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Abstract

Climate change is posing a risk to rural communities and smallholders in Asia, whose livelihoods traditionally de-
pend on farming. To address this, climate-smart agriculture (CSA) is widely encouraged for sustainable development.
Despite global recognition of CSA, there is currently limited evidence to generalise and evaluate the practical im-
plementation of CSA in this region. Given various agro-climate conditions, institutional settings, and socioeconomic
backgrounds, this paper conducted a systematic review of the achievements, challenges, and prospects of CSA in
Asian countries. We classified nine groups of CSA practices: conservation agriculture, water management, climate-
resilient varieties, agricultural diversification, integrated pest management, nutrient management, precision farming,
agrivoltaics, and livestock management. The linkages of enabling policies, knowledge transfer, market conditions,
financial mechanisms, and socioeconomic background are crucial in supporting the performance and sustainability
of CSA. In addition to the achievements in distinct criteria (productivity, adaptation, and mitigation), key challenges
include the lack of enforcing guidelines, the shortage of learning platforms, the limitation of financial support, and
the weakness of coordination among partnerships in the long term. To promote CSA in Asia, the engagement of
multi-stakeholders at multi-levels should be increased to enhance the capacities of farming households and help them
adopt responsive actions to local conditions.
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1 Introduction

The conceptual and practical efforts of climate-smart agri-
culture (CSA) have gradually been identified as a way to
improve the integration of agricultural development and cli-
mate resilience in the context of growing concerns about cli-
mate change and greenhouse gas (GHG) emissions in Asia.
The adverse effects of climate change tend to be appar-
ent across different production systems and agroecological
zones (Bhatt et al., 2019a). Declined underground water,
deteriorated soil structure, and increased pest and disease in-
cidence, associated with the typical frequency and intens-
ity of droughts, salinity, heavy rainfalls, and heat waves of
Asian climates have widely resulted in greater instability
and insecurity of food production (Lipper et al., 2014, Bhatt
et al., 2019a). These consequences have threatened rural
communities, especially socially disadvantaged groups or
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vulnerable marginal households whose livelihoods primarily
depend on agriculture. Simultaneously, agriculture is also
a considerable contributor to GHG, and substantial growth
in agricultural production has come at a significant environ-
mental cost. Inappropriate land use and significant emission
sources derived from improper soil management, agrochem-
icals application, livestock manure, and biomass burning
have considerably accumulated air pollution, which led to
the crucial request of using production resources efficiently
and sustainably, especially land, water, and energy toward
sustainable development.

Proposed by FAO (2010, 2013), CSA has been designed
to address three critical criteria: i) sustainably increase agri-
cultural productivity to support equitable increases in in-
comes, food security and development; ii) adapt and build
resilience to climate change; and iii) reduce GHG emissions
in agriculture compared to conventional trends (Pye-Smith,
2011; Lipper et al., 2014; Sova et al., 2018; Hussain et al.,
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2022). Various CSA practices have been globally and lo-
cally applied to increase farm productivity, adapt to climatic
variability, and/or minimise the emission of GHGs from
agroecosystems to the environment. Depending on various
policies and strategies of each country, CSA practices and
technologies have generally combined indigenous farming
knowledge based on accumulated experiences of farmers in
the face of climate variability and production risks, and ad-
vanced agricultural innovations that allow sustainable con-
servation of production resources and improved productivity
and livelihoods. CSA should not be considered universally
applicable in Asia, as CSA technologies and practices are
frequently location-specific and tailored to fit the specific
agroecological and socioeconomic conditions (Thornton et
al., 2018).

This review study focuses on Asia for three key reasons.
First, as the largest continent with diverse topographic fea-
tures, Asia is home to various agroecological zones and dif-
ferent production systems. Second, Asia is recognised as
one of the most vulnerable regions to global climate change,
where agricultural production faces significant challenges
due to increased GHG concentrations (Bhatt et al., 2019b).
A comprehensive review of CSA in this region can provide a
clear understanding of the achievements, challenges, and fu-
ture directions of CSA in the efforts to cope with these issues
(Raihan et al., 2024). Third, Asia encompasses a wide range
of socioeconomic backgrounds among agricultural produ-
cers. An in-depth exploration of CSA in Asia promotes to
sharing experiences, from traditional indigenous practices to
advanced technological applications, which can be tailored
and replicated in other regions through the involvement of
multiple stakeholders (Chandra et al., 2018).

Although the benefits of CSA have been clearly defined
and CSA has been well-targeted from the conceptual frame-
work and policy initiatives, real uptake of CSA has re-
mained slow, spontaneous, and fragmented among farming
villages in Asian countries (Sova et al., 2018; Nguyen et al.,
2017). Numerous studies have acquired CSA technologies
and practices as merely pilot programs and found it challen-
ging to scale up due to certain restrictions. While there is
currently scant evidence to generalise and evaluate the prac-
tical implementation of CSA in this region, a comprehensive
assessment of CSA in Asian countries is crucial to provide
informed insights for policymakers and stakeholders to drive
the sustainability of CSA in the long term. As a result, based
on a thorough review of related research results and reports
of reputable journals and organisations, this paper aims to
provide a systematic evaluation of CSA in Asia by briefly
describing CSA technologies and practices primarily adop-
ted in Asian countries, identifying the enabling factors asso-

ciated with the performance of CSA, concluding remarkable
achievements and challenges before drawing policy implic-
ations for prospects of CSA development pathway.

2 Data and methodology

Our study is based on seven assessed benefits/criteria of
CSA practices as mentioned in the Climate-smart Agricul-
ture Sourcebook by FAO (2013) to select and classify CSA
practices. These include (1) reduced soil erosion and im-
proved nitrogen efficiency from rotation, cover and min-
imum/zero tillage activities; (2) improved water availabil-
ity from soil and water conservation activities; (3) improved
crop yield by adopting new or improved varieties and chan-
ging in farm management; (4) improved livestock productiv-
ity through changes in livestock management such as en-
hanced breeding and feeding practices; (5) improved pro-
ductivity, market prices, and farm income through fertiliser
subsidy programmes or nutrient management; (6) improved
economic resilience from income diversification; and (7) re-
duced GHG emissions through better management practices.
These assessed benefits/criteria serve as the foundation for
the classification of seven groups of CSA in our study, in-
cluding (i) conservation agriculture, (ii) agriculture water
management strategies, (iii) climate-resilient crop varieties/
improved varieties, (iv) agricultural diversification, (v) inte-
grated pest management, (vi) nutrient management, and (vii)
livestock management. Moreover, during our literature syn-
thesis process of CSA in Asia, we noticed that precision agri-
culture and agrivoltaics practices are considered CSA prac-
tices and have been adopted in some Asian countries in re-
cent years. Therefore, our study incorporated two groups
(precision agriculture and agrivoltaics) into the classification
of CSA in Asia.

