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Abstract
Alternate wetting and drying (AWD) irrigation technique is an intellectual irrigation schedule management system 

for rice cultivation. It’s reduced irrigation water use, methane emission, production cost but increases the production 
and profits. The systems introduce in Bangladesh long time ago but still its implementation rate is very low. This study 
is an attempt to find out the barriers to adopt AWD irrigation system and suggest the strategies with compare the 
others rice growing countries. The relevant studies on AWD irrigation have been investigated and explored the barriers 
and opportunities of AWD irrigation system. The findings show that, due to the proper strategies within the existing 
infrastructure the adoption rate is very low in the country. The outcome could be very helpful for the academician, policy 
maker to dissimilated AWD irrigation system in wide scale.
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Introduction
Background of the study

Agriculture is estimated to be one of the largest sources of GHG 
emissions in Bangladesh, estimated at 78 Tera-gram (Tg) carbon 
di-oxide (CO2)-eq. in 2016, to which rice cultivation contributes 
approximately 30% of total GHG (CO2-eq.) emitted from agriculture 
[1]. Rice paddy is a well-known source of methane emission, which 
accelerated the climate change impacts. Bangladesh is the 4th largest 
rice producing country in the world and greenhouse gas emission from 
rice paddy is a severe challenge for the country. Among the greenhouse 
gas from agriculture, methane is the most emitted gas. Although 
Methane is a short living greenhouse gas in atmosphere but it has 28-36 
times global warming potential (GWP) than CO2 within the 100 years 
lifetime [2]. Along with the methane nitrous oxide (N2O) also emitted 
from rice paddy field which has 265-298 times GWP than CO2 within 
100 years lifetime. Annually methane emission from rice paddy field 
increased from 1037 Gg in 1990 to 1138 Gg in 2019. The country total 
methane emission was 57.2 MtCO2e in 2018, whereas the emission 
from agriculture and rice paddy was 33.5 MtCO2E and 23.53 MtCO2e, 
respectively. Bangladesh as a climate vulnerable country and methane 
emission from rice paddy accelerating the climate change impacts.

As a signatory country of Paris Agreement, the country committed 
to reduce the emission. Bangladesh Climate change Strategic Action 
Plan (BCCSAP) is developed to mitigate and resilience towards the 
climate change. In section 5 of this action plan, the country proposes 
low carbon emission strategy from agriculture with rising irrigation 
and water use efficiency through improved agronomic practices 
[3]. Recently the country achieved the first step status towards the 
developing country and committed to adopt strategy to climate change 
adaptation besides mitigation. The country submit 1st Intended 
Nationally Determination Contributions (INDC) report to United 
Nation Framework Convention on Climate Change (UNFCCC) 
and committed to reduce emission from energy, transportation, and 
industrial sectors conditionally 15% and unconditionally 5% by 2030 
[4]. The plan mentioned If the world fails to take ambitious action, the 
costs to Bangladesh of climate change could amount to an annual loss 
of 2% of GDP by 2050 and 9.4% of GDP by 2100. Bangladesh therefore 
wants to play its part in the global collective action to reduce future 
emissions as part of a robust and ambitious international agreement. 

Agriculture is one of the leading emissions sectors, but it does not pay 
much attention in the action plan. Although, there is huge potential to 
reduce GHG emissions from agriculture. To adopt the greenhouse gas 
emission reduction from agriculture, the AWD irrigation techniques 
could be a very useful tool. AWD irrigation system was first introduced 
in Bangladesh in 2004 with the assist of International Rice Research 
Institute (IRRI). Initially, Bangladesh Rice Research Institute (BRRI) 
and Bangladesh Agriculture Research Council (BARC) applied AWD 
irrigation on their farm [5]. In 2008-09, the Department of Agriculture 
Extension (DAE) under ministry of agriculture (MoA) started a project 
on AWD irrigation. The AWD irrigation system started to implement 
in farmer level from 2012. Currently, BRRI, BARC, DAE, Rural 
Development Academy (RDA), Barrind Multipurpose Development 
Authority (BMDA), Rangpur Dinajpur Development Rural Service 
(RDRS) are working on accelerating the AWD implementation in field 
level. The government target to bring 20% of total rice area under AWD 
irrigation within 2025. But still now the AWD irrigation application 
rate in field level less than 8% of total rice area. Hence, the objectives of 
this study are as follows-

(i)	 To explore the current status of AWD irrigation implementation 
in major rice growing countries, 

(ii)	 To investigated the barriers and overcome policies of the countries,

(iii)	 To find out the proper strategy to adopt AWD irrigation in 
Bangladesh.

Alternate Wetting and Drying (AWD) irrigation technique 

International rice research institute (IRRI) introduced alternate 
wetting and drying (AWD) irrigation system is applying successfully for 
rice water use and methane emission reduction. Traditionally, paddy 
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rice cultivated under fully flooded conditions throughout the entire 
growing period expect few days before harvesting. But it’s don’t need 
continuous flooded except rooting and flowering stage [6]. In AWD 
irrigation system, whereby the rice paddy field allowed intermediately 
flood up 5 to 15 cm and to naturally declined water level below up to 
15 cm of soil surface except the critical stages (Figure 1). Normally, 
after 14 to 21st day of transplanting and 2 to 3 weeks before to the rice 
harvested time the AWD irrigation cycle repeated several times. The 
AWD cycle means the time between the watering to dry up and re-
watering period. The length of AWD cycle and the number of AWD of 
AWD cycle depends on the rice cultivated regions, land and soil types, 
cultivation practices, weather condition and farmer’s attitude. 

