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Abstract

Rice is recognized as a global staple food and is crucial for food security. Its
production in Africa and many parts of Asia is largely rainfed, which makes it highly
vulnerable to climate change threats like flooding, erratic rainfall, rising tempera-
tures, droughts, and greenhouse gas emissions. These factors, along with limited
access to resources, hinder sustainable rice farming. To mitigate these risks, adopting
climate-smart agriculture (CSA) is essential. Climate-Smart Agriculture enhances
the resilience, productivity, and sustainability of rice systems. This chapter outlines
the pillars of climate-smart agriculture and examined its relevance to sustainable rice
production. Key climate-smart agriculture practices for rice farming highlight practi-
cal CSA innovations such as water-saving techniques and improved seed varieties,
among others. The chapter further presents successful case studies in Indonesia,
India, Vietnam, Myanmar, Laos, Bangladesh, and West Africa. These examples dem-
onstrate how CSA has significantly increased productivity, enhanced environmental
sustainability, and improved resource-use efficiency. The common challenges in
scaling climate-smart agriculture and the role played by the governments, non-gov-
ernmental organizations (NGOs), and research institutions in promoting climate-
smart agricultural practices in rice production, spanning policy development and
funding to community engagement and technology innovation, were also identified.
This synthesis aims to guide policymakers, researchers, and farmers in implementing
effective CSA practices for climate-resilient rice production.
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1. Introduction

Rice production systems contribute significantly to the reduction of hunger and
poverty across the globe. For many around the world, rice is the primary food crop,
surpassing the production of numerous other cereal crops [1]. The United Nations
Department of Economic and Social Affairs reported that the world population
is expected to reach 9.8 billion, which will require a significant increase in food
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production, a goal that appears challenging to attain with the existing agricultural
practices [2]. The regular consumption of rice is attributed to its rich nutritional
profile, such as carbohydrates, calcium, thiamine, iron, folate, and Vitamin B5 and
E, which surpasses the levels found in maize, wheat, and potatoes. Studies have
established a positive correlation between phenolic compounds and their antioxidant
properties, and evidence suggests that these compounds aid in the prevention of dia-
betes and cardiovascular diseases. Globally, rice production is anticipated to increase
to a range of 58 to 567 metric tons by 2030 [3].

Despite the importance of rice production in ensuring global food security, the
primary obstacles to achieving global rice production have been identified as per-
sistent crop losses caused by plant diseases and the impact of climate change [4, 5].
Statistics from the period 2022-2024 indicate that China is leading the world in both
rice production and consumption, with 145,950 metric tons of milled rice produced in
2022/2023 and 149,920 metric tons consumed in 2023/2024. Other countries reported
include India, Bangladesh, Indonesia, Vietnam, Thailand, the Philippines, Burma,
Japan, and Cambodia, as well as sub-Saharan African countries such as Nigeria [6]. In
these regions, rice yields are projected to decrease 10% or more as a result of climate
change, largely driven by rising temperatures, less consistent and/or reduced water
supply, and other climate change-mediated changes to agroecosystems such as pests
and diseases [7].

Rice production is threatened by drought and flood, which can impact both its
quantity and quality, posing a significant risk to those whose livelihood depends on
it. China and India are the countries most impacted, accounting for more than half of
global production, as both producers and consumers. This has a ripple effect on the
global market, affecting millions of households in developing countries that depend
on rice as their primary source of food [8]. Rice production in sub-Saharan Africa has
been significantly affected by recurring droughts, which is more susceptible to when
compared to other crops. In sub-Saharan Africa, rice production is primarily under
rainfed conditions that rely primarily on precipitation, making the crop vulnerable
to droughts. Climate change intensifies soil salinity, and this greatly affects crop yield
and the technical efficiency of rice farming [9].

Adopting climate-smart agriculture (CSA) techniques is essential to sustainably
increase agricultural productivity, enhance resilience against climate change, and
reduce greenhouse gas emissions in agriculture, specifically to achieve sustainable
rice production. Therefore, this chapter aims to explore the climate-smart agriculture
techniques in rice production and their associated potential. Also, we discussed case
studies of successful climate-smart applications in rice systems.

2. Overview of climate-smart agriculture (CSA)
2.1 Definition and principles of climate-smart agriculture

Climate-smart agriculture is an innovative approach aimed at fostering food
security and promoting sustainability in the agricultural system through the develop-
ment of certain conditions [10]. To achieve food security and sustainable develop-
ment goals, especially in rice production, at both the global and national levels,
climate-smart agriculture techniques serve as a vital solution [11]. In the definition by
the Food and Agriculture Organization (FAO), climate-smart agriculture primarily
aims at achieving food security and development. However, productivity, adapting,
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and building resilience and mitigation strategies are identified as the vital pillars/
principles in achieving the goals.
The Pillars of Climate-Smart Agriculture

a.Productivity: Increasing sustainable agricultural production and incomes by
enhancing soil quality.

b.Adapting and building resilience: Reinforcement of farmers’ resilience to climate
shocks while ensuring that the environment is not negatively impacted [12].

c. Mitigation strategies: In 2020, 1.3% of total emissions out of 18.4% global green-
house gas emissions were caused by agriculture and forestry, which was attrib-
uted to rice production [13]. Climate-smart agriculture ensures that greenhouse
gas (GHG) emissions are reduced or completely removed. This is done by
employing mitigation strategies like discouraging deforestation and fostering
carbon sequestration (a technique used to capture carbon dioxide and other
forms of carbon from the atmosphere) [12, 14].

2.2 Relevance of climate-smart agriculture to rice production

Agriculture and rice production are the key components of the global food
supply. With the ongoing climate change, it is essential to tackle the challenges it
creates. Climate-smart agriculture is seen as an important tool that enhances agri-
cultural efficiency and sustainability while tackling the challenges [15]. Climate-
smart agriculture practices in rice production have a positive impact, including
increasing yields, optimizing resource use, and increasing resilience to climate
risks. When these practices are implemented, the drive for sustainability and food
security is achieved.

Adoption of climate-smart agriculture practices such as improved rice varieties,
soil and water conservation techniques, effective and efficient use of pesticides, and
adjusting the planting and harvesting dates can increase yields by approximately
15.87% as well as net incomes of farmers [16, 17]. When compared to traditional
methods, climate-smart agriculture can help enhance energy use efficiency and
reduce gas emissions [18, 19]. Climate-smart agriculture practices such as crop rota-
tion and conservation tillage improve rice production, thereby creating a stronger
agricultural system that is resilient to climate risks [12]. The relevance of climate-
smart agriculture to rice production can therefore be distilled into four main benefits:
increased yields, enhanced economic benefits, resource use efficiency, and resilience
to climate risks.

3. Key climate-smart practices for rice farming

Rice production is vulnerable to climate-induced changes, particularly to high
temperatures, and this necessitates the development of systems and conventional
technologies such as climate-smart agriculture to acclimate to the changing climate
[1]. Results from the findings [13] revealed that rice production increases as the adop-
tion of climate-smart agricultural practices increases. Examples of these practices are
depicted in Figure 1, and they are water management techniques, soil health manage-
ment, the use of resilient rice varieties, and digital tools and precision farming.
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Figure 1.
Climate-smart agriculture practices.

