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Cataloguing Climate-Smart Agricultural Innovations for the Ecologically Fragile Coastal Landscapes of Bangladesh
Abstract

The southern coastal region of Bangladesh is highly vulnerable to both slow-onset climatic stressors and extreme weather events due to its unique geomorphology. Tropical cyclones originating in the Bay of Bengal, accompanied by storm surges, prolonged water congestion, and salinity intrusion, severely constrain agricultural productivity. The socio-economic capacity of coastal communities is likewise limited, reducing their ability to cope with recurrent climate-induced shocks. Given these constraints, scarce resources must be utilized judiciously, and traditional agricultural systems require strategic transformation through climate-smart approaches. Climate-smart agriculture (CSA) offers an indispensable framework for safeguarding food security in these fragile ecosystems. CSA integrates practices designed to sustainably increase productivity, enhance adaptive capacity, and reduce greenhouse gas emissions. Identifying and promoting context-specific CSA options for coastal growers is therefore essential. Through a comprehensive desk-based literature review supplemented by stakeholder validation, this study identifies and characterizes 52 CSA practices and evaluates their contributions to the core pillars of productivity, adaptation, and mitigation. Prominent CSA practices suitable for the coastal areas of Bangladesh include the sorjan system integrating vegetable and fish production, rice–fish culture, vertical and floating agriculture, conservation or zero tillage, cultivation of heat-, submergence-, and salt-tolerant crop varieties, irrigation using harvested rainwater, deep placement of urea, and integrated pest management. These practices collectively enhance resilience to climate stressors such as high temperatures, salinity, waterlogging and flooding, and seasonal drought. While no single farmer is expected to adopt all practices, each can select the most feasible and beneficial options to strengthen climate resilience and improve livelihood outcomes.
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Introduction
The 710-kilometer coastline fringing the southern boundary of Bangladesh represents a dynamic and ecologically sensitive transition zone where the immense Ganges–Brahmaputra–Meghna (GBM) river system converges with the Bay of Bengal. This interface gives rise to a mosaic of interlinked ecosystems, including the Sundarbans mangrove forest—the largest contiguous mangrove ecosystem in the world—along with tidal wetlands, estuaries, coral-bearing substrates, barrier islands, mudflats, and rapidly shifting accretion–erosion landscapes (Fig. 1) (Rahman et al., 2020; Oikonomou et al., 2021). The region is globally recognized as an ecological hotspot due to its extremely low elevation, geomorphological instability, and exceptionally high population density, all of which magnify its exposure to climate-induced hazards.

[image: image1.jpg]I oo

p= =y oo ey prece poe. e sy





Fig. 1. Coastal areas of Bangladesh. Map source: Abdullah et al. (2019).
The coastal belt is recurrently affected by tropical cyclones, storm surges, tidal flooding, prolonged waterlogging, soil and water salinity intrusion, and riverbank erosion—hazards that together undermine agricultural productivity and threaten food and livelihood security (Iftekhar, 2006). These climate stressors are compounded by socio-economic fragilities such as limited livelihood diversification, inadequate access to climate information, and constraints in public service delivery. Consequently, sustaining agricultural production in this deltaic environment requires transformative adaptation pathways rather than incremental adjustments.

Climate-smart agriculture (CSA) has emerged as a comprehensive, integrative paradigm for managing agricultural landscapes under climate uncertainty. Defined by the Food and Agriculture Organization (FAO, 2013), CSA seeks to simultaneously achieve three interconnected outcomes: (i) sustainably increasing agricultural productivity and incomes, (ii) strengthening the resilience and adaptive capacity of farming systems, and (iii) reducing or sequestering greenhouse gas emissions where possible. This tripartite framework is operationalized through a blend of context-specific technical interventions, enabling policy architectures, and climate-responsive financial mechanisms (FAO, 2019). By explicitly linking environmental, social, and economic dimensions of agricultural systems, CSA supports the development of efficient, affordable, and equitable food systems capable of withstanding rapid climatic transitions (Lipper et al., 2014).

Although CSA is relatively new as a conceptual framework, many of its component practices—such as stress-tolerant crop varieties, integrated rice–fish systems, conservation tillage, and water harvesting—are already known and practiced in various agroecosystems worldwide. In Bangladesh’s coastal zone, however, the adoption of CSA solutions remains inconsistent and poorly documented. Thus, systematic cataloguing of existing and emerging CSA practices is essential for identifying technologies that enhance productivity while improving adaptive capacity to the region’s unique climatic vulnerabilities.

