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Introduction 

In recent years, modern agriculture has undergone various changes 

due to the significant pollution it generates, caused by the 

indiscriminate use of synthetic pesticides and fertilizers. Pest and 

disease control treatments based on synthetic compounds have, for 

many years, been and continue to be the main source of damage to 

ecosystems, through air and water pollution and soil degradation, 

the latter mainly due to the death of beneficial microorganisms 

present in the soil (1). On the other hand, human health is also 

affected due to the indiscriminate use of synthetic chemical 

pesticides. Several investigations have shown that residues of these 

products in food can generate serious negative effects on both 

human and animal health, due to bioaccumulation processes. The 

persistent use of synthetic agrochemicals over time has significantly 

contributed to the emergence of resistant strains of plant pathogens. 

As a result, many of these organisms have become increasingly 

aggressive and difficult to control. This situation is further 

exacerbated by the progressive degradation of soil quality, as 

chemical inputs promote processes such as erosion and leaching, 

ultimately reducing agricultural productivity (2). Considering these 

challenges, recent advances in biotechnology have paved the way 

for more sustainable and environmentally responsible approaches, 

including the use of entomopathogenic microorganisms for 

biological pest control (3). 

 Since their introduction more than fifty years ago, synthetic 

pesticides have served as a primary tool in combating agricultural 

pests. While initially effective, their intensive and prolonged use has 

led to unintended environmental consequences (4). In response, 

alternative methods have emerged to mitigate these impacts. 

Among the most promising are biological strategies that not only 

reduce environmental harm but also provide economically viable 

and effective pest control solutions (5). 

 One notable example is the application of entomopathogenic 

fungi. Countries such as Argentina, Bolivia, Brazil, Chile, Colombia, 

Costa Rica, Venezuela and Cuba have made notable advances in the 

cultivation and use of these fungi. Cuba, in particular, has become a 

regional leader, developing biopesticides that not only target pest 

populations but also promote plant health through formulations 

categorized as biostimulants and biofertilizers (6). Among the 

entomopathogenic fungi, Metarhizium anisopliae stands out for its 
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Abstract  

The bark beetle has been considered one of the main forest pests that causing serious damage to agricultural crops and trees by feeding on 
plant bark, affecting the health of ecosystems. In recent decades, the use of chemical pesticides has been the traditional method of control, 

generating negative impacts on the environment, pest resistance and threats to human health. For this reason, research is being conducted 

on the production and application of entomopathogenic fungi, such as Beauveria bassiana and Metarhizium anisopliae, as a biological and 
sustainable alternative that acts as a biological control agent. These fungi can be produced using traditional methods in solid, liquid and 

biphasic states, involving the use of agro-industrial waste as a low-cost and easily accessible substrate for their growth. The use of waste 

reduces pollution and promotes ecological balance. Scientific publications and texts show that entomopathogenic fungi inoculated into agro-

industrial substrates are suitable for controlling pests, mainly bark beetles. This promotes environmental and agricultural sustainability, 
mitigating environmental damage and favoring residence in production systems. 
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efficacy in controlling pests like the bark beetle. Its pathogenic 

activity is primarily mediated by hyphae and conidia key infectious 

structures capable of initiating widespread infections in insect hosts. 

In addition to causing physiological and biological changes, it leads 

to death through mechanical or enzymatic action (7). 

 The use of agro-industrial residues has been a viable option 

for the mass production of fungi, as it positively impacts the 

environmental balance. These organic materials reduce production 

costs and are easily obtained, making them suitable as fermentable 

substrates (8). As mentioned earlier, the production of 

entomopathogenic fungi has developed thanks to the use of by-

products from the agro-industry, as they complement or combine to 

achieve a high concentration of conidia, replacing food-grade 

substrates, which are more expensive and are not considered waste, 

such as cereals (rice, wheat, corn, sorghum, or oats). It is important to 

emphasize that the effectiveness of biological control of a 

bioinsecticide depends on the inoculum quantities for its evaluation, 

as well as the concentration, formulation, application methods and 

the effect of abiotic factors such as UV radiation, temperature and 

humidity (9). 

