.
(2022a). Thirty years of resistance: Zig-zag
through the plant immune system. The Plant
Cell, 34(5), 1447-1478.

Ngou, B. P. M., Jones, J. D., & Ding, P.
(2022b). Plant immune networks. Trends in
plant science, 27(3), 255-273.

Ownley, B. H., Gwinn, K. D., & Vega, F. E.
(2010). Endophytic fungal entomopathogens
with activity against plant pathogens : ecology
and evolution, 113-128.
https://doi.org/10.1007/s10526-009-9241-X.

Pachoute, J., dos Santos, G. R., & de Souza,
D. J. (2024). Antagonistic effects of Beauveria
bassiana on seed-borne fungi of cowpea
(Vigna unguiculata). Biologia, 1-9.

Papantzikos, V., Mantzoukas, S., Eliopoulos,
P. A., Servis, D., Bitivanos, S., & Patakioutas,
G. (2024). Evaluation of Various Inoculation
Methods on the Effect of Beauveria bassiana
on the Plant Growth of Kiwi and on
Halyomorpha halys Infestation: A Two-Year
Field Study. Biology, 13(7), 470.

Pedrini, N. (2022). The entomopathogenic
fungus Beauveria bassiana shows its toxic
side within insects: Expression of genes
encoding secondary metabolites during

BioTecnologia, Afio 2025, Vol. 29 No.1

pathogenesis. Journal of Fungi, 8(5), 488.

Pedrini, N., Fernandes, E. K., & Dubovskiy, I.
M. (2024). Multifaceted Beauveria bassiana
and Other Insect-Related Fungi. Journal of
Fungi, 10(2), 142.

Pieterse, M. J., Zamioudis, C., Berendsen, R.
L., Weller, D. M., Wees, S. C. M. Van, &
Bakker, P. A. H. M. (2014). Induced Systemic
Resistance by Beneficial Microbes.
https://doi.org/10.1146/annurev-phyto-

082712-102340.

Pirmohammadi, M., Talaei-Hassanloui, R.,
Moosa-Kazemi, S. H., Rassi, Y., Rahimi, S.,
Fatemi, M., & Vatandoost, H. (2023).
Evaluation of the Entomopathogenic Fungus
Beauveria bassiana on Different Stages of
Phlebotomus papatasi (Diptera:
Psychodidae), Vector of Zoonotic Cutaneous
Leishmaniasis in Iran. Journal of Arthropod-
Borne Diseases, 17(3), 257.

Posada, F., & Vega, F. E. (2006). Inoculation
and colonization of coffee seedlings (Coffea
arabica L.) with the fungal entomopathogen
Beauveria bassiana ( Ascomycota :
Hypocreales). Mycoscience, 47(5), 284—-289.
https://doi.org/10.1007/S10267-006-0308-6.

Proietti, S., Falconieri, G. S., Bertini, L.,
Pascale, A., Bizzarri, E., Morales-Sanfrutos,
J., & Caruso, C. (2023). Beauveria bassiana
rewires molecular mechanisms related to
growth and defense in tomato. Journal of
Experimental Botany, 74(14), 4225-4243.

Qi, W. X, Liu, F., Liu, F. F., Ren, H. Y., Zhang,
B. X., Yu, X. Q., & Rao, X. J. (2024). Discovery
and characterization of a novel Lepidoptera-
specific antimicrobial peptide from the fall
armyworm, Spodoptera frugiperda
(Lepidoptera: Noctuidae). Insect Science.

Quesada-Moraga, E., Gonzéalez-Mas, N.,
Yousef-Yousef, M., Garrido-Jurado, I., &
Fernandez-Bravo, M. (2024). Key role of
environmental competence in successful use
of entomopathogenic fungi in microbial pest
control. Journal of Pest Science, 97(1), 1-15.

