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Abstract

Natural, biologically based substances called biopesticides are used for plants in forests, gardens, farms, and other areas to manage
different kinds of agricultural pests. Wide biopesticide forms have been developed from widespread origins. This chapter explains the
benefits of biocontrol agents formed from plant-depend on substances, and microorganisms like bacteria, cyanobacteria, and microalgae.
To manage manufacturing losses because of pest infestation, those techniques are mentioned, and corrections are offered for their
software in cutting-edge agricultural operations. Due to their many numerous over chemical competitors, biopesticides are predicted to
hold a large portion of the market soon. Microorganisms (fungi and bacteria) called bio-inoculants are utilized as bio-stimulators, bio-
agents, bio-fertilizers, and stress regulators to increase crop productivity sustainably. This chapter also highlights the application of bio-
inoculants in fruit and vegetable production.
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1. Introduction

By 2050, it is predicted that there will be around 9.7 billion people on Earth, with Asia and Africa contributing the most to this growth
(Kumar et al., 2021). Hence, It is necessary to increase production through sustainable agricultural practices and develop new, improved
approaches to overcome these challenges and ensure food security Growing food production through the usage of compost and organic
fertilizers, like biopesticides, or reducing the loss of yield owing to harsh circumstances in the environment (such as abiotic and biotic stresses)
are only two examples of a way to boom agricultural productiveness (Pathak et al., 2018; Gongalves, 2021). Abiotic stress can primarily be
managed with bio-stimulants as well as bio-effectors (Van Oosten et al., 2017). Pest management tools and biopesticides are derived from
organic materials or live microorganisms and make extravagant claims about their ability without compromising the quality of the final product
to control yield losses (Saha et al., 2023).

Pesticides, which are applied on crops to prevent damage from infestations of agricultural pests, have a variety of side effects that pose
risks to all living creatures. They are non-biodegradable (i.e., live within the surrounding for the long term) (Scholtz et al., 2002) and are famed
to persuade malignancies (Nicolopoulou-Stamati et al., 2016). The market dominance of these synthetic pesticides, as well as their long-lasting
inhibitory activity against pests, have a full-size effect on the manufacturing of commodities (Liu et al., 2021). From the research carried out
through Business Communications Company (BCC), Inc., the marketplace for synthetic pesticides and biopesticides was anticipated to be worth
USD 61.2 billion inside the year 2017 and is projected to reach USD 79.3 billion by the way of 2022 (Chen, 2018; Lehr, 2014). Crops grown on
soils with high pesticide exposure often have lower nutritional values and a higher incidence of diseases and this is not ideal from the point of
handling agricultural land to provide food and nutritional protection (Tripathi et al., 2020).

Biopesticides are chemicals or substances found in animals, flowers, and microorganisms like bacteria, cyanobacteria, and microalgae that
are useful for manipulating agricultural pests and infections (Yousaf et al., 2024). Biopesticides are "formed from natural elements consisting
of animals, plants, microorganisms, and definite minerals (Kumar et al., 2021b)." Products constructed from these biocontrol agents which
include genes or metabolites, may be hired to avoid crop damage, according to the United States Environmental Protection Agency
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(Seenivasagan and Babalola, 2021). Because of their host-specificity and environmental friendliness, the usage of biopesticides is significantly
more likely than the application of their comparable, historic chemical pesticides (Essiedu et al., 2020). Argo-based compounds can be deployed
in the agricultural sector much more effectively with the help of biopesticides to protect crop plants from diseases and invading pests (Chang
et al., 2003; Essiedu et al., 2020).

Types of
Biopesticide
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1.2. Different Types of Biopesticides
Biopesticides come in an extensive variation of appearances and are categorized relying totally at the sources from which they’re taken
out and the molecules or compounds they are manufactured of (Ruiu, 2018). They can be categorized as follows.

1.2.1 Microbial Pesticides

These are created by microbes such as microorganisms, fungi, and viruses. Energetic compounds or substances of those organisms
specifically target entomopathogenic nematodes or insect pests (Sarwar, 2015). Bioinsecticides specifically target insects that harm crops, as
opposed to bioherbicides, which help to control weeds using microorganisms like fungi (Kumar et al., 2021b). An in-intensity examine of
microbial biopesticides has brought about the invention and development of several biopesticides during the previous ten years and has
additionally paved the way for their commercial viability (Ruiu, 2018). Bacillus thuringiensis and other microbial varieties have been
successfully tested as pesticides, which has led to the invention of huge novel microbial species and traces, like launched toxins and harmfulness
elements that could be useful for the biopesticide sector (Ujvary, 2010; Ruiu, 2018). Some of these have also been commercial products. Some
bacterial species including Pseudomonas, Yersinia, Chromobacterium are well known entomopathogenic microorganisms. Few species of fungi
i.e., Beauveria, Metarhizium, Verticillium, Lecanicillium, Hirsutella, and Paecilomyces also fell in this category (Sporleder and Lacey, 2021;
Chang et al., 2003; Sporleder M., 2021). Baculoviruses, which have infectious traits linked to crystalline occlusion bodies and are species-
specific, are active against eating insects i.e., Lepidopteran caterpillars, also known as important producers of microbial pesticides (Thakur et
al., 2020). Recombinant Baculovirus (ColorBtrus) is produced when the Bt toxin and baculoviral blockage figure are joined. In contrast to its
wild-type counterpart, this virus creates occlusion bodies that contain Bt insecticidal Cry1Ac toxin protein, growing its pathogenicity and change
of motion (Chang et al., 2003). Entomopathogenic Nematodes (EPNs), which can be used as biocontrol agents, are critical of the genera
Heterorhabditis and Steinernema. They’re linked with mutualistic symbiotic microorganisms of the genera Photorhabdus and Xenorhabdus
and are protected for mammals, the surrounding, and non-target species (Chang et al., 2003; Gulcu et al., 2017). Their proficiency in mass
manufacture, enlist in vivo or in vitro methods, and freedom from enrollment have made their commercial improvement as biocontrol agents
simply (Coupland et al., 2017).

