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i . . .

&% For years, farmers relied on chemicals to fight pests,

@%ggﬂ until they began to notice the hidden damage to

&% soil, health, and biodiversity. This realization sparked a
@%%’é@ return to nature, where plants themselves offered

E powerful, safer solutions in the form of botanical
b pesticides. Botanical pesticides are widely recognized
08 for their reduced ecological footprint compared to
Qs synthetic chemicals.

OS?O%C@

; What are Botanical Pesticides?
@%«’;@ Botanical pesticides are naturally occurring chemicals

ao extracted from plants to manage agricultural and
@ifgg@ household pests. They are gaining importance as eco-
5 friendly alternatives to synthetic chemicals, primarily due to their rapid biodegradability
%}?— . and lower environmental persistence.

.. Current Status in India

0130860 In India, the use of botanical pesticides is still limited
Q@; but gradually expanding. As per the provisions of the
o080 Insecticides Act, 1968, only a few plant-based products
o have been formally registered so far. These include
@%3@ azadirachtin derived from neem, citronella oil from

5% Cymbopogon species, eucalyptus leaf extracts, and
@%%gﬁ pyrethrins obtained from Chrysanthemum.

0 Major Sources of Botanical Pesticides
@gﬁ%@ Botanical pesticides have evolved over time, ranging
9 from traditionally known plant extracts to newly
C3060 explored bioactive compounds. Among the classical or
» well-established botanicals, neem (Azadirachta
oz“&%’@ indica) remains the most prominent, containing
azadirachtin which functions as a feeding deterrent,
0R26%0 repellent, and growth regulator. Similarly, pyrethrum
e obtained from Chrysanthemum cinerariaefolium
O;%%@ produces pyrethrins that cause rapid paralysis in
insects. Rotenone, derived from the roots of Derris and
@%ﬁ_@ Lonchocarpus, acts by inhibiting cellular respiration, while nicotine from Nicotiana tabacum
&% disrupts the insect nervous system by mimicking acetylcholine. In addition, essential oils
@%sg extracted from plants such as rosemary, thyme, garlic, and clove exhibit repellent and
i neurotoxic properties. Sabadilla (Schoenocaulon officinale) is another traditional botanical
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source containing alkaloids that interfere with nerve cell membranes. In recent years, newer
botanical discoveries have expanded the scope of plant-based pest control. Compounds such
as precocene from Ageratum houstonianum act as anti-juvenile hormone agents, disrupting
insect development. Karanjin from Pongamia pinnata and piperine from Piper nigrum
exhibit multiple effects including antifeedant and oviposition deterrent actions. Similarly,
parthenin from Parthenium hysterophorus and turmerones from Curcuma longa have shown
growth inhibitory effects on pests.

Mechanisms of Action

Botanical pesticides control pests through multiple mechanisms:

1. Neurotoxicity — Interfere with the insect nervous system by disrupting sodium channels or
mimicking neurotransmitters.

2. Growth Regulation — Inhibit molting and development, preventing insects from reaching
maturity.

3. Metabolic Inhibition — Disrupt energy production processes, leading to reduced survival.

4. Behavioral Modification — Act as repellents or antifeedants, deterring insects from
feeding or laying eggs.

5. Physical Action — Block spiracles (respiratory openings), causing suffocation.

Advantages

1. Botanical pesticides reduce resistance development due to their multiple modes of action.
2. They are safer for beneficial organisms like pollinators and natural enemies.

3. They leave minimal toxic residues on crops, ensuring food safety.

4. They are eco-friendly and biodegradable, reducing environmental pollution.

Limitations

1. Botanical pesticides degrade quickly under sunlight due to UV sensitivity, reducing their

effectiveness.

They have short residual activity, requiring frequent reapplication.

Standardization is difficult due to variation in active compounds and formulations.

4. Some compounds, such as nicotine and rotenone, can be toxic to humans and non-target
organisms.

wmn

Emerging Technologies

1. Nanotechnology in Botanical Pesticides

Nanotechnology is playing a transformative role in improving the performance of plant-based
pesticides. One of the major limitations of botanical extracts is their poor stability under
field conditions, especially rapid degradation due to sunlight, temperature, and oxidation.
Encapsulation of active compounds using nano-carriers such as chitosan, liposomes, or
polymeric nanoparticles helps overcome these issues.

Benefits: These nano-formulations protect sensitive bioactive molecules from environmental
degradation,Enable controlled and slow release of active ingredients over time, Improve
solubility and bioavailability of poorly soluble compounds and enhance adhesion and
penetration on plant surfaces As a result, nano-encapsulated botanical pesticides show
improved efficacy, reduced dosage requirements, and longer field persistence, making
them more reliable for practical agricultural use.
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2. Green Extraction Techniques —
The efficiency and sustainability of botanical Z%% . 5 ﬁ
pesticides also depend on how plant compounds are === :
extracted. Traditional extraction methods often L - i
involve large quantities of organic solvents, ‘
longer processing time, and lower yield.Modern
“green” extraction technologies like Supercritical
Fluid  Extraction and  Microwave-Assisted (
Extraction aim to address these limitations: b
a. Supercritical Fluid Extraction (SFE) uses
supercritical CO: under high pressure and
temperature as a solvent, enabling the extraction l
of high-purity plant compounds without toxic
residues, and is especially effective for isolating
essential oils and other non-polar bioactive

Restrictor

Pump

JE|

Solvent Extract

substances. ;

b. Microwave-Assisted Extraction (MAE) uses Microwave *f‘f(w);ﬁn
microwave energy to rapidly heat plant material, oree T
enhancing cell wall rupture for efficient release
of bioactive compounds while significantly reducing extraction time and solvent use.

These advanced techniques ensure higher efficiency, better quality extracts, and

environmentally safe processing, aligning with the principles of sustainable agriculture.

Future Line of Work

The future of botanical pesticides lies in bridging traditional knowledge with modern

scientific innovations. Research is increasingly focusing on improving the stability,

consistency, and field efficacy of plant-based formulations.

1. Advanced Formulations: Development of nano-encapsulated and slow-release
formulations to enhance stability and prolong field activity.

2. Standardization: Establishing uniform protocols for extraction, formulation, and dosage
to ensure consistent performance.

3. Molecular Research: Identification of new bioactive compounds and understanding their
mechanisms at biochemical and genetic levels.

4. Integration with IPM: Strengthening the role of botanical pesticides within integrated
pest management systems alongside biological and cultural practices.

5. Precision Agriculture: Use of drones and smart spraying systems to optimize application
and reduce wastage.

6. Sustainable Resource Use: Promoting cultivation of pesticide-yielding plants to avoid
pressure on wild resources.

Conclusion

Botanical pesticides represent a promising and environmentally sound alternative to
conventional chemical pesticides in modern agriculture. Their natural origin, diverse modes
of action, and rapid biodegradability make them highly suitable for sustainable crop
protection. By reducing chemical residues, preserving beneficial organisms, and lowering the
risk of resistance development, they contribute significantly to safer food production and
ecological balance.However, challenges such as limited stability, short residual effect, and
lack of standardization must be addressed to ensure their wider adoption. Recent
advancements in nanotechnology and green extraction methods are already improving their
effectiveness and commercial viability.In the long run, the successful integration of botanical
pesticides into integrated pest management (IPM) systems, supported by scientific
innovation and proper regulatory frameworks, will play a crucial role in reducing dependence
on synthetic chemicals. This shift is essential for achieving sustainable, eco-friendly, and
resilient agricultural systems that meet the growing demand for safe and quality food
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