Review Article

Soil Management Practices to Enhance Carbon Sequestration Rates- A review

Abstract

Keywords: Agroforestry, Climate-Adaptation, Sustainability, Carbon-Sequestration, Soil-Health

Introduction

Carbon sequestration is a naturally occurring process by which carbon dioxide (CO,) is removed
from the atmosphere and stored in the Earth's carbon pools, including forests, oceans, and soil
[1]. The importance of carbon sequestration lies in its potential to mitigate the effects of climate
change by reducing the atmospheric concentration of CO,, a major greenhouse gas (GHG)
contributing to global warming [2].The soil acts as a significant carbon sink with the capacity to
hold three times more carbon than the atmosphere and four times that of the biota [3]. Soil
carbon sequestration occurs when CO; is absorbed by plants through photosynthesis and then
transferred to the soil through root biomass and litterfall, where it is stored as soil organic carbon



(SOC) [4].Agricultural practices and land use changes profoundly influence the flux of carbon,
which can be quantified as the exchange of carbon between the soil and the atmosphere [5].
While natural ecosystems typically act as carbon sinks, agricultural activities, especially those
involving soil tillage, can convert these sinks into sources of carbon emissions [6]. Tillage
accelerates the decomposition of organic matter, thereby releasing CO,, while practices such as
deforestation for agricultural expansion lead to significant carbon losses [7].The review aims to
delve into the nuances of soil management practices that enhance the rates of carbon
sequestration, underscoring the potential of well-managed soils to serve as effective carbon sinks
and thus, play a crucial role in climate change mitigation. The scope of the review extends to
examining various soil management strategies, the factors influencing SOC dynamics, and the
challenges and advancements in the monitoring and promotion of soil carbon
sequestration.Through this comprehensive review, a detailed examination of the effects of
diverse agricultural practices and land use on carbon flux is conducted, drawing on the latest
research and findings from scientific studies. The role of soil as a carbon sink is explored in
depth, acknowledging the myriad of factors that impact its capacity to sequester carbon, such as
soil type, climate, land use, and management practices [8].The review also offers an overview of
the existing policies, economic incentives, and technological advancements that support
sustainable soil management, thereby facilitating enhanced rates of carbon sequestration. It
highlights the significance of adopting soil conservation practices that are not only
environmentally sustainable but also economically viable for farmers and land managers [9].
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Image 1:Soil Carbon Storage [10]
Fundamentals of Soil Carbon Sequestration

Understanding the fundamentals of soil carbon sequestration necessitates a grasp of the basic
concepts and terminology pertinent to the domain, the dynamics of soil organic matter (SOM),



the multifaceted factors that affect carbon sequestration in soil, and the varied methods for
measuring soil carbon stocks. Herein, each of these components is explored in depth to elucidate
the foundational principles governing soil carbon sequestration.Soil carbon sequestration can be
described as the process by which atmospheric carbon dioxide is captured by plants through
photosynthesis and subsequently stored as carbon in the soil in the form of SOM [11]. The
process of carbon sequestration involves several key steps, including the assimilation of CO; by
plants, the incorporation of the carbon into plant tissue, and the transfer of detritus and root
biomass into the soil, which through microbial action, becomes stabilized as SOM [12].Carbon
sequestration is not a singular phenomenon but rather a subset of the broader carbon cycle, which
includes various carbon pools and fluxes. The principal pools include the atmosphere, biosphere,
oceans, and terrestrial ecosystems, with soils being the largest terrestrial pool [13]. The fluxes
represent the movement of carbon between these pools via processes such as respiration,
decomposition, and combustion [14].

Soil Organic Matter Dynamics

SOM is composed of plant and animal residues at various stages of decomposition, cells and
tissues of soil organisms, and substances synthesized by soil organisms [15]. The dynamics of
SOM are a product of the balance between the input of organic carbon to the soil and its loss
through decomposition, erosion, and leaching [16].Carbon enters the soil organic pool through
litter fall, root turnover, and microbial biomass turnover. The stabilization of organic carbon in
soils is facilitated by its interaction with soil minerals, physical protection within soil aggregates,
and chemical recalcitrance [17]. The stability and persistence of SOM are critical for carbon
sequestration as they determine how long carbon remains sequestered in the soil.
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Image 2:The role of soil and its management in moderating the global carbon cycle (adapted
from [18]).