Quiroz Sarmiento, V. F., Ferrera Cerrato,
RonaldQuiroz Sarmiento, V. F., Ferrera
Cerrato, R., Alarcén, A., Encarnacion, M., &
Hernandez, L. (2008). Antagonismo in vitro de

20


https://doi.org/10.1146/annurev-phyto-

Articulos

No. 1, p. 012005). IOP Publishing.

cepas de Aspergillus y Trichoderma hacia
hongos filamentosos que afectan el cultivo de
ajo. Revista Mexicana, 27-34.

Ramos, Y., Portal, O., Lysge, E., Meyling, N.
V., & Klingen, I. (2017). Diversity and
abundance of Beauveria bassiana in soils,
stink bugs and plant tissues of common bean
from organic and conventional fields. Journal
of Invertebrate Pathology, 150 (October),
114-120.
https://doi.org/10.1016/j.jip.2017.10.003.

Ranesi, M., Vitale, S., Staropoli, A., Di Lelio, I.,
Izzo, L. G., De Luca, M. G., & Turra, D. (2024).
Field isolates of Beauveria bassiana exhibit
biological heterogeneity in multitrophic
interactions of agricultural

importance. Microbiological Research, 286,
1278109.

Reddy, N. P., Ali, A. P., Devi, U. K., Sharma,
H. C., & Reineke, A. (2009). Entomology
Treatment of millet crop plant (Sorghum
bicolor) with the entomopathogenic fungus
(Beauveria bassiana) to combat infestation by
the stem borer, Chilo partellus Swinhoe
(Lepidoptera : Pyralidae). Journal of Asia-
Pacific Entomology, 12(4), 221-226.
https://doi.org/10.1016/j.aspen.2009.06.001.

Russo, A., Winkler, J. B., Ghirardo, A., Monti,
M. M., Pollastri, S., Ruocco, M., & Loreto, F.
(2023). Interaction with the entomopathogenic
fungus Beauveria bassiana influences tomato
phenome and promotes resistance to Botrytis
cinerea infection. Frontiers in Plant

Science, 14, 1309747.

Sanchez-Fernandez, R. E., Sanchez-ortiz, B.
L., Sandoval-espinosa, Y. K. M., Ulloa-
benitez, A., Armendariz-guillén, B., Claudia,
M., & Martha, G. (2013). Hongos enddfitos:
fuente potencial de metabolitos secundarios
bioactivos con utilidad en agricultura y
medicina. TIP Revista Especializada En
Ciencias Quimico-Bioldgicas, 16(2), 132-146.
https://doi.org/10.1016/S1405-
888X(13)72084-9.

Saragih, M. (2023). Potency of
entomopathogen Beauveria bassiana fungus
as biofertilizer and biostimulant to increase the
plant growth of Cayenne pepper (Capsicum
frutescens L.). In IOP Conference Series:
Earth and Environmental Science (Vol. 1160,

BioTecnologia, Afio 2025, Vol. 29 No.1

Shaalan, R., Ibrahim, L., As-Sadi, F., & El
Kayal, W. (2022). Impact of Beauveria
bassiana and Metarhizium anisopliae on the
Metabolic Interactions between Cucumber
(Cucumis sativus L.) and Cucumber Mosaic
Virus (CMV). Horticulturae, 8(12), 1182.

Sui, L., Lu, Y., Yang, H., Liu, Z., Wang, L., Zou,
X., & Zhang, Z. (2024a). Endophytic
Beauveria bassiana promotes sunflower
growth and confers resistance against
sclerotinia disease. BioControl, 1-12.

Sui, L., Lu, Y., Zhou, L., Li, N., Li, Q., & Zhang,
Z. (2023). Endophytic Beauveria bassiana
promotes plant biomass growth and
suppresses pathogen damage by directional
recruitment. Frontiers in Microbiology, 14,
1227269.

Sui, L., Lu, Y., Zhu, H., Wan, T., Li, Q., &
Zhang, Z. (2022). Endophytic blastospores of
Beauveria bassiana provide high resistance
against plant disease caused by Botrytis
cinerea. Fungal Biology, 126(8), 528-533.

