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Abstract

The recent indiscriminate use of chemical pesticides has had serious consequences, including the
development of pesticide resistance in important pests and diseases, the presence of pesticide residues
in the food chain, ecological disturbance, and environmental pollution that harms human health. As
chemical substitutes, the main bio-pesticides are microorganisms like nematodes, bacteria, viruses,
fungi, protozoa, and botanicals. Bio-pesticides are a safe, affordable, and environmentally beneficial
substitute for chemical pesticides. They have a lengthy shelf life, decompose readily, and are less
harmful to living things. The search for substitutes for widely used chemical pesticides, such as bio-
pesticides, has gained momentum in recent years due to increased public awareness of the detrimental
effects of pesticides on the environment and food safety. This article examines the current state of
some widely used biopesticides and how they are used to control pests.

Introduction

All biological materials and creatures that may be made into pesticides for pest control are
sometimes referred to as "bio-pesticides." The most widely used broad-spectrum, pest-specific
biopesticides are microbial ones. These include microorganisms that harm insect pests and agricultural
diseases, including nematodes, bacteria, viruses, fungus, and protozoa, or their derivatives. For the
species they are meant for, they are fairly accurate. Microbial biopesticides are harmless for the
environment, host-specific, and self-sustaining. Natural plant compounds known as biochemical or
botanical pesticides are employed to control insect pests and crop diseases. According to Pal et al.
(2013), they are also known as herbal insecticides. These are secondary metabolites and naturally
occurring compounds that either prevent or eliminate pests. Neem oil, neem seed kernel extract, and
neem extract concentration from bark and leaves are the most widely used biochemical pesticides, and

they are all available in India. Essential oils from canola, tea tree, lemongrass (Cymbopogon citrates),
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and pyrethrin from Chrysanthemum cinerariaefolium are further examples of biochemical pesticides.
Plant Incorporated Protectants (PIPs), often known as genetically modified crops or genetically
engineered plants, are plants that have been genetically modified to produce toxins to combat pests.
These PIPs aid in the plants' resistance to viruses, fungi, and bacteria. Plants create pesticidal
chemicals known as "plant-incorporated protectants,” and the genetic material needed to produce these
compounds is inserted into the plants to give them pest resistance. Genetically engineered plants are
made resistant to particular pests by injecting them with pesticidal proteins that have been extracted
from bacteria or fungi. The use of Bt protein in genetic engineering to produce PIP is a typical example.
Bt toxin Kills pests fast, usually within 48 hours, and is host-specific (Siegel, 2001). It has no negative
impact on the environment and does not harm vertebrates (Lacey et al. 2015). The following are some
recent advancements in biopesticide research and the significance of several widely used biopesticides:
A. Microbial pesticides:

Mycopesticides (Fungal Pathogens) as bio-pesticides:

The use of entomopathogenic fungi/mycoinsecticides, such as Beauveria bassiana, Beauveria
brongniartii, Metarhizium anisopliae, Metarhizium album, Metarhizium flavoviride, Verticillium
chlamydosporium, Verticillium lecanii, Nomuraea rileyi, Paecilomyces fumosoroseus, Hirsutella
gigantea, H. gigantea, and H. citriformis, as well as Lecanicillium and mycofungicides, such as
Trichoderma viride, T. harzianum, Gliocladium virens, G. roseum, Aspergillus niger, A. flavus,
Chaetomiam globosum, Ampelomyces spp., Candida spp., and Coniothyrium spp., have garnered
increasing attention in recent years. These insect-pathogenic fungi produce a variety of poisons and
extracellular enzymes, including chitinases and proteases, which mechanically block the tissues and
kill the host organism. Through the mechanisms of competition, antibiosis, and mycoparasitism/
hyperparasitism, fungal bioagents regulate several fungal diseases. Mycoinsecticides should be applied
to the soil at a rate of 1-2 kg per acre (powder formulation) together with 80-100 kg of well-
decomposed farm yard manure. For termite, white grub, and other soil pest control, this combination
can be used in the pot, pit, or furrow as well as when transplanting or sowing. It should be done every
two to three weeks. An area of one acre should be treated for pests (sucking pests, bugs, beetles, etc.)
by spraying 1.0-1.5 kg of EPF culture mixed with 200 liters of water with a sticker in the morning or
evening. To control white grub and other soil pests, soak the soil in a one-acre area with 1.0-1.5 kg of
EPF culture formulation mix in 200 liters of water, or sometimes apply 250 gm/5 liters of water. When
applying, keep the soil at its ideal moisture content. As needed, repeat the treatment every two to three
weeks. Mycofungicides are often used to treat seeds at a rate of 8-10g of Trichoderma spp. (powder

