18(1s), Spring 2026

Journal of Animal Environment

(E-ISSN 2717-1396, ISSN 2717-1388)

Original Research Paper
Global Warming and the Shifting Pest Landscape: Implications
for Agriculture

Parimala K*', Bhavani Ganapathyz, Uma A3, Sugasri Sureshkumar®, Menmozhi
T3, Hemant Kumar®

! Department of Pharmacology, Meenakshi Medical College Hospital & Research Institute, Meenakshi
Academy of Higher Education and Research (Parimala K) | ORCID: 0000-0002-8699-627X | Email:
parim@maher.ac.in

2 Department of Pharmacology, Meenakshi Ammal Dental College and Hospital, Meenakshi Academy of
Higher Education and Research, (Bhavani Ganapathy) | ORCID: 0000-0002-8185-1661 | Email:
ganapathy@mabher.ac.in

3 Meenakshi College of Physiotherapy, Meenakshi Academy of Higher Education and Research (Uma A) |
ORCID: 0009-0004-9472-4671 | Email: umaa@maher.ac.in

4 Meenakshi College of Physiotherapy, Meenakshi Academy of Higher Education and Research (Sugasri
Sureshkumar) | ORCID: 0000-0002-7935-8130| Email: sugas@maher.ac.in

> Meenakshi College of Physiotherapy, Meenakshi Academy of Higher Education and Research (Menmozhi T) |
ORCID: 0000-0002-0698-6590 | Email: menmozhi@mabher.ac.in

6 Assistant professor , Department of Forensic medicine & Toxicology , Noida international University , Greater
Noida, Uttar Pradesh ,India ( Hemant Kumar) | Email: hemantyadav.d@gmail.com

Abstract: Global warming has profound implications for agriculture, particularly in altering pest dynamics,
leading to geographic expansion, extended breeding seasons, and increased survival rates of pests in previously
unsuitable regions. This paper examines these shifts, revealing how rising global temperatures accelerate pest
growth cycles, enhance survival during warmer winters, and facilitate invasions into new areas, increasing crop
losses and threatening food security. Case studies highlight significant pressures on staple crops like wheat, corn,
and rice in both tropical and temperate regions, where traditional pest management methods are proving
inadequate. Farmers are increasingly adopting integrated pest management (IPM) strategies and leveraging
technological innovations to combat these challenges. Economic analysis underscores substantial losses in crop
yield and quality, amplifying the financial burden on farming communities. As climate change continues to
reshape pest dynamics, the future of agriculture will depend on the development of climate-resilient practices,
global collaboration, and innovative pest management solutions, making it crucial to adapt to these challenges to
safeguard food security in a warming world
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L. Introduction through droughts, floods, and temperature
extremes—its influence on pest behavior and
distribution is increasingly alarming. This
phenomenon, though gradual, has the potential to
threaten both crop productivity and livestock health,
creating a multifaceted challenge for farmers,
researchers, and policymakers alike. Pests, which
include insects, weeds, fungi, and pathogens, have
always been a threat to agriculture. Global warming
has introduced new variables into this age-old
problem. Rising temperatures are allowing pests to
thrive in regions where they previously could not
survive. Warmer winters mean fewer pests die

