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Abstract

The harmful effects of chemicals in conventional agriculture and the growing demand for food free of toxic residues
has developed environmentally sustainable strategies. An effective alternative for integrated pest management in
agricultural crops are biopesticides formulated with microorganic structures or from the production of active com-
pounds. This paper describes the production processes of Beauveria bassiana for formulating biopesticides for agri-
cultural use. The information was collected through a systematic search in Research Gate, Google Scholar, Science
Direct and PubMed, using keywords such as production, Beauveria bassiana, solid fermentation, liquid fermentation
and metabolites. The results affirm that B. bassiana is one of the microorganisms with great potential to produce bio-
pesticides, due to the entomopathogenic mechanism of action and secondary metabolites, which can be used for the
biological control of phytophagous insects. Likewise, for the formulation of B. bassiana it should be considered a pro-
fitable culture medium for large-scale production, also the control of environmental variables such as temperature at
25 °C, relative humidity 65-70%, pH of 5.4, propagation time between 4 to 8 days, and for the liquid fermentation
process, a constant agitation between 200 to 400 rpm must be maintained. Biological products represent an alternative
to minimize the use of synthetic pesticides, reduce environmental pollution and ensure food safety and security.
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Resumen

Los efectos nocivos de los productos quimicos en la agricultura convencional y la creciente demanda de alimentos li-
bres de residuos téxicos, ha dado lugar al desarrollo de estrategias sostenibles con el medio ambiente. Una alternativa
eficaz para el manejo integrado de plagas en los cultivos agricolas son los bioplaguicidas formulados con estructu-
ras de microorganismos o a partir de la producciéon de los compuestos activos. En este contexto, el presente trabajo
describe los procesos de produccién de Beauveria bassiana para la formulacién de bioplaguicidas de uso agricola. La
recoleccién de la informacién se realiz6 mediante una busqueda sistematica en ResearchGate, Google Académico,
ScienceDirect y PubMed, empleando palabras claves como produccién, Beauveria bassiana, fermentacion sélida, fer-
mentacién liquida y metabolitos. A partir de los resultados de la investigacién se afirma que B. bassiana es uno de
los microorganismos con gran potencial para la producciéon de bioplaguicidas, por el mecanismo de accién entomo-
patégeno y los metabolitos secundarios, que pueden ser utilizados para el control biolégico de insectos fitéfagos.
Asf mismo, en la produccion de B. bassiana se debe considerar un medio de cultivo rentable a gran escala, ademas
de controlar las variables ambientales como temperatura a 25 °C, humedad relativa 65-70%, pH de 5.4, tiempo de
propagacion entre 4 a 8 dias, y para el proceso de fermentacién liquida agitacién constante entre 200 a 400 rpm. Los
productos biolégicos representan una alternativa para minimizar el uso de plaguicidas sintéticos, reducir la contami-
nacién ambiental y garantizar la seguridad e inocuidad de los alimentos.

Palabras clave: Bioplaguicidas, Beauveria bassiana, fermentacion sélida, fermentacién liquida, metabolitos.
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Production of Beauveria bassiana for the formulation of biopesticides

1 Introduction

Agricultural crops are affected by bacteria, fungi,
weeds, insects and nematodes, causing yield re-
ductions (Thakur et al., 2020). Since 1960, agricul-
tural pest control methods have been carried out
by applying synthetic pesticides, such as dichloro-
diphenyl-trichloroethane (DDT), and other orga-
nophosphate pesticides and carbamates (Kumar,
2012).

Green revolution technologies contributed to
increase food production through intensive agri-
culture by using chemical fertilizers and pesticides
(Kumar and Singh, 2015). However, adverse effects
such as soil degradation, water pollution, insect
resistance, and toxic residues in food (Lengai and
Muthomi, 2018), have demanded the production
of healthy food, decreasing the use of natural re-
sources, and strengthening sustainable agriculture
(Kumar, 2012).

The production of microbial biopesticides has
increased due to the demand for chemical-free food,
being essential in organic agriculture (Mascarin and
Jaronski, 2016). Biopesticides are generally compo-
sed of beneficial bacteria, viruses, fungi, and ne-
matodes with chitinolytic, entomopathogenic and
antagonistic activities, used as biological contro-
llers of phytopathogens, insects and phytophagous
nematodes (Lengai and Muthomi, 2018).

Biochemical and genomic analyses have shown
that the metabolites produced by the microorga-
nisms have great potential in biological pest control
(Luo et al., 2017). The identified metabolites of Beau-
veria bassiana are beauvericin and bassiacridin with
insecticidal action (Al Khoury et al., 2019; Quesada-
Moraga and Vey, 2004), are used for controlling
Tetranychus urticae, Bemisia tabaci and Locusta mi-
gratoria; oosporein with antiviral and antibacterial
effects on Enterococcus faecalis and Stenotrophomonas
spp. (Jeffs and Khachatourians, 1997), and bassianin
as an ATP inhibitor (Patoc¢ka, 2016).

Formulation technologies of biological con-
trol agents for commercial scale-up must consider
certain criteria for the production process (Avila-
Hernéndez et al., 2020) such as stabilization of the
microorganism in the production; hence, distri-
bution and storage stage conditions conducive to
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field application should also be provided (Dannon
et al., 2020). Evaluations of persistence after appli-
cation and adaptation to environmental conditions
without altering the physicochemical properties of
the microorganism should be carried out (Avila-
Hernandez et al., 2020).

Pesticides made from entomopathogenic fungi
are frequently used in phytosanitary programs to
control populations of phytophagous insects (Luo
et al., 2014). One of the most relevant entomopatho-
genic fungi in the agricultural field is Beauveria bas-
siana, used to control pests such as the coffee berry
borer (Hypothenemus hampei), black banana wee-
vil (Cosmopolites sordidus), aphids and spider mites,
among others (Gerénimo et al., 2016; Al Khoury
et al., 2019; Avila-Hernéndez et al., 2020). This fun-
gus is considered a natural enemy of insects in
ecosystems, crop residues and colonized hosts (Ma-
rin et al., 2018).

Commercial formulations of Beauveria bassiana
include artisanal methods such as fermentation on
solid substrates, in which the fungus is inocula-
ted on a substrate and the application is done by
filtering the conidia of the microorganism. On the
other hand, the most innovative methods consist
of developing dry and liquid formulations, boos-
ting the fungal propagule (conidia or blastospores).
The drying process is performed by spray drying,
air drying, rotary vacuum drying and fluidized bed
drying; these techniques are employed to stabilize
Beauveria bassiana propagules on a large scale and
have a satisfactory shelf life (Mascarin and Jaronski,
2016). Regarding the analysis on the use of chemi-
cal pesticides and the need to produce environmen-
tally friendly inputs, a systematic review has been
carried out with the aim of describing the produc-
tion processes of Beauveria bassiana for the formula-
tion of biopesticides for agricultural use.

