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RESUMEN
Antecedentes: El control de plagas agrícolas es realizado con insecticidas químicos a pesar de su impacto en la salud 
humana, el daño a insectos no blanco y a su persistencia ambiental. El control biológico con insecticidas agrícolas ba-
sados en hongos (AFI) ha surgido como una alternativa de bajo impacto ambiental y a la salud humana.

Objetivo: Realizar una revisión exhaustiva de la diversidad de AFI disponibles en México, con un enfoque en las espe-
cies de hongos entomopatógenos más utilizados, tipos de formulaciones, plagas que controla y su uso en campañas 
fitosanitarias en el país.

Métodos: Se realizó una búsqueda de AFI cuyo ingrediente activo fueran hongos entomopatógenos (EF) en directo-
rios de laboratorios productores y comercializadores de agentes de control biológico y en sitios web de compañías 
comercializadoras de bioinsecticidas.

Resultados y conclusiones: Siete especies de EF como ingredientes activos en 76 productos fueron registradas, siendo 
Beauveria bassiana y Metarhizium anisopliae las más utilizadas en formulaciones en polvo humectable (WP). La dispo-
nibilidad de AFI brinda una alternativa al uso indiscriminado de insecticidas químicos. Los datos muestran el interés y 
la demanda de AFI para la agricultura mexicana y su relevancia para el control, regulación y distribución en los campos 
agrícolas.

Palabras clave: hongos entomopatógenos, bioinsecticidas, manejo agroecológico de plagas

ABSTRACT
Background: The control of agricultural pests is carried out with chemical insecticides despite their impact on human 
health, damage to non-target insects, and their environmental persistence. Biological control with Agricultural Fun-
gi-based Insecticides (AFI) has emerged as a low-impact alternative for the environment and human health.

Objective: An exhaustive review of the diversity of AFI available in Mexico was performed, focusing on the most com-
monly used species of entomopathogenic fungi, types of formulations, control pests, and their use in phytosanitary 
campaigns in the country. 

Methods: A search was conducted for AFI whose active ingredient is entomopathogenic fungi (EF) in directories of 
laboratories that produce and market biological control agents and on websites of companies that market bioinsecti-
cides.

Results and conclusions: Seven species of EF were recorded as active ingredients in 76 products, with Beauveria bas-
siana and Metarhizium anisopliae being the most commonly used in wettable powder (WP) formulations. The availa-
bility of AFI provides an alternative to the indiscriminate use of chemical insecticides. The data show the interest and 
demand for AFI in Mexican agriculture and their relevance for control, regulation, and distribution in agricultural fields.

Keywords: Entomopathogenic fungi, bioinsecticides, agroecological pest management
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INTRODUCTION

Most agricultural production systems worldwide em-
ploy chemical insecticides to control pests. The glo-
bal pesticide consumption in 2019 was approximately 
4.19 million metric tons (Pathak et al. 2022). In Mexi-
co, the average annual use of pesticides from 2010 to 
2014 was 7.87 kg/ha, ranking third worldwide and first 
in Latin America (Zhang 2018), this has had significant 
consequences for the environment, public health, and 
the development of insect resistance (Herrera-More-
no et al. 2018, Li et al. 2023). Biological control has 
been developed as an environmentally friendly alter-
native to chemical pest control methods. It involves 
the introduction or enhancement of natural enemies 
of the pest, these can include insects, mites, nemato-
des, fungi, bacteria, and viruses. Specifically referring 
to microorganisms to enhance crop growth, increase 
yield, and protect crops from pathogens and pests; 
the global agricultural microbial market is valued at 
USD 6.4 billion in 2022 since the consumer preferen-
ce for organic food products, gradual phase-out of 
crucial ingredients, residue levels in food, pest resur-
gence, and resistance, and increasing need for agri-
cultural sustainability (Markets & Markets 2023).
Currently the use of Agricultural Fungi-based Insecti-
cides (AFI) is part of the biological control strategies 
in integrated pest management and agroecological 
pest management. Unlike chemical insecticides, AFI 
only reduces insect populations to a level that does 
not cause economic losses; their toxicity is catego-
rized as reduced or null in humans and other orga-
nisms, and due to their co-evolutionary process, they 
have the advantage of behaving as endophytic mi-
croorganisms that function as growth promoters and 
also protect plant hosts from pathogens and herbivo-
res (Behie et al. 2015, Butt et al. 2016, Vega 2018).
AFI have increased in popularity in the last two de-
cades with a record of 110 commercial products ba-
sed on Entomopathogenic Fungi (EF), of which 40 % 
have Beauveria bassiana and 39 % Metarhizium ani-
sopliae sensu lato (Faria an& Wright 2007, Mascarin 
& Jaronski 2016).
Since B. bassiana interaction with silkworms was ob-
served by Agostino Bassi in 1835, and M. anisopliae 
studied by Eli Metchnikoff in 1878, the EF have been 
studied to develop microbial pest control agents (La-
cey et al. 2015). These discoveries have promoted 

