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Abstract

Climate change has a profound impact on agricultural crops. It affects plant growth and metabolism,
water and nutrient availability, soil quality, and disease dynamics, as well as post-harvest storage.
These impacts contribute to significant economic losses. Agro-climatic zones vary in meteorological
conditions, leading to differences in common crops. As a result, the effects of climate change are more
pronounced in specific regions. Water scarcity poses the greatest threat in tropical zones, while shifts
in seasonal temperature patterns affect subtropical regions, and the introduction of new pests is a major
concern in temperate zones.
Keywords: climate change; agroclimatic zones; agricultural crops; temperature pattern
Introduction

Long-term alterations in global or regional climate patterns are known as climate change,
primarily caused by human activities, especially the release of greenhouse gases like carbon dioxide
(COz2), methane (CHa), and nitrous oxide (N20). These emissions stem from activities such as fossil
fuel combustion, deforestation, and industrial operations. Climate change has widespread effects,
including rising global temperatures, ice melt, sea level rise, extreme weather events, and shifting
rainfall patterns. Additionally, it leads to ocean acidification, biodiversity loss, health issues, and
economic damage due to infrastructure and agricultural decline.
Effects of climate change on agricultural crops

Crops are typically associated with specific climatic conditions. As a result, shifts in climate
patterns can disrupt the normal growth of crops in a given region and alter the types of crops that can

be cultivated there.
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Growth and Metabolic Processes:

Plant heat stress impacts various physiological functions, such as photosynthesis, pollination,
and overall metabolism. Elevated temperatures can interfere with enzyme activity and protein
production, resulting in diminished growth and productivity. Plants are particularly vulnerable to
heat stress during critical growth phases like flowering and fruit development, which can lead to
the loss of flowers and fruits, thereby reducing crop yields. Climate changes can also disrupt the
timing of flowering, fruiting, and harvesting seasons, potentially causing misalignments with
pollinators or other ecological partners, further impacting crop productivity and quality.

Pest and Disease Dynamics:

Climate change modifies the geographical distribution of pests and diseases, introducing new
challenges for crop protection. Some crops may become more vulnerable to emerging pests or
diseases due to changes in temperature and humidity, while others may experience a reduction in
existing threats. Favourable conditions for certain pests and diseases may arise, leading to
outbreaks and crop damage. Changes in temperature and precipitation patterns can result in rapid
pathogen spread and increased host susceptibility.

Water and Nutrient Availability:

Water stress in crops, caused by drought or waterlogging, can hinder nutrient uptake and result
in nutrient deficiencies or imbalances. Excessive rainfall or poor drainage can lead to
waterlogging, depriving plant roots of oxygen and causing root rot and stunted growth. Extreme
weather events, such as heavy rainfall or drought, can contribute to soil erosion, leading to nutrient
depletion and reduced soil fertility. In regions with limited water resources, high rates of
evapotranspiration under hot and dry conditions can exacerbate water scarcity and stress in crops.
Soil and Water Quality:

Rising sea levels and changes in precipitation patterns can result in saltwater intrusion in coastal
areas, affecting soil and groundwater quality. Increased salinity levels in irrigation water or soil
can cause salt stress in crops.

Post-harvest Storage:

Higher temperatures can complicate post-harvest storage, as they increase the likelihood of
insect infestations and mold growth. Crops stored outdoors or in protected but uncooled areas may
be particularly susceptible to spoilage.

Economic Implications:
Yield losses and post-harvest destruction of cereals due to climate change-related factors

impose financial burdens on farmers. Decreased crop yields, increased costs for pest and disease
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management, and losses during storage and transportation can significantly impact farmers'

incomes and livelihoods.

Some notable observations regarding climate change effect:

The Earth's surface temperature has consistently risen, with each of the past three decades
being warmer than any previous decade since 1850. This warming trend has led to several
significant impacts:

Reduced snow cover has affected river systems like the Ganges and Brahmaputra, which
rely on snow and glacial melt. Notably, melt water contributes to approximately 70% of
the Ganges' summer flow.

According to an estimate, a mere 1°C increase in temperature could result in a 4-5 million
tonne decrease in wheat production.

Sea level rise threatens one of the world's most densely populated coastlines, potentially
displacing residents, compromising freshwater resources, and damaging mangrove
ecosystems.

Research suggests that over half of India's forests may undergo shifts in forest types. This
change could negatively impact biodiversity, regional climate patterns, and the livelihoods

of those dependent on forest products.

Agro-climatic Zones

Agroclimatic zones are geographic regions characterized by specific climate conditions

suitable for certain types of agricultural activities. These zones consider factors such as temperature,

precipitation, humidity, and soil characteristics, which influence crop growth and livestock rearing.

Agroclimatic zoning assists farmers and policymakers in making informed decisions regarding crop

selection, land use, and agricultural practices.

Table 1: A comparison of meteorological aspects of different agro-climatic zones

Aspect

Tropical Regions Subtropical Regions Temperate Regions

Temperature | Consistently warm to | Warm  summers, mild | Four distinct seasons,

hot year-round (25°C | winters (exceeding 30°C / | warm to hot summers
to 35°C / 77°F to | 86°F in summers, rarely | (20°C to 30°C / 68°F
95°F) below freezing in winters) | to 86°F), cold winters

(below freezing)
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Humidity High humidity levels | Moderate to high | Varies widely,
(>60-70%) humidity levels generally lower than
tropical regions
Rainfall Wet and dry seasons, | Moderate to high rainfall, | Evenly distributed
heavy rainfall during | some regions with distinct | precipitation
wet season wet and dry seasons throughout the year,
varying levels across
regions
Storms Prone to tropical | Occasional tropical | Various weather
storms, hurricanes, | storms or hurricanes, less | phenomena like
and typhoons severe than  tropical | thunderstorms,
regions blizzards, etc.

Table 2: Some crops of different agro-climatic zones which are affected by climate change:

e Bananas?
o Coffee”

* Olives*
e Soyabean*»

e Cocoa (Cacao)*~

® Rice*~

e Wheat”?
e Corn (Maize)?

® Potatoes*”

* Price hike due to extreme weather events driven by climate change

~ Endangered due to climate change

Major Influence on different climatic zone crops & mitigation strategy:

Agro-climatic zones vary in meteorological conditions, leading to differences in common

crops. As a result, the effects of climate change are more pronounced in specific regions.

Tropical Crops:

Water deficits are the main climate-induced threat for tropical rainforests due to increased

evapotranspiration. Adaptation strategi involve development of drought resistant varieties.

Subtropical Crops:

Shifts in seasonal temperature patterns in subtropical regions impact crop yields by altering

flowering and pollination timing. Precipitation patterns are also affected. Adoption of climate resilient

varieties and water management is required.
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Temperate Crops:

Introduction of new pests and pathogen of crops in the temperate regions is the biggest threat
due to changing climate along with decrease in yield due to heat stress in plants. Adoption of heat-
resistant varieties is required along with pest management.

Conclusion

Climate change presents unique challenges to tropical, subtropical, and temperate crops.
Tropical crops are most affected by water scarcity, while subtropical crops face yield fluctuations due
to shifting temperatures. In temperate regions, the emergence of new pests poses a significant threat.
Implementing adaptation strategies such as developing drought-resistant varieties, cultivating climate-
resilient crops, and improving pest management is crucial for ensuring sustainable agriculture.
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