2 Methodology

A systematic review of 60 manuscripts was ca-
rried out in specialized search engines and data-
bases of ResearchGate (18), Semanticscholar (10),
Google Scholar (14), Springer (2), SciELO (2), Scien-
ceDirect (6) and PubMed (8), dedicating approxi-
mately 1920 hours for the bibliographic search, re-
view and scientific writing. The research focused
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on the entomopathogen Beauveria bassiana by its
biocidal potential for controlling phytophagous in-
sects, and the in vitro and commercial scale pro-
duction processes for formulating biopesticides for
agricultural use. The search was carried out in jour-
nals such as the Journal of Applied Entomology,
Plant Protection Science, World Journal of Micro-
biology and Biotechnology, Biology, Journal of In-
vertebrate Pathology and others as primary sources;
and in institutions such as the National Agricultural
Health Service and companies as secondary sources
that formulate insecticides containing Beauveria bas-
siana. The information selected corresponds to arti-
cles published during the last 10 years, with some
exceptions considered by their relevance to the bi-
bliographic review.

3 Beauveria bassiana as biological
controllers

The entomopathogen B. bassiana was first observed
in silkworms. The larvae had a white outer cove-
ring with multiple inflorescences that could infect
healthy larvae in a short period of time (Bassi, 1835).
In 1954, the first outbreaks of infection in acridids
were reported, but it was in 1987 when the patho-
genicity of the microorganism in grasshoppers was
proven under laboratory conditions (Inglis et al.,
1993).

In recent years, about 700 species of insect hosts
of B. bassiana have been discovered (Xiao et al,,
2012). This fungus can infect major insect taxa when
it finds the right conditions to inoculate the host.
However, studies related to the pathogenicity of B.
bassiana have focused on insects considered pests
(Meyling and Eilenberg, 2007). Genome sequencing
of infected hosts showed that B. bassiana evolved
from insects; it is also assumed that the expression
of certain protease and chitinase genes are associa-
ted with functions necessary for insect pathogenesis
and convergent evolution (Xiao et al., 2012).

4 Biopesticidal potential of Beauve-
ria bassiana.

Beauveria bassiana is an entomopathogenic fungus
used as a biological controller of agricultural crop

pests (Barcenilla, 2021). The pathogen enters insects
through conidia that attach to the host cuticle. For-
mation of the germ tube and appressorium allows
attachment to the insect integument by pressure.
The action of hydrolytic enzymes such as lipases,
proteases and chitinases enter the insect body th-
rough the soft parts (Lara-Juache et al., 2021). The
hyphae have contact with the hemolymph contai-
ning high nutrient initiating a stage of unicellular
blastospore budding (Mascarin and Jaronski, 2016).
The fungus colonizes the internal tissues of the in-
sect and during this process they release metaboli-
tes such as beauvericin and bassiacridin that help
inhibit the immune system, facilitating entry into
the internal organs of the host, causing its death
(Figure 1) (Harith-Fadzilah et al., 2021). Infected
insects show a cottony, powdery, creamy-yellow,
cottony cover that coats the external part of the host
(Barcenilla, 2021).

In the colonization stage, B. bassiana secretes pro-
teins and enzymes that can be used as cell factories
for producing commercial inputs. The evaluation of
the metabolic activity by complete genome sequen-
cing expresses that B. bassiana has an open pange-
nome with the capacity to colonize different hosts
(insects, nematodes and plants). In addition, 10366
genes coding for proteins such as proteases and
145 carbohydrate-active enzymes of the chitinases,
cellulases and hemicellulases type were identified
(Vidal and Jaber, 2015).

Gene expression of B. bassiana in the insect ino-
culation process demonstrates the presence of pe-
roxidase, trehalase, lipase, peptidase, phosphata-
se and lyase enzymes responsible for host cuticle
degradation. The chitinase enzymes of B. bassiana
hydrolyze the b-bonds of chitin polymers into N-
acetyl b-D-glucosamine monomers present in the
arthropod exoskeleton (Amobonye et al., 2020). The
cuticle of insects consists of surface lipids that act
as a protective barrier to pathogens. However, lipa-
ses produced by B. bassiana contribute to the de-
gradation of the insect cuticle (Salazar et al., 2020);
these are water-soluble enzymes that act on insolu-
ble substrates that can hydrolyze triglycerides and
transform them to fatty acids and glycerol. Entomo-
pathogenic proteases act on the host cuticle and at-
tack weakened tissue by chitinolytic actions (Amo-
bonye et al., 2020).
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Figure 1. Infection process of Beauveria bassiana in the cuticle of insects. (a) Structures of B. bassiana (b) Dissemination of B.

bassiana conidia (¢) Formation of the germ tube on the surface of the insect body (d) Formation of the appressorium and entry of

the hyphae into the procuticle and epidermis. (e) Production of blastospores and invasion into hemocele. (f) Release of secondary
metabolites. (g) Formation of the fungal structures (hyphae, mycelium and conidia) and release into the outer space.

The diversity of toxins produced by B. bassia-
na can range from simple compounds such as bio-
logical macromolecules, e.g. oxalic acid, 2,6- py-
ridindicarboxylic acid (dipicolinic acid), and com-
pounds with more complex structures of cyclic and
linear peptide nature such as beauvericin, bassiacri-
din, beauverolides and bassianolides (Borges et al.,
2010). Toxins alter the natural and artificial permea-
bility of membranes, induce cell fluid loss, produce
changes in the nucleus during molting and meta-
morphosis processes, deform the external structu-
res of insects and interfere with fertilization proces-
ses (Patocka, 2016). Finally, lipase, chitinase, protea-
se and amylase enzymes degrade the exoskeleton
of the host and allow the fungus to enter its internal
tissues (Cortés and Mosqueda, 2013).

S In vitro production of Beauveria
bassiana

The processes for the conidia production of B. bas-
siana can range from very simple methods to pro-
cesses that involve more technification (Vela et al.,
2019). The first step for B. bassiana production con-
sists of isolating the strains of the microorganism,
for which it is important to determine the com-
position of the culture medium and the optimal
parameters for growth. Greenfield et al. (2016) sta-
te that B. bassiana strains can be grown on glucose
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agar, peptone of soy, potato-dextrose agar (PDA),
dextrose-Sabouraud agar (SDA) or oatmeal agar.
Optimal temperatures for growth range from 22-
26°C, alternating light and dark for eight days. In
contrast, Bugti et al. (2018) state that a spore sus-
pension of the microorganism should be made and
inoculated on dextrose-Sabouraud agar culture me-
dium (20 g agar, 10 g peptone, 40 g dextrose, 0.5
mg potassium, in 1000 mL of distilled water) and
incubated at 24 & 1 °C for twelve days.

