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ABSTRACT

Ayurveda is a life science rooted in harmony with Nature. Nowadays, the extensive use of chemical pesticides in agriculture has resulted in significant
environmental and health issues, including soil degradation, water contamination, and toxicity to non-target organisms. These concerns highlight the
urgent need for sustainable and eco-friendly alternatives. Natural products derived from medicinal plants possess pesticidal, antifungal, and antibacterial
activities. Traditionally used plants such as Nimba (4Azadirachta indica A. Juss), Tulsi (Ocimum sanctum Linn), Karanja (Pongamia pinnata Linn),
Lasuna (A4llium sativum Linn), and Nirgundi (Vitex negundo Linn) have demonstrated significant biopesticidal potential due to the presence of active
Phytochemical constituents. These plant-based biopesticides are biodegradable, target-specific, and considered safer for humans and animals. This
review explores medicinal plants as biopesticides, their preparation methods, and their role in pest management. It also highlights their advantages over
conventional pesticides and their importance in promoting sustainable agriculture and environmental safety.

Keywords: Biopesticides, Environmental safety, Human health, Karanja, Lashuna, Nimba, Nirgundi, Tulasi, Vrukshayuveda.

INTRODUCTION

Ayurvedic science is rooted in the principle of harmony between
the individual and the environment. Agricultural productivity is
continuously challenged by a wide range of pests, including
insects, fungi, bacteria, and weeds, which significantly reduce
crop yield and quality. Although synthetic pesticides have been
widely adopted for pest control, their excessive use has led to
serious consequences, including environmental pollution and
adverse effects on human health.! In this context, biopesticides
derived from medicinal plants have emerged as a promising
solution. Medicinal plants are rich sources of phytoconstituents
such as alkaloids, phenolics, terpenoids, flavonoids, and essential
oils, which possess insecticidal, antifungal, antibacterial, and
repellent activities.

Plant-based biopesticides are biodegradable, target-specific, and
considered safer for humans, making them highly suitable for
sustainable agriculture and integrated pest management. They
also reduce dependency on synthetic chemicals and help to
maintain the ecological balance.

According to the World Health Organisation (WHO), the theme
for World Health Day 2026 emphasizes the One Health
Approach, which recognises the interconnected relationship
between human health, animal health, plant health, and
environmental sustainability. Reflecting this perspective,
agricultural practices and plant based biopesticides contribute to
food security, environmental protection, and the reduction of
harmful chemical exposure to humans and environment. This
study explores the potential of Ayurveda to preserve the health
and well-being of humans, plants, and the environment.

Advantages of Biopesticides
Biopesticides derived from medicinal plants offer multiple
benefits:

Environmental Safety: Biodegradable and non-toxic to
ecosystems

Target Specificity: Affect target pests without harming beneficial
organisms

Resistance Management: Lower risk of resistance development
Compatibility: Can be used with other pest control methods
Antifeedant Properties: Prevent feeding by pests

Plant Growth Support: May promote plant growth and health
Soil Improvement: Improve soil fertility and quality
Cost-effective: Easily available and economical

Thus, exploring medicinal plants as biopesticides not only
validates traditional knowledge but also aids in developing
effective and environmentally sustainable pest management
practices.

Pesticides and their impact

Medicinal plants have long contributed to the health and well-
being of mankind. Plant health is the foundation of food security
and thus at the core of the One Health Approach.”A healthy plant
can be defined as the state in which plants grow and perform
essential physiological functions optimally, such as absorption,
metabolism, photosynthesis, reproduction, and maintaining
resistance to pests, diseases, as well as environmental stress,
thereby achieving their full genetic potential and producing high
yields.

A Plant pest is any living organism that causes harm or damage
to plants. Common pests like aphids, whiteflies, caterpillars, and
spider mites can damage crops and reduce yields, causing
economic losses and lower crop quality.

Pesticides are chemical substances used to control pests such as
insects, weeds, fungi, and rodents. They play a significant role in
protecting crops and improving agricultural productivity. With
the rapid growth of the global population and the increasing
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demand for food production, the use of pesticides in agriculture
has risen considerably. Farmers widely apply pesticides to control
pests and weeds and to protect crops from damage. Although
these chemicals contribute to higher agricultural yields, they are
not biodegradable and, due to bioaccumulation, can enter the food
chain and adversely affect both human health and the
environment. To address and reduce these health issues, adopting
organic farming practices is essential. Organic farming minimises
the use of harmful chemical fertilisers and pesticides, thereby
helping to protect both human health and the environment®.