the study, use, and marketing of these and other EF 
worldwide in the 21th century.
The effectiveness of EF in agricultural pest control is 
attributed to their host range and sophisticated in-
fection mechanisms. The infection process begins 
when susceptible insects come into contact with fun-
gal conidia or blastospores, which then adhere to the 
insect cuticle. This triggers the expression of various 
hydrolytic enzymes, including proteases, chitinases, 
and lipases, as well as other factors that facilitate 
fungal germination and growth across the host’s sur-
face, leading to the penetration of the cuticular la-
yers. Upon breaching the cuticle, the fungus enters 
the hemocoel, where host immune responses such 
as melanization, sclerotization, phagocytosis, nodu-
lation, and encapsulation take place (Ortiz-Urquiza 
et al. 2013). Within the hemocoel, blastospores pro-
liferate, invading other tissues, absorbing nutrients, 
and producing secondary metabolites. Ultimately, the 
fungus forms sporulation structures that emerge from 
the insect cadaver, thus continuing its life cycle (Butt 
et al. 2016).
Among the most commonly and effectively used bio-
pesticides are the AFI whose active ingredients are 
entomopathogenic fungi (EF) and are used mainly 
as microbial insecticides against agricultural pests, 
as well as insect vectors of human diseases (Muri-
llo-Alonso et al. 2019, Ortiz and Sansinenea 2023).
In Mexico, the Centro Nacional de Referencia de 
Control Biológico (CNRCB) maintains the largest co-
llection of EF strains, which are crucial for developing 
biological pest control strategies, primarily in the 
agricultural sector. These strains encompass a variety 
of genera, including Metarhizium, Beauveria, Cordy-
ceps, Hirsutella, Simplicillium, Aschersonia, Purpureo-
cillium, Entomophthora, Akanthomyces, and Gibellu-
la (Montesinos-Matías et al. 2020).

Metarhizium spp.
Metarhizium (Clavicipitaceae) is one of the most used 
EF worldwide. The species belonging to Metarhizium 
show a wide variety of morphological features. Coni-
diophores are branched but are occasionally simple 
in some species, with apices of branches bearing one 
to several phialides that may be truncate or elongate. 
Conidia varies in shape (cylindrical, globose, ellipsoi-
dal) and size (from 4.0−14.5 × 2.0−5.0 μm) and may 
be hyaline, lilac, brown or green, and form chains 
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(Kepler et al. 2014). Although conidia are usually the 
only informative morphological features, these can 
be indistinguishable between closely related species 
(Brunner-Mendoza et al. 2018). According to the In-
dex Fungorum and Mycobank the genus Metarhizium 
presents 111 and 123 taxon name records, respecti-
vely. This genus was initially classified into three spe-
cies and varieties, but according to recent taxonomic 
revisions, it includes 66 species (anamorphs and te-
leomorphs), including those previously identified as 
Metacordyceps and Nomuraea, and new species have 
been described or incorporated to the genus (Kepler 
et al. 2014, Mongkolsamrit et al. 2020). Three species 
stand out for the control of several pests in Mexico, 
M. anisopliae, to control Phyllophaga, Diatraea sac-
charalis, Aeneolamia spp, among others (López-Ro-
dríguez et al.  2023), M. rileyi (formerly Nomuraea rile-
yi) to control Lepidoptera and Hemiptera, and finally, 
M. acridum to control locusts (Brunner-Mendoza et al. 
2018).

Beauveria spp.
Beauveria (Cordycipitaceae) is a cosmopolitan genus 
of soilborne arthropod-pathogenic fungi that includes 
ecologically and economically important species such 
as B. bassiana characterized by white, later yellowish, 
or occasionally reddish colonies. The reverse is un-
colored, or yellowish to pinkish. Conidiogenous cells 
consist of globose to flask-shaped basal part and an 
up to 20-mm long rachis, mostly forming a zig-zag. 
Conidia are hyaline, globose to broadly ellipsoidal, 
generally 2-3 x 2-2.5 mm. The conidia are formed in 
clusters, like snowballs or cotton balls (Zimmermann 
2007). Currently, Beauveria has 81 and 88 taxon name 
records according to the Index Fungorum and My-
cobank, respectively, and according to Rehner et al. 
(2011) B. bassiana and B. brogniartii are considered 
species complexes, and in recent years many species 
have been described or incorporated to the genus. 
B. bassiana is reported as the most potent biological 
control agent against a wide range of insect families 
(López-Rodríguez et al. 2023). However, its bio-effica-
cy depends on the isolation source and life stages of 
the insect target stages (Islam et al. 2023).

Other entomopathogenic fungi genera 

The families Cordycipitaceae and Ophiocordycipita-

ceae have experienced nomenclatural changes in ac-
cordance with the International Code of Nomenclatu-
re for Algae, Fungi, and Plants. The genus Hirsutella, 
which was reclassified under Ophiocordyceps, now 
has 121 records in the Index Fungorum and 117 in 
Mycobank. In Mexico, Hirsutella is primarily used for 
mite control. Additionally, the genus Isaria was rena-
med under Cordyceps, and the use of Akanthomy-
ces has been favored over Lecanicillium (Kepler et 
al. 2017). Akanthomyces lecanii, the teleomorph of 
Cordyceps confragosa, is used to control whiteflies, 
hemipterans, and aphids. Other entomopathogenic 
fungi used in biological control in Mexico include 
Cordyceps javanica (formerly I. javanica), which is the 
primary species of the genus Cordyceps used to con-
trol whiteflies (Murillo-Alonso et al. 2023). Additiona-
lly, Cordyceps mexicana has potential applications in 
forest pest control (López-Rodríguez et al. 2022).

