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Abstract Aspergillus oryzae has shown great potential in biological control against various rice pests. This review provides a
detailed exploration of its biological characteristics, including morphology, lifecycle, enzymatic properties, and the generation of
secondary metabolites. Meanwhile, this review provides an in-depth analysis of its pest control mechanisms, particularly its ability to
resist fungi, bacteria, and nematodes. Evaluate the effects of different formulations, concentrations, and application strategies of
Aspergillus oryzae through laboratory and field application techniques. In addition, the synergistic effects of Aspergillus oryzae and
other beneficial microorganisms were explored, demonstrating the potential of microbial consortia in enhancing pest control. At the
same time, the advantages of Aspergillus oryzae in environmental protection, sustainability, and cost-effectiveness were also
considered. This review also points out the challenges faced by the future use of Aspergillus oryzae for biological control, including
its limitations, potential risks, and regulatory issues, and proposes future research directions. This review provides a theoretical
framework for using Aspergillus oryzae as a pest management tool in sustainable rice cultivation.
Keywords Aspergillus oryzae; Biological control; Rice pests; Pest management; Sustainable agriculture

1 Introduction
Rice is a staple food for more than half of the world's population, playing a crucial role in global food security.
However, rice cultivation is significantly challenged by various pests, including stem borers, leafhoppers,
planthoppers, and root-knot nematodes. These pests cause extensive damage to rice crops, leading to reduced
yields and compromised plant health. The economic impact is substantial, as farmers face increased costs for pest
control and decreased income due to lower harvest quality and quantity. Effective pest management is essential to
ensure sustainable rice production and food security (Ponce et al., 2022).

Biological control involves using natural enemies, such as predators, parasitoids, and pathogens, to manage pest
populations. This approach is environmentally friendly and sustainable, providing an alternative to chemical
pesticides that can have adverse effects on human health and the environment. Biological control agents target
specific pests, reducing the likelihood of non-target effects and resistance development. Common methods include
the use of beneficial insects, nematodes, bacteria, and fungi, which act through mechanisms like predation,
parasitism, competition, and the production of toxic compounds that inhibit or kill pests (Costa et al., 2021).

Aspergillus oryzae is a filamentous fungus traditionally used in the fermentation industry for producing sake, soy
sauce, and miso. Recently, its potential as a biological control agent has gained attention due to its ability to
produce a wide range of secondary metabolites with antimicrobial properties. Research indicates that A. oryzae
can inhibit the growth of various plant pathogens and pests, making it a promising candidate for integrated pest
management (IPM) strategies. Its enzymatic properties and ability to thrive in diverse environmental conditions
further enhance its suitability for agricultural applications (García-Conde et al., 2023).

This systematic review aims to explore the role of Aspergillus oryzae in the biological control of rice pests. It will
provide a comprehensive overview of the biological characteristics of A. oryzae, its mechanisms of action against
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pests, application efficacy, synergistic effects with other biological agents, and the environmental and economic
implications of its use. Provide a theoretical framework for using Aspergillus oryzae as a pest management tool in
sustainable rice cultivation.

2 Biological Characteristics of Aspergillus oryzae
2.1 General morphology and life cycle of Aspergillus oryzae
Aspergillus oryzae, commonly known as the koji mold, is a filamentous fungus extensively utilized in traditional
Asian fermentation processes such as sake, soy sauce, and miso production. Understanding the morphology and
life cycle of A. oryzae is crucial for optimizing its use in various industrial applications and its potential role in
biological control against rice pests.

