Biotica

Bio. Res. Today 2024, 6(4):180-183

Research Today E;

e-ISSN: 2582-6654
April, 2024

Article ID: RT1623 Popular Article

Harvesting Resilience: Navigating Climate Change Impact on

Agriculture

Bhabani Sankar Sahu, Abhijit Baidya, Roshan Kathar, Shaktikanta Jena and Jyoti Prakash Sahoo"

Faculty of Agriculture and Allied Sciences, C.V. Raman Global University, Bhubaneswar, Odisha (752 054), India

Open Access

Corresponding Author
Jyoti Prakash Sahoo
B<: jyotiprakash.sahoo@cgu-odisha.ac.in

Confilict of interests: The author has declared that no conflict
of interest exists.

How to cite this article?

Sahu, B.S., Baidya, A., Kathar, R., et al., 2024. Harvesting
Resilience: Navigating Climate Change Impact on Agriculture.
Biotica Research Today 6(4), 180-183.

Copyright: © 2024 Sahu et al. This is an open access article

Abstract

As climate change accelerates, its impacts on agriculture become increasingly
profound, posing significant challenges to global food security and rural
livelihoods. This paper describes the current state of affairs, offering insights
into how climate change is reshaping agricultural landscapes and practices.
Emphasizing the susceptibility of crops and agricultural systems to severe
weather conditions, water shortages and changing patterns of pests and
diseases, it stresses the critical need for prompt adaptation and mitigation
measures. By exploring innovative strategies and technologies, as well as the
implications of policy responses, this paper provides a roadmap for navigating
the complex intersection of climate change and agriculture. As we confront the
present realities and gaze into the future, understanding these implications is
paramount to building resilient and sustainable agricultural systems capable
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of withstanding the challenges ahead.
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Introduction

Climate change and agriculture are intricately linked
processes, unfolding globally with far-reaching implications.
Furthermore, alterations in the prevalence of pests and
diseases, coupled with fluctuations in atmospheric carbon
dioxide levels and ground-level ozone concentrations,
present extra hurdles to agricultural productivity (Correia
et al., 2024). These environmental changes also affect the
nutritional quality of certain foods and contribute to rising
sea levels, further complicating agricultural practices and
food systems. Low latitude countries, particularly vulnerable
to climate variations, face the imminent threat of reduced
crop yields and arable land loss (Barati et al., 2024).

Conversely, northern latitudes experience mixed outcomes,
with potential benefits or drawbacks contingent on local
conditions. Alarmingly, climate change heightens the risk of
food insecurity, especially among marginalized communities
such as the impoverished. Projections indicate significant
land area losses across continents, underscoring the urgent
need for concerted action to mitigate climate impacts and
safeguard global food security. Without proactive measures,
the looming specter of climate change threatens to unravel

Article History

RECEIVED on 11™ April 2024 RECEIVED in revised form 18" April 2024

agricultural systems and exacerbate socio-economic
disparities. The compounding effects of change in climate
coupled with the relentless expansion of global population
and income levels, pose a formidable threat to food security
worldwide. Agriculture, as the backbone of food production,
is exceptionally susceptible to the impacts of climate change
(Kunte and Bhat, 2024).

Furthermore, heat waves, intensified by climate change,
inflict severe heat stress on crops, particularly during
critical stages of their life cycle such as pollination or fruit
set. This can significantly curtail yields and exacerbate
yield variability, undermining agricultural productivity. The
physiological response of plants to heat stress, including
heightened transpiration rates leading to wilted foliage,
further compounds yield losses, unless offset by adequate
irrigation measures. However, the excessive rainfall
associated with climate change, often leading to flooding,
presents a contrasting challenge. Prolonged waterlogged
conditions suffocate plant roots, depriving them of oxygen
essential for respiration and nutrient uptake, ultimately
leading to crop failure and soil degradation (Kunte and
Bhat, 2024).
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The collective repercussions of these climate-induced
challenges on farming are anticipated to be overwhelmingly
negative, jeopardizing global food security. As climate change
disrupts traditional agricultural practices and exacerbates
production risks, vulnerable communities, particularly
those in poor countries and regions, are disproportionately
affected. Immediate measures are crucial to alleviate the
detrimental effects of climate change on agriculture. This
includes embracing climate-resilient farming techniques,
fostering investment in agricultural research and innovation
and uniting in global endeavors to curtail greenhouse gas
emissions (Kunte and Bhat, 2024). Failure to address these
pressing challenges threatens to unravel the intricate fabric
of global food systems, perpetuating cycles of hunger,
poverty and environmental degradation (Correia et al.,
2024).