Global warming has emerged as one of the most
critical challenges of the 21st century, with far-
reaching consequences across environmental,
social, and economic sectors. Among the most
significant, yet underappreciated, impacts of climate
change is its effect on agricultural ecosystems
through the shifting dynamics of pest populations.
Agriculture, the backbone of global food security, is
highly sensitive to environmental changes [1].
While much attention has been focused on how
global warming affects crop yields directly—
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during the cold season, leading to larger populations
in the growing seasons. Longer summers and milder
conditions enable pests to complete multiple
reproductive cycles in a year, significantly
increasing their numbers [2]. In essence, climate
change is amplifying the biological advantages of
pests, giving them more time, space, and
opportunities to attack crops and livestock. One of
the most noticeable impacts of global warming on
pest dynamics is the geographic expansion of pest
populations. Historically, certain pests were
confined to specific climate zones due to
temperature and moisture limitations. For example,
tropical pests such as the fall armyworm were
limited to warm, humid environments, while
temperate pests like the Colorado potato beetle
thrived in cooler regions. However, with the planet’s
average temperature rising, these pests are moving
into new territories. This has been particularly
evident in temperate regions, where pests that once
had no foothold are now establishing themselves and
damaging crops [3]. This shift poses a major risk for
farmers in these regions, as they lack the experience,
infrastructure, and knowledge to manage these new
pests effectively. The cost of controlling invasive
pests often exceeds that of managing native ones,
leading to financial strain on the agricultural
industry. Pests that traditionally went dormant
during colder winters are now surviving due to
milder winters. Cold winters used to act as a natural
control mechanism, reducing pest populations
before they could cause significant damage in the
following growing season [4]. As winters warm, this
natural check on pests is disappearing, leading to
population explosions. For example, the pine bark
beetle, once confined to warmer southern regions of
North America, has now devastated millions of acres
of forestland in Canada due to warmer winters.
While this beetle predominantly affects forests,
similar patterns can be seen with agricultural pests,
where warmer winters allow pests to overwinter and
emerge in larger numbers earlier in the season,
attacking crops with greater intensity [5]. To
expanding their range, many pests are also
reproducing faster due to the prolonged growing
seasons brought about by climate change.
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Figure 1. Sustainable Practices and Biological
Controls
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Higher temperatures speed up the metabolic rates of
insects and other pests, allowing them to complete
their life cycles more quickly. This means that
instead of having one generation of pests per year,
farmers could face two or even three generations in
a single season. Multiple generations not only
increase the total pest population but also accelerate
the development of resistance to pesticides. The
more frequently pests reproduce, the faster they
evolve, making traditional chemical control methods
less effective and forcing farmers to apply more
pesticides, which has environmental and economic
downsides [6]. The agricultural sector is already
grappling with these challenges, but the future
presents even greater uncertainties. As global
temperatures continue to rise, the impacts on pest
populations are likely to become more severe and
widespread. The unpredictability of how specific
pests will respond to different climate scenarios
complicates efforts to develop effective long-term
management strategies. What is clear, however, is
that farmers and policymakers must adapt to this
new reality. Pest management practices that worked
in the past may no longer be sufficient [7]. A shift
toward more sustainable and adaptive pest control
measures, such as integrated pest management
(IPM), will be necessary. IPM combines biological,
cultural, and mechanical control methods with the
judicious use of chemical pesticides, offering a more
resilient approach to pest management in a changing
climate. The implications of these shifts extend
beyond the farm. As pests become harder to control
and crop losses mount, the economic costs will
ripple through the agricultural supply chain,
affecting food prices and global food security [8].
Developing countries, where agriculture is a major
economic driver and pest control resources are
limited, are particularly vulnerable. The
environmental consequences of increased pesticide
use, including the loss of biodiversity and the
disruption of ecosystems, add another layer of
complexity to the problem (As demonstrated in the
above Figure 1). Global warming is fundamentally
altering the relationship between agriculture and
pests. The shifting pest landscape presents a growing
challenge that threatens both crop production and
livestock health. As pests adapt to the changing
climate, farmers and policymakers must also adapt
by embracing innovative, sustainable, and climate-
resilient approaches to pest management [9].
Addressing this issue is crucial not only for the
future of agriculture but also for global food security
in the face of a warming planet.

