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uﬁ}o India’s agriculture, a lifeline for 65-70% of its population, is highly vulnerable to the
escalating impacts of global warming. The global warming caused by emissions of

(S
Q@j}gw greenhouse gases (GHG) by industrialization, deforestation, and fossil fuel use, is altering
Ub rainfall patterns, increasing extreme weather events, particularly affecting crops, soils, and
ﬁw’g@ livestock. With India ranking third globally in GHG emissions, rising temperatures threaten
& food security through declining crop yields, soil degradation, pest outbreaks, and livestock
el distress. Studies show that cereal productivity may decline by up to 40% by 2100. While
AL elevated CO: offers short-term gains in crop growth, long-term effects are often negative due
. to nutrient deficiencies and heat stress. Climate-smart agriculture, renewable energy, and
&% targeted extension services can boost resilience and sustainability. India’s national and global
35} climate commitments, including the Paris Agreement and innovations like ICAR’s ‘Harit
ey Dhara,” show promise. Urgent, multidisciplinary efforts are essential to protect livelihoods
&%%93,_@ and secure India’s agricultural future.
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“7  Introduction
%0 The changing climate will have a significant impact on India's agriculture. Rising global
@ib@ temperatures indicate an important threat to both food security and rural livelihoods, as
. agriculture directly supports 65-70% of the population. The climate is changing, and its
C{i impacts are becoming more apparent in the way our crops grow, our soils react, and our

weather patterns develop.
What is Global Warming and Why Should India Care?

Global warming refers to the gradual increase in Earth’s average surface temperature, largely
due to the accumulation of greenhouse gases (GHGS) such as carbon dioxide (CO2), methane
(CHa4), and nitrous oxide (N:0). These gases trap heat in the atmosphere through, what’s
known as the greenhouse effect.

The mean surface temperature of the world has elevated by 0.7°C during the previous
50 years, as the frequency and intensity of catastrophic incidents have increased.
Furthermore, the gaseous makeup of the atmosphere has undergone a substantial change, N
primarily due to increasing emissions from industry, combustion of fossil fuels, extensive 0230600
forest clearing, and burning of biomass, which has gradually led to global warming. (Rana et .
al., 2016).

India ranks third in global GHG emissions, after China and the United States.
0226%0 Whereas economic growth has boosted industrial expansion, also accelerated environmental
: stress. India’s vulnerability to climate change is especially high because of its dependence on
monsoon rainfall and climate-sensitive sectors like farming, forestry, and fisheries.
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Greenhouse gas emission has been increased annually over the years. China recorded highest
greenhouse gas emission followed by USA and India ranks third as represented in the figure
1. The main activity sectors of greenhouse gas emission are namely power industry, industrial
combustion and processes, transport, buildings, agriculture, waste and fuel exploitation.

Fig. 1: Global GHG emission by different countries 2022
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Table 1: Concentration of GHGs in the atmosphere

Carbon dioxide (CO;) 385 ppm  417.95 ppm 1.6 64
Methane (CH,) 1797 ppb  1911.8 ppb 1.2 19
Nitrous oxide (N20) 320 ppb 334 ppb 0.9 6
CFC 0.18 ppb 0.24 ppb 3.0 11

Source: (Anon., 2024)

The table presents atmospheric concentrations of key greenhouse gases from 2008 to
2022, showing their growth and impact on climate change. Carbon dioxide (CO:) had the
highest concentration and contributed the most to global warming at 64%, with a steady
annual increase of 1.6%. Methane (CHa4) and nitrous oxide (N:0) also showed consistent
increases, contributing 19% and 6% to warming, respectively. Despite their lower
concentrations, both gases are potent in trapping heat. Chlorofluorocarbons (CFCs), though
present in minute amounts, showed the highest annual growth rate at 3% and contributed
11% to warming due to their high global warming potential. Overall, the data highlights the
ongoing rise in greenhouse gas emissions and their significant role in driving climate change.

Agriculture at Risk: The Growing List of Threats

India's agricultural system is especially sensitive to the impacts of climate change. The
effects manifest in various ways:

1. Heatwaves and Droughts: High temperatures during flowering and grain-filling stages
reduce crop yields. Droughts worsen water scarcity, impairing both irrigation and drinking
water supply.

2. Accelerated Soil Decomposition: Increased temperatures stimulate microbial activity in
soils, which speeds up the decomposition of organic matter. This affects soil health and
nutrient balance.

3. Weed Proliferation: Warmer climates promote weed growth, some of which are more
resilient than crops. This increases competition for resources and reduces yields.