3.1 Water management techniques

The alternate wetting and drying as a water management technique is significant in
the enhancement of water efficiency, environmental sustainability, and productivity.
In regions facing water scarcity due to climate change, this technique can increase grain
yield by 15% during the wet season and 7% during the dry season, reduce water input
by 19% in the wet season and 39% in dry season, and water productivity by 46% in
the wet season and 77% in the dry season when compared to the continuous flooding
techniques [20]. Also, it can help reduce the overall global warming by 40-40% and
the emissions of methane by 53%. The system of rice intensification (SRI) has been
found to improve rice yield while consuming less water [21]. Other water manage-
ment techniques include water-saving irrigation, deep-irrigated rice, and aerobic rice.
Promoting and adopting these water-saving techniques is essential for sustainable rice
production due to increasing water scarcity in climate change scenarios [17, 21].

3.2 Soil health management

Climate-smart agricultural practices such as zero tillage and organic amendments
(integrated nutrient management) collectively improve soil properties and mitigate the
effects of climate change. These techniques increase soil organic carbon and improve
biological quality, such as enzyme activities and microbial biomass [22]. Zero tillage and
residue retention enhance soil structure by increasing macro-aggregate stability and
carbon health, which are vital for maintaining soil health and productivity [23].

3.3 The use of resilient rice varieties

The use of resilient varieties as a climate-smart agriculture practice is significant
in achieving sustainable rice production and increasing yield, which impacts food
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security and livelihoods of rice farmers [24]. Climate-smart rice varieties, such as
drought-tolerant and submergence-tolerant types developed through advanced
breeding techniques, have shown improved tolerance to abiotic stresses such as
drought, flooding, and salinity [25]. These resilient varieties help to stabilize yields
under adverse conditions [26].

3.4 Digital tools and precision farming

The integration of digital tools and precision farming management techniques in
climate-smart agriculture significantly impacts rice production. The use of Internet
of Things (IoT), machine learning (ML), and Big Data (BD) in rice farming facili-
tates real-time monitoring and predictive analytics, leading to rice yield estimation,
disease monitoring, and more efficient supply chain management [27, 28]. Smart
farming as an agricultural management strategy focuses on leveraging data effectively
gathered about rice production, rather than emphasizing data storage, applications,
and accessibility [28]. Precision farming techniques, for example, drones, sensor
networks, and the use of global positioning system-guided tractors, enable precise
irrigation and fertilization, which are crucial in efficient resource use, water usage in
critical areas where there is water scarcity, and minimizing the environmental impact
of farming systems [29, 30].

4. Case studies of successful applications of climate-smart practices in rice
farming

4.1 Global case studies of climate-smart agriculture in rice farming

Climate-smart practices have been successfully applied in rice systems globally
with measurable benefits such as environmental sustainability, improved productiv-
ity, and resource efficiency.

4.1.1 China: Emission reduction strategies

In northern China, climate-smart agriculture practices have been widely adopted
to address issues such as soil degradation, water scarcity, and rising temperatures
[31]. The country has implemented conservation tillage and crop residue retention
that have proven effective in reducing soil erosion and improving moisture conserva-
tion, particularly in northern regions [32]. Additionally, China has invested heavily in
precision agriculture technologies, including drip irrigation and sensor-based farm-
ing, to optimize water use in arid areas [32].

Furthermore, in Hainan Province, China, emission reduction strategies,
specifically the adoption of drought-tolerant rice varieties and optimized water
management, were evaluated for their impact on greenhouse gas (GHG) emissions
and rice yields. Two strategies, drought-tolerant variety with reduced nitrogen fer-
tilizer (SR1) and SR1 plus plastic film mulching (SR2), reduced GHG emissions by
97 and 92%, respectively, compared to conventional practices. Importantly, while
SR1 led to a 21% yield reduction, SR2 maintained yields comparable to traditional
methods and quadrupled economic benefits, showing that climate-smart agri-
culture can simultaneously address climate mitigation and economic goals when
carefully tailored to local contexts [33].
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The impact of integrated rice-duck farming (IRDF) systems in the reduction of
methane emissions from rice paddies, as well as the provision of natural control, has
led to its popularity [34]. This agroecological approach involves the simultaneous
cultivation of rice and ducks in paddy fields, creating a mutually beneficial ecosys-
tem. The ducks serve multiple functions: They control pests by consuming insects and
weeds, their paddling activity oxygenates the water and stimulates rice root growth,
and their manure provides natural fertilization [35].

Adaptive and mitigatory climate-smart agriculture practices were implemented
on a particular rice farm in Hubei, China, which led to a significant increase in rice
yield (15.9%), and consequently, the farmers experienced an increase in their net
income (19.3%). These synergies were especially effective during extreme weather
events, highlighting the value of integrated approaches for both productivity and
climate resilience [16]. In Heilongjiang, the use of side-deep fertilization has led to
the enhancement of nitrogen use efficiency by 32-43%, and a decrease in nitrogen
surplus and ammonia emissions, contrasting traditional methods [36].

4.1.2 India: Development of climate-vesilient rice varieties

In India, implementing reduced or zero tillage with residue retention, combined with
site-specific nutrient management and smart tools, increased rice system productivity
by 10.5% and profitability by 29.4%, while saving 39.3% of irrigation water and boosting
energy-use efficiency by up to 61% compared to conventional practices in the region [18,
37]. Techniques like the system of rice intensification and alternate wetting and drying
achieved a 54.8% higher climate-smartness index than traditional continuous flooding
and significantly reduced greenhouse gas emissions [21, 38]. Furthermore, zero-till direct-
seeded rice with residue retention, followed by pulses or oilseeds, improved soil structure
and increased soil carbon by over 70%, supporting long-term sustainability [23].

4.1.3 Indonesia: Regenerative technologies

In Indonesia, it is reported that innovative regenerative technologies can enhance
resilience in salinity-stressed rice fields and promote net-zero farming practices,
promoting food security and environmental sustainability [39].

The country also focuses on climate-smart agricultural practices that enhance the
sustainability of its rice production systems, which are vulnerable to climate variabil-
ity [40]. The system of rice intensification has been widely promoted, as it increases
yields while reducing water usage and greenhouse gas emissions [41, 42]. Another key
practice is alternate wetting and drying, which reduces methane emissions from rice
fields by allowing periodic drying [40]. However, the widespread adoption of these
practices is hindered by limited access to credit and extension services for small-scale
farmers, particularly in remote areas [41].

4.1.4 Bangladesh: Adoption of saline-tolerant rice varieties

Bangladesh, one of the most climate-vulnerable countries, has pioneered innova-
tive CSA techniques to cope with frequent floods, salinity intrusion, and extreme
weather events. In coastal Bangladesh, some saline-tolerant rice varieties were
developed to address soil salinity issues exacerbated by climate change. The adoption
of these varieties such as such as BRRI dhan97 and BRRI dhan99 by farmers resulted
in increased yields and improved livelihoods for smallholder farmers [43].
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Traditional floating gardens, known as Baira cultivation, have been revived and
adapted to grow vegetables in waterlogged areas, providing a sustainable liveli-
hood option for communities in flood-prone regions [44]. Solar-powered irriga-
tion systems have also been introduced to reduce reliance on fossil fuels and lower
energy costs [45].