Sui, L., Zhu, H., Wang, D., Zhang, Z.,
Bidochka, M. J., Barelli, L., & Li, Q. (2024b).
Tripartite interactions of an endophytic
entomopathogenic fungus, Asian corn borer,
and host maize under elevated carbon
dioxide. Pest Management Science.

Sun, Y. X., Zhang, B. X., Zhang, W. T., Wang,
Q., Toufeeq, S., & Rao, X. J. (2023). UV-
induced mutagenesis of Beauveria bassiana
(Hypocreales: Clavicipitaceae) yields two
hypervirulent isolates with different
transcriptomic profiles. Pest Management
Science, 79(8), 2762-2779.

Swathy, K., Parmar, M. K., & Vivekanandhan,
P. (2024). Biocontrol efficacy of
entomopathogenic fungi Beauveria bassiana
conidia against agricultural insect

pests. Environmental Quality

Management, 34(1), e22174.

Tawidian, P., Kang, Q., & Michel, K. (2023).
The potential of a new Beauveria bassiana
isolate for mosquito larval control. Journal of
Medical Entomology, 60(1), 131-147.

Taylor, P., Ascomycota, B., & Scorsetti, C.

21


https://doi.org/10.1016/S1405-

Articulos

(2014). Endophytic colonization of tobacco,
corn, wheat and soybeans by the fungal
entomopathogen Beauveria bassiana
(Ascomycota, Hypocreales). Biocontrol
Science and Technology, (November), 37-41.
https://doi.org/10.1080/09583157.2014.98251
1.

Tian, X., Zhu, S., Ran, X., Li, X., Li, X., Zhang,
Y., & Zhu, X. (2024). Unveiling the Efficacy of
a Novel Strain of Beauveria Brongniartii To
Manage Sitobion Miscanthi (Takahashi) and
Rhopalosiphum Padi (Linnaeus)(Both
Hemiptera: Aphididae) in China. Available at
SSRN 4681451.

Tomilova, O. G., Kryukova, N. A., Efimova, M.
V., Kolomeichuk, L. V., Kovtun, I. S., & Glupov,
V. V. (2023). The endophytic
entomopathogenic fungus Beauveria
bassiana alleviates adverse effects of salt
stress in potato plants. Horticulturae, 9(10),
1140.

Vega, F. E., Goettel, M. S., Blackwell, M.,
Chandler, D., Jackson, M. A, Keller, S., &
Roy, H. E. (2009). Fungal entomopathogens:
new insights on their ecology. Fungal Ecology,
2(4), 149-159.
https://doi.org/10.1016/j.funeco.2009.05.001.

Vega, F. E., Simpkins, A., Aime, M. C.,
Posada, F., Peterson, S. W., Rehner, S. A., &
Arnold, A. E. (2010). Fungal endophyte
diversity in coffee plants from Colombia ,
Hawai’ i , Mexico and Puerto Rico. Fungal
Ecology, 3(3), 122—-138.
https://doi.org/10.1016/j.funeco.2009.07.002.

Verma, Vijay C. (Central of Experimental
Medicine) Springer, A. C. (School of biological
sciences). (2014). Advances in endophytic
research (Springer). Retrieved from
https://books.google.com.co/books?id=IliI9BA
AAQBAJ&printsec=frontcover.

Vivekanandhan, P., Swathy, K., Alahmadi, T.
A., & Ansari, M. J. (2024). Biocontrol effects of
chemical molecules derived from Beauveria
bassiana against larvae of Tuta absoluta
(Meyrick)(Lepidoptera: Gelechiidae). Frontiers
in Microbiology, 15, 1336334.

Vivekanandhan, P., Swathy, K., Murugan, A.

C., & Krutmuang, P. (2022). Insecticidal
efficacy of Metarhizium anisopliae derived

BioTecnologia, Afio 2025, Vol. 29 No.1

chemical constituents against disease-vector
mosquitoes. Journal of fungi, 8(3), 300.

