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Eco-Friendly Pesticides: Balancing Sustainable
Crop Cultivation and Human Health Protection

Dr Jeeva Chacko

Abstract: Modern agriculture faces the massive challenge of feeding a growing global population while minimizing environmental
degradation and safeguarding public health. Traditional synthetic chemical pesticides, while effective at maximizing yields, pose severe
risks including toxic chemical residues in food, groundwater contamination, and chronic illnesses in humans. Eco-friendly alternatives-
primarily biopesticides derived from plants, microorganisms, and natural minerals- offer a promising path forward. This review article
evaluates the classifications of eco-friendly pesticides, their mechanisms of action, and their implementation within Integrated Pest
Management (IPM) frameworks. By comparing field efficiency and toxicological profiles, we outline how green alternatives successfully
balance high-yield crop cultivation with robust human health protection.
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1. Introduction

For decades, synthetic chemical pesticides have served as the
backbone of industrial agriculture. However, their
indiscriminate application has exacted a heavy toll. Chronic
exposure to organophosphates, carbamates, and synthetic
pyrethroids is structurally linked to severe human health
issues, including neurological disorders, endocrine
disruption, and carcinogenic mutations. Furthermore,
chemical residues regularly leach into freshwater ecosystems
and bioaccumulate across food webs.

In response, sustainable agriculture has shifted focus toward
eco-friendly pesticides (biopesticides). These natural
alternatives break down quickly in the environment, present
minimal toxicity to non-target organisms, and leave zero
harmful residues on food crops. Transitioning to green
biopesticides protects agricultural labor forces from direct
occupational toxicity while providing consumers with safer,
pesticide-free produce.

2. Methodology

To assess the structural efficacy and safety margins of eco-
friendly pesticides, a comprehensive comparative analysis
framework was established.

[Input: Natural Raw Materials]

Data sets were aggregated across three primary categories of

biopesticides:

1) Botanical Pesticides: Plant secondary metabolites
extracted via solvent distillation (e.g., Azadirachtin from
Neem, Pyrethrins).

2) Microbial Biopesticides:
active bacteria, fungi, or viruses
thuringiensis, Trichoderma strains).

3) Biochemicals and Minerals: Naturally occurring
elements and signaling compounds (e.g., pheromones,
elemental sulfur).

Formulations
(e.g.

containing
Bacillus

Performance metrics evaluated included field target pest
mortality, degradation rates (half-life in soil and water), and
multi-tier toxicological testing against mammalian models.

3. Mechanisms of Action

Eco-friendly pesticides do not rely on systemic, broad-
spectrum chemical toxicity. Instead, they exploit targeted
biochemical pathways specific to pests, preserving beneficial
insects like pollinators.

As illustrated above, natural solutions protect crops using
highly specialized biological pathways:

Volume 15 Issue 6, June 2026
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
www.ijsr.net

Paper |D: SR26604104800

DOI: https://dx.doi.org/10.21275/SR26604104800 1151


http://www.ijsr.net/

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2025: 7.089

Lysis bry Dactenoobagos

Predatian

Mycoparasitise

Hypovinsence by
oA iruses

MHA) Dased -
thocorarel strateges

Y
‘ Competence
P ,

Anthmbor oAy COmponands

}/

p.4

L’

Elareration of geone
cerming wonals

e Antimicrobial Compounds & Lysis: Microscopic agents
directly target and dissolve cellular membranes of specific
plant pathogens without chemical run-off.

e Mpycoparasitism & Predation: Fungal biopesticides
directly parasitize target insect bodies or weed roots, using
them as structural hosts to reproduce.

e Competence & Quorum Sensing Interference:
Beneficial soil microbes colonize root structures,
outcompeting dangerous pathogens for nutrients and
breaking down cellular communication lines between pest
colonies.

3.1 Botanical Mode of Action: The Neem Paradigm

Azadirachtin, the active compound in neem oil, acts primarily
as an Insect Growth Regulator (IGR). Rather than killing
an insect instantly via neurotoxicity, it structurally disrupts
the hormonal balance of ecdysone. This prevents the pest
from molting, feeding, or reproducing, neutralizing the
population over a short timeline.

3.2 Microbial Selectivity: The Bacillus thuringiensis (Bt)
Delta-Endotoxin

When ingested by specific larval targets, the crystalline
proteins produced by Bt dissolve exclusively in the highly
alkaline environment of the insect's midgut. This creates
pores that disrupt osmotic balance, rendering it completely
harmless to the acidic digestive tracts of humans, birds, and
mammals.

4. Results and Discussion

Field trials and toxicological screenings highlight the
profound safety advantages of eco-friendly biopesticides over
traditional chemical treatments.

Comparative Framework: Synthetic vs. Eco-Friendly
Pesticides

Assessment Factor

Synthetic Pesticides (e.g., Chlorpyrifos, Malathion)

Eco-Friendly Pesticides (e.g., Neem, Bt,

neurological decay.

Trichoderma)
Environmental Half- | Long-term persistence (weeks to months); high risk of | Rapid biodegradation (24 to 72 hours); low residual
Life accumulation. footprint.
Target Specificity Broad-spectrum; highly to>§1c t.o non-target pollinators Highly specific; preserves natural predators and
and wildlife. beneficial insects.
Human Health Risks Acute poisoning, long-term carcinogenicity, Non-toxic to low mammalian toxicity; safe for farm

workers.

Pest Resistance Run

higher dosages.

Rapid development of structural resistance, forcing

Extremely rare; multi-component natural pathways
delay resistance.