4.1.5 Southeast Asia: Reducing methane emissions through alternate wetting
and drying and system of rice intensification

In Vietnam, alternate wetting and drying improves water productivity, requiring
less water to produce rice and helping farmers in the region adapt to decreasing water
availability and increased drought risk [46]. The newly developed submergence-
tolerant rice variety Bangladesh Rice Research Institute (BRRI) dhan79 has shown
a notable improvement in rice production in regions of Bangladesh prone to flash
flooding, ultimately leading to enhanced food security and improved socioeconomic
status of the farmers [24, 47]. Training programs, such as farmers’ field schools, are
central to climate-smart village approaches and have been implemented in Southeast
Asia, specifically Cambodia, Laos, Myanmar, Vietnam, and the Philippines. These
initiatives provide hands-on education in improved crop and pest management,
participatory variety selection, and climate risk mapping, helping farmers adapt to
climate variability and extremes [48].

4.2 Climate-smart agriculture in Africa: Continental case studies

In West Africa, drought-tolerant crop varieties and water-saving technologies have
the potential to address water challenges and promote sustainable agricultural water
management [49]. Some countries on the continent, including Nigeria, have also
adopted climate-smart agriculture practices.

4.2.1 Madagascar: Implementation of the system of rice intensification

Madagascar has successfully implemented the System of Rice Intensification,
leading to increased rice yields and reduced water usage. This approach has enhanced
food security and resilience among smallholder farmers [50, 51].

4.2.2 Ghana: Climate-smart agriculture investment plan

Ghana’s climate-smart agriculture investment plan focuses on promoting climate-
smart agriculture technologies to increase productivity and enhance resilience. The
plan emphasizes the adoption of improved seed varieties and sustainable farming
practices [52, 53].

4.2.3 Senegal: Pavtnerships to promote climate-resilient agriculture

Senegal, in partnership with international organizations, has initiated programs
to promote climate-resilient agriculture. These initiatives aim to improve rice pro-
duction and support rural entrepreneurship among the smallholder farmers [54].
These farmers that are supported by government and non-governmental organiza-
tions programs have adopted various climate-smart agriculture practices such as
using certified seeds, short-cycle crops, intercropping with legumes, agroforestry,
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composting, and organic pest control like Neem. Water is managed with stone
bunds, and good farming methods like mulching and fire control are promoted [55].

4.3 Nigeria: Local case studies of climate-smart agriculture in rice farming

The use of different adaptation practices, such as early planting, improved seeds,
and irrigation, has led to a substantial increase in yield and profits [56]. In North-
Central Nigeria, extension services play a crucial role in disseminating climate-smart
agriculture practices among rice farmers. However, challenges such as limited
resources and training hinder effective adoption [57]. In Kebbi State, initiatives to
adapt rice farming practices to climate change include the introduction of improved
seed varieties and sustainable water management techniques [58, 59]. Also, in Ebonyi
State, it was reported that farmers’ perceptions of climate change and their uptake
of climate-smart agriculture practices show a growing awareness and gradual imple-
mentation of climate-resilient farming methods [60].

5. Monitoring, evaluating, and scaling climate-smart agriculture in rice
production

Monitoring, evaluating, and scaling climate-smart agriculture in rice production
are crucial for enhancing productivity, boosting resilience, and preserving environ-
mental sustainability amidst climate change impacts. Climate-smartness is often
measured using indicators such as greenhouse gas intensity, water productivity, and a
climate-smartness index (CSI). Process-based models such as denitrification-decom-
position (DNDC) simulate yields, emissions, and water use to assess the effectiveness
of irrigation strategies and their sensitivity to climate variables [19]. Data on methane
emissions and rice yields are collected through automated chambers and weather
stations, allowing for the evaluation of the trade-offs between productivity and emis-
sions under varying weather conditions [61]. The benefits of climate-smart agricul-
tural practices are evaluated through farmer surveys and statistical analyses, taking
into account selection bias to ensure accurate evaluation of climate-smart agriculture’s
effects on perceptions, adoption rates, and economic outcomes [62, 63].

Common challenges in scaling climate-smart agriculture are institutional and
capacity gaps, equity and inclusion, and context-specific barriers. Effective scaling
depends on robust partnerships, capacity building, and integration of climate data
and impact models into program design. Systemic change and long-term investment
are necessary for sustainable scaling [64]. Also, scaling climate-smart agriculture
requires understanding local farming systems, socioeconomic factors, and biophysi-
cal conditions. Insufficient extension services, land limitations, and high input costs
hinder adoption [63, 65]. Other factors, including gender roles, access to training,
resources, and youth engagement, have an impact influence adoption and scaling,
necessitating targeted interventions to facilitate broad participation [66].

6. Policy and institutional support

Governments, non-governmental organizations (NGOs), and research institu-
tions each play distinct but complementary functions in promoting climate-smart
agricultural practices in rice production, spanning policy development and funding
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to community engagement and technology innovation. It is the responsibility of the
government to establish policies that make climate-smart agricultural practices more
feasible, encourage these practices through subsidies and carbon trading systems, and
incorporate climate-smart agriculture into national strategies [67, 68]. The government
provides functional extension and advisory services, which are essential for increasing
awareness, training farmers, and promoting behavioral change toward climate-smart
agricultural practices in rice production [69, 70]. Furthermore, establishing regulatory
frameworks, such as land tenure and investment plans, is vital for upscaling climate-
smart agriculture and ensuring sustained adoption over the long term [71].

Non-governmental organizations (NGOs) play a vital role in grassroots mobilization,
awareness campaigns, and advocacy efforts, often reaching communities that govern-
ment programs may overlook or fail to target [72]. They design their interventions to
meet the specific needs of the local areas, such as promoting specific crops or sustainable
practices. Climate-smart agricultural projects are often spearheaded and implemented
by them, sometimes focusing on niche areas and integrating climate-smart agriculture
into broader development programs like food security and women’s empowerment
schemes, while also fostering collaboration among relevant stakeholders [68, 73].

Research institutions develop new climate-smart agriculture technologies, gener-
ate evidence for best practices, and support capacity building—the outcomes of their
work will guide policy, extension programs, and the incorporation and adaptation of
climate-smart agriculture to local contexts [68, 74].

7. Conclusion

This literature revealed the significance of adopting climate-smart agricultural
practices for sustainable rice production. With the global population rising rapidly
and food needs escalating, it is essential to adopt measures that will strike a balance
in food production. Based on the findings of the above literature, rice remains a key
component in achieving food security. To achieve this, some of the climate-smart
agricultural practices should be integrated into rice production, including water man-
agement techniques, soil health management, the use of resilient rice varieties, digital
tools, and precision farming. It is essential to closely monitor, evaluate, and scale up
these practices for optimal production. However, existing gaps encompass institu-
tional and capacity gaps, as well as equity and inclusion issues, and context-specific
barriers. The government, non-governmental organizations, and research institutions
all play a vital role in promoting climate-smart agricultural practices. Therefore,
addressing the current gaps and leveraging each sector’ strengths will accelerate
climate-smart agriculture adoption and impact, especially in rice production.

