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Crop Production

INTRODUCTION
Climate change is now among the major challenges for

contemporary agricultural systems. Temperature increase,
unpredictability of rainfall, more drought and flood events,
and evolving patterns of pest and disease pose a threat to
global food production and farmer income. Agronomic
strategies that worked in relatively predictable climates may
no longer be sufficient in increasingly unpredictable
climates. Thus, there is a strong need for development of
climate-smart agronomy based on sustainable crop
management practices that can increase productivity,

strengthen resilience and mitigate GHG emissions.

Climate-Smart Agriculture
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To achieve all this, Climate-Smart
Agriculture advocates for the use of farmers’
local knowledge to ensure easy adoption.
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The concept of Climate-Smart Agriculture (CSA) was
developed to contribute in the efforts of meeting the need
for food security and adapting agricultural systems to climate
changes. CSA has three main goals:

1. Increasing productivity in a sustainable manner,

2. Enhancing resilience or adaptation to climate
change, and
3. Mitigatina  areenhouse  0gas emissions  from
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2. Climate Change and Its Impact on Crop

Production

The sensitivity of agriculture to climatic

fluctuations is relatively high as the growth,

phenology, and yield of crops are significantly

regulated by temperature, precipitation, and

solar radiation. These factors are being

modified by climate change, and agricultural

systems are increasingly under stress as a

result.

Major climate-related challenges affecting

crop production include:

e Temperature increase and heat stress on
flowering and grain filling.

e Unpredictable rainfall patterns, causing
drought or flooding.

e Greater incidence of pests and diseases if
conditions are favorable for pathogens.

e Soil erosion and nutrients leaching due to
extreme weather events.

e Water scarcity because of decreasing
groundwater and erratic monsoons.

3. Concept and Principles of Climate-Smart

Agronomy

Climate-smart agronomy is the use of farming

practices that enhance productivity, adapt to

climate change, and reduce environmental

impacts at the same time. It combines

ecological principles with modern

technologies to design sustainable crop

production systems.

Key principles include:

3.1 Sustainable Productivity

Agricultural management must increase crop

production without causing deterioration of
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the natural resource base. Sustainable
production maintains future food security in a
manner that preserves soil, water and
biodiversity.

3.2 Adaptation and Resilience

Resilient farming systems can endure climatic
shocks, such as drought, floods, or heat waves.
Crop diversification, stress-tolerant varieties,
soil management, and other practices enable
crops to cope with climate variability.

3.3 Climate Change Mitigation

Fertilizer application, soil disturbance, and
livestock activities are sources of greenhouse
gas emissions in agriculture. Practices
associated with climate-smart agriculture can
lead to emission reductions through increased
nutrient use efficiency, enhanced soil carbon
sequestration and reduced energy use.

3.4 Efficient Resource Use

Climate-smart agronomy also encourages the

efficient use of inputs such as water,
fertilizers, and energy to minimize
environmental footprints and enhance crop
productivity.
4. Major Climate-Smart Agronomy
Strategies

4.1 Conservation Agriculture

Conservation agriculture is a sustainable
farming system based on three key principles:
1. Minimal soil disturbance (no-till or

reduced tillage)

2. Permanent soil cover with crop residues
or cover crops

3. Crop diversification through rotations or
intercropping
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Benefits: intercropping, mixed cropping and multiple
e Improves soil structure and organic cropping. In these, rotation is most important
matter. for promoting soil health by enhancing soil

e Reduces soil erosion and water loss.
e Enhances soil microbial activity.
e Increases carbon sequestration in soils.

4.2 Crop Diversification and Crop Rotation

Crop diversification is the practice of growing
different crops or varieties of a crop in a farm
system that helps managing risks arising due
to climate fluctuations, environmental
stresses etc. It comprises crop rotation,

fertility, nutrient cycling, and disrupting pest
and disease cycles. Crop diversification
systems also enhance favorable soil microbial
activity and soil water holding capacity.
Literature demonstrates that crop
diversification contributes to the resilience of
farm productivity and is associated with co-
benefits such as the mitigation of greenhouse
gas emissions, thus a key measure for
sustainable and climate-resilient agriculture.

4.3 Climate-Resilient Crop Varieties

Breeding and utilization of climate-resilient
crop varieties is an important option for
adapting agriculture to the effects of climate
change. These are adapted/bred varieties that
are able to withstand certain environmental
stress like drought, heat, water logging,
salinity, pest or disease incidence. With
enhanced tolerance to such stresses, climate-
resilient crops are able to deliver stable yields
even in adverse environments. Modern plant

Crop rotation

Green manures
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Biofertilizers

/ Components of

%

Organic wastes/ crop residues

breeding, supported by advances in
biotechnology, is essential for development of
crop varieties that can cope with climate-
related stresses and maintain sustainable
production.

4.4 Integrated Nutrient Management (INM)
Integrated Nutrient Management combines

organic, inorganic, and biological nutrient
sources to improve soil fertility and crop
productivity. Key components include:
\\ Synthetic fertilizers
)
Organic manures
14
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e Soil testing for balanced fertilization

e Use of farmyard manure, compost, and
green manure

e Application of biofertilizers

o Efficient fertilizer management

This practice increases the soil organic matter,

promotes nutrient efficiency,

decreases nutrient loss to the environment.

stewardship

greenhouse gas emissions that result from

overapplication of fertilizers.