A consolidated catalogue of CSA practices offers substantial value to both scientific and development communities. It provides a structured basis for evaluating interventions against the three CSA pillars and helps identify context-appropriate options for farmers, extension agents, and policymakers. Furthermore, such a database serves as a strategic tool for scaling climate-resilient agricultural innovations and aligning policy interventions with national adaptation and development priorities. By bridging high-level climate goals with field-level implementation realities, this study contributes actionable insights for Bangladesh and other deltaic regions worldwide that face parallel climate-induced risks.

Methodology

The climate-smart agricultural (CSA) practices innovated, developed, or recommended by national research institutes and universities, as well as those promoted or disseminated to farmers by government organizations (particularly the Department of Agricultural Extension, DAE), non-governmental organizations (NGOs), and development projects operating in the climate-stressed southern coastal region of Bangladesh, were identified through an extensive multi-stage methodological process.

First, an intensive desk-based review was conducted to compile a comprehensive inventory of CSA-related technologies and practices relevant to coastal agriculture. Literature sources included books and book chapters, peer-reviewed journal articles, newspaper reports, grey literature, and both published and unpublished project documents. Searches were performed using both hard-copy archives and online databases to ensure inclusion of the most up-to-date and context-specific evidence.

Second, the identified practices and technologies were subjected to a validation process through stakeholder consultations. Key informants included agricultural scientists, subject-matter specialists, extension personnel, NGO field workers, and local farmers or crop growers who have practical experience with climate-resilient farming practices. These consultations helped verify the applicability, adoption status, and performance of each practice under the biophysical and socio-economic conditions of the coastal zone.

Third, the validated CSA practices were systematically categorized, prioritized, and finalized. Prioritization was based on criteria such as local relevance, ease of adoption, resource requirements, scalability, and demonstrated effectiveness in climate-stressed environments.

Finally, each CSA practice was evaluated according to the three core pillars of the CSA framework—productivity enhancement, climate adaptation, and climate mitigation. The contribution of each practice to these pillars was carefully assessed and formulated to ensure a scientifically sound and holistic characterization of its climate-smart attributes (Fig. 2).
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Fig. 2. The three pillars of Climate-Smart Agriculture (Shrestha and Bokhtiar, 2019).
Results and Discussion

The following CSA practices are innovated or developed and recommended for the coastal areas of Bangladesh (Table 1). The impacts of these practices on the CSA pillars are also mentioned.

Table 1: CSA practices recommended for the coastal areas of Bangladesh and their impacts on productivity, adaptation and mitigation

	SL No
	CSA practice/technology
	Impacts on CSA pillars

	
	
	Productivity
	Adaptation
	Mitigation

	1.
	Rainwater harvest in pond, canal or ditches for providing irrigation in crop production especially in Boro rice field
	Increases yield and income
	Ensures better quality water and sustains
	Reduces greenhouse gas (GHG) emission

	2.
	Use of solar power irrigation for Boro rice cultivation


	Increases yield especially during the dry season and ensures income diversification
	Minimizes water use per unit of product, increasing water use efficiency and resilience to climate shocks
	Reduces GHG emissions due to reduced fuel/energy required for pumping and/or carrying water for irrigation

	3.
	Use of alternate wetting and drying irrigation in Boro rice field
	Enables farmers to adapt to increasingly water scarcity conditions (such as drought)
	Reduces water use by up to 30% and can save farmers money on irrigation and pumping costs, increase overall farm production efficiency
	Reduces methane emissions by 48% without reducing yield. Efficient nitrogen use and application of organic inputs to dry soil can further reduce GHG emissions

	4.
	Cultivation of cool-tolerant HYV Boro rice for early transplantation
	Increases farmers’ capacity to limit the crop exposure to climate risks. In the long term, increases in soil biomass accumulation can enhances soil fertility
	Can endure low environmental temperature
	Provides moderate reduction in GHG emissions per unit of food produced. Promotes carbon sinks through increased accumulation of biomass 

	5.
	Cultivation of salt-tolerant HYV Boro rice 
	Significant yield increase
	Increases in yield stability due to increased resilience to stress caused by salinity
	Carbon sink increases