Acknowledgement

The authors acknowledge support from the U.S. National Science Foundation
(AccelNet Award #2201446).



Rice Production Strategies — Addressing Abiotic and Biotic Stresses and Socioeconomic Changes

Author details

Ibukun Elizabeth Ojo'™*, Motunrayo A. Ogunmola’, Ebenezer Ayorinde Kolawole'!
and Ikechukwu Chike'

1 Department of Agriculture, Landmark University, Omu-aran, Kwara State, Nigeria

2 Department of Industrial and Systems Engineering, North Carolina Agricultural
and Technical State University, USA

*Address all correspondence to: ojoibukun992@gmail.com

IntechOpen

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

10


http://creativecommons.org/licenses/by/4.0
mailto:ojoibukun992@gmail.com

Climate-Smart Agriculture for Sustainable Rice Production: Innovations and Practices

DOI: http://dx.doi.org/10.5772/intechopen.1011582

References

[1] Atique-ur-Rehman SN, Ahmad S,
Khan MA, Hasanuzzaman M. World rice
production: An overview. In: Modern
Techniques of Rice Crop Production
[Internet]. Singapore: Springer Nature
Singapore Pte Ltd; 2022. pp. 3-12.
Available from: https://link.springer.com/
chapter/10.1007/978-981-16-4955-4_1

[2] Aslam MT, Khan I, Chattha MU, Raza A,
Chattha MB, Ali M, et al. Perspective
Chapter: Redesigning Agroecological
Practices for Enhanced Resource Use
Efficiency in Agroecosystems. London:
IntechOpen; 2025. Available from: https://
www.intechopen.com/chapters/1192150
[Accessed: April 15, 2025]

[3] Mohidem NA, Hashim N, Shamsudin R,
Man HC. Rice for food security: Revisiting
its production, diversity, rice milling
process and nutrient content. Agriculture
[Internet]. 2022;12(6):741. Available from:
https://doaj.org/article/a62338ecObb44091
8767b17590e02f37

[4] Lunche W, Danhua Z, Xinxin C,
Zigeng N, Qian C. Impact of climate
change on rice growth and yield in
China: Analysis based on climate year
type. Geography and Sustainability.
2024;5(4):548-560

[5] Pengyue W, Jianjian L, Yajing L,
Ziting H, Xiaoli Z, Bingjian S, etal. A
review of vector-borne rice viruses.
Viruses [Internet]. 2022;14(10):2258.
Available from: https://doaj.org/article/0
579738d96794954bca2d3049e324053

(6] Ruth MOS. Topl0 Rice Producing
Countries as of 2023-2024. 2024.
Available from: Available from:
https://www.researchgate.net/
publication/385937560_Top_10_
Rice_Producing_Countries_as_
of_2023-2024?enrichld=rgreq-

11

8d36fae0c94f3dcelc74057271d68488-
XXX&enrichSource=Y292ZXJQYWdl
0zM4NTkzNzU2MDtBUzoxMTQzMT
I4AMTISMTMzNzQxOEAxNzMyMDE4
MTYONzEO&el=1 x_2

[71 Li T, McDermid SS, Valdivia RO,
Sundaram P. Climate change mitigation
and adaptation for rice-based farming
systems in the Red River Delta, Vietnam.
CABI Agriculture and Bioscience
[Internet]. 2024;5(1):1-19. DOI: 10.1186/
s43170-024-00308-0

[8] Bairagi S, Durand-Morat A. The
Impacts of Droughts and Floods on

the Global Rice Market [Internet].
Fayetteville, AR: Department of
Agricultural Economics and Agribusiness,
University of Arkansas; 2021. Available
from: http://ageconsearch.umn.edu

[9] Oelviani R, Adiyoga W, Suhendrata T,
Bakti IGMY, Sutanto HA, Fahmi DA,

et al. Effects of soil salinity on rice
production and technical efficiency:
Evidence from the northern coastal
region of Central Java, Indonesia. Case
Studies in Chemical and Environmental
Engineering. 2024;10:101010

[10] FAO. Climate smart agriculture. In:
Climate-Smart Agriculture Sourcebook
[Internet]. Rome: FAO; 2013. p. ix.
Available from: www.fao.org/

[11] Elizabeth OI, Adebola AJ,

Olayinka OA. Needs of extension agents
on techniques for climate-smart rice
production in north-central, Nigeria.

Journal of Agricultural Extension.
2023;28(1):86-93

[12] Tong Q, Swallow B, Zhang L,
Zhang J. The roles of risk aversion and
climate-smart agriculture in climate
risk management: Evidence from rice


http://dx.doi.org/10.1007/978-981-16-4955-4_1
http://dx.doi.org/10.1007/978-981-16-4955-4_1
https://www.intechopen.com/chapters/1192150
https://www.intechopen.com/chapters/1192150
https://doaj.org/article/a62338ec9bb440918767b17590e02f37
https://doaj.org/article/a62338ec9bb440918767b17590e02f37
https://doaj.org/article/0579738d96794954bca2d3049e324053
https://doaj.org/article/0579738d96794954bca2d3049e324053
https://www.researchgate.net/publication/385937560_Top_10_Rice_Producing_Countries_as_of_2023-2024?enrichId=rgreq-8d36fae0c94f3dce1c74057271d68488-XXX&enrichSource=Y292ZXJQYWdlOzM4NTkzNzU2MDtBUzoxMTQzMTI4MTI5MTMzNzQxOEAxNzMyMDE4MTY0NzE0&el=1_x_2
https://www.researchgate.net/publication/385937560_Top_10_Rice_Producing_Countries_as_of_2023-2024?enrichId=rgreq-8d36fae0c94f3dce1c74057271d68488-XXX&enrichSource=Y292ZXJQYWdlOzM4NTkzNzU2MDtBUzoxMTQzMTI4MTI5MTMzNzQxOEAxNzMyMDE4MTY0NzE0&el=1_x_2
https://www.researchgate.net/publication/385937560_Top_10_Rice_Producing_Countries_as_of_2023-2024?enrichId=rgreq-8d36fae0c94f3dce1c74057271d68488-XXX&enrichSource=Y292ZXJQYWdlOzM4NTkzNzU2MDtBUzoxMTQzMTI4MTI5MTMzNzQxOEAxNzMyMDE4MTY0NzE0&el=1_x_2
https://www.researchgate.net/publication/385937560_Top_10_Rice_Producing_Countries_as_of_2023-2024?enrichId=rgreq-8d36fae0c94f3dce1c74057271d68488-XXX&enrichSource=Y292ZXJQYWdlOzM4NTkzNzU2MDtBUzoxMTQzMTI4MTI5MTMzNzQxOEAxNzMyMDE4MTY0NzE0&el=1_x_2
https://www.researchgate.net/publication/385937560_Top_10_Rice_Producing_Countries_as_of_2023-2024?enrichId=rgreq-8d36fae0c94f3dce1c74057271d68488-XXX&enrichSource=Y292ZXJQYWdlOzM4NTkzNzU2MDtBUzoxMTQzMTI4MTI5MTMzNzQxOEAxNzMyMDE4MTY0NzE0&el=1_x_2
https://www.researchgate.net/publication/385937560_Top_10_Rice_Producing_Countries_as_of_2023-2024?enrichId=rgreq-8d36fae0c94f3dce1c74057271d68488-XXX&enrichSource=Y292ZXJQYWdlOzM4NTkzNzU2MDtBUzoxMTQzMTI4MTI5MTMzNzQxOEAxNzMyMDE4MTY0NzE0&el=1_x_2
https://www.researchgate.net/publication/385937560_Top_10_Rice_Producing_Countries_as_of_2023-2024?enrichId=rgreq-8d36fae0c94f3dce1c74057271d68488-XXX&enrichSource=Y292ZXJQYWdlOzM4NTkzNzU2MDtBUzoxMTQzMTI4MTI5MTMzNzQxOEAxNzMyMDE4MTY0NzE0&el=1_x_2
https://www.researchgate.net/publication/385937560_Top_10_Rice_Producing_Countries_as_of_2023-2024?enrichId=rgreq-8d36fae0c94f3dce1c74057271d68488-XXX&enrichSource=Y292ZXJQYWdlOzM4NTkzNzU2MDtBUzoxMTQzMTI4MTI5MTMzNzQxOEAxNzMyMDE4MTY0NzE0&el=1_x_2
https://www.researchgate.net/publication/385937560_Top_10_Rice_Producing_Countries_as_of_2023-2024?enrichId=rgreq-8d36fae0c94f3dce1c74057271d68488-XXX&enrichSource=Y292ZXJQYWdlOzM4NTkzNzU2MDtBUzoxMTQzMTI4MTI5MTMzNzQxOEAxNzMyMDE4MTY0NzE0&el=1_x_2
http://ageconsearch.umn.edu
http://www.fao.org/