The second step is to test the pathogenicity of
B. bassiana by inoculating healthy insects by prepa-
ring conidial suspensions in 0.05% Tween 80 solu-
tion, with constant agitation for five minutes, ad-
justing the spore concentration and spraying the in-
sects (Bugti et al., 2018). Table 1 details studies con-
ducted to test the pathogenesis of B. bassiana on dif-
ferent hosts.

6 Fermentations in solid substrates

The production of Beauveria bassiana on solid subs-
trates by aerial conidial reproduction is the most
used method at commercial level for small, medium
and large companies dedicated to the production of
biopesticides (Feng et al., 2008). Culture media for
the production of B. bassiana must have a nutrient
composition and controlled conditions of pH, tem-
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perature, light, water availability and atmospheric
gas mixture, crucial factors for the growth of the mi-
croorganism and sporulation (Patocka, 2016). The
production process consists of inoculating B. bas-
siana conidia on nutrient solid substrates. Fermen-
tation on solid substrates, under controlled condi-
tions can achieve yields from 4 x 10'2 to 4 x 10"3
conidia-kg~!.

The most commonly used materials for solid-
state fermentation are rice, barley, wheat, rye,
sorghum and corn, (Jaronski, 2014). Likewise, agro-
industrial wastes allow reducing production costs
and energy consumption. An example of this is
potato skin and rice husk, which allow reaching a
production of 1.3 x 10° spores-g~! of B. bassiana

under optimal conditions of humidity 65-70 %, tem-
perature 25°C and time between 7 to 8 days (Sala
et al., 2021).

Another important factor is the fermentation
containers, which can be high temperature resistant
plastic bags or large chambers, considering aeration
since propagules require a balanced gas exchange
for mycelial growth. The production of aerial coni-
dia can be done in one or two stages. The first sta-
ge consists of inoculating the fungus directly from
the solid substrate and the second stage involves the
production of the inoculum by liquid fermentation
and subsequent inoculation into the solid substrate
(Mascarin and Jaronski, 2016).

Table 1. Studies conducted to test the pathogenesis of Beauveria bassiana on diftferent hosts and their mortality percentage.

Comdfa Host Morphological = Mortality Reference
concentration/ml phases percentage
Lygus lineolaris
Anthonomus 77.47
1 x 108 signatus Adultos 60.35 Sabbahi et al. (2008)
Otiorhynchus 54.50
ovatus
1 x 107 Bemisia tabaci Adults 67 Ruiz et al. (2009)
1.7 x 108 Ceratitis capitata Adults 91.90 Muiioz et al. (2009)
1 x 107 Bemisia tabaci Eggs 27 Ruiz et al. (2009)
1 x 108 Premnoirypes Larvae 96 Garcfa et al. (2013)
vorax
Nymphs 94
7 . ymp
2 x 10 Panonychus citri Adults Alayo and Krugg (2014)
1 % 107 Hypothenemus Adults 100 Gerénimo et al. (2016)
hampei
1 x 108 Helicoverpa zea Larvae 100 Everton et al. (2016)
1 x 10% Tenebrio molito Larvae 100 Lopez-Sosa et al. (2018)
1 % 10° Rhynchophorus Adults 43.33 Leén et al. (2019)
palmarum L.
Monalonion
10 <
4 x 10 velezangeli Nymphs 84 Gongora et al. (2020)

The substrate must be previously sterilized at
121°C, 15 1Ib pressure for 30 min, the substrate is
inoculated with the suspension of B. bassiana coni-
dia or a proportion of mycelium. The inoculated
substrates are incubated at 25 °C for 7 days and
contaminated substrates are removed (L6pez-Sosa
et al., 2018). Consequently, bags are shaken to oxy-
genate the inoculum and achieve a homogeneous
mixture, incubated for 21 days at 24 °C (Monzén,

2001) preserving a relative humidity of 53 %. Once
the fungus is sporulated throughout the substrate,
the drying process is carried out at temperatures
between 16-20 °C for a period of 5 to 6 days to redu-
ce the relative humidity to 15% (Gémez et al., 2014).

The main problem of solid fermentation is com-
mercial scale-up, whose focus is the efficient and
economic production of a large number of conidia
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to reduce production costs and be able to compete
with traditional pesticides (Rodriguez-Gamez et al.,
2017). Therefore, it is important to use good qua-
lity substrates and containers, but at the same time
cheap; and to constantly monitor each of the pro-

duction processes to avoid contamination, perfor-
ming a correct sterilization process and handling of
materials. The substrates and environmental condi-
tions for the solid fermentation of Beauveria bassiana
are shown in Table 2.

Table 2. Substrates used for the solid fermentation of Beauveria bassiana.

Production in the

Inoculum Substrate Incubation Reference
substrate
7
conli d?a-lrgLfl Barley 25 °C/14 days s/n Sabbabhi et al. (2008)
1 x 108 Rice . 43 x 108 .
conidia-mL-! husk 28 °C/14 days esporas-gfl Mishra et al. (2016)
g g
» (}r :S .Illi)]_i1 \)Z?;?t 28 °C/14 days siére?séql Mishra et al. (2016)
3.5 x 107 Torn o 10° .
conidia-mL-! rice 25 °C/7 days conidia~g_l Lépez-Sosa et al. (2018)
6 8
blastolspzrlegmL*l Oatmeal 25 °C/14 days coni(li(i)ag* 1 Rodriguez-Gamez et al. (2017)
6 B 10
spc?rexsqlx?rl ﬂR(l)i‘; 30 °C/5 days 2;)2();;271 Deepak et al. (2019)
6.6 x 10° Rice . 1.3 x 10°
spores-mL 1 husk 25 °C/7 days spores-g” | Sala et al. (2021)

7 Fermentations on liquid substra-
tes

The liquid fermentation process facilitates massi-
ve scale-up for the formulation of biopesticides.
This method allows better control of environmental
variables and reduces production times (Jaronski,
2014). However, implementation on a commercial
scale requires considerable investment in equip-
ment for mass production of mycoinsecticides, and
is one of the most widely applied methods on a
commercial scale (Mascarin and Jaronski, 2016).