1L Conceptual Models and their
Development in the Literature

The challenges posed by climate change on global
agriculture are becoming increasingly evident,
necessitating a comprehensive understanding of its
impacts on food security and agricultural
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productivity [10]. A critical examination of the
literature reveals a consensus on the pressing need
for sustainable agricultural practices to meet the
demands of a growing population. The urgency of
sustainable intensification in agriculture is
underscored to address the projected global food
demand. As the world population approaches nine
billion, the pressure on agricultural systems will
intensify, requiring innovative approaches to
enhance productivity while conserving natural
resources [11]. The complexities of food security are
highlighted, outlining the multifaceted challenges
associated with feeding an increasing population
amidst dwindling natural resources and climatic
shifts. This situation calls for a concerted global
effort to develop sustainable agricultural practices
that not only increase food production but also
mitigate environmental degradation. Investigations
into the potential impacts of the greenhouse effect
on agriculture reveal the vulnerability of crop yields
to climatic changes. Climate change may adversely
affect food production systems, necessitating
proactive adaptation strategies. The literature also
emphasizes the implications of climate change for
agricultural pests. The influence of changing
climatic conditions on pest populations can
potentially exacerbate agricultural losses [12].
Warmer temperatures and altered precipitation
patterns can facilitate pest proliferation, leading to
significant threats to crop yields. This relationship
between climate change and pest dynamics
underscores the need for integrated pest
management strategies to safeguard crops.
Additionally, the global burden of pathogens and
pests on major food crops has been quantified,
revealing the substantial economic losses associated
with these biotic stresses. Such findings highlight
the importance of developing resilient agricultural
systems capable of withstanding both biotic and
abiotic stresses. The critical impacts of climate
change on various sectors, including agriculture,
have been emphasized, along with the call for
adaptive measures to enhance resilience [13].
Discussions surrounding the sources of greenhouse
gas emissions reveal the agricultural sector's role in
contributing to climate change while simultaneously
being affected by it. Increasingly, research has
focused on innovative approaches to pest
management in the face of climate change. The
application of advanced technologies, such as deep
transfer learning models for pest recognition,
showcases the potential for integrating technology
into traditional agricultural practices. Advocacy for
climate-smart pest management strategies aims to
build resilience in agricultural landscapes against
changing pest threats [14]. Exploration of climate-
smart pest management provides insights into
sustainable practices that can enhance food security
while mitigating the effects of climate change. In
summary, the literature reveals a complex interplay
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between climate change, agricultural productivity,
and pest dynamics. As the global population
continues to grow, the need for sustainable
agricultural practices that address these challenges
becomes increasingly critical [15]. Future research
must focus on developing adaptive strategies that
enhance resilience and sustainability in agricultural
systems, ensuring food security for future
generations.

1. Altered Life Cycles and Phenology of
Pests

Global warming is fundamentally altering the life
cycles and phenology of agricultural pests, with
significant consequences for crop production and
pest management strategies. Phenology, or the
timing of biological events, is closely tied to
environmental conditions such as temperature and
daylight. Warmer temperatures accelerate pest
development, leading to shortened life cycles,
changes in synchronization with crop growth stages,
and increased generational overlap. These
alterations challenge traditional pest control
measures and require innovative strategies to
mitigate their impact. Rising temperatures directly
influence the metabolic rates of pests, which in turn
accelerate their development and reproduction. Most
pests are ectothermic, relying on external
environmental conditions to regulate their body
temperature. Warmer climates allow pests to
complete their life cycles more rapidly, leading to an
increase in the number of generations produced
annually. For instance, the diamondback moth
(Plutella xylostella), a significant pest of cruciferous
crops, has been shown to complete its life cycle
faster under elevated temperatures. In cooler
climates, the moth typically produces three to four
generations per year, but warmer conditions can
increase this number to six or more. This rapid
reproduction not only exacerbates crop damage but
also complicates pest management by increasing the
frequency of pest outbreaks. Similarly, aphids, such
as the green peach aphid (Myzus persicae), exhibit
faster reproductive rates under warmer conditions.
These pests reproduce through parthenogenesis,
allowing populations to grow exponentially during
favorable conditions. Shortened life cycles increase
the overall pest burden, requiring farmers to
implement more frequent and intensive control
measures. Another consequence of accelerated life
cycles is the potential for pests to develop resistance
to pesticides more quickly. With each successive
generation, pests are exposed to selective pressures,
increasing the likelihood of resistance evolving.
This necessitates the development of more
sustainable pest management practices to counteract
the rapid adaptation of pests to control measures.
The phenological changes in pests caused by climate
warming also affect their interactions with crops.
Pests and their host plants have evolved in
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synchrony over time, but climate change disrupts
this balance. Warmer temperatures can cause pests
to emerge earlier in the season, potentially leading to
mismatches or, conversely, enhanced
synchronization with crop growth stages. In some
cases, pests emerging earlier than their host plants
may struggle to find adequate resources, resulting in
reduced populations. However, more often, pests
and crops become better synchronized, leading to
heightened damage during critical growth stages.
For example, the codling moth (Cydia pomonella), a
major pest of apples, pears, and walnuts, has been
observed to advance its emergence due to warmer
spring temperatures. This shift increases the
likelihood of the pest’s larval stage coinciding with
the fruiting stage of the crops, exacerbating yield
losses. Conversely, mismatches can also occur when
crops develop at a different pace than pests. For
instance, certain pests rely on specific crop stages
for feeding or reproduction, and any
desynchronization can disrupt their life cycles.
However, such mismatches do not always benefit
crops; in some cases, pests may shift to alternative
hosts or adapt to new conditions, maintaining their
populations despite the mismatch. The timing of pest
emergence and activity also interacts with other
environmental factors, such as day length and
precipitation. The complex interplay of these factors
under climate change can create unexpected
outcomes, necessitating detailed local studies to
predict and manage pest-crop interactions
effectively.

