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Abstract—There is an urgent need to develop eco-friendly strategies for combating insect pests. These strategies should focus on controlling 

pest populations using naturally occurring substances, such as plant and animal extracts, microorganisms, parasitic nematodes and insects, and 

specific minerals. The overuse and misuse of chemical pesticides have resulted in pest resistance, the destruction of beneficial organisms, and 

increased residual problems, posing significant threats to both the environment and human health. This has led the scientific community to 

explore the potential of biopesticides. Currently, viruses, fungi, parasitic nematodes, and certain strains of Bacillus thuringiensis are available 

for commercial use. Utilizing biopesticides as biocontrol agents presents a promising alternative, particularly if challenges related to 

phytopathogens and environmental issues caused by synthetic pesticides can be effectively managed. This review highlights current practices 

and advancements in the use of biopesticides on both regional and global levels. 
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I. INTRODUCTION  

Biopesticides are target specific, having low toxicity to 

nontarget organisms, minimal persistence in the environment 

and potentially usable in organic agriculture (Seiber et al., 

2014a). Scientific developments and key fluctuations in the 

outer ecosystem have positively changed the prospect for 

biopesticides (Glare et al., 2012). Interruption in breeding due 

to synthetic pheromones will continue to be a key role within 

crop protection and there is indication of some notable 

successes in control of different pests on cotton plants 

(Copping & Menn, 2000). When used effectively, 

biopesticides can significantly enhance the sustainability of 

global agriculture, ensuring both food and feed security (S. 

Kumar & Singh, 2015). In India agriculture area under organic 

cultivation is estimated approximately one lakh hectares. 

Furthermore, the region under organic farming may increase 

because of the growing need of organic food, a result of rising 

health awareness among the people. This signifies that there is 

enormous opportunity for growth of the biopesticide sector in 

India (Gupta & Dikshit, 2010). 

II. ADVANTAGES OF BIOPESTICIDES 

Biopesticides typically exhibit lower toxicity compared to 

conventional pesticides. These pesticides mainly affect the 

target pest and the organisms that are closely related to it, 

unlike broad-spectrum, conventional pesticides that affect the 

most sensitive organisms such as birds, insects and animals. 

mammal. Biopesticides are often effective as they break down 

quickly, reduce exposure and avoid the contamination 

problems of conventional pesticides. When integrated into 

pest management programs, biopesticides can greatly reduce 

the reliance on conventional pesticides while maintaining high 

crop yields (EPA, 2022). The double advantage of 

biopesticides and invention in associated technology can 

provide operative solution against the pest insects, it 

ultimately minimizes agricultural losses (Kala et al., 2020). 

The related studies by (Arjjumend et al., 2020) in Ukrainian 

agroecosystems revealed that farmers produced better quality 

fruits, grains, and tubers with an extended shelf lifespan by 

using of biopesticides. Other side, the risk of crop loss remains 

high if crops are grown using chemical pesticides, this risk is 

reduced up to 33% on average if crops are grown using 

biopesticides. 

III. DISADVANTAGES OF BIOPESTICIDES 

A. Obtainability and Dose 

Biopesticides, which are derived from natural sources, 

offer a promising alternative to synthetic pesticides. Unlike 

conventional pesticides, biological pesticides are generally 

less toxic and more sensitive. They affect only the intended 

pest and closely related organisms, minimizing harm to 

beneficial insects, animals, and the environment (US EPA, 

2024). However, availability remains a significant drawback 

for biopesticides, as they are only accessible in certain places 

and at specific times, causing hindrances and longer waiting 

periods. 

B. Target Specific 

Biopesticides have a shorter shelf life, typically a few 

months, whereas conventional pesticides can last up to 2 

years. To use biopesticides effectively, one needs greater 

knowledge and understanding of their application (Ayilara et 

al., 2023). On the positive side, biopesticides can be more 

specific in targeting pests without harming non-target 

organisms. 

C. Efficiency and Persistence 

While biopesticides have advantages, they may exhibit 

lower efficacy and persistence compared to conventional 

pesticides. This means that the results obtained from 

biopesticide usage might be less satisfactory than those 

achieved with traditional pesticides (Grady Moore, 2024). In 

summary, biopesticides offer a safer and more 

environmentally friendly option, but their limitations require 

careful consideration when implementing pest management 

strategies. 

IV. CURRENT SCENARIOS 

Biopesticides are increasingly favored over synthetic 
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pesticides for pest control due to their diverse modes of action. 

These natural alternatives help prevent the development of 

resistance in pests. In a country like India, with a large number 

of plant species, there is an urgent need to identify new 

pesticides that directly address the challenges of pest 

management (Tripathi et al., 2020). In developing countries, 

the establishment of robust quality control systems and the 

accessibility of affordable pesticides are crucial factors. 