The morphology of A. oryzae includes several distinct parts and structures, as illustrated in Figure 1A. The fungus
forms a complex mycelial network composed of septate hyphae, which are hyphal cells divided by cross-walls
known as septa. These structures provide structural support and compartmentalization. The hyphal cells typically
measure between 2 to 4 micrometers in diameter, which allows for efficient nutrient absorption and growth.
Asexual reproduction in A. oryzae involves the formation of conidiophores, which are specialized structures that
arise from the mycelium and bear conidia. Conidiophores consist of a stalk, vesicle, metulae, and phialides. The
phialides produce chains of conidia, which are spherical or ellipsoidal in shape and typically range from 3 to 6
micrometers in diameter. These conidia are responsible for the dispersal and propagation of the fungus (Chen et al.,
2019). Figure 1B illustrates A. oryzae grown in a PDA medium, showing the typical colony morphology of the
fungus. Figure 1C shows the growth of A. oryzae in steamed rice (köji), highlighting its application in traditional
fermentation processes.

The life cycle of Aspergillus oryzae begins with the germination of conidia upon encountering favorable
environmental conditions such as appropriate moisture, temperature, and nutrient availability. Germination
involves the formation of germ tubes, which elongate to form hyphae and eventually develop into a mycelial
network. This vegetative mycelium serves as the primary growth phase during which the fungus colonizes the
substrate and absorbs nutrients.During the vegetative phase, A. oryzae undergoes extensive hyphal growth and
differentiation, leading to the formation of conidiophores. The process of conidiation, or conidia formation, is
regulated by a combination of genetic and environmental factors. Conidia are produced in large quantities,
facilitating widespread dispersal and ensuring the continuation of the life cycle (Okabe et al., 2018).

2.2 Enzymatic Properties and Secondary Metabolites Production
Aspergillus oryzae is renowned for its enzymatic capabilities, which are pivotal in its widespread use in
fermentation industries. The fungus secretes a diverse array of enzymes that catalyze the breakdown of complex
substrates, facilitating various industrial processes.

A. oryzae produces a wide range of hydrolytic enzymes, including amylases, proteases, lipases, and cellulases.
These enzymes are essential for converting complex biomolecules into simpler forms, enabling their utilization in
fermentation and other industrial applications. For instance, α-amylase and glucoamylase hydrolyze starch into
dextrins and glucose, crucial in producing sake, soy sauce, and other fermented foods (Chen et al., 2019).

A. oryzae also produces various proteases that break down proteins into peptides and amino acids, enhancing the
flavor and nutritional value of fermented foods. These enzymes are particularly vital in soy sauce production
(Frisvad et al., 2018). Additionally, A. oryzae lipases hydrolyze triglycerides into glycerol and free fatty acids,
contributing to the breakdown of fats and oils in fermentation substrates (Jeennor et al., 2019).

In addition to its primary metabolic activities, Aspergillus oryzae produces a variety of secondary metabolites,
which have significant industrial and biological applications. The fungus generates organic acids such as lactic
acid, citric acid, and gluconic acid, which play crucial roles in food preservation, flavor enhancement, and pH
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regulation in fermentation processes (Son et al., 2018). Moreover, A. oryzae produces secondary metabolites with
antimicrobial properties that inhibit the growth of pathogenic bacteria and fungi, making these compounds
valuable in biological control and food safety applications (Wasil et al., 2018).

Figure 1 Morphology of A. oryzae; (A) Parts and structures of the fungus (Adapted from “Structure of Aspergillus spp.”, 2023), (B) A.
oryzae planted in a PDAmedium and (C) Growth of A. oryzae in steamed rice (köji) (Adapt from García-Conde et al., 2023)
Image caption: Figure 1 illustrates the morphological characteristics of Aspergillus oryzae, including its fungal structures, growth in a
culture medium, and growth in steamed rice. Figure 1 comprehensively shows the morphological characteristics of Aspergillus
oryzae, from its structural components to its growth in various media. By analyzing these images, we gain a better understanding of A.
oryzae's significance in industrial fermentation and its potential applications in biological control. This information provides a solid
foundation for further research and application (Adapt from García-Conde et al., 2023)