1.2.2 Biochemical Pesticides

Biochemical pesticides employ organically taken place material to address pests appropriately, while chemical pesticides use artificial
chemical compounds that directly kill insects (Hossain et al., 2017). Biochemical pesticides are in addition subdivided into several categories
relying on how they lower insect pest infestations via pheromones (semi-chemicals), plant extracts/oils, or natural insect development
controller (Kumar et al., 2021b).

1.2.2.1 Insect Pheromones

To control insects, integrated pest management strategies use substances that mimic those compounds generated by insects. These
substances successfully inhibit insects from mating, hence reducing the number of offspring they produce (El-Shafie and Faleiro, 2017). The
insects used in this technique operate as pheromone dispensers and get confused when pheromone flumes spread around them. Insect
pheromones aren’t real "insecticides" since they do not kill bugs however change the olfactory technique to change their manner (Gonzalez-
Coloma et al., 2013). Several experiments have been performed to understand how the pheromones function (Ujvary, 2010).

In conclusion, pheromones are adsorbed by the antennae of the recognized insect, which permit them to dispense into the sensilla's
indoors through opening inside the cuticle. Pheromone-binding proteins (PBPs) transport them once they have entered the cell through
hydrophilic sensillum to the chemosensory layer. The pheromone or pheromone-PBP complex is subsequently bound by specific receptor
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proteins to transform the chemical sign into an elevated electric sign through a second messenger pathway related to neuronal equipment
(Gurr et al., 1999; Kumar et al., 2021b).

1.2.2.2 Plant-Based Extracts and Essential Oils

Over the past few years, plant-based totally extracts and essential oils have emerged as acceptable options to synthetic insecticides for the
manipulate of insect pests. Those naturally occurring insecticides considered they are derived from plants and contain a variety of bioactive
additives (Magierowicz et al., 2020). Relying on the physiological features of insect species and the form of plant, plant taken out and vital oils
may part as attraction, antifeedants, or repellents on insects. Furthermore, they can restrict breathing, prevent insects from admitting the
vegetation of their hosts, stop oviposition, and reduce grown up emergence by having ovicidal and larvicidal movements (Ali et al., 2017; Halder
et al,, 2013). Their makeup differs substantially. Neem and lemongrass oils are excellent examples in this regard and are widely accessible in
foreign herbal markets. Neem oil combined with entomopathogenic bacteria, such as Beauveria bassiana, was particularly effective against
pests that feed on vegetables (Halder et al., 2013). Establishing the azadirachtin dose in neem oil is crucial to stop the eradication of non-target
species (Mordue et al., 2010). For the entomopathogenic fungi to be effectively managed without harming nontarget insects, a comparable
approach needs to be created and subsidized by supplementary testing site bioassays, station, and/or area studies (Dannon et al., 2020). Nearly,
45,000 tons of essential oils are produced throughout the World, with an estimated market value of USD 700.00 million. According to estimates,
American firms can produce insecticides based on essential oils more swiftly than traditional pesticides (Parween and Jan, 2019).

1.2.2.3 Insect Growth Regulators

Insect growth regulators (IGRs) prevent insects from completing a few necessary life stages, which leads to their death. Additionally, these
substances are very selective and less hazardous to creatures other than the targets (El-Sabrout, Hassan, & Eldesouky, 2019. IGRs have lately
been divided into two classes depend on their modes of action: chitin synthesis inhibitors (CSIs) and compounds that block the consequences
of insect hormones (including juvenile hormone analogues and ecdysteroids) (Gwinn, 2018). IGRs can control a wide range of insects, which
include fleas, cockroaches, and mosquitoes, even though they are not mainly lethal to adult insects (Sarwar, 2020). They prevent immature
insects from replicating, laying eggs, and molting among ranges even though they are no longer risky to humans. When applied along with
other insecticides, they even can kill adult insects (Gwinn, 2018).