In modern scientific understanding, the phenomenon of
bioaccumulation refers to the gradual accumulation of organic
and inorganic chemicals within an organism over time. These
chemicals primarily enter the human body through Pesticides and
fertilizers present in agricultural products. The low-potency toxic
substances Present in pesticides and fertilizers may not produce
immediate toxic effects; however, prolonged exposure, improper
metabolic processing and its accumulation over a period of time
in the body can result in toxic effects on various organs and
systems, ultimately leading to systemic disorders, cancer, nerve
disorders, infertility, childhood obesity, and long-term health
complications.

Vrukshayurveda

Vrukshayurveda, described by Surapala, is an ancient Indian
agricultural science that provides detailed knowledge about plant
cultivation, protection, and health management. It emphasises
natural fertilisers, plant-based pesticides, and sustainable
agricultural practices.

METHODOLOGY

According to Vrukshayurveda, plant disorders are classified into:
e Endogenous Disorders (Based on Dosha)
e Exogenous Disorders

Endogenous Disorders

Caused by an imbalance of Vata, Pitta, and Kapha doshas

e Vatajanyaa: Dryness, stunted growth, deformities

e Pittajanyaa: Yellowing of leaves, premature ripening

e Kaphajanyaa: Slow growth, excessive moisture, reduced
quality

Chikitsa (Treatments)

e Vata: Dhupana (fumigation) with Nimba, Ghrita, Ativisha,
Shatavari Phanta (cold infusion) prepared from Eranda,
Shigru, Shunti for pouring.

e Pitta: Cooling treatments by Triphala Kashaya or sugar-water
solutions to plants.

e Kapha: Pinyaka (Oil cake) application to the affected part,
phanta (cold infusion) prepared from Nimba twak & Kutaja
twak for pouring and Soil replacement.

Exogenous Disorders

It is caused by external factors such as pests, environmental stress
and pollution. Pests include insects, fungi, rodents, and weeds.
These are major contributors to plants/crops damage. Although
chemical pesticides are used to control them, their harmful effects
have led to increased focus on plant-based pesticides. The
extensive use of chemical pesticides has been associated with
significant adverse effects on environmental integrity and human
health. In this context, biopesticides have emerged as a
sustainable and eco-friendly alternative.

To overcome these problems, greater emphasis should be placed
on the use of plant-based pesticides, which are needed at present.

Plant-based pesticides are eco-friendly and offer several
advantages.’

Methods of preparations of biopesticides

Medicinal plants can be formulated into biopesticides using
simple, traditional, and eco- friendly methods. Various plant
parts, such as leaves, bark, stems, seeds, and roots, are used to
prepare extracts with pesticidal properties. Preparations like
kwatha (decoction), kalka (paste), and taila (oil-based
formulations) exhibit insecticidal, repellent, and antifeedant
activities against a wide range of pests.

Among the Krimigna Aashaadha dravya’s, few medicinal
plants were taken for the biopesticide formulations. Its

preparations are as follows:

Karanja (Pongamia pinnata Linn)

Karanja is useful in krimihara chikitsa. Karanja contains
active constituents such as karanjin, pongamol, flavonoids,
fixed oils, and triterpenoids®.

Karanja Leaf Extract

e Take 1 kg of fresh Karanja leaves and wash them thoroughly.

Soak the leaves in 5 liters of water and keep them overnight.

On the next day, grind the soaked leaves into a fine paste.

Filter the mixture using a clean cloth to obtain the extract.

Add an emulsifier (khadi soap solution) at the rate of 1 ml per

liter.

e Mix thoroughly so that the extract adheres well to plant
surfaces.

e This preparation is particularly effective against leaf-eating
caterpillars.

e The extract should be sprayed uniformly on crops during the
early morning hours. ’

Karanja Oil Spray (Karanja Taila)

e Take 30 ml of Karanja oil and mix it with 1 ml emulsifier
(khadi soap solution).

e  Stir the mixture thoroughly to ensure proper mixing.

e Add 1 liter of water slowly while stirring continuously.

e Proper mixing is essential; otherwise, the oil may separate and
float on the surface.

e The solution should be used immediately after preparation.

e For large-scale preparation, approximately 3 liters of Karanja
oil is required for 100 liters of spray solution.

o This formulation acts as an effective biopesticide spray.

Karanja and Nimba Oil Combination

e Mix Karanja oil and Nimba (Neem) oil in a ratio of 1:4.

e Add an emulsifier and water as described above.

e Stir well to obtain a uniform mixture.

e This combined spray enhances pesticidal effectiveness due to
the synergistic action of both oils.
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Tulasi (Ocimum sanctum Linn)

Tulasi is known for its action as krimigna. Tulasi contains
eugenol, ascorbic acid, linoleic acid, alkaloids, and other
phytoconstituents’.

Tulasi Leaf Extract

Take 100 grams of fresh Tulasi leaves.

Wash and soak them in 1 liter of water overnight.

On the next day, grind the leaves into a fine paste.