 

Materials and Methods 

This work focused on a comprehensive literature search and review, 

prioritizing the use of entomopathogenic microorganisms such as 

Beauveria bassiana and Metarhizium anisopliae in the monitoring 

and biological control of bark beetle pests (Dendroctonus spp.). The 

advantages of developing these microorganisms using agro-

industrial waste materials were highlighted, which are not only 

obtained at low cost but also promote environmental sustainability. 

Similarly, the most recent advances in the production and 

development of these microorganisms were investigated, based on 

academic sources such as Elsevier and Google Scholar, highlighting 

the most relevant results for their implementation in agricultural and 

forestry systems. 

Insect pests in agriculture 

A pest is defined as a group of animal or organisms that cause 
damage to plants and crops. One of the main challenges faced by 

the agri-food industry is the presence of pests, which influence 

physical deficiencies and economic losses. This is due to their 

behavior as vectors, as they can transmit diseases to commercially 

important crops, settling as hosts in large land areas where they 

create favorable environments for reproduction (10). For over fifty  

years, humans have tried to protect plants from insect attacks using 

traditional methods such as the application of chemical products. 

Plants are susceptible to attack by different types of 

microorganisms, such as viruses, fungi, bacteria and insects, with the 

latter being the most damaging to various crops in agriculture (11). 

There is evidence of various practices for pest control and 

management; however, these have been limited due to the 

resistance of insect populations to synthetic chemical substances. 

Furthermore, many of these substances are toxic to humans or have 

harmful health effects (12). The use of entomopathogenic agents, 

such as fungi, bacteria and viruses, for microbial control has 

increased in recent years, offering the advantage of being 

environmentally friendly. It is specific to the whitefly population and 

no cases of poisoning caused by these entomopathogenic 

formulations have been reported in mammals or humans (13). 

 One of the main concerns for farmers is the presence of 

pests, as they limit the proper development of crops, thus 

decreasing both yield and the quality of the final product, leading to 

significant economic losses. Pests can be classified depending on the 

level of damage they cause, as well as their behavior. Occasional 

pests are those that, while they may cause significant losses, only 

appear occasionally. Secondary pests do not cause significant losses 

even though they are always present. Key pests are the most 

important for the farmer, as they are always present and cause 

considerable losses, both in production and in management costs 

(14). 

Performance of entomopathogenic fungi in agricultural residues 

as functional materials 

Within the country's economy, the agro-industrial sector is a key 

pillar, providing raw materials for agricultural and livestock 

purposes. By-products are utilized and transformed into new 

products with higher added value and more efficient commercial 

advantages. An agro-industrial product is one that results from the 

transformation of raw materials, whether of animal or plant origin, 

which can be processed and yield better utility for daily 

consumption (15). 

 Most solid organic materials must undergo a composting 
process to be suitable as substrates (such as rice husk, cereal straw, 

coconut fiber, grape pomace, tree bark, sawdust, wood chips, urban 

solid waste, wastewater treatment sludge, etc.) (16). Agro-industrial 

waste and by-products play an important role in the scientific sector 

due to the various alternatives they offer, becoming a topic of 

growing research, within the main objectives and scopes when using 

waste is the formulation of bioproducts based on fungi that function 

as control agents against pests such as the bark beetle and in this 

way contribute to forest protection with less polluting and 

economically viable methods(17). 

 The use of agro-industrial by-products offers several 

advantages: waste reduction, income generation and resource 

conservation. The reuse of agro-industrial waste to produce 

entomopathogenic fungi has become a sustainable and profitable 

practice, helping to reduce the amount of waste generated during 

the production and processing of agricultural products. Agricultural 

waste acts as a catalyst for the mass production of conidia and 

blastospores; however, it can cause limitations; variability in 

composition, risk of contamination and the need for a 

standardization process  (18). 

Entomopathogenic fungi 

There are various microorganisms used in agriculture for disease 

control, pest management and as biostimulants for plant growth 

and development. Among them, entomopathogenic fungi are the 

most important group in biological control. These fungi are naturally 

present in the environment and their main function is to regulate 

natural arthropod populations by infecting and causing death 

through epizootics. They are primarily found in insect cadavers, 

obtaining nutrients from other organisms as well as from organic 

matter to support their fungal development, which prolongs their 

survival within the agroecosystem (19). 

