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Climate Smart Cropland Management through Soil Carbon 

Sequestration and Water Conservation 
 

 

 

Abstract 
Climate change has imposed considerable 
pressure on agricultural systems through 
increasing temperatures altered precipitation 
regimes and growing water scarcity. Climate 
smart cropland management has emerged as an 
effective approach for enhancing agricultural 
resilience while contributing to climate change 
mitigation. Soil carbon sequestration and water 
conservation represent two interconnected 
components of climate smart agriculture that 
improve soil health increase crop productivity 
and reduce greenhouse gas emissions. The 
accumulation of soil organic carbon enhances 
soil structure aggregation and biological 
activity which in turn improves infiltration 
water retention and nutrient availability. 
Various management practices including 
conservation tillage cover cropping crop 
residue retention organic amendments crop 
diversification and agro-forestry have 
demonstrated significant potential for 

increasing soil carbon stocks while promoting 
efficient water use. Evidence from different 
agro-ecological regions indicates that climate 
smart agricultural practices contribute 
substantially to carbon sequestration 
greenhouse gas mitigation and sustainable 
crop production. Nevertheless challenges 
associated with carbon saturation monitoring 
uncertainties economic constraints and 
climatic variability continues to affect 
widespread adoption. This review synthesizes 
current knowledge regarding soil carbon 
sequestration and water conservation within 
cropland systems and discusses their role in 
climate change mitigation adaptation and 
sustainable agricultural development. 
Keywords: Climate smart agriculture; Soil 
carbon sequestration; Water conservation; Soil 
organic carbon; Sustainable agriculture; 
Climate change mitigation; Cropland 
management. 

Introduction 
Agriculture occupies a central position in 
global efforts to address climate change 
because agricultural lands function both as 
sources and sinks of atmospheric carbon 
dioxide. Intensive cultivation excessive tillage 
residue removal and land degradation have 
contributed substantially to the depletion of 
soil organic carbon reserves worldwide 
(Follett, 1993; Follett, 2001). The concept of 
climate smart agriculture was developed to 
simultaneously improve agricultural 
productivity strengthens resilience and reduces 
greenhouse gas emissions (Branca et al., 2011; 
Scherr et al., 2012). Within this framework 

soil carbon sequestration has been identified as 
one of the most promising nature based 
approaches for mitigating climate change 
while improving soil quality and ecosystem 
functioning (Bai et al., 2019; Ambaw et al., 
2020). 
Water availability remains a major constraint 
to agricultural sustainability particularly in 
regions experiencing increasing climatic 
variability (Sikka et al., 2018; Kumar et al., 
2026). Soil organic carbon influences several 
hydrological properties including infiltration 
water holding capacity aggregate stability and 
resistance to erosion. Therefore management 
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strategies that enhance soil carbon stocks often 
produce substantial water conservation 

benefits (García-Tejero et al., 2019; 
Tumwesigye et al., 2018). 

Concept of Climate Smart Cropland Management 
Climate smart cropland management 
encompasses agricultural practices designed to 
increase productivity improve adaptation 
capacity and reduce greenhouse gas emissions 
under changing climatic conditions (Branca et 
al., 2011; Scherr et al., 2012). The approach 
integrates soil water crop and nutrient 
management to achieve long term 
sustainability. Recent studies have 
demonstrated that climate smart management 
can enhance resource use efficiency while 
supporting environmental conservation 
objectives (Singh et al., 2025; Tyagi & 
Haritash, 2025). The integration of soil carbon 
sequestration and water conservation forms the 
foundation of climate smart cropland 
management (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Soil Carbon Sequestration in Cropland Systems 
Soil carbon sequestration involves the transfer 
of atmospheric carbon dioxide into stable soil 
carbon pools through biological physical and 
chemical processes (Follett, 2001). Carbon 
enters soils through crop residues root biomass 
organic amendments and microbial activity. 
Stabilization mechanisms include aggregate 
formation mineral associations and 
humification processes (Garcia-Franco et al., 
2018). 
Meta analyses conducted across diverse 
agroecosystems have shown significant 
increases in soil carbon stocks following the 
adoption of climate smart agricultural 
practices (Rana et al., 2017; Bai et al., 2019; 
Lessmann et al., 2022). Similar findings have 
been reported in East African climate smart 
villages where substantial carbon sequestration 
potential was observed under improved land 
management systems (Ambaw et al., 2020). 
The major pathways involved in soil carbon 
sequestration are illustrated in Figure 2. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water Conservation Benefits of Soil Carbon Sequestration 
The enhancement of soil organic carbon 
improves soil porosity aggregate stability and 
infiltration characteristics. Increased organic 