Wakil, W., Kavallieratos, N. G., Nika, E. P.,
Qayyum, M. A,, Yaseen, T., Ghazanfar, M. U.,
& Yasin, M. (2023). Combinations of
Beauveria bassiana and spinetoram for the
management of four important stored-product
pests: Laboratory and field

trials. Environmental Science and Pollution
Research, 30(10), 27698-27715.

Wang, X., Yan, G., Liu, W., Chen, H., Yuan,
Q., Wang, Z., & Liu, H. (2023). Endophytic
Beauveria bassiana of Tomato resisted the
damage from Whitefly Bemisia tabaci by
mediating the accumulation of plant-
specialized metabolites. Journal of
Agricultural and Food Chemistry, 71(36),
13244-13254.

Wang, Y., Fan, Q., Wang, D., Zou, W. Q.,
Tang, D. X., Hongthong, P., & Yu, H. (2022).
Species diversity and virulence potential of the
Beauveria bassiana complex and Beauveria
scarabaeidicola complex. Frontiers in
Microbiology, 13, 841604.

Wei, K., Ding, J. L., Xu, H. R., Feng, M. G., &
Ying, S. H. (2024). Exploring secretory signal
sequences useful in excreting recombinant
proteins in Beauveria bassiana as biocontrol
fungus. Archives of Microbiology, 206(12), 1-
9.

Yasin, M., Khan, A. A., Rubab, S., & Magsood,
S. (2022). Effect of the Combined Use of
Beauveria bassiana (Balsamo) Vuillemin and
Diatomaceous Earth for the Control of
Tribolium castaneum (Herbst) and
Trogoderma granarium Everts.

Zamora-Avilés, N., Orozco-Flores, A. A,
Gomez-Flores, R., Dominguez-Gamez, M.,
Rodriguez-Pérez, M. A., & Tamez-Guerra, P.
(2022). Increased attraction and stability of
Beauveria bassiana-formulated microgranules
for Aedes aegypti Biocontrol. Journal of
Fungi, 8(8), 828.

Zhang, C., Teng, B., Liu, H., Wu, C., Wang, L.,
& Jin, S. (2023b). Impact of Beauveria
bassiana on antioxidant enzyme activities and
metabolomic profiles of Spodoptera
frugiperda. Journal of Invertebrate

Pathology, 198, 107929.

22


https://doi.org/10.1080/09583157.2014.98251
https://doi.org/10.1016/j.funeco.2009.07.002
https://books.google.com.co/books?id=lIi9BAAAQBAJ&printsec=frontcover
https://books.google.com.co/books?id=lIi9BAAAQBAJ&printsec=frontcover

Articulos

Zhang, M. D., Wu, S. Y., Yan, J. J., Li, J., Alj,
A., & Gao, Y. L. (2022). Endophytic Beauveria
bassiana inhibits the performance of
Phthorimaea operculella and enhances potato
plant growth. Entomologia Generalis, 42(6).

Zhang, M. D., Wu, S. Y., Yan, J. J.,, Reitz, S,
& Gao, Y. L. (2023a). Establishment

of Beauveria bassiana as a fungal endophyte
in potato plants and its virulence against
potato tuber moth, Phthorimaea operculella
(Lepidoptera: Gelechiidae). Insect

Science, 30(1), 197-207.

Zhang, Y., Zhang, X., Tian, Q., Ali, S., Tang,
L., & Wu, J. (2022). Toxicological and
biochemical description of synergism of
Beauveria bassiana and Emamectin Benzoate
against Megalurothrips usitatus (Bagrall).
Journal of Fungi, 8(9), 916.

Zheng, Y., Liu, Y., Zhang, J., Liu, X., Ju, Z.,
Shi, H., & Zhou, W. (2023). Dual role of
endophytic entomopathogenic fungi: induce
plant growth and control tomato leafminer
Phthorimaea absoluta. Pest Management
Science, 79(11), 4557-4568.

BioTecnologia, Afio 2025, Vol. 29 No.1 23