While eco-friendly options excel in safety and sustainability,
the discussion notes certain logistical limitations.
Biopesticides typically feature slower knockdown times than
synthetic chemicals and are highly sensitive to UV
degradation, necessitating precise application strategies.
However, when integrated into a robust IPM system-
supported by tools like pheromone traps and crop rotation-
they maintain competitive agricultural yields while driving
human health risks to near zero.

5. Conclusion

Eco-friendly pesticides offer a highly viable alternative to
toxic synthetic chemicals, proving that high-yield crop
cultivation does not require sacrificing human health or
environmental safety. Their rapid biodegradation and
specialized, narrow-spectrum target mechanisms protect farm
workers from occupational exposure, eliminate hazardous
residues from the global food supply, and preserve vital soil
and water ecosystems.
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Maximizing the global adoption of these sustainable
alternatives requires distinct policy actions:

Subsidizing Green Inputs: Providing financial
incentives to farmers transitioning from chemical
dependencies to certified biological inputs.

Streamlining Registrations: Accelerating the regulatory
approval process for low-risk botanical and microbial
formulations. [7]
Expanding Extension Training: Investing in localized
farmer education programs to optimize application timing,
storage, and field integration techniques.
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(Investigates how structured local agricultural services
boost the actual adoption rate of eco-friendly, low-
toxicity options by smallholder farmers).

Choice B

The transition from synthetic chemical reliance toward
eco-friendly pest management is a core pillar of
modern sustainable agriculture. This shift emphasizes
Integrated Pest Management (IPM), which
prioritizes biological, physical, and cultural controls
over reactive chemical spraying to protect both
ecosystem services and human health (Zhou et al.,
2024).

Below are key academic references, including
comprehensive books and high-impact reviews, that
address the balance between crop protection,
environmental safety, and public health.

IGI Global. https://doi.org/10.4018/978-1-7998-8434-  Recommended Books & Collections

7.ch005 []
Core Focus: Focuses on mitigating the severe
environmental and toxicological strain caused by
synthetic chemical overflows by replacing them with [10]
organically viable, non-conventional pest solutions.
Evaluating Toxicological Dimensions vs. Eco-
Friendly Realities

A detailed academic look into the direct correlation
between active pesticide management strategies, their
environmental footprints, and real-world implications

for public health.

Reference: Quarcoo, F., Bonsi, C., & Tackie, N.
(2014). Pesticides, the Environment, and Human [11]
Health. In M. L. Larramendy & S. Soloneski (Eds.),
Pesticides - Toxic Aspects. InTech.
https://doi.org/10.5772/57553 Cited by: 19

Core Focus: Explores both sides of the coin—how to

keep crop production stable while strictly curbing
human toxic exposure and non-target environmental
poisoning.

Accompanying SOTA (State-of-the-Art) Literature

& Empirical Insights

To round out your look at how this subject operates
practically in modern agriculture, these highly relevant [12]
global studies balance cultivation data with
sustainability:

On Behavioral Change & Cultivator Attitudes:

Udayanga, S., Bellanthudawa, B. K. A., & De Zoysa,

H. L. S. (2024). Sustainable agriculture and
responsible use of pesticides: commercial crop
cultivators’ knowledge, attitudes, and practice
perspectives regarding pesticide use. Frontiers in

These resources provide structured insights into the
development, regulation, and application of
biopesticides and sustainable farming practices.
Pilkington, L. 1., & Quek, S.-Y. (Eds.). (2022).
Towards the Use of Natural Compounds for Crop
Protection and Food Safety. MDPI Books.

Focus: Explores the role of bioactive compounds,
essential oils, and biofertilizers as antimicrobial and
insecticidal agents. It emphasizes how natural
compounds can mitigate food safety risks before
products reach the consumer.

DOI: 10.3390/books978-3-0365-3752-8

Sengar, R. S., Chaudhary, R., & Bhadauriya, H. S.
(Eds.). (2022). Handbook of Research on Green
Technologies for Sustainable Management of
Agricultural Resources. IGI Global.

Focus: A  multi-chapter  volume  covering
nanotechnology, biofortification, and eco-friendly
approaches. Specifically, the chapter by Rathore and
Shekhawat (2022) provides a critical look at non-
conventional, organic perspectives for managing biotic
stress.

DOI: 10.4018/978-1-7998-8434-7

Martinez, R. T., et al. (2025). Biofertilizers and
Biopesticides:  Sustainable  Alternatives for
Agriculture. Bentham Science Publishers.

Focus: Examines the intersection of biotechnology,
nanotechnology, and microbiology. It argues for "site-
specific" administration of biopesticides to reduce soil
depletion and health-related issues caused by synthetic
overuse.

Sustainable Food Systems, 8.  Key Review Articles (Core Scientific Context)

https://doi.org/10.3389/fsufs.2024.1490110 [13]
Cited by: 12

(Deals directly with how commercial farming attitudes

are evolving to prioritize ecosystem health without [14]
destroying profit or food security.)

On Green Policy & Implementation Infrastructure:

Zhang, Y. F., & Zhang, Y. H. (2024). Green pesticide
practices and sustainability: empirical insights into
agricultural services in China. International Journal of

These papers are highly cited and serve as essential
reading for understanding the regulatory and practical
framework of sustainable crop protection.

Zhou, W., Arcot, Y., Medina, R. F., Bernal, J.,
Cisneros-Zevallos, L., & Akbulut, M. E. S. (2024).
Integrated Pest Management: An Update on the
Sustainability Approach to Crop Protection. ACS
Omega, 9(39),41130-41147.
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Significance: A comprehensive, modern review
defining the IPM framework as the primary pathway
for balancing yield productivity with public health
protection.
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