4.5 Efficient Water Management and

Climate-Smart Irrigation

Shortage of water is increasingly becoming a

limiting factor for crop production under the

changing climate scenarios. Climate-smart

irrigation practices increase the efficiency of

water usage and provide water to crops at

critical stages of crop growth. These practices

are to promote the use of drip and sprinkler

irrigation  system, rainwater harvesting,

deficit irrigation scheduling and use of mulch

for moisture conservation. These practices

contribute to more efficient water use, less

waste, and soil moisture retention. Thus,

through proper management of irrigation, it is

possible to reduce water in crop

production and at the same time maintain or

improve the crop yield,

conditions of limited water availability.

4.6 Agroforestry Systems

Agroforestry integrates trees with crops and

livestock in the same land management

system. Trees provide multiple ecological and

economic benefits, including:

e Carbon sequestration

e Soil fertility improvement

e Protection against wind and soil erosion

use and

Good nutrient also reduces

use

even under
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e Diversified income sources
4.7 Integrated Pest and
Management (IPM)

Climate change can increase pest and disease
outbreaks due to warmer temperatures and
changing Integrated  Pest
Management focuses on ecological approaches
to pest control, including:

Biological control agents

Cultural practices such as crop rotation

e Resistant varieties

e Judicious use of pesticides

IPM dependence on chemical
pesticides while maintaining crop
productivity and environmental sustainability.
4.8 Precision Agriculture and Digital
Technologies

The development of digital
technology is revolutionizing agricultural
science, turning farm management into an
efficient data-based activity. Precision
agriculture makes wuse of a variety of
technology, including remote sensing, GPS-
guided equipment, soil sensors, and artificial
intelligence and data analysis, to track crop
and soil conditions on a real-time basis. These
applications better input
utilization and optimization of such crucial
inputs as water, fertilizer and pesticides with
positive implications for efficient use of

Disease

ecosystems.

reduces

modern

contribute to

resources and a more sustainable
environment. Also, data-based advisory
systems offer farmers more accurate

recommendations on important management
practices such as time of planting, irrigation
schedules and pest control, contributing to
increased productivity and sustainability.

Table 1: Key Climate-Smart Agronomy Strategies for Resilient Crop Production

Strategy Key Practices

Benefits for Climate Resilience

Conservation Agriculture

No-till farming, residue retention, cover crops

Improves soil structure, reduces erosion, enhances carbon
sequestration

Crop Diversification

Crop rotation, intercropping, mixed cropping

Reduces climate risk, improves soil fertility, suppresses
pests

Climate-Resilient Varieties

Drought-tolerant, heat-tolerant, flood-resistant cultivars

Maintains yield stability under extreme weather

Integrated Nutrient Management

Organic manures, balanced fertilizers, biofertilizers

Enhances soil fertility and reduces environmental pollution

Climate-Smart Irrigation

Drip irrigation, rainwater harvesting, mulching

Increases water-use efficiency and drought tolerance

Agroforestry Trees integrated with crops

Enhances carbon sequestration and ecosystem stability

Integrated Pest Management

Biological control, resistant varieties, cultural practices

Reduces pesticide use and protects biodiversity

Precision Agriculture

Sensors, remote sensing, Al-based decision tools

Optimizes input use and improves productivity
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6. Benefits of Climate-Smart Agronomy

The benefits of practicing climate-smart

agriculture are: You thought yield was just a

yield? But climate-smart agronomic practices

lead to:

e Increased crop productivity and yield
stability

¢ Improved soil health and fertility

e Economical use of water and nutrients

e Lower greenhouse gas emissions

e Increased resistance to climatic stresses

e Sustainable management of resources

7. Challenges in Adoption

However, there are a number of limitations of

climate-smart agronomy, including:

e Farmers are unaware of it

e Advanced technologies are not readily
available

e Large upfront costs

e Extension services are weak

e Policy and institutional constraints

To contend with these issues, strong research-

extension linkages need to be established and

supportive policies developed, and capacity

building programs for farmers.

8. Future Perspectives

On the basis of climate-smart agronomy,

future agricultural systems will require the

incorporation of new technologies, including

artificial intelligence, climate forecast models

and big data analytics.

concentrate on developing landrace-based

climate resilient systems of cropping for the

Studies need to
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specific region and on sustainable
intensification.
National and international

collaboration as well as government policies
will be crucial in the further dissemination of
Improvement of
agricultural extension services and training of
farmers will have an impact in bringing the
climate-resilient approaches to a larger scale.

climate-smart agriculture.

CONCLUSION
Climate change is a major threat to
agricultural production and world food

security. Climate-smart agronomy provides a
physical basis for meeting these requirements
in sustainable farming systems by combining
best management practices, informed by
current scientific knowledge, with emerging
technologies. Approaches
conservation agriculture, crop diversification,
integrated nutrient management, climate-
efficient  irrigation,
agroforestry and precision farming among
others can improve the resilience of crop
production systems to a great extent.

These practices will allow farmers to
adapt to climate variability,
productivity, and contribute to environmental
sustainability. Hence, climate-smart agronomy
is the leeway for developing robust
agricultural systems which will be able to feed
an expanding world population under the
evolving climate scenario.

such as

resilient  varieties,

sustain
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