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Abstract

This review article is presented under the major heading—Pesticides-Environment Mutual Impacts. It examines the bidirectional interactions between
climate change and pesticide use in agricultural and environmental systems. Climate change has emerged as one of the most pressing global challenges,
affecting ecosystems and disrupting weather patterns worldwide. Its impacts are global in scale and not confined to specific regions, often
disproportionately affecting developing countries despite being largely driven by anthropogenic activities in developed nations. Pesticides contribute to
climate change through greenhouse gas (GHG) emissions associated with their production, transport, application, degradation, and disposal. These
contributions occur both directly and indirectly. Direct emissions arise from energy-intensive manufacturing processes and fumigant applications, which
release considerable amounts of CO, and other GHGs into the atmosphere. Indirect effects occur through soil degradation that reduces carbon
sequestration capacity and through environmental contamination that weakens natural climate-regulation services. Conversely, climate change strongly
influences pesticide performance and environmental behavior. Temperature, precipitation patterns, and atmospheric CO, concentrations can influence
pesticide degradation, reduce application efficiency, and enhance volatilization, runoff, and leaching under changing climate conditions. Furthermore,
these conditions may promote the development of resistance in insects, weeds, and plant pathogens. In general, a reinforcing feedback loop exists in which
pesticide use contributes to climate change, while climate change increases dependence on pesticides. To address these interconnected challenges, three

complementary strategies, minimization, mitigation, and adaptation, must be implemented simultaneously at both national and international levels.
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Introduction

Overview of climate change and pesticide use

Climate can be defined as the long-term pattern of average
weather conditions that characterize local, regional, and global
environmentsl'l. According to the United Nations Framework
Convention on Climate Change (UNFCCC), climate change refers to
long-term alterations in the climate system that are attributed
directly or indirectly to human activities that modify the com-
position of the global atmosphere, in addition to natural climate
variability23. These alterations are often manifested through
increasing frequency and intensity of extreme weather events, such
as droughts, floods, and heatwaves!“-¢l,

Developed countries are primarily responsible for greenhouse gas
emissions driving climate change; however, their adverse impacts
are disproportionately experienced by developing nationst’l. Cli-
mate change is not confined to specific regions, as its effects on
agriculture in exporting countries influence global food security®. It
directly and indirectly affects humans, plants, animals, and entire
environmental systems!®l,

Since the 1940s, the use of synthetic agrochemicals, including
pesticides, has significantly increased to address food shortages and
famines worldwide. Pesticide production grew from 0.2 million tons
in the 1950s to approximately five million tons by 2000, with an
annual growth rate of about 11%['%1", Consequently, there has
been sustained pressure on the intensive use of pesticides. Pesti-
cides encompass various chemical groups such as organophos-
phates, carbamates, pyrethroids, neonicotinoids, as well as
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fungicides and herbicides, each with different modes of action
targeting specific organisms. However, their toxic effects are not
limited to pests; they also impact non-target organisms, posing risks
to biodiversity and ecosystems!'%l, Pesticides control emerging pest
pressures but also contribute to environmental contamination,
human health risks, and, in some cases, the release of greenhouse
gases during production and application!'2-'5], This creates a com-
plex feedback loop in which climate change influences pesticide
dynamics and, conversely, pesticide use can exacerbate climate-
related pressures.

Importance of studying the mutual impacts
between climate change and pesticides

Despite extensive research on climate change and pesticide use
individually, the bidirectional interactions between these two
factors remain insufficiently synthesized in the literature. Climate
change affects pesticide efficacy, environmental fate, and usage
patterns, while pesticide production, formulation, and application
contribute to greenhouse gas emissions and ecosystem disruption.
This mutual relationship highlights the need for an integrated
understanding of how climate change and pesticides influence each
other within agricultural and environmental systems.

Understanding these interactions is essential for developing
climate-resilient and sustainable pest management strategies, mini-
mizing risks to human health, and protecting environmental quality.
Furthermore, synthesizing current knowledge on this topic can
provide valuable guidance for researchers, policymakers, and practi-
tioners to address emerging challenges and implement effective
mitigation and adaptation strategies.

WWwWw.maxapress.com/cas


mailto:ahmed.elasouad@alexu.edu.eg
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
mailto:ahmed.elasouad@alexu.edu.eg
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
http://www.maxapress.com/cas

Circular
Agricultural Systems

General climate change effects on agriculture
and pests

Climate change influences agriculture, pests, and pesticide
dynamics through multiple interacting factors. Rising temperatures,
altered precipitation patterns, and elevated CO, concentrations
directly affect crop productivity, pest abundance, and pesticide
USE[16'17].

Changes in temperature and rainfall can degrade arable land,
reduce water availability, and affect crop growth cycles, impacting
yields and food security!'418-20. Warmer temperatures and elevated
CO, levels accelerate insect development, expand pest ranges,
increase weed growth, and promote crop diseases, which often
necessitate higher pesticide inputs!'221.22],

Climate-driven changes in soil properties, pest dynamics, and
crop distribution influence pesticide efficiency, environmental
behavior, and overall usagel'®l, Higher temperatures and rainfall
variability increase volatilization, runoff, leaching, and microbial
degradation, while elevated CO, can reduce uptake and effective-
ness in plantst’323], However, increased atmospheric CO, levels can
positively impact ecosystems by stimulating plant growth(24,

In general, climate change and pesticide use are closely intercon-
nected, creating a feedback loop that impacts agriculture, ecosys-
tems, and human health. This review aims to clarify these mutual
interactions, highlighting key challenges, environmental risks, and
potential strategies for sustainable management.

This review synthesizes the current knowledge on the bidirec-
tional relationship between climate change and pesticide use, with
a focus on how changing climatic conditions influence pesticide effi-
cacy, environmental fate, and associated ecological and human
health risks, as well as how pesticide production and application
contribute to climate change. It is based on a comprehensive analy-
sis of peer-reviewed scientific literature, international reports, and
regulatory documents covering pesticide behavior, climate drivers,
agricultural impacts, and environmental consequences. This review
integrates evidence from multiple disciplines and highlights key
knowledge gaps, emerging challenges, and practical strategies for
minimization, mitigation, and adaptation. The findings provide valu-
able guidance for researchers, policymakers, and agricultural practi-
tioners seeking to develop climate-resilient pest management
systems, protect environmental quality, and safeguard public health
under changing climatic conditions.

Method

This review examines the effects of climate change on pesticide
dynamics and efficacy, contributing to the growing awareness of
climate-related risks within the pesticide-environment system. A
systematic literature search was conducted using Google Scholar,
Web of Science, Scopus, ScienceDirect, and the Egyptian Know-
ledge Bank (EKB). The search covered publications from January
2001 to June 2025, and the final search was completed in June 2025
to ensure comprehensive coverage. Search filters were applied to
include publications in English and document types such as
research articles, review papers, reports, and policy documents.

The following Boolean search string was applied with minor
adjustments depending on database syntax: (‘climate change' OR
'global warming' OR 'climatic variability’) AND (‘pesticide' OR 'agro-
chemical' OR 'plant protection product’) AND ('pesticide efficacy' OR
'pesticide degradation' OR 'environmental fate' OR 'runoff' OR 'leach-
ing' OR 'volatilization' OR 'greenhouse gas emissions' OR 'carbon
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sequestration' resistance’ OR
interaction’).

A total of 400 records were identified through database search-
ing. After removing 80 duplicate records, 320 unique articles
remained for screening. These articles were screened based on title
and abstract, resulting in 150 articles being excluded due to lack of
relevance. The remaining 170 articles were assessed for full-text
eligibility, of which 57 articles were excluded for reasons including
insufficient relevance to climate—-pesticide interactions, lack of envi-
ronmental focus, or insufficient methodological detail. Finally, 113
articles met the inclusion criteria and were included in the review.

Data from selected studies were extracted into a structured
database, including study location, pesticide type, analyzed climate
factors, reported effects on pesticide behavior and efficacy, and key
conclusions. Findings were synthesized qualitatively, and recurring
trends were identified where applicable.

To ensure transparency, reproducibility, and methodological
rigor, this review followed the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines. PRISMA
provides a standardized framework for systematic reviews, includ-
ing clearly defined search strategies, eligibility criteria, study selec-
tion, and data extraction procedures. A PRISMA flowchart was deve-
loped to illustrate the study selection process, showing the number
of records identified, duplicates removed, articles screened, full-text
articles assessed, and studies included in the final review (Fig. 1).
Additionally, a supplementary Excel file has been provided detailing
the included and excluded studies, along with the reasons for
exclusion (Supplementary Table S1). This approach ensures that
the review process is transparent, reproducible, and clearly
understandable.

