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limate change, driven by increasing greenhouse gas emissions, significantly affects soil
022550 systems by altering temperature regimes, precipitation patterns, and extreme weather
o events. These changes influence soil physical, chemical, and biological properties, thereby

o220K affecting soil fertility, crop productivity, and ecosystem sustainability. Rising temperatures
& accelerate organic matter decomposition, while erratic rainfall intensifies soil erosion,
@%ﬁ salinity, and nutrient leaching. This review synthesizes current scientific understanding of

&% climate-induced changes in soil properties and highlights adaptation and mitigation strategies
o for sustainable soil management.

Introduction
0o Climate change is one of the most critical environmental challenges of the 21st century,
o primarily caused by elevated concentrations of greenhouse gases such as CO2, CHa, and N:O.
w200 Soil plays a dual role in the climate system—it acts both as a source and sink of carbon.

& Changes in climatic variables such as temperature and precipitation directly affect soil

§5 processes including weathering, organic matter turnover, nutrient cycling, and microbial
&% activity. These changes have profound implications for agricultural productivity and
.. environmental sustainability.

&% . . .

b Impact on Soil Physical Properties

@2’22‘:}0 1. Soil Structure and Aggregation

Increased temperature accelerates organic matter decomposition
Loss of organic matter reduces soil aggregation stability
Leads to poor soil structure and compaction

ooz 2. Soil Moisture Regime
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o e Irregular rainfall patterns — droughts and floods
S Reduced water holdi ity in dry regi
@g%%n e Reduced water holding capacity in dry regions

Waterlogging in high rainfall areas

o825 3. Soil Erosion

Intense rainfall increases runoff and erosion

Wind erosion increases in arid and semi-arid regions (e.g., Rajasthan)

Loss of topsoil reduces fertility
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Qo S v Soil Degradaﬁon, Erosion & Drought Impact
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Impact on Soil Chemical Properties

1.Soil Organic Carbon (SOC)

« Rising temperatures increase decomposition rates

« Reduction in SOC leads to:

v Lower fertility

v Reduced cation exchange capacity (CEC)

v" Poor soil structure

2. Nutrient Availability

« Nitrogen losses due to volatilization and leaching
Phosphorus fixation increases under altered pH
Micronutrient imbalance (Zn, Fe deficiency)

. Soil pH and Salinity
Increased evapotranspiration leads to salt accumulation

« Salinity and alkalinity problems increase in irrigated regions

« Acidification may occur due to heavy rainfall and leaching

w

Impact on Soil Biological Properties

1. Microbial Activity

Temperature rise increases microbial respiration

e Short-term increase, long-term decline due to substrate depletion
2. Soil Biodiversity

Loss of microbial diversity under extreme conditions

Reduction in beneficial organisms (earthworms, fungi)

3. Enzyme Activities

« Changes in enzyme kinetics affecting nutrient cycling

Reduced efficiency of decomposition processes

Extreme Events and Soil Degradation
1. Drought

Reduced microbial activity

Soil hardening and cracking

Reduced nutrient diffusion

2. Flooding

Anaerobic conditions — denitrification

e Loss of nitrogen and soil structure

3. Desertification

« Expansion of arid zones

Decline in vegetation cover and soil fertility

Summary Table (Scientific View)

Soil Structure High temperature OM decomposition Poor aggregation
Soil Moisture Erratic rainfall Drought/flood Water imbalance
SOC Warming Faster decomposition Reduced fertility
Nitrogen Heavy rainfall Leaching/denitrification Nutrient loss
pH Rainfall & salts Acidification/salinization ~ Reduced availability
Microbial Activity Temperature rise Increased respiration Long-term decline
Nutrient Climate Effect Mechanism Impact on Crops
Nitrogen (N) High rainfall Leaching, denitrification Yield reduction
Phosphorus (P) pH change Fixation Low availability
Potassium (K) Erosion Loss of topsoil Reduced growth
Micronutrients Climate variability Imbalance Deficiency symptoms
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Indian Context S8
India is highly vulnerable to climate change impacts on soils due to its diverse agro-climatic 035%
conditions. Ery
e Indo-Gangetic plains — nutrient depletion and salinity i
e Rajasthan — desertification and wind erosion L
o Coastal areas — salinity intrusion g
Institutions like Indian Council of Agricultural Research are actively working on climate- Y]
resilient soil management practices. g
Adaptation and Mitigation Strategies 252,
1. Soil Management Practices 3%
« Conservation agriculture 2580
 Integrated nutrient management (INM) g
o Organic matter addition (FYM, compost, biochar) %g,?_@
2. Climate-Smart Practices T
e Agroforestry %2
« Cover cropping GXY
e Precision irrigation 950
3. Policy Measures g’
o Carbon sequestration incentives Qo0
o Climate-resilient agriculture programs @“;i{%@
o Sustainable land management policies 0

Conservation Agriculture & Residue Management

« inhibitipn of runoffuls"
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v Better aggregation
v High quality

organicmatter and

vGreater hydraulic -
conductivity — greater soil C stock
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Better root

v Nutrient recycling proliferation
and better availability
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1 Improving soil structure & moisture retention
[1 Increasing soil organic carbon (SOC)
(1 Reducing erosion
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Sustainable
d Production =
5 raditionahkagroforestry
extension activity,

C# Sustainable tree and crop species
intensification
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Enhances carbon sequestration
Agroforestry (Trees + Crops System) Improves biodiversity
Reduces temperature stress on soil
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Future Research Needs

e Long-term soil monitoring

« Remote sensing for soil health assessment
o Al-based prediction models

« Soil carbon modeling

Conclusion

Climate change significantly alters soil physical, chemical, and biological properties, leading
to soil degradation and reduced agricultural productivity. Sustainable soil management
practices and strong policy interventions are essential to mitigate these impacts. Enhancing
soil resilience through improved management practices can help maintain productivity and
environmental sustainability under changing climatic conditions.
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