This study employs a systematic literature review method
to explore the critical achievements, key challenges, and
potential prospects of CSA implementation in Asia (Taw-
fik et al., 2019). To ensure the relevance and impartial-
ity of the collected data, several approaches and insights
from methodical manual searches were applied (Vassar et
al., 2016). A range of inclusion criteria and organised steps
were implemented to conduct a methodical manual search.
Relevant English-language references, primarily consisting
of research studies, review papers and book chapters, were
carefully selected and synthesised from respected academic
databases, such as Web of Science, Scopus, ScienceDirect
and Google Scholar. In addition, supplementary materials
from reliable reports issued by international and regional
organisations were also utilised. Based on the classifica-
tion of CSA practices as mentioned above, we utilised the
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manual search through an online database search using a
variety of keywords and search terms, including “climate-
smart agriculture”, “productivity”, “adaptation”, “mitiga-
tion”, “achievements”, “challenges”, “conservation agricul-
ture”, “water management”, “climate-resilient varieties”,
“agricultural diversification”, “integrated pest management”,
“nutrient management”, “precision farming”, “agrivolta-
ics”, and “livestock management” that were specifically fo-
cused in Asia or certain Asian countries. Moreover, our
study employed the Boolean search method by combin-
ing keywords or search terms. We conducted searches
by combining the search keyword “climate-smart agricul-
ture” with other keywords, such as (1) “climate-smart agri-
culture” AND “productivity” OR “adaptation” OR “mit-
igation”, (2) “climate-smart agriculture” AND “achieve-
ments”, (3) “climate-smart agriculture” AND “challenges”,
(4) “climate-smart agriculture” AND – nine CSA groups as
listed above. To guarantee the quality and reliability of the
findings, we included research articles published in peer-
reviewed journals. The secondary literature on CSA, includ-
ing supplementary materials from reliable reports, was also
reviewed. As our review focuses on recent results in CSA,
references published from 2005 to 2024 were prioritised for
selection. Following this, we conducted a data verification
procedure to re-examine the completeness (abstract availab-
ility, sufficient text), relevance, and non-duplication of the
topics and contents. Ultimately, we refined and selected 102
references for this study.

This literature list was then organised and analysed based
on specific issues of interest, using the insights from the con-
stant comparison method (Strauss, 1987) and content analy-
sis (Krippendorff, 2018; Patton, 2002; Weber, 1990). The
content analysis method allowed us to examine the concepts
and patterns systematically, and it was used throughout the
process of synthesising and categorising literature. In addi-
tion, one of the most frequent uses of the content analysis
method is to ascertain trends in the research content by con-
tent analysing the discipline journal articles. Following this
method, the literature sources were grouped into categories
including CSA technologies and practices, achievements of
CSA, and challenges for CSA adoption. Then, these cat-
egories were further divided into subcategories. The subcat-
egories of CSA technologies and practices consist of nine
groups of CSA practices as mentioned. Each CSA group is
then analysed to identify adoption trends in specific Asian
countries. The subcategories of CSA’s achievements were
classified based on the findings reported in literature ac-
cording to three pillars of CSA (1) productivity, (2) mit-
igation, and (3) adaptation. Regarding the challenges, we
identify and outline the trend of challenges in adopting CSA

in Asian countries; and then group them into six key issues,
including enforcing mechanisms, financial support, house-
hold capacity, technology diffusion, infrastructure, and cli-
mate change. In addition, the trend of each key challenge
happening in certain Asian countries is identified. Each
subcategory of all categories had specific relevant patterns.
These categories, subcategories, and patterns were derived
directly from the data. The constant comparison method
helped us structurally sort and organise raw ideas to formu-
late new insights. This method was applied to develop new
categories, subcategories, and patterns until data saturation
was reached. In our study, the method of constant compari-
son was utilised to develop new subcategories by adding two
groups/subcategories - precision agriculture and agrivolta-
ics - into the existing classification CSA practices. Finally,
these categories, subcategories and patterns were visualised
by using table templates to ensure consistency.

3 Overview of CSA technologies and practices
in Asia

The growing interest and support for sustainable agricul-
ture has promoted the adoption of CSA technologies and
practices among farmers in Asian countries. In recent years,
farmers have been applying various agricultural technologies
to improve their adaptive capacity to climate change and en-
hance their income. The adoption of CSA practices varies
by the types and characteristics of agricultural production
in specific local contexts. Based on the reviewed literature,
CSA technologies and practices in Asia are classified into
nine groups (Table 1).

Conservation agriculture (CA)

CA is a common farming system that supports sustainable
land management. CA consists of three core principles:
(i) minimum soil disturbance through minimising or no till-
age or direct seeding; (ii) maintenance of soil cover through
mulching or crop cover, and (iii) cropping diversity includ-
ing crop rotation. The use of CA practices has contrib-
uted to preventing soil erosion and degradation, restoring
soil fertility and adapting to climate change (Legoupil et al.,
2015; FAO, 2013). CA practices have been adopted in many
countries in Asia, commonly in South Asia (Pakistan, India,
Bhutan, Nepal, Sri Lanka, Bangladesh) and Southeast Asia
(Vietnam, Philippines, Indonesia). CA practices in Asian
countries are quite diverse and abundant, including zero or
minimum or reduced tillage; the combination of no-tillage,
recommended dose of fertiliser, residue management; mulch
or cover crop; ridge planting system; intercropping; ratoon
management; and dry sowing (Table 1).
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Table 1: Climate smart agriculture (CSA) technologies and practices primarily adopted in Asian countries.

Major groups of CSA
technologies and
practices Detailed CSA technologies and practices Countries References

Conservation agriculture - Zero/minimum/reduced tillage - Combination of no
tillage, recommended dose of fertiliser, and residue
management. - Sustainable land management -
Mulch/cover crop - Ridge planting system -
Intercropping - Ratoon management (minimum soil
disturbance) - Dry sowing

Pakistan, India,
Vietnam, Bangladesh,
Bhutan, Nepal, Sri
Lanka, Philippines,
Indonesia, The Kyrgyz
Rep.

Sardar et al. (2021); Aryal et al. (2018);
Kakraliya et al. (2021); Hasan et al. (2018);
Dikitanan et al. (2017), CIAT & World
Bank. (2017a, 2017b, 2018); CIAT et al.
(2017); Nguyen et al. (2017); World Bank
& CIAT (2015); Savelli et al. (2021).

Agriculture water
management strategies

- System of rice intensification (SRI) - Alternate
wetting and drying (AWD) - Bunds/terraces - Laser
land levelling - Raising crops on bed - Conjunctive
use of water - Drainage management - Water saving
irrigation - Contour farming - Planting in fish scale
pits - Solar-powered irrigation - Direct seeding -
Sorjan cultivation method - Floating bed cultivation
on water bodies - Irrigation at critical time
(solar-based) - Micro irrigation (drip irrigation,
sprinkle) - Water efficient irrigation (ridge and
furrow, flat bed in dry) - Regulated deficit irrigation -
Bubbler irrigation - Water collection tube system

Vietnam, Philippines,
Pakistan, India,
Bangladesh, Bhutan,
Nepal, Sri Lanka,
Indonesia, Lao,
Cambodia, Thailand,
Indonesia, The Kyrgyz
Rep.

Ha & Van Bac (2021); Rejesus et al. (2011),
Sardar et al. (2021); Aryal et al. (2018);
Imran et al. (2019); Imran et al. (2022);
Mishra et al. (2021); Nguyen et al. (2017);
Hasan et al. (2018); Kabir et al. (2022);
Savelli et al. (2021); Nguyen & Hung
(2022); Dikitanan et al. (2017); CIAT &
World Bank. (2017a, 2017b, 2017c, 2018);
CIAT et al. (2017).