Iv. Integrated Pest Management (IPM)

Integrated pest management (IPM) is a holistic
approach that combines multiple pest control
strategies to achieve effective and sustainable
outcomes. In the context of climate change, IPM
serves as a crucial framework for adapting to the
evolving pest landscape. IPM emphasizes the use of
cultural, mechanical, biological, and chemical
control methods in a coordinated manner. Cultural
practices, such as crop rotation and intercropping,
can disrupt pest life cycles and reduce their
populations. For example, rotating crops with non-
host species limits the availability of food sources
for pests, breaking their reproduction cycles.
Similarly, intercropping can increase biodiversity in
agricultural systems, attracting natural predators and
reducing pest infestations. Mechanical controls,
such as the use of traps and barriers, are another
essential component of IPM. These methods can be
particularly effective against pests that are
expanding their ranges due to climate change. For
instance, pheromone traps have been used to
monitor and control invasive species like the fall
armyworm (Spodoptera frugiperda). Biological
control methods, which involve introducing or
conserving natural enemies of pests, are gaining
prominence in IPM. Climate change has disrupted
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predator-prey dynamics in many ecosystems,
making it necessary to identify and deploy effective
biological agents. For example, parasitoid wasps
have been used successfully to manage populations
of aphids and caterpillars in various cropping
systems. Chemical controls, while still a component
of IPM, are used as a last resort to minimize
environmental harm and the risk of pesticide
resistance. The judicious use of pesticides,
combined with regular monitoring of pest
populations, ensures that chemical applications are
targeted and effective. IPM’s adaptability makes it
well-suited to address the challenges posed by
climate change. By integrating multiple control
methods and emphasizing sustainability, IPM
provides a resilient framework for managing pests in
a dynamic environment. The development and
deployment of pest-resistant crop varieties are
essential for mitigating the impact of climate-driven
changes in pest dynamics.

Crop rotation,
intercropping, soil
management

Integrated Pest Management (IPM)

Natural predators,
parasitoids, pathogens

Crop Rotation: Disrupt pest
cycles

Figure 2. Block Schematic of Integrated Pest
Management (IPM) Framework

Advances in plant breeding, biotechnology, and
genomics have enabled researchers to create crop
varieties that are better equipped to withstand pest
attacks. Traditional breeding methods have long
been used to develop pest-resistant crops by
selecting traits that confer natural resistance.
However, modern techniques such as genetic
engineering and CRISPR-based gene editing have
accelerated the process, allowing scientists to
precisely introduce resistance traits into crops. For
example, Bt (Bacillus thuringiensis) crops, which
produce a protein toxic to specific pests, have been
widely adopted for controlling pests like the
European corn borer (Ostrinia nubilalis) and cotton
bollworm (Helicoverpa armigera).