This methodology provides a systematic, transparent, and repro-
ducible approach, similar to the methodologies used in previous
studiesi2#2%, to synthesize current knowledge on the interactions

OR 'pesticide 'climate—pesticide

Records identified through database searching
(n =400)

1

Duplicates removed
(n=80)

1

Records screened
(n=320)

N\

Records excluded Full-text articles assessed for eligibility
(n=150) (n=170)

{ Full-text articles excluded J

(n=57)

Studies included in qualitative &
quantitative synthesis
(n=113)

Fig. 1 PRISMA flow diagram of the literature screening and study
selection process used in this systematic review. The diagram shows the
number of records identified through database searching, duplicates
removed, records screened based on titles and abstracts, full-text arti-
cles assessed for eligibility, and the final studies included in the review.
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between climate change and pesticide use, enabling robust conclu-
sions and identification of key knowledge gaps.

Main findings: challenges and solutions

Challenges of the mutual impacts between
climate change and pesticides

Climate change alters soil conditions, crop distribution, pest pres-
sure, and disease prevalence, which directly influence pesticide use
patterns and application intensity!'6l. These climatic shifts often lead
to increased pesticide use and changes in their environmental
persistence and behavior. As illustrated in Fig. 2, this creates a feed-
back loop between climate change, increased pest pressure, and
rising pesticide dependence, intensifying environmental stress. At
the same time, pesticide production, transportation, and applica-
tion contribute significantly to greenhouse gas (GHG) emissions,
fossil fuel consumption, and environmental degradation. Table 1
summarizes quantitative estimates of GHG emissions across the
pesticide life cycle, while Table 2 presents soil and water contamina-
tion data associated with intensive pesticide use.

Challenges of the impacts of pesticides on climate change
Greenhouse gas emissions from pesticide production and use
Pesticides contribute to climate change through greenhouse gas
(GHG) emissions across their entire life cycle, including production,
transportation, application, degradation, and disposall22627], Nearly
99% of synthetic chemicals, including pesticides, are derived from
fossil fuels, making their production highly energy-intensivel2sl,
Although fertilizers often receive greater attention, pesticide manu-
facturing requires approximately ten times more energy per unit
than fertilizer production?9, In addition, fumigant pesticides release

/ Climate change ’_\

Pesticide use Increased pest pressure

\_/

¥ 13 ¥

P . . . . . Environmental
Soil microbial disruption Soil Degradation contamination
L2 +

l Carbon sequestration 1 Water & Air pollution

1 Erosion & Fertility
+ + +
T GHG Emissions

T CO, Emissions Indirect climate impact

Fig. 2 Flowchart showing the feedback loop between pesticide use and
climate change, highlighting how climate change affects pesticide
application and how pesticides contribute to environmental impacts
that may further intensify climate change.

Table 1. Estimated ranges of greenhouse gas (GHG) emissions associated with
pesticide life-cycle stages, compiled from published life-cycle assessments and
regulatory reports.

CO,-equivalent
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GHGs after application, further contributing to atmospheric
emissionst30311,

As shown in Table 1, pesticide-related activities can account for
up to 10%-20% of total agricultural GHG emissions in some produc-
tion systems, highlighting the substantial climate burden asso-
ciated with pesticide use. These emissions intensify global warming,
increase atmospheric CO, concentrations, and undermine climate
mitigation efforts. Reported GHG emission values for pesticides
vary widely depending on compound, formulation, and production
technology. Therefore, the ranges presented represent synthesized
estimates derived from multiple life-cycle assessment studies and
regulatory sources rather than single-point measurements (Table 1).

Soil degradation and reduced carbon sequestration

Intensive pesticide use negatively affects soil health by disrupting
microbial communities responsible for organic matter decomposi-
tion and nutrient cycling. These soil microorganisms play a crucial
role in carbon sequestration by stabilizing organic carbon within
soil matrices and maintaining soil ecosystem functions. Pesticide-
induced imbalances in soil microbial communities can reduce the
soil's capacity to store carbon, leading to increased CO, release into
the atmospherel32, In addition, repeated pesticide applications may
degrade soil structure, enhance erosion, and reduce soil fertility,
thereby weakening the soil's capacity to function as a long-term
carbon sink (Fig. 2). This figure illustrates how soil degradation and
diminished carbon storage can create a feedback mechanism that
amplifies climate change processes.

Environmental contamination

Pesticide residues contaminate air, water, and soil ecosystems,
contributing indirectly to climate change-related processes. Runoff
and leaching transport pesticides into aquatic environments, where
they disrupt biological functions and reduce ecosystem resilience to
climate stressors. In addition, the volatilization of pesticides into the
atmosphere contributes to air pollution and may interact with atmo-
spheric chemistry, thereby influencing climate-related processes!2.
Persistent pesticide contamination also leads to biodiversity loss,
weakening natural climate regulation services such as carbon
cycling, vegetation stability, and ecosystem recovery.

The feedback mechanism linking environmental contamination,
ecosystem degradation, and increased greenhouse gas (GHG) emis-
sions is illustrated in Fig. 2. Mean concentrations of commonly used
pesticides in soil and water demonstrate the widespread environ-
mental contamination associated with agricultural pesticide use
(Table 2). Compounds such as glyphosate, atrazine, chlorpyrifos, and
fipronil were consistently detected in both matrices, indicating their
persistence and potential ecological risks(21626.27], Reported pesti-
cide residue levels vary widely depending on region, crop type, and
sampling conditions; therefore, the values presented in the table
represent representative means synthesized from multiple monitor-
ing studies.

Table 2. Representative mean concentrations of selected pesticide residues in
soil and water, compiled from monitoring studies.

Life-cycle stage (kg COe/kg pesticide) Description/source .- Soil concentration ~ Water concentration
g CLO.e/kg p Pesticide (mg/kg) (ng/L) Ref.
- . r - S -

Production 4-10 fEL:\eelg%)éyzlg}tenswe, 99% from fossil Glyphosate 015 08 [2,93,04]
Transportation 0.2-0.5 Fuel emissions during distribution!?”] ihlorpyrlfos 8?3 ?: I 2'7959’796]
Application and 0.5-2 Fumigant emissions and .tra2|r1e ’ ’ [27,97]
degradation degradation in field303"! Fipronil 0.08 0.5 [26,98]
Total 47-12.5 Sum of all stages Malathion — (low-ppb ranges) 0.3 [99,100]
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Challenges of climate change on pesticides

Climate change significantly influences the timing, rate, and
methods of pesticide application, as well as pesticide efficiency
and environmental fate, potentially leading to contamination and
adverse effects on human and ecosystem health!?. These impacts
result in increased pesticide use, higher production demands, and
greater environmental pollution. Pesticides disperse through air
currents, runoff, leaching, and absorption by plants, animals, and
humans. Furthermore, socioeconomic and environmental factors
such as soil conditions, crop growth, and pest dynamics, which are
also affected by climate change, modulate pesticide application
patternsl'®l, Tables 3—4 and Fig. 3 summarize key quantitative data
supporting these challenges.

Effect of pesticide efficiency

Pesticide efficiency, defined as the ability of a pesticide to control
target pests effectively, depends on multiple factors, including pest
species, pesticide formulation, application methods, and environ-
mental conditions[®33], Climate change significantly influences these
factors by altering pest dynamics, distribution, and behavior, which
directly impacts pesticide performance. Rising temperatures and
shifting precipitation patterns expand the geographic range of
pests, enhance overwintering survival, and modify interactions
between pests, crops, and natural enemies!34. These climatic shifts
often reduce the effectiveness of biological control agents, leading
to increased reliance on chemical pesticidesi®sl. Prolonged and
repeated pesticide use further accelerates resistance development
in pests, pathogens, and weeds, thereby diminishing efficacy over
timel26343637], Climate change also intensifies pest outbreaks, crop
diseases, and herbicide-tolerant weeds38-401, which may require
higher pesticide dosages to maintain effective control®4'l, Tem-
perature extremes have dual effects on pesticide performance.
Elevated temperatures can enhance pesticide toxicity for some
compoundst?, while simultaneously accelerating degradation
rates, which reduces field efficacy*3l. For example, organophos-
phates, carbamates, synthetic pyrethroids, and sulfonylurea

Table 3. Climate change-driven pesticide resistance development.