Rice Production Strategies — Addressing Abiotic and Biotic Stresses and Socioeconomic Changes

production in the Jianghan Plain, China.
Climate Risk Management. 2019;26:100199

[13] Vatsa P, Ma W, Zheng H, LiJ. Climate-
smart agricultural practices for promoting
sustainable agrifood production: Yield
impacts and implications for food security.
Food Policy. 2023;121:102551

[14] Laikre L, Schwartz MK, Waples RS,
Ryman N. Compromising genetic
diversity in the wild: Unmonitored
large-scale release of plants and
animals. Trends in Ecology & Evolution.

2010;25(9):520-529

[15] Mazumder SU, M. Do climate-
smart agricultural practices impact the
livelihoods of vulnerable farmers in the
southern part of Bangladesh? Climate
Services. 2024;36:100524

[16] Liang Z, Zhang L, Li W, Zhang ],
Frewer L]. Adoption of combinations of
adaptive and mitigatory climate-smart
agricultural practices and its impacts
onrice yield and income: Empirical
evidence from Hubei, China. Climate
Risk Management. 2021;32:100287

[17] Tran NLD, Raifiola RF, Ole Sander B,
Reiner W, Nguyen DT, Nong NKN.
Determinants of adoption of climate-
smart agriculture technologies in rice
production in Vietnam. International
Journal of Climate Change Strategies and
Management. 2019;12(2):238-256

(18] Bijarniya D, Parihar CM, Jat RK,
Kalvania K, Kakraliya SK, Jat ML.
Portfolios of climate smart agriculture
practices in smallholder rice-wheat
system of eastern Indo-Gangetic
Plains—Crop productivity, resource use
efficiency and environmental foot prints.
Agronomy [Internet]. 2020;10(10):1561.
DOI: 10.3390/agronomy10101561

[19] Arenas-Calle LN, Heinemann AB,
Soler da Silva MA, dos Santos AB,

12

Ramirez-Villegas J, Whitfield S, et al.
Rice management decisions using
process-based models with climate-smart
indicators. Frontiers in Sustainable Food
Systems. 2022;6:873957

[20] Maneepitak S, Ullah H,

Paothong K, Kachenchart B, Datta A,
Shrestha RP. Effect of water and rice straw
management practices on yield and water
productivity of irrigated lowland rice in
the central plain of Thailand. Agricultural
Water Management. 2019;211:89-97

[21] Mallareddy M, Thirumalaikumar R,
Balasubramanian P, Naseeruddin R,
Nithya N, Mariadoss A, et al. Maximizing
water use efficiency in rice farming:

A comprehensive review of

innovative irrigation management
technologies. Water. 2023;15(10):1802.
Available from: https://www.mdpi.
com/2073-4441/15/10/1802/htm

[22] Jat HS, Datta A, Choudhary M,
Sharma PC, Yadav AK, ChoudharyV,

et al. Climate smart agriculture practices
improve soil organic carbon pools,
biological properties and crop
productivity in cereal-based systems of
North-West India. CATENA (Amst).
2019;181:104059

[23] Saurabh K, Kumar R, Mishra JS,
Singh AK, Mondal S, Meena RS, et al.
Sustainable intensification of

rice fallows with oilseeds and

pulses: Effects on soil aggregation,
organic carbon dynamics, and crop
productivity in eastern Indo-Gangetic
Plains. Sustainability (Switzerland)
[Internet]. 2022;14(17):11056.
Available from: https://www.mdpi.
com/2071-1050/14/17/11056/htm

[24] Nayak S, Habib MA, Das K,

Islam S, Hossain SM, Karmakar B, et al.
Adoption trend of climate-resilient rice
varieties in Bangladesh. Sustainability.
2022;14(9):5156


https://www.mdpi.com/2073-4441/15/10/1802/htm
https://www.mdpi.com/2073-4441/15/10/1802/htm
https://www.mdpi.com/2071-1050/14/17/11056/htm
https://www.mdpi.com/2071-1050/14/17/11056/htm

Climate-Smart Agriculture for Sustainable Rice Production: Innovations and Practices

DOI: http://dx.doi.org/10.5772/intechopen.1011582

[25] Kishore SM, Renukaswamy NS,
Kavya D, Siva Subramaniam KR,
Ankireddypalli JK, Pavankumar, et al.
Climate-resilient rice cultivation in
India: Overcoming challenges for
sustainable food security. Journal of
Advances in Biology & Biotechnology
[Internet]. 2024;27(12):540-547.
Available from: https://journaljabb.com/
index.php/JABB/article/view/1801

[26] Bhandari A, Jayaswal P, Yadav N,
Singh R, Yashi S, Singh B, etal.
Genomics-assisted backcross breeding
for infusing climate resilience in high-
yielding green revolution varieties of
rice. Indian Journal of Genetics and Plant
Breeding (The). 2019;79(01S):160-170

[27] Alfred R, Obit JH, Chin CPY,
Haviluddin H, Lim Y. Towards paddy
rice smart farming: A review on big data,
machine learning, and rice production
tasks. IEEE Access. 2021;9:50358-50380

[28] Hashim N, Ali MM, Mahadi MR,
Abdullah AF, Wayayok A, Mohd

Kassim MS, et al. Smart farming for
sustainable rice production: An insight
into application, challenge, and future
prospect. Rice Science. 2024;31(1):47-61

[29] Fuentes-Pefiailillo F, Gutter K, Vega R,
Silva GC. Transformative technologies in
digital agriculture: Leveraging internet

of things, remote sensing, and artificial
intelligence for smart crop management.
Journal of Sensor and Actuator Networks.
2024;13(4):39

[30] Bacenetti J, Paleari L, Tartarini S,
Vesely FM, Foi M, Movedi E, et al.