Adoption of
climate-resilient crop
varieties/ improved
varieties

- Drought-tolerant varieties - Stress-tolerant varieties
- Flood-resistant varieties - Submergence-resistant
and high-yielding varieties - Short duration and
high-yielding varieties - Salinity-resistant varieties -
Lodging-resistant (tall) high-yielding varieties -
Disease-resistant varieties - Dwarf and
early-maturing varieties - Heat-tolerant varieties -
Pest-resistant varieties - Certified high-quality seed -
Short and ultra-short duration varieties

Vietnam, Pakistan,
India, Bangladesh,
Bhutan, Nepal,
Indonesia, Philippines,
The Kyrgyz Rep., Sri
Lanka

Dung & Anh (2022); Sardar et al. (2021);
Ha & Van Bac (2021); Lan et al. (2018);
Aryal et al. (2018); Nguyen et al. (2017);
Hasan et al. (2018); World Bank & CIAT
(2015); Savelli et al. (2021); Dikitanan et al.
(2017); CIAT & World Bank (2017a, 2017b,
2017c, 2018); CIAT et al. (2017).

Climate-resilient
agricultural diversification

- Crop rotation - Intercropping - Rice-fish farming -
Shrimp-rice farming - Crop intensification - Mixed
cropping - Shrimp – forest farming - Shade trees
(agroforestry) - Dairy and forestry (for fodder,
forage, and fuel requirement) - Chickpea and
forestry (establishment of wind barriers) -
Timber-crop-livestock integration - Fruit and timber
trees along with rice and vegetables

Vietnam, India,
Bangladesh, Bhutan,
Nepal, Pakistan, The
Kyrgyz Rep., Sri
Lanka, Philippines

Lan et al. (2018); Aryal et al. (2018);
Nguyen et al. (2017); World Bank & CIAT
(2015); Dikitanan et al. (2017); CIAT &
World Bank (2017a, 2017b, 2017c, 2018);
CIAT et al. (2017).

Integrated pest
management

- Combination of tolerant varieties and removal of
crop residues - Combination of organic production
and disease-free seedling - Biological control - Use
bio-pesticides - Organic crop protection products

Vietnam, Bhutan,
Nepal, Pakistan,
Indonesia, The Kyrgyz
Rep.

Nguyen et al. (2017); Savelli et al. (2021);
CIAT & World Bank (2017b, 2017c, 2018).
CIAT et al. (2017).

Nutrient management - Organic fertiliser - Micro-dosing fertiliser - Animal
manure application - Site-specific nutrient
management - Humus storage pits (soil’s moisture
increase) - Proper use of fertiliser (right timing,
placement, source, amount) - Farmyard manure
application and mulching - Integrated soil fertility
management (organic and biological fertilisers) -
Organic farming

Vietnam, Pakistan,
India, Bangladesh,
Bhutan, Nepal, Sri
Lanka, Philippines,
The Kyrgyz Rep.,
China, Japan, Thailand,
Malaysia, East Timor,
Taiwan, South Korea

Lan et al. (2018); Sardar et al. (2021);
Aryal et al. (2018); Nguyen et al. (2017);
World Bank & CIAT (2015); Hsieh (2005);
Partap (2010); Dikitanan et al. (2017);
CIAT & World Bank (2017a, 2017b, 2017c,
2018); CIAT et al. (2017).

Precision farming - Smart Agriculture (automatic control system, apps,
big data, IoT, Image recognition, Sensing &
monitoring, Robotic, Drone) - Precision nutrient
management (Leaf Colour Chart, Green seeker,
Nutrient expert) - Precision irrigation management
(right timing and amount) - Application of precise
dosage of fertiliser - Laser land levelling -
Leveraging artificial intelligence (AI) to tackle pink
bollworm infestation for cotton - Smart irrigation for
paddy fields - Precision Spraying (Treating
armyworm infestation with drones)

Taiwan, Nepal,
Indonesia, Pakistan,
India, Vietnam, China,
Japan

Chuang et al. (2020); CIAT et al. (2017);
Savelli et al. (2021); CIAT & FAO (2018);
UNDP (2021), Toriyama (2020).

Agrivoltaics Agrophotovoltaics in rice production Japan, South Korea,
India, China

Mo et al. (2022); Gonocruz et al. (2021);
Mahto et al. (2021), Widmer et al. (2024).

Livestock management - Biogas technology - Promotion of manure
compositing - Improvement of veterinary services -
Fodder crop production - Improved breeds/Cross
breeding (high yielding and disease-resistant breeds)
- Stall feeding combined with biogas plant -
Improved goat shed - Controlled shed - Automatic
feeding in controlled shed - Alternative feeds

Vietnam, Bangladesh,
Bhutan, Nepal,
Pakistan, Sri Lanka,
Indonesia, Philippines,
The Kyrgyz Rep.

Nguyen et al. (2017); World Bank & CIAT
(2015); Savelli et al. (2021); Dikitanan et al.
(2017); CIAT & World Bank. (2017a,
2017b, 2017c, 2018). CIAT et al. (2017).
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Agricultural water management strategies

Agricultural water management strategies are approaches
that manage and use water resources efficiently (Chowdhury
& Bajracharya, 2018). In Asia, agricultural water manage-
ment strategies have been adopted under various practices
with the benefits of saving water, preventing soil erosion, and
using water efficiently including water surface. Almost all
countries in South Asia and Southeast Asia (e.g., Vietnam,
Philippines, Pakistan, India, Bangladesh, Bhutan, Nepal, Sri
Lanka, Indonesia, Lao, Cambodia, Thailand, Indonesia, and
the Kyrgyz Republic) applied these techniques respective
to cultivation models and local contexts. Agricultural wa-
ter management strategies in Asia include the System of
Rice Intensification (SRI), Alternate Wetting and Drying
(AWD), bunds/terraces, laser land levelling, raising crops on
bed, conjunctive use of water, drainage management, water-
saving irrigation, contour farming, planting in fish scale pits,
solar-powered irrigation, direct seeding, sorjan cultivation
method, floating bed cultivation on water bodies, irrigation
at a critical time (solar-based), micro-irrigation (drip irriga-
tion, sprinkle), water-efficient irrigation (ridge and furrow,
flat bed in dry), regulated deficit irrigation, bubbler irriga-
tion, water collection tube system (Table 1). Some prac-
tices related to CA can be grouped here (e.g., direct seed-
ing, ridge planting systems, and contour farming) since their
benefits capture both preventing soil erosion and managing
water resources efficiently. We also classify some floating
agriculture practices (e.g., sorjan cultivation method, float-
ing bed cultivation on water bodies) into this group because
these practices help use water resources effectively, and they
can be applied in prolonged submerged areas, popularly in
Bangladesh.

Adoption of climate-resilient crop varieties

The application of climate-resilient crop varieties is a crit-
ical method to help farmers adapt and cope with unpre-
dictable weather or climate change (Acevedo et al., 2020).
This measure can maintain or improve crop productivity un-
der bad weather conditions such as drought, flood, higher
temperature, and salinity (Dhankher & Foyer, 2018; Saab,
2016; Acevedo et al., 2020). In Asian countries, adoption
of climate-resilient crop varieties is quite common in short-
term food crop cultivation (e.g., rice, wheat, maize, mun-
gbean, onion, vegetables. . . ) such as drought-tolerant var-
ieties, flood-resistant varieties, submergence-resistant and
high-yielding varieties, short duration and high-yielding var-
ieties, salinity-resistant varieties, dwarf and early-maturing
varieties, heat-tolerant varieties, pest-resistant varieties, and
certified high-quality seed (Table 1).

