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Introduction

Climate change is a pressing global issue that has far-reaching
impacts on agriculture, ecosystem health, and human food security. As
global temperatures rise and precipitation patterns shi , the dynamics
of pest populations are changing, leading to increased challenges for
pest management. Pesticides, widely used in agriculture to control
pests, are facing new challenges regarding their e cacy in this altered
environment.

e toxicological impacts of climate change on pesticide e cacy
are multifaceted, a ecting not only the pests they target but also non-
target organisms [1], including bene cial insects, soil microbes, and
aquatic life.  is article examines how climate change in uences
pesticide behavior, resistance mechanisms, and the broader ecological
consequences of these changes.

Climate Change and Pesticide Dynamics
1. Altered Environmental Conditions
Temperature E ects

Rising temperatures can in uence the volatility, degradation,
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the stability and degradation of pesticide formulations. For instance,
increased temperatures can lead to the formation of toxic by-products
during pesticide degradation, which may pose additional risks to both
target and non-target organisms.

Furthermore, climate-induced stressors such as droughtor ooding
can compromise pest health, making them more susceptible to certain
pesticides while potentially increasing tolerance to others.  isshi ing
balance complicates pest management strategies and necessitates a
reevaluation of existing pesticide applications.

Impacts on Non-Target Organisms

e toxicological e ects of climate change on pesticide e cacy
extend beyond target pests, impacting non-target organisms. Key
concerns include:

1. Bene cial Insects

Bene cial insects, such as pollinators and natural pest predators,
are vital for ecosystem health and agricultural productivity. Climate
change can alter the timing of owering plants and insect life cycles
[4], disrupting their interactions. Pesticides that were once considered
safe for bene cial species may become more toxic under altered
environmental conditions, increasing the risk of population declines.

2. Soil Microbial Communities

Soil health is crucial for sustainable agriculture, and soil microbial
communities play a key role in nutrient cycling and organic matter
decomposition. Pesticide applications can disrupt these microbial
communities, particularly when environmental conditions favor the
persistence of toxic residues. Climate change-induced shi s in soil
moisture and temperature can further in uence the degradation of
pesticides, impacting microbial populations and soil health.

3. Aguatic Ecosystems

Pesticide runo from agricultural elds can lead to contamination
of aquatic ecosystems, posing risks to sh and other aquatic e osTf(s
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