Factors Affecting Carbon Sequestration in Soil

Numerous factors influence the capacity of soils to sequester carbon, including climate, soil
texture, soil structure, soil type, land use, vegetation type, and management practices [19].
Climate affects decomposition rates and biomass production, thereby influencing carbon inputs
and outputs [20]. Soil texture and structure affect the soil’s capacity to protect organic matter
from decomposition, with fine-textured soils generally having greater potential for carbon
sequestration [21].Land use changes, such as deforestation or conversion of grasslands to
croplands, usually result in the depletion of soil carbon stocks. Conversely, land management
practices that restore vegetation, improve soil fertility, and reduce erosion are known to enhance
carbon sequestration [22].

Methods for Measuring Soil Carbon Stocks



Assessing soil carbon stocks and the rate of carbon sequestration is vital for understanding the
potential of soils to mitigate climate change and for informing land management decisions [23].
The most common method of measuring soil carbon stocks is by direct sampling and laboratory
analysis, which provides the total carbon content of soil samples at various depths [24]. This
approach, while accurate, can be labor-intensive and costly, especially for larger-scale
assessments.Remote sensing technologies, coupled with geographic information systems (GIS),
offer a promising alternative for estimating soil carbon stocks over extensive areas [25]. These
methods involve using satellite or aerial imagery to derive vegetation indices that are correlated
with above-ground biomass and, by extension, with soil carbon content.Additionally, soil carbon
models have been developed to predict changes in carbon stocks under different scenarios. These
models range from simple empirical models to more complex process-based models that
simulate the biological, chemical, and physical processes affecting carbon dynamics in soils [26].

Table 1:Analysis of Methods for Measuring Soil Carbon Stocks [27]

Method Description Advantages Disadvantages
Dry Combustion Soil is oven-dried, ground, and Highly accurate; Requires expensive
(Elemental combusted to measure CO, provides total carbon | equipment; destroys soil
Analysis) release. The CO, is quantified, content. samples.
which correlates to soil carbon
content.
Wet Oxidation This chemical method oxidizes Less expensive Can underestimate soil
(Walkley-Black soil organic matter using equipment; well- carbon; involves
Method) potassium dichromate, which is established method. hazardous chemicals.

then titrated to determine carbon
content.

Near-Infrared

Uses the absorbance of NIR

Non-destructive; rapid

Calibration is required;

Spectroscopy light by organic matter to analysis of multiple less accurate for soils
(NIRS) estimate carbon content. samples. with low organic carbon.
Laser-Induced A laser pulse is used to create a Rapid; can detect Complex calibration;
Breakdown plasma on the soil surface, and multiple elements high initial equipment
Spectroscopy the light emitted is analyzed to simultaneously. cost.
(LIBS) determine carbon content.
Soil Gas Flux Measures the amount of CO, or | Can measure changes Requires long-term
Measurement other greenhouse gases emitted over time; non- monitoring; influenced

from the soil to estimate carbon
levels.

destructive.

by environmental
factors.

Isotopic Analysis
(13C/12C Ratio)

Measures the ratio of stable
isotopes to infer the dynamics of
soil organic carbon.

Can differentiate
between sources of
carbon.

Requires specialized
equipment; more
complex analysis.

Soil Core Sampling

Direct physical extraction of soil
cores, which are then dried and
weighed to estimate carbon
density.

Direct measurement;
can profile carbon at
different depths.

Labor-intensive; may
require large number of
samples for accuracy.

Remote Sensing
and Modeling

Uses satellite or aerial imagery
combined with models to
estimate soil carbon at a larger

Can cover large areas;
useful for monitoring
over time.

Indirect method;
requires calibration with
ground-truth data.
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3. Soil Management Practices

Soil management practices encompass a suite of techniques and strategies aimed at enhancing
soil fertility, structure, water retention, and overall health. These practices are also integral to soil
carbon sequestration, a critical ecosystem service that contributes to mitigating climate change
by capturing atmospheric carbon dioxide and storing it in the soil. In this detailed exploration,
we discuss various soil management practices, focusing on no-till farming and crop rotation, and
their effects on soil structure, carbon storage, and overall soil health, substantiated by case
studies and research findings.
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Image 3: Agronomics measures and soil carbon Sequestration [28]
3.1 No-Till Farming

No-till farming is a cultivation technique where the soil is not disturbed by plowing or turning.
Instead, seeds are directly drilled into the soil, and residues from previous crops are left on the
field to decompose naturally [29]. This practice contrasts with conventional tillage, which often
involves multiple passes with a plow to prepare the seedbed, control weeds, and incorporate
residues.