 The bark beetle (Dendroctonus spp.) is one of the most 

damaging forest pests in forests and conifers. Its reproduction is 

characterized by the massive invasion of weak trees, where adults 

begin their development by breaking the bark, promoting 

oviposition and the development of larvae that interfere with 

nutrient flow, causing the death of the host. Significant economic, 
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  ecological and social losses have increased due to the spread of this 

beetle, which causes alterations in forest ecosystems  

Economic impact of bark beetles: Current control methods and 

the use of entomopathogenic fungi 

The most commonly used entomopathogenic fungi for pest insect 
control include Beauveria bassiana, Lecanicillium lecanii, Isaria 

fumosorosea, Hirsutella thompsonii and Metarhizium anisopliae. 

These fungi cause a range of diseases that result in insect death. 

Entomopathogens are associated with insects from different orders 

(Coleoptera - beetles, Lepidoptera - butterflies, Diptera - mosquitoes 

and Hemiptera - true bugs), which are known to affect economically 

important crops (20). Generally, entomopathogenic fungi exhibit the 

following developmental stages on their hosts: germination, 

formation of appressoria and penetration structures, colonization 

and reproduction inside the host, followed by sporulation and 

dissemination under suitable humidity and temperature conditions 

(≤70 % and up to 28 °C, depending on the fungal species). These 

fungi typically attack the immature stages (nymph or larva) of 

insects. Their host specificity varies, as most fungi have a broad host 

range, while others are specific to a single insect species (21). 

 Unlike other pathogens, one of the features that makes 
these fungi attractive for biological control is their mode of action. 

Typically, the fungus infects insects through active penetration by its 

hyphae, breaking through the insect's cuticle. Several studies 

indicate that infection can also occur through ingestion or entry via 

spiracles or other external openings. In the case of Metarhizium 

anisopliae and Beauveria bassiana, penetration is achieved through 

enzymatic and physical actions, as they produce proteases and 

chitinases. The route of action depends on the insect’s cuticle: for 

soft teguments, the hypha or germ tube penetrates directly without 

forming appressoria, whereas for thick cuticles, the germ tube forms 

appressoria and often penetration plates and hyphal bodies. These 

fungi also can synthesize toxins that play a role in the pathogen-host 

interaction cycle (22). 

Entomopathogenic fungi in pest management: Advances, 

challenges and prospects for mass production 

Metarhizium anisopliae is an entomopathogenic microorganism 

commonly used in biological control systems due to its ability to 

invade many insect pests. It grows mainly in the soil, where it is found 

naturally as a fungus that feeds on decaying organic matter. Its 

mechanism of action begins when the conidia invade the insect's 

cuticle, germinate and penetrate until they reach the hemolymph, 

causing the death of the host. This entomopathogen is characterized 

by its wide selection of insects of the order Coleoptera, Hemiptera, 

Lepidoptera and other groups within the agricultural and forestry 

sectors, not excluding the bark beetle (Dendroctonus spp.). Its 

response as a biological control agent is due to its ability to produce 

secondary metabolites with insecticidal activity, which makes it an 

effective microorganism (23-25). 

 Another key player in biological control is Beauveria 

bassiana, an anamorphic fungus that causes white muscardine 

disease in silkworms (Bombyx  mori). This fungus occurs naturally in 

the environment and is notable for its stability outside the host, 

making it an ideal tool for insect bioremediation (26). Like 

Metarhizium, it is one of the most widely used fungi for biological 

control due to its ability to survive in different environments such as 

soil, insects and plants. B. bassiana is one of the most widely used 

fungi for pest control due to its wide range of hosts, colonizing more 

than 200 species of insect pests, such as the coffee borer 

(Hypothenemus hampei), the cabbage moth (Plutella xylostella) and 

the banana weevil (Cosmopolites sordidus) (27).  

 Beauveria bassiana is characterized by colonies with a 

cottony, shiny and powdery appearance. After 14 days on potato 

dextrose agar (PDA) culture medium, the fungus appears white and 

gradually turns to a creamy yellow color; it has well-defined edges 

and the surface may be flat or elevated. When cultured in Petri 

dishes, the color of this entomopathogen may vary depending on 

factors such as the culture medium, temperature and humidity. The 

most common color of Beauveria bassiana is white; the mycelium 

can develop as a white, fluffy growth on the surface of the culture 

(Fig. 1a). As the entomopathogen matures, it may acquire a light 

green pigment (28). 