Climate Change Affecting Agriculture

Climate change exerts diverse impacts on agriculture.
When temperatures exceed a certain threshold, crop yields
tend to decline as plants undergo faster development,
resulting in diminished grain production. Additionally,
rising temperatures disturb plants’ ability to absorb and
utilize moisture. Increased evaporation from the soil
and heightened transpiration lead to greater moisture
loss through the leaves. This phenomenon, known as
“evapotranspiration,” results from these combined effects.
Although global warming may lead to increased rainfall,
the net effect on water availability depends on the balance
between heightened evapotranspiration and increased
precipitation. Usually, the former scenario dominates.
However, an important factor in climate change, carbon
emissions, paradoxically aids agriculture by enhancing
photosynthesis in many key C, crops such as wheat, rice
and soybeans. Nevertheless, uncertainty persists within the
scientific community regarding the full extent of the benefits
of carbon fertilization (Correia et al., 2024).

Changes in Agricultural Productivity

Climate change has the capacity to modify growing
conditions for crops across diverse regions, potentially
affecting them positively or negatively. For example,
alterations in temperature, rainfall patterns and frost-free
periods are lengthening growing seasons in nearly all states.
Furthermore, air pollution, particularly ground-level ozone,
can adversely affect crops and plant life, resulting in reduced
photosynthesis, slower growth and increased susceptibility
to diseases. Additionally, climate change heightens the risk
of wildfires, presenting significant dangers to agricultural
lands, grasslands and rangelands. Changes in temperature
and precipitation patterns are expected to broaden the
prevalence and distribution of insects, weeds and diseases,
necessitating intensified efforts in weed and pest control
(Nazir et al., 2024).

Impacts to Soil and Water Resources

Projections indicate that climate change will increase the
frequency of intense precipitation events in the United
States, which poses risks to crops by causing soil erosion
and depleting soil nutrients. Heavy rainfall exacerbates

agricultural runoff into oceans, lakes and streams,
compromising water quality. Coupled with rising water
temperatures resulting from climate change, runoff
contributes to reduced oxygen levels in water bodies,
leading to a condition known as hypoxia. Hypoxia not only
threatens fish and shellfish populations but also disrupts
their access to food and habitat (Nazir et al., 2024). Here’s
a summary of the key issues.

Health Challenges to Agricultural Workers

e Occupational hazards: Agriculture is considered one of the
most hazardous occupations due to the risk of accidents and
exposure to harmful substances.

e Pesticide exposure: There’s a significant concern regarding
the misuse of pesticides and the lack of proper protective
measures.

e Heat strain and dehydration: High humidity, extreme
temperatures and intense physical labor without adequate
fluid intake put workers at risk.

® Healthcare access: Many agricultural workers face barriers
to healthcare, including prohibitive costs, shortage of
services and lack of culturally appropriate care.

Health Challenges to Livestock

e Disease vulnerability: Livestock are prone to diseases due
to factors like large populations, lack of awareness among
farmers and inadequate nutritional status.

e Infections: Common issues include Foot and Mouth
Disease, Haemorrhagic Septicemia and parasitic infestations.

e Environmental stress: Changes in climate and land use
can lead to the emergence of new diseases and affect the
health of livestock. Both agricultural workers and livestock
are essential to the agricultural industry and addressing
these health challenges is crucial for sustainable agriculture
and food security.

Impact on Pathogens

Climate change has a multifaceted impact on agricultural
pathogens, which can be both beneficial and detrimental to
crops (Nazir et al., 2024). Here’s a summary of the effects:

e Temperature changes: Increased temperatures can
accelerate the life cycles of certain pathogens, leading
to more frequent and severe infections. However, some
pathogens may be less virulent in warmer conditions.

o Altered rainfall patterns: Changes in moisture availability
caninfluence the spread of waterborne pathogens and affect
the efficacy of natural pest control methods.

* CO, concentration: Elevated levels of CO, can boost plant
growth and potentially increase the robustness of crops
against diseases, but they can also alter plant physiology in
ways that make them more susceptible to certain pathogens.

e Planting shifts in seasons: As farmers adjust planting times
in response to climate change, the synchrony between
crops and pathogens may be disrupted, potentially reducing
disease outbreaks.

e Geographical spread: Climate change can expand the
geographical range of pathogens, introducing diseases to
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previously unaffected areas and crops.

e Biodiversity loss: Reduced biodiversity due to climate
change can decrease ecosystem resilience, making crops
more vulnerable to diseases.

e Adaptive farming practices: Farmers are adapting to
these changes by developing resistant crop varieties,
altering planting schedules and employing integrated pest
management strategies to mitigate the impacts of climate-
friendly pathogens.

Industrial Wastage

Industrial waste has a significant impact on climate change,
contributing to the overall greenhouse gas emissions that
drive global warming (Nazir et al., 2024). Here’s a breakdown
of how industrial wastage affects climate change:

e Energy Production: The energy industry, particularly
those that use fossil fuels like coal, oil and gas, is a major
contributor to climate change. These fuels have a large
carbon footprint and coal-fired plants are linked to extreme
weather events due to their high emissions.

e Metal works and Concrete Production: The production
of metals such as iron, steel and aluminum, as well as
concrete, is responsible for over 5% of all greenhouse gas
emissions. This is due to the combustion of fossil fuels
required to heat materials to very high temperatures during
the manufacturing process.

e Transportation: The transportation industry, especially
road transport, contributes an estimated 14.3% of all
greenhouse gas emissions. Passenger vehicles are a
significant source of these emissions, affecting local air
quality and contributing to climate change.

e Agriculture: Farming, particularly livestock and dairy
cattle rearing, generates a substantial amount of methane,
a potent greenhouse gas. Agriculture is estimated to be
responsible for 13.8% of greenhouse gas emissions annually.

e Waste Industry: The anaerobic decomposition of organic
materials in landfills produces methane, a short-lived but
highly potent greenhouse gas. Reducing methane emissions
from landfills is a critical step in addressing climate change.

e Resource Extraction and Processing: The extraction and
processing of materials, fuels and food account for up to
half of global greenhouse gas emissions. Strategies like
reducing, reusing, recycling and composting can mitigate
the environmental impact of goods.