Climate-resilient agricultural diversification

Climate-resilient agricultural diversification is considered
a method to ensure food security and to improve resili-
ence to climate change. This strategy aims toward sus-
tainable agriculture by creating benefits for the economy
and environment. Agricultural diversification can be under-
stood as a livelihood strategy that improves agricultural pro-
ductivity, generates income, and reduces risks from environ-
mental variability (Vernooy, 2022). Asian farmers have ap-
plied many ways of climate-resilient agricultural diversific-
ation, such as the cultivation of different crop species in the
same space (mixed cropping, intercropping, mulching with
leguminous species); rotation crop in different seasons; the
combination between crop and livestock, crop and fisheries
(e.g., fish, shrimp); and agroforestry (shrimp-forest farming,
shade trees, dairy and forestry, timber-crop-livestock inte-
gration) (Table 1).

Integrated pest management (IPM)

IPM is an approach to pest and disease control for plants
using a combination of safe and economical methods (Bajwa
& Kogan, 2002; Coll & Wajnberg, 2017; Stenberg, 2017).
This approach also focuses on minimising the adoption of
chemical pesticides (Deguine et al., 2021). The purpose of
IPM is to reduce or minimise the risks to the environment
and community health by integrating various pest manage-
ment techniques such as regular cultivation practices with
chemical and biological measures (Deguine et al., 2021).
Some examples of IPM techniques applied in Asian coun-
tries (e.g., Vietnam, Bhutan, Nepal, Pakistan, Indonesia, The
Kyrgyz Rep. . . ) are the combination of tolerant varieties and
removal of crop residues, the combination of organic pro-
duction and disease-free seedlings, biological control, use
bio-pesticides, organic crop protection products (Table 1).

Nutrient management

Nutrient management is defined as a strategy to balance
crop nutrients precisely, including organic and mineral fer-
tilisers (WFO, IFA, & GACSA, 2017). This approach in-
volves using efficient crop nutrients to improve agricultural
productivity, decreasing the emission of nitrous oxide, and
building resilience in crops (WFO, IFA, & GACSA, 2017).
In Asia, nutrient management strategies are common in the
following practices: the use of organic fertilisers/micro-
dosing fertilisers/biological fertilisers/animal manure in crop
cultivation, site-specific nutrient management, humus stor-
age pits (soil’s moisture increase), proper use of fertiliser
(right timing, placement, source, and amount), and organic
farming (Table 1).
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Precision agriculture (PA)

PA or precision farming is a system of agricultural manage-
ment that manages soil and crops to fit different conditions of
each field based on information and technology (Gomiero,
2019). PA is also called “a new management technology”
which comprises a set of techniques such as geographic in-
formation systems, remote sensing, Internet of things (IoT),
smart farming, global positioning system (GPS), and ro-
botics in agricultural production (Gomiero, 2019; UNDP,
2021). This approach is expected to help farmers apply the
required inputs like water, fertilisers, and pesticides, in pre-
cise amounts (UNDP, 2021) to achieve higher productivity
and protect crops and soil. In Asia, the adoption of PA is
still relatively low compared to Europe and America, espe-
cially in developing countries that have restrictions on infra-
structure and farmer’s capabilities to apply high-level tech-
nology. PA in Asian countries includes smart agriculture
(automatic control systems, apps, big data, IoT, Image recog-
nition, Sensing and monitoring, Robotic, Drone) in Taiwan,
precision nutrient management (Leaf Colour Chart, Green
seeker, Nutrient expert), precision irrigation management
(right timing and amount), application of precise dosage of
fertiliser, laser land levelling in Pakistan and India, lever-
aging artificial intelligence (AI) to tackle pink bollworm in-
festation for cotton in India, smart irrigation for paddy fields
in Vietnam, precision spraying (Treating armyworm infesta-
tion with drones) in China, and information and communica-
tion technology (ICT) or smart agriculture in Japan (Table 1).

Agrivoltaics

Agrivoltaics (also known as agrophotovoltaics) is a new agri-
cultural technique that combines agricultural production and
solar energy in the same area (Dinesh & Pearce, 2016; Wid-
mer et al., 2024). The application of agrivoltaic systems can
increase agricultural productivity and mitigate the negative
effects on the environment (Gonocruz et al., 2021). Thanks
to its benefits, this technique has been studied and replicated
in many countries in recent years. Asia is considered a con-
tinent that applies a relatively large number of agrivoltaics
technique, mainly countries in Northeast Asia (Japan, South
Korea, China) (Mo et al., 2022); Gonocruz et al., 2021; Wid-
mer et al., 2024). Japan is a leader in agrivoltaics with many
projects across the country. In India, agrivoltaics is con-
sidered a potential technology for farmers and some projects
have been implemented here (Mahto et al., 2021).

Livestock management

Livestock management in CSA involves mainly the man-
agement of organic matter and nutrients. In Asia, live-
stock management practices include biogas technology, pro-

motion of manure compositing, improvement of veterinary
services, fodder crop production, improved breeds/cross-
breeding (high-yielding and disease-resistant breeds), stall
feeding combined with a biogas plant, improved goat shed,
controlled shed, automatic feeding in controlled shed, and
alternative feeds (Table 1).

Overall, in Asia, CSA technologies and practices are quite
diverse and appropriate to the local contexts. While devel-
oping countries in South Asia, Southeast Asia, and Central
Asia tend to primarily adopt techniques for soil and water
conservation, climate change resilience, and efficient use of
resources, developed countries with highly improved tech-
nology (such as Japan, Korea, and Taiwan) tend to mainly
incorporate technology for emission reduction and produc-
tion adaptability.

4 Factors associated with the performance and
sustainability of CSA in Asia

Prioritising and selecting CSA activities require thorough
consideration, not only due to the trade-off address of three
criteria, or cost-benefit options of technology (Thornton et
al., 2018; Hussain et al., 2022) but also enabling factors as-
sociated with the performance and sustainability of CSA.
More than a set of practices or technologies, CSA refers
to multiple interventions across agro-climate and landscape
conditions, institutional settings, and socioeconomic back-
grounds of smallholders (Lipper et al., 2014; Chandra &
McNamara, 2018).

4.1 Agro-climate and landscape characteristics

Asian countries have been facing climate change chal-
lenges and extreme weather events that negatively influence
the production and livelihood security of farmers. Wide-
spread changes in rainfall and temperature patterns threaten
agricultural production and increase farmers’ vulnerability
(Lipper et al., 2014). Soil degradation, water shortages, and
salt intrusion, combined with the frequency and intensity of
droughts, heatwaves, typhoons, and floods have negatively
affected land and water productivity, resulting in higher pro-
duction instability (Bhatt et al., 2019a; Jat et al., 2020).
Given the diversity of geography, typography, climate, eco-
logical conditions, and characteristics of each country, the
impacts of climate change vary by production systems and
agroecological zones (Nguyen et al., 2017). Selecting a
particular CSA practice depends significantly on the agro-
climatic and landscape characteristics of a specific region.