Pest type Pesticide Observed trend Ref.

Insects Chlorpyrifos  Reduced efficacy and higher resistance  [12]
under warming

Insects Fipronil Increased toxicity variability with [46]
temperature

Pathogens Mancozeb  Reduced fungicide sensitivity under [101]
climate stress
Increased resistance risk under elevated  [23]

Co,

Weeds Glyphosate

https://doi.org/10.48130/cas-0026-0019

herbicides undergo faster hydrolysis at higher temperatures“.
Moreover, hot and dry conditions increase spray evaporation, fur-
ther decreasing pesticide effectivenessi>4. High temperatures can
alter weed physiology and pesticide performance, potentially reduc-
ing herbicide effectiveness under climate stress conditions. For
example, glyphosate shows reduced effectiveness under climate
stress(23]; atrazine and malathion degrade faster at higher tempera-
turesl'345,  chlorpyrifos has shorter persistence in  warm
conditions!'?; and fipronil exhibits temperature-dependent
toxicity™9l. Additionally, several studies indicate that higher temper-
atures accelerate pesticide degradation and reduce field persis-
tence, which can lower control efficacyl!21345],

Increased pesticide resistance and usage

Climate change is expected to drive increased pesticide use due
to rising temperatures, shifting rainfall patterns, and declining crop
resilience. Drought conditions weaken plant defenses, making crops
more susceptible to pests, while higher temperatures encourage
insect population growth and expansion into new regionsl'6.17.47],
Weeds, often more adaptable to climate change than crops, will
compete more aggressively for light, nutrients, and water, fur-
ther reducing yields and necessitating additional pesticide
applications!'®l. As a result, global pesticide application rates are
projected to increasel*3. Warmer temperatures and drought not
only amplify pest pressures but also disrupt natural predator popu-
lations, requiring more frequent chemical interventions. Simulta-
neously, elevated temperatures accelerate pesticide degradation,
reducing the duration of efficacy and compelling farmers to increase
application frequency or dosagel?l. Changes in climate will also
influence agricultural practices and pest management strategies,
emphasizing the need for adaptive approaches. Climate-driven
increases in pesticide usage may accelerate resistance in key pest
types, including insects, weeds, and pathogens, highlighting the
urgent need for integrated pest management and rotation strate-
gies (Table 3).

Effect on pesticide dynamics and environmental fate

Climate change significantly affects the fate, behavior, and toxi-
city of pesticidesl®48-501, However, research on climate change's
impact on pesticide fate and transport remains limited['”). Rainfall
seasonality, intensity, and temperature fluctuations complicate pesti-
cide behavior predictions. Increased precipitation will likely elevate
pesticide runoff into waterways, while excessive rain could exacer-
bate pesticide leaching into groundwater®'l, Rising temperatures
enhance pesticide volatilization, causing atmospheric pollution
and health risks for agricultural workers and surrounding
communities?8, Many pesticides transition from soil and surface

Table 4. Effects of climate change stress on pesticide impacts in different ecosystems.

Pesticide/group Ecosystem

Impact indicator affected by climate stress

Evidence-based source

Chlorpyrifos and
other pesticides

Aquatic

Multiple pesticides Soil

(glyphosate, atrazine) enzymatic activity

Mixed pesticides Aquatic Combined high temperature and pesticide exposure
(atrazine, increase oxidative stress and tissue damage
metolachlor)

General pesticide Aquatic & soil Increased organism vulnerability under warming
classes conditions (e.g., higher uptake, altered tolerance)
Herbicides and Aquatic & soil  Microbial community disruption and changes in
insecticides diversity under pesticide exposure

Temperature-pesticide interactions alter toxicity
(toxicity may increase or change with warming)

Altered soil microbial community functions and

Systematic evidence that pesticide toxicity changes with
temperature increase, influencing aquatic organisms'
responses to contaminants!'%2-104],

Pesticide exposure affects soil carbon cycling and enzyme
activity, indicating impacts on microbial processes tied to
organic carbon dynamics!'9>-197],

Elevated temperature combined with pesticides causes
greater biological stress in fish, showing interaction effects on
organism healthl08109],

Reviews show that rising temperatures and acidification can
increase pesticide effects on aquatic biota and make
organisms more vulnerablel#3104110],

Multiple pesticides (including herbicides and insecticides like
malathion) have been shown to reduce microbial community
diversity and alter ecosystem function!!"=113],
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Fig. 3 Flowchart showing the feedback loop of climate change effects on pesticide dynamics, including changes in pesticide behavior, environmental

fate, and potential impacts on ecosystems.

water into the air, with cumulative volatilization losses reaching
up to 50% of the applied dosel®2. Wind speed, soil moisture, and
temperature further influence volatilization ratesl>3l. Although
increased volatilization reduces pesticide residue in soils, it increases
air pollution and non-target exposure risks.

Soil properties also affect pesticide transport and persistencel54.,
Warmer temperatures enhance chemical uptake and translocation
in plant tissuesl555¢l, There is a correlation between pesticide sorp-
tion and soil-bound residues, with stronger sorption reducing
bioavailability®7-6%, Rainfall events replace soil water, prompting
pesticide desorption and increasing contamination risks®'l. Pesti-
cide losses can exceed European Union Drinking Water Directive
limits (98/83/EC), with runoff events promoting soil erosion and
contaminant transport!©263l, Increased rainfall accelerates pesticide
movement into drainage systems and surface waters, particularly
during heavy storms(®4, Conversely, reduced rainfall and prolonged
droughts minimize pesticide runoff but enhance soil cracking, allow-
ing deeper pesticide infiltration and increasing groundwater con-
tamination risks!'7), Dry conditions also inhibit pesticide biodegra-
dation, extending residue persistence and environmental impact
potentiall®33], Elevated temperatures accelerate pesticide degrada-
tion across soil, vegetation, water, and air matricesl6>6], Half-life
reductions of approximately 60% per 10 °C increase in temperature
have been observed®”.58l. Additionally, higher concentrations of
hydroxyl radicals enhance atmospheric pesticide breakdown, alter-
ing the spatial and temporal distribution of airborne pesticide
residues('7.69, As shown in Table 2, climate change-driven shifts in
temperature and precipitation not only affect pesticide efficacy and
resistance but also increase environmental contamination, with
glyphosate, atrazine, chlorpyrifos, fipronil, and malathion detected
in both soil and water matrices.

Effect on pesticide impact

Climate change increases pesticide movement away from
intended targets, amplifying environmental contamination risks.
This includes potential exposure to agricultural workers through
inhalation or dermal contact, as well as contamination of terrestrial

El-Aswad Circular Agricultural Systems 2026, 6: €019

and aquatic ecosystems!#243701 Rising temperatures and altered
environmental conditions can enhance pesticide bioavailability and
toxicity in wildlife, increasing ecological risks>'71-741, The effects of
climate change on pesticide risks in aquatic ecosystems remain
inconclusive. Some studies suggest that climate change may elevate
pesticide toxicity, increasing negative impacts on aquatic
organisms[#849751 - while other research indicates that enhanced
biodegradation under warmer or altered conditions could mitigate
these effects(37.76,

In general, climate change not only affects pesticide efficiency
and resistance but also intensifies their ecological impacts. Elevated
temperatures, altered precipitation, and extreme weather events
can increase pesticide toxicity, persistence, and bioaccumulation
while disrupting soil microbial activity and organic carbon dyna-
mics. These changes pose serious risks to aquatic and terrestrial
ecosystems, illustrating how climate stress modifies key impact indi-
cators for commonly used pesticides (Table 4). Additionally, a visual
summary of the feedback loop linking climate change, increased
pesticide dependence, resistance development, altered dynamics,
and environmental contamination highlights the compound effects
of climate stress on agricultural systems (Fig. 3).

Strategies for addressing climate change

Climate change can be addressed through three key strategies
(Fig. 4): minimization, mitigation, and adaptation. The minimization
strategy focuses on reducing climate change by controlling its
causes. The mitigation strategy aims to lessen the impacts of climate
change, while the adaptation strategy involves adjusting to climate-
related changes. Implementing a single strategy is insufficient;
instead, these strategies must be applied in parallel at both national
and international levels[2%,

Minimization
The adoption of international agreements, such as the Paris

Agreement reached at COP-21 on December 12, 2015, is crucial to
accelerating actions toward a sustainable low-carbon futurel2577-79],
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Fig. 4 Flowchart showing strategies for addressing climate change and pesticide impacts, including minimization, mitigation, and adaptation

approaches.