Impact on Soil Structure and Carbon Storage

No-till farming can significantly impact soil structure and carbon storage. By avoiding tillage,
the soil retains its natural stratification and aggregate stability, which is essential for good
aeration, water infiltration, and root development [30]. As soil aggregates are not broken down
through tillage, the organic carbon sequestered within them is less susceptible to oxidation and
subsequent release as CO; [31].

A meta-analysis by Wanget al. [32] indicated that no-till could increase soil carbon stocks by an
average of 0.57 Mg C ha™ yr in the top 30 cm of soil. The increase in carbon storage is due to
both a reduction in the decomposition rate of soil organic matter and an increase in the input of
plant residues to the soil surface.

Case Studies and Research Findings

Case studies from across the globe illustrate the benefits of no-till farming for carbon
sequestration. In the Great Plains of the United States, no-till practices, coupled with cover
cropping, have been shown to sequester up to 1.2 Mg C ha™ yr* [33]. Similarly, research from
Brazil's Cerrado region indicates that no-till systems can accumulate soil carbon at rates of 0.4 to
0.6 Mg C ha™* yr [34]. These increases in soil carbon under no-till farming are also associated
with co-benefits such as reduced soil erosion and improved biodiversity [35].

3.2 Crop Rotation and Diversity

Crop rotation is the practice of growing different types of crops in succession on the same land to
improve soil health and reduce the risk of pests and diseases. The principle underlying crop
rotation is that different crops have varying nutrient requirements and rooting patterns, which,
when altered over time, can prevent the depletion of specific soil nutrients and interrupt the life
cycles of pests and diseases [36].

Benefits for Soil Health and Carbon Sequestration

Crop rotation can enhance soil health and carbon sequestration in several ways. By varying crop
types, soil biodiversity is promoted, which can increase the decomposition of organic matter and
subsequent humification, leading to more stable forms of soil carbon [37]. Legumes, often
included in crop rotations, fix atmospheric nitrogen, thereby enriching soil fertility and
potentially increasing biomass production and residue inputs to the soil, which can enhance
carbon storage [38].A study by Liu et al. [39] demonstrated that diversifying crop rotations
increased soil organic carbon by as much as 8.5% over a 12-year period in comparison to
monoculture rotations. This was attributed to the increased residue inputs and varied root
structures that provided more substrates for soil microorganisms and improved soil aggregate
stability.Effective crop rotation systems are those that maximize the benefits of diversity while
meeting the economic needs of farmers. In the Midwest United States, a corn-soybean-wheat



rotation with cover crops has been shown to be effective in enhancing soil carbon sequestration
[40]. In Europe, rotations that include deep-rooting crops like alfalfa have been found to increase
soil carbon stocks in the subsoil layers [41].

Organic Amendments

Compost is an organic amendment produced from the aerobic decomposition of a diverse mix of
organic materials, including yard trimmings, food waste, and manures. As an amendment,
compost is valued for its ability to improve soil structure, water holding capacity, and fertility. Its
application leads to an increase in soil organic matter content, a key factor in carbon
sequestration. Compost introduces stable organic compounds into the soil matrix, providing a
carbon-rich food source for soil microorganisms, which, through their metabolic processes,
convert organic materials into humus, a stable form of soil organic carbon (SOC) [42].Biochar is
another type of organic amendment produced through pyrolysis, a process of thermal
decomposition of organic material at high temperatures in the absence of oxygen. This process
creates a carbon-rich product that can persist in the soil for hundreds to thousands of years, hence
providing a long-term carbon sequestration solution. Biochar's effects on carbon sequestration
are twofold. Its inherent stability in the soil means that it does not decompose rapidly, thereby
sequestering carbon directly. Additionally, biochar influences the soil's physical and chemical
properties, improving soil aggregation and porosity, which indirectly supports the stabilization of
additional SOC by enhancing the physical protection of soil organic matter and promoting
conditions conducive to increased microbial activity [43].Manure, derived from animal excreta,
often combined with bedding materials, is a traditional soil amendment that supplies not only
organic carbon but also nutrients, particularly nitrogen, phosphorus, and potassium. Manure
improves soil structure, increases water retention, and fosters microbial activity. The organic
carbon present in manure can be converted into SOC, which contributes to the humus pool
within the soil. This is particularly effective when manure is applied in conjunction with
conservation tillage practices, which limit the disturbance of soil and protect SOC from oxidative
losses [44].