1.2.2.4 GMO Products

Those compounds are produced employing the usage of genetically modified organisms (GMOs). Genetic fabric is transferred to the crop
and applied as an origin to make pesticides, regularly referred as plant-incorporated protectants (PIPs) (Abdollahdokht et al., 2022). The first-
generation insecticidal PIPs, which were incorporated into GM plants and contained transgenes from the soil microorganism bacteria, were by
far the biggest proteins (Parween and Jan, 2019). PIPs, in particular RNAi-based PIPs, also require continuous evaluation to determine how
these molecules will behave in the environment (Parween and Jan, 2019; Parker et al., 2019).

1.3. Benefits of Biopesticides and their Comparison with Chemical Pesticides
The table above contrasts chemical pesticides with biological insecticides.

Chemical Pesticides Biopesticides

Synthesized or produced from artificial means or chemicals Produced by the utilization of naturally occurring substances, originating from
meant to kill pests biological agents

Badly affects both the target and beneficial insects Very specific to the target pest

Highly toxic to the environment and ecosystem due to They are better than pesticides because they are non-toxic, safer for people,
continuous application in agriculture. Chemical substances can and have term long-term tolerance.

leach down in aquifers and cause infection of water bodies.

application increased, pests eventually turn out to be opposing Resistance is not constructed through pests.

e.g., Heliothis

Excessive-cost values and diminishing marketplace. Relatively inexpensive than chemical pesticides; developing market option.

Resulting in bioaccumulation Take away from inflicting bioaccumulation

Dangerous residues can also frequently be in food and fodder. Residues of biopesticides are non-risky and no longer remain in food and
fodder

1.4 Role of Biopesticides in Sustainable Agriculture

When it comes to managing crop pests, biopesticides have equal potential as synthetic pesticides (Rhoda et al., 2006). Natural materials
are also advantageous from an environmental standpoint because they can be degradable more quickly than chemicals (Leng et al., 2011). Food
made organically is in high demand and converting consumer tastes and willing to make biopesticides interesting alternatives to chemical
pesticides (Okunlola and Akinrinnola, 2014). Since they have a very short pre-harvest period, biopesticides are risk-free to application on fresh
fruits and vegetables (Khater, 2012). Additionally, they do not create any harmful impact on beneficial organisms, i.e., natural enemies because
of their target-specificity (Tadele and Emana, 2017). They even work well in very small doses and lead to sustainable pest control, which helps
sustainable agriculture (Nawaz et al., 2016).

Natural insecticides do not lead to the development of pest resistance (Tadele and Emana, 2017). They can be found naturally, and some
are used for other functions like meals and food, thus for that reason their raw elements are widely available and cheap to buy (Srijita, 2015).
The use of biopesticides is safe for each applicant and the consumer because they are non-toxic (Damalas and Koutroubas, 2016). Due to the
existence of natural products and their quick decomposition, biopesticides can consequently be efficaciously incorporated into integrated pest
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management (Sesan et al., 2015) to lessen the number of chemical pesticides applied inside the control of agricultural pests (Kawalekar, 2013).
Natural pesticides have exceptionally short re-entry intervals, which ensures the protection of an applicant (Stoneman, 2010). Through the
introduction of significant microbial species, biopesticides can also be utilized to decontaminate agricultural soils (Javaid et al., 2016).

1.5. Bio-inoculants in Vegetable Production

Microorganisms (fungi and bacteria) are called bio-inoculants are utilized as bio stimulators, biocontrol agents, bio-fertilizers, and stress
regulators to increase crop productivity in a sustainable manner (Tallapragada and Seshagiri, 2017). In today's vegetable production, bio-
inoculants are being regarded as an alternative to chemical fertilizers. We had to enhance the yield of vegetables that is why the green revolution
was necessary. Chemical fertilizers were used carelessly for this reason. Chemical fertilizers are costly, harmful to the surroundings, and the
source of contamination in the soil, water, and air. Furthermore, they can eventually deplete the soil's fertility. These factors led scientists to
discover that biofertilizers offer an alternative to chemical fertilizers. Microorganisms found in biofertilizers encourage the host plants to
acquire a suitable quantity of nutrients, develop properly, and regulate their physiology (Kumar and Kumar, 2019).

1.5.1. Functioning of Bio-inoculants
e  Facilitate atmospheric nitrogen fixation in soil and root nodules of leguminous crops, which makes nitrogen accessible to the plant.

e  Conversion of insoluble phosphate forms, such as tricalcium, iron, and aluminum phosphates, into bioavailable formation for plant uptake.
e  Phosphates are efficiently extracted from different soil strata.
e  Synthesis of hormones and antimetabolites that stimulate and enhance root growth.
e  Decomposition of organic matter
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1.5.2. Different Sources of Bio-inoculants
1.5.2.1. Nitrogen-fixing microbes

The soil's microbiological activities are also enhanced by biological nitrogen-fixing bacteria. As a result, the plants grow and yield better.
These microbes furthermore generate the hormones and different boom elements required for the nourishment and height of plants. These
nitrogen-fixing microbes also eliminate several plant diseases. Both symbiotic and loose-residing nitrogen-solving microorganisms are crucial
for reinforcing the soil's structure (Kumar and Kumar, 2019). Nitrogen-fixing microbes bio-inoculants are used as symbiotic, free residing, and
associative symbiotic. Azolla and Rhizobium are instances of symbiotic nitrogen-fixing biofertilizers. Loose-dwelling nitrogen-solving
biofertilizers include Azotobacter and Cyanobacteria (blue-green algae), like associative symbiotic nitrogen-solving biofertilizers as well as
Azospirillum. In addition to this, there exist bacteria known as Phosphorus Solubilizing Bacteria (PSB) that fix or solubilize phosphorus (Singh
and Verma, 2020).