For instance, while adoption of saline/flood-tolerant crop
varieties is the primary practice in lowland or coastal regions
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in the face of increasing frequency of flooding and salinity
intrusion (Nguyen et al., 2017; Hasan et al., 2018; Akter et
al., 2022), soil conservation agriculture technology has been
paid attention in degraded soil or upland regions (Nguyen
et al., 2017; Bhatt et al., 2019a). Respectively, drought-
resistant crop and water management practices have been
common in water-scarce areas with limited annual rainfall
(CIAT & World Bank, 2017a; CIAT et al., 2017). As climate
risks are not experienced similarly across regions, CSA ori-
entation should be location-specific and situated into unique
agro-climatic and landscape characteristics of the local con-
text.

4.2 Institutional settings

4.2.1 National and local policies and strategies

CSA has been reflected in several national and local
policies and strategies of Asian countries. CSA actions are
context-specific depending on regional, national and local
priorities. Piloted and scaled-up CSA programs were ini-
tiated from regional levels (e.g., ASEAN Promoting CSA
Practices, ASEAN Climate Resilience, SEARCA Climate
Change Adaptation and Mitigation Program for Agricul-
ture and Natural Resource Management, etc.) to national
levels (such as National Action Plan on Climate Change,
National Innovations on Climate Resilient Agriculture in In-
dia, Agriculture Development Strategy in Nepal, Climate
Change Strategy Action Plan in Bangladesh, National Cli-
mate Change Strategy in Vietnam, Climate-Smart Agricul-
ture Strategy in Myanmar, Climate Change Priorities Action
Plan for Agriculture, Forestry and Fisheries in Cambodia,
etc.) (Dinesh et al., 2017; Akter et al., 2022). These pro-
grams acted as guidelines, frameworks, platforms, and re-
sources to develop CSA that aim to enhance agricultural
productivity, improve sustainable resource management, and
increase climate change adaptation and resilience in Asia.
Based on the country’s needs, these programs formulate
overall directions, provide foundations, allocate resources
and drive specific action plans to enable policy implemen-
tation. The involvement of non-governmental, international
and domestic mass organisations, and private sectors also
play an important role in providing advisory and subsidy re-
sources to facilitate CSA.

The key feature of this process is the linkages of
farming system components with governmental and non-
governmental schemes to pool essential resources and help
smallholders accessible with CSA practices. CSA is recog-
nised as an efficient, sustainable, and feasible agricultural
system in addressing beneficial impacts, including increased
productivity, improved efficiency of resource use, and en-
hanced environmental durability by enhancing climate resi-

lience and lowering GHGs (Kakraliya et al., 2021; Sardar
et al., 2021; Imran et al., 2022). Notably, during enabling
policy and diffusing technology, Climate-Smart Villages
(CSVs) - portfolios of CSA based on collaboration with
local communities and organisations - have gained attention
(Barbon et al., 2021). Promoted by national programs and
strategies (e.g., Vietnam’s Nong Thon Moi national rural de-
velopment program, Myanmar’s Climate-Smart Agriculture
Strategy, Philippine Department of Agriculture systemwide
program, etc.) or driven by donor-funded projects (such
as IDRC in Myanmar, WFP in Laos, ADB in Cambodia,
etc.), CSVs aims to integrate CSA into village development
plans using indigenous expertise and local needs. CSVs are
sites where researchers from national and international or-
ganisations, farmers’ cooperatives, local government, private
sector organisations, and policymakers all come together to
identify appropriate CSA interventions suited to local envir-
onmental challenges in particular villages. Since CSVs have
succeeded in some Asian countries, they have provided evi-
dence in bringing tailor-made CSA interventions to the com-
munities through a participatory basis. However, pilot pro-
jects do not necessarily or entirely reflect the reality at scale
in Asian countries, since CSV only serves as a community-
specific testing ground of CSA. Broadening CSA at a larger
scale still depends on other enabling factors.

4.2.2 Knowledge transfer process

CSA is perceived as not only location-specific but also
technically rigorous and knowledge-intensive (Chandra et
al., 2017). The scaling-up of CSA can go through a
knowledge transfer process via different forms, such as
formal training workshops, informal farmer-farmer experi-
ence exchange, or supporting ICT tools. A comprehens-
ive community-based training program to raise awareness
of CSA can be encouraged. In the early stages of newly
introduced CSA technology, formal pathways via exten-
sion workers, field researchers, and local government spe-
cialists should play an important role in providing training
workshops and services to farmers on a timely basis (Pan,
2014). Learning groups (such as Farmers’ Field Schools,
Farmer Learning Sessions, etc.) can be appropriate plat-
forms for designing need-based strategies and help farmers
gain confidence to share their knowledge and build coopera-
tion among peer farmers in the communities (Chandra et al.,
2017). Subsequently, knowledge diffusion can be promoted
through informal pathways via farmer-to-farmer experience
and advice sharing to disseminate CSA practices.

Some CSA could not be extended due to a lack of know-
ledge transfer, shortage of complete package technical train-
ing, and limited skills for operation (Aryal et al., 2018;
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Tran et al., 2020). In addition, due to the weak coordin-
ation between training providers and farmers, as well as
limited guidance in action plans at local levels, farmers find
it difficult to access tailored information and scale up CSA
(Nguyen et al., 2017). As a result, the provision of adequate
and transparent information, and evidence-based field re-
search/experiment results contribute positively to advancing
CSA among Asian countries at local levels (Chandra et al.,
2017; Aryal et al., 2018; Tran et al., 2020).

4.2.3 Market condition and financial mechanism

The feasibility and sustainability of CSA should consider
market conditions and financial mechanisms. High costs
of installation, limited market access, and credit constraints
are found to be key barriers to broadening CSA measures
(Nguyen et al., 2017; Luu, 2020). While most CSA in Asia
has been majorly led by governments or international organ-
isations, the involvement of private sectors remains limited.
Private sector engagement should be incentivised, probably
in establishing market-oriented business models, providing
economic incentives, or supplying investment opportunities
to capture the long-term profitability and efficiency of CSA.

In addition, the success of CSA partially depends on the
sustainability of financing. Although several major commit-
ments have been made by international financial institutions,
development agencies, private sectors, and national govern-
ments, many CSA activities have been funded for only short
periods, and many programs just performed as pilots without
the possibility to scale up. Limited financial capital for CSA
investments remains a constraint for many farmers (CIAT &
World Bank, 2017a; CIAT & World Bank, 2017c; CIAT et
al., 2017). Therefore, a long-term perspective and strategy
are necessary to allow farmers to perceive fully CSA con-
cepts, as well as to realise the benefits of CSA interventions
practically and sustainably. For an intervention to be suc-
cessful, farming systems should be able to self-support and
continue to develop solutions even after the funding has ter-
minated. Evaluating the sustainability of a system over time
without reliance on external support is critical, in which,
stakeholders should engage as active participants in creating
flexible operations, favourable conditions, and co-benefit in-
terests.