May smart technologies reduce the
environmental impact of nitrogen
fertilization? A case study for paddy
rice. Science of The Total Environment.
2020;715:136956

[31] Zhang H, Hobbie EA, Feng P,
Niu L, Hu K. Can conservation agriculture

13

mitigate climate change and reduce
environmental impacts for intensive
cropping systems in North China Plain?
Science of the Total Environment
[Internet]. 2022;806:151194. Available
from: https://www.sciencedirect.
com/science/article/abs/pii/
S00489697210627202casa_token=4_09C
qdmPucAAAAA:ysRJISNrnbOZG7] TExgd
Dgm-TXOtVjCTjer3P_DINQJ9OtMV5NIs-
mkmnyMKTZ6HB7q3MQXwh2gYp

[32] Peng Y, Xiao Y, FuZ, Dong,

Zheng Y, Yan H, et al. Precision irrigation
perspectives on the sustainable water-
saving of field crop production in China:
Water demand prediction and irrigation
scheme optimization. Journal of Cleaner
Production [Internet]. 2019;230:365-
377. Available from: https://www.
sciencedirect.com/science/article/abs/
pii/S09596526193144412casa_token=b_
YOrTrELZsAAAAA:7W]dr5Tap]q411XAS
Z7scrPCOTvADnMXZUbC47P4spwiGu
ZG82b0AAyuU-XZVY-01bQ2d_Nid5ow

[33] Zhang X, Bi ], Wang W,

Sun D, Sun H, Bi Q, et al. Ecological

and economic benefits of greenhouse

gas emission reduction strategies in

rice production: A case study of the
Southern rice propagation base in Hainan
Province. Agronomy. 2024;14(1):222

[34] Wang W, Wu X, Deng Z, Yin C,
XieY. Can integrated rice-duck farming
reduce CH4 emissions? Environmental

Science and Pollution Research.
2020;27(1):1004-1008

[35] Sheng F, gui CC, fang LC. Integrated
rice-duck farming decreases global
warming potential and increases

net ecosystem economic budget

in Central China. Environmental
Science and Pollution Research.
2018;25(23):22744-22753

[36] Yin Y, Peng X, Guo S, Zhai L,
Hua L, Wang H, et al. How to improve


https://journaljabb.com/index.php/JABB/article/view/1801
https://journaljabb.com/index.php/JABB/article/view/1801
https://www.sciencedirect.com/science/article/abs/pii/S0048969721062720?casa_token=4_09CqdmPucAAAAA:ysRJSNrnbOZG7JTExgdDgm-TXOtVjCTjer3P_D1NQJ9OtMV5N1s-mkmnyMkTZ6HB7q3MQXwh2gYp
https://www.sciencedirect.com/science/article/abs/pii/S0048969721062720?casa_token=4_09CqdmPucAAAAA:ysRJSNrnbOZG7JTExgdDgm-TXOtVjCTjer3P_D1NQJ9OtMV5N1s-mkmnyMkTZ6HB7q3MQXwh2gYp
https://www.sciencedirect.com/science/article/abs/pii/S0048969721062720?casa_token=4_09CqdmPucAAAAA:ysRJSNrnbOZG7JTExgdDgm-TXOtVjCTjer3P_D1NQJ9OtMV5N1s-mkmnyMkTZ6HB7q3MQXwh2gYp
https://www.sciencedirect.com/science/article/abs/pii/S0048969721062720?casa_token=4_09CqdmPucAAAAA:ysRJSNrnbOZG7JTExgdDgm-TXOtVjCTjer3P_D1NQJ9OtMV5N1s-mkmnyMkTZ6HB7q3MQXwh2gYp
https://www.sciencedirect.com/science/article/abs/pii/S0048969721062720?casa_token=4_09CqdmPucAAAAA:ysRJSNrnbOZG7JTExgdDgm-TXOtVjCTjer3P_D1NQJ9OtMV5N1s-mkmnyMkTZ6HB7q3MQXwh2gYp
https://www.sciencedirect.com/science/article/abs/pii/S0048969721062720?casa_token=4_09CqdmPucAAAAA:ysRJSNrnbOZG7JTExgdDgm-TXOtVjCTjer3P_D1NQJ9OtMV5N1s-mkmnyMkTZ6HB7q3MQXwh2gYp
https://www.sciencedirect.com/science/article/abs/pii/S0959652619314441?casa_token=b_Y9rTrELZsAAAAA:7WJdr5TapJq4l1XASZ7scrPCOTvADnMXZUbC47P4spwiGuZG82b0AAyuU-XZVY-o1bQ2d_Nid5ow
https://www.sciencedirect.com/science/article/abs/pii/S0959652619314441?casa_token=b_Y9rTrELZsAAAAA:7WJdr5TapJq4l1XASZ7scrPCOTvADnMXZUbC47P4spwiGuZG82b0AAyuU-XZVY-o1bQ2d_Nid5ow
https://www.sciencedirect.com/science/article/abs/pii/S0959652619314441?casa_token=b_Y9rTrELZsAAAAA:7WJdr5TapJq4l1XASZ7scrPCOTvADnMXZUbC47P4spwiGuZG82b0AAyuU-XZVY-o1bQ2d_Nid5ow
https://www.sciencedirect.com/science/article/abs/pii/S0959652619314441?casa_token=b_Y9rTrELZsAAAAA:7WJdr5TapJq4l1XASZ7scrPCOTvADnMXZUbC47P4spwiGuZG82b0AAyuU-XZVY-o1bQ2d_Nid5ow
https://www.sciencedirect.com/science/article/abs/pii/S0959652619314441?casa_token=b_Y9rTrELZsAAAAA:7WJdr5TapJq4l1XASZ7scrPCOTvADnMXZUbC47P4spwiGuZG82b0AAyuU-XZVY-o1bQ2d_Nid5ow
https://www.sciencedirect.com/science/article/abs/pii/S0959652619314441?casa_token=b_Y9rTrELZsAAAAA:7WJdr5TapJq4l1XASZ7scrPCOTvADnMXZUbC47P4spwiGuZG82b0AAyuU-XZVY-o1bQ2d_Nid5ow

Rice Production Strategies — Addressing Abiotic and Biotic Stresses and Socioeconomic Changes

the light-simplified and cleaner
production of rice in cold rice areas

from the perspective of fertilization.
Journal of Cleaner Production [Internet].
2022;361:131694. Available from: https://
www.sciencedirect.com/science/article/
abs/pii/S0959652622013075?via%3Dihub