2.3 Comparison of A. oryzae with OtherAspergillus Species
Aspergillus oryzae belongs to a diverse genus of filamentous fungi, each species exhibiting unique characteristics
and industrial applications. Comparing A. oryzae with other Aspergillus species, particularly A. flavus and A. niger,
highlights both commonalities and distinct differences.
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Both A. oryzae and A. flavus exhibit filamentous growth and produce conidia. However, A. flavus conidia are
typically rougher and more variable in shape compared to the smooth, spherical conidia of A. oryzae. This
morphological distinction is significant in industrial settings where the purity and consistency of fungal cultures
are essential (Zhang et al., 2015). Furthermore, A. oryzae is non-toxigenic and safe for food production, while A.
flavus produces aflatoxins, which are potent carcinogens posing significant health risks.

Comparing A. oryzae with Aspergillus niger reveals notable differences in enzymatic activity and industrial
applications. Both species are prolific producers of hydrolytic enzymes. A. niger is particularly noted for its
production of citric acid and pectinases, whereas A. oryzae is renowned for its amylases and proteases (Park et al.,
2019). Additionally, A. niger typically forms black or dark conidia, whereas A. oryzae produces green to yellow
conidia. These color and morphology differences are useful for distinguishing between the two species in
industrial applications. The metabolic pathways of A. oryzae and A. niger differ, with A. niger exhibiting a broader
range of organic acid production, including high levels of citric acid. This makes A. niger a primary organism for
industrial citric acid production, whereas A. oryzae excels in producing enzymes critical for fermenting
starch-based substrates (Daba et al., 2021).

3 Mechanisms of Action in Pest Control
3.1Antifungal properties and inhibition of fungal pathogens
Aspergillus oryzae demonstrates significant antifungal properties, making it a promising candidate for biological
control against fungal pathogens affecting rice. Studies have shown that certain strains of A. oryzae can inhibit the
growth of various pathogenic fungi. For example, the strain Aspergillus oryzae 18HG80, isolated from saline soil,
exhibited notable antifungal activity against phytopathogens such as Aspergillus flavus, Fusarium oxysporum, and
Alternaria solani. The strain inhibited their growth with varying degrees of effectiveness, showing the highest
inhibition against A. flavus and F. oxysporum (Nacef et al., 2020).

The mechanism behind this antifungal activity involves the production of secondary metabolites such as kojic acid
and butanedioic acid. These compounds interfere with the cellular processes of the target fungi, leading to
inhibited growth and reduced pathogenicity. Additionally, environmental factors such as temperature and pH were
found to influence the antifungal activity of A. oryzae, with optimal activity observed at 30 ℃ and pH 6 (Nacef et
al., 2020).

Further research demonstrated that essential oils and other bioactive compounds derived from A. oryzae could be
effective in controlling fungal pathogens in agricultural settings. For instance, studies have shown that essential
oils with antifungal properties significantly inhibit the growth of Aspergillus oryzae, suggesting potential
applications in the preservation of cultural relics and possibly in crop protection.

3.2 Antibacterial activity against rice pathogens
In addition to its antifungal properties, Aspergillus oryzae also exhibits antibacterial activity against several rice
pathogens. This antibacterial potential is particularly significant in controlling diseases caused by bacterial
pathogens such as Xanthomonas oryzae pv. oryzae, which is responsible for bacterial leaf blight in rice.

Research has identified strains of A. oryzae that produce metabolites with strong antibacterial effects. Jiang et al.
(2019) highlighted the isolation of Aspergillus sclerotiorum strain As-75, which demonstrated significant
antagonistic activity against X. oryzae pv. oryzae. The strain produced a novel compound identified as
(2Z)-2-butenedioic acid-2-(1-methylethenyl)-4-methyl ester, which showed strong antibacterial activity and
improved control efficiency in preventing rice bacterial blight (Jiang et al., 2019).

