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Cataloguing the Climate-smart Agricultural Practices for Ecologically Fragile Coastal areas of Bangladesh

Abstract

Climate-smart agricultural (CSA) practices assemble some techniques that focus to sustainably enhance productivity, boost plasticity to climate change, and take the edge off emission of greenhouse gases. Due to spatial geo-morphology, the southern coastal areas of Bangladesh are vulnerable to both slow-onset climate change and weather extremes. To support people’s food security there, there is no alternative but use CSA practices. Therefore it is important to enlist the CSA practices that can be followed by the growers or cultivators. The CSA practices for the coastal areas of Bangladesh comprise sorjan system to integrate vegetable crops and fish production, vertical and floating agriculture, cultivating heat, submergence and salt-tolerant crop cultivars, providing irrigation using harvested rainwater, deep-rooted urea’s placement, administer integrated crop pest management, and so on to foster resilience against climate change impacts like heat, salinity, water logging/flooding, and drought. A farmer might not employ all the CSA practices, but could chose the best one that dims fit.  
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Introduction
The 710-kilometer-long coastline along the southern edge of Bangladesh is a forceful transitional territory where the commanding Ganges-Brahmaputra-Meghna river system foregathers the Bay of Bengal, designing a diverse but dainty rainbow of ecosystems, including the Sundarban mangroves and the coral reefs, barrier islands, sea-level rising, sea shores, storm waves and tides, and accretions and erosions (Fig. 1) (Rahman et al., 2020; Oikonomouet al., 2021). The coastal areas of Bangladesh are acknowledged globally as ecologically dodgy hotspots due to their quirky, low-lying topography, sky-high population density, and uttermost vulnerability to impulsive disasters and impacts of climate change. Storm surge, water logging, salinity intrusion etc are common there, thus agricultural production and people’s food security is questionable (Iftekhar, 2006). 
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Fig. 1. Coastal areas of Bangladesh. Map source: Abdullah et al. (2019).
Climate-smart agriculture (CSA) is an intermingle approach to oversee landscapes that sustainably enhances productivity, boosts resilience to the impacts of climate change, and scale downs greenhouse gas emissions (FAO, 2013). It pursues to modify and reshape the agricultural production systems to reinforce food security and wider development goals in the face of climate change, through using a pooling of technical solutions, blue print (i.e. policy), and financing (FAO, 2019). The CSA approach is holistic i.e. thoroughgoing, taking into consideration of the environmental, social, and economic dimensions of food systems, and its target is to build effective, more efficient and affordable, and equitable systems which can adapt to a altering climate (Lipper et al., 2014). While the CSA idea is newly born, and still evolving, many of the practices that make up CSA already exist globally and are utilizing by producers to cope with many production threats and risks (FAO, 2013). Thus mainstreaming CSA in the fragile coastal areas of Bangladesh requires explanatory cataloguing of ongoing- and promising technologies for the future not only for boost productivity but also to cope with climate change vulnerabilities.

Methodology

The CSA practices innovated or developed and recommended by the research institutes and universities, and those promoted or disseminated to the door steps of the farmers and rural communities by GO (mainly DAE/Department of Agricultural Extension) and NGO bodies and Development Projects for improved agricultural production in climate-stressed southern coastal areas of Bangladesh were searched or explored through intensive desk work from collected literatures including books and book chapters, journal articles, grey literature, published and unpublished reports. Both hard and online sources of literatures were used. The explored practices were justified or validated through consulting relevant stakeholders include expert, farmers, extension and NGO workers, and so on. The CSA technologies then sorted, prioritized and enlisted. The pillars like productivity, adaptation and mitigation of each of CSA practice were judiciously formulated.   
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 pond site or nets/trail over ponds
	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
	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 method in waterlogged areas
	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


	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


	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


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). 

4. Conclusion

Most farmers of the coastal areas of Bangladesh are marginalized whose have fragmented and small-sized land or farms. They also face economic limitation to use befitted technologies to boast production. Therefore, a farmer might not employ all the CSA practices, but could chose the best one that dims fit. To boost productivity thus government could support through extension policies for widening the use of CSA there. 
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