formulation 2x10° cfu/g) with 50 ml of water (for larger seeds), and at a rate of 6-8g for one kg of seed
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before planting. Before planting, treat one kilogram of seed with 5-10 ml of liquid Trichoderma spp.
per liter of cow dung slurry, especially for cereals, legumes, and oilseeds. Before planting, the seeds
must be shade-dried for 20 to 30 minutes. When it comes to preventing soil-borne and seed-borne
diseases, seed treatment works quite well. The process of treating seeds with Trichoderma
formulations (5-10 g/kg seed) and letting them sit in warm, humid circumstances until they are just
about to sprout radicles is known as seed biopriming. Crops including tomatoes, brinjal, chickpeas,
soybeans, and others benefit from seed biopriming. Before planting, treat seed materials such as
sugarcane setts, banana suckers, turmeric, ginger rhizomes, and potato tubers by applying 8-10 g of
Trichoderma powder with 1 liter of water for 30 minutes. Before planting, the seeds must be shade-
dried for 20 to 30 minutes.

Bacterial pathogens as bio-pesticides:

The most widely used and profitable biopesticide is Bacillus thuringiensis (Bt), specifically
Bacillus thuringiensis var. kurstaki. It is mainly a pathogen of the most destructive second instar larvae
of lepidopteran pests, including Heliothis armigera on different crops, caster semi looper, tobacco
caterpillar, diamond black moth on cruciferous vegetables, American bollworm in cotton, and rice
stem borer. The insecticidal properties of Bt, an aerobic spore-forming bacteria belonging to the
Coccobacilli group, are attributed to the insecticidal protein crystals that are created during sporulation.
Toxins (delta-endotoxin) released by Bt when consumed by larvae harm the pest's midgut, resulting in
septicemia and death within two to three days. It is safe for people as well. Spraying at a dosage of 1-
1.5 ml/g per liter of water is the standard recommendation. In frigid climates and the afternoon, it
performs exceptionally well. After being identified, several Bt strains are now mass-produced and
marketed as pesticides. Different strains have distinct host specificities. Milky disease, which produces
turbidity in bodily fluids, is caused by Bacillus popilliae and kills chafer grub larvae. A good opponent
for controlling cotton soil-borne diseases is Bacillus subtilis. Pseudomonas fluorescens: this bio-
pesticide inhibits the pathogen by competing with substrates for nutrients found in the phyllosphere
and soil. Pythium species, Fusarium species, Rhizoctonia solani, Sclerotium rolfsii, Botrytis cinerea,
and other horticultural and field crops can all be combatted with it. It is marketed as a talc-based WP
product that is widely used as a foliar spray at a rate of 10 grams per liter of water to manage glume,
rice blast, sheath blight, and sheath rot brown spot, as well as a seed treatment at a rate of 4 g per kg
of seed and soil application at a rate of 2 to 3 kg per hectare in conjunction with any organic manure
before sowing and against seed-borne and soil-borne diseases. It is also at ease with Trichoderma
viride and fungicides. To control soil-borne pathogens that cause diseases in seedlings, a commercial

combination of Trichoderma viride + Pseudomonas fluorescence is also offered for soil application.
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Viruses as bio-pesticides:

