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The safe use of pes-
ticides is vital for 
ensuring agricul-

tural productivity whi-
le protecting the health 
of farmers, consumers, 
and the environment. 
Despite their bene-
fits, improper pesticide 
practices lead to health 
risks, environmental de-
gradation and food safe-
ty concerns. This article 
explores the importance 
of pesticide safety by fo-
cusing on key principles 
such as correct product 
use, proper application 
methods, and personal 
protection. It highlights 
the need for farmer trai-
ning programs, integra-
ted pest management 
and digital innovations 
in agriculture. It also 
examines the policy fra-
meworks, residue mana-
gement, and the role of 
community engagement 
in promoting responsi-
ble pesticide use. Stren-
gthening regulatory en-
forcement, enhancing 
awareness, and encou-
raging eco-friendly al-
ternatives are critical for 
achieving sustainable 
and safe agriculture in 
India. The article calls 
for a multi-stakeholder 
approach to create a ba-

Abstract

Introduction

lanced pesticide management system that ensu-
res crop protection without compromising public 
and environmental health.

The green revolution marked a significant increa-
se in agricultural productivity, largely aided by the 
use of chemical fertilizers and pesticides. While 
pesticides play a critical role in protecting crops 
from pests, weeds, and diseases, their misuse and 
overuse pose serious threats to human health, 
biodiversity, and environmental sustainability. 
Ensuring the safe and responsible use of pestici-
des is not merely a technical requirement— it is 
a public health imperative and an environmental 
necessity.

Why Safe 
Pesticide Use Matters1
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Pesticides are chemical substan-
ces designed to kill or control pests. 
However, when used improperly, 
they can harm non-target organis-
ms, contaminate soil and water, and 
cause acute or chronic health issues 
in humans (Damalas and Elefthero-
horinos, 2011). The most vulnera-
ble populations are farmers— who 
face direct exposure and consumers 
who may ingest pesticide residues 
on food. Long-term exposure to cer-
tain pesticides has been linked to 
neurological disorders, reproducti-
ve issues, endocrine disruption, and 
cancer (Mostafalou and Abdollahi, 
2013). In India, where smallholder 
farmers often lack formal training, 
unsafe practices such as improper 
mixing, inadequate use of protective 
equipment, and indiscriminate spra-
ying are common (Kesavachandran 
et al., 2009). Moreover, unregulated 
or counterfeit pesticides increase 
the risks, making training and awa-
reness essential for minimizing ha-
zards.

Safe pesticide use is grounded in 
three core principles- right product, 
right method, and right protection. 
Figure 1 illustrates the basic safe-
ty principles for pesticide handling 
and application, including personal 
protection, correct mixing practices, 
pre-harvest intervals, and safe stora-
ge and disposal.

Farmers should choose pesticides 
approved by the Central Insecticides 
Board and Registration Committee 
(CIBRC), considering the specific 
pest, crop stage, and ecological con-
text. Bio-pesticides and low-toxici-
ty alternatives should be prioritized 
wherever possible to reduce envi-
ronmental burden.

The effectiveness and safety of pes-
ticides depend significantly on how 
they are applied. Calibration of 
spraying equipment, adherence to 
recommended dosages, and appli-
cation at the correct crop stage are 
crucial. Avoiding over-application 
minimizes pesticide resistance and 
off-target effects (FAO and WHO, 
2021).

Personal protective equipment such 
as gloves, masks, goggles, and cove-
ralls must be worn during mixing and 
application. Hand washing, avoiding 
eating or smoking during spraying, 
and proper disposal of containers 
are essential hygiene practices.

Proper training is the cornerstone of 
safe pesticide use. Studies have 

Key Principles 
of Safe Pesticide Use

Key Principles 
of Safe Pesticide Use

Right Product Selection

Right Application Method

Right Protective Measures

2
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Proper training is the cornerstone 
of safe pesticide use. Studies have 
shown that farmer education sig-

nificantly improves knowledge, attitu-
des and practices (Yassin et al., 2002). 
Effective training program focuses on:

Key practices for safe 
pesticide use in agriculture

A holistic approach combining bio-
logical, cultural, mechanical and 
chemical methods to control pests 
sustainably. IPM minimizes pestici

Government and private exten-
sion services, Krishi Vigyan Ken-
dras and agricultural universities 
must collaborate to deliver regular, 
hands-on training sessions. Use of 
digital platforms and mobile apps 
can also enhance outreach.

-de reliance while ensuring crop pro-
tection.

Farmers must be able to read and 
interpret pesticide labels that pro-
vide vital information on formula-
tion, dosage, target pests, and sa-
fety precautions. Visual aids and 
vernacular language materials help 
bridge literacy gaps.

