
Indian Farming6 April 2025

Pesticide contamination in
agroecosystems and their management strategies

Abran Singh Kushwah1* and Vikrant Khare2 
1ICAR-Indian Agricultural Research Institute, New Delhi 110 012

2Bhabha Atomic Research Centre, Mumbai 400 085

The extent and implications of pesticide contamination in agroecosystems, employing a 
comprehensive analysis of soil and water samples across diverse agricultural landscapes. The 
concentrations of pesticides with distinct spatial patterns, indicating potential ecological risks. 
The correlation between pesticide use and contamination, emphasizing the need for sustainable 
management practices. Proposed strategies include several physical, chemical, and biological 
methods, demonstrating efficacy in mitigating contamination. The understanding and management 
of pesticide contamination in agroecosystems, offering practical solutions for sustainable 
agricultural practices.
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Contemporary agricultural 
practices, driven by the 

imperative to sustain a burgeoning 
global population, have markedly 
evolved, with pesticides assuming 
a pivotal role in augmenting crop 
yields and ensuring food security. 
The foundational tenets of the Green 
Revolution advocate the widespread 
use of agro-chemicals, including 

synthetic fertilizers and pesticides, to 
optimize agricultural management 
and enhance crop output. Despite 
their efficacy, cost-effectiveness, and 
ease of application, the extensive 
use of pesticides, particularly 
neonicotinoids, carbamates, 
pyrethroids, organochlorines and 
organophosphates, has raised 
environmental concerns. Concern 

is underscored by the significant 
contamination of soil and water 
systems, posing critical threats to 
ecosystem health, biodiversity, 
and human well-being. Notably, 
certain pesticides have identified as 
potential human carcinogens. The 
escalating reliance on pesticides 
stems from the imperative to combat 
pests, diseases, and weeds that 

An image portraying the aerial dispersion of pesticides over a crop field prompts an inquiry into the nuanced trajectory and ecological 
repercussions of these chemicals within the agro-ecological system
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imperil agricultural productivity. 
The persistence of pesticide residues 
in agroecosystems underscores the 
need for meticulous assessment 
and strategic management. The 
multifaceted challenges of pesticide 
contamination by comprehensively 
examining its extent, identifying 
contributing factors, and proposing 
evidence-based management 
strategies. Through systematic 
analyses of soil and water samples 
and the evaluation of extant 
management practices. The 
overarching objective is to harmonize 
the maximization of crop yields with 
the imperative of minimizing the 
environmental footprint associated 
with contemporary pesticide use in 
agriculture.

Pesticide residues in agroecosystem
Pesticides can degrade through 

various processes such as photolysis 
(breakdown by sunlight), hydrolysis 
(reaction with water), or microbial 
degradation (broken down by 
microorganisms). This can reduce 
their toxicity over time. Pesticides 
can move through soil layers via rain 
or irrigation, reaching groundwater. 
This poses a risk of contaminating 
water sources, impacting aquatic 
life, and potentially affecting 
drinking water quality. Surface 
runoff can carry pesticides from 
fields into nearby water bodies, 
leading to contamination of 
rivers, lakes, and streams. This 
can harm aquatic organisms and 
disrupt ecosystems. Pesticides 
can accumulate in organisms in a 
process called bioaccumulation, 
small amounts of pesticides can 
build up in the tissues of organisms 
over time. Biomagnification occurs 
when pesticides concentrate as they 
move up the food chain, potentially 
leading to higher concentrations in 
predators.

Pesticide drift refers to the 
movement of pesticides through 
the air away from the intended 
application site. It can occur 
during and after the application 
process, posing risks to non-target 
areas, organisms, and people. 
Volatilization refers to the process 
by which these chemicals evaporate 
from treated surfaces, such as 

soil, plants, or water, and become 
airborne as vapor. This vapor can 
then move through the atmosphere, 
potentially impacting areas beyond 
the initial application site. Pesticides 
can harm beneficial organisms 
like pollinators, natural predators, 
and soil microbes, disrupting the 
natural balance of the ecosystem. 
This can have cascading effects 
on biodiversity and ecosystem 
functioning. Pesticide residues can 
remain on crops after application, 
this can lead to human exposure 
through consumption if not 
properly managed. Over time, 
pests can develop resistance to 
certain pesticides, reducing their 
effectiveness and requiring higher 
doses or different chemicals, which 
can further impact the environment.