1.5.2.1.1. Symbiotic Nitrogen Fixing Biofertilizers
1.5.2.1.1.1. Rhizobium

These are the well-known symbiotic nitrogen fixers, which are members of the Rhizobiaceae family and usually include several genera,
including Rhizobium, Allorhizobium, Azorhizobium, Mesorhizobium, and Bradyrhizobium. Rhizobium are nonsporulating, motile, gram-
negative rods that fix atmospheric nitrogen in a symbiotic manner. In the root nodules, Rhizobium aids in the reduction of molecular N> to
NHjs, which is then easily absorbed by the plant roots. The complicated enzyme nitrogenase, which contains two enzymes—dinitrogenase
reductase, which has iron as a cofactor, and nitrogenase, which has molybdenum and iron as cofactors—performs the N-fixation (Mahanty et
al., 2017). Its ability to fix 50-100 kg of nitrogen per hectare annually makes it particularly helpful for determining the amount of N2 fixed. It
is particularly important for legumes (Chaudhari and Barot, 2023).

1.5.2.1.1.2. Azolla
It is a diazotrophic symbiosis that can fix nitrogen from the atmosphere in tropical and temperate climates. The cyanobacteria Anabaena
and Azolla have symbiotic interactions. Azolla contributes to the anabaena's carbon supply, and cyanobacteria's atmospheric nitrogen fixation
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meets the organism's nitrogen needs. Growing Azolla as a biofertilizer has the advantage of helping the plant meet its N and K needs (Singh
and Verma, 2020).

1.5.2.1.2. Free Living Nitrogen Fixing Biofertilizers
1.5.2.1.2.1. Cyanobacteria

Cyanobacteria, sometimes known as "blue-green algae" or BGA, are tiny, unicellular, free-living, aquatic bacteria with the ability to
produce their food through a process called photosynthesis. Nostoc, Anabaena, Calothrix, and Aulosira are the main nitrogen fixers among
them; they are among the largest species of bacteria (Sahu et al., 2012). Vegetables like tomatoes, radishes, and spinach have benefited from
cyanobacteria inoculation. It has been discovered that Anabaena and nostoc fix 20-25 kg of nitrogen per hectare (Singh and Verma, 2020).

1.5.2.1.2.2. Azotobacter

Azotobacter, a group of nitrogen-fixing bacteria, is a major biofertilizer that improves soil richness, yield-attributing characteristics, and
vegetable production. It can fix an average 20 kg N/ha/year and produce thiamin, riboflavin, indole acetic acid, and gibberellins. When applied
to seeds, Azotobacter improves seed germination and controls plant diseases. The exact mechanism of Azotobacteria's enhancement is not
completely recognized, and three likely processes include N2 fixation, sending merge nitrogen, producing phytohormone-like substances, and
bacterial nitrate reduction. Research has confirmed that Azotobacter strains increase sugar beet production and soil biogenicity. The usage of
FYM 50% + Azospirillum 50% and Azotobacter 100% at optimum levels is beneficial in promoting crop growth, production, and quality
(Kumar and Kumar, 2019).

1.5.2.1.3. Associative Symbiotic Nitrogen Fixing Biofertilizers
1.5.2.1.3.1. Azospirillum:

The utilization of biological products, particularly Azospirillum spp., has emerged as a novel technique for maximizing crop implantation.
Azospirillum is a type of rhizobacteria that promotes root growth, which can colonize roots and improve plant uptake of water and minerals.
Many scientific discoveries have been nicely documented that the utility of Azospirillum and different plant growth-promoting rhizobacteria
better the plant progress and production of commercially remarkable crops like tomato, brinjal, and chilies. They live inside the roots of grasses
and other related plants and are known as corresponding endosymbionts. They are also known to fix nitrogen from the atmosphere and help
host plants by giving them vitamins and growth hormones. In general, the associative symbiotic bacteria Azospirillum helps non-leguminous
crops, including horticulture crops, meet their nitrogen needs by increasing the production and nitrogen economy of vegetables (Kumar and
Kumar, 2019).

1.5.2.2. Phosphorous Solubilizing Bacteria (PSB)

One important nutrient that is essential for crop growth and progress is phosphorus. It is not available to plants due to its extremely low
bioavailability (Singh and Verma, 2020). Phosphobacteria (PSB) inoculation improves the solubilization of soil phosphorus and carries out
phosphates, mainly to raise crop yields. That is because the stimulative impact of PSB is the supply of P solubilization, which will increase P
availability and uptake via plants. PSB is a supply of P to plants upon release from their cells, relatable outcomes have been mentioned in
tomatoes, cauliflower, turmeric, and peas. French bean, stricken by insufficient soil nutrient availability, calls for a big quantity of phosphorus
for top quality increase and yield. Studies have proven that PSB remedy can enhance plant boom via increased phosphorus uptake, especially
in low-fertility soils. Root inoculation with PSB 1:10 solution considerably will increase plant length, leaf place index, fruit range, yield, and
yield per hectare (Kumar and Kumar, 2019).