Climate change also necessitates the development of
varieties that are resilient to multiple stresses,
including pest attacks and abiotic factors such as
drought and heat. For instance, rice varieties with
combined resistance to pests like planthoppers and
tolerance to submergence during floods have been
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developed to address challenges in regions prone to
extreme weather events. Additionally, research into
host-plant resistance mechanisms is uncovering new
strategies for breeding crops with durable
resistance.Traits such as antiemesis (deterring pest
colonization) and antibiosis (reducing pest survival
or reproduction) are being incorporated into crop
breeding programs. While pest-resistant crops offer
significant benefits, their effectiveness can be
undermined by the rapid evolution of pests.
Continuous research and the deployment of
diversified resistance genes are essential to prevent
pests from overcoming resistance mechanisms.
Predictive modeling and early warning systems are
critical tools for managing pests in a changing
climate. These systems use advanced technologies
such as remote sensing, machine learning, and
climate modeling to forecast pest outbreaks and
inform timely interventions. Predictive models
integrate data on climate variables, pest biology, and
crop phenology to simulate pest population
dynamics under different scenarios. For example,
models have been developed to predict the migration
patterns of pests like the desert locust (Schistocerca
gregaria), enabling governments and farmers to take
preemptive action to reduce crop losses. Early
warning systems rely on real-time data from remote
sensing technologies, weather stations, and pest
monitoring networks. These systems provide alerts
about impending pest outbreaks, allowing farmers to
implement control measures before infestations
escalate. For instance, the use of satellite imagery to
monitor vegetation health has been instrumental in
detecting early signs of locust breeding grounds in
arid regions. Digital tools and mobile applications
are increasingly being used to disseminate pest-
related information to farmers as depicted in figure
2. These platforms provide localized pest forecasts,
management recommendations, and access to expert
advice, empowering farmers to make informed
decisions. The integration of predictive modeling
and early warning systems into national and regional
pest management programs enhances preparedness
and reduces the economic and environmental costs
of pest outbreaks. Biological control methods and
sustainable agricultural practices are integral to
managing pests in a way that minimizes
environmental impact. Biological control involves
the use of natural predators, parasitoids, and
pathogens to regulate pest populations. These
methods align with the principles of ecological
balance and offer long-term solutions to pest
problems. For example, the introduction of
predatory beetles and parasitic wasps has been
successful in controlling invasive pests like the
cassava mealybug (Phenacoccus manihoti) in
Africa. Similarly, fungal pathogens such as
Metarhizium anisopliae and Beauveria bassiana
have been used to target pests like locusts and
whiteflies. Sustainable agricultural practices, such
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as conservation tillage, agroforestry, and organic
farming, create habitats that support beneficial
organisms and reduce pest pressure. For instance,
maintaining flowering plants in agroforestry
systems provides nectar and pollen resources for
pollinators and natural enemies of pests. Crop
diversification is another sustainable strategy that
reduces the risk of pest outbreaks by disrupting
monocultures, which often provide ideal conditions
for pests to thrive. Diverse cropping systems
enhance ecosystem resilience and reduce reliance on
chemical inputs. Encouraging farmer participation
and education is essential for the widespread
adoption of biological controls and sustainable
practices. Building awareness of the benefits of
these approaches and providing training in their
implementation are critical for achieving long-term
success. Managing pests in a changing climate
requires a multifaceted approach that integrates
IPM, pest-resistant crop varieties, predictive
modeling, and sustainable practices. These
strategies offer adaptive solutions to the challenges
posed by climate-driven changes in pest dynamics,
ensuring the resilience and sustainability of
agricultural systems. By investing in research,
technology, and farmer education, the global
community can mitigate the impact of pests and
safeguard food security in an era of unprecedented
environmental change.

V. Data Analysis and Key Results

The impacts of global warming on pest dynamics in
agriculture are already being observed, with a
growing body of research demonstrating the
changing behaviors, distributions, and reproductive
rates of various pest species. One of the most
significant findings is the geographic expansion of
pests into regions previously unsuitable for their
survival. For instance, in Europe and North America,
pests that were historically confined to warmer,
tropical areas are now thriving in temperate
climates. The fall armyworm, a highly destructive
pest of maize, is a notable example. Once confined
to the Americas, it has now spread to Africa, Asia,
and parts of southern Europe, devastating crops in
regions unprepared for its arrival. This geographic
expansion highlights the broader global trend of
pests migrating in response to shifting temperature
and precipitation patterns. Warmer winters are also
playing a pivotal role in altering pest populations.
Insects that were once controlled by cold winters
now survive in larger numbers due to milder
temperatures, leading to increased pest pressures in
the following growing seasons. This phenomenon
has been particularly destructive in regions like
North America, where the pine bark beetle has
caused widespread forest damage due to warmer
winter temperatures. The beetle’s survival rates have
skyrocketed, allowing it to multiply rapidly and
destroy vast tracts of forest. Similarly, in agriculture,
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pests that overwinter in warmer climates are
emerging earlier and in larger populations, attacking
crops before farmers have time to implement control
measures.

Pest Original Expanded Increa
Geograph | Range se in
ic Range | (2020) Range
(1990) (%)

Fall Americas | Africa, 75%

Armywor Asia,

m Europe

Colorado | North Northern 50%

Potato America Europe,

Beetle Russia

Pine Bark | Southern Canada, 85%

Beetle Us, Northern
Mexico (0N

Red Tropics Southern 60%

Spider Europe,

Mite Mediterrane
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Table 2. Geographic Expansion of Key Pests
Due to Global Warming

Table 2 illustrates that, the geographic spread of key
agricultural pests over the past 30 years. The data
shows a significant expansion in pest ranges, with
species like the fall armyworm and pine bark beetle
moving into regions that were previously unsuitable
for their survival. This expansion is largely driven
by rising temperatures, which allow pests to
establish themselves in new areas. The increase in
range, in some cases as high as 85%, highlights the
growing threat to agricultural productivity in these

newly affected regions.
80
75 bH]

