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griculture is a vital sector providing food,
fiber, biofuels, and other essential resources
for human survival. However, rapid
urbanization and global population growth have
significantly reduced the land available for agriculture.
To maintain productivity, farmers increasingly rely on
chemical fertilizers and pesticides, which contribute to
soil degradation, loss of fertility, and harmful impacts
on human health and the environment.

This situation highlights the urgent need to shift from
synthetic inputs to eco-friendly alternatives such as

biofertilizers and biopesticides. These biological

agents enhance ecological sustainability, improve

nutrient availability, support soil regeneration, and
reduce pollution.

Neem (Azadirachta indica), popularly known as the
“Village Pharmacy” (Figure 1), is native to the Indian
subcontinent and belongs to the family Meliaceae. It is
a hardy, evergreen tree capable of thriving in nutrient-
poor and dry conditions. Neem has gained global
attention due to its potent insecticidal, fungicidal, and
nematicidal properties, attributed to its bitter leaves
and fruits (Table 1). Neem-based bio-products play a
significant role in sustainable agriculture, offering
solutions to environmental issues such as climate

change, soil pollution, and biodiversity loss.

Figure 1. Neem: (a) Leaves (b) Fruit (c) Flower (d) Stem.
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Phytochemistry

Neem contains a wide variety of Dbioactive

phytochemicals responsible for its medicinal and

pesticidal attributes. These secondary metabolites are

seeds, and fruits. Major compounds include limonoids,
flavonoids, alkaloids, tannins, glycosides, sterols, and
saponins. These constituents contribute to neem’s

antibacterial, antifungal, antifeedant, and insecticidal

distributed across the leaves, bark, roots, flowers, activities.
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Figure 2. Important bioactive compounds of Neem.

Table 1. Phytochemicals present in Neem and their

pharmacological potential

Compound Bioactivity

Azadirachtin | Anti-hormonal, Antifeedant,
Repellent

Nimbidol Antipyretic, Anti-protozoan, Anti-
tubercular

Gedunin Anti-malarial, Antifungal,
Vasodilator

Quercetin Antibacterial, Antioxidant, Anti-
protozoal, Anti-inflammatory

Sodium Anti-arthritic, Diuretic,

nimbinate Spermicidal

Nimbin Antihistamine, Antipyretic,
Antifungal, Anti-inflammatory

Salannin Repellent

Nimbidin Antibacterial, Analgesic, Anti-
ulcer, Anti-arrthythmic, Antifungal
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Biopesticidal Activities of Neem for Sustainable
Farming

1. Insecticidal Activity

Neem produces defensive compounds that act as
repellents, feeding deterrents, oviposition inhibitors,
growth regulators, and toxicants to harmful insects.
Among these, azadirachtin (Figure 2) is the most
important insecticidal compound and a key ingredient
in commercial neem-based formulations.

Although azadirachtin is effective, its instability
(requiring storage at —40°C) limits direct usage.
(1990),

formulations of azadirachtin perform better than the

According to Isman et al commercial
pure compound. Neem extracts have successfully
managed several resistant insect populations. Mazid et
al. (2011) reported that neem-based products
significantly impact the eggs of Bactrocera zonata
while remaining harmless to pollinators and other

beneficial organisms.

Volume 3, Issue 12 | December, 2025

34


http://www.agrirootsmagazine.in/

Volume 3, Issue 12 | December, 2025

2. Antifungal Activity

Neem constituents such as azadirachtin, nimbin, and
nimbidin exhibit strong antifungal effects. Commercial
neem products (Achuk, Trilogy, Neemark) are
effective against Alternaria solani, Podosphaera
xanthii, and Fusarium oxysporum. Azadirachtin has
demonstrated greater inhibitory effects on pathogenic
fungi than synthetic fungicides like mancozeb.

Neem oil suppresses fungal spore germination and is
effective against diseases such as collar canker in tea
caused by Glomerella cingulata. It also protects tomato
crops against pathogens including Pyricularia oryzae.
3. Ovipositional Deterrent

Neem acts as a potent oviposition deterrent, reducing
egg-laying in insect pests such as Bactrocera
carambolae, Mamestra brassicae (cabbage moth),
Bactrocera zonata, and Phthorimaea operculella
(potato tuber moth). Neem leaves contain nonacosane,
a saturated fatty acid that adversely affects the
fecundity of pests like Stephanitis pyrioides (Wang et
al., 1999).

4. Antifeedant Properties

Neem  exhibits strong antifeedant activity,
discouraging insects from consuming plant tissues.
Compounds such as azadirachtin, salannin, and
melandriol cause digestive disturbances in insects,
leading to starvation and reduced pest damage
(Vijayalakshmi et al., 1985).

5. Nematicidal Activity

Neem seed extracts have shown significant nematicidal

effects against root-knot nematodes. In vitro studies
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revealed 100% mortality of nematode juveniles within

24 hours using an aqueous extract of A. indica (300

mg/ml). Methanolic extracts demonstrated similar

results within 8 hours. Alkaloids, polysaccharides, and

saponins present in neem contribute to its effective

nematicidal action.

Challenges and Limitations

Despite their potential, biopesticides including neem-

based products face several challenges:

o Limited shelf life and stability

o Sensitivity to environmental conditions

o Slower action compared to synthetic pesticides

e Need for broad-spectrum activity

o Long and costly registration processes

e Use of single microbial strains in many
formulations, reducing efficacy

Enhancing biopesticide formulations with multiple

strains or stabilizing agents can improve their

effectiveness and commercial viability.

Conclusion

Neem-based pesticides, especially azadirachtin

formulations, offer environmentally safe and effective

alternatives to chemical pesticides. They provide

insecticidal, antifungal, antifeedant, and nematicidal

actions while remaining biodegradable and non-toxic

to beneficial organisms. These features make neem

highly suitable for Integrated Pest Management (IPM),

promoting sustainable agriculture. Awareness and

adoption of neem-based technologies can significantly

enhance crop productivity while ensuring ecological

balance.
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