Liquid fermentation can be performed statio-
nary or by submerged fermentation. The former
produces mycelia and aerial conidia; on the con-
trary, the latter produces blastospores, microspore
conidia, or microsclerotia in an agitated and aera-
ted liquid medium (Jaronski, 2014). Culture media
should be nutrient-rich with high concentrations of
carbon and nitrogen to induce the production of
blastospores or conidia. An optimal C:N ratio in-
duces fungal growth under controlled conditions
(Pham et al., 2009).
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According to Garcia et al. (2013), SDA (Sabou-
raud dextrose agar) culture medium provides ade-
quate nutrients for the development of B. bassiana in
an incubation period of 15 days at 30 °C. Likewise,
Pham et al. (2009) point out that conidial inoculum
for liquid culture media should be obtained from
two-week-old sporulated cultures on Papa Dextro-
se Agar (PDA) at a temperature of 25 £+ 1 °C. Co-
nidia are harvested by scraping the inoculum with
0.02% tween 80 solution (Lee et al., 2016). Flasks
containing liquid culture medium with molasses as
a carbon source (Garcia et al., 2013), yeast broth or
glucose are inoculated for 6 days at a temperature of
24-26 °C (Lee et al., 2016) on a rotary shaker at 200
rpm until a stable suspension is obtained (Pham
et al., 2009). The suspension obtained is used to
inoculate the fermenter, at a concentration of 10%
relative to the fermenter volume, with a propaga-
tion phase of 4 days until the fungus reaches 80 %
of the logarithmic growth phase (Garcia et al., 2013).

The substrates used for elaborating liquid cul-
ture media should be low cost, and at the same
time should provide suitable conditions to produ-
ce blastospores or conidia (Mascarin et al., 2015).
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In this context, Pham et al. (2009) report that a cul-
ture medium with 3% corn flour, 2% corn mace-
ration powder and 2% rice bran yields 8.54 x 10®
blastospores-mL~!. In contrast, Garcia et al. (2013)
report that the optimal medium for blastospore pro-
duction should have molasses 14.5mL-L~!, (NH,)?
SO4 6 g'L!, KH,PO4 3.5 gL !, MgSO4 0.5 gL 7!,
NaCl 0.1g-L~!, CaCl, 0.1g-L~!, and a production of
8.40 x 108 blastospores-mL~! can be obtained. On
the other hand, Elias-Santos et al. (2021) report that
a culture medium with 20 g of peanut pericarp flour
and 200 g of corn glucose allows obtaining 5.10 x

10® blastospores-mL~".

Similarly, environmental conditions are impor-
tant for Beauveria bassiana production in submer-
ged culture media. The temperature range is bet-
ween 25-30 °C, pH of the culture medium 5.4, cons-
tant agitation from 200 to 400 rpm, until the fun-
gus can reach 80 % of the logarithmic growth phase
(Pham et al., 2009; Garcia et al., 2013; Elias-Santos
et al., 2021). Table 3 shows the culture media and
environmental conditions to produce B. bassiana by
fermentation of liquid substrates.

Table 3. Fermentation in liquid substrates of Beauveria bassiana.

Cultivate

Strain Inoculum Incubation Production Reference
substrate
50g
glucose,
50g
1 x 107 26 °C/3 days 6.38 x 10° .
GHA conidium-mL—-1  Sucrose and 300 rpm blastospores-mL~! (Chong-Rodriguez et al., 2011)
20 g corn
macerate
liquor
Iran 1 x 107 Sugarcane o 2.4 x 108 .
441c conidium-mL ™! molasse 25°CP3 days spores-mL ™! (Latifian et al., 2013)
5%
v o 10
ATP-02 S x 10T sugar 25 °C/8 days 3:32 > 107 (Lohse et al., 2014)
spores-mL beet 600 rpm spores-mL
100 g
6 glucose o 3
GHA S} oS cotton 25, C3days - 116206107 (Mascarin et al., 2015)
conidium-mL ceed 350 rpm blastospores-mL
flour
100 g
lucose and
ESALQI1 5 x 10° & 28 °C/3 days 12.4 x 108 .
432 conidium-mL~! 25 %ece(:itton 350 rpm blastospores-mL~! (Mascarin et al., 2015)
flour
3% corn
flour
5% 107 2% powder 25 °C/2 days 8.54 x 10%
KKS conidium-mL~! corn 200 rpm blastospores-mL~! (Atef and Behle, 2017)
2% rice
bran

8 Production of secondary metabo-
lites of emphBeauveria bassiana

Beauveria bassiana secretes a wide variety of biolo-
gically active enzymes and metabolites (Amobon-
ye et al., 2020), with potential applications in the
industrial, agricultural and pharmaceutical sectors,
among others (Mancillas-Paredes et al., 2019). The
most important enzymes produced by B. bassiana

are chitinases, lipases and proteases; although they
also produce amylase, asparaginase, cellulase, ga-
lactosidase, etc. (Amobonye et al., 2020); and me-
tabolites with insecticidal activity (Table 4) such as
beauvericin (Al Khoury et al., 2019), bassiacridin
(Quesada-Moraga and Vey, 2004), bassianolide (Pa-
tocka, 2016), antiviral and antibacterial as oosporein
(Jeffs and Khachatourians, 1997), and bassianin as
an ATP inhibitor (Pato¢ka, 2016). The production
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of secondary metabolites is influenced by environ-
mental conditions and nutrients available in the cul-

ture medium (Avila-Hernandez et al., 2020) (Table
5).

Table 4. Metabolitos secretados por Beauveria bassiana para el control de artrépodos.

Action

Mortality

Metabolites Dose Objective Reference
mode percentage
Locusta
. ‘g . . o 1 _
Bassiacridin Insecticide 2.8 ug-g migratoria 50 % (Quesada-Moraga and Vey, 2004)
Enterococcus
Oosporein Antibacterial 100 ug-mL faecalis 81% (Fan et al., 2017)
Oosporein Antibacterial 10 yg-mL~! Stenmm;; homonas 34% (Fan et al., 2017)
.. .. Te

Beauvericina ~ Insecticide 100 ug-g~! ert’g ng 100 % (Al Khoury et al., 2019)

9 Use of biopesticides in the agri-
culture

Population growth, environmental degradation
(Thakur et al.,, 2020), demand for chemical-free
crops and stringent pesticide regulations in Euro-
pean countries and North America (Mascarin and
Jaronski, 2016), pose a challenge to food production
worldwide. Conventional agriculture relies on pes-
ticides for integrated pest and disease management
in agricultural crops.

An alternative that contributes to reducing the
incidence of phytophagous or phytopathogens are
biopesticides formulated through the reproduction
of beneficial microorganisms or the production of
metabolites with insecticidal, fungicidal or bacte-
ricidal activities (Table 6). The advantages of these
formulations are that they degrade naturally in the
environment, do not store residues in plant tissues,

do not create resistance to the active ingredients
they produce, and reduce the presence of natural
enemies in crops (Thakur et al., 2020).

The growing acceptance of biological products
has allowed the development of formulations from
entomopathogenic fungi by solid, liquid, biphasic
fermentations and secondary metabolites. They are
now frequently used in agricultural crop protection
programs to control phytophagous insect popula-
tions (Luo et al., 2014). The insecticidal activity of B.
bassiana is faster compared to other entomopathoge-
nic microorganisms, and conidia can persist longer
in the environment.