The enhancement of carbon sequestration by these organic amendments occurs through several
mechanisms. They provide substrates for soil microbial growth, leading to an increase in
microbial biomass carbon, a component of SOC. These amendments also stimulate the formation
of soil aggregates, within which SOC can be physically protected from decomposition. The
addition of organic amendments can stimulate plant growth, leading to increased root biomass
and exudates, both of which are sources of SOC [45].The methods and rates of application for
these organic amendments are critical factors in maximizing their benefits for carbon
sequestration. Compost and manure are commonly applied to the soil surface and then
incorporated into the soil by tillage or can be applied directly to the soil as a mulch. Application
rates for compost and manure typically range from 1 to 10 metric tons per hectare, depending on
the nutrient content of the amendment and the nutrient requirements of the crop [46]. Excessive
application must be avoided to prevent nutrient runoff and potential negative environmental



impacts.Biochar application rates are typically lower than those for compost and manure, often
ranging from 0.5 to 3 metric tons per hectare. The lower rate reflects biochar's high carbon
content and its persistence in the soil. Application methods for biochar include broadcasting over
the soil surface followed by incorporation, or direct application to the soil at the time of planting.
The specific rate of application depends on the desired effects on soil properties and the initial
soil conditions. Rates and methods of application can be adjusted based on local conditions, crop
requirements, and specific management objectives [47].The use of organic amendments is a
practice steeped in both tradition and innovation. While the application of manure to soils is a
practice that dates back to the beginning of agriculture, the scientific understanding of how such
amendments affect soil carbon stocks has greatly advanced. Current practices emphasize not
only the benefits to crop productivity but also the potential of these amendments to act as tools
for climate change mitigation. This dual role is central to the value proposition of organic
amendments in sustainable agriculture. The continuing evolution of application technologies and
the expanding scientific knowledge base enable more precise management of these amendments,
enhancing their environmental benefits while minimizing any potential adverse effects.

3.4 Cover Cropping

Cover cropping is a pivotal soil management practice with significant implications for enhancing
soil carbon sequestration. Cover crops are planted not primarily for harvest, but to cover the soil,
thereby offering numerous benefits such as reducing erosion, improving soil health, and
increasing soil organic carbon stocks.Cover crops encompass a broad array of species, each with
unique benefits and adaptabilities to different climatic and soil conditions. Leguminous cover
crops, like clovers (Trifolium spp.) and vetches (Vicia spp.), are valued for their nitrogen-fixing
capabilities, contributing to soil fertility. Non-leguminous cover crops, such as rye (Secale
cereale) and oats (Avena sativa), are often chosen for their rapid growth, which quickly provides
soil cover and biomass. Brassicas, like radishes (Raphanus sativus) and mustards (Brassica spp.),
are noted for their deep rooting, which can improve soil structure and break up compacted layers
[48].

Role in Protecting Soil and Adding Organic Carbon

Cover crops enhance the protection of soil and the addition of organic carbon in multiple ways.
Their foliage provides a physical barrier against the impact of raindrops, reducing erosion and
the loss of topsoil. The roots of cover crops stabilize soil aggregates, and upon decomposition,
contribute organic matter and thus, carbon to the soil. This process enriches the soil with humic
substances, increases the microbial biomass, and consequently, the soil carbon pool [49].

3.5 Integration with Other Farming Practices

The integration of cover crops with other farming practices is central to maximizing their
benefits. In conservation tillage systems, cover crops are left on the soil surface as a mulch after
they die, which can conserve moisture and further protect the soil from erosion. When used in



rotation with cash crops, cover crops can break disease cycles and reduce pest populations, while
also enhancing the diversity of plant species and the structure of the agroecosystem, leading to
more resilient farming systems [50].Agroforestry, the practice of integrating woody perennials
with agricultural crops, offers a sustainable approach to land management that can significantly
impact below-ground carbon storage.The concept of agroforestry entails the strategic use of trees
and shrubs in agricultural landscapes to create systems where the agricultural and ecological
benefits of both are optimized. Trees provide shade, shelter, and habitat for diverse fauna,
contribute to the cycling of nutrients, and enhance the aesthetic and economic value of the land.
Agroforestry systems can be designed to produce fruits, nuts, timber, and fodder, in addition to
the traditional agricultural products, diversifying farmer income and reducing risks associated
with market and climate fluctuations [51].The root systems of trees are extensive and often
penetrate deeper soil layers than agricultural crops, which leads to the input of organic materials
into the subsoil. This can result in significant below-ground carbon storage, as the organic matter
in deeper soil layers is less subject to decomposition and can thus remain sequestered for longer
periods. Additionally, the leaf litter and woody debris from trees contribute to the surface
accumulation of organic matter, further enhancing soil carbon stocks [52].