	6
	Cultivation of tall statured HYV Aman rice in tidal wetland


	Increases farmers’ capacity to limit the crop exposure to increase water level due to tidal action
	Can tolerate flooded condition as plant stature is taller
	Carbon sink increases

	7
	Cultivation of submergence tolerant HYV Aman rice in flood-prone areas


	Promotes high yields, hence potential increase in income 
	Reduces the risk of crop losses caused by temporary or permanent flood conditions 
	Promotes carbon sinks through increased accumulation of dry matter 

	8.
	Cultivation of short duration HYV Aman rice for facilitating timely planting of rabi/winter crops
	Promotes high yields, early season rice yield, ensures winter crops planting, hence potential increase in income 
	Increases resilience to climate shocks, enhances water use efficiency


	Provides moderate reduction in GHG emissions per unit of food produced 


	9.
	Cultivation of tall statured but lodging tolerant HYV Aus rice 
	Promotes high yields, hence potential increase in income
	Reduces the risk of crop losses caused by sudden water rise, or temporary or permanent flood conditions 
	Promotes carbon sinks through increased accumulation of dry matter 

	10.
	Cultivation of drought tolerant and short duration HYV Aus rice
	Increases yield
	Tolerant to drought
	C-sink increases

	11.
	Direct dry seeding Aus rice for saving time, energy, and water


	Leads to potential increases in yield in the long term 
	Reduces soil degradation and erosion, increases water availability and frees up time for decision-making
	Reduces GHG emissions related with soil tilling and increases soil carbon stock when implemented comprehensively

	12.
	Deep placement of Urea Super Granule (USG as N fertilizer) in rice field for saving N and reducing N2O emission
	Slightly increases yield
	Less N-fertilizer Needs thus sustain production
	Reduces GHG emission

	13.
	Use of perching to control insects in rice field
	Total production increases as yield loss due to insect attack can be minimized  
	Can reduce 75% of insecticide usage in rice field
	Carbon sink increases

	14.
	Cultivation of heat, drought and salt-tolerant HYV wheat crop
	Increases yield
	Tolerant to heat, drought and salinity
	Carbon sink increases

	15.
	Cultivation of dwarf and early maturing HYV wheat crop
	Ensures yield
	Avoid seasonal storm and heat
	More C- sequestration

	16.
	Cultivation of blast resistant HYV wheat crop
	Reduces production costs, enhances production and quality, hence potential increase in income 
	Increases farmers’ capacity to limit the crop exposure to crop damage caused by diseases (i.e. avoid crop vulnerability to blast) and reduces the need for external inputs for crop protection
	Reduces GHG emissions by reducing the use of synthetic pesticides (fungicides) therefore the carbon footprint per unit of food produced reduce 

	17.
	Cultivation of short duration HYV pulse crops


	Promotes high yield hence an increase in income and profit due to reduced production costs
	Optimizes the use of available soil moisture contributing to avoid crop loss against climate shock (drought). Increases water-use efficiency and women empowerment
	Provides moderate reduction in GHG emissions per unit of food produced 


	18.
	Cultivation of short duration HYV oil crops


	Promotes high yields hence an increase in income and profit due to reduced production costs 
	Optimizes the use of available soil moisture contributing to avoid crop loss against drought. Increases water-use efficiency, and avoid late rainfall 
	More C- sequestration and provides moderate reduction in GHG emissions per unit of food produced

	19.
	Homestead fruit production


	Enhances diversified production with less inputs and increases income
	Enhances women empowerment and biodiversity with nutrition
	Increases C-sink

	20.
	Homestead vegetable production


	Enhances diversified production with less inputs and increases income
	Enhances women empowerment and biodiversity with nutrition
	Increases C-sink

	21.
	Vegetable production in land or plot bunds


	Enhances diversified production with less inputs
	Enhances women empowerment and biodiversity with nutrition
	Increases C-sink

	22.
	Vegetable production following tower systems/using plastic sac for growing homestead crops under excessive water (tidal water and rainfall)
	Increases yield and family nutrition
	Can cope with excess rain and tidal water
	Increases C-sink

	23.
	Cultivation of kangkong in land or plot bunds or waterlogged or other lands
	Increases yield and income
	Increases land-, fertilizer- and water-use efficiency
	Quick C-capture