Methods of remediation
Remediation methods for 

pesticides in agro-ecosystems aim to 
reduce or eliminate the presence of 
these chemicals in the environment, 
ensuring minimal harm to 
ecosystems and human health. Soil 
washing technique used to remove 
contaminants, including pesticides, 
from soil by physically separating 
the pollutants from the soil particles. 
While it's more commonly employed 
for certain heavy metals and organic 
pollutants. Pesticide remediation 
via solvent extraction involves 
using solvents to remove or extract 
pesticides from contaminated soil, 
water, or other substances. This 
method relies on the principle that 
certain pesticides can dissolve 
more readily in specific solvents 
than in the original medium they're 
contaminating.

Certain plants have the ability 
to absorb, translocate, and 
degrade pesticides through their 
metabolic processes. These plants 
can be cultivated in contaminated 
areas to assist in the removal or 
breakdown of pesticides from the 
soil. Zero valent iron (ZVI) has 
the ability to catalyze reduction 
reactions, breaking down certain 
organic compounds, including 
pesticides. When in contact with 
certain pesticides, ZVI can facilitate 
reduction reactions that break down 
the chemical bonds within the 

pesticide molecules, leading to their 
degradation into less harmful or 
non-toxic byproducts. Incineration 
is a method used for the disposal and 
treatment of pesticide-contaminated 
materials. While it can effectively 
break down pesticides and other 
organic compounds, it's crucial 
to note that incineration requires 
specialized facilities and careful 
management due to the potential 
release of harmful byproducts into 
the environment if not properly 
controlled. In the incineration 
process, the materials are subjected 
to very high temperatures 
(typically above 800°C or 1470°F) 
in a controlled environment. This 
high heat breaks down organic 
compounds, including pesticides, 
into simpler and less hazardous 
substances.

Thermal deposition is focuses on 
applying heat to induce chemical 
changes in the contaminants, aiming 
to break them down or render 
them less harmful. It might involve 
techniques like thermal desorption, 
where heat is used to volatilize and 
separate contaminants from the soil 
or materials. Chemical degradation 
is the pesticide remediation through 
oxidation and reduction reactions 
involves breaking down pesticide 
molecules by introducing oxidizing 
agents. Oxidation is a chemical 
process where a substance loses 
electrons, resulting in the breakdown 
of the pesticide's chemical structure. 
The breakdown renders the pesticide 
less harmful or non-toxic. Some 
chemical processes can break down 
pesticides. For instance, oxidizing 
agents like hydrogen peroxide or 
ozone can degrade certain pesticides 
in soil or water through chemical 
reactions.

Bioremediation is involves using 
microorganisms, such as bacteria, 
fungi, or plants, to break down or 
degrade pesticides. Microbes can 
metabolize pesticides, converting 
them into less harmful substances. 
Plant-based remediation, known 
as phytoremediation, involves 
using specific plants that can 
absorb, accumulate or break 
down pesticides. Biostimulation 
involves enhancing the activity of 
indigenous microorganisms in the 
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soil to increase the rate of pesticide 
degradation. Bioaugmentation 
introduces specific microbial 
strains into the environment 
to accelerate the breakdown of 
pesticides. Land farming involves 
spreading contaminated material 
over the soil surface and allowing 
natural processes to degrade or 
break down the contaminants over 
time. Sometimes, letting natural 
processes take their course is 
effective. Microbial and chemical 
processes naturally occurring in 
the environment can break down 
pesticides over time if conditions are 
favorable. Vermiremediation is an 
eco-friendly and effective method 
that uses earthworms to remediate 
contaminants, including certain 
pesticides, from soil or organic 
waste. While it may not completely 
degrade all types of pesticides, it can 
aid in reducing their concentrations 
and overall impact.

Slurry bioreactor is consisting 
of a closed or semi-closed system 
where contaminated materials 
(such as soil or water) are mixed 
or suspended in a liquid medium, 
creating a slurry. Microorganisms 
or microbial consortia known to 
degrade the specific pesticides 
are introduced into the slurry. 
These microorganisms may be 
indigenous to the contaminated 
area or specially introduced for 
remediation purposes. Erosion 
control and vegetative buffer strips 
is implementing measures to control 
erosion and establishing vegetative 
buffer strips can prevent pesticide 

runoff into water bodies, reducing 
contamination.