AGRICULTURAL FUNGI-BASED INSECTICIDES (AFI)

The development of a bioinsecticide is a complex 
process that requires extensive research and deve-
lopment over several years. The process begins with 
seeking infected insects or the use of insect baits to 
obtain entomopathogenic fungi from the soil. These 
fungi undergo isolation and morphological and mole-
cular characterization. Additionally, the optimal grow-
th conditions are evaluated, including culture media, 
fermentation type, thermotolerance tests, UV light 
tolerance, chemical tolerance, tests for synergism and 
antagonism, and water stress. Also, the biological 
effectiveness of the bioinsecticide is assessed under 
both laboratory and field conditions, focusing on me-
trics such as mean lethal concentration, mean lethal 
dose, and mean lethal time. Efficient mass production 
methods are developed, followed by the creation of 
a suitable formulation. This includes testing the for-
mulation’s tolerance to ingredients, quality parame-
ters, hydrophobicity, packaging, and labeling. Further 
assessments ensure persistence in the field and de-
termine the shelf life, considering both the physical 
and biological stability of the formulation. Before 
commercialization, the bioinsecticide must undergo 
evaluation by regulatory agencies. In Mexico, this in-
volves obtaining authorization and registration from 
the Comisión Federal para la Protección contra Ries-
gos Sanitarios (COFEPRIS) in coordination with the 
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Secretaría de Medio Ambiente y Recursos Naturales 
(SEMARNAT) and the Secretaría de Agricultura y De-
sarrollo Rural (SADER). 
In Mexico, the study, production, and application of 
EF in the field began in 1990 in some research centers 
and mainly at the CNRCB (Zelaya-Molina et al. 2022, 
Rodríguez del Bosque et al. 2015). One of the first 
cases of the development of microbial pest control 
agents with EF in Mexico was the control of the locust 
(Schistocerca piceifrons) with M. acridum, where the 
CNRCB had an essential role in laboratory and field 
studies and the diffusion of the technology (Hernán-
dez-Velázquez and Arredondo-Bernal 2003). In the 
mid-90s, the first companies that produced and mar-
keted AFI were consolidated; one of these compa-
nies was “Agrobiológico del Noroeste, S.A. de C.V.’’ 
(Agrobionsa). At the end of the 90s, twenty institutions 
and private companies producing and marketing be-
neficial organisms for insect control in Mexico had at 
least one EF species (Tamez-Guerra et al. 2001). By 
2001, there were 11 products based on EF, of which 
five had B. bassiana as active ingredient, three had 
M. anisopliae, and another three had Paecilomyces 
fumosoroseus. These fungi were produced by four 
companies and two laboratories from the Mexican 
government. In 2010, a total of 28 plants producing 
biopesticides were documented (17 companies and 
11 laboratories of propagation centers and/or units), 
which mainly produced B. bassiana, followed by M. 
anisopliae, P. fumosoroseus, Verticillium lecanni, M. 
anisopliae var. acridum and Paecilomyces sp. (García 
de León & Mier 2010).
According to the “Directorio de Laboratorios Repro-
ductores y Comercializadores de Agentes de Control 
Biológico DGSV-CNRCB, y DGSV-CNRF-Departa-
mento de Control Biológico (DCB) (SENASICA 2020, 
2022)” and the “Registro Sanitario de Plaguicidas, 
Nutrientes Vegetales de la Comisión Federal para 
la Protección contra Riesgos Sanitarios (COFEPRIS 
2022)”, 76 products with EF as an active ingredient 
are produced and marketed (Tables 1-4). Of these, 53 
contain as an active ingredient a single EF species, 23 
products of B. bassiana, 16 M. anisopliae, 7 I. fumo-
sorosea, 4 A. lecanii, 2 M. acridum, and only 1 pro-
duct that contains I. javanica. The remaining products 
contain two or more EF strains and even a mixture 
with entomopathogenic bacteria (Table 4). At least 56 
other products containing EF were not documented 