matter content facilitates greater water 
retention within the root zone and reduces 
runoff losses (García-Tejero et al., 2019). Such 

Figure 1. Conceptual framework of climate 
smart cropland management 

Figure 2. Soil carbon sequestration process 
in cropland systems 
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improvements become increasingly important 
under conditions of rainfall variability and 
prolonged dry periods. 
Climate smart soil and water conservation 
practices have been shown to increase crop 
productivity through improved moisture 
availability and reduced soil degradation 
(Tumwesigye et al., 2018). Sustainable land 
and water management approaches have also 
been recognized as essential components of 
climate resilient agriculture (Sikka et al., 
2018). In the Indian context efficient water 
resource management and irrigation 
modernization remain critical for future 
agricultural sustainability (Kumar et al., 2025; 
Kumar et al., 2026). The relationship between 
soil organic carbon and water conservation 
functions is presented in Figure 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Climate Smart Practices for Soil Carbon Sequestration and Water Conservation 
Conservation Tillage: Reduced tillage 
minimizes soil disturbance and slows organic 
matter decomposition thereby enhancing 
carbon storage (Follett, 2001). Conservation 
agriculture systems have demonstrated 

improvements in both soil carbon 
accumulation and soil water management 
(Maqbool et al., 2025; García-Tejero et al., 
2019) (Table 1). 

Table 1. Summary of Climate Smart Agricultural Practices and Their Effects on Soil Carbon 
and Water Conservation 

Practice Effect on Soil Carbon 
Sequestration 

Effect on Water 
Conservation 

Key References 

Conservation 
tillage 

Reduces SOC loss and 
increases carbon storage 

Improves infiltration 
and reduces runoff 

Follett (2001); Maqbool 
et al. (2025) 

Cover cropping Adds biomass and root 
carbon inputs 

Enhances soil moisture 
retention 

Bai et al. (2019); Tóth 
et al. (2025) 

Residue 
retention 

Increases organic matter 
accumulation 

Reduces evaporation 
losses 

Das et al. (2024); 
García-Tejero et al. 
(2019) 

Crop 
diversification 

Improves carbon cycling Enhances water use 
efficiency 

Singh et al. (2025) 

Organic 
amendments 

Directly increases SOC 
stocks 

Improves water holding 
capacity 

Komal et al. (2024) 

Agroforestry Long term carbon storage Improves water 
regulation 

Scherr et al. (2012) 

Cover Cropping and Residue Retention: 
Cover crops and residue retention increase 
carbon inputs while protecting the soil surface 
from erosion and moisture loss. Significant 
improvements in soil carbon sequestration and 
crop productivity have been reported under 

these practices (Bai et al., 2019; Tóth et al., 
2025). 
Crop Diversification: Diversified cropping 
systems increase biomass production and 
strengthen soil biological activity. Enhanced 
soil water carbon interactions have been 

Figure 3. Relationship between soil organic 
carbon and water conservation 
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documented in diversified climate smart 
cropping systems (Singh et al., 2025; Das et 
al., 2024). 
Organic Amendments: Organic amendments 
such as compost manure and biochar 
contribute directly to soil organic carbon 
accumulation while improving soil moisture 
retention and nutrient availability (Garcia-
Franco et al., 2018; Komal et al., 2024). 