Moreover, Shoji et al. (2021) discovered a novel water extract from rice fermented with Aspergillus oryzae and
Saccharomyces cerevisiae, suggesting broader antimicrobial potential. The extract promoted cell survival and
inhibited viral infection, indicating that A. oryzae can produce bioactive compounds with diverse antimicrobial
properties (Shoji et al., 2021).
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3.3 Nematicidal effects against root-knot nematodes
Aspergillus oryzae also shows potential in controlling nematode infestations, particularly root-knot nematodes,
which are a significant problem in rice cultivation. The nematicidal activity of A. oryzae is attributed to its ability
to produce metabolites that are toxic to nematodes, thereby reducing their populations and minimizing crop
damage.

Studies on the nematicidal effects of A. oryzae have demonstrated that certain strains can effectively inhibit the
growth and reproduction of root-knot nematodes. The metabolites produced by A. oryzae disrupt the nematodes'
life cycle, leading to decreased infection rates and improved plant health. This mode of action is particularly
advantageous as it offers a biological alternative to chemical nematicides, which can have adverse environmental
impacts (Zhang et al., 2022).

In conclusion, the antifungal, antibacterial, and nematicidal properties of Aspergillus oryzae highlight its potential
as a versatile biological control agent in rice cultivation. Its ability to produce a wide range of bioactive
metabolites makes it an effective tool in integrated pest management strategies aimed at reducing reliance on
chemical pesticides and promoting sustainable agriculture.

4 Application Efficacy
4.1 Laboratory and field application techniques
The application techniques of Aspergillus oryzae in biological control have been explored both in laboratory
settings and field trials to assess their efficacy against various rice pests. Laboratory experiments typically involve
controlled environments where variables such as temperature, humidity, and exposure time can be precisely
regulated. For instance, in vitro studies on the nematicidal effects of A. oryzae have demonstrated significant
reductions in nematode populations when applied at specific concentrations and incubation periods (Liu et al.,
2019).

Field application techniques, are more complex due to the variable environmental conditions. A common approach
involves the use of A. oryzae spore suspensions sprayed directly onto rice plants. For example, large-scale field
trials have shown that aerial spraying of A. oryzae spore suspensions can effectively reduce pest populations over
extensive areas. In a study where A. oryzae was used against locusts, drone-assisted spraying resulted in
significant reductions in locust populations, demonstrating the feasibility of this method for large-scale
agricultural applications (You et al., 2023).

Another effective method involves incorporating A. oryzae into soil treatments. By mixing fungal spores into the
soil, it is possible to target soil-borne pests such as nematodes more directly. This method has been shown to
reduce the incidence of root galls and nematode populations in rice roots, as seen in greenhouse studies where soil
applications led to significant pest suppression (Liu et al., 2019).

4.2 Efficacy of different formulations and concentrations
The application of synthetic The efficacy of Aspergillus oryzae in pest control can vary significantly depending on
the formulation and concentration used. Different formulations, such as spore suspensions, dry spore powders, and
fermented extracts, have been tested to determine the most effective method for delivering the biocontrol agent.

Spore suspensions are commonly used due to their ease of application and effectiveness. Studies have shown that
higher concentrations of spore suspensions generally result in greater pest mortality. For example, a study on the
use of A. oryzae against nematodes found that a concentration of 5×107 spores/ml was more effective than lower
concentrations, resulting in higher mortality rates and reduced nematode reproduction (Liu et al., 2019).

Fermented extracts of A. oryzae have also been tested for their efficacy. These extracts contain not only fungal
spores but also secondary metabolites produced during fermentation, which can enhance the biocontrol effects.
For instance, the use of fermented rice extracts with A. oryzae demonstrated significant antifungal activity against
rice pathogens, suggesting that these formulations could be particularly effective in integrated pest management
programs (Shoji et al., 2021).
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4.3 Comparative Analysis of Various Application Strategies
Comparing different application strategies for Aspergillus oryzae in pest control highlights the advantages and
challenges of each method. Aerial spraying, soil treatment, and seed treatment are among the most commonly
used strategies. Can be selected based on the specific pest and environmental conditions.