4.3 Socioeconomic background of smallholders

Smallholder farming systems are common in rural villages
in Asia. While considerable resources have focused on cre-
ating an enabling environment for CSA, less attention has
been paid to the socioeconomic background of smallholders
in facilitating and scaling out CSA while responses of small-
holders to CSA practices vary with their socioeconomic di-

versity (Jat et al., 2020). Because of multi-dimensional
levels of information access, household resources and sub-
sidies, the perception of climate vulnerability and responses
to CSA are diverse among smallholders. It has been found
that perceived information on climate change, educational
level, farmland size, farmland tenure, access to credit, ex-
tension and markets, and other social-cultural factors are
critical determinants of adopting CSA practices (CIAT &
World Bank, 2017a; CIAT & World Bank, 2017c; Aryal
et al., 2018; Luu, 2020; CIAT et al., 2017). Some CSA
practices cannot be scaled up in disadvantageous and vul-
nerable households due to their low affordability to access
required inputs and limited operation skills (Hasan et al.,
2018). Lack of capital, information, technical support, frag-
mented land plots, and limited land tenure, combined with
the conventional habit of overusing agrochemicals, further
create critical challenges for CSA adoption in the long term
among Asian smallholders (Nguyen et al, 2017). As a result,
CSA programs should support disadvantaged households by
providing necessary resources and fostering their operation
capacity. In addition, enhancing women’s role in CSA also
contributes to providing equitable opportunities for farmers
in Asia (CIAT & World Bank, 2017a; CIAT & World Bank,
2017c; CIAT et al., 2017).

In sum, while growing strategies, policies, partnerships
and investments create an enabling environment for CSA, it
is essential to be complemented with sustainable financing,
proper coordination and transparent evaluation to measure
the efficacy of interventions. In recent years, based on vari-
ous CSA schemes at the regional and national level, experts
have used different methodologies and criteria to evaluate
the effectiveness of CSA, such as smartness score (Sova et
al., 2018), climate-smart feasibility index (Pal and Kumar,
2019), and multi-criteria ranking system (Wassmann et al.,
2019). Despite multi-dimensional evaluation, farmers gen-
erally expressed their preference to adopt CSA conditional
on improved productivity, qualified capacity, institutional
favour, and market and financial approval. Strengthening
household capacity, as well as facilitating the active engage-
ment of stakeholders, are crucial to increasing CSA uptake
(Bhatt et al., 2019b).

5 Achievements, challenges and prospects of CSA
in Asia

5.1 Achievements

Our study evaluates the achievements of CSA technol-
ogies and practices based on three respective pillars of CSA,
including agricultural productivity, GHG mitigation, and cli-
mate change adaptation (Table 2). The review of empirical
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Table 2: Achievements of climate smart agriculture (CSA) in Asia.

Major groups of CSA
technologies and
practices Productivity Mitigation Adaptation References

Conservation
agriculture

- Increased productivity/

yield/ profit - Increased farm
income - Decreased poverty

Reduced GHG emissions Increased soil moisture
conservation

Sardar et al. (2021),
Pratibha et al. (2015),
Ghosh et al. (2015), Uddin
et al. (2016), Zheng et al.
(2014), Uddin & Dhar
(2016).

Agriculture water
management
strategies

- Increased productivity/

yield/ profit - Savings inputs
used (water, energy) -
Increased farm income -
Using input more efficiently -
Enhanced food security

Reduced GHG emissions Vegetation restoration,
reduced soil erosion

Ha & Van Bac (2021),
Nguyen & Hung (2022),
Rejesus et al. (2011),
Sardar et al. (2021), Imran
et al. (2019), Imran et al.
(2022), Mishra et al.
(2021), Nguyen et al.
(2017), Hasan et al. (2018).

Adoption of
climate-resilient
crop varieties

- Increased productivity/ yield/

profit - Increased farm income
- Enhanced food security

Reduced GHG emissions Climate risk adaptation Dung & Anh (2022),
Sardar et al. (2021), Ha &
Van Bac (2021), Lan et al.
(2018), Hasan et al. (2018),
Nayak et al. (2022), Zhang
et al. (2019).

Climate-resilient
agricultural
diversification

- Increased productivity/

yield/ profit - Increased farm
income - Reduced poverty

Enhanced resilience to
climatic shocks

Lan et al. (2018), Jena et
al. (2023), Birthal &
Hazrana (2019), Birthal et
al. (2015)

Integrated pest
management (IPM)

- Reduced costs of pesticide -
Improved efficiency -
Increased productivity/ yield

Reduced global warming Rahman et al. (2018),
Mariyono (2008), Mancini
(2006).

Nutrient
management

- Increased productivity/ yield/

profit - Increased farm income
- Ensured food security

- Reduced N2O emissions
and global warming -
Mitigation of adverse
effects of climate change

Enhanced climate
resilience

Lan et al. (2018), Sardar et
al. (2021), Pampolino et al.
(2007), Singh et al. (2021),
Islam et al. (2024).

Precision farming - Increased productivity -
Minimised production costs -
Saved costs/cost effectiveness
- Time saving

- Avoidance of overuse of
agrochemicals - Reduced
nitrogen

No direct contact with
toxic chemicals, and
enhanced public health

Chuang et al. (2020),
UNDP (2021), Bujang &
Bakar (2019), Toriyama
(2020).

Agrivoltaics - Increased productivity/

yield/ profit - Efficient land
use - Reduced usage of
pesticides and fertilisers -
Sustainable income generation

Sustainable energy
generation

Mo et al. (2023), Gonocruz
et al. (2021), Mahto et al.
(2021).

Livestock
management

- Increased productivity -
Utilised by-products (organic
fertilisers can be used on
forages) - Enhanced food
security - Promotes animal
health and productivity

- Reduction of negative
impacts on the environment
- Reduced nitrous oxide
emissions

Enhanced public health
and generated renewable
energy

Roubík et al. (2017),
Lopez-Ridaura et al.
(2018)

evidence indicates that most CSA practices achieve either
two or three CSA objectives.

In terms of agricultural productivity, major groups of CSA
practices were proven to increase productivity or improve
production efficiency, contributing to raising farm income
or agricultural profit. For instance, plots adopted CA were

proved to have a higher yield of 47 % than non-adopted
plots in maize – wheat cropping system in India (Ghosh et
al., 2015). Bitter gourd production adopting IPM practices
could improve higher technical efficiency compared to non-
adopted production in Bangladesh (Rahman et al. (2018).
In India, adoption of crop rotation in paddy production in-
creased 42–45 % in farm income (Jena et al., 2023). In ad-
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dition to increasing productivity, CSA contributes to redu-
cing, minimising, or saving production costs by using inputs
more efficiently, particularly in agriculture water manage-
ment strategies, IPM practices, PA, and agrivoltaics. In the
Philippines, the application of AWD in rice production could
reduce irrigation time by about 38 % and save pumping en-
ergy (Rejesus et al., 2011). UNDP (2021) affirmed that smart
irrigation could save 13–20 % of water used compared to the
AWD model in rice fields in Vietnam. In Japan, the adop-
tion of ICT in PA can be cost-effective and time-saving (Tor-
iyama, 2020). Agrivoltaics also has the potential to reduce
the usage of pesticides and fertilisers in production in India
(Mahto et al., 2021). With achievements in agricultural pro-
ductivity and production resource efficiency, the adoption of
CSA practices in Asia can reduce or ensure food security, de-
crease poverty, and improve livelihoods for farmers. In par-
ticular, the adoption of CSA practices (e.g., mulching, wa-
ter management practices, adoption of climate-resilient crop
varieties, and organic fertiliser) enhanced household food se-
curity in terms of food expenditure per capita in Bangladesh
(Hasan et al., 2018). Furthermore, intensifying livestock
management could have a considerable positive impact on
potential food availability in India (Lopez-Ridaura et al.,
2018). Moreover, crop diversification could help reduce the
poverty status of Indian farmers (Birthal et al. 2015).