Safe handling includes correct 
mixing procedures and storage 
in locked, ventilated areas away 
from food and livestock. Pestici-
des should never be stored in food 
containers or near children.

Maintaining a spray diary with 
dates, crop type, pesticide used, 
quantity, and weather conditions 
helps monitor and optimize pesti-
cide usage.

Integrated Pest Management (IPM): 

Label Literacy: 

Handling and Storage:

Record Keeping: 

Consumer Safety
and Residue Management 4
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Consumer exposu-
re to pesticide re-
sidues is a major 

concern. The Food Sa-
fety and Standards Au-
thority of India (FSSAI) 
regulates Maximum Re-
sidue Limits (MRLs) in 
food products. Howe-
ver, ensuring complian-
ce starts at the farm le-
vel.

•	Pre-harvest inter-
val: Farmers must 
observe the waiting 
period between last 
pesticide application 
and harvest to allow 
degradation of resi-
dues. 

•	Proper washing 
and cooking: Was-
hing fruits and vegeta-
bles with clean water, 
peeling, and thorough 
cooking can signifi-
cantly reduce surface 
residues. 

•	Organic and resi-
due-free farming: 
Encouraging residue 
free certification and 
organic farming prac-
tices ensures safer 
food production whi-
le building consumer 
trust.

Pesticides, if misused, can leach into soil and 
water bodies, harming aquatic organisms, 
beneficial insects, birds, and pollinators like 
bees. Strategies to mitigate environmental 
contamination include:

Environmental
Protection Strategies5



Digital Agri News e-Magazine
August 2025

Page 6

However, enforcement remains 
weak, especially in rural areas. 
There is a need for:

India has made progress in regu-
lating pesticide use through the 
Insecticides Act (1968) and sub-
sequent amendments. The Pesti-
cide Management Bill (2020), sti-
ll under review, proposes stricter 
penalties for violations, a registry 
of pesticide retailers, and better 
grievance redressal mechanisms.

Buffer zones: Maintaining un-
treated zones between fields and 
water sources reduces pesticide 
runoff and groundwater pollu-
tion.

Selective spraying: Avoiding ae-
rial spraying near water bodies 
and applying pesticides during 
early morning or late evening 
when pollinators are fewer ac-
tive helps minimize ecological 
harm.

Use of eco-friendly formulations: 
Nano-formulations, slow-relea-
se pesticides, and botanicals are 
promising innovations that re-
duce environmental footprint.

Proper disposal of containers: 
Empty containers should be tri-
ple rinsed, punctured, and re-
turned to designated collection 
centers to prevent reuse or ille-
gal resale.

Certification systems: Mandatory 
training and licensing for pestici-
de applicators can professionalize 
pest control and ensure accounta-
bility.

Market surveillance: Monitoring 
and removing unregistered, expi-
red, or counterfeit products is vi-
tal to prevent health and economic 
losses.

Incentives for IPM and organic 
farming: Subsidies, certification 
support, and market linkages can 
accelerate the shift toward safer 
and more sustainable practices.

Policy 
and Regulatory Support

The Role of  
Agri-Tech and Innovation

6
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Public awareness campaig-
ns, community-based sur-
veillance, and participatory 
approaches are critical for 
building a safety culture. 
Farmer field schools, women 
self-help groups, and you-
th clubs can be mobilized to 
promote peer learning and 
behavioral change.

Awareness drives on the 
dangers of pesticide misuse 
through radio, local TV, wall 
paintings, and street plays 

Community 
Engagement and Awareness 8Digital tools, artificial intelli-

gence, and IoT-based preci-
sion farming techniques are 

emerging as powerful enablers of 
safe pesticide use. Drones equi-
pped with multispectral cameras 
can detect pest hotspots and ena-
ble site-specific pesticide applica-
tion, reducing overall usage and 
exposure.

Mobile applications developed by 
ICAR, state agricultural universi-
ties, and startups can provide re-
al-time pest diagnosis, weather 
alerts, and dosage calculators in 
local languages. Blockchain tra-
ceability platforms can help consu-
mers track food safety from farm 
to fork.
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are effective in low-literacy regions. Consumer advocacy for residue-free pro-
duce can also drive demand-side pressure for safer practices.

Pesticides are a double-edged sword; they protect crops and improve yields 
but can be dangerous when misused. Building a safe pesticide ecosystem re-
quires coordinated efforts across training, policy, innovation and awareness. 
Empowering farmers with knowledge and resources, protecting consumers 
through residue management, and preserving the environment through res-
ponsible practices is not just an agricultural goal– it is a societal responsi-
bility. As India moves toward sustainable farming, the safe use of pesticides 
must be a central pillar of our agricultural future.
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