1.5.2.3. Potassium solubilizing bacteria (KSB)

Numerous actinomycetes, fungal strains, and saprophytic bacteria are capable of dissolving potassium (Ahmad et al., 2016). There exists
strong proof that soil bacteria can efficiently convert soil K into forms that plants can use (Meena et al., 2014). According to studies done in the
past, KSB inoculation encourages the development of cucumber (Han and Lee, 2006), pepper, and eggplant (Han and Lee, 2005). Underneath
greenhouse and area circumstances, the inoculation of seeds and seedlings of various plants with KSB often results in a considerable increase
in the germination percentage, seedling vigor, plant growth, yield, and K uptake by plants (Anjanadevi et al., 2016; Awasthi et al., 2011).
Additionally, the development of potatoes, eggplant, pepper, cucumber, okra, and brinjal was positively impacted by KSB inoculation (Han and
Lee, 2005; Han and Lee, 2006). According to these studies, using KSB as biofertilizers to improve agriculture can lower the usage of
agrochemicals and encourage the development of environment-friendly crops (Kumar and Kumar, 2019).

Future Prospective

Biofertilizers are gaining popularity in agriculture for enhancing crop yields and adapting to changing climatic situations. With the aid of
reducing reliance on chemical fertilizers and improving soil health, the ability to apply plant increase-promoting rhizobacteria (PGPRs) as
biofertilizers and biopesticides offers a wish for sustainable agriculture. Precision farming, which uses advanced technology to provide
information on plant nutrient requirements and soil conditions, can maximize the usage of microbial inoculants by decreasing waste and
increasing efficacy. Through plant adaptation to changing conditions, microbial inoculants can help lower the effect of climate change on
agricultural productivity. Developments in genetic engineering and microbiology may result in the creation of novel microbial strains with
enhanced functions, such as the ability to fix nitrogen in non-leguminous plants. Studies on phosphorus solubilization and nitrogen fixation
have advanced more quickly than research on K solubilization by PGPRs. However, Microbial inoculants do have several drawbacks and
challenges, such as a limited shelf life, the potential to lose efficacy if improperly handled, and difficulties in developing formulations with



longer shelf lives. Researchers and enterprise professionals ought to look into techniques like selecting higher microbial traces, creating new
foundations, standardizing quality manipulation, and teaching farmers and agricultural specialists about the blessings and suitable utility of
microbial inoculants to conquer those demanding situations (Shahwar et al., 2023).

Conclusion

Via employing green generation, biopesticides made from microorganisms, cyanobacteria, or fungi can be applied to enhance and fill up
soil fertility and guarantee sustained agricultural output. Applying microorganisms and microalgae as biopesticides can enhance the
effectiveness of wastelands and agroecosystems while lowering power consumption and the want for artificial fertilizers. these organisms can
make contributions appreciably to the synthesis of secondary metabolites, biofertilizers, bioenergy, and bioprocessed merchandise that could
be beneficial in pest management when used alongside biotechnical breakthroughs like RNAi era to broaden the biopesticide business in the
future, a top-notch deal of studies on biological manipulates sellers, which includes biopesticides, is essential.

References

Abdollahdokht, D., Gao, Y., Faramarz, S., Poustforoosh, A., Abbasi, M., Asadikaram, G., & Nematollahi, M. (2022). Conventional agrochemicals
towards nano-biopesticides: An overview on recent advances. Chemical Biological Technologies in Agriculture, 9(1), 1-19.

Ahmad, M., Nadeem, S. M., Naveed, M., & Zahir, Z. A. (2016). Potassium-solubilizing bacteria and their application in agriculture. In Potassium
Solubilizing Microorganisms for Sustainable Agriculture (pp. 293-313).

Ali, A. M., Mohamed, D. S., Shaurub, E., & Elsayed, A. M. (2017). Antifeedant activity and some biochemical effects of garlic and lemon essential
oils on Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae). Entomology and Zoology Studies, 5(3), 1476-1482.

Anjanadevi, L. P, John, N. S.; John, K. S., Jeeva, M. L., & Misra, R. S. (2016). Rock inhabiting potassium solubilizing bacteria from Kerala, India:
Characterization and possibility in chemical K fertilizer substitution. Journal of Basic Microbiology, 56(1), 67-77.

Anjorin, S. (2006). A survey of crop seed protection with botanicals in the FCT-Abuja. Journal of Sustainable Tropical Agriculture Research, 24,
35-40.

Awasthi, R., Tewari, R., & Nayyar, H. (2011). Synergy between plants and P-solubilizing microbes in soils: Effects on growth and physiology of
crops. International Research Journal of Microbiology, 2(12), 484-503.