 Under the microscope, the microorganism exhibits septate 

hyphae ranging from 2.5 to 25 μm in diameter (Fig. 1c). The 

conidiophores are simple, approximately 1-2 μm in diameter and 

are either verticillate or branched (Fig. 1b). Conidia develop at a 

temperature of 25 °C, with an optimal pH for growth between 5.7 

and 5.9 and they typically form within 7-9 days (29). 

 The infection cycle of both entomopathogens begins with 

the invasion of the conidium into the host's cuticle. The process 

occurs in two phases: in the first parasitic phase, the 

entomopathogen grows, develops a germ tube and penetrates the 

cuticle with the help of enzymes that break down sclerotized and 

membranous barriers. Once inside, blastopores are produced that 

colonize the hemocoel, absorb nutrients from the hemolymph and 

release toxins, causing the death of the insect. Subsequently, in the 

saprophytic phase, the mycelium covers the corpse with 

conidiophores that release new conidia into the environment, 

restarting the infectious process. (Fig. 2) illustrates the process of 

host death caused by entomopathogenic colonization (30, 31). 

Agricultural waste as a substrates for the production of 

entomopathogenic fungi 

A substrate is any surface used as support or a growth medium on 

which an animal, plant, or microorganism can develop and begin 

reproducing. There are different types of substrates, such as 

chemically inert substrates like granite or silica sand, gravel, volcanic 

rock, perlite, clay, etc. There are also chemically active substrates, 

which include cucumber bark, vermiculite and lignocellulosic 

materials. Both types of substrates serve the same purpose: to 

provide essential nutrients for the plant system. However, each has 

its own characteristics. Inert substrates mainly provide support for 

the plant, without participating in the adsorption or fixation of 

nutrients, meaning nutrients must be added through fertilization. 

Chemically active substrates serve a dual function: they support the 

plant and also act as a reservoir for nutrients supplied through 

fertilization (32). 

 In addition, there are substrates of natural origin (such as rice 

husk, coconut fiber, animal manure, among others), which are 

characterized by their biological decomposition. There are also 

synthetic substrates, such as non-biodegradable organic polymers, 

which are obtained through chemical synthesis; examples include 

polyurethane foam, polyethylene and others (33). 

 Substrates have been used as a support where fungi grow 

and develop their morphological structures, such as conidia. The 

most used substrates for entomopathogenic fungi production 

methods are solid organic natural substrates, composed of cereal 
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and legume grains, which serve as sources of starch, cellulose and 

fiber. The main reason because these materials are used is that, once 

hydrated and sterilized, they easily absorb nutrients from the liquid 

culture, providing the necessary elements for biomass reproduction 

under healthy conditions (34). 

 For entomopathogenic fungi like Beauveria bassiana and 
Metarhizium anisopliae, substrates as: rice (Oryza sativa L.) and 

barley (Hordeum vulgare) are used. These fungi easily penetrate the 

hydrated grains and efficiently absorb their nutrients. Since the 

grains are small and separate, they offer more surface area and 

moisture, which promotes rapid growth of the entomopathogen on 

the support (35). 

 The agroindustry is one of the main sources of solid waste, 

which often contributes to the formation of pollutants that harm the 

environment. In response, the scientific community has encouraged 

the development of new methodologies that incorporate emerging 

technologies to better utilize agro-industrial residues (36). The 

residues used as supports must meet certain criteria such as 

availability, low cost, the microorganism to be cultivated and 

chemical composition, among others (37). The reutilization of solid 

waste offers a valuable avenue for economic development in many 

emerging nations, particularly through the transformation of waste 

into high-value-added products. Frequently used substrates include 

residues from agriculture, forestry and the food processing industry. 

These materials are typically rich in polysaccharides components 

like hemicellulose, cellulose and lignin, that form the structural 

framework of plant cell walls (38). 

Materials science perspective on substrate functionality 

Agro-industrial waste is not just a biological support; materials 

science recognizes that it is a functional material whose structure, 

composition and physicochemical properties determine the 

efficiency of entomopathogenic fungal cultivation. It has a porous 

structure and particle size that favor aeration and hyphal 

penetration; it can retain moisture, which is essential for maintaining 

metabolic activity in solid-state fermentation; and it exhibits surface 

properties such as roughness, hydrophobicity and electrostatic 

charge, which influence adhesion and sporulation. These types of 

materials can be pretreated with hydrolysis, heat plasma and 

grinding, improving their enzymatic accessibility and reducing 

contaminants (39). 