Filter the extract using a clean cloth.

Add 1 ml of khadi soap solution as an emulsifier.

Mix thoroughly to ensure proper adhesion to plant surfaces.
Spray the solution on crops, preferably in the morning hours,
for effective pest control.”

Nirgundi (Vitex negundo Linn)

Nirgundi contains compounds such as wvanillin, sabinene,
limonene, glycine, and camphene, Among Dashamani ganas,
Charaka mentioned it in Krimigna gana. !°

Nirgundi Leaf Extract

Take 2 kg of Nirgundi leaves and wash them properly.
Soak the leaves in 5 liters of water overnight.

On the next day, boil the soaked leaves for 30 minutes.
Allow the solution to cool and then filter the extract.
Dilute the extract by adding 10 liters of water.

Add 1 ml emulsifier per liter (khadi soap solution).
Mix well and spray on crops for pest control.”

Mixed Leaf Extract (Nirgundi + Karanja + Eranda + Arka)

e 6 kg of Nirgundi, Karanja, and Eranda leaves (combined)
and 4 kg of Arka leaves should be taken.

Grind all leaves into a coarse paste.

Add the paste to 20 liters of water.

Boil the mixture for 30 minutes.

Keep the solution overnight for proper extraction.

On the next day, filter the mixture using a cloth.

Dilute the filtrate with 100 liters of water.

Spray uniformly over crops as a broad-spectrum biopesticide.

Lashuna/Rasona (Allium sativum Linn)

Lashuna contains volatile Sulphur compounds such as allicin,
ajoene, and diallyl trisulfide. According to Chakradatta lashuna
acts as krimigna.'!

Garlic Oil Extract

e Take 85 grams of finely chopped garlic.

e Add 15 ml of mineral oil and keep it in a closed container for
24 hours.

e After 24 hours, add 450 ml of water mixed with 10 ml soap

solution.

Shake the mixture thoroughly to ensure proper blending.

Filter the mixture using a fine cloth.

Store the extract in a clean container.

For application, dilute 1 part of the extract with 19 parts of

water (e.g., 50 ml extract+950 ml water).

Shake well before spraying.

e Apply preferably during the morning hours.’

Lashuna—Maricha Extract

Take 2 finely chopped garlic bulbs (Lashuna).

Add 2 tablespoons of (Maricha) black pepper powder.

Mix the above in 4 liters of hot water.

Add a nut-sized piece of soap and dissolve it completely.
Allow the solution to cool slightly.

Filter if necessary and spray on crops.

This preparation is highly effective against caterpillars on fruit
trees.

Nimba (4zadirachta indica A. Juss)

The prominent action of Nimba is Krimihara. '> The
phytoconstituents  present in Nimba are azadirachtin,
Nimbine, salannin, quercetin, margosa oil (fixed oil) and other
bioactive compounds.

Nimba Leaf Extract

Take 500 grams of fresh neem leaves.

Soak them in 5 liters of water overnight.

On the next day, grind the leaves into a paste.

Filter the extract using a cloth.

Add an emulsifier such as khadi soap

Mix thoroughly.

This extract is suitable for use in nurseries and kitchen
gardens.

e Spray uniformly over plants.’
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Neem Oil Spray

Take 15 ml of neem oil.

Add 1 ml emulsifier per liter of solution.

Mix thoroughly to ensure proper blending.

Add 1 liter of water slowly while stirring continuously.
Use immediately after preparation to prevent separation.
Spray directly on crops for pest control.

Neem Seed Kernel Extract (Beeja Majja)

Take 25 grams of neem seed kernel.

Remove the outer seed coat before use.

Pound gently without releasing oil.

Place the powder in a muslin cloth pouch.
Soak the pouch in 1 liter of water overnight.
On the next day, squeeze the pouch thoroughly.
Filter the extract.

Add 1 ml emulsifier (soap solution).

Mix well before spraying.

Control of Stored Grain Pests Using Neem Leaves

e Place a /2 inch layer of fresh neem leaves at the bottom of a
storage container.

Add a layer of sun-dried grains (up to 30 cm thickness).

Add another layer of neem leaves.

Repeat the layering process until the container is full.

Finish with a top layer of neem leaves.

This method protects stored grains from pest infestation.

CONCLUSION

Medicinal plants as biopesticides provide a safe, eco-friendly, and
effective alternative to chemical pesticides. Their use helps
reduce environmental pollution, prevent health hazards, and
maintain ecological balance. The knowledge available in
traditional systems such as Vrukshayurveda supports the use of
natural plant-based formulations for pest control. Integrating this
traditional wisdom with modern agricultural practices can
contribute significantly to sustainable farming. Thus, the use of
medicinal plants as biopesticides is not only beneficial for crop
protection but also essential for long-term environmental and
human health.
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