and are not described in the tables because the infor-
mation provided was not accurate or the label lacked 
an adequate description, such as the amount of the 
conidial concentration, the type of formulation, and 
target pests. Products containing B. bassiana, accor-
ding to the description on the labels and technical 
sheets, are used to control arthropods belonging to 
Coleoptera, Hemiptera, Lepidoptera, Orthoptera, 
Thysanoptera, and Trombidiformes (Table 1). Products 
that contain M. anisopliae as an active ingredient are 
used to control Coleoptera, Hemiptera, Dermapte-
ra, Diptera, Hymenoptera, Lepidoptera, Orthoptera, 
Thysanoptera and Trombidiformes (Table 2). In con-
trast, products containing I. fumosorosea aim to con-
trol insects of the order Hemiptera (Table 3) and A. 
lecanii controls insects of the orders Homoptera and 
Hemiptera (Table 3). Sixty-three percent of compa-
nies and institutions dedicated to the production and 
sale of this type of AFI indicate conidia or spores as 
the active ingredient, while the rest only indicate that 
the products contain Colony Forming Units (CFU). 
The formulations of AFI are diverse, and according 
to the classification of formulations provided by the 
Food and Agriculture Organization of the United Na-
tions-World Health Organization (FAO-OMS 2017) 
the 61.8 % of the documented products have a wet-
table powder (WP) formulation and contain a variable 
concentration of CFU or conidia in presentations of 
100, 200, 240, 250, 300, 400, 500 and 1000 g. The 
rest of the formulations are diverse, with 5.2 % in the 
form of emulsifiable concentrate (EC), 14.5 % soluble 
concentrate (SL), 9.2 % suspension concentrate (SC) 
and 9.2 % granules (GR).
The formulations of AFI marketed in Mexico differ sig-
nificantly in the concentration of the active ingredient 
or the infective units (conidia/gram, conidia/liter, spo-
res/gram, spores/liter, CFU/gram, and CFU/liter). 
The taxonomic identity of the marketed AFI usually 
needs to be more precise due to the complexity of 
fungal nomenclature, which is constantly revised and 
changing. For example, according to current taxono-
mic and phylogenetic reviews, Nomurea rileyi belongs 
to the genus Metarhizium; Verticillium lecanii  chan-
ged to Lecanicillium lecanii and now to Akanthomy-
ces lecanii; Paecilomyces fumosorosea changed to 
Isaria fumosorosea and now to Cordyceps fumosoro-
sea (Table 5).
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Table 1.  Agricultural Fungal-Based Insecticides (AFI) in Mexico with the entomopathogenic fungus Beauveria bassiana as the active ingre-

dient

BIOVERIA®SCG 

BEA-SIN®SCG 

BEA-SIN® WP

BAUBA®

BIOBROC

ATENTO®

BIO-BASSB

BIO X TERRA BB

BIOBEA®

BERIA MAX

BEAUVERIA
BASSIANA

BAUVESHOK 

RIALÚ INSECTO 

BEAUVERIA
BASSIANA

WP

SL

WP

SC

WP

WP

WP

SC

WP

WP

GR

WP

WP

SL

200 g

1L

240 g

1L

300 g

250 g

250 g

1L

250 g

400 g

200 g

150 g

250 g

1 L

1.1 × 1010 conidia/g

1.2 × 1012 conidia

1.2 × 1012 conidia

2 × 106 CFU
2 × 106 CFU

1.5 × 1012 conidia

5.3 × 109 CFU/g

1 × 1011spores

9 × 108 spores

1 × 108 CFU/g

1 × 108 spores

1 × 1010 CFU

1 × 108 CFU

1 × 109 conidia/g

1 × 1012 spores

AGRHUSA
AGROBIOLÓGICOS

AGROBIOLÓGICOS
DEL NOROESTE

AGROBIOLÓGICOS
DEL NOROESTE

AGRO FISHER

AGROINDUSTRIAS FUNGI
AGRICOLA DEL ORIENTE 

AGROQUIMICOS VERSA

BIO INTEGRA

BIO AGRO CHEMICAL

BIOAMIN,
AGROBIOTECNOLOGÍA

BIOAGRIS

BIO-ORGANIK

BIOPRODUCTORA DE 
JARDINES SOSTENIBLE

CENTRO DE INVESTIGACIONES 
Y DESARROLLO AGRÍCOLA

GREEN IMPORT SOLUTIONS

Bemisia tabaci

Bemisia spp.

Bemisia spp.

Amorbia emigratella, Conotrache-
lus perseae, Copturus aguacatae, 

Empoasca sp. Frankliniella occiden-
talis, Gracilaria perseae, Heliothrips 

haemorrhoidalis, Oligonychus punicae, 
Tetranychus urticae, Sabulodes spp., 

Tetraleurodes spp.

Hypothenemus hampei 

B. tabaci

B. tabaci

Lepidoptera

Bemisia argentifolii, Chrysodeixis inclu-
dens, Cydia pomonella, Hypothenemus 

hampei, Metamasius hemipterus, 
Spodoptera frugiperda, Thrips Palmi, 

Trialeurodes vaporariorum

B. tabaci

Oligonychus punicae, Thrips tabaci, 
T. urticae, F. occidentalis, Dactylopius 

coccus, Phyllophaga spp. Plutella 
xylostella. Trichoplusia spp. B. tabaci, 

Diaphorina litri. Toxoptera aurantii. 
H. hampei

Brevicoryne brassicae, Diaphorina citri, 
Phyllophaga vetula, Sitophilus zeamais, 

Sphenarium purpurascens

B. tabaci, P. vetula

Agriotes sp., Anthonomus eugenii, 
Bacteriseda cockerelli, Bemisia spp., 
D. citri, Diabrotica spp., Diatraea sac-

chralis, Schistocerca piceifrons, 
S. frugiperda, Empoasca spp., Erythro-
neura spp., M. hemipterus, Myzus spp., 

Phyllophaga spp., Trioza spp.