 

 

Fig. 1. Macroscopic and microscopic morphology of the growth and development of Beauveria bassiana in its different phases: a) Germination 
phase, b) Conidia formation phase, c) Dispersal phase. 

 

Fig. 2. Diagram of the infection process of an entomopathogenic fungus on the bark beetle. 
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Results and Discussion  

The bark beetle belongs to the Scolytinae family within the 

Curculionidae family. It is characterized by its great capacity to 

affect coniferous forests in Mexico, becoming known as one of the 

most important forest pests. Despite its small size (less than 1 cm), 

its cylindrical morphology and the development of legs and 

antennae allow it to develop adequately between the bark and the 

wood, causing damage to the vascular system of trees. Thirteen 

species of the genus Dentroctonus have been discovered in Mexico, 

the main ones being D. adjunctus, D. brevicomis, D. frontalis, D. 

mexicanus and D. rhizophagus. These species are capable of 

invading 25 of the 42 species of pine recognized in the country, with 

P. engelmannii, P. durangensis, P. leiophylla, P. hartwegii and P. 

oocarpa being the most affected. Detailed information on the life 

cycle and reproduction of Dentroctonus species is essential for 

designing pest management and control strategies for pine forests. 

Due to this problem, there has been increased interest in 

developing bioinsecticides capable of improving the conditions of 

plants and trees in agriculture. Below are the most notable projects 

addressing the use of agro-industrial waste using 

entomopathogenic fungi with applications in agriculture. The 

information presented is documentary and based on an exhaustive 

review of the literature, based on publications in indexed journals, 

articles and reliable sources related to the study (40). 

 Previous researchers  point out that the bark beetle 

problem in Mexico is significant, primarily affecting temperate 

forests dominated by the Pinus genus. Between 1993 and 2016, 

bark beetle outbreaks impacted 296165 hectares, making them the 

main biotic threat to these ecosystems. However, the damage level 

is lower than that observed in the United States and Canada (41).

 The efficacy of different strains of Beauveria bassiana 

against Dendroctonus valens was reported earlier. The results 

showed that strain Bb1801 was the most virulent, achieving 100 % 

mortality in treated insects, with a mean lethal time of 4.60 days at a 

concentration of 1 × 10⁷ conidia/Ml. These findings reinforce the 

importance of using B. bassiana as a biological control agent, 

highlighting the need to select specific strains to optimize their 

effectiveness in integrated forest pest management programs (42). 

  Previous researchers  evaluated the effect of agro-industrial 

waste: Saccharum officinalis bagasse, Zea mayz crown and Oryza 

sativa husk, as substrates in the production of Trichoderma 

harzianum spores through solid substrate fermentation. Four 

substrates were used: the control, consisting of whole O. sativa 

grains and the three aforementioned agro-industrial wastes; the 

latter were pretreated with 2.4 % NaOH and enriched with a saline 

solution to the four substrates, then sterilized and inoculated with T. 

harzianum at a concentration of 2 x 10⁷ spores mL-¹ and incubated 

at 22 ± 2 °C for 7 days. Each day, the spores were counted in the four 

substrates until the end of the incubation period. Rice favored spore 

production by T. harzianum, with a mean value of 8.99 x 10⁸ spores 

g-¹ and, among the three substrates evaluated, the highest mean 

concentration was obtained in surgance bagasse (2.28 x 10⁷ spores 

g-¹), followed by corn cobs (2.09 x 10⁷ spores g-¹) and rice husks (1.35 

x 10⁷ spores g-¹). Spore production was achieved in S. officinalis 

bagasse, Z. mayz corn cobs and O. sativa husks; however, there was 

only a statistically significant difference between the control and the 

three substrates evaluated (P < 0.05), but not between the 

substrates (P > 0.05) (43). 