	24.
	Cultivation of creeping vegetable on extended macha in embankment or pond site or nets/trail over ponds (Fig. 3)
	Increases yield and income
	Enhances women empowerment and biodiversity with nutrition
	Increases carbon sink

	25.
	Cultivation of tomato on the “gher” boundary dikes
	Increases yield and income
	Enhances women empowerment and nutrition
	Increases carbon sink

	26.
	Cultivation of crops following intercropping e.g. maize-pea, sugarcane-pulse, etc.
	Beneficial for crop yields and helps bring extra money for farmers during the lean period of cultivation and increases total productivity
	Utilizes time and space, and reduce risk efficiently and increases women empowerment
	Increases carbon sink

	27.
	Cultivation of crops following relay cropping e.g. transplanted Aman and legume like grass pea (khesari), jute and transplanted Aman, transplanted Aman and jute (for jute seed production), transplanted Aman and maize, etc
	Total productivity increased
	Efficient utilization of time, money and space, and reduces risk to failure of a crop
	Increases carbon sink and reduces GHG emission as relay crop grown with zero or reduced tillage condition

	28.
	Cultivation of crops following crop rotation (Jute is effective in rotation and relay cropped with other crops given its deep root system and abundant vegetation, both contributing to improved soil fertility)
	Climate resilience of cropping systems greatly enhances, as crop rotation reduces crop exposure and the risk of yield reductions
	Effectively reduces the fragility of cropping systems like (i) improve soil water content and crop water-use efficiency by adding water-retaining crops into the cropping system, (ii) improves the soil’s physical and chemical properties, increasing soil enzyme activity, boosting soil fertility and stability, and enhancing the ability of the planting system to resist extreme weather, etc
	Increases carbon sink

	29.
	Isolation of jute fibre with ribbon retting method (drought management and avoids water pollution)
	Reduces fibre damage, increasing the  production of high-quality fibre and market price
	Reduces the time of conventional retting by 4–5 days. Suitable for less water area and can save half of the water normally. Reduces environmental pollution compared to the conventional retreat
	Provides moderate reduction of GHG emissions per unit of produce 


	30.
	Cultivation of crops with mulching (conservation agriculture if organic mulches are used)


	Ensures higher profits due to increased crop yields
	Enhances soil moisture and temperature suitable for crop growth, reduces soil erosion caused by heavy rains and soil tillage
	Increases soil carbon capture and soil organic matter

	31.
	Cultivation of crops with zero tillage (conservation agriculture)


	Enhances higher profits due to increased crop yields and reduced production costs
	Efficient utilization of water, fertilizer and time. Reduces fuel requirements for tillage and reduce soil erosion


	More C-sequestration and reduces GHG emission



	32.
	Cultivation of crops with minimum ore reduced tillage (conservation agriculture)


	Enhances higher profits due to increased crop yields and reduced production costs
	Efficient utilization of water, fertilizer and time. Reduces fuel requirements for tillage and reduce soil erosion
	More C-sequestration and reduces GHG emission



	33.
	Cultivation of crops with ridge-furrow row orientation to minimize salinity (e.g. banana, maize etc)
	Increases yield, nutrition and income
	Efficient utilization of water, fertilizer and time, and reduces salinity and soil erosion. Can cope with increasing tidal water and excessive rain 
	Reduces GHG emission and more C-sink

	34.
	Cultivation of crops using floating bed in waterlogged areas (Fig. 4)
	Increases income due to harvesting of multiple crops in one season from wetland. Generates additional income from the sale of seedlings produced
	Reduces the risk of complete crop failure. Allows optimum use of natural and local available resources like land, water and space against water logging. Creates additional cropping area
	Protects soil structure and organic carbon reserves thus better C-capture. Promotes fuel and energy savings due to reduced tillage

	35.
	Cultivation of crops using sorjan or kandi method in waterlogged areas (Fig. 5)
	Increases vegetable or crop production and income throughout the year from water congested areas
	Increases biodiversity and farmers’ capacity to limit the crop exposure to tidal water submergence
	Contributes to increase the biomass constituting a higher carbon sink or C sequestration

	36.
	Cultivation of submergence tolerant aroid for stolon mainly, having high yielding and market price
	Increases yield and income
	Easy to adapt in marshy land
	Increases C-sequestration

	37.
	Use of pheromone trap to control insect attack in crop fields
	Increases yield and income
	Reduces chemical pesticides' usage
	Increases C-sequestration