4. Shorter Crop Durations: Rising temperatures hasten crop maturity, reducing the growing
period and yield potential, particularly in wheat and rice.
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5. Increased Pests and Diseases: Milder winters and warmer temperatures expand the
habitats and life cycles of many pests and pathogens.

6. Reduced Nutrient Use Efficiency: Higher temperatures speed up evapotranspiration,
reducing nutrient uptake and making fertilizers less effective.

7. Soil Degradation: Erosion, reduced fertility, and structural changes in the soil are
becoming more common due to erratic rainfall and extreme weather events.

8. Livestock and Fisheries Impact: Heat stress affects animal productivity and fertility,
while rising water temperatures disturb fish breeding and migration patterns.

The Yield Forecast: Bleak Numbers Ahead

e Cereal productivity could drop by 10-40% by 2100.

e Every 1°C rise in temperature could result in a 4-5-million-ton reduction in wheat
production.

e Water and feed needs for livestock will rise, while milk and meat production will likely
decline.

e Fisheries will suffer from warmer water temperatures and ocean acidification.

According to the Representative Concentration Pathway (RCP) 4.5 scenario, expected by

2040, India may witness an 18% reduction in kharif maize and 13% in potato yields, while

rabi maize might see some gains due to fewer cold spells.

Is Elevated CO: a Silver Lining?

Not entirely. While CO: fertilization may initially boost growth in C3 plants like rice and
wheat, the benefit is often offset by nutrient limitations, heat stress, and water shortages.
Elevated CO: can improve photosynthesis and water-use efficiency, but over time, these
gains plateau and even reverse. Moreover, soil nitrogen availability and plant nitrogen
content decline under elevated CO-, reducing grain quality.

Research Speaks: Findings from Indian Fields

A study by Gupta et al. (2021) found that rice fields in India contribute to 30% of global

methane and 11% of nitrous oxide emissions from agriculture. Fertilizer management plays a

crucial role:

e Optimized nitrogen uses in Haryana led to 46% reduction in N.O emissions.

e Using Azolla (an aquatic fern) with reduced urea doses in New Delhi cut CH4 by 19%
and N20 by 27%.

Another study by Pathak (2023) showed that climate-smart agriculture can increase crop

yields by 1 ton/ha and improve profits by up to 324,500/ha when adopting conservation

practices like permanent beds and crop diversification.

Role of Agricultural Extension: From Lab to Land

Extension services play a pivotal role in educating and equipping farmers with sustainable

strategies:

e Promote climate-smart agriculture (CSA), including drought-resistant crops, zero-tillage,
agroforestry, and biochar.

e Train farmers in organic residue composting, crop diversification, and water-saving
methods like System of Rice Intensification (SRI).

e Renewable energy use such as solar-powered irrigation and biogas plants reduces
dependency on fossil fuels.

e Awareness campaigns, integration into school curricula, and collaborative programs can
shift behaviour on a larger scale.

India and the Global Fight Against Warming

India has committed to several national and international initiatives:
National Strategies

> National Action Plan on Climate Change (NAPCC)

» Green India Mission
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» Soil Health Card Scheme

» Pradhan Mantri Krishi Sinchayee Yojana (PMKSY)

» Kyoto Protocol: Targeted reduction of key GHGs.

» Paris Agreement: Limit global warming below 2°C.

India pledged to

v Achieve 500 GW of non-fossil energy by 2030.

v Source 50% of energy needs from renewables by 2030.

v’ Reach net-zero emissions by 2070.

ICAR’s innovation like ‘Harit Dhara’, an anti-methanogenic feed supplement, cuts cattle
methane by 17-20% while improving milk yield.

Adapting to Change: What Farmers Are Doing

A study by Tulsi Bharadwaj et al. (2016) showed Indian farmers are already responding:
4+ 80% increased irrigation use.

+ 65% shifted to non-farm jobs.

+ 40% practice crop diversification.

+ 34% adopted Integrated Farming Systems.

However, challenges persist

e Lack of information on climate-resilient varieties.
¢ Inadequate knowledge about adaptation strategies.
e Limited financial resources and market access.

The Road Ahead

Global warming is not just an environmental issue—it’s a food security issue, a health issue,
and an economic one. India needs a multi-disciplinary approach involving plant breeders, soil
scientists, climate modelers, and policymakers. Continued investment in research,
technology, and farmer training is vital to build resilience.

Conclusion

Global warming is not just warming the planet—it’s shaking the very roots of Indian
agriculture. The time for action is now. By embracing sustainable farming, improving
extension systems, and aligning with global climate goals, India can mitigate the worst
effects and safeguard its farmers' future.
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