Formulation 
type**

Commercial 
Brand *

Concentration Presentation Company ***Target Pest
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BEAUVEB

BEAUBA-HIPER 

BEAUBASSIL

BEAUBASSIX 

MUSCARDINA
BLANCA

BASSI-HIT

PHC® BEA TRON®

BEAFOL

SPECTRUM BEA B

WP

GR

SC

WP

WP

WP

WP

WP

EC

1.2 × 1012 conidia

1×1010 spores

1 × 1010 conidia

1 × 109 CFU/g

1.2 × 1012 conidia

1 × 1012 conidia

1.2 × 1012 conidia

1.2 × 108 conidia/g

1.0 × 1011 CFU

LABORATORIO REPRODUCTOR
 DE ORGANISMOS BENEFICOS 

DEL SURESTE 

MICROVIDA INNOVACIÓN 
AGRÍCOLA 

BIOTECNOLOGÍA AGROINDUSTRIAL

PRODUCTOS MICROBIOLÓGICOS 
PARA LA AGRICULTURA 

ORGANISMOS BENÉFICOS 
DE NAYARIT

PLANT BIOMIMIC

PLANT HEALTH CARE DE MÉXICO

SONABARI AGROBIOLOGICOS

ULTRAQUIMIA AGRÍCOLA

150 g

200 g

1L

300 g

250 g

240 g

250 g

1 L

H. hampei, Heilipus lauri, C. aguacatae, 
B. tabaci, Phyllophaga spp.

B. tabaci, H. hampei, Ostrinia furnaca-
lis, Phyllophaga spp.

Coleoptera, Lepidoptera

Hemiptera, Lepidoptera, Coleoptera

Coleoptera, Hemiptera

Homoptera, Lepidoptera, Coleoptera

B. tabaci, Phyllophaga sp., H. hempei,
 Acigona loftini, Aeneolamoa spp.

Hemiptera, Lepidoptera

B. tabaci, Copturus aguacatae, 
H. hampei, Melanaphis sacchari

* Registered trademark. **Formulation type: emulsifiable concentrate (EC), granulated (GR), soluble concentrate (SL), suspension concentrate 
(SC), wettable powder (WP) (FAO, WHO, 2017); Colony Forming Units (CFU). ***The scientific names stipulated in this table correspond to 
what is described in the technical sheet and/or labels of the mentioned products.

Table 2.  Agricultural Fungal-Based Insecticides (AFI) in Mexico with species belonging to the genus Metarhizium as active ingredients

Formulation 
type**

Commercial 
Brand *

Concentration Presentation Company ***Target Pest

RIZIUMAX®

META-SIN®

META-SIN® WP

ANI MAX

METABIOSS®

BIO METT

METARSIL

METARHIZIUM 
ANISOPLIAE

WP

SL

WP

WP

WP

WP

SC

SL

200 g

1L

240 g

400 g

250 g

250 g

1L

1L

1.1 × 1010 conidia/g

1.2 × 1012 conidia/l

1.2 × 1012 conidia

1 × 108 spores

1 × 108 CFU/g

1 × 1011 spores

2 × 10 conidia/l

1 × 10¹² spores

AGRHUSA
AGROBIOLÓGICOS

AGROBIOLÓGICOS
DEL NOROESTE

AGROBIOLÓGICOS
DEL NOROESTE

BIOAGRIS

BIOAMIN,
AGROBIOTECNOLOGÍA

BIO INTEGRA

BIOTECNOLOGÍA
AGROINDUSTRIAL

GREEN IMPORT
SOLUTIONS

Bemisia tabaci

Anthonomus eugenii

A. eugenii

Hemiptera, Diptera, Hymenoptera, 
Coleoptera, Thysanoptera, Orthoptera

A. eugenii, Agrotis segetum, Anastre-
pha ludens, Neoleucinodes elegantalis, 
Otiorhynchus sulcatus, Phyllotreta spp.

A. eugenii

Coleoptera, Dermaptera
Diptera, Hemiptera, Hymenoptera, 

Lepidoptera, Orthoptera

Coleoptera, Hemiptera, Hymenoptera, 
Lepidoptera, Orthoptera

Microorganism: Metarhizium anisopliae
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META-HIPER

MUSCARDINA
VERDE

PHC® META
TRON®

X-RRIZUM

METAFOL

META-TKN

METARIZIANI

SPECTRUM
META

METACRIDUM

BENERHIZIUM
PH CHAPULÍN

GR

WP

WP

EC

WP

WP

WP

EC

WP

WP

200 g

250 g

240 g

1L

250 g

100 g

300 g

1 L

300 g

100 g

11 × 1011 spores

1.2 × 1012 conidia

1.2 × 1012 conidia

1 × 1011 CFU/l

1.2 × 108 conidia/g

1.3 × 1012 conidia

1 × 109 CFU/g

1×1011 CFU

1 × 109 CFU/g

2 × 1012 conidia

MICROVIDA INNOVACIÓN 
AGRÍCOLA

ORGANISMOS BENÉFICOS
DE NAYARIT

PLANT HEALTH CARE
DE MÉXICO

QUÍMICA LUCAVA

SONABARI
AGROBIOLOGICOS

TIEMELONLA NICH
 KLUM

PRODUCTOS MICROBIOLÓGICOS 
PARA LA AGRICULTURA

ULTRAQUIMIA AGRÍCOLA
 S.A. DE C. V

PRODUCTOS MICROBIOLÓGICOS 
PARA LA AGRICULTURA

COMITÉ ESTATAL DE SANIDAD 
VEGETAL DE GUANAJUATO A. C.