 In previous studies, the mass production of Metarhizium 

robertsii and Metarhizium pinghaense using solid-state fermentation 

with three substrates: rice, barley and rolled oats. Their results 

showed that rice was the most efficient substrate, producing an 

average of 8.2 g ± 4.38 g of dry conidia for M. pinghaense and 6 g ± 2 g 

for M. robertsii. Barley favored the production of M. robertsii with 1.83 

g ± 1.47 g, while oats did not support dry conidia production for 

either fungus (44). 

 In previous studies, Beauveria bassiana strain INRS-242 in 

an assisted self-dissemination device, achieving 98 % mortality with 

a median lethal dose (LD₅₀) of 2.1 × 10⁹ conidia using agro-industrial 

waste as substrates: sugarcane husk (Saccharum officinalis), corn 

cob (Zea mays) and husk (possibly rice or similar) as support 

materials. The waste was treated by sterilization and humidity and 

temperature conditions were adjusted for rapid spore and 

mycelium production (45). 

  Previous researchers studied the production of Beauveria 
and Trichoderma in solid-state fermentation using rice husk, apple 

pomace, whiskey mash and other substrates. This results showed 

that rice husk and potato peel were the most efficient substrates, 

yielding up to 1 × 10⁹ conidia/g (48). 

  The mass production of Metarhizium robertsii and 

Metarhizium pinghaense using solid-state fermentation with three 

substrates: rice, barley and rolled oats. These results showed that 

rice was the most efficient substrate, producing an average of 8.2 g 

± 4.38 g of dry conidia for M. pinghaense and 6 g ± 2 g for                              

M. robertsii. Barley favored the production of M. robertsii with 1.83 g 

± 1.47 g, while oats did not support dry conidia production for 

either fungus  (49). 

 Former researchers evaluated the mass production of 

Metarhizium anisopliae using solid-state fermentation with rice, 

sorghum and mung bean. Rice was the most efficient, yielding 4.8 × 

10⁹ conidia/g when soaked in a 2 % sucrose solution. Sorghum 

yielded 3.2 × 10⁹ conidia/g and mung bean 2.7 × 10⁹ conidia/g, 

making it the least efficient (50). The mass production of Metarhizium 

anisopliae var. acridum and Beauveria bassiana Z1 using a biphasic 

fermentation method with solid substrates (rice, wheat bran, wheat, 

barley and sorghum) followed by a liquid phase (whey) was reported 

earlier. Rice bran and wheat bran were the most efficient for M. 

anisopliae, producing 1.08 × 10⁷ ± 2.42 × 10⁵ and 1.06 × 10⁷ ± 1.86 × 

10⁵ conidia/mL, respectively. For B. bassiana, wheat bran produced 

5.14 × 10⁶ conidia/mL. One gram of conidial powder obtained by 

sieving rice for M. anisopliae and wheat for B. bassiana contained 

approximately 2.85 x 10¹⁰ and 3.09 x 10¹⁰ conidia, respectively (51). 

 Lethal concentrations (LC50) at 24 hr were evaluated earlier. 

Topical application of bifenthrin showed it was the most toxic, with 

an LC50 of 0.94 mg/L. Cypermethrin applied to bark had an LC50 of 

5.04 mg/L. Regarding bioaccumulation, deltamethrin showed the 

highest body concentration in insects (622.41 µg g-1 dry weight), 

while cypermethrin showed the least (183.09 µg g-1 dry weight). 

Despite this, cypermethrin proved effective at lower doses in killing 

D. mexicanus adults. However, bifenthrin’s persistence in forest 

ecosystems (soil, water, sediments) poses significant environmental 

risks due to bioaccumulation and trophic chain disruption. This 

highlights the importance of assessing environmental impacts when 

using synthetic insecticides for forest pest management (52). Agro-

industrial residues (rice hulls, apple pomace, soybean fiber, rice fiber, 

wheat straw, brewer's marc and potato peels) as substrates for the 
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production of conidia of Beauveria bassiana and Trichoderma 

harzianum by solid-state fermentation (SSF). The results showed 

that for B. bassiana the best production results (≥ 1 × 10⁹ conidia per 

gram of dry matter) were achieved with rice hull and potato peel 

residues. For T. harzianum, the highest yields (more than 5 × 10⁹ 

conidia per gram of dry matter) were achieved with brewer's marc 

and potato peels (53).  This work, outlines the strategies and 

technical aspects for the mass production of entomopathogenic 

fungi, essential for their application as biocontrol agents against 

insect pests. These authors argue that for excellent production of 

entomopathogens, it is essential to correctly select strains capable of 

forming stable propagules, producing large quantities of conidia and 

maintaining good viability during storage and application. 