Aerial spraying is highly effective for large-scale applications, particularly in fields where uniform coverage is
essential. This method has been successfully used to control locust populations, with drone-assisted spraying
providing an efficient and scalable solution (You et al., 2023). However, this method requires precise calibration
and environmental considerations to avoid drift and ensure effective coverage.

Soil treatment is advantageous for targeting soil-borne pests directly. Incorporating A. oryzae spores into the soil
can significantly reduce pest populations, as demonstrated in greenhouse studies against nematodes (Liu et al.,
2019). This method is particularly useful for pests that affect the root systems of plants.

Seed treatment is another effective strategy, especially for ensuring early protection against pests. Treating seeds
with A. oryzae spores or extracts can enhance seedling resistance to pests and pathogens. This method has the
added benefit of promoting early plant vigor and reducing the need for additional pesticide applications (Kalaivani
et al., 2020).

5 Synergistic Effects with Other Biological Agents
5.1Combined Use with Other Beneficial Microbes
The combined use of Aspergillus oryzae with other beneficial microbes has been explored to enhance the overall
efficacy of biological control methods. The synergy between A. oryzae and other microbes can result in improved
pest management outcomes due to complementary mechanisms of action.

Jambhulkar et al. (2018) evaluated the combined use of Aspergillus oryzae with Trichoderma harzianum and
Pseudomonas fluorescens in their study. The study demonstrated that the co-application of these biocontrol agents
provided enhanced protection against rice pathogens such as Magnaporthe oryzae and Xanthomonas oryzae pv.
oryzae. The combination of T. harzianum and P. fluorescens with A. oryzae resulted in a synergistic effect,
reducing disease severity by 69.5% compared to untreated controls.

In another study, the combination of A. oryzae with Bacillus licheniformis was shown to be effective against
multiple phytopathogens. The bacterial strain B. licheniformis inhibited the growth of A. oryzae and other
pathogens through the production of antimicrobial compounds, enhancing the overall biocontrol efficacy
(Albarrán-de la Luz et al., 2022).

5.2 Enhanced Pest Control Through Microbial Consortia
Microbial consortia involving Aspergillus oryzae can offer enhanced pest control by leveraging the strengths of
multiple organisms. These consortia can create a hostile environment for pests and pathogens through various
synergistic interactions.

A notable example is the use of A. oryzae in combination with beneficial bacteria and fungi to form a microbial
consortium that targets specific pests. This approach has been tested in various agricultural systems. For instance,
the consortium of A. oryzae with Trichoderma and Bacillus species has shown improved control of soil-borne
pathogens and pests, leading to healthier crop growth and higher yields (Jambhulkar et al., 2018).

Furthermore, studies have indicated that microbial consortia can also enhance the production of secondary
metabolites with pesticidal properties. The synergistic interaction among the microbes can stimulate the
production of bioactive compounds that are more effective in pest control than those produced by individual
strains alone (García-Conde et al., 2023).
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5.3 Case Study: Successful Synergy in Pest Control
5.3.1 Case study 1: Aspergillus oryzae in locust control
You et al (2023) study highlighting the successful synergy of Aspergillus oryzae in pest control involves its
application against locusts. The study evaluated the virulence of A. oryzae strain XJ-1 on adult locusts (Locusta
migratoria) in both laboratory and field trials. The lethal concentration for adult locusts was determined to be
3.58×10⁵ conidia/mL 15 days post-inoculation in laboratory settings. Field-cage experiments revealed that locust
mortality reached approximately 92% 15 days after inoculation with 3×10⁵ conidia/m². Furthermore, a large-scale
field trial over 666.6 hectares, involving aerial spraying of a water suspension of A. oryzae at 2×10⁸ conidia/mL,
demonstrated a significant reduction in locust population densities by 85.4%-94.9% within 31 days (You et al.,
2023).