	38.
	Mixing of green/brown manure in soil from young dhaincha/mungbean/cowpea plants


	Reduces the cost of crop production and hence increases profit. Increases soil fertility, hence benefit to the next crop
	Reduces soil erosion, improves soil health or fertility by increasing organic matter content, soil water and microbial activities. Increases possibility of farming in degraded soils
	Reduces requirements of synthetic fertilizers, thereby reduces GHG emission during its production. Increases above- and below-ground biomass production

	39.
	Cultivation of cotton in dry season
	Increases in productivity stability due to increased resilience to stress caused by salinity
	Increases farmers’ capacity to limit the crop exposure to climate risks. In the long term, increases in soil biomass accumulation that can enhance soil fertility
	Provides moderate reduction of GHG emissions per unit of food produced. Promotes carbon sinks through increased accumulation of biomass 

	40.
	Cultivation of watermelon
	Increases in productivity stability due to increased resilience to stress caused by salinity
	Increases farmers’ capacity to limit the crop exposure to climate risks. In the long term, increases in soil biomass accumulation that can enhance soil fertility
	Provides moderate reduction of GHG emissions per unit of food produced. Promotes carbon sinks through increased accumulation of biomass 

	41.
	Cultivation of sunflower
	Increases in productivity stability due to increased resilience to stress caused by salinity
	Increases farmers’ capacity to limit the crop exposure to climate risks. In the long term, increases in soil biomass accumulation that can enhance soil fertility
	Provides moderate reduction of GHG emissions per unit of food produced. Promotes carbon sinks through increased accumulation of biomass 

	42.
	Cultivation of other salt tolerant crops
	Increases in productivity stability due to increased resilience to stress caused by salinity
	Increases farmers’ capacity to limit the crop exposure to climate risks. In the long term, increases in soil biomass accumulation that can enhance soil fertility
	Provides moderate reduction of GHG emissions per unit of food produced. Promotes carbon sinks through increased accumulation of biomass 

	43.
	Seed storage in plastic or polyethylene bag and/or glass bottle
	Increases total production due to use of viable or vigour seeds 
	Low cost technology to store farmer’s own seed for next season
	Increases carbon sequestration

	44.
	Crab or eel culture or fattening in saline affected soil (Fig. 6)

	Increases production, nutrition and income
	Enhances biodiversity and food availability, and women empowerment
	Increases soil C stock

	45.
	Year round fish and/or shrimp culture in pond and/or gher


	Increases productivity, profit and income due to the possibility of harvesting of multiple products throughout the year
	Allows production system diversification, hence reduces the risk of complete failure. Optimizes the use of available resources such as land
	Maintains or improves soil carbon stock and/or soil organic matter content 


	46.
	Net fishing and/or cage fishing
	Increases productivity and income
	Enhances biodiversity and diet and women empowerment
	Diversification of animal diet can lead to reductions in methane emissions

	47.
	Fish culture in rice field (Fig. 7)

	Increases productivity, profit and income, and nutrition due to harvesting of multiple products
	Integration of rice crop diversifies the production system, hence reduces the risk of complete failure. Enhances protein rich-food availability and women empowerment
	Maintains or improves soil carbon stock and/or soil organic matter content

	48.
	Production of fodder crops in saline affected land (salt-tolerant alternate farming)
	Increases production and income
	Enhances diversify land use and women empowerment, and decreases soil erosion
	Increases C-sequestration

	49.
	Cattle or livestock fattening (seasonal or commercial)
	Increases total production and animal productivity. Markedly increases animal protein, organic compost, fuel, income and food security
	Promotes the cut and carry, women empowerment and increase farmer’s resilience to climate shocks 
	Diversification of animal diet can lead to reductions in methane emissions


	50.
	Resilient sheep rearing


	Increases animal productivity, income and food security 

	Promotes the use of alternative feed sources, increases farmer’s resilience to climate shocks, women empowerment
	Diversification of animal diet can lead to reductions in methane emissions

	51.
	Resilient duck rearing
	Increases animal productivity, income and food security
	Promotes the use of alternative feed sources, increases farmer’s resilience to climate shocks, women empowerment
	Diversification of animal diet can lead to reductions in methane emissions