[37] Kakraliya SK, Jat HS, Sapkota TB,
Singh I, Kakraliya M, Gora MK, et al.
Effect of climate-smart agriculture
practices on climate change adaptation,
greenhouse gas mitigation and economic
efficiency of rice-wheat system in India.
Agriculture. 2021;11(12):1269

[38] Mohapatra KK, Nayak AK, Patra RK,
Tripathi R, Swain CK, Moharana KC,

et al. Multi-criteria assessment to

screen climate smart rice establishment
techniques in coastal rice production
system of India. Frontiers in Plant
Science. 2023;14:1130545

[39] Irwandhi I, Khumairah FH,

Sofyan ET, Ukit U, Satria RE, Salsabilla A,
et al. Innovative regenerative technologies
for enhancing resilience in salinity-
stressed rice fields along the Indonesian
coast: Promoting net-zero farming
practices to adapt to climate change.
Journal of Sustainable Agriculture and
Environment. 2024;3(4):70026

[40] Setyanto P, Pramono A, Adriany TA,
Susilawati HL, Tokida T, Padre AT, et al.
Alternate wetting and drying reduces
methane emission from a rice paddy in
Central Java, Indonesia without yield
loss. Soil Science & Plant Nutrition.
2018;64(1):23-30

[41] Nugroho BDA, Toriyama K,
Kobayashi K, Arif C, Yokoyama S,
Mizoguchi M. Effect of intermittent
irrigation following the system of rice
intensification (SRI) on rice yield in
a farmer’ paddy fields in Indonesia.
Paddy and Water Environment.
2018;16(4):715-723

14

[42] Arsil P, Tey YS, Brindal M,
Ardiansyah SE, Masrukhi. Perceived
attributes driving the adoption of system
of rice intensification: The Indonesian
farmers’ view. Open Agriculture.
2022;7(1):217-225

[43] Debsharma SK, Rahman MA,
Khatun M, Disha RF, Jahan N,

Quddus MR, et al. Developing climate-
resilient rice varieties (BRRI dhan97 and
BRRI dhan99) suitable for salt-stress
environments in Bangladesh. PLoS One.
2024;19(1):e0294573

[44] Ahsan MN, Islam MS, Bin HSF,
Rahman MA, Khatun F, Alam MI,

et al. Examining farmers’ behavioral
drivers to adopt floating farming: A
study in the wetlands of Southwestern
Coastal Bangladesh. Earth Systems and
Environment. 2025;9(1):215-239

[45] Sunny FA, Fu L, Rahman MS,
Huang Z. Determinants and impact of
solar irrigation facility (SIF) adoption:
A case study in Northern Bangladesh.
Energies (Basel). 2022;15(7):2460

[46] Ha TM, Kiihling I, Trautz D. A
systems approach toward climate
resilient livelihoods: A case study in Thai
Nguyen province, Vietnam. Heliyon.
2020;6(11):e05541

[47] Shalahuddin AKM,

Iftekharuddaula KM, Ghosal S, Khan MY,
Rahman A, Sarker MRA. Development
of submergence tolerant rice variety
BRRI dhan?9 for flash flood ecosystem of
Bangladesh. Asian Journal of Research in
Crop Science. 2024;9(1):114-123

[48] Wassmann R, Gonsalves J, Sprang P,
Yen BT, Villanueva J, Nelakhom P, et al.
Climate-smart villages in Southeast
Asia: The pivotal role of seed systems

in rice-based landscapes. Asian Journal
of Agriculture and Development.
2022;19(1):2-24


https://www.sciencedirect.com/science/article/abs/pii/S0959652622013075?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0959652622013075?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0959652622013075?via%3Dihub

Climate-Smart Agriculture for Sustainable Rice Production: Innovations and Practices

DOI: http://dx.doi.org/10.5772/intechopen.1011582

[49] Frimpong F, Asante MD, Peprah CO,
Amankwaa-Yeboah P, Danquah EO,
Ribeiro PF, et al. Water-smart farming:
Review of strategies, technologies, and
practices for sustainable agricultural
water management in a changing climate
in West Africa. Frontiers in Sustainable
Food Systems. 2023;7:1110179

[50] Uphoff N, Thakur AK. An
agroecological strategy for adapting
to climate change: The system of rice
intensification (SRI). In: Sustainable
Solutions for Food Security. Cham:
Springer International Publishing;
2019. pp. 229-254

[51] Food and Agriculture Organization
of the United Nations (FAO). Climate-
smart agriculture in Madagascar
[Internet]. 2016. Available from: https://
www.fao.org/family-farming/detail/
en/c/380445/

[52] Atta-Aidoo J, Antwi-Agyei P.
Climate-smart agriculture adoption in
rural Ghana: Do resource requirements
matter? BMC Environmental Science.
2025;2(1):4

[53] World Bank. Climate-smart
agriculture investment plan for Ghana
[Internet]. 2020. Available from: https://
documentslworldbank.org/curated/
en/300161592374973849/pdf/Climate-
Smart-Agriculture-Investment-Plan-for-
Ghana.pdf [Accessed: May 21, 2025]

[54] International Fund for Agricultural
Development (IFAD). Senegal
Launches Africa Integrated Climate
Risk Management Programme

to Support Smallholder Farmers
[Internet]. Rome: International Fund
for Agricultural Development; 2024
[Accessed: May 21, 2025]. Available
from: https://www.ifad.org/en/w/news/
senegal-launches-africa-integrated-
climate-risk-management-programme-
to-support-smallholder-farmers

15

[55] World Bank. Climate-smart
agriculture (CSA) considerations
[Internet]. 2019. Available from: https://
climateknowledgeportal worldbank.org/
sites/default/files/2019-06/SENEGAL_
CSA_Profile.pdf [Accessed: May 21,
2025]

[56] Onyeneke RU. Does climate change
adaptation lead to increased productivity
of rice production? Lessons from Ebonyi
State, Nigeria. Renewable Agriculture
and Food Systems. 2021;36(1):54-68

[571 Ojo IE, Akangbe JA, Kolawole EA,
Owolabi AO, Obaniyi KS, Ayeni MD,

et al. Constraints limiting the effectiveness
of extension agents in disseminating
climate-smart agricultural practices among
rice farmers in North-Central Nigeria.
Frontiers in Climate. 2024;6:1297225

[58] Solaja S, Kolawole A, Awe T,

Oriade O, Ayojimi W, Ojo I, et al.
Assessment of smallholder rice farmers’
adaptation strategies to climate change in
Kebbi state, Nigeria. Heliyon [Internet].
2024;10(15):e35384. Available from:
https://www.sciencedirect.com/science/
article/pii/S2405844024114156

[59] Yakubu DH, Akpoko JG,

Akinola MO, Abdulsalam Z. Climate
change adaptation practices and rice
farmers’ level of living in North-
West, Nigeria. Journal of Agricultural
Extension. 2020;24(3):49-60

[60] Osuji EE, Tim-Ashama A. Does rice
farmers respond to changing climate:
Empirical evidence from Ebonyi State,
Nigeria. Global Research in Environment
and Sustainability. 2023;1(6):65-74