In addition, Sabbahi et al. (2008) affirm that the
chances of insects acquiring resistance to B. bassia-
na are null, due to the different modes of action that
the fungus uses to invade the host body and it can
adapt to host changes by being a living organism.

Table S. Culture media formulated to produce secondary metabolites of Beauveria bassiana.

Fermentation Metabolites

Cultive media

Dose Reference

Glucose (20 gL 71,
Ammonium tartrate
(4.6gL™,

KH,PO4
(1gL™h,

MgSO,4-7H,O
(05gL,
NaCl (0.1 gL,
CaCl, (0.1 g-L7h,

Tenellin/

Submerged Bassianin
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Table 5 — Table continuation

H3BO;
(5.7 x 1073 g-.L7h),
(NH4 )6 M07 024 ~4H20
(3.68 x 1075 gL},
MI‘ISO4~H20
(6.1 x 1073 gL,
ZnSO4-7H20
(879 x 1073 gL 7Y,
FeSO4-7HzO
(9.96x10~* g L.
Glucose (20 g’ L),
Difco neopeptone
—1
Glyi:zigegé g-%}l y 100 mg-L~! (Basyouni et al., 1968)
KH,PO4 (2 gL,
MgSO,-7H,O (1 g-L7).
40 g Glucose. LT,
40 g Yeast
Submerged Bassiacridin extractL~!,
30 g macerated corn
liquor-L~!
Mannitol (50 g~L’l),
KNO; (5gL7),
KH,PO4 (1 gL,
MgSO4-7H,0 (0.5 g-L71),
Submerged Tenellin NaCl (0.1 gL, No information (Eley et al., 2007)
CaCl, (02 gL,
FeSO4-7HzO
(20 mg-L71),
Mineral ion
msolution-2 (10 mL),
ZHSO4~7H20
(880 mg‘L’l),
CuSO4~5H20
(40 mg-L™1),
MHSO4~4H20
(7.5 mg-L7),
Boric acid (6 mg-L™1),
(NH4 )6M07 024 ~4H20
(4mgL™").
Glucose (40 gL 1)
Yeast extract
(5.0g'L7,
. NaNO; (1,0 gL, 11
Submerged Red coloring KH,PO; (2,0 g~L’l), 480 mg-L
KCI(05gL™),
MgS04-7H,O
(05gL™,
FeSO4-7H20
(0,02 ¢g-L71).

Submerged Oosporein

2.8 ,ug~g’1 (Quesada-Moraga and Vey, 2004)

(Amin et al., 2010)

Source: Avila-Hernandez et al. (2020).

The efficacy of the biopesticide Beauveria bassia- logical control of insects, environmental conditions
na depends on the integration into integrated pest play an important role in the mechanism of action
management programs to enhance efficacy ininsect of the entomopathogen, so it is essential to deve-
control (Mascarin and Jaronski, 2016). Although B. lop new technologies to produce active compounds
bassiana is an effective microorganism for the bio- that enhance biopesticide formulations.
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10 Conclusions

The production of biopesticides based on Beauveria
bassiana can be carried out through solid and liquid
fermentations. The first protocol has been widely
used because it requires a low investment in equip-
ment and does not involve complex protocols in
production and formulation. However, it is neces-
sary to use a low-cost substrate and to exhaustively
control the phases of each process to avoid conta-
mination events.

On the other hand, liquid fermentation allows
more control of environmental variables and re-
duces production times, but implementation on a
commercial scale requires considerable investment
in equipment for mass production of mycoinsecti-
cides.

Regarding fermentation processes, it is neces-
sary to control environmental variables since these
factors influence the production of spores and blas-
tospores. Optimal conditions consist of maintaining
a temperature of 25°C, relative humidity of 65 to
70%, pH of 5.4, propagation time between 4 to 8
days, and the inoculum requires constant agitation
between 200 to 400 rpm for the liquid fermentation
process.

Author contribution

JRLM; Conceptualization, Data curation, Formal
analysis, Research, Methodology, Software, Origi-
nal draft writing, review and editing. JWMT; Ac-
quisition of financing and supervision. ICLM; Pro-
ject validation and administration. YAOG; Resour-
ces and visualization.

References

Agroactivo (2020). Micosis (beauveria bassiana).
Online: https:/ /bit.ly /4cSV7TO.

Agroinsumos del Sur (2021). Eficax, insecticida bio-
l6gico de tipo microbia. Online: https:/ /bit.ly/
3TZEBYV.

Al Khoury, C., Guillot, J., and Nemer, N. (2019).
Lethal activity of beauvericin, a Beauveria bassiana
mycotoxin, against the two-spotted spider mites,

LA GRANIJA: Revista de Ciencias de la Vida
Universidad Politécnica Salesiana, Ecuador.

Tetranychus urticae koch. 143(9):974-983. Online:
https:/ /bit.ly/3w12xD1.

Alayo, E. and Krugg, J. (2014). Efecto de Lecani-
cillium lecanii y Beauveria bassiana sobre el &ca-
ro Panonychus citri en condiciones de laboratorio.
34(1):42-50. Online: https:/ /bit.ly /43WnNO9P.

Amin, A., Youssef, A., Bazaid, S., and Saleh, W.
(2010). Assessment of insecticidal activity of red
pigment produced by the fungus Beauveria bas-
siana. 26(12):2263-2268. Online: https://bit.ly/
4cZi8Uh.

Amobonye, A., Bhagwat, P, Pandey, A., Singh, S,
and Pillai, S. (2020). Biotechnological potential
of Beauveria bassiana as a source of novel bioca-
talysts and metabolites. 40(7):1019-1034. Online:
https:/ /bit.ly /3U4poFL

Atef, M. and Behle, R. (2017). Evaluating a dual
microbial agent biopesticide with Bacillus thurin-
giensis var. kurstaki and Beauveria bassiana blas-
tospores. 27(4):461-474. Online: https:/ /bit.ly/
49HvvWt.

Avila-Hernandez, J., Carrillo, M., De la Cruz, R.,
Wong-Paz, ].,, Muniz Marquez, D., Parra, R,
Aguilar, C., and Aguilar-Zarate, P. (2020). Beau-
veria bassiana secondary metabolites: A review in-
side their production systems, biosynthesis, and
bioactivities. 5(4):1-33. Online: https://bit.ly/
4aUiREA.

Barcenilla, M. (2021). Estudio del efecto de Beauveria
bassiana sobre el complejo de orugas defoliadoras
en soja.

Bassi, A. (1835). Del Mal del Segno, Calcinaccio o
Moscardino, volume 1-2. Online: https://bit.ly/
3JnxrbR.

Basyouni, S., Brewer, D., and Vining, L. (1968). Pig-
ments of the genus Beauveria. 46(4):441-448. On-
line: https:/ /bit.ly /4aONf{jS.