B. tabaci, Brachystola magna, Dactylo-
pius coccus, D. citri, F. occidentalis, 
H. hampei, O. punicae, Phyllopha-
ga sp., Plutella xylostella, T. urticae, 
Toxoptera aurantii, Trichoplusia sp., 

Thrips tabaci

Coleoptera, Lepidotera

Acheta assimilis, Aeneolamia postica, 
Aeneolamia sp., Anthonomus eugenii, 

Anthonomus gradis, B. tabaci, 
Schistocerca spp.

C. aguacatae

Hemiptera, Lepidoptera

Hypothenemus hampe

Hemiptera, Coleoptera,
Homóptera

C. aguacatae, B. tabaci

Orthoptera

Orthoptera

Microorganism: Metarhizium anisopliae

* Registered trademark. **Formulation type: emulsifiable concentrate (EC), granulated (GR), soluble concentrate (SL), suspension concentrate 
(SC), wettable powder (WP) (FAO, WHO, 2017); Colony Forming Units (CFU). ***The scientific names stipulated in this table correspond to 
what is described in the technical sheet and/or labels of the mentioned products.

Table 3. Agricultural Fungal-Based Insecticides (AFI) in Mexico with Akanthomyces lecanii, Isaria fumosorosea e I. javanica as active ingre-

dients 

Formulation 
type**

Commercial 
Brand *

Concentration Presentation Company ***Target Pest

VERTI–SIN®*

EDAY®*

LECANICILLIUM 
LECANII

LECANIS PLUS

SL

WP

SL

WP

1L

250 g

1L

300 g

1.2 × 1012 conidia

2.1 × 10 7 conidia/g

1 × 1013 spores

1 × 10 CFU 9/g

AGROBIOLÓGICOS
DEL NOROESTE

AGROQUIMICOS VERSA

GREEN IMPORT
SOLUTIONS

PRODUCTOS MICROBIOLÓGICOS 
PARA LA AGRICULTURA 

Myzus persicae

Aphis gossypii, 
Bemisia tabaci

Dysmicoccus spp.

Thysanoptera

Microorganism: A. lecanii (L. lecanii) (V. lecanii)
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PAE-SIN® WP

PAE-SIN®

PAECIL

BIO FACEF

PAECIL

MUSCARDINA
ROSA

PHC® PAE TRON®

ISAROL

LECANICILLUM 
+ ISARIA

BENEISARI PH 
DIAPHORINA

WP

SL

WP

WP

WP

WP

WP

WP

GR

WP

240 g

1L

250 g

300 g

200 g

250 g

240 g

300 g

200 g

100 g

1.2 × 1012 conidia

1.2 × 1012 conidia 

1 × 108 CFU/g

1 × 1011 spores

1 × 109 CFU/g

1.2 × 1012 conidia

1.2 × 1012 conidia

1 × 10 CFU 9/g

1 × 1010 CFU

2 × 1012 conidia

AGROBIOLÓGICOS DEL 
NOROESTE (AGROBIONSA)

AGROBIOLÓGICOS DEL 
NOROESTE (AGROBIONSA)

BIOAMIN
AGROBIOTECNOLOGÍA

BIO INTEGRA 

BIOTERRA INTERNACIONAL

ORGANISMOS BENÉFICOS DE 
NAYARIT

ORGANISMOS BENÉFICOS 
DE NAYARIT

PRODUCTOS MICROBIOLÓGICOS 
PARA LA AGRICULTURA

BIO-ORGANIK

COMITÉ ESTATAL DE SANIDAD 
VEGETAL DE GUANAJUATO 

Bemisia spp.

Bemisia spp.

B. tabaci, Chrysodeixis includen, Bre-
vicoryne brasisicae, Plutella xylostella 

Planococcus citri

B. tabaci

B. tabaci

Hemiptera

B. tabaci, B. argentifolii
T. vaporarium

Thysanoptera
 Hemiptera

Thysanoptera, Hemiptera
 Coleoptera

Diaphorina citri

Microorganism:  I. fumosorosea (P. fumosoroseus)

Microorganism:  I. fumosorosea (P. fumosoroseus), A. lecanii (L. lecanii) (V. lecanii)

Microorganism:  I. javanica

* Registered trademark **Formulation type: emulsifiable concentrate (EC), granulated (GR), soluble concentrate (SL), suspension concentrate 
(SC), wettable powder (WP) (FAO, WHO, 2017); Colony Forming Units (CFU). ***The scientific names stipulated in this table correspond to 
what is described in the technical sheet and/or labels of the mentioned products.

Table 4.  Agricultural Fungal-Based Insecticides (AFI) in Mexico with various entomopathogenic fungi species as active ingredients

Formulation 
type**

Commercial 
Brand *

Concentration Presentation Company ***Target Pest

NOVARHIZIUM

METHAR®

BEAUVERIA+
METHARHIZIUM

LECANIS PLUS

 CUCARA-SUR

SC

SC

GR

WP

WP

250 ml

1L

200 g

300 g

150 g

1 × 106 conidia
1 × 109 conidia

2 × 106 CFU
2 × 106 CFU

1 × 1010 CFU

1 × 1013 spores

1 × 1012conidia

LABORATORIO DE CONTROL 
BIOLÓGICO DE PROFERTINNOVA

AGRO FISHER 

BIO-ORGANIK

PRODUCTOS MICROBIOLÓGICOS 
PARA LA AGRICULTURA 

LAB. REPRODUCTOR 
DE ORGANISMOS BENEFICOS 

DEL SURESTE

Schistocerca spp., D. coccus

Schistocerca spp., D. coccus

Dysmicoccus spp.