Integrated approaches are 
combining multiple methods in a 
coordinated manner, such as using 
a combination of bioremediation 
and soil amendments, can often 
yield more effective results. 
It's important to note that the 
effectiveness of these methods can 
vary based on the type of pesticide, 
soil composition, climate, and other 
site-specific factors. Selecting the 
appropriate remediation technique 
often involves a site assessment 
and consideration of various factors 
to determine the most suitable 
approach.

Factors affecting pesticide remediation
Different pesticides having 

unique chemical properties, 
degradation rates, and behaviors in 
the environment. Some pesticides 

degrade more easily than others, and 
their persistence in the environment 
affects the remediation process. 
Soil composition, pH, temperature, 
organic matter content, texture 
and moisture levels influence 
pesticide adsorption, mobility and 
degradation rates. Sandy soils, for 
instance, might allow pesticides to 
move more freely compared to clay 
soils.

Factors such as temperature, 
humidity, rainfall, and sunlight 
affect the degradation rates of 
pesticides. Microbial activity, which 
is crucial for pesticide breakdown, is 
greatly influenced by environmental 
conditions. The initial concentration 
of pesticides and their depth within 
the soil or water body impact 
the remediation process. Higher 
concentrations might take longer to 
remediate, and deeper penetration 
can make it harder to reach and treat 
contaminants. Microorganisms play 
a vital role in pesticide degradation. 
The presence of specific bacteria, 
fungi or other microorganisms 
capable of breaking down pesticides 
is essential for effective remediation.

Limitations of pesticide remediation
•	 The chosen remediation 

method (bioremediation, 
phytoremediation, chemical 
treatments, etc.) significantly 
affects the success of pesticide 
removal. Each technique has 
its limitations and effectiveness 
under specific conditions.

•	 Site-specific characteristics, such 
as topography, proximity to 
water bodies, vegetation cover, 

Limitations and factors affecting pesticide remediation
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and land use, impact the choice 
and effectiveness of remediation 
strategies.

•	 Compliance with regulatory 
standards and safety protocols 
is crucial in determining which 
remediation techniques can 
be used and ensuring that 
remediation efforts don't 
pose additional risks to the 
environment or human health.

•	 Some remediation techniques 
might take longer or be 

more expensive than others. 
Economic and time constraints 
can influence the selection of a 
remediation method.

SUMMARY
 Pesticides, intended to mitigate 

global crop losses due to pests, can 
inadvertently degrade agricultural 
yield by altering microbiological 
and soil properties through over 
application. The accumulation 
of pesticides in crops and their 

subsequent transport to water 
resources exacerbates risks to human 
and environmental health. Careless 
pesticide use also contributes to 
the emergence of insect resistance. 
Various physical, chemical, and 
biological methods can be used to 
mitigate the toxicity of hazardous 
pesticides.
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Physical chemistry of soil and soil mineralogy are the two pillars which form the 
basic foundation of soil science. Once the students become familiar with these basic 
concepts, they can easily understand the other properties of the soil, say physical 
and biological properties, pedology and soil fertility. To become an expert of soil 
fertility, comprehensive knowledge of all the soil properties is essential which in turn 
is supported by the knowledge of physical chemistry of soils and soil mineralogy. 

The present Textbook on ‘Physical Chemistry and Mineralogy of Soils’ has been 
written very cogently by the author who has been a teacher with an experience of 
nearly four decades of teaching in a premier Institute that is ICAR-Indian Agricultural 
Research Institute. The book includes all the topics prescribed by ICAR for the 
Postgraduate students of Soil Science. The introductory chapter describes basic 
definitions of soil science. Chapters like ‘Bonding in solid structures’, ‘Elements 
of crystallography’, ‘Chemical thermodynamics’ and ‘Electrochemistry of soils 

and clays’ are basic in nature and have been dealt very lucidly for easy understanding of students. Two chapters 
on characterisation of soil minerals are practical oriented. Other chapters focus on the structures of soil minerals, 
weathering and formation of minerals in soil environment, adsorption and ion exchange on soil colloids, double 
layer theory of soil colloids–its evolution and application, chemisorption and precipitation reactions in soil, soil 
organic colloids and their properties and chemistry of submerged soil. This book will be very much useful for the 
Postgraduate students of Soil Science.
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