Borges, D., Diaz, A., San Juan, A., and Gémez, E.
(2010). Metabolitos secundarios producidos por
hongos entomopatégenos. 44(3):49-55. Online:
https:/ /bit.ly /4aOPmnO.

Bugti, G. A., Bin, W,, Na, C,, and Feng, L. H.
(2018). Pathogenicity of Beauveria bassiana strain
202 against sap-sucking insect pests. 54(2):111-
117. Online: https:/ /bit.ly /49AvVhf.


https://bit.ly/4cSV7T0
https://bit.ly/3TZEBYV
https://bit.ly/3TZEBYV
https://bit.ly/3w12xD1
https://bit.ly/43WnN9P
https://bit.ly/4cZi8Uh
https://bit.ly/4cZi8Uh
https://bit.ly/3U4poFI
https://bit.ly/49HvvWt
https://bit.ly/49HvvWt
https://bit.ly/4aUiREA
https://bit.ly/4aUiREA
https://bit.ly/3JnxrbR
https://bit.ly/3JnxrbR
https://bit.ly/4aONfjS
https://bit.ly/4aOPmnO
https://bit.ly/49AvVhf

Review / Reseiia bibliogrdfica
BIOTECHNOLOGY

Lucero, J., Manzano, J., Loaiza, 1. and Orellana, Y.

Certiseurope (2021). Botanigard 22 wp: Bioinsecti-
cida para el control de mosca blanca en los cul-
tivos de pimiento, tomate, cucurbitdceas y algo-
doén. Online: https:/ /bit.ly /3Q5domr.

Chong-Rodriguez, M., Maldonado, M., Herndndez-
Escarefio, J., Galan-Wong, L., and y Sandoval-
Coronado, C. (2011). Study of Beauveria bassiana
growth, blastospore yield, desiccation-tolerance,
viability and toxic activity using different liquid
media. 10(30):5736-5742. Online: https:/ /bit.ly/
3UIXOVO.

Cortés, A. and Mosqueda, T. (2013). Una mirada
a los organismos flingicos: Fébricas versatiles de
diversos metabolitos secundarios de interés bio-
tecnolégico. 12(2):64-90. Online: https:/ /bit.ly/
49z7]vK.

Dannon, H., Dannon, A., and Douro, O. (2020). To-
ward the efficient use of Beauveria bassiana in inte-

grated cotton insect pest management. 3(24):2-21.
Online: https:/ /bit.ly /49HTS6e.

Deepak, G., Prachi, K., Abhishek, M., and Anush-
ree, M. (2019). Production and shelf life evalua-
tion of three different formulations of Beauveria

bassiana in terms of multimetal removal. 3(2):242-
251. Online: https:/ /bit.ly/3TVwbSe.

Eley, K. L., Halo, L. M., Song, Z., Powles, H., Cox,
R.J., Bailey, A. M., Lazarus, C. M., and Simpson,
T.]J. (2007). Biosynthesis of the 2-pyridone tenellin
in the insect pathogenic fungus Beauveria bassiana.
8(3):289-297. Online: https:/ /bit.ly /4aBXgBS.

Elias-Santos, M., Alfaro-Alvarez, J., Quintero-
Zapata, 1., Luna, H., Pereyra-Alférez, B., Galan-
Wong, L., Maria, G. ad Maldonado, M., Guajardo-
Barbosa, C., Meza, L., and Gandarilla, E. (2021).
Design and evaluation of liquid media for the
production of blastospores of Beauveria bassiana.
24(2):1-10. Online: https:/ /bit.ly /3JmZqsk.

Everton, V., Scheila, G., Corassa, J., Solange, B., Zuf-
fo, A., Soares, 1., and Oliveira, D. (2016). Patoge-
nicidade de Beauveria bassiana no controle in vitro
da lagarta-da-espiga do milho (Helicoverpa zea).
39(1):89-94. Online: https:/ /bit.ly /4aC091h.

FAGRO (2022). Biotech bmi: Control de plagas y
enfermedades.

Fan, Y, Liu, X., Keyhani, N., Tang, G., Pei, Y,
Zhang, W., and Tong, S. (2017). Regulatory cas-
cade and biological activity of Beauveria bassiana
oosporein that limits bacterial growth after host
death. 114(9):E1578-E1586. Online: https:/ /bit.
ly /3Jr9QXG.

Feng, M., Poprawski, T., and Khachatourians, G.
(2008). Production, formulation and application
of the entomopathogenic fungus Beauveria bassia-
na for insect control: current status. 4(1):3-34. On-
line: https:/ /bit.ly /444RD]Jm.

Garcia, C., Gonzélez, M., Medrano, H., and Solis,
A. (2013). Estudio de las condiciones de mezcla-
do en fermentador para la produccién de blastos-
poras de Beauveria bassiana. 15(2):47-54. Online:
https:/ /bit.ly/3TVGp54.

Ger6énimo, J., Torres, M., Pérez, M., De la Cruz, A.,
Ortiz, C., and Cappello, S. (2016). Caracteriza-
cién de aislamientos nativos de Beauveria bassia-
na y su patogenicidad hacia Hypothenemus ham-
pei, en tabasco, méxico. 42(1):28-35. Online: https:
/ /bit.ly/3U4QKkFB.

Goémez, H., Zapata, A., Torres, E., and Tenorio, M.
(2014). Manual de produccién y uso de hongos ento-
mopatdgenos. Servicio Nacional de Sanidad Agra-
ria (SENASA). Online: https:/ /bit.ly /491fmA9.

Goéngora, C., Laiton, L., Gil, Z., and Benavides, P.
(2020). Evaluacioén de Beauveria bassiana para el
control de Monalonion velezangeli (hemiptera: Mi-
ridae) en el cultivo del café. 46(1):€7685. Online:
https:/ /bit.ly /4aTRMBp.

Greenfield, M., Gémez, M., Ortiz, V., Vega, F., Kra-
mer, M., and Parsa, S. (2016). Beauveria bassiana
and Metarhizium anisopliae endophytically coloni-
ze cassava roots following soil drench inocula-
tion. 95:40-48. Online: https:/ /bit.ly /3Q6uMXI.

Harith-Fadzilah, N., Abd Ghani, I., and Hassan, M.
(2021). Omics-based approach in characterising
mechanisms of entomopathogenic fungi pathoge-
nicity: A case example of Beauveria bassiana. 33(2).
Online: https:/ /bit.ly /3Q5e8bk.

Inglis, G., Goettel, M., and Johnson, D. (1993). Per-
sistence of the entomopathogenic fungus, Beau-
veria bassiana, on phylloplanes of crested wheat-
grass and alfalfa. 3(4):258-270. Online: https://
bit.ly /3U3TYiQ.