In terms of GHG mitigation, the quantitative measure-
ments of reduced GHG and increased carbon sequestration
in CSA practices are indicators of achieving the mitigation
criteria. In Asia, a few studies have concentrated on GHG
emissions and carbon sequestration. For instance, the study
by Kakraliya et al. (2021) showed that the rice-wheat sys-
tem under CSA practices had a lower global warming poten-
tial by 33-40 % than the conventional system in India, and
thus, could mitigate global warming potential by around 387
metric tons of CO2 equivalent emissions per year. Another
case study in India indicated that the application of the zero-
tillage technique in the rainfed pigeon pea–castor systems
could decrease GHG emissions by 21-23 % (Pratibha et al.,
2015). In the Lower Mekong Basin (including Lao, Viet-
nam, Cambodia, and Thailand), Mishra et al. (2021) con-
cluded that the SRI practice helped reduce GHG emissions
by 14 % per hectare with irrigated rice production and by
17 % per hectare in rainfed cropping. Additionally, a meta-
analysis study of the historical changes in Chinese rice var-
ieties reported that the replacement of new rice varieties re-
duced GHG emissions by about 31 % (Zhang et al., 2019).

In terms of adaptability and resilience to climate change,
evaluation criteria consist of the level of skills, knowledge,
and exposure to climate change; the diversity of livelihoods
and income sources; biodiversity and soil erosion/loss; in-

crease in the resilience of crops/animals; and increase the
resilience of natural resources. The study by Ghosh et al.
(2015) showed that the mean runoff coefficients and soil
loss of plots under conservation agriculture were 45 % and
54 % respectively less than conventional agriculture plots
in the maize–wheat system in India. They also found that
the soil moisture conservation was up to 90 cm soil deep
after harvesting maize. Nayak et al. (2022) conducted a
study of adaptation to the risks of climate change over three
years 2016-2018 in Bangladesh. Their findings indicated
that an increase in the adoption rate of climate-resilient var-
ieties significantly enhanced farmers’ adaptation to climate
risks. Similarly, Birthal & Hazrana (2019) affirmed that
crop diversification is a crucial adaptation measure to cli-
matic shocks since it could create benefits against climate
shocks in the long run. The UNDP report (2021) noted that
precision spraying by using drones to treat armyworms can
help Chinese farmers prevent direct contact with toxic in-
secticides and enhance public health.

Generally, CSA practices help communities improve food
security, mitigate GHG emissions, and adapt to climate
change by applying appropriate measures. This is an ad-
vance that transforms agri-food systems towards sustainable
development.

5.2 Challenges

In addition to the achievements mentioned above, adopt-
ing and scaling up CSA in Asia still faces some key chal-
lenges. We defined and classified these challenges into six
groups, including enforcing mechanisms, financial support,
household capacity, technology diffusion, infrastructure, and
climate change (Table 3).

In terms of enforcing mechanisms, although policies and
institutional environment enable favourable conditions for
CSA development, there have been limitations in enforcing
guidelines, weakness in coordination among partnerships,
and modest governance capacity for CSA development in
some nations. For instance, there was still a shortage of dir-
ections for the development of organic farming in domestic
markets in India and a lack of explicit programs targeted for
CSA in Bhutan (CIAT & World Bank, 2017b). The vision
and activities of some agencies related to CSA were found
to overlap in the Philippines (Dikitanan et al., 2017). In
Nepal, fragmented institutional operations, associated with
limited governance capacity and resources restricted CSA
development (CIAT et al., 2017). On the other hand, un-
favourable land-tenure systems made farmers unwilling to
invest in CSA for the long term in Bangladesh and Nepal
(CIAT & World Bank, 2017a). In addition, CSA faced dif-
ficulties in replicating since farmers had limited market ac-



H. T. T. Nguyen et al. / J. Agr. Rural Develop. Trop. Subtrop. 126 – 1 (2025) 25–42 35

Table 3: Challenges for climate smart agriculture (CSA) in Asia.

Key challenges Countries References

Enforcing
mechanisms

- Limited enforcing guidelines
- Weak coordination among
partnerships - Modest
governance capacity -
Unsecured land tenure -
Restricted market access

Bangladesh, India, Indonesia,
Kyrgyz Republic, Nepal,
Pakistan, Philippines, Sri
Lanka, Taiwan Thailand,
Vietnam

Bhujel & Joshi (2023); Burchfield &
Poterie (2018); Dikitanan et al.
(2017); CIAT & World Bank (2017a,
2017c, 2018); FAO-SEC (2013); CIAT
et al. (2017); Hsieh (2005); Jena et al.
(2023); Karki & Shrestha (2014);
Khamkhunmuang et al. (2022);
Saharawat et al. (2022); Savelli et al.
(2021); Thang et al. (2017).

Financial support - Constrained public subsidy -
Low involvement of private
funding

Bhutan, Nepal, Kyrgyz
Republic

CIAT & World Bank (2017b, 2018);
Karki & Shrestha (2014).

Household
capacity

- Limited farmer’s
awareness/perception -
Inappropriate conventional
production habits - Low
capital and family labour
endowment

Bangladesh, Bhutan,
Cambodia, China, India,
Indonesia, Kyrgyz Republic,
Laos, Nepal, Pakistan,
Philippines, Sri Lanka,
Thailand, Vietnam

World Bank & CIAT (2015);
Burchfield & Poterie (2018); Chun et
al. (2016); Dikitanan et al. (2017);
CIAT & World Bank (2017b, 2018);
FAO-SEC (2013); Jena et al. (2023);
Karki & Shrestha (2014); CIAT et al.
(2017); Khamkhunmuang et al.
(2022); Raza et al. (2019); Saharawat
et al. (2022); Savelli et al. (2021);
Thang et al. (2017).

Technology
diffusion

- High cost of
installation/investment - Lack
of learning platforms

Bangladesh, Bhutan, India,
Kyrgyz Republic, Nepal,
Pakistan, Philippines, Sri
Lanka, Vietnam

World Bank & CIAT (2015);
Dikitanan et al. (2017); CIAT &
World Bank (2017a, 2017b, 2017c,
2018); CIAT et al. (2017).

Infrastructure Poor infrastructure
development in transportation
systems. irrigation systems

Kyrgyz Republic, Nepal,
Pakistan, Sri Lanka, Vietnam

Burchfield & Poterie (2018); CIAT &
World Bank (2017c, 2018); Thang et
al. (2017); CIAT et al. (2017).