4. Challenges and Limitations

Implementing soil carbon sequestration practices is fraught with challenges and limitations that
span technical, socioeconomic, and environmental domains. These challenges are crucial to
address for the successful mitigation of climate change impacts through improved soil
management.Technical difficulties are often the first set of barriers encountered when initiating
soil carbon sequestration practices. The complexity of soil systems, variability in soil types, and
regional climatic conditions pose significant hurdles to the standardized implementation of these
practices. For example, no-till farming requires specialized equipment and understanding of local
soil conditions to be successful, which can be a significant barrier, particularly for resource-poor
farmers [53]. Practices such as biochar application or agroforestry necessitate a detailed
understanding of carbon dynamics, as well as the interaction of organic amendments with soil
biota, which can vary widely from one ecosystem to another [54].

Socioeconomic Barriers

The adoption of soil carbon sequestration practices is not only a matter of technical feasibility
but also of socioeconomic viability. Farmers, particularly in developing nations, face financial
constraints that impede their capacity to switch to new practices that may require upfront
investment with long-term benefits that do not align with immediate economic pressures [55].
There's also the challenge of land tenure and ownership rights; without secure land tenure,
farmers have little incentive to invest in long-term soil health [56].

Environmental Trade-offs and Considerations



While the primary goal of soil carbon sequestration practices is environmental improvement,
they may also pose certain trade-offs. For instance, increased biomass production for carbon
sequestration can lead to higher water use, potentially stressing local water resources [57]. The
application of organic amendments might also result in trade-offs between carbon sequestration
and emissions of other greenhouse gases such as nitrous oxide, a potent greenhouse gas [58].

Data Gaps in Research

Despite growing literature on soil carbon sequestration, significant data gaps remain, particularly
in understanding the long-term stability of sequestered carbon and the scalability of successful
case studies across different agroecological zones [59]. There is a pressing need for long-term,
large-scale studies that track carbon sequestration over decades to better understand the potential
of these practices to contribute to climate change mitigation [60].

5. Technological Advancements in Monitoring Carbon Sequestration

Monitoring carbon sequestration is critical for understanding and managing the role of soil in
mitigating climate change. Technological advancements in this field are rapidly evolving,
offering more precise and efficient methods for assessing how much carbon is being captured
and stored in soils.

Remote Sensing and GIS Applications

Remote sensing technologies, utilizing satellite and aerial imagery, have significantly improved
our ability to monitor vegetation and soil characteristics over large areas. These technologies
allow for the assessment of above-ground biomass, which is closely linked to below-ground
carbon levels. GIS applications further enhance this capability by providing tools for spatial
analysis and modeling, integrating various data sources to assess carbon sequestration across
landscapes [61].The Normalized Difference Vegetation Index (NDVI), derived from remote
sensing data, is one widely used indicator of plant biomass and health, correlating positively with
the amount of carbon sequestered in vegetation and, by extension, potentially in soils [62].
Advancements in hyperspectral imaging now allow for even finer detection of plant species and
conditions, which can be related to different rates of carbon sequestration [63].

Soil Carbon Models and Their Accuracy

Soil carbon models are essential tools for predicting soil carbon dynamics and understanding the
potential for carbon sequestration under different land management scenarios. Models such as
CENTURY, RothC, and DNDC have been developed to simulate soil carbon turnover and are
constantly being refined for accuracy [64].These models require calibration and validation
against field data to be accurate. The uncertainties in these models are often associated with the
complexity of soil carbon processes and variability in environmental conditions [65]. Despite



these challenges, advancements in machine learning and data assimilation techniques are helping
to improve the predictive capabilities of these models [66].