Barnard, D. R., & Xue, R.-D. (2004). Laboratory evaluation of mosquito repellents against Aedes albopictus, Culex nigripalpus, and Ochlerotatus
triseriatus (Diptera: Culicidae). Journal of Medical Entomology, 41(4), 726-730.

Bell, C. (2014). Pest control of stored food products: Insects and mites. In Hygiene in food processing (pp. 494-538). Elsevier.

Bhattacharjee, R., & Dey, U. (2014). An overview of fungal and bacterial biopesticides to control plant pathogens/diseases. African Journal of
Microbiology Research, 8(17), 1749-1762.

Boosalis, M. G. (1964). Hyperparasitism. Annual Review of Phytopathology, 2(1), 363-376.

Chang, J. H., Choi, J. Y., Jin, B. R., Roh, J. Y., Olszewski, ]J. A., Seo, S. J., & Je, Y. H. (2003). An improved baculovirus insecticide producing
occlusion bodies that contain Bacillus thuringiensis insect toxin. Journal of Invertebrate Pathology, 84(1), 30-37.

Chaudhari, V., & Barot, D. (2023). Role of biofertilizers in vegetable production. Agriculture and Food, 5(8), 391-394.

Chen, J. (2018). Biopesticides: Global Markets to 2022.

Coupland, J., Abd-Elgawad, M., & Askary, T. H. (2017). Beneficial nematodes and the changing scope of crop protection. In Biocontrol agents:
Entomopathogenic and slug parasitic nematodes (pp. 26-42). CABI Wallingford, UK.

Damalas, C. A., & Koutroubas, S. D. (2016). Farmers’ exposure to pesticides: Toxicity types and ways of prevention. MDPI, 4, 1.

Dannon, H. F., Dannon, A. E., Douro-Kpindou, O. K., Zinsou, A. V., Houndete, A. T., Toffa-Mehinto, J., & Tamo, M. (2020). Toward the efficient
use of Beauveria bassiana in integrated cotton insect pest management. Journal of Cotton Research, 3(1), 1-21.

Dayan, F. E., Cantrell, C. L., & Duke, S. O. (2009). Natural products in crop protection. Bioorganic & Medicinal Chemistry, 17(12), 4022-4034.

Dimetry, N. Z., El-Laithy, A., AbdEl-Salam, A., & El-Saiedy, A. (2013). Management of the major piercing sucking pests infesting cucumber
under plastic house conditions. Archives of Phytopathology and Plant Protection, 46(2), 158-171.

El-Sabrout, A. M., Hassan, S. M., & Eldesouky, S. E. (2019). Differential effects of some insect growth regulators on the reproductive potential
of lepidopteran pest, Spodoptera littoralis. Journal of Basic Environmental Science, 6, 257-266.

El-Shafie, H. A. F., & Faleiro, J. R. (2017). Semiochemicals and their potential use in pest management. In Biological control of pest vector insects
(pp. 57-72).

EPA. (2017). U.S. Environmental Protection Agency. Biopesticide active ingredients.

Essieduy, J. A., Adepoju, F. O., & Ivantsova, M. N. (2020). Benefits and limitations in using biopesticides: A review. AIP Conference Proceedings.

Glare, T. R., Gwynn, R. L., & Moran-Diez, M. E. (2016). Development of biopesticides and future opportunities. In Microbial-based biopesticides:
Methods and protocols (pp. 211-221).

Gongalves, A. L. (2021). The use of microalgae and cyanobacteria in the improvement of agricultural practices: A review on their biofertilising,
biostimulating and biopesticide roles. Applied Sciences, 11(2), 871.

Gonzalez-Coloma, A., Reina, M., Diaz, C. E., Fraga, B. M., & Santana-Meridas, O. (2013). Natural product-based biopesticides for insect control.

Gulcu, B., Cimen, H., Raja, R. K., & Hazir, S. (2017). Entomopathogenic nematodes and their mutualistic bacteria: Their ecology and application
as microbial control agents. Biopesticides International, 13(2).

Gurr, G., Thwaite, W., & Nicol, H. (1999). Field evaluation of the effects of the insect growth regulator tebufenozide on entomophagous
arthropods and pests of apples. Australian Journal of Entomology, 38(2), 135-140.

Gwinn, K. D. (2018). Bioactive natural products in plant disease control. Studies in Natural Products Chemistry, 56, 229-246.

Halder, J., Rai, A., & Kodandaram, M. (2013). Compatibility of neem oil and different entomopathogens for the management of major vegetable

6



sucking pests. National Academy Science Letters, 36, 19-25.

Han, H., & Lee, K. (2005). Phosphate and potassium solubilizing bacteria effect on mineral uptake, soil availability and growth of eggplant.
Research Journal of Agricultural and Biological Sciences, 1(2), 176-180.

Han, H.-S., & Lee, K. (2006). Effect of co-inoculation with phosphate and potassium solubilizing bacteria on mineral uptake and growth of
pepper and cucumber. Plant Soil and Environment, 52(3), 130.