Consequently, it is essential to regularly assess various aspects 

of biopesticides, including their current status, challenges, 

opportunities, and the network for effective utilization. This 

ongoing review ensures that biopesticides contribute 

positively to the well-being of humanity (Manjusha Tyagi & 

Anamika Rana, 2022). While biopesticides are gradually 

replacing chemical pesticides, a global overview reveals that 

the biopesticide industry remains relatively insecure compared 

to the dominant chemical counterparts in agriculture (Mishra 

et al., 2015).  It’s now essential to promote the use of these 

microbial biopesticides to farmers around the globe (Thakur et 

al., 2020). In India, the primary biopesticides produced and 

utilized include neem-based pesticides, Bacillus thuringiensis 

and Trichoderma. These biopesticides are notable for being 

eco-friendly and easily biodegradable, resulting in lower toxic 

residues and significantly reducing pollution problems 

associated with chemical pesticides. Additionally, 

incorporating biopesticides into an Integrated Pest 

Management program can greatly reduce the use of 

conventional pesticides while maintaining nearly the same 

level of crop yield (Dar et al., 1998). The adoption of 

microbial- and nematode-based biopesticides is hindered by 

several factors, including high production costs, limited action 

spectra, vulnerability to environmental conditions, short shelf 

life, poor storage stability, regulatory constraints, and a 

general lack of knowledge. In recent years, significant 

advancements have been made in biopesticide production 

(Hamrouni et al., n.d.). Biopesticides are gaining global 

attention as a safer alternative to synthetic pesticides. They 

pose less risk to both people and the environment while 

effectively targeting insects, plant pathogens, and weeds 

(Mehrotra et al., 2017). 

V. RECENT ADVANCES 

Botanical pesticides, derived from specific plant parts or 

active ingredients, have been used for insect control, 

sterilization, weed management, and regulating plant growth. 

Their development primarily relies on the secondary 

metabolites of plants, such as flavonoids and alkaloids (Leng 

et al., 2011). Nanotechnology has been utilized to create stable 

biopesticide nano-formulations with prolonged effects and to 

synthesize environmentally friendly inorganic nanomaterials 

that possess antimicrobial, antifungal, and antiparasitic 

properties (Abdollahdokht et al., 2022). Although great 

progress has been made in developing formulations and 

application methods, more research is needed to optimize the 

use of biological pesticides to protect plants (Sunjka and 

Mechora, 2022). To date, a vast array of plant secondary 

metabolites has been identified, with some already available 

on the market. For instance, nicotine, azadirachtin, matrine, 

rotenone, veratrine, limonene, pyrethrin, and Celastrus 

angulatus are used to control insect pests. Berberine, ethylicin, 

Cnidium lactone, physcion, and carvacrol are effective against 

plant diseases. Brassinolide influences plant growth and 

development, while triptolide and curcumenol are used for rat 

control (Liu et al., 2021). Using essential oil-based bio-

pesticides is advantageous due to their low toxicity to 

mammals and minimal environmental persistence. Their short 

residual half-lives on plants make them compatible with 

biological control agents and natural enemies of pests, while 

also reducing the risk of harm to foraging pollinators like 

honeybees (Assadpour et al., 2024).  

VI. FUTURE PERSPECTIVES 

The use of biopesticides and alternative management 

products is on the rise. New tools such as semiochemicals, 

plant-incorporated protectants, botanical and microbially 

derived chemicals are becoming increasingly important in pest 

management. These tools are complemented by advancements 

in plant and animal genetics, biological control, cultural 

methods, and newer synthetic options (Seiber et al., 2014b). 

The future of biorational products looks promising as more 

farmers and consumers recognize the benefits of eco-friendly 

solutions. The adoption rate of these products is rising, driven 

by stringent regulations on chemical pesticides in many 

countries, which are encouraging a shift towards more 

sustainable and safer alternatives (Anjum et al., 2024). To 

fully harness the potential of biopesticides and convince 

farmers of their efficiency and eco-friendliness compared to 

conventional chemical pesticides, more focused research is 

needed in production, formulation, and the development of 

effective delivery systems (Katti, 2013). It is strongly 

recommended that farmers use biopesticides, as research has 

shown them to be safer for crops, the environment, and even 

the health of the farmers themselves. Additionally, future 

approaches to managing crop pests should include integrated 

pest management (IPM), which employs a variety of 

techniques to effectively control pests while minimizing 

disruption to the agricultural ecosystem (Agboola et al., 2022). 

VII. CONCLUSION 

Biopesticides are a powerful tool in the fight against pests 

and in reducing pesticide pollution. Their importance in 

modern agriculture cannot be overstated. With their eco-

friendly nature, targeted pest control, and diverse roles in 

managing insects and diseases, biopesticides are essential for 

sustainable farming practices. Nanotechnology-based 

microencapsulation could enhance the residual action of 

biopesticides, increasing their effectiveness in the field. 

Biopesticides are expected to play an important role in the 

pesticide market and provide opportunities for growth and 

diversification in the agricultural sector, thanks to 

biotechnological advances and better policies. Globally, 

researchers have conducted studies on the effectiveness of 

natural plant protection products, with significant results from 

in vitro experiments. There are also studies on the 

effectiveness of biopesticides under controlled environments 

and field conditions, with varying outcomes. Further research 
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is recommended to address gaps in biopesticide formulation. 

As agriculture continues to grow, the use of biological 

pesticides is an important way to be sustainable and 

environmentally conscious. 
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