5.3.2 Case study 2: synergistic effects with Bacillus licheniformis
In the study on mango disease control by Albarr á n-de la Luz et al. (2023), A. oryzae was tested in combination
with Bacillus licheniformis M2-7 against phytopathogenic fungi affecting mango trees. The combined application
of these microbes resulted in a significant reduction of fungal growth, with A. oryzae showing a 45% inhibition
rate against itself, 40% against Colletotrichum sp., and 35% against Aspergillus niger. The presence of B.
licheniformis altered the mycelial structure of the fungi, leading to fragmentation and reduced growth. This
synergistic effect highlights the potential of combining A. oryzae with other beneficial microbes for enhanced pest
control (Albarrán-de la Luz et al., 2022).

Figure 2 Damage caused to the structures of the fungi in antagonism was observed at 40X (Adapt from García-Conde et al., 2023)
Image caption: Aspergillus oryzae without bacterial inoculum (a); A. oryzae in the presence of Bacillus licheniformis M2–7 (b) and A.
oryzae in the pre- sence of B. licheniformis LYA12 (c); Colletotrichum sp. without bacterial inoculum (d) in the presence of M2–7 (e),
in the presence of LYA12 (f) and A. niger without bacterial inoculum (g) in the presence of M2–7 (h) and LYA12 (i), the arrows
indicate hyphae malformation (Adapt from García-Conde et al., 2023)
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Figure 2 effectively demonstrates the antagonistic effects of Bacillus licheniformis on various fungi, including
Aspergillus oryzae, Colletotrichum sp., and Aspergillus niger. The presence of B. licheniformis strains M2-7 and
LYA12 results in significant hyphal malformations, indicating their potential as biocontrol agents in managing
fungal pathogens. These visual observations support the hypothesis that B. licheniformis can be employed to
mitigate fungal infections in agricultural settings, promoting healthier crop growth and reducing reliance on
chemical fungicides.

6 Environmental and Economic Implications
6.1 Eco-friendly Nature and Sustainability of A. oryzae-based Control Methods
The utilization of Aspergillus oryzae as a biocontrol agent is an eco-friendly alternative to chemical pesticides,
offering significant benefits for sustainable agriculture. A. oryzae is a naturally occurring fungus that can
effectively manage pest populations without introducing harmful chemicals into the environment. This biocontrol
method aligns with the principles of Integrated Pest Management (IPM), which emphasizes the reduction of
chemical pesticide use through biological and ecological approaches (Fahad et al., 2015).

A key environmental benefit of A. oryzae-based methods is their minimal impact on non-target organisms. Unlike
broad-spectrum chemical pesticides that can harm beneficial insects, birds, and aquatic life, A. oryzae targets
specific pests, reducing collateral damage and preserving biodiversity. For example, the use of A. oryzae to control
locusts demonstrated high specificity and effectiveness, significantly reducing pest populations without affecting
other species (You et al., 2023).

Moreover, A. oryzae-based biocontrol methods contribute to soil health by reducing the need for chemical inputs
that can degrade soil quality over time. These methods support the maintenance of a balanced soil microbiome,
which is crucial for plant health and productivity. The use of A. oryzae in soil treatments has shown to improve
soil fertility and structure, further enhancing crop resilience against pests and diseases (García-Conde et al., 2023).

6.2 Cost-benefit analysis of using A. oryzae in rice pest management
The economic feasibility of employing Aspergillus oryzae in rice pest management has been increasingly
supported by recent studies. The initial cost of developing and applying biocontrol agents like A. oryzae can be
offset by the long-term benefits of reduced pest damage, lower chemical pesticide expenses, and enhanced crop
yields.