Furthermore, the mass production method is another important 

point, since solid-state and submerged fermentation is the ideal 

option for the propagation of entomopathogenic agents. According 

to these authors, all of the above leads to improved product stability, 

reduced costs, improved field formulations and the development of 

strains that are more stable against abiotic factors (54). Finally, 

developed a liquid fermentation process for the production of 

desiccation-tolerant blastospores with high storage stability and 

biocontrol efficacy, used B. bassiana and I. fumorosa strains in liquid 

media with different nitrogen sources (cottonseed meal), achieving 

rapid production in just 3 days, reaching concentrations of up to             

1 × 10⁹ blastospores/mL.  Desiccation tolerance after drying between 

61-86 % of blastospores remained stable, regarding stability, 

blastospores stored at 4 °C remained viable for more than 9-14 

months (55). 

Formulation and application for bark beetle control 

In the large-scale production of Beauveria bassiana and other 

entomopathogenic fungi, solid-state fermentation (SSF) remains the 

preferred technique. This is largely due to its capacity to yield high 

concentrations of conidia, which are the core component in the 

formulation of effective bioinsecticides, widely used by both small 

and industrial-scale producers of biological control agents As 

mentioned in previous paragraphs, entomopathogenic fungi are 

sustainable alternatives due to their effective response to 

agricultural problems such as pests. The formulation and 

application of bioproducts is important to achieve a good insect 

mortality rate: wettable powders (these allow for adequate foliar or 

log application), granules and pellets (these are used for the release 

of propagules in specific areas of the forest), emulsifiable oils (these 

increase inoculum adhesion to the insect cuticle), nano formulations 

and encapsulation (these are emerging technologies that seek to 

protect spores from environmental degradation and prolong their 

viability). In terms of their application, they can be applied in various 

ways, the main ones being direct inoculation, dispersal traps, aerial 

or ground spraying and finally, integration with pheromones. All 

these application techniques seek to maintain the inoculum, 

achieving their effectiveness on the insect (56). 

 Table 1 summarizes the research conducted in recent years 

on the mass production of entomopathogenic fungi, as well as the 

main results obtained according to the production process. The 

research demonstrates that bioinsecticides are an effective tool for 

curbing agricultural and environmental problems. The information 

contained in Table 1 presents a broad methodology for the different 

processes used to achieve the mass production of 

entomopathogenic agents in the agricultural sector. The research 

focuses on the reuse of designer materials inoculated with 

entomopathogens under different fermentation processes. It is 

important to mention that the research documented in this work is 

highly relevant as a scientific contribution to the development of 

sustainable new agricultural processes. This research is also part of 

the improvement of field production for greater pest-free production 

and high yields without affecting ecosystems. 

  

YEARS AGENTE CONTROL    SUBSTRATES RESULTS REFERENCE 

2010 Beauveria bassiana  Half crop 
100  % mortality 

Concentration 1x107 conidia/Ml 
  

(42) 

 2024 T. harzianum Surgance bagasse, rice and corn 8,99 x10 8 (43) 

2022 Metarhizium robertsi y Metarhizium 
pinghaense 

 rice, barley and rolled oats 
M. robertsi producing an average of            

8.2 g ± 4.38 g 
M. robertsii with 1.83 g ± 1.47 g, 

(44) 

2016 Beauveria bassiana 
 sugarcane husk 

corn cob 
98 % mortality with a median lethal 

dose (LD₅₀) of 2.1 × 10⁹ conidia 
(45) 

2016  Metrahizium anisopliae, 
  
 

92 % mortality in larvae after 7 days 
and 100 % mortality in adults 

(46) 

2023 Beauveria bassiana Sorghum, rice and corn 
biomass yield of 0.62 g, 10.92 × 10⁷ 

conidia/mL and a germination rate of 
86.94 %. 