LA GRANIJA: Revista de Ciencias de la Vida
Universidad Politécnica Salesiana, Ecuador.


https://bit.ly/3Q5domr
https://bit.ly/3UlXOVO
https://bit.ly/3UlXOVO
https://bit.ly/49z7JvK
https://bit.ly/49z7JvK
https://bit.ly/49HTS6e
https://bit.ly/3TVwbSe
https://bit.ly/4aBXgB8
https://bit.ly/3JmZqsk
https://bit.ly/4aC09lh
https://bit.ly/3Jr9QXG
https://bit.ly/3Jr9QXG
https://bit.ly/444RDJm
https://bit.ly/3TVGp54
https://bit.ly/3U4QkFB
https://bit.ly/3U4QkFB
https://bit.ly/49IfmA9
https://bit.ly/4aTRMBp
https://bit.ly/3Q6uMXI
https://bit.ly/3Q5e8bk
https://bit.ly/3U3TYiQ
https://bit.ly/3U3TYiQ

Production of Beauveria bassiana for the formulation of biopesticides

Invesa (2021). Bovetropico wp: Ficha técnica. Onli-
ne: https:/ /bit.ly /4d4Tfa0.

Jaronski, S. (2014). Chapter 11 - mass produc-
tion of entomopathogenic fungi: State of the art.
In Mass Production of Beneficial Organisms, pages
357-413. Online: https:/ /bit.ly/3WOHDhY. Aca-
demic Press.

Jeffs, L. and Khachatourians, G. (1997). Toxic
properties of Beauveria pigments on erythrocyte
membranes. 35(8):1351-1356. Online: https:/ /bit.
ly/4aXPXU1.

Kumar, S. (2012). Biopesticides: A need for food
and environmental safety. 3(4):1-3. Online: https:
/ /bit.ly/3]rbloM.

Kumar, S. and Singh, A. (2015). Biopesticides: Pre-
sent status and the future prospects. 6(2). Online:
https:/ /bit.ly/3Q8dZDY.

Lara-Juache, H., Avila Hernandez, J., Rodriguez-
Duran, L., Michel, M., Wong-Paz, J., Muiiiz Mar-
quez, D., Veana, F,, Aguilar-Zarate, M., Ascacio-
Valdés, J., and Aguilar-Zarate, P. (2021). Charac-
terization of a biofilm bioreactor designed for the
single-step production of aerial conidia and oos-
porein by Beauveria bassiana pq2. 7(8):582. Online:
https:/ /bit.ly /4b1tY{7.

Latifian, M., Rad, B.,, Amani, M., and Rahkho-
daei, E. (2013). Mass production of entomo-
pathogenic fungi Beauveria bassiana (balsamo)
by using agricultural products based on liquid-
solid diphasic method for date palm pest con-
trol.  5(19):2337-2341. Online: https:/ /bit.ly/
3JmZ98H.

Lee, S., Kim, S., Skinner, M., Parker, B., and Kim, J.
(2016). Screen bag formulation of Beauveria and
Metarhizium granules to manage Riptortus pedes-
tris (hemiptera: Alydidae). 19(3):887-892. Online:
https:/ /bit.ly /3Q6w7xI.

Lengai, G. and Muthomi, J. (2018). Biopesticides
and their role in sustainable agricultural produc-
tion. 6(6):7—41. Online: https:/ /bit.ly /4aUwWIq.

Leén, G., Campos, J., and Arguelles, ]J. (2019). Pa-
togenicidad y autodiseminacién de cepas promi-
sorias de hongos entomopatégenos sobre Rhyn-
chophorus palmarum 1. coleoptera: Dryophtho-
ridae. 30(3):631-646. Online: https://bitly/
4d14WOP.

LA GRANIJA: Revista de Ciencias de la Vida
Universidad Politécnica Salesiana, Ecuador.

Lohse, R., Jakobs-Schonwandt, D., and Patel, A.
(2014). Deteccién de medios liquidos y fermen-
tacién de una cepa endofitica de Beauveria bassia-
na en un biorreactor. 4(47):2-11. Online: https:
/ /bitly/4cXCnSq.

Lopez-Sosa, D., Garcfa-Gémez, M., and Ntiiez Gao-
na, O. (2018). Analisis cualitativo de la produc-
cién de enzimas de Beauveria bassiana en fermen-
tacion soélida utilizando un inductor. 3(3):26-35.
Online: https:/ /bit.ly /4aAYjkx.

Luo, Z, Qin, Y., Pei, Y., and Keyhani, N. (2014).
Ablation of the crea regulator results in amino
acid toxicity, temperature sensitivity, pleiotropic
effects on cellular development and loss of viru-

lence in the filamentous fungus Beauveria bassiana.
16(4):1122-1136. Online: https:/ /bit.ly /3]10Y64.

Luo, Z., Ren, H., Mousa, ]. J., Rangel, D. E. N,,
Zhang, Y., Bruner, S. D., and Keyhani, N. O.
(2017). The pacc transcription factor regulates
secondary metabolite production and stress res-
ponse, but has only minor effects on virulence in
the insect pathogenic fungus Beauveria bassiana.
19(2):788-802. Online: https:/ /bit.ly /3UlpM47.

Mancillas-Paredes, J., Herndndez-Sanchez, H.,
Jaramillo-Flores, M., and Garcia-Gutiérrez,
C. (2019). Proteases and chitinases indu-
ced in Beauveria bassiana during infection by
Zabrotes subfasciatus. 44(1):125-137. Online:
https:/ /bit.ly /3W9cwAO.

Marin, V., Rodriguez-Navarro, S., Barranco, E., Te-
rrén, R., and Cibridn, D. (2018). Metabolitos y
conidios de Beauveria bassiana como control de
mosco negro fungoso, bajo condiciones de in-
vernadero. 43(3):691-703. Online: https:/ /bit.ly/
3W300Dg.

Mascarin, G. and Jaronski, S. (2016). The production
and uses of Beauveria bassiana as a microbial insec-
ticide. 32(11). Online: https:/ /bit.ly /4cU4AcV.

Mascarin, G. M., Jackson, M., Kobori, N., Warren,
R., and Delalibera, T. (2015). Liquid culture fer-
mentation for rapid production of desiccation to-
lerant blastospores of Beauveria bassiana and Isa-
ria fumosorosea strains. 127:11-20. Online: https:
/ /bitly/4aVw2oP.


https://bit.ly/4d4Tfa0
https://bit.ly/3W0HDhY
https://bit.ly/4aXPXU1
https://bit.ly/4aXPXU1
https://bit.ly/3JrbloM
https://bit.ly/3JrbloM
https://bit.ly/3Q8dZDY
https://bit.ly/4b1tYf7
https://bit.ly/3JmZ98H
https://bit.ly/3JmZ98H
https://bit.ly/3Q6w7xI
https://bit.ly/4aUwWlq
https://bit.ly/4d14WOP
https://bit.ly/4d14WOP
https://bit.ly/4cXCnSq
https://bit.ly/4cXCnSq
https://bit.ly/4aAYjkx
https://bit.ly/3Jl0Y64
https://bit.ly/3UlpM47
https://bit.ly/3W9cwAO
https://bit.ly/3W300Dg
https://bit.ly/3W300Dg
https://bit.ly/4cU4AcV
https://bit.ly/4aVw2oP
https://bit.ly/4aVw2oP

Review / Reseiia bibliogrdfica
BIOTECHNOLOGY

Lucero, J., Manzano, J., Loaiza, 1. and Orellana, Y.