Hossain, L., Rahman, R., & Khan, M. S. (2017). Alternatives of pesticides. In Pesticide residue in foods: Sources, management, control (pp. 147-
165).

Isman, M. B., & Grieneisen, M. L. (2014). Botanical insecticide research: Many publications, limited useful data. Trends in Plant Science, 19(3),
140-145.

Javaid, M. K., Ashiq, M., & Tahir, M. (2016). Potential of biological agents in decontamination of agricultural soil. Scientifica, 2016.

Kalliora, C., Mamoulakis, C., Vasilopoulos, E., Stamatiades, G. A., Kalafati, L., Barouni, R., and Tsatsakis, A. (2018). Association of pesticide
exposure with human congenital abnormalities. Toxicology and Applied Pharmacology, 346, 58-75.

Kawalekar, J. S. (2013). Role of biofertilizers and biopesticides for sustainable agriculture. Journal of Bio Innovation, 2, 73-78.

Khater, H. F. (2012). Prospects of botanical biopesticides in insect pest management. Pharmacologia, 3(12), 641-656.

Kumar, J., Ramlal, A., Mallick, D., & Mishra, V. (2021). An overview of some biopesticides and their importance in plant protection for
commercial acceptance. Plants, 10(6), 1185.

Kumar, M., & Kumar, K. (2019). Role of bio-fertilizers in vegetables production: A review. Journal of Pharmacognosy and Phytochemistry, 8(1),
328-334.

Lehr, P. (2014). Global markets for biopesticides. Report Code CHMo29E BCC Research.

Leng, P., Zhang, Z., Pan, G., & Zhao, M. (2011). Applications and development trends in biopesticides. African Journal of Biotechnology, 10(86),
19864-19873.

Liu, X., Cao, A,, Yan, D., Ouyang, C., Wang, Q., & Li, Y. (2021). Overview of mechanisms and uses of biopesticides. International Journal of Pest
Management, 67(1), 65-72.

Magierowicz, K., Gérska-Drabik, E., & Golan, K. (2020). Effects of plant extracts and essential oils on the behavior of Acrobasis advenella
(Zinck.) caterpillars and females. Journal of Plant Diseases and Protection, 127, 63-71.

Mahanty, T., Bhattacharjee, S., Goswami, M., Bhattacharyya, P., Das, B., Ghosh, A., & Tribedi, P. (2017). Biofertilizers: A potential approach for
sustainable agricultural development. Environmental Science and Pollution Research, 24, 3315-3335.

Mahanty, T., Bhattacharjee, S., Goswami, M., Bhattacharyya, P., Das, B., Ghosh, A., & Tribedi, P. (2017). Biofertilizers: A potential approach for
sustainable agricultural development. Environmental Science and Pollution Research, 24, 3315-3335.

Meena, V., Maurya, B., & Bahadur, 1. (2014). Potassium solubilization by bacterial strain in waste mica. Bangladesh Journal of Botany, 43(2),
235-237.

Mordue, A., Morgan, E., Nisbet, A., Gilbert, L., & Gill, S. (2010). Azadirachtin, a natural product in insect control. In Insect control: Biological
synthetic agents (pp. 185-197).

Nations, U. (2015). Department of Economic and Social Affairs. Population Division.

Nawaz, M., Mabubu, J. I., & Hua, H. (2016). Current status and advancement of biopesticides: Microbial and botanical pesticides. Journal of
Entomology and Zoology Studies, 4(2), 241-246.

Nicolopoulou-Stamati, P., Maipas, S., Kotampasi, C., Stamatis, P., & Hens, L. (2016). Chemical pesticides and human health: The urgent need
for a new concept in agriculture. Frontiers in Public Health, 4, 148.

Okunlola, A., & Akinrinnola, O. (2014). Effectiveness of botanical formulations in vegetable production and biodiversity preservation in Ondo
State, Nigeria. Journal of Horticulture and Forestry, 6(1), 6-13.

Parker, K. M., Barragan Borrero, V., van Leeuwen, D. M., Lever, M. A., Mateescu, B., & Sander, M. (2019). Environmental fate of RNA
interference pesticides: Adsorption and degradation of double-stranded RNA molecules in agricultural soils. Environmental Science &
Technology, 53(6), 3027-3036.

Parween, T., & Jan, S. (2019). Ecophysiology of pesticides: Interface between pesticide chemistry and plant physiology. Academic Press.

Pathak, J., Maurya, P., Singh, S., Haeder, D., & Sinha, R. (2018). Cyanobacterial farming for environment-friendly sustainable agriculture
practices: Innovations and perspectives. Frontiers in Environmental Science, 6, 7.

Rhoda, B., Fryer, B., & Macharia, J. (2006). Towards reducing synthetic pesticide imports in favor of locally available botanicals in Kenya. Paper
presented at the Conference on International Agricultural Research for Development, Bonn, Germany.

Bhattacharjee, R., & Dey, U. (2014). An overview of fungal and bacterial biopesticides to control plant pathogens/diseases.

Ruiu, L. (2018). Microbial biopesticides in agroecosystems. Agronomy, 8(11), 235.