Agroforestry Systems: Agroforestry combines 
trees and crops within the same landscape to 
enhance carbon storage above and below 
ground. Increased ecosystem resilience and 
carbon sequestration potential have been 
widely reported under agroforestry based 
climate smart agriculture (Scherr et al., 2012; 
Komal et al., 2024). 

Contribution to Climate Change Mitigation 
The sequestration of carbon within cropland 
soils contributes directly to reductions in 
atmospheric carbon dioxide concentrations. 
Recent evaluations have indicated that climate 
smart agricultural practices can generate 
significant mitigation benefits while sustaining 
crop productivity (Tadesse et al., 2021; Tyagi 
& Haritash, 2025). Similar outcomes have 
been observed in semiarid environments where 
climate smart soil management improved 
carbon storage and ecosystem resilience 
(Garcia-Franco et al., 2018) (Table 2). 

Global assessments indicate considerable 
variation in sequestration potential depending 
upon soil characteristics climate conditions 
and management intensity (Lessmann et al., 
2022). Nevertheless soil carbon sequestration 
remains one of the most cost effective 
mitigation options available within the 
agricultural sector (Bai et al., 2019; Ambaw et 
al., 2020). The climate change mitigation 
pathway associated with climate smart 
agricultural practices is shown in Figure 4. 

Table 2. Reported Benefits of Climate Smart Agriculture from Different Studies 
Study Region Major Findings 
Branca et al. (2011) Global Improved productivity and mitigation benefits 
Tadesse et al. (2021) Ethiopia Increased soil fertility yield and soil carbon 
Ambaw et al. (2020) East Africa High carbon sequestration potential 
Tyagi and Haritash (2025) India Enhanced agroproduction and carbon storage 
Tóth et al. (2025) Hungary Increased SOC under climate smart practices 
Lessmann et al. (2022) Global Significant variation in sequestration potential 

 
Figure 4. Climate change mitigation pathway through climate smart agriculture 
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Challenges and Future Perspectives 
Despite considerable benefits several 
challenges remain. Soil carbon storage 
capacity is finite and carbon saturation may 
limit long term sequestration rates. Monitoring 
and verification of carbon stocks remain 
technically demanding and expensive. 
Adoption of climate smart practices may also 
be constrained by economic and institutional 
factors (Branca et al., 2011; Tyagi & Haritash, 
2025). 
Future research should focus on integrating 
remote sensing geospatial technologies digital 

agriculture and machine learning approaches 
for carbon monitoring and prediction. (Table 
3) Greater policy support carbon credit 
mechanisms and region specific management 
strategies will be required to maximize climate 
mitigation benefits while ensuring water 
security and agricultural sustainability (Singh 
et al., 2025; Kumar et al., 2026). The 
interactions among soil carbon accumulation, 
water conservation, and crop productivity are 
illustrated in Figure 5. 

 
Figure 5. Synergy between soil carbon, water conservation, and crop productivity 

Table 3. Challenges and Future Opportunities for Soil Carbon Sequestration 
Challenges Potential Solutions 

Carbon saturation Continuous organic matter inputs 
Monitoring difficulties Remote sensing and GIS 
Economic constraints Carbon credit incentives 
Limited farmer adoption Training and extension services 
Climate variability Climate resilient management practices 
Data scarcity Machine learning and digital soil mapping 
Conclusion 
Climate smart cropland management through 
soil carbon sequestration and water 
conservation provides an effective pathway 
toward sustainable agricultural development. 

Practices including conservation tillage cover 
cropping residue retention crop diversification 
organic amendments and agroforestry enhance 
soil carbon storage while improving soil water 
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dynamics. These practices contribute 
simultaneously to climate change mitigation 
adaptation improved productivity and resource 
conservation. Continued adoption of climate 

smart management strategies supported by 
scientific innovation and policy interventions 
will be essential for strengthening agricultural 
resilience under future climatic conditions. 
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