A global transition to renewable energy must be prioritized[2>80.811,
Greenhouse gas emissions must be urgently controlled to mitigate
climate change. Prioritizing renewable, environmentally friendly
energy sources over fossil fuels is essentiall®2. All nations, both
developed and developing, should implement CO,-free energy
production and adopt eco-friendly transportation alternatives such
as compressed natural gas (CNG), electric vehicles, solar-powered
vehicles, and ethanol-based fuelsi24,

Reducing GHG levels is crucial for protecting agriculture and
ecosystems. Climate change solutions should include using organic
fertilizers, reducing synthetic pesticide application, and implement-
ing integrated pest management (IPM). Efforts to slow deforesta-
tion, reclaim and afforest degraded lands, and enhance soil organic
matter through beneficial microbes will help sequester CO, and
lower GHG emissions!®3l, Since agriculture significantly contributes
to anthropogenic global warming, reducing agricultural emissions,
including methane, nitrous oxide, and CO,, is vital for climate
change mitigation384],

Mitigation

Future climate strategies must integrate computational simula-
tions based on field data to assess climate impacts across different
agro-ecological zones!®3l, Regional studies are necessary to under-
stand localized climate change effects®>. International protocols,
agreements, and initiatives should be effectively upheld©8l. Further
research is needed to develop environmentally friendly pest control
methods!®’l. Governments and local communities must actively
contribute to mitigating climate change impacts on pesticide
efficacy.

Mitigating climate change effects requires various actions, such as
adopting climate-smart agriculture in alignment with FAO's vision.
This includes changing crop cultivars, modifying sowing times,
utilizing biofertilizers and biopesticides, and developing alternative
agricultural systems. New crop species should be introduced, and
synthetic agrochemical use, including fertilizers and pesticides,
should be minimized or eliminated through IPM practices[22:88-901,
Additionally, optimizing pesticide application techniques can
reduce environmental impacts®',

Adaptation
Adaptation strategies involve modifying human behaviors to
cope with inevitable climate change. Measures include water
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conservation, cultivating drought- and salt-resistant crops, hydro-
ponics, constructing rainwater storage systems, and reinforcing
protective leaves in coastal regionsl®l. Action is also required in
production trends, consumption habits, education, and research(82,
Farmers should be educated on the potential impacts of climate
change on agricultural systems, pests, and pesticide use. Policies
should offer technical support and incentives to encourage sustain-
able farming practices that protect communities and ecosystems.
Weather monitoring and forecasting systems should be enhanced
to provide early warnings,

Technological advancements, such as seawater desalination
for agriculture and new irrigation techniques, can aid adaptation,
though they may introduce additional environmental costs®2. Sus-
tainable farming systems must be prioritized, transitioning from
conventional to organic and agroecological farming methods©871, In
modern agriculture, innovative pest management approaches are
emerging to reduce reliance on synthetic pesticides. These include
developing genetically modified crops that produce specific insecti-
cides or exhibit resistance to broad-spectrum herbicides, reducing
pesticide use, and minimizing environmental harm.

Conclusions

This review demonstrates that pesticide use plays a significant
role in driving climate change. The emissions of greenhouse gases
from pesticide manufacturing, transportation, and application
contribute directly to global warming. In addition, intensive pesti-
cide use degrades soil health, disrupts microbial communities, and
reduces soil carbon sequestration, weakening the soil's role as a
carbon sink. Environmental contamination of air, water, and soil
further impairs ecosystem stability and climate regulation services.
At the same time, climate change strongly affects pesticide efficacy,
behavior, and usage patterns. Rising temperatures, altered precipi-
tation regimes, and elevated CO, levels accelerate pesticide degra-
dation, enhance volatilization, runoff, and leaching, and promote
resistance development in insects, weeds, and pathogens. These
changes reduce pesticide effectiveness, increase application fre-
guency, and intensify environmental contamination.

Together, these processes create a self-reinforcing feedback loop
in which pesticides contribute to climate change, while climate
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change increases pesticide dependence. This mutual interaction
represents a critical challenge for sustainable agriculture, food secu-
rity, and environmental protection. Addressing these challenges
requires the parallel implementation of minimization (controlling
emission sources), mitigation (reducing climate and pesticide
impacts), and adaptation (adjusting agricultural practices) at both
national and international levels. Climate-smart agriculture, sustain-
able pesticide use, and integrated pest management (IPM) are
essential to reduce environmental risks, limit resistance develop-
ment, and maintain pest control efficacy under changing climatic
conditions.

Future research should prioritize field-based quantification of
climate-pesticide interactions, long-term modeling of feedback
mechanisms, and the development of environmentally friendly and
low-emission pest control alternatives. In addition, greater empha-
sis is needed on pesticide resistance evolution under climate stress,
impacts on soil carbon sequestration, and combined effects on
non-target organisms and ecosystem services. Integrating socio-
economic analyses and policy-oriented research will further support
climate-resilient pest management, protect human health, and
guide evidence-based decision-making in agricultural systems.

Ethical statements
Not applicable.

Author contributions

The author confirms sole responsibility for all aspects of this study
and approved the final version of the manuscript.

Data availability

All data generated during this study are included in this published
article. The author is responsible for correcting the statements
provided in the manuscript.

Acknowledgments

The author has no relevant financial or non-financial interests to
disclose.

Conflict of interest

The author has no competing interests to declare that are rele-
vant to the content of this article.

Supplementary information accompanies this paper online
at: https://doi.org/10.48130/cas-0026-0019.

Dates

Received 12 October 2025; Revised 14 March 2026; Accepted 18
May 2026; Published online 10 August 2026

References

[1] Schneider SH, Root TL, Mastrandrea MD. 2011. Encyclopedia of climate
and weather, 2 ed. UK: Oxford University Press. doi: 10.1093/acref/
9780199765324.001.0001

[2] Pérez-Lucas G, Navarro G, Navarro S. 2024. Adapting agriculture and
pesticide use in Mediterranean regions under climate change scena-
rios: a comprehensive review. European Journal of Agronomy
161:127337

El-Aswad Circular Agricultural Systems 2026, 6: €019

[3]

[4]

(8]

[6]

[71

[8]

[9]

[10]

(111

[12]

[13]

[14]

(18]

[16]

[17]

[18]

19l

[20]

[21]

[22]

[23]

[24]

Circular
Agricultural Systems

Sadaty SA. 2024. The vicious circle of climate challenges with soil in 5
continents caused by low cognitive in the process of agricultural
revolutions in the world. Qeios:Preprint v2

Akinsanya B, Ade-Ademilua OE. 2016. Toxicological evaluation of
plant crude extracts on helminth parasites of Clarias gariepinus using
host low observed effect concentration (LOEC). Egyptian Journal of
Aquatic Biology and Fisheries 20:69-77

Singh J, Schadler M, Demetrio W, Brown GG, Eisenhauer N. 2019.
Climate change effects on earthworms - a review. Soil organisms
91:114-148

Chibuzor Onyinye O, Hilary EA, Nnamdi OS. 2023. Ameliorating the
impact of climate variability on pesticide dynamics and efficacy.
Qeios:Preprint v1

Shuman EK. 2010. Global climate change and infectious diseases.
New England Journal of Medicine 362:1061-1063

Teressa B. 2021. Impact of climate change on food availability—
a review. International Journal of Food Science and Agriculture
5:465-470

Duchenne-Moutien RA, Neetoo H. 2021. Climate change and emerg-
ing food safety issues: a review. Journal of Food Protection
84:1884-1897

Carvalho FP. 2017. Pesticides, environment, and food safety. Food
and Energy Security 6:48—60

FAO. 2017. The future of food and agriculture: Trends and challenges.
Food and Agriculture Organization of the United Nations, FAO.
Retrieved from www.fao.org/3/a-i6583e.pdf

Pu J, Wang Z, Chung H. 2020. Climate change and the genetics of
insecticide resistance. Pest Management Science 76:846—852
Lykogianni M, Bempelou E, Karamaouna F, Aliferis KA. 2021. Do pesti-
cides promote or hinder sustainability in agriculture? The challenge
of sustainable use of pesticides in modern agriculture. Science of the
Total Environment 795:148625

FAO. 2018. The future of food and agriculture - alternative pathways to
2050. FAO, Rome, ltaly. Retrieved from www.fao.org/3/18429EN/
i8429en