Innovations in Direct Soil Carbon Measurement

Direct soil carbon measurement techniques are the foundation for validating remote sensing data
and soil carbon models. Traditional methods like dry combustion, where soil samples are burned,
and the CO; released is measured, are being supplemented with newer technologies.In-field
sensors using laser-induced breakdown spectroscopy (LIBS) and mid-infrared spectroscopy
(MIRS) have been developed, which allow for rapid and non-destructive soil carbon analysis
[67]. Additionally, Eddy Covariance towers are increasingly used for measuring the CO, flux
between the soil and the atmosphere, providing insights into the dynamics of carbon
sequestration [68].The recent advent of portable technology, like the in-situ Soil Carbon
Quantification System (SCiO), has the potential to revolutionize soil carbon measurements,
offering a cost-effective and efficient alternative to labor-intensive traditional methods [69].

Policy and Economic Incentives

The success of sustainable soil management is significantly influenced by policy and economic
incentives. In India, a range of policies have been formulated to encourage practices that
contribute to soil health and carbon sequestration.India has implemented several policies aimed
at promoting sustainable soil management. The National Mission for Sustainable Agriculture
(NMSA), part of the National Action Plan on Climate Change (NAPCC), underscores the
importance of sustainable agriculture and soil conservation methods [70]. The NMSA
encompasses initiatives like the Soil Health Card Scheme, which helps farmers understand soil
health indicators and suggests measures for improvement [71].Another significant policy is the
Paramparagat Krishi Vikas Yojana (PKVY), which encourages organic farming practices that
enhance soil organic matter and reduce dependency on chemical inputs [72]. This scheme
supports the production and distribution of organic compost, which has implications for soil
carbon content.

Carbon Credits and Market Mechanisms

The concept of carbon credits, which allows for the trading of emission reductions, has also
found its place in the Indian context. The Perform, Achieve and Trade (PAT) scheme under the
National Mission for Enhanced Energy Efficiency (NMEEE) is a market-based mechanism to
incentivize energy efficiency in large energy-consuming industries, which indirectly affects
carbon emissions [73].In agriculture, carbon credits can be earned through afforestation projects
under the Clean Development Mechanism (CDM) of the Kyoto Protocol, although the
applicability to direct soil carbon sequestration is still under exploration [74]. The potential for
integrating soil carbon sequestration into carbon credit mechanisms is a growing area of interest,
particularly with the advent of voluntary carbon markets in India.



Role of Government and International Bodies

The Government of India plays a pivotal role in implementing policies and incentives for
sustainable soil management. The Ministry of Environment, Forest and Climate Change
(MoEFCC) is the primary body for the formulation and implementation of environmental
policies in India. The ministry works in conjunction with international bodies such as the United
Nations Convention to Combat Desertification (UNCCD) and the Food and Agriculture
Organization (FAQ) to align domestic policies with global sustainability goals [75].International
funding mechanisms, such as the Green Climate Fund (GCF), also support projects in India that
aim to enhance carbon sequestration in soils [76]. These projects often operate in synergy with
national policies, amplifying their impact.

Case Studies
Case Studies of Sustainable Soil Management in India

India offers a diverse range of geographic and climatic conditions, making it an ideal location for
case studies in sustainable soil management. From the arid deserts of Rajasthan to the fertile
plains of the Ganges, sustainable practices are not only preserving soil health but also providing
economic and social benefits to local communities.

Case Study 1: The Success of Organic Farming in Sikkim

Sikkim, a state in northeastern India, has been declared the first fully organic state in the world.
The initiative began in 2003 and achieved its goal in 2016, with the state implementing organic
practices across 75,000 hectares of agricultural land [77].

Comparative Analysis

Sikkim’s unique Himalayan environment presents challenges for agriculture, such as steep slopes
and limited arable land. However, the switch to organic farming has resulted in improved soil
health, biodiversity, and a reduction in soil erosion compared to other regions.

Case Study 2: Water Conservation Techniques in Rajasthan

In the semi-arid region of Rajasthan, innovative water conservation methods have been used to
combat soil degradation. The construction of johads, traditional rainwater storage tanks, has been
instrumental in improving groundwater levels and soil moisture [78].

Comparative Analysis

Compared to more humid regions, Rajasthan’s dry conditions require unique approaches to soil
management. Water conservation has a direct impact on soil quality and agricultural productivity
in this arid environment.



Case Study 3: Agroforestry in Karnataka

In the state of Karnataka, agroforestry practices have been integrated into traditional farming
systems. The integration of trees into cropping systems has increased below-ground carbon
storage and improved soil fertility [79].

8. Future Directions
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