Phyllophaga sp., B. tabaci, 
Aeneolamia sp., Melanoplus sp., 
Helicoverpa spp., Sitophilus spp.

Blattodea

Microorganism: ^ B. bassiana-M. anisopliae
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MICOTIVA

BAUBA®

BIO MA-BB

PHYTO-CONTROL

WP

SC

WP

GR

1 K

1L

250 g

200 g

5 × 108 CFU/g
5 × 108 CFU/g

2 × 106 CFU
2 × 106 CFU

1 × 1011 spores
1 × 1011 spores

1 × 1011 spores

TECNOLOGÍAS NATURALES 
INTERNACIONAL

AGRO FISHER 

BIO INTEGRA 

MICROVIDA INNOVACIÓN 
AGRÍCOLA

Brevicoryne spp., Dysmicoccus spp., 
Frankliniella spp., Bemisia spp., Trialeu-
rodes spp., Alphitobius spp., Aeneola-
mia spp., Diatraea spp., Astaena spp., 
Phyllophaga spp., Leptopharsa spp., 

Acheta spp., Nicentrites spp.

B. tabaci, F. occidentalis,
O. punicae

A. eugenii

D. citri, F. occidentalis, H. hampei, 
O. punicae, Phyllophaga spp, 

P. xylostella, T. urticae, T. aurantii, 
Trichoplusia spp, T. tabaci

TRI-SIN® WP

TRI-SIN® CE 

BIOTECH BMI

BIODESTRUCTOR

SPORAX®

MEPAB

META-MR

WP

EC

SL

WP

WP

WP

WP

1L

240 g

1L

500 g

250 g

150 g

250 g

2.4 × 1012 conidia

2.4 × 1012 conidia

1 × 106spores/mL
1 × 106spores/mL
1 × 106spores/mL

1 × 108 CFU/g

3 × 108 CFU/g

1 × 1012 conidia

1 × 1011conidia

AGROBIOLÓGICOS
DEL NOROESTE 

AGROBIOLÓGICOS
DEL NOROESTE 

 BIOGANIKA MEXICANA 

BIOAGRIS

BIOAMIN,
AGROBIOTECNOLOGÍA

LAB. REP. DE ORGANISMOS
BENEFICOS DEL SURESTE

LABTECSUS  

Bactericera cockerelli

B. cockerelli

B. tabaci, B. cockerelli, H. Virescens, 
S. frugiperda, Phyllophaga spp., 

Anomala spp., P. xylostella, 
Cyclocephala spp., Heliothis virescens, 

S. exigua, C. aguacatae

Hemiptera, Diptera, Hymenoptera, 
Coleoptera, Thysanoptera, Orthoptera

B. argentifolii, C. pomonella, 
C. includens, H. hampei, 

M. hemipterus, S. frugiperda, 
T. Palmi, T. vaporariorum

H. hampei, Heilipus lauri, C. aguacatae, 
B. tabaci, Phyllophaga spp.

Lepidoptera

Microorganism:  B. bassiana-M. anisopliae-P. fumosoroseus

Microorganism:  M. anisopliae-M. robertsii

BEA-MET-PLUS

VER-PAE

ENTOMAXX 5X2

WP

WP

SL

400 g

400 g

1L

1.2 × 108 CFU/g
1.2 × 108 CFU/g
1.2 × 108 CFU/g

1.2 × 108 CFU/g
1.2 × 108 CFU/g
1.2 × 108 CFU/g

1 × 107 CFU/ml
1 × 107 CFU/ml
1 × 107 CFU/ml
1 × 107 CFU/ml
1 × 107 CFU/ml

GAIA ASESORÍA INTEGRAL
AMBIENTAL

GAIA ASESORÍA INTEGRAL
AMBIENTAL

GREENCORP BIORGANIKS
DE MÉXICO

Coleoptera, Diptera, Hemiptera, 
Lepidoptera, Thysanoptera

Hemiptera, Thysanoptera

Coleoptera, Hemiptera,
Lepidoptera

Microorganism:  B. bassiana- L. lecanii- M. anisopliae

Microorganism:  B. bassiana- L. lecanii- P. fumosoroseus

Microorganism:  B. bassiana-N. rileyi- M. anisopliae- L. lecanii- P. fumosoroseus
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Bio Pest Max® SL 1L1 × 107 CFU/ml
1 × 107 CFU/ml
1 × 107 CFU/ml
1 × 107 CFU/ml
1 × 107 CFU/ml

TECNOLOGÍAS AGRIBEST Coleoptera, Hemiptera,
Lepidoptera

LARBIOL 2X

LEKANY-DUO

SL

GR

1L

200 g

1 × 107 CFU/ml
1 × 107 CFU/ml
1 × 107 CFU/ml

1 × 1011 spores

GREENCORP BIORGANIKS
DE MÉXICO

MICROVIDA INNOVACIÓN
 AGRÍCOLA.