Legg S. 2021. IPCC, 2021: climate change 2021-the physical science
basis. Interaction 494:44—-45

Tudi M, Daniel Ruan H, Wang L, Lyu J, Sadler R et al. 2021. Agriculture
development, pesticide application and its impact on the environ-
ment. International Journal of Environmental Research and Public
Health 18:1112

Bloomfield JP, Williams RJ, Gooddy DC, Cape JN, Guha P. 2006.
Impacts of climate change on the fate and behaviour of pesticides in
surface and groundwater—a UK perspective. Science of The Total
Environment 369:163-177

Canto T, Aranda MA, Fereres A. 2009. Climate change effects on phys-
iology and population processes of hosts and vectors that influence
the spread of hemipteran-borne plant viruses. Global Change Biology
15:1884-1894

Dubey A, Mailapalli DR. 2016. Nanofertilisers, nanopesticides,
nanosensors of pest and nanotoxicity in agriculture. In Sustainable
Agriculture Reviews, ed. Lichtfouse E. Volume 19. Cham: Springer.
pp. 307-330 doi: 10.1007/978-3-319-26777-7_7

Trebicki P. 2020. Climate change and plant virus epidemiology. Virus
Research 286:198059

Lamichhane JR, Barzman M, Booij K, Boonekamp P, Desneux N, et al.
2015. Robust cropping systems to tackle pests under climate change.
A review. Agronomy for Sustainable Development 35:443—459
Satpathy S, Gotyal BS, Babu VR. 2022. Impact of climate change on
insect pest dynamics and its mitigation. In Conservation Agriculture
and Climate Change: Impacts and Adaptations, eds Saha R, Barman D,
Behera M, Kar G. UK: CRC Press. pp. 107-118

Ziska LH, Blumenthal DM, Franks SJ. 2019. Understanding the nexus
of rising CO,, climate change, and evolution in weed biology. /nva-
sive Plant Science and Management 12:79—-88

Yadav N, Upadhyay RK. 2023. Global effect of climate change on
seasonal cycles, vector population and rising challenges of communi-
cable diseases: a review. Journal of Atmospheric Science Research
6:21-59

Page 7 of 10


https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.1093/acref/9780199765324.001.0001
https://doi.org/10.1093/acref/9780199765324.001.0001
https://doi.org/10.1016/j.eja.2024.127337
https://doi.org/10.32388/OT971L.2
https://doi.org/10.21608/ejabf.2016.2295
https://doi.org/10.21608/ejabf.2016.2295
https://doi.org/10.25674/so91iss3pp114
https://doi.org/10.32388/ik3nc2
https://doi.org/10.1056/NEJMp0912931
https://doi.org/10.26855/ijfsa.2021.09.017
https://doi.org/10.4315/JFP-21-141
https://doi.org/10.1002/fes3.108
https://doi.org/10.1002/fes3.108
http://www.fao.org/3/a-i6583e.pdf
http://www.fao.org/3/a-i6583e.pdf
http://www.fao.org/3/a-i6583e.pdf
https://doi.org/10.1002/ps.5700
https://doi.org/10.1016/j.scitotenv.2021.148625
https://doi.org/10.1016/j.scitotenv.2021.148625
http://www.fao.org/3/I8429EN/i8429en
http://www.fao.org/3/I8429EN/i8429en
https://doi.org/10.3390/ijerph18031112
https://doi.org/10.3390/ijerph18031112
https://doi.org/10.1016/j.scitotenv.2006.05.019
https://doi.org/10.1016/j.scitotenv.2006.05.019
https://doi.org/10.1111/j.1365-2486.2008.01820.x
https://doi.org/10.1007/978-3-319-26777-7_7
https://doi.org/10.1007/978-3-319-26777-7_7
https://doi.org/10.1007/978-3-319-26777-7_7
https://doi.org/10.1007/978-3-319-26777-7_7
https://doi.org/10.1007/978-3-319-26777-7_7
https://doi.org/10.1007/978-3-319-26777-7_7
https://doi.org/10.1007/978-3-319-26777-7_7
https://doi.org/10.1007/978-3-319-26777-7_7
https://doi.org/10.1007/978-3-319-26777-7_7
https://doi.org/10.1016/j.virusres.2020.198059
https://doi.org/10.1016/j.virusres.2020.198059
https://doi.org/10.1007/s13593-014-0275-9
https://doi.org/10.1017/inp.2019.12
https://doi.org/10.1017/inp.2019.12
https://doi.org/10.30564/jasr.v6i1.5165
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019

Circular
Agricultural Systems

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Abbass K, Qasim MZ, Song H, Murshed M, Mahmood H, et al. 2022. A
review of the global climate change impacts, adaptation, and sus-
tainable mitigation measures. Environmental Science and Pollution
Research 29:42539-42559

Choudhury PP, Saha S. 2021. Dynamics of pesticides under changing
climatic scenario. Environmental Monitoring and Assessment 192:814
Pesticide Action Network (PAN). 2023. Pesticides and climate change:
a vicious cycle. Report. Pesiticide Action Network, Berkely, CA, USA
Rosane O. 2023. A vicious cycle: how pesticide use and climate change
make each other worse, and what we can do about it. EcoWatch.
www.ecowatch.com/pesticides-climate-change.html

Audsley E, Stacey K, Parsons DJ, Williams AG. 2009. Estimation of the
greenhouse gas emissions from agricultural pesticide manufacture
and use. Report. Cranfield University, UK. doi: 10.13140/RG.2.1.5095.
3122

Spokas K, Wang D. 2003. Stimulation of nitrous oxide production
resulted from soil fumigation with chloropicrin. Atmospheric Environ-
ment 37:3501-3507

US-EPA. 2022. Overview of greenhouse gases. US Environmental
Protection Agency, US. www.epa.gov/ghgemissions/overview-green-
house-gases

Delgado-Baquerizo M, Maestre FT, Reich PB, Jeffries TC, Gaitan JJ, et
al. 2016. Microbial diversity drives multifunctionality in terrestrial
ecosystems. Nature Communications 7:10541

Smith GH, Roberts JM, Pope TW. 2018. Terpene based biopesticides
as potential alternatives to synthetic insecticides for control of aphid
pests on protected ornamentals. Crop Protection 110:125-130
Tabashnik BE, Brévault T, Carriere Y. 2013. Insect resistance to Bt
crops: lessons from the first billion acres. Nature Biotechnology
31:510-521

Skendzi¢ S, Zovko M, Zivkovi¢ IP, Le$ié V, Lemié D. 2021. The impact
of climate change on agricultural insect pests. Insects 12(5):440

Ma CS, Zhang W, Peng Y, Zhao F, Chang XQ, et al. 2021. Climate
warming promotes pesticide resistance through expanding overwin-
tering range of a global pest. Nature Communications 12:5351
Martinez-Megias C, Mentzel S, Fuentes-Edfuf Y, Moe SJ, Rico A. 2023.
Influence of climate change and pesticide use practices on the
ecological risks of pesticides in a protected Mediterranean wetland:
a Bayesian network approach. Science of the Total Environment
878:163018

Van Maanen A, Xu XM. 2003. Modelling plant disease epidemics.
European Journal of Plant Pathology 109:669-682

Wolfe DW, Ziska L, Petzoldt C, Seaman A, Chase L, et al. 2008.
Projected change in climate thresholds in the Northeastern US: impli-
cations for crops, pests, livestock, and farmers. Mitigation and Adapta-
tion Strategies for Global Change 13:555-575

Ziska LH, McConnell LL. 2016. Climate change, carbon dioxide, and
pest biology: monitor, mitigate, manage. Journal of Agricultural and
Food Chemistry 641:6—12

Hader JD, Lane T, Boxall ABA, MacLeod M, Di Guardo A. 2022.
Enabling forecasts of environmental exposure to chemicals in Euro-
pean agriculture under global change. Science of the Total Environ-
ment 840:156478

Noyes PD, Lema SC. 2015. Forecasting the impacts of chemical pollu-
tion and climate change interactions on the health of wildlife. Current
Zoology 61:669—689.

de Beeck LO, Verheyen J, Stoks R. 2017. Integrating both interaction
pathways between warming and pesticide exposure on upper ther-
mal tolerance in high-and low-latitude populations of an aquatic
insect. Environmental Pollution 224:714—-721

Hooper MJ, Ankley GT, Cristol DA, Maryoung LA, Noyes PD, et al.
2013. Interactions between chemical and climate stressors: a role for
mechanistic toxicology in assessing climate change risks. Environ-
mental Toxicology and Chemistry 32:32—48