Weed Problem

The impact of climate change on weed problems in
agriculture is multifaceted and significant (Nazir et al., 2024).
Here’s a summary of the key points:

e Changes in Weed Flora: Climate change has triggered
alterations in the weed composition of arable ecosystems,
resulting in a proliferation of thermophilic weeds, late-
emerging varieties and certain opportunistic species.

e Shifting Ranges: Weeds are undergoing shifts in their
distribution across landscapes due to changing environmental
conditions, such as fluctuations in temperature and
precipitation.

e Niche Adjustments: At the community level, there are
shifts in ecological niches that impact the makeup of arable
weed species.

e Trait Modifications: Individual weed species are undergoing
changes in their characteristics at the population level, which
can affect their distribution and potential for causing harm.

e Challenges in Management: The evolving climate
influences the diversity, establishment and management
of weeds, posing challenges in controlling these unwanted
plants due to their high adaptability.

* Increased Pesticide Usage: Elevated temperatures,
increased precipitation and higher levels of CO, promote the
growth of many weeds, leading to an expected expansion
in their ranges and distributions. This could necessitate a
greater need for weed and pest control measures, including
heightened pesticide application.

Global Warming and Agriculture

The impact of climate change on global warming is profound
and multifaceted. Climate change, largely driven by human
activities, is causing global temperatures to rise, leading to
a cascade of environmental changes and challenges (Nazir
et al., 2024). Here are some key points on the impact of
climate change on global warming:

e Human Influence: The escalation in global average surface
temperature is chiefly attributed to greenhouse gases
emitted by human activities.

e Irreversible Effects: Certain consequences of climate
change, such as the depletion of sea ice, accelerated
sea level rise and heightened heat waves, are presently
unfolding and are irreversible within the lifetimes of current
generations.

e future Projections: Scientists forecast that global
temperatures will persist in rising, resulting in increased
damage from severe weather events, more frequent
wildfires, prolonged periods of drought and heightened
intensity and precipitation from tropical cyclones.

e Societal and Ecological Impacts: Substantial damage
may occur if the global average temperature exceeds a
2 °C (3.6 °F) increase, including heightened extinction
rates of numerous plant and animal species, alterations in
agricultural patterns and rising sea levels.

e Mitigation and Adaptation: The severity of climate change
effects will hinge upon the trajectory of future human
activities, encompassing measures to mitigate (reduce
severity) and adapt to these changes.

Furthermore, a study aimed to assess the impact of global
warming on agriculture through an integration of climate
science with agronomy and economic models (Nazir et al.,
2024). Six prominent climate models provided projections
of future changes in temperature and precipitation at a
detailed scale. These projections, combined with current
climate data, formed a consensus climate projection.
Economic models were then utilized to estimate yield
impacts, which were aggregated at country and regional
levels (Galbreath et al., 2024).
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The consensus among the six models suggests that a
doubling of atmospheric carbon concentration would lead to
a warming of 3.3 °C, closely aligning with the IPCC’s climate
sensitivity estimate. Baseline emissions projections from the
IPCC’s Third Assessment Review were employed, forecasting
asignificant increase in carbon emissions by 2050 and 2100.
By 2085, atmospheric carbon dioxide concentrations could
potentially reach 735 ppm (Figure 1). The study divided
the globe into 116 countries and regions. By the 2080s,
the models project an average surface temperature rise of
approximately 5 °C over land areas and about 4.4 °C over
farm areas, with precipitation increasing by approximately
3%. Land areas experience greater warming compared to
oceans, contributing to the higher temperature escalation
(Figure 1) (Galbreath et al., 2024).
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Figure 1: Climate change affecting agriculture (Galbreath et
al., 2024)

Conclusion

The impact of climate change on agriculture is profound and
urgent. From changing precipitation patterns to increasing
frequency of extreme weather events, agricultural systems

face unprecedented challenges that threaten global food
security. However, by embracing adaptive strategies such as
promoting resilient crop varieties, implementing sustainable
land management practices and investing in climate-
smart technologies, coupled with policies that incentivize
sustainable agriculture and international cooperation,
we can mitigate these impacts and build resilience in the
agricultural sector. Addressing climate change’s impact on
agriculture is not just an environmental imperative but also
a moral and economic imperative to ensure food security,
alleviate poverty and foster sustainable development
globally.
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