Saha, S., Thosar, R., Kabade, S., Pawar, K., & Banerjee, K. (2023). Biopesticides. In Trajectory of 75 years of Indian Agriculture after
Independence (pp. 675-703). Springer.

Sahu, D., Priyadarshani, I., & Rath, B. (2012). Cyanobacteria as potential biofertilizer. CIBTech Journal of Microbiology, 1(2-3), 20-26

Samada, L. H., & Tambunan, U. S. F. (2020). Biopesticides as promising alternatives to chemical pesticides: A review of their current and future
status. Online Journal of Biological Sciences, 20(2), 66-76.

Sarwar, M. (2015). Biopesticides: An effective and environmentally friendly insect-pests inhibitor line of action. International journal of
Engineering Advanced Research Technology, 1(2), 10-15.

Sarwar, M. (2020). Experimental induction of insect growth regulators in controls of insect vectors as well as crops and stored product pests.
Specialty Journal of Agricultural Sciences, 6, 32-41.

Scholtz, M., Voldner, E., McMillan, A., & Van Heyst, B. (2002). A pesticide emission model (PEM) Part I: Model development. Atmospheric



Environment, 36(32), 5005-5013.

Seenivasagan, R., & Babalola, O. O. (2021). Utilization of microbial consortia as biofertilizers and biopesticides for the production of feasible
agricultural products. Biology, 10(11), 1111.

Sesan, T. E., Enache, E., Lacomi, B. M., Oprea, M., Oancea, F., & Lacomi, C. (2015). Antifungal activity of some plant extracts against Botrytis
cinerea Pers. in the blackcurrant crop (Ribes nigrum L.). Acta Scientiarum Polonorum Hortorum Cultus, 14(1), 29-43.

Shahwar, D., Mushtaq, Z., Mushtaq, H., Algarawi, A. A., Park, Y., Alshahrani, T. S., & Faizan, S. (2023). Role of microbial inoculants as
biofertilizers for improving crop productivity: A review. Heliyon.

Sharma, S., & Sharma, N. (2006). Studies on correlations between endomycorrhizal and Azotobacter population with growth, yield, and soil
nutrient status of apple orchards in Himachal Pradesh. Indian Journal of Horticulture, 63(4), 379-382.

Singh, G., & Verma, A. (2020). Role of microbial biofertilizers in vegetable production—A review. International Journal of Current Microbiology
and Applied Sciences, 9(11), 1620-1629.

Sporleder, M., & Lacey, L. A. (2021). Biopesticides. In A. Alyokhin, C. Vincent, P. Giordanengo (Eds.), Insect Pests of Potato (pp. 463-497). UK:
Elsevier.

Srijita, D. (2015). Biopesticides: An ecofriendly approach for pest control. World Journal of Pharmacy and Pharmaceutical Sciences, 4(6), 250-
265.

Stathas, I. G., Sakellaridis, A. C., Papadelli, M., Kapolos, J., Papadimitriou, K., & Stathas, G. J. (2023). The effects of insect infestation on stored
agricultural products and the quality of food. Foods, 12(10), 2046.

Stoneman, B. (2010). Challenges to commercialization of biopesticides. Proceedings of microbial biocontrol of arthropods, weeds and plant
pathogens: Risks, benefits and challenges. National Conservation Training Center, Shepherdstown, WV, 123-127.

Tadele, S., & Emana, G. (2017). Entomopathogenic effect of Beauveria bassiana (Bals.) and Metarrhizium anisopliae (Metschn.) on Tuta absoluta
(Meyrick)(Lepidoptera: Gelechiidae) larvae under laboratory and glasshouse conditions in Ethiopia. Plant Pathology and Microbiology,
8(5), 411-414.

Tallapragada, P., & Seshagiri, S. (2017). Application of bioinoculants for sustainable agriculture. In Probiotics and plant health (pp. 473-495).
Springer.

Thakur, N., Kaur, S., Tomar, P., Thakur, S., & Yadav, A. N. (2020). Microbial biopesticides: Current status and advancement for sustainable
agriculture and environment. In New and future developments in microbial biotechnology and bioengineering (pp. 243-282). Elsevier.

Tripathi, S., Srivastava, P., Devi, R. S., & Bhadouria, R. (2020). Influence of synthetic fertilizers and pesticides on soil health and soil
microbiology. In Agrochemicals detection, treatment and remediation (pp. 25-54). Elsevier.

Ujvary, 1. (2010). Pest control agents from natural products. In Hayes' Handbook of Pesticide Toxicology (pp. 119-229). Elsevier.

Van Oosten, M. J., Pepe, O., De Pascale, S., Silletti, S., & Maggio, A. (2017). The role of biostimulants and bioeffectors as alleviators of abiotic
stress in crop plants. Chemical and Biological Technologies in Agriculture, 4, 1-12

Yousaf, S., Sidrah, A., Asrar, R., Kiran, S., & Abd-Elsalam, K. A. (2024). Nanostructured silica for enhanced fungicidal activity in agriculture.
In Nanofungicides (pp. 349-373). Elsevier.