Delcour I, Spanoghe P, Uyttendaele M. 2015. Literature review:
impact of climate change on pesticide use. Food Research Interna-
tional 68:7-15

Page 80f 10

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

https://doi.org/10.48130/cas-0026-0019

Hennig TB, Lopes Alves PR, Schiehl A, de Aratjo RS, da Costa Cabrera
L, et al. 2022. Can the increase in atmospheric temperature enhance
the toxicity and risk of fipronil for collembolans in tropical soils? Envi-
ronmental Science and Pollution Research 29:27104-27114

Kattwinkel M, Kiihne JV, Foit K, Liess M. 2011. Climate change, agri-
cultural insecticide exposure, and risk for freshwater communities.
Ecological Applications 21:2068—2081

Arenas-Sanchez A, Lépez-Heras |, Nozal L, Vighi M, Rico A. 2019.
Effects of increased temperature, drought, and an insecticide on
freshwater zooplankton communities. Environmental Toxicology and
Chemistry 38:396—411

Vilas-Boas JA, Arenas-Sanchez A, Vighi M, Romo S, Van den Brink PJ,
et al. 2021. Multiple stressors in Mediterranean coastal wetland
ecosystems: influence of salinity and an insecticide on zooplankton
communities under different temperature conditions. Chemosphere
269:129381

Baars C, Barbir J, Paulino Pires Eustachio JH. 2023. How can climate
change impact human health via food security? A bibliometric analy-
sis. Environments 10:196

Noyes PD, McElwee MK, Miller HD, Clark BW, Van Tiem LA et al. 2009.
The toxicology of climate change: environmental contaminants in a
warming world. Environment International 35:971-986

Van Dijk HFG, Van Pul WAJ, De Voogt P. 1999. Emission of pesticides
into the air. Water, Air, and Soil Pollution 115:195-218

Atienza J, Tabernero MT, Alvarez-Benedi J, Sanz M. 2001. Volatilisa-
tion of triallate as affected by soil texture and air velocity. Chemo-
sphere 42:257-261

Kandil MM, EI-Aswad AF, Koskinen WC. 2015. Sorption-desorption of
imidacloprid onto a lacustrine Egyptian soil and its clay and humic
acid fractions. Journal of Environmental Science and Health, Part B
50:473-483

Baur P, Schénherr J. 1995. Temperature-dependence of the diffusion
of organic-compounds across plant cuticles. Chemosphere
30:1331-1340

Fouad MR, El-Aswad AF, Aly MI. 2024. Uptake and translocation of
fenitrothion and thiobencarb in rice plant under laboratory and filed
conditions. Korean Journal of Environmental Agriculture 43:188—199
El-Aswad AF, Hedia RM. 2002. Fate and behaviour of aldicarb under
Egyptian soil conditions. I. sorption/desorption kinetics and soil-
bound residues. In National symposium on problems of land degrada-
tion in Egypt and Africa. Institute of African Research & Studies,
Department of Natural Resources, Cairo University. pp. 57—68
Barriuso E, Benoit P, Dubus IG. 2008. Formation of pesticide nonex-
tractable (bound) residues in soil: magnitude, controlling factors and
reversibility. Environmental Science & Technology 42:1845—1854
Suddaby LA, Beulke S, van Beinum W, Oliver RG, Kuet S, et al. 2016.
Long-term experiments to investigate irreversibility in sorption of
pesticides to soil. Chemosphere 162:40-47

El-Aswad AF, Fouad MR, Badawy MEI, Aly MI. 2024. Modeling study of
adsorption isotherms of chlorantraniliprole and dinotefuran on soil.
Current Chemistry Letters 13:503-514

Rashad S, El-Chaghaby GA, Abdul Moneem M. 2025. Pesticide runoff
and its impact on water quality. In The Interplay of Pesticides and
Climate Change, eds Babaniyi BR, Babaniyi EE. Cham: Springer.
pp. 85-110 doi: 10.1007/978-3-031-81669-7_4

Turnbull AB, Harrison RM, Williams RJ, Matthiessen P, Brooke DN, et
al. 1997. Assessment of the fate of selected adsorptive pesticides at
ADAS rosemaund. Water and Environment Journal 11(1):24-30
Petersen CT, Holm J, Koch CB, Jensen HE, Hansen S. 2003. Movement
of pendimethalin, ioxynil and soil particles to field drainage tiles. Pest
Management Science 59:85-96

Bronstert A, Niehoff D, Biirger G. 2002. Effects of climate and land-use
change on storm runoff generation: present knowledge and
modelling capabilities. Hydrological Processes 16:509—-529

Beyer A, Mackay D, Matthies M, Wania F, Webster E. 2000. Assessing
long-range transport potential of persistent organic pollutants.
Environmental Science & Technology 34:699-703

El-Aswad Circular Agricultural Systems 2026, 6: €019


https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1007/s10661-020-08719-y
https://www.ecowatch.com/pesticides-climate-change.html
https://www.ecowatch.com/pesticides-climate-change.html
https://www.ecowatch.com/pesticides-climate-change.html
https://www.ecowatch.com/pesticides-climate-change.html
https://www.ecowatch.com/pesticides-climate-change.html
https://doi.org/10.13140/RG.2.1.5095.3122
https://doi.org/10.13140/RG.2.1.5095.3122
https://doi.org/10.1016/S1352-2310(03)00412-6
https://doi.org/10.1016/S1352-2310(03)00412-6
https://doi.org/10.1016/S1352-2310(03)00412-6
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://doi.org/10.1038/ncomms10541
https://doi.org/10.1016/j.cropro.2018.04.011
https://doi.org/10.1038/nbt.2597
https://doi.org/10.3390/insects12050440
https://doi.org/10.1038/s41467-021-25505-7
https://doi.org/10.1016/j.scitotenv.2023.163018
https://doi.org/10.1023/A:1026018005613
https://doi.org/10.1007/s11027-007-9125-2
https://doi.org/10.1007/s11027-007-9125-2
https://doi.org/10.1007/s11027-007-9125-2
https://doi.org/10.1021/jf506101h
https://doi.org/10.1021/jf506101h
https://doi.org/10.1016/j.scitotenv.2022.156478
https://doi.org/10.1016/j.scitotenv.2022.156478
https://doi.org/10.1016/j.scitotenv.2022.156478
https://doi.org/10.1093/czoolo/61.4.669
https://doi.org/10.1093/czoolo/61.4.669
https://doi.org/10.1016/j.envpol.2016.11.014
https://doi.org/10.1002/etc.2043
https://doi.org/10.1002/etc.2043
https://doi.org/10.1016/j.foodres.2014.09.030
https://doi.org/10.1016/j.foodres.2014.09.030
https://doi.org/10.1016/j.foodres.2014.09.030
https://doi.org/10.1007/s11356-021-18349-7
https://doi.org/10.1007/s11356-021-18349-7
https://doi.org/10.1890/10-1993.1
https://doi.org/10.1002/etc.4304
https://doi.org/10.1002/etc.4304
https://doi.org/10.1016/j.chemosphere.2020.129381
https://doi.org/10.3390/environments10110196
https://doi.org/10.1016/j.envint.2009.02.006
https://doi.org/10.1023/A:1005234329622
https://doi.org/10.1016/S0045-6535(00)00075-8
https://doi.org/10.1016/S0045-6535(00)00075-8
https://doi.org/10.1080/03601234.2015.1018758
https://doi.org/10.1016/0045-6535(95)00033-5
https://doi.org/10.5338/KJEA.2024.43.18
https://doi.org/10.1021/es7021736
https://doi.org/10.1016/j.chemosphere.2016.07.062
https://doi.org/10.5267/j.ccl.2024.2.008
https://doi.org/10.1007/978-3-031-81669-7_4
https://doi.org/10.1007/978-3-031-81669-7_4
https://doi.org/10.1007/978-3-031-81669-7_4
https://doi.org/10.1007/978-3-031-81669-7_4
https://doi.org/10.1007/978-3-031-81669-7_4
https://doi.org/10.1007/978-3-031-81669-7_4
https://doi.org/10.1007/978-3-031-81669-7_4
https://doi.org/10.1007/978-3-031-81669-7_4
https://doi.org/10.1007/978-3-031-81669-7_4
https://doi.org/10.1111/j.1747-6593.1997.tb00084.x
https://doi.org/10.1002/ps.609
https://doi.org/10.1002/ps.609
https://doi.org/10.1002/hyp.326
https://doi.org/10.1021/es990207w
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019

https://doi.org/10.48130/cas-0026-0019

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[78]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

Beyer A, Wania F, Gouin T, Mackay D, Matthies M. 2003. Temperature
dependence of the characteristic travel distance. Environmental
Science & Technology 37:766—-771

Bailey SW. 2004. Climate change and decreasing herbicide persis-
tence. Pest Management Science 60:158—-162

El-Aswad AF, Mohamed AE, Fouad MR. 2024. Investigation of dissipa-
tion kinetics and half-lives of fipronil and thiamethoxam in soil under
various conditions using experimental modeling design by Minitab
software. Scientific Reports 14:5717.