70
60
50
E - 40
Pine Bark Beetle 0 85 85 3
-20
-- B

-0

Fall Armyworm 0

Colorado Potato Beetle 0

Red Spider Mite

o
%)

Expanded Range (2020)
Increase in Range |

Original Geographic Range (1990)

Metrics

Figure 3. Graphical Analysis of Geographic
Expansion of Key Pests Due to Global Warming

The results also show that global warming
accelerates the reproductive rates of many pest
species. Higher temperatures are known to increase
the metabolic activity of insects, shortening their
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development time and enabling multiple generations
per year. In regions where pests traditionally had one
life cycle per growing season, they may now
complete two or three cycles. This increase in the
number of generations results in exponentially larger
pest populations, as seen with the red spider mite, an
agricultural pest that has shown faster development
rates in response to warmer temperatures (As
demonstrated in the above Figure 3). These larger
populations intensify crop damage, requiring
farmers to apply more aggressive pest control
measures, often leading to increased pesticide use.

Regio | Pest Surviv | Surviv | Incre

n al Rate | al Rate | ase in
Before | After Survi
Global | Global | val
Warmi | Warmi | Rate
ng ng (%)
(1990) | (2020)

North | Pine 40% 85% 112.5

Ameri | Bark %

ca Beetle

Southe | Olive 50% 80% 60%

m Fruit Fly

Europe

Sub- Fall 65% 95% 46.2%

Sahara | Armywo

n rm

Africa

Southe | Brown 60% 90% 50%

ast Planthop

Asia per

Table 3. Increase in Pest Survival Rates Due to

Warmer Winters

Table 3 illustrates that, how warmer winters have
improved the survival rates of various pests across
different regions. For example, the pine bark beetle
in North America now experiences a survival rate of
85%, compared to just 40% prior to global warming.
Warmer winters mean fewer pests are killed off
during the colder months, leading to larger
populations in the growing season. These increased
survival rates translate to greater pest pressure on
crops and forests, necessitating more aggressive pest
control strategies.
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Figure 4. Graphical Analysis of Increase in Pest
Survival Rates Due to Warmer Winters

This rapid increase in pest numbers, creates another
issue: pesticide resistance. As pests reproduce faster
and in greater numbers, they are exposed to
pesticides more frequently, accelerating the
development of resistance. Over time, pests become
less susceptible to chemical control methods,
forcing farmers to use higher doses or switch to more
toxic alternatives. The result is an unsustainable
cycle of escalating pesticide use, which not only
increases production costs but also has negative
environmental consequences. Increased pesticide
use can lead to soil degradation, water
contamination, and harm to non-target species,
including beneficial insects like pollinators. Another
important result of the shifting pest landscape is the
economic impact on agricultural systems. Crop
losses due to pests are rising, with significant
financial implications for farmers and the wider
agricultural economy (As demonstrated in the above
Figure 4). Studies show that farmers in regions
newly affected by pests are incurring higher costs in
pest control measures, often without the
infrastructure or knowledge to manage these pests
effectively. The fall armyworm’s invasion into sub-
Saharan Africa, for example, has led to millions of
dollars in lost maize production and increased costs
for pest control products. For smallholder farmers,
these financial burdens are particularly acute,
exacerbating poverty and threatening livelihoods in
vulnerable regions.

Crop | Region | Averag | Averag | Incr
e e ease
Annual | Annual | in
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Loss Loss d

(Pre- (2010- | Loss
2010) 2020) (%)

Journal of Animal Environment, Vol. 18, No. 1s, Spring 2026

Maiz | Sub- 5% 15% 200
e Sahara %
n
Africa
Whea | Norther | 3% 10% 233
t n %
Europe
Rice Southe | 8% 18% 125
ast Asia %
Soyb | South 7% 14% 100
eans Americ %
a

Table 4. Crop Yield Losses Due to Pest
Infestations (2010-2020)

Table 4 illustrates that, the growing impact of pests
on crop yield losses in different regions. Between
2010 and 2020, pest infestations have caused
substantial increases in yield losses, with maize in
Sub-Saharan Africa seeing a 200% rise in annual
yield loss. As pests become more prevalent and
destructive, they reduce crop productivity, severely
affecting food security and the livelihoods of
farmers. This table highlights the regions and crops
most vulnerable to shifting pest pressures.
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Figure 5. Graphical Analysis of Crop Yield
Losses Due to Pest Infestations (2010-2020)