(47) 

 2021 
  

Beauveria and Trichoderma 
rice husk, apple pomace, whiskey mash Yielding 1 × 10⁹ conidia/g (48) 

 2022 Metarhizium robertsii and 
Metarhizium pinghaense 

rice, barley and rolled oats - 8.2 g ± 4.38 g of dry conidia for M. 
pinghaense and 6 g ± 2 g for M. robertsii 

(49) 

 2025 Metarhizium anisopliae 
with rice, sorghum and mung bean 

  
M. anisopliae, producing 1.08 × 10⁷ ± 

2.42 × 10⁵ 
  

(50) 

2020  Metarhizium anisopliae rice, wheat bran, wheat, barley and 
sorghum - 

 yielding 4.8 × 10⁹ conidia/g when 
soaked in a 2 % sucrose solution. 

Sorghum yielded 3.2 × 10⁹ conidia/g 
and mung bean 2.7 × 10⁹ conidia/g, 

  
(51) 

 2022 Synthetic insecticides 
  
  

Topical application of bifenthrin 
showed it was the most toxic, with an 

LC50 of 0.94 mg/L 
(52) 

2021 
  

Beauveria bassiana 

 rice hulls, apple pomace, soybean fiber, 
rice fiber, wheat straw, brewer's marc 

and potato peels - 
 1 × 10⁹ conidia per gram of dry matter (53) 

Table 1. Summary of bibliographic contributions from control agents 
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 Currently implemented control methods include 

silvicultural practices (elimination of infected trees), chemical 

insecticides and pheromone traps. However, these control 

practices present environmental and sustainability limitations. The 

use of entomopathogenic microorganisms appears to be the best 

integrated management alternative, acting as natural agents of 

bark beetle mortality. Significant knowledge gaps remain, limiting 

large-scale production (57). These include: 

Variability in strain efficiency 

Prior research is needed on the adaptability and persistence of 

different entomopathogen strains under field conditions (58). 

Formulation and stability 

It is essential to develop nano formulations, encapsulation and 

organic carriers that prolong the shelf life and effectiveness of 

inoculants (59). 

Optimization of agro-industrial substrates 

Waste presents a great opportunity for mass production; further 

research is needed into physical/chemical pretreatments that 

standardize their composition and minimize microbial contamination 

(60). 

Integration into management programs 

Evaluations of the compatibility of entomopathogenic fungi with 

other techniques, such as pheromones and traps, are required to 

design integrated management programs. Prospects should 

consider focusing primarily on selecting native strains with high 

efficacy against bark beetles, accompanied by formulations 

resistant to extreme environmental conditions and finally, field 

studies that validate the efficacy of bioproducts. 

Recommendations  

The mass production of entomopathogenic fungi is an alternative 

for reducing environmental pollution and increasing agricultural 

productivity, so further research is needed to optimize the 

development of microorganisms and improve crop quality. It is 

recommended to evaluate different agro-industrial waste to 

increase the source of substrates, with the goal of diversifying 

available inputs and promoting a circular economy. It is also 

important to explore and test different techniques that enhance the 

process and efficiency for the successful development of the 

agricultural sector. However, it is essential to inform farmers about 

the economic benefits of using bioinsecticides and biological 

products to generate changes that modify and benefit society. To 

promote their use, it is recommended to implement outreach 

programs, technical advice through demonstration plots, 

educational materials and field visits where the effectiveness of the 

products can be demonstrated, especially in areas affected by pests 

such as the bark worm, thus creating an initiative for transformation 

in the agricultural sector. 

 

Conclusion  

The production of entomopathogenic fungi from agro-industrial 

waste is proving to be a sustainable and effective alternative for 

biological pest control. The developed methodologies allow for 

high levels of sporulation and fungal viability, surpassing 

conventional methods based on commercial substrates. 

Studies indicate that the use of these control agents can 

significantly reduce the need for synthetic chemical pesticides, 

promoting safer and more environmentally friendly agriculture. 

However, further research is needed to optimize fermentation 

and formulation processes and ensure their effectiveness on a 

large scale. The use of biological products is an effective tool for 

improving agricultural land. Their production method does not 

alter environmental effects; on the contrary, it favors crop 

production, diminishing the traditional approach to mitigating 

agricultural problems based on hazardous products that make 

pests more resistant. In short, biological products not only 

improve rural life but also human quality of life by generating a 

more balanced and resilient environment that allows people to 

enjoy healthier food and achieve a healthy lifestyle. 
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