In terms of cost, A. oryzae-based biocontrol methods may initially seem higher compared to chemical pesticides.
However, the reduction in pest resurgence and resistance, which often necessitates higher doses and more frequent
applications of chemicals, makes A. oryzae a cost-effective solution in the long run. For instance, the use of A.
oryzae in controlling nematodes in rice fields has shown significant reductions in nematode populations, leading
to healthier crops and higher yields, thereby justifying the initial investment (Liu et al., 2019).

Moreover, A. oryzae-based treatments often lead to better marketability of crops due to the absence of chemical
residues, meeting the growing consumer demand for organic and sustainably produced food. This can lead to
premium pricing and better market access, further enhancing the economic benefits for farmers (Shoji et al.,
2021).

6.3 Potential Reduction in Chemical Pesticide Usage and Its Benefits
The use of Aspergillus oryzae in pest management significantly reduces reliance on chemical pesticides, bringing
profound environmental and health benefits. Chemical pesticides are known to cause various issues, including
water pollution, soil degradation, and harm to non-target species, including humans. The environmental and
economic impacts of employing Aspergillus oryzae in biological control against rice pests are overwhelmingly
positive, eco-friendly, and sustainable, highlighting the potential of Aspergillus oryzae as a cornerstone of
sustainable agricultural practices.
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Reducing chemical pesticide use through biocontrol agents like A. oryzae helps mitigate these negative impacts.
For instance, studies have shown that biocontrol can effectively manage pest populations without the
environmental persistence associated with chemical residues. This leads to cleaner water systems and healthier
ecosystems. The reduction in chemical use also minimizes the risk of pesticide runoff into water bodies, thereby
protecting aquatic life (Fahad et al., 2015).

Furthermore, the health benefits of reducing chemical pesticide use cannot be overstated. Pesticides have been
linked to various health issues in humans, ranging from acute poisoning to long-term chronic illnesses such as
cancer. By decreasing the dependency on these chemicals, A. oryzae-based methods contribute to safer food
production and reduced health risks for both farmers and consumers (García-Conde et al., 2023).

7 Challenges and Future Directions
7.1 Limitations and potential risks associated with A. oryzae
While Aspergillus oryzae holds great promise as a biocontrol agent, there are several limitations and potential
risks associated with its use. One of the primary challenges is the variability in efficacy due to environmental
conditions. Factors such as temperature, humidity, and soil composition can significantly influence the
performance of A. oryzae. For instance, studies have shown that optimal growth and metabolite production occur
at specific pH levels and temperatures, which may not always be achievable in field conditions (Nacef et al.,
2020).

Another significant limitation is the potential for horizontal gene transfer and unintended ecological impacts. A.
oryzae, like other microorganisms, can potentially transfer genes to other microorganisms in the environment,
which may result in unforeseen ecological consequences. This risk necessitates rigorous monitoring and
regulation to prevent any adverse effects on non-target species and ecosystems (García-Conde et al., 2023).

Additionally, there is the issue of mycotoxin production. While A. oryzae is generally considered safe and
non-toxigenic, its close relatives, such as Aspergillus flavus, produce aflatoxins, which are potent carcinogens.
Ensuring the purity and strain specificity of A. oryzae applications is crucial to avoid contamination and potential
health risks (Frisvad et al., 2018).

7.2 Regulatory and safety concerns
The use of A. oryzae in agricultural settings is subject to various regulatory and safety concerns. Regulatory
frameworks vary by region, but generally include stringent requirements for safety assessments, environmental
impact evaluations, and efficacy trials before approval for use. These regulations are designed to ensure that
biocontrol agents do not pose risks to human health, non-target organisms, or the environment.

A key regulatory concern is the potential for allergenicity and pathogenicity. Although A. oryzae is widely used in
food production and is considered safe, the large-scale application in fields could expose agricultural workers and
nearby populations to fungal spores, which may cause allergic reactions or respiratory issues in sensitive
individuals (Shoji et al., 2021).