Meyling, N. V. and Eilenberg, J. (2007). Ecology
of the entomopathogenic fungi Beauveria bassia-
na and Metarhizium anisopliae in temperate agro-
ecosystems: Potential for conservation biological
control.  43(2):145-155. Online: https:/ /bit.ly/
4aJvhzC.

Mishra, S., Kumar, P, and Malik, A. (2016). Suita-
bility of agricultural by-products as production
medium for spore production by Beauveria bassia-
na hq917687. 5:179-184. Online: https:/ /bit.ly/
44jeXTP.

Monzén, A. (2001). Produccién, uso y control de ca-
lidad de hongos entomopatégenos en nicaragua.
(63):95-103. Online: https:/ /bit.ly/4aCEaLS8.

Muioz, J., De la Rosa, W., and Toledo, J. (2009). Mor-
talidad de Ceratitis capitata (wiedemann) (dipte-
ra: Tephritidae) por diversas cepas de Beauveria
bassiana (bals.) vuillemin, en condiciones de la-
boratorio. 25(3):609-624. Online: https:/ /bit.ly/
3vZcm4z.

Patocka, J. (2016). Bioactive metabolites of entomo-
pathogenic fungi Beauveria bassiana. 85(2):80-88.
Online: https:/ /bit.ly /4cXVZWx.

Pham, T. A., Kim, J.J.,, Mm, S. G., and Kim, K. (2009).
Production of blastospore of entomopathogenic
Beauveria bassiana in a submerged batch culture.
37(3):218-224. Online: https:/ /bit.ly /3JoqQy8.

Quesada-Moraga, E. and Vey, A. (2004). Bas-
siacridin, a protein toxic for locusts secreted
by the entomopathogenic fungus Beauveria bas-
siana.  108(4):441-452. Online: https://bit.ly/
4dOMCVV.

Rodriguez-Gédmez, L., Gandarilla, F., Maldonado,
M., Quintero-Zapata, 1., Ramos, L., Alfaro, J., and
Elfas-Santos, M. (2017). Evaluacién de sustratos
naturales para la produccién de conidios de Beau-
veria bassiana (bals.) vuill. (hypocreales: Cordici-
pitaceae) en cultivo bifédsico. 42(11):739-743. On-
line: https:/ /bit.ly /49GGuPO.

Ruiz, E., Rosado, A., Chan, W., and Mungufa, R.
(2009). Patogenicidad de Beauveria bassiana (bals.)
Vuillemin sobre estados inmaduros de mosquita
blanca (Bemisia tabaci genn.). 13(2):89-94. Online:
https:/ /bit.ly /4bgxHFN.

Sabbahi, R., Merzouki, A., and Guertin, C. (2008).
Efficacy of Beauveria bassiana against the straw-
berry pests, Lygus lineolaris, Anthonomus signatus
and Otiorhynchus ovatus. 132(2):151-160. Online:
https:/ /bit.ly /3xPIA;j2.

Sala, A., Sanchez, A., Barrena, R., and Artola, A.
(2021). Produccién de biopesticidas fiingicos: una
alternativa para la valorizacién de residuos agro-
industriales.

Salazar, L., Hinojoza, M., Acosta, M., Escobar, A.,
and Scrich, A. (2020). Caracterizacion, clasifica-
cién y usos de las enzimas lipasas en la produc-
cién industrial. 39(4):e620. Online: https:/ /bit.
ly/3vVDukV.

Thakur, N., Simranjeet, K., Preety, T., Seema, T., and
Ajar, N. (2020). Chapter 15 - microbial biopesti-
cides: Current status and advancement for sus-
tainable agriculture and environment. In New
and Future Developments in Microbial Biotechnology
and Bioengineering, pages 243-282. Online: https:
/ /bitly /4aXqXfx. Elsevier.

Vela, P, Pineda, J., Duarte, A., Soto, C., and Pine-
da, C. (2019). Produccién de Beauveria spp. con fi-
nes agricolas. 2(2):16-25. Online: https://bit.ly/
3Q7X5Fg.

Vidal, S. and Jaber, L. (2015). Entomopathogenic
fungi as endophytes: plant-endophyte-herbivore
interactions and prospects for use in biologi-
cal control. 109(1):46-54. Online: https:/ /bit.ly/
4aZ4dMo.

Xiao, G., Ying, S., Peng, Z.,, Wang, Z., Zhang, S,
Xie, X., Shang, Y., St leger, R., Zhao, G., Wang, C.,
and Feng, M. (2012). Genomic perspectives on
the evolution of fungal entomopathogenicity in
Beauveria bassiana. 2:483. Online: https:/ /bit.ly/
3W2yR37.

LA GRANIJA: Revista de Ciencias de la Vida
Universidad Politécnica Salesiana, Ecuador.


https://bit.ly/4aJvhzC
https://bit.ly/4aJvhzC
https://bit.ly/44jeXTP
https://bit.ly/44jeXTP
https://bit.ly/4aCEaL8
https://bit.ly/3vZcm4z
https://bit.ly/3vZcm4z
https://bit.ly/4cXVZWx
https://bit.ly/3JoqQy8
https://bit.ly/4d0MCVV
https://bit.ly/4d0MCVV
https://bit.ly/49GGuPO
https://bit.ly/4bgxHFN
https://bit.ly/3xPIAj2
https://bit.ly/3vVDukV
https://bit.ly/3vVDukV
https://bit.ly/4aXqXfx
https://bit.ly/4aXqXfx
https://bit.ly/3Q7X5Fg
https://bit.ly/3Q7X5Fg
https://bit.ly/4aZ4dMo
https://bit.ly/4aZ4dMo
https://bit.ly/3W2yR37
https://bit.ly/3W2yR37

	Introduction
	Methodology
	Beauveria bassiana as biological controllers
	Biopesticidal potential of Beauveria bassiana.
	In vitro production of Beauveria bassiana
	Fermentations in solid substrates
	Fermentations on liquid substrates
	Production of secondary metabolites of emphBeauveria bassiana
	Use of biopesticides in the agriculture
	Conclusions

