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ABSTRACT

Climate change threatens sustainable crop production and global food
security through rising temperatures, erratic rainfall, extreme weather
events, and changing pest and disease patterns. Its impacts vary with crop
species, growth stages, soil conditions, and management practices.
Although elevated atmospheric CO: may enhance photosynthesis and
water-use efficiency, these benefits are often constrained by heat, drought,
and nutrient limitations. Climate-resilient varieties, improved water
management, conservation agriculture, integrated nutrient management,
| agroforestry, precision agriculture, and weather-based advisories are
essential for reducing climate risks and strengthening agricultural
resilience and sustainability.
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INTRODUCTION

Agriculture is highly dependent on temperature, rainfall, solar radiation, soil moisture and other climatic
factors. Climate change is altering these factors at regional and global scales, creating new challenges for
crop production. The Food and Agriculture Organization (FAO) identifies increasing temperatures,
changing precipitation patterns and more frequent extreme events as major climate-related threats to
agricultural production. Recent research shows that climate impacts on crops are becoming increasingly
important because both average climatic conditions and extreme events influence crop growth. A 2025
global assessment found that warming is likely to reduce yields of several major crops by 2050 even

when adaptation is considered, demonstrating the need for accelerated climate adaptation in agriculture.
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EFFECTS OF CLIMATE CHANGE ON CROP PRODUCTION

1. Rising Temperature: Temperature is a critical factor controlling germination, crop development,
flowering, grain formation and maturity. Excessive temperature during sensitive growth stages can
reduce pollen viability, accelerate crop maturity and decrease grain filling. Wheat, maize and rice are
particularly vulnerable to heat stress during flowering and reproductive stages. Recent synthesis
research indicates that under severe climate change, major staple crops may experience substantial
yield losses without effective adaptation.

2. Changes in Rainfall and Water Availability: Climate change is modifying the timing, intensity and
distribution of rainfall. Prolonged dry periods can cause soil moisture deficiency and drought stress,
whereas intense rainfall can result in flooding, waterlogging, soil erosion and nutrient losses. Drought
is particularly important because even moderate water stress can reduce crop productivity before
visible symptoms of severe drought appear.

3. Extreme Weather Events: Heat waves, droughts, floods and storms can cause sudden and severe crop
losses. Compound heat and moisture extremes are particularly damaging because heat stress and
water stress can occur simultaneously. Such combined events have already been associated with
major yield losses in several agricultural regions, including India, Europe, the United States and other
major producing areas.

4. Pests, Diseases and Weeds: Changes in temperature and humidity can modify the geographical
distribution, reproduction and survival of agricultural pests and pathogens. Warmer conditions may
allow some pests to expand into new areas or produce more generations during a growing season.
Consequently, farmers may face increased pest-management costs and greater uncertainty in crop
protection.

5. Effects on Crop Quality and Food Security: Climate change affects not only yield but also crop
quality. Heat and water stress can alter grain composition, protein concentration, oil content and other
quality characteristics. Declining and increasingly variable crop production can increase food prices

and threaten food security, particularly among vulnerable farming communities.
POSITIVE AND NEGATIVE EFFECTS OF ELEVATED CO:

Increasing atmospheric CO: can enhance photosynthesis and water-use efficiency, particularly in C3
crops such as wheat and rice. However, the benefits of CO- fertilization are not sufficient to compensate

for all climate-related stresses. High temperature, drought and nutrient limitations can substantially
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reduce the potential benefits. C4 crops such as maize, millet and sorghum generally show smaller direct
CO: benefits than C3 crops.

ADAPTATION STRATEGIES FOR CLIMATE-RESILIENT CROP
PRODUCTION

Climate adaptation should combine genetic, agronomic, engineering and technological approaches.

Important strategies include:
o Development and adoption of heat-, drought- and flood-tolerant crop varieties.
o Adjustment of sowing dates and crop calendars according to changing climatic conditions.

o Efficient irrigation systems such as drip and sprinkler irrigation and improved irrigation

scheduling.
o Rainwater harvesting, farm ponds and watershed management to improve water availability.

o Conservation agriculture involving minimum soil disturbance, residue management and crop

rotation.
o Integrated nutrient management to improve soil health and nutrient-use efficiency.
o Agroforestry and diversified cropping systems to improve farm resilience.
o Use of weather forecasts and agro-advisories for timely farm-level decisions.

o Application of remote sensing, GIS, satellite data and precision agriculture for crop monitoring

and stress detection.

e Use of crop and climate models to identify vulnerable areas and develop location-specific

contingency plans.

FAQO's recent scientific assessment emphasizes the importance of integrating adaptation, mitigation and

sustainable agricultural practices in response to climate change.
FUTURE PERSPECTIVES

Future agricultural research should focus on integrating climate projections, crop modelling, remote
sensing, artificial intelligence and field observations. Location-specific climate-smart agriculture
strategies are particularly important because climate impacts differ substantially among crops and regions.

Combining improved genetics with efficient water and nutrient management can provide greater
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resilience than relying on a single adaptation measure. The development of digital agriculture and
satellite-based crop monitoring can further improve early detection of drought, heat stress and crop
damage. Such technologies can support timely irrigation, pest management and contingency planning,

particularly in climate-sensitive agricultural regions.
CONCLUSION

Climate change represents a significant and growing threat to crop productivity, agricultural sustainability
and food security. Rising temperatures, changing rainfall, drought, floods and extreme heat events can
reduce crop yields and increase production uncertainty. Although elevated CO. may provide some
benefits to selected crops, these advantages are often constrained by heat, drought, nutrient deficiencies
and other stresses. Climate-resilient agriculture therefore requires an integrated approach involving
improved crop varieties, efficient water management, conservation agriculture, diversified farming
systems, weather-based advisories, precision agriculture and advanced climate modelling. Greater
investment in climate-smart technologies, farmer capacity building and location-specific adaptation
strategies will be essential to maintain crop production and strengthen food security under future climate

conditions.
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