The use of baculoviruses (BV) as viral biopesticides is common. Insects and other arthropods
suffer great harm from them. Baculoviruses work especially well against lepidopteran pests that affect
crops, rice, and cotton. Baculoviruses are novel approaches to integrated pest control that utilize
naturally occurring viral diseases. BV are tiny viruses with double-stranded DNA that multiply
microscopic parts parasitically. Granulosis viruses (GVs), cytoplasmic polyhedrosis viruses (CPVs),
and nuclear polyhedrosis viruses (NPVs) are the three subgroups of baculoviruses. Based on the
number of occlusion bodies and the form of the protective protein covering, they are categorized as
inclusion viruses. Polyhedral structures composed of many viral particles are produced by NPV and
CPV. Granular occlusion bodies with a single viral particle are produced by GV. The NPV, CPV, and
GV virus uncoating mechanisms are exclusive to baculoviruses. GVs are uncoated within the nuclear
pore complex, NPVs are uncoated in the nucleus, and CPVs uncoated in the cytoplasm to infect the
host. The virus may survive outside of the host thanks to the occlusion bodies (Rajamani and Negi,
2021). Like bacteria, viruses must be ingested by insect larvae to infect them. The virus infects the
host cells as soon as it enters the insect's body through the intestinal epithelium. After passing through
the intestinal epithelium, NPV dissolves the tissues and liquefies the cadavers by reaching the
hemocoel, fat body, and other tissue cells. The midgut of insects is the only area where GV infection
occurs (Cory, 2000). Because baculoviruses do not harm beneficial insects, pollinators, non-target
organisms, or humans, NPV and GV have become the most popular biopesticides in recent years, and
farmers are applying them to a variety of crops. Helicoverpa (HaNPV) and Spodoptera (SiNPV) are
managed using NPV. GV is used to combat Plutella xylostella on cabbage, Cydia pomonella on apples,
and Pthorimaea operculella on potatoes. Spraying NPV and BV at a rate of 1 ml/liter of water is the
generally advised approach (i.e., 250 LE/ha; LE = larval equivalent; 1 LE = 6 x 10° PIB; PIB =
polyhedral inclusion bodies). Both GV and NPV function as actual stomach poisons. The larvae of H.
armigera had an effective lethal concentration (LC50) of NPV of 1 x 10° /ml. Cotton HNPV at 250—
300 LE, 500 LE, and 250 LE/ha should be utilized for pigeon peas and gram (Rajamani & Negi, 2021).
Protozoans as bio-pesticides:

Compared to other species like bacteria, viruses, and fungi, protozoa are less successful as
biopesticides despite being slow-acting, pest-specific, and having long-lasting, incapacitating effects
on their targets. The microsporidian Nosema locustae, which has been mass-produced and sold for the
control of grasshoppers, is one prominent exception. Insects must consume microsporidia to get
infected. Ostrinia nubilalis, the European corn borer, is infected by a microsporidian. The sporoplasm

is injected into the midgut cells once the spores germinate there (Rajamani and Negi, 2021). As the
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spores proliferate in many tissues and organs, tissue deterioration and septicemia ensue (Senthil-
Nathan 2015).
Entomopathogenic Nematodes (EPN) as bio-pesticides:

Two families, Heterorhabditidae and Steinernematidae, have been effectively discovered and
used as bionematicides in commercial pest management operations. (Kachhawa, 2017). In India,
products of S. carpocapsae, S. thermophilum, H. bacteriophora, and H. indica are registered and
marketed. Only the infective juvenile (1J) stage of EPNs, which includes both Heterorhabditis and
Steinernema, is regarded as harmful and infectious. The entomopathogenic bacteria (EPB)
Xenorhabdus and Photorhabdus are transmitted by the EPN genera Heterorhabditis and Steinernema,
respectively. Infectious juveniles are the only EPN stage that may live freely; all other developmental
stages are only visible inside infected insect hosts. Infectious juveniles enter the host insect's hemocoel
through natural openings like the mouth, anus, and spiracles, or in some species, through the cuticle's
inter-segmental membranes. By abrading the skin, Heterorhabditis species can penetrate the insect
host through natural openings. The infectious juveniles penetrate the epidermis and discharge
symbiotic bacterial cells into the hemocoel from their alimentary canal (intestine). In addition to
naturally occurring holes, Heterorhabditis species can penetrate the insect host by causing skin
abrading. The 1Js release symbiotic bacteria cells from their alimentary canal into the hemocoel after
puncturing the epidermis. The insect dies within 24 to 48 hours as a result of the bacteria's proliferation
in its hemolymph, production of toxins and particular immune depressors, and suppression of the
insect's immune system. Two well-known bacterial symbionts of EPNs, Photorhabdus, and
Xenorhabdus, are poisonous to entomic fauna and successfully trap opportunistic bacteria and fungi
by preventing them from exploiting the nutrient-rich corpse (Rajamani & Negi, 2021).

B. Biochemical/Botanical pesticides:

Plant-derived substances are frequently referred to as herbal insecticides or phytochemicals.
According to Huang et al. (2014), every phytochemical has a unique structure and performs a variety
of tasks in plants, such as protection, accelerated development, and reproduction. Many plant
components, such as fruits, vegetables, cereals, legumes, nuts, seeds, and bark, contain
phytochemicals. It may be a viable substitute for inorganic pesticides due to its abundance of bioactive
compounds, which include bactericidal, fungicidal, viricidal, insecticidal, and antiparasitic properties.
While sterols contain phenolic components such as phenolic acids, lignin, tannins, and alkaloids,
terpenes contain phyto-volatiles and glycosides. The plant's defense mechanism against insects
depends heavily on secondary metabolites. It has antifeedant, repellant, insect growth-regulating, and