	52.
	Production of organic manure/compost and biogas 


	Increases land productivity, product quality and income, and reduces fuel need, and promotes on-farm energy generation
	Promotes the use of organic waste and eliminates pathogens. Contribute to cover heating needs, reduces pressure on local resources such as timber (plants or forest as a whole) 
	Reduces the use of nitrogen-based fertilizers, thus reducing nitrous oxide emissions. Reduces methane emissions from manure
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Fig. 3. Cultivation of creeping vegetable on extended macha in embankment or pond site. It is also used as integrated rice–prawn–vegetable farming system on the embankment in coastal areas of Bangladesh (Photo Credit: Md. Mehedi Alam; Alam et al., 2022).
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Fig. 4. Vegetable cultivation with floating bed agriculture. URL: https://enews71.com/agriculture/news/119840; accessed on 2 December 2025.
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Fig. 5. Vegetable cultivation following sorjan or kandi method in waterlogged marshland in southern coastal areas of Bangladesh. Photo Credit: STAR (Daily Star, 2018).
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Fig.  6. Crab culture with a crab farmer in extremely saline prone coastal areas in Shyamnagar Upazila, Satkhira district. Photo Credit: Author.
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Fig. 7. Rice-fish integrated farming in Bangladesh (Tutor2u Limited, 2025).

Climate-smart adaptation can be effected at different scales like individual/farm-level, national level, or international level. Although there is some autonomous adaptation at farm-level, it is usually inadequate and requires the intervention of different institutions (Maddison, 2007; Semenza et al., 2008; Simane et al., 2016). Moreover, adaptation at national or international level calls for an understanding of the process of location-specific autonomous adaptation at farm-level (Bryan et al., 2009). The examples of CSA practices listed in the Table 1 are supported by the CIAT/World Bank (2017), Hasan et al. (2018), Ali and Hossain (2019), Rahaman et al. (2019) and Saha et al. (2019). 
Climate-smart agriculture (CSA) holds substantial potential for enhancing livelihood outcomes in the coastal regions of Bangladesh, where climatic stressors such as salinity intrusion, cyclonic storm surges, water-logging, and tidal flooding increasingly undermine agricultural productivity. Empirical evidence indicates that CSA interventions—such as floating agriculture (baira cultivation), crop diversification, integrated rice–fish systems, and decentralized rainwater harvesting—can significantly improve household income and reduce multidimensional poverty by stabilizing yields, expanding marketable surplus, and creating year-round livelihood opportunities.

Food security in these fragile coastal ecosystems can be strengthened through the adoption of salinity-, submergence-, and water logging-tolerant crop varieties, which enhance physiological resilience to osmotic stress and anaerobic soil conditions. These climate-resilient genotypes, combined with improved soil–water management practices, help maintain agro-ecosystem functionality under progressive climate change. Moreover, CSA strategies contribute to adaptive and transformative resilience by reducing exposure and sensitivity to climate-induced hazards while increasing the adaptive capacity of smallholder farmers.

Nonetheless, the overall efficacy of CSA interventions is mediated by socioeconomic and institutional determinants, including access to agricultural extension services, farmer education and climate literacy, market connectivity, and the availability of climate-resilient rural infrastructure. These enabling conditions are critical for scaling CSA technologies, ensuring technology adoption, and maximizing agronomic and socioeconomic benefits. Strengthening these support systems—through targeted policy interventions, capacity-building programs, and investment in rural infrastructure—remains essential for realizing the full potential of climate-smart agriculture in coastal Bangladesh.

4. Conclusion

This manuscript offers a concise, evidence-based synthesis of climate-smart agricultural (CSA) practices tailored to fragile coastal ecosystems of Bangladesh, addressing a critical gap in existing research. By comparatively evaluating productivity, adaptation, and mitigation outcomes, it strengthens the empirical foundation for advancing climate-resilient agriculture in vulnerable regions. The insights generated are transferable and hold significant value for future research, policy formulation, and the sustainable planning of coastal food production systems.

In the coastal areas of Bangladesh, most farmers are marginalized, operating fragmented and small-sized farms with limited financial capacity to adopt suitable technologies that enhance production. Consequently, a single farmer may not be able to implement all recommended CSA practices; rather, they must select those that are most feasible and beneficial within their constraints. To enhance productivity and resilience, government interventions—particularly targeted extension services and supportive policies—are essential for promoting and scaling the adoption of CSA practices across these communities.
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