Climate change Unpredictable climate change
patterns

Bangladesh, Bhutan, China,
India, Indonesia, Kyrgyz
Republic, Nepal, Pakistan, Sri
Lanka, Vietnam

World Bank & CIAT (2015); Cairns &
Prasanna (2018); CIAT & World Bank
(2017a, 2017b, 2017c, 2018); Jena et
al. (2023); Saharawat et al. (2022);
Savelli et al. (2021); Zhao et al.
(2023); CIAT et al. (2017).

cess in Bhutan (CIAT & World Bank, 2017b) or insufficient
market information in Indonesia (Savelli et al., 2021). In
terms of financial support, constrained public subsidy and
low involvement of private funding also challenge farmers
in scaling up CSA practices. Due to a lack of state funding,
there were 40 % of projects not started, and 35 % of stages
uncertain in implementing agricultural projects under the na-
tional sustainable development strategy of Kyrgyz Republic
(CIAT & World Bank, 2018). Meanwhile, poor credit ser-
vices, high interest charges or short payment periods con-
strained farmers from applying for CSA in Bhutan Nepal,
and the Kyrgyz Republic (CIAT & World Bank, 2017b;
Karki & Shrestha, 2014; CIAT & World Bank, 2018). More
than 70 % of farmers in Pakistan could not access the credit
(CIAT & World Bank, 2017c). As a result, increasing gov-
ernment funding and encouraging private-sector investment
in farm equipment and machinery are recommended to ad-

vance CSA, especially CA and PA techniques (Saharawat
et al., 2022). In terms of household capacity, limited farm-
ers’ awareness/perception, inappropriate conventional pro-
duction habits, limited capital, and low family labour endow-
ment are key limitations that restrict farmers from adopting
and scaling up CSA. For instance, while Pakistan farmers
lacked technical expertise, practical skills and awareness re-
garding the detection and control of sugarcane pests (Raza
et al., 2019), Indonesian farmers have a limited understand-
ing of the concepts of land management (Jena et al., 2023).
Changing farmers’ tillage mindset is one of the strategic
solutions for the widespread adoption of CA in Kazakhstan
(FAO-SEC, 2013). In addition, the small and fragmented
land hinders farmers from investing considerably in CSA in
Asia. Savelli et al. (2021) illustrated that 75 % of house-
holds did not have a land area exceeding 1 hectare in In-
donesia. In addition, inappropriate habits of conventional
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production methods, such as rice monoculture and excess-
ive use of agrochemicals deterred farmers from adopting
advanced CSA techniques in Bangladesh (CIAT & World
Bank, 2017a). Meanwhile, poverty status and low labour en-
dowment further obstructed farmers with CSA in Nepal and
Bhutan (CIAT et al., 2017; Karki & Shrestha, 2014; CIAT &
World Bank, 2017b).

In terms of technology diffusion of CSA, the high cost of
installation/investment, technical difficulty, and shortage of
learning platforms are critical obstacles. For instance, farm-
ers could not afford to pay for the investment expenses of
CSA in the Philippines (Dikitanan et al., 2017). Farmers
had difficulties accessing credible agricultural data and tech-
nical knowledge since learning platforms in some areas were
insufficient or outdated.

In terms of infrastructure, poor equipment in irrigation
and transportation systems in some areas made CSA inap-
plicable. For instance, in Sri Lanka, farmers had to collect-
ively share the irrigating water through a "pole" moved from
canals to farmers’ fields, therefore, they had to plant crops
with the same irrigation schedule that prevented them from
diversifying crops (Burchfield & Poterie, 2018). Moreover,
transportation systems are inadequate to meet the current
needs of the agricultural sector’s requirements (CIAT &
World Bank, 2017c, 2018), such as transporting heavy ma-
chines/equipment like tractors, trucks, and water pumps
(Karki & Shrestha, 2014; Savelli et al., 2021). Poor cov-
erage of road connectivity to remote villages and poor qual-
ity of roads to the market limited farmers’ access to CSA
in Bhutan and the Philippines respectively (CIAT & World
Bank, 2017b).

In terms of climate change, since climate patterns can
change unpredictably and rapidly with potentially higher
risks in the future (Savelli et al., 2021), current CSA
approaches can be inadequate to adapt to corresponding
changes (Jena et al., 2023). With a supporting system, farm-
ers need to be proactive in exploring updated CSA solutions
for climate resilience and adaptation.

5.3 Prospects

Despite those challenges, CSA is expected to have prom-
ising prospects since CSA-related policies and strategies
play important components in the agricultural development
of Asian countries. Several nations appreciate CSA thanks
to evidence-based beneficial impacts of CSA for their local
communities. For instance, the Philippines and Pakistan
consider CSA a key priority in the development pathway
(Dikitanan et al., 2017; Hasan et al., 2018). While Pakistan
promotes CSA as a response to overcome energy shortage,
Bhutan appreciates CSA in the effort of low-carbon develop-

ment (CIAT & World Bank, 2017b). Many Asian countries
have specified CSA in feasible action plans. In addition, the
increase in public awareness of food safety, environmental
conservation, and health protection provides potential oppor-
tunities for the premium and competition of the agricultural
products produced by CSA measures (Bhujel & Joshi, 2023;
Hsieh, 2005; Yussefi-Menzler et al., 2010). As a result, bey-
ond measurable achievements as described earlier, CSA fur-
ther contributes to providing significant values of sustainable
development in improving household economy, social equity
and environmental quality.

6 Conclusions and policy implications

Our paper contributes to the existing literature by provid-
ing a comprehensive review and systematic evaluation of
CSA in Asia, where climate change and GHG emissions
have been great concerns in agricultural development. We
classified adopted CSA technologies and practices in Asian
countries into nine groups: conservation agriculture, water
management, climate-resilient varieties, agricultural diversi-
fication, integrated pest management, nutrient management,
precision farming, agrivoltaics, and livestock management.
Our study fills the gap in the literature by adding newly ad-
vanced applications (e.g., precision agriculture and agrivol-
taics) into CSA. Factors associated with the performance and
sustainability of CSA are summarised through the linkages
of enabling policies, knowledge transfer, market conditions,
financial mechanisms, and the socio-economic background
of smallholders. The synthesis of achievements suggests
that CSA is a suitable approach for Asian farmers not only
to increase productivity, but also to address food security,
mitigate climate change, and enhance adaptation to climate
change. In addition, key challenges include the lack of en-
abling guidelines, the shortage of learning platforms, limited
financial support, and weak coordination between partner-
ships in the long term.

Based on the CSA performance in Asia, our study
provides some policy implications to develop CSA in Asia
in the future. First, enabling policies and strategies should
be locationally specific so that related stakeholders can have
clear directions and detailed guidelines for enforcing the
action programs of CSA. Related partnerships (including
national and international organisations, farmers’ coopera-
tives, local government, private sector organisations, and
key policymakers, etc) need to create sustainable networks,
strengthen proper operations, and maintain flexible coordin-
ation to support farmers in different aspects of CSA imple-
mentation, from production investment, technology diffu-
sion, household adoption to market access. Second, broad-
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ening the widespread learning platforms is an essential con-
dition to help farmers conveniently access the educational
resources of CSA and improve their knowledge and skills of
CSA. In addition to formal training workshops via extension
workers, field researchers, and local government specialists,
informal peer farmer learning groups or supporting ICT tools
can be useful channels to disseminate CSA practices. Rather
than enhancing awareness of CSA of farmers, it is neces-
sary to enhance the perception of consumers in the environ-
mental and health benefits of using CSA-related products, to
increase public approval for CSA. Third, ensuring financial
sustainability plays a decisive role in scaling up CSA. Local
governments should consider providing financial investment
in public infrastructure, equipment and advanced technology
supporting CSA, as well as initial subsidies and incentives
for CSA farmers in disadvantaged regions. When CSA is
scaled up, farming systems should be able to sustain them-
selves in the long term. Fourth, since climate patterns can
unpredictably change in the future, the updates of advanced
technology and information systems, and the engagement of
multi-stakeholders at multiple levels should be promoted to
enhance the capacity of farming households and help them
to adopt responsive actions to local conditions. Although
this study does not cover all innovative CSA practices in all
agro-ecological areas in Asia, future research can consider
specifically evaluating opportunities and solutions to develop
these techniques.
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