Rregulatory agencies require comprehensive data on the environmental persistence and potential bioaccumulation
of A. oryzae and its metabolites. The persistence of spores and secondary metabolites in soil and water bodies
needs careful assessment to prevent long-term ecological impacts. Ensuring compliance with these regulations
involves extensive field trials and monitoring, which can be resource-intensive and time-consuming (Jambhulkar
et al., 2018).

7.3 Areas for Future Research and Potential Technological Advancements
Aspergillus oryzae in biological control should focus on several key areas to address current challenges and
enhance its efficacy and safety. One important area is the genetic and metabolic engineering of A. oryzae strains to
optimize their performance under various environmental conditions. Advances in omics technologies and
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synthetic biology can facilitate the development of tailored strains with enhanced biocontrol properties and
reduced risks of mycotoxin production (He et al., 2019).

Research should explore the integration of A. oryzae with other biocontrol agents and agricultural practices to
develop comprehensive pest management strategies. Studies have shown that microbial consortia can provide
synergistic effects, enhancing pest control and reducing reliance on chemical pesticides (García-Conde et al.,
2023).Technological advancements in formulation and delivery methods are also critical. Developing stable,
easy-to-apply formulations such as granular products, liquid suspensions, or seed coatings can improve the
practical use of A. oryzae in various agricultural settings. Innovations in application technologies, such as
precision spraying and drone-based delivery systems, can enhance the efficiency and effectiveness of biocontrol
applications (You et al., 2023).

While Aspergillus oryzae presents a promising biocontrol agent with significant potential, addressing its
limitations and risks through focused research and technological innovation is essential. Regulatory compliance
and safety assurance will be crucial in advancing its adoption in sustainable agriculture practices.

8 Conclusion Remarks
This systematic review has explored the multifaceted role of Aspergillus oryzae in biological control against rice
pests. Key findings highlight its significant potential in pest management, supported by its antifungal, antibacterial,
and nematicidal properties. Laboratory and field studies have demonstrated the effectiveness of A. oryzae in
reducing pest populations and disease incidence in rice crops, indicating its viability as an alternative to chemical
pesticides.

This review also reveals the advantages of combining A. oryzae with other beneficial microbes, enhancing pest
control through synergistic effects. Integrating A. oryzae into microbial consortia has shown improved pest
suppression and crop health, highlighting its role in comprehensive pest management strategies. Furthermore, the
environmental and economic implications of using A. oryzae are discussed, emphasizing its eco-friendliness and
cost-effectiveness. The reduction in chemical pesticide usage and the subsequent benefits to human health and the
environment are significant points of discussion, demonstrating the broader impact of A. oryzae-based biocontrol
methods.

Integrating Aspergillus oryzae into sustainable agricultural practices presents a viable pathway toward reducing
dependency on chemical pesticides and enhancing crop resilience. The eco-friendly and cost-effective nature of A.
oryzae-based biocontrol methods aligns with the goals of sustainable agriculture, which seeks to balance
productivity with environmental stewardship.

To fully realize the potential of A. oryzae, ongoing research and development are crucial. This includes optimizing
formulation and application methods, ensuring regulatory compliance, and conducting long-term field trials to
validate efficacy under diverse environmental conditions. The development of genetically enhanced strains and
innovative application technologies, such as precision spraying and drone delivery, can further enhance the
practical use of A. oryzae in pest management.

Moreover, fostering collaborations between researchers, agricultural practitioners, and regulatory bodies will be
essential to address the challenges and streamline the adoption of A. oryzae-based biocontrol strategies. Educating
farmers on the benefits and application techniques of biocontrol agents will also play a crucial role in promoting
widespread acceptance and implementation.

Aspergillus oryzae holds significant promise as a biological control agent against rice pests. Its integration into
sustainable agricultural practices offers a pathway to reducing chemical pesticide use, protecting the environment,
and ensuring food security. Continued research, technological innovation, and collaborative efforts will be key to
unlocking the full potential of A. oryzae in sustainable pest management.
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