[61] Ju OJ, Soh H, Lee SW, Lee YS.
Climate-smart agriculture (CSA)-based
assessment of a local rice cultivation in
Hwaseong-city, Gyeonggi-do. Korean
Journal of Environmental Agriculture.
2022;41(1):32-40


https://www.fao.org/family-farming/detail/en/c/380445/
https://www.fao.org/family-farming/detail/en/c/380445/
https://www.fao.org/family-farming/detail/en/c/380445/
https://documents1.worldbank.org/curated/en/300161592374973849/pdf/Climate-Smart-Agriculture-Investment-Plan-for-Ghana.pdf
https://documents1.worldbank.org/curated/en/300161592374973849/pdf/Climate-Smart-Agriculture-Investment-Plan-for-Ghana.pdf
https://documents1.worldbank.org/curated/en/300161592374973849/pdf/Climate-Smart-Agriculture-Investment-Plan-for-Ghana.pdf
https://documents1.worldbank.org/curated/en/300161592374973849/pdf/Climate-Smart-Agriculture-Investment-Plan-for-Ghana.pdf
https://documents1.worldbank.org/curated/en/300161592374973849/pdf/Climate-Smart-Agriculture-Investment-Plan-for-Ghana.pdf
https://www.ifad.org/en/w/news/senegal-launches-africa-integrated-climate-risk-management-programme-to-support-smallholder-farmers
https://www.ifad.org/en/w/news/senegal-launches-africa-integrated-climate-risk-management-programme-to-support-smallholder-farmers
https://www.ifad.org/en/w/news/senegal-launches-africa-integrated-climate-risk-management-programme-to-support-smallholder-farmers
https://www.ifad.org/en/w/news/senegal-launches-africa-integrated-climate-risk-management-programme-to-support-smallholder-farmers
https://climateknowledgeportal.worldbank.org/sites/default/files/2019-06/SENEGAL_CSA_Profile.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2019-06/SENEGAL_CSA_Profile.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2019-06/SENEGAL_CSA_Profile.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2019-06/SENEGAL_CSA_Profile.pdf
https://www.sciencedirect.com/science/article/pii/S2405844024114156
https://www.sciencedirect.com/science/article/pii/S2405844024114156

Rice Production Strategies — Addressing Abiotic and Biotic Stresses and Socioeconomic Changes

[62] Ha TM, Van BH. Effects of
climate-smart agriculture adoption
on performance of rice farmers in
Northeast Vietnam. Asian Journal of

Agriculture and Rural Development.
2021;11(4):291-301

[63] Fiawoo HD, Tham-Agyekum EK,
Ankuyi F, Osei C, Bakang JA. Rice
farmers’ adoption of climate-smart
agricultural technologies and its

effects on yield and income: Empirical
insights from Ghana. SVU-International
Journal of Agricultural Sciences.
2024;6(1):120-137

[64] Kirina T, Groot A, Shilomboleni H,
Ludwig F, Demissie T. Scaling climate smart
agriculture in East Africa: Experiences and
lessons. Agronomy. 2022;12(4):820

[65] Challinor AJ, Arenas-Calles LN,
Whitfield S. Measuring the effectiveness
of climate-smart practices in the context
of food systems: Progress and challenges.
Frontiers in Sustainable Food Systems.

2022;6:853630

[66] Nhat Lam Duyen T, Rafiola RF,
Sander BO, Wassmann R, Tien ND,
Ngoc NNK. A comparative analysis

of gender and youth issues in rice
production in North, Central, and South
Vietnam. Climate and Development.
2021;13(2):115-127

[67] Barasa PM, Botai CM, Botai JO,
Mabhaudhi T. A review of climate-smart
agriculture research and applications in
Africa. Agronomy. 2021;11(6):1255

[68] Gonsalves ], Khaing O, Barbon WJD,
Thant PS. Exploring pathways for
promoting and scaling up climate-smart
agriculture in Myanmar. Asian Journal
of Agriculture and Development.
2022;19(1):25-42

[69] Gemtou M, Kakkavou K,
Anastasiou E, Fountas S, Pedersen SM,

16

Isakhanyan G, et al. Farmers’ transition
to climate-smart agriculture: A
systematic review of the decision-making
factors affecting adoption. Sustainability.
2024;16(7):2828

[70] Vincent A, Balasubramani N.
Climate-smart agriculture (CSA) and
extension advisory service (EAS)
stakeholders’ prioritisation: A case study
of Anantapur district, Andhra Pradesh,
India. Journal of Water and Climate
Change. 2021;12(8):3915-3931

[71] Ogunyiola A, Gardezi M, Vij S.
Smallholder farmers’ engagement with
climate smart agriculture in Africa:
Role of local knowledge and upscaling.
Climate Policy. 2022;22(4):411-426

[72] Ifeanyi-Obi CC, Issa FO,
Aderinoye-Abdulwahab S, OAF A,
Umeh O], Tologbonse EB. Promoting
uptake and integration of climate smart
agriculture technologies, innovations
and management practices into policy
and practice in Nigeria. International
Journal of Climate Change Strategies and
Management. 2022;14(4):354-374

[73] Gonzalez-Azcarate M, Silva VL,
Cruz-Macein JL, Lépez-Garcia D,

Bardaji I. Community supported
agriculture (CSA) as resilient socio-
economic structures: The role of
collaboration and public policies in Brazil
and Spain. Agroecology and Sustainable
Food Systems. 2023;47(8):1237-1268

[74] Bashiru M, Ouedraogo M,

Ouedraogo A, Liderach P. Smart farming
technologies for sustainable agriculture:
A review of the promotion and adoption
strategies by smallholders in Sub-Saharan
Africa. Sustainability. 2024;16(11):4817



	Climate-Smart Agriculture for Sustainable Rice Production: Innovations and Practices 
	Abstract
	1. Introduction
	2. Overview of climate-smart agriculture (CSA)
	2.1 Definition and principles of climate-smart agriculture
	2.2 Relevance of climate-smart agriculture to rice production

	3. Key climate-smart practices for rice farming
	3.1 Water management techniques
	3.2 Soil health management
	3.3 The use of resilient rice varieties
	3.4 Digital tools and precision farming

	4. Case studies of successful applications of climate-smart practices in rice farming
	4.1 Global case studies of climate-smart agriculture in rice farming
	4.1.1 China: Emission reduction strategies
	4.1.2 India: Development of climate-resilient rice varieties
	4.1.3 Indonesia: Regenerative technologies
	4.1.4 Bangladesh: Adoption of saline-tolerant rice varieties
	4.1.5 Southeast Asia: Reducing methane emissions through alternate wetting and drying and system of rice intensification

	4.2 Climate-smart agriculture in Africa: Continental case studies
	4.2.1 Madagascar: Implementation of the system of rice intensification
	4.2.2 Ghana: Climate-smart agriculture investment plan
	4.2.3 Senegal: Partnerships to promote climate-resilient agriculture

	4.3 Nigeria: Local case studies of climate-smart agriculture in rice farming

	5. Monitoring, evaluating, and scaling climate-smart agriculture in rice production
	6. Policy and institutional support
	7. Conclusion
	Acknowledgement
	Author details
	References