toxic properties (Mossa, 2016). According to Altemimi et al. (2017), depending on the existence of a
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particular set of phytochemicals, phytochemicals from plants can be extracted via solvent extraction,
microwave-assisted extraction, or ultrasonic-assisted extraction. Nowadays, the bulk of
phytochemicals used as bio-pesticides are neem-based, and only a small number are used in other
ways. These are mainly 3% neem oil or 5% neem seed kernel extract concentrations that may be
applied at a rate of 25 kg/ha to control significant agricultural pests. The physiology, metabolic route,
or nervous system of insects are impacted by herbal pesticides, which are absorbed by the insect's
cuticle, inhaled, or consumed. It causes suffocation by blocking spiracles, which hinders insect
breathing. It will interfere with the ion channel and ion pump of the insect membrane at the cellular
level. Insect deformities result from hormonal abnormalities in juveniles and their impact on the
neuroendocrine systems of insects. Decreases in fecundity, ovulation, adult mating time, and egg
fertility are further effects. In insects, monoterpenes included in essential oils function as neurotoxins,
blocking the acetylcholinesterase enzyme that transmits nerve impulses, causing paralysis and death
(Rajamani and Negi, 2021)

C. Plant Incorporated Protectants (PIPs):

Plant-incorporated protectants, sometimes referred to as genetically modified or genetically
engineered plants, are plants that include genes that produce toxins to fight pests. These PIPs help
plants fight against fungi, viruses, and bacteria. Crops that employ PIPs to manage a particular pest are
known as pest-resistant crops. Soybeans, brinjal, cotton, corn, potatoes, and tomatoes are a few
examples of PIPs. Agrobacterium-mediated transfer, gene guns, or ballistic methods are used to
transfer the target gene into transgenic plants. These methods were used for corn, rice, maize, and
wheat (Rajamani and Negi, 2021). Among the many benefits of plant-incorporated protectants is the
ability to increase yields while using less pesticide. They are therefore affordable and protect nearby
non-Bt crops. The effects on non-target pests, the risk to human health and the environment, the
possibility of the PIP gene spreading to other plants, and the emergence of pesticide or insect resistance
are some potential drawbacks attached to plant-incorporated protectants (Rajamani and Negi, 2021).
References

Altemimi, A., Lakhssassi, N., Baharlouei, A., et al., (2017). Phytochemicals: extraction, isolation, and
identification of bioactive compounds from plant extracts. Plants (Basel), 6 (4):42.

Cory, J, S, (2000). Assessing the risks of releasing genetically modified virus insecticides: progress to
date. Crop Prot. 19(8-10):779-785.

Huang, S.H., Xian, J.D., Kong, S.Z., et al., (2014). Insecticidal activity of pogostone against
Spodoptera litura and Spodoptera exigua (Lepidoptera: Noctuidae). Pest Manag Sci., 70
(3):510-516.

Kachhawa, D. (2017). Microorganisms as a bio-pesticides. J. Entomol. Zool, Stud., 5(3):468-473.

Lacey, L.A., Grzywacz, D., Shapiro-llan, D.I., et al., (2015). Insect pathogens as biological control
agents: back to the future. J. Invertebr. Pathol., 132:1-41.

6282

Official Website
www.thescienceworld.net
thescienceworldmagazine@gmail.com

Published 25/02/2025

vy 1 P10



http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com

Gt & Cilnhly o Afgzzins Feb, 2025 VoL5(2), 6277-6283 Prasad et al

(A T b

Mossa, A.T.H. (2016). Green pesticides: essential oils as biopesticides in insect-pest management. J.
Environ. Sci. Technol., 9(5):354.
Pal, G.K., Kumar, B., Shahi, S.K. (2013). Antifungal activity of some common weed extracts against
phytopathogenic fungi Alternaria spp. Int. J. Univ. Pharmacy. Life Sci., 3(2):6-14
Rajamani, M. and Negi, A. (2021). Biopesticides for pest management. In: Venkatramanan, V., Shah,
S., Prasad, R. (eds) Sustainable Bioeconomy. Springer, Singapore.

Senthil-Nathan, S. (2015). A review of bio-pesticides and their mode of action against insect pests. In:
Environmental sustainability. Springer, New Delhi, pp 49-63.

Siegel, J.P. (2001). The mammalian safety of Bacillus thuringiensis-based insecticides. J. Invertebr.
Pathol., 77(1):13-21.

6283

Official Website .
www.thescienceworld.net Published 25/02/2025
thescienceworldmagazine@gmail.com

Qo



http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com