Phyllophaga spp., 
S. frugiperda

Hemiptera, Homoptera, Lepidoptera, 
Orthoptera, Thysanoptera

Microorganism:  B. bassiana-N. rileyi-B. thuringiensis

Microorganism:  L. lecanii-P. fumosoroseus

*Registered trademark. **Formulation type: emulsifiable concentrate (EC), granulated (GR), soluble concentrate (SL), suspension concentrate 
(SC), wettable powder (WP) (FAO, WHO, 2017); Colony Forming Units (CFU). ***The scientific names stipulated in this table correspond to 
what is described in the technical sheet and/or labels of the mentioned products.

*The original scientific name on which the current name is based

Table 5. Agricultural Fungal-Based Insecticides (AFI) current names according to the last taxonomic revision (Mycobank, 2023) 

Current name *Basionym Synonym

Akanthomyces lecanii

Cordyceps fumosorosea

Cordyceps javanica 

Metarhizium rileyi

Purpureocillium lilacinum

Cephalosporium lecanii

Isaria fumosorosea

Spicaria javanica 

Botrytis rileyi

Penicillium lilacinum

Lecanicillium lecanii
Verticillium lecanii

Paecilomyces fumosoroseus
Spicaria fumosorosea

Paecilomyces javanicus
Isaria javanica

Nomuraea rileyi
Spicaria rileyi

Beauveria rileyi

Paecilomyces lilacinus
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USE OF AFI IN PHYTOSANITARY CAMPAIGNS 
AND PROGRAMS

Phytosanitary campaigns in Mexico aim to detect, 
control, and prevent the spread of pests and patho-
gens from Mexican vegetable production. Epidemio-
logical surveillance, chemical and biological control, 
and legal activities are carried out to improve the 
crop’s competitiveness (SENASICA 2023).
Among the phytosanitary campaigns that have used 
AFI are those carried out with I. javanica and M. aniso-
pliae to control the “Asian citrus psyllid” (Diaphorina 
citri), which is a hemipteran that causes damage to 
citrus trees, mainly from the Rutaceae family that re-
presents 589,683 ha in 2017 (SENASICA 2019a). From 
2012 to 2015, 34,644 ha of citrus trees were treated 
with the strains CHE-CNRCB 303 and 307 of I. javani-
ca, and strain 224 of M. anisopliae in the states of Co-
lima, Hidalgo, Jalisco, Nayarit, Oaxaca, San Luis Po-
tosí, Tamaulipas and Veracruz (Sánchez-González et 
al. 2015). During 2018, applications of M. anisopliae 
were carried out on 3,884 ha in the state of Hidalgo 
in March, in addition to applications of I. javanica in 
June on 770, 2,500 and 16,000 ha, for the states of 
Campeche, Quintana Roo and Yucatán respectively. It 
is considered that with the applications of these AFI, 
a reduction in the psyllid population between 60 to 
81.8% has been achieved (SENASICA 2018).
Another relevant pest is the American locust (Schis-
tocerca spp.), which is considered among the most 
harmful pests in the world. Their different species de-
vastate thousands of hectares cultivated worldwide, 
affecting cereals, fruit trees, legumes, and grasses. 
The biological control of S. piceifrons has been ca-
rried out since 2009 using applications of M. acridum 
in the states of Campeche, Chiapas, Hidalgo, Oaxaca, 
San Luis Potosí, Tabasco, Tamaulipas, Veracruz, and 
Yucatán. From 2009 to 2016, applications of the fun-
gus were carried out on 11,102 ha which means an 
annual average of 1,586 ha treated per year. In 2017 
and 2018, 886 and 1,090 ha were treated, respectively 
(SENASICA-DGSV 2016a). Furthermore, the control 
of grasshoppers of the species Brachystola magna, B. 
mexicana, Melanoplus differentialis, and Sphenarium 
purpurascens has been treated with M. acridum in the 
states of Guanajuato and Tlaxcala with applications 
on 4,000 and 8,000 ha, respectively since 2011. From 
2012 to 2016, applications with M. acridum were ca-

rried out on 54,256 ha in the states of Chihuahua, 
Guanajuato, and Tlaxcala (SENASICA-DGSV 2016b).
Finally, a campaign from 2009 to 2015 with I. javani-
ca strain CHE-CNRCB 305 to control the brown citrus 
aphid Toxoptera citricida, which is a severe threat to 
citrus farming, was implemented on 12,336 ha (Barre-
ra 2020; SENASICA 2019b).

CONCLUSION

AFI research, production, and application in the field 
have increased in Mexico since the 1990s. AFI has 
gained prestige as functional products that control 
insect pests of fruit, vegetables and cereal crops. Cu-
rrently, there are 76 commercial products described 
in this work and 56 products that were not considered 
in the tables. The most common fungi in AFI are B. 
bassiana and M. anisopliae, which are mostly formu-
lated in wettable powders. This review represents a 
database that can be updated periodically, providing 
the scientific community and Mexican agriculture with 
a source of information on AFI. 
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