The ecological consequences of these shifting pest
populations are equally concerning. As pest
populations expand and grow, they disrupt the
delicate balance of ecosystems. The introduction of
invasive pest species into new environments can
outcompete native species, reduce biodiversity, and
destabilize ecosystems. The increased use of
pesticides to control these pests also has cascading
effects on ecosystems, harming beneficial organisms
such as natural predators of pests, pollinators, and
soil microbes (As demonstrated in the above Figure
5). This reduction in biodiversity further weakens
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the resilience of agricultural systems, making them
more vulnerable to future pest invasions and other
environmental stresses.

Region Average | Average | Increase
Pesticide | Pesticide | in
Use Use Pesticide
(kg/ha, (kg/ha, Use (%)
1990) 2020)

North 2.0 4.5 125%

America

Sub- 1.5 3.8 153%

Saharan

Africa

Southern | 2.5 5.0 100%

Europe

Southeast | 3.0 6.5 117%

Asia

Table 5. Increase in Pesticide Use Due to Higher
Pest Pressure

Table 5 illustrates that, the growing reliance on
pesticides to combat rising pest pressures due to
climate change. In regions such as Sub-Saharan
Africa, pesticide use has increased by over 150%
from 1990 to 2020. Farmers are using more
chemicals to protect their crops, but this increase
comes with economic and environmental costs,
including the risk of pesticide resistance and damage
to ecosystems. The data emphasizes the need for
more sustainable pest management approaches.
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Figure 6. Graphical Analysis of Increase in
Pesticide Use Due to Higher Pest Pressure

Despite these challenges, there is hope in the
development of sustainable pest management
strategies. Integrated Pest Management (IPM) is
emerging as a key approach to mitigating the effects
of shifting pest populations. IPM combines
biological control methods—such as the use of
natural predators or parasites of pests—with cultural
practices like crop rotation, habitat management,

Journal of Animal Environment, Vol. 18, No. 1s, Spring 2026

and the judicious use of chemical pesticides. This
holistic approach not only reduces the reliance on
harmful pesticides but also promotes the long-term
health of agricultural ecosystems. Advances in
technology, such as the use of drones and precision
agriculture tools, are improving pest monitoring and
control, allowing farmers to target pests more
effectively while minimizing environmental harm.
Breeding pest-resistant crop varieties is a critical
adaptation strategy for future pest challenges.
Advances in genetic research are enabling scientists
to develop crops that are more resilient to pest
damage (As demonstrated in the above Figure 6).
These crops, combined with sustainable agricultural
practices, offer a promising way to maintain
productivity in the face of increasing pest pressures.
The results demonstrate that global warming is
reshaping the pest landscape in ways that pose
significant threats to agriculture. The geographic
expansion of pests, coupled with their increased
survival and reproduction rates, is creating a perfect
storm for crop damage and economic losses.
However, through sustainable pest management
practices and technological innovation, it is possible
to mitigate these effects and build more resilient
agricultural systems. Addressing these challenges
will require a coordinated effort among farmers,
researchers, and policymakers to develop strategies
that are adaptable to the changing climate and
capable of protecting both food security and the
environment.

VI Conclusion

The shifting pest landscape driven by global
warming presents a growing challenge for global
agriculture. As temperatures rise, pests are
expanding their geographic range, surviving milder
winters, and reproducing at faster rates, leading to
increased crop damage and greater pressure on
livestock systems. The resulting economic burden
on farmers, especially in regions unaccustomed to
certain pests, is significant, with rising costs of pest
control and substantial yield losses affecting food
security and livelihoods. The increased use of
pesticides as a primary response to these challenges
is proving to be both economically unsustainable
and environmentally damaging. The escalation in
pesticide use also raises concerns about resistance,
which in turn requires stronger, more harmful
chemicals, creating a cycle that further disrupts
ecosystems and agricultural sustainability. Solutions
are emerging in the form of integrated pest
management (IPM) and the development of pest-
resistant crop varieties. These strategies offer a more
sustainable approach to pest control, aiming to
reduce pesticide use while protecting crop yields and
biodiversity. The future of agriculture in a warming
world will depend on how effectively these adaptive
measures are implemented, ensuring that food
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production systems remain resilient to the threats
posed by climate-driven pest dynamics.
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