Lelieveld J, Dentener FJ. 2000. What controls tropospheric ozone?
Journal of Geophysical Research: Atmospheres 105:3531-3551

Moe SJ, De Schamphelaere K, Clements WH, Sorensen MT, Van den
Brink PJ, et al. 2013. Combined and interactive effects of global
climate change and toxicants on populations and communities.
Environmental Toxicology and Chemistry 32:49—61

Waring CP, Moore A. 2004. The effect of atrazine on Atlantic salmon
(Salmo salar) smolts in fresh water and after sea water transfer.
Aquatic Toxicology 66:93—104

Capkin E, Altinok I, Karahan S. 2006. Water quality and fish size affect
toxicity of endosulfan, an organochlorine pesticide, to rainbow trout.
Chemosphere 64:1793—-1800

Schiedek D, Sundelin B, Readman JW, MacDonald RW. 2007. Interac-
tions between climate change and contaminants. Marine Pollution
Bulletin 54:1845—-1856

El-Aswad AF, Aly MI, Fouad MR, Badawy MEI. 2019. Adsorption and
thermodynamic parameters of chlorantraniliprole and dinotefuran
on clay loam soil with difference in particle size and pH. Journal of
Environmental Science and Health, Part B 54:475-488

Holmstrup M, Bindesbgl AM, Oostingh GJ, Duschl A, Scheil V, et al.
2010. Interactions between effects of environmental chemicals
and natural stressors: a review. Science of The Total Environment
408:3746-3762

Willming MM, Maul JD. 2016. Direct and indirect toxicity of the fungi-
cide pyraclostrobin to Hyalella azteca and effects on leaf processing
under realistic daily temperature regimes. Environmental Pollution
211:435-442

Sharif A, Mishra S, Sinha A, Jiao Z, Shahbaz M, et al. 2020. The renew-
able energy consumption-environmental degradation nexus in Top-
10 polluted countries: fresh insights from quantile-on-quantile
regression approach. Renewable Energy 150:670-690

Sharma R, Sinha A, Kautish P. 2020. Examining the impacts of
economic and demographic aspects on the ecological footprint in
South and Southeast Asian countries. Environmental Science and
Pollution Research 27:36970—-36982

Chien F, Anwar A, Hsu CC, Sharif A, Razzaq A, et al. 2021. The role of
information and communication technology in encountering envi-
ronmental degradation: proposing an SDG framework for the BRICS
countries. Technology in Society 65:101587

Murshed M. 2020. An empirical analysis of the non-linear impacts of
ICT-trade openness on renewable energy transition, energy effi-
ciency, clean cooking fuel access and environmental sustainability
in South Asia. Environmental Science and Pollution Research
27:36254-36281

Zhao J, Sinha A, Inuwa N, Wang Y, Murshed M, et al. 2022. Does struc-
tural transformation in economy impact inequality in renewable
energy productivity? Implications for sustainable development.
Renewable Energy 189:853—-864

Qasim JM, Khazima M, Arshad A. 2018. Global warming, climate
change and its threats to sustainable agriculture. PezuoHasnbHble
npobnemsl [Regional Problems] 21:37—-40 (in Russian)

Arora NK. 2019. Impact of climate change on agriculture production
and its sustainable solutions. Environmental Sustainability 2:95-96
Lynch J, Cain M, Frame D, Pierrehumbert R. 2021. Agriculture's contri-
bution to climate change and role in mitigation is distinct from
predominantly fossil CO-emitting sectors. Frontiers in Sustainable
Food Systems 4:518039

El-Aswad Circular Agricultural Systems 2026, 6: €019

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[99]

[96]

(971

[98]

[99]

[100]

[101]

[102]

[103]

Circular
Agricultural Systems

Stewart LD, Elliott CT. 2015. The impact of climate change on exist-
ing and emerging microbial threats across the food chain: an island
of Ireland perspective. Trends in Food Science & Technology 44:11-20
Kweku DW, Bismark O, Maxwell A, Desmond KA, Danso KB, et al.
2018. Greenhouse effect: greenhouse gases and their impact on
global warming. Journal of Scientific Research and Reports 17:1-9
Dhananjayan V, Jayakumar S, Ravichandran B. 2019. Conventional
methods of pesticide application in agricultural field and fate of the
pesticides in the environment and human health. In Controlled
Release of Pesticides for Sustainable Agriculture, eds Rakhimol KR,
Thomas S, Volova T, Jayachandran K. Cham: Springer. pp. 1-39
doi: 10.1007/978-3-030-23396-9_1

Watts M, Williamson S. 2015. Replacing chemicals with biology: phas-
ing out highly hazardous pesticides with agroecology Pesticide Action
Network Asia and the Pacific (PANAP). PAN Asia and the Pacific on
behalf of PAN International, Penang, Malaysia. https:/files.panap.
net/resources/Phasing-Out-HHPs-with-Agroecology.pdf

Nicolétis E, Caron P, El Solh M, Cole M, Fresco LO et al. 2019. Agroeco-
logical and other innovative approaches for sustainable agriculture
and food systems that enhance food security and nutrition. Report.
High Level Panel of Experts on Food Security and Nutrition of the
Committee on World Food Security, FAO, Rome

Deguine JP, Aubertot JN, Flor RJ, Lescourret F, Wyckhuys KAG, et al.
2021. Integrated pest management: good intentions, hard realities. A
review. Agronomy for Sustainable Development 41:38.

Poudel S, Poudel B, Acharya B, Poudel P. 2020. Pesticide use and its
impacts on human health and environment. Environment & Ecosys-
tem Science 4:47-51

Jadhav PP, Ranveer A. 2016. Human population and environment:
effects of population growth, climate changes and poverty relation-
ship. Online International Interdisciplinary Research Journal 6:54—60
IbdRez M, Pozo OJ, Sancho JV, Lépez FJ, Hernandez F. 2005. Residue
determination of glyphosate, glufosinate and aminomethylphospho-
nic acid in water and soil samples by liquid chromatography coupled
to electrospray tandem mass spectrometry. Journal of Chromatogra-
phy A 1081:145-155

Suwardji, Sudantha IM. 2021. The fate of glyphosate in soil and water:
a review. Jurnal Penelitian Pendidikan IPA 7:389—-399

Zhang X, Shen Y, Yu XY, Liu XJ. 2012. Dissipation of chlorpyrifos and
residue analysis in rice, soil and water under paddy field conditions.
Ecotoxicology and Environmental Safety 78:276—280

Zhang C, Wu YJ, Jin SF, Yang H. 2013. Analysis of chlorpyrifos and
chlorpyrifos-methyl residues in multi-environmental media by cloud-
point extraction and HPLC. Analytical Methods 5:3089-3095

Bhatti P, Duhan A, Pal A, Monika, Beniwal RK, et al. 2022. Ultimate fate
and possible ecological risks associated with atrazine and its princi-
pal metabolites (DIA and DEA) in soil and water environment. Ecoto-
xicology and Environmental Safety 248:114299

Hadjmohammadi MR, Nikou SM, Kamel K. 2006. Determination of
fipronil residue in soil and water in the rice fields in north of Iran by
RP-HPLC method. Acta Chimica Slovenica 53:517—-520

Yildinm 1, Ozcan H. 2007. Determination of pesticide residues in
water and soil resources of Troia (Troy). Fresenius Environmental
Bulletin 161:63—-70

Antar AS, Gendy AAS, El-Sanat GMA. 2012. Study on some agrochem-
ical pollutants in drains water at North Delta, Egypt. Journal of Soil
Sciences and Agricultural Engineering 32:237—-247

Juroszek P, Laborde M, Kleinhenz B, Mellenthin M, Racca P et al. 2022.
A review on the potential effects of temperature on fungicide effec-
tiveness. Plant Pathology 71:775-784

Delnat V, Tran TT, Verheyen J, Van Dinh K, Janssens L, et al. 2019.
Temperature variation magnifies chlorpyrifos toxicity differently
between larval and adult mosquitoes. Science of The Total Environ-
ment 690:1237-1244

Verheyen J, Delnat V, Theys C. 2022. Daily temperature fluctuations
can magnify the toxicity of pesticides. Current Opinion in Insect
Science 51:100919

Page 90f 10


https://doi.org/10.1021/es025717w
https://doi.org/10.1021/es025717w
https://doi.org/10.1002/ps.785
https://doi.org/10.1038/s41598-024-56083-5
https://doi.org/10.1029/1999JD901011
https://doi.org/10.1002/etc.2045
https://doi.org/10.1016/j.aquatox.2003.09.001
https://doi.org/10.1016/j.chemosphere.2005.12.050
https://doi.org/10.1016/j.marpolbul.2007.09.020
https://doi.org/10.1016/j.marpolbul.2007.09.020
https://doi.org/10.1080/03601234.2019.1595893
https://doi.org/10.1080/03601234.2019.1595893
https://doi.org/10.1016/j.scitotenv.2009.10.067
https://doi.org/10.1016/j.envpol.2015.11.029
https://doi.org/10.1016/j.renene.2019.12.149
https://doi.org/10.1007/s11356-020-09659-3
https://doi.org/10.1007/s11356-020-09659-3
https://doi.org/10.1016/j.techsoc.2021.101587
https://doi.org/10.1007/s11356-020-09497-3
https://doi.org/10.1016/j.renene.2022.03.050
https://doi.org/10.31433/1605-220x-2018-21-3(1)-37-40
https://doi.org/10.31433/1605-220x-2018-21-3(1)-37-40
https://doi.org/10.1007/s42398-019-00078-w
https://doi.org/10.3389/fsufs.2020.518039
https://doi.org/10.3389/fsufs.2020.518039
https://doi.org/10.1016/j.tifs.2015.04.007
https://doi.org/10.9734/JSRR/2017/39630
https://doi.org/10.1007/978-3-030-23396-9_1
https://doi.org/10.1007/978-3-030-23396-9_1
https://doi.org/10.1007/978-3-030-23396-9_1
https://doi.org/10.1007/978-3-030-23396-9_1
https://doi.org/10.1007/978-3-030-23396-9_1
https://doi.org/10.1007/978-3-030-23396-9_1
https://doi.org/10.1007/978-3-030-23396-9_1
https://doi.org/10.1007/978-3-030-23396-9_1
https://doi.org/10.1007/978-3-030-23396-9_1
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://files.panap.net/resources/Phasing-Out-HHPs-with-Agroecology.pdf
https://doi.org/10.1007/s13593-021-00689-w
https://doi.org/10.26480/ees.01.2020.47.51
https://doi.org/10.26480/ees.01.2020.47.51
https://doi.org/10.26480/ees.01.2020.47.51
https://doi.org/10.1016/j.chroma.2005.05.041
https://doi.org/10.1016/j.chroma.2005.05.041
https://doi.org/10.1016/j.chroma.2005.05.041
https://doi.org/10.29303/jppipa.v7iSpecialIssue.971
https://doi.org/10.1016/j.ecoenv.2011.11.036
https://doi.org/10.1039/C3AY26623K
https://doi.org/10.1016/j.ecoenv.2022.114299
https://doi.org/10.1016/j.ecoenv.2022.114299
https://doi.org/10.1016/j.ecoenv.2022.114299
https://doi.org/10.21608/jssae.2012.53847
https://doi.org/10.21608/jssae.2012.53847
https://doi.org/10.1111/ppa.13531
https://doi.org/10.1016/j.scitotenv.2019.07.030
https://doi.org/10.1016/j.scitotenv.2019.07.030
https://doi.org/10.1016/j.scitotenv.2019.07.030
https://doi.org/10.1016/j.cois.2022.100919
https://doi.org/10.1016/j.cois.2022.100919
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019

Circular
Agricultural Systems

[104]

[105]

[106]

[107]

[108]

Santos Castro M, Santos Guimaraes P, Barbosa FG, Schneck F, De
Martinez Gaspar Martins C. 2025. Impacts of warming and acidifica-
tion on pesticide toxicity in continental aquatic environments: a
scientometric and systematic map. Environmental Pollution
366:125384

Kepler RM, Epp Schmidt DJ, Yarwood SA, Cavigelli MA, Reddy KN, et
al. 2020. Soil microbial communities in diverse agroecosystems
exposed to the herbicide glyphosate. Applied and Environmental
Microbiology 865:e01744-19

Liu Y, Fan X, Zhang T, He W, Song F. 2020. Effects of the long-term
application of atrazine on soil enzyme activity and bacterial com-
munity structure in farmlands in China. Environmental Pollution
262:114264

Sim JXF, Drigo B, Doolette CL, Vasileiadis S, Karpouzas DG, et al. 2022.
Impact of twenty pesticides on soil carbon microbial functions and
community composition. Chemosphere 307:135820

Lacy B, Rahman MS. 2022. Interactive effects of high temperature and
pesticide exposure on oxidative status, apoptosis, and renin expres-
sion in kidney of goldfish: molecular and cellular mechanisms of
widespread kidney damage and renin attenuation. Journal of Applied
Toxicology 42:1787—-1806

Page 100f 10

[109]

[110]

[111]

[112]

[113]

https://doi.org/10.48130/cas-0026-0019

da Silva Cruz FV, Venne P, Segura P, Juneau P. 2025. Effect of temper-
ature on the physiology and phytoremediation capacity of Spirodela
polyrhiza exposed to atrazine and S-metolachlor. Aquatic Toxicology
282:107304

Kaka H, Opute PA, Maboeta MS. 2021. Potential impacts of climate
change on the toxicity of pesticides towards earthworms. Journal of
Toxicology 2021:8527991

Lo CC. 2010. Effect of pesticides on soil microbial community. Journal
of Environmental Science and Health, Part B 45:348—359

Muturi EJ, Donthu RK, Fields CJ, Moise IK, Kim CH. 2017. Effect of
pesticides on microbial communities in container aquatic habitats.
Scientific Reports 7:44565

Basapuram G, Duttagupta S, Dutta A. 2025. Pesticides impact micro-
bial communities in the freshwater ecosystem: implications on
biogeochemical cycles. Journal of Hazardous Materials 500:140403

Copyright: © 2026 by the author(s). Published by
Maximum Academic Press, Fayetteville, GA. This article

is an open access article distributed under Creative Commons
Attribution License (CC BY 4.0), visit https://creativecommons.org/
licenses/by/4.0/.

El-Aswad Circular Agricultural Systems 2026, 6: €019


https://doi.org/10.1016/j.envpol.2024.125384
https://doi.org/10.1128/AEM.01744-19
https://doi.org/10.1128/AEM.01744-19
https://doi.org/10.1016/j.envpol.2020.114264
https://doi.org/10.1016/j.chemosphere.2022.135820
https://doi.org/10.1002/jat.4357
https://doi.org/10.1002/jat.4357
https://doi.org/10.1016/j.aquatox.2025.107304
https://doi.org/10.1155/2021/8527991
https://doi.org/10.1155/2021/8527991
https://doi.org/10.1080/03601231003799804
https://doi.org/10.1080/03601231003799804
https://doi.org/10.1038/srep44565
https://doi.org/10.1016/j.jhazmat.2025.140403
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019
https://doi.org/10.48130/cas-0026-0019

	Introduction
	Overview of climate change and pesticide use
	Importance of studying the mutual impacts between climate change and pesticides
	General climate change effects on agriculture and pests

	Method
	Main findings: challenges and solutions
	Challenges of the mutual impacts between climate change and pesticides
	Challenges of the impacts of pesticides on climate change
	Greenhouse gas emissions from pesticide production and use
	Soil degradation and reduced carbon sequestration
	Environmental contamination

	Challenges of climate change on pesticides
	Effect of pesticide efficiency
	Increased pesticide resistance and usage
	Effect on pesticide dynamics and environmental fate
	Effect on pesticide impact


	Strategies for addressing climate change
	Minimization
	Mitigation
	Adaptation


	Conclusions
	Ethical statements
	Author contributions
	Data availability
	Acknowledgments
	Conflict of interest
	Supplementary information
	References