The amount of water apply for rice irrigation is not fully used for 
the crop growth. The rice paddy only could accept the amount of water 
loss through the evapotranspiration. The excess amount of water used 
for rice paddy field keep always flooded condition is loss through the 
drainage loss, leaching, percolation, and evaporation. As a result, the 
irrigation water supply based on the rice crop water requirement does 
not affect the crop growth or yield. Furthermore, due to the periodic 
irrigation in midseason for rice cultivation, the irrigation water use 
decreased significantly (Figure 2). 

Socio-economic benefits of AWD irrigation

The major cost of rice cultivation is irrigation cost (water fees and 
fuel used for pumping) in irrigated rice cultivation in Bangladesh [7,8]. 
As AWD irrigation is a water saving technology and it is also reduced 
the irrigation cost. The AWD irrigation cost were $23-42$/ha less than 
the continuous flooded irrigated rice paddy [7,8]. In Bangladesh, the 

AWD irrigation increased the farmers income up to 32% than the 
continuous flooded (CF) irrigated farmers (Lampayan, 2014) and 
decrease the production cost 4% [8]. Moreover, the AWD irrigated 
rice did not decreased the per unit yield. Some studies found that the 
AWD irrigation decreased water use without production lost [6]. In CF 
irrigated rice yield 4.6-5.4 ton/ha and in AWD irrigated yield 5.1-6.2 
ton/ha in Bangladesh and increased rice yield 10-15% compare with CF 
irrigated rice in Bangladesh [9].

Environmental benefits of AWD irrigation

The environmental benefit of AWD irrigation in terms of water 
saving and low emission is the great advantage for climate change 
mitigation. The AWD irrigation technique save water is 20-40% in 
Bangladesh. Several studies found that the water savings from AWD to 
be 22-26%, representing 2,580–3,590 m3 of water saved per ha [10,11]. 
Ali et al. reported that conventional puddled rice caused emissions of 
3.3 tCO2e/ha and that implementation of AWD reduced emissions 
to 2.5 tCO2e/ha. This is a reduction of 0.8 tCO2e/ha, a 24% decrease. 
However, the authors did not calculate the GHG emissions associated 
with diesel fuel used for pumping water. By using fuel savings results 
from other studies [12-14]. it can be estimated that AWD may decrease 
emissions by 0.032–0.106 tCO2e/ha via fuel savings alone. The overall 
AWD application benefit shows in Figure 3.

Comparison of AWD adoption rate among major rice 
growing countries

China is the most populated country in the world. Rice is the staple 
food and the country is the top rice producing and 3rd largest importing 

Figure 1: Conceptual Irrigation schedule of AWD and CF irrigation technique.

Figure 2: Conceptual framework of irrigation water use for AWD irrigated rice and the traditional CF irrigated rice.
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country in the world [15]. Rice cultivation facing challenges of scarcity 
of irrigation water and the country reforms institutional reforms, 
policies and goals to water saving rice production. China introduces 
water saving irrigation (WSI) system in early 1990’s decades as almost 
similar forms of AWD irrigation system. The major water saving 
technologies are (i) engineering technologies, such as canal lining, drip 
irrigation, underground pipe irrigation, and intermittent irrigation 
which is the modified form of AWD irrigation; and agronomic 
practices like as water-matched production, biological water saving 
technologies, and soil moisture conservation NN [16]. AWD irrigation 
save water use up to 50%, methane emission reduction 60%, increase 
farmer profit and some extended yield [17]. In last decades China 
expanded the effective irrigation area more than 10 million hectares 
and increased to 68.27 million hectares in 2018. Almost half of them 
were based on water saving irrigation technologies. Recently, Chinese 
government planned ‘National Agricultural Sustainable Development 
Plan, 2015-2030’ to increase the proportion of water-saving irrigation 
areas to 75% of the total effective irrigated areas and the level of water 
use efficiency for irrigation to at least 0.6 by the end of 2030 [18]. In 
the western and northern region of China 40% - 50% of total rice area 
under AWD irrigation and others forms of water saving system. The 
institutional arrangement, volumetric water pricing, governmental 
strong influence, and policies making successful adoption of AWD 
irrigation at wide scale [19].

India is the 2nd largest populated country in the world. The 
country is also the 2nd largest rice producer (169 million tonnes) 
and top rice exporting country in the world [20]. The rice production 
of the country also facing challenges of climate change impacts on 
agriculture especially change of precipitation pattern, temperature 
anomalies, global warming, and irrigation water shortages. To cope 
the climate change impacts the country introduce several management 
practices for rice cultivation such as Direct Seeds Rice (DSR), System 
of Rice Intensification (SRI), Alternate Wetting and Drying (AWD) 
Irrigation, irrigation at Minimum Depth (IMD), Drip Irrigation 
(DI), Supplementary Irrigation, Integrated Pest Management (IPM) 
etc. India is country with diverse physiography and socio-economic 
environment and there is huge variation of agricultural practices 
among the states. Among these, AWD is the proven climate smart 
technology which reduced water use 30%, reduce methane emission 
up to 60%, yield increased and reduced fuel cost in the country [21]. 
AWD adoption rate also varied among the regions such as in West 
Bengal 11%, Tamil Nadu 23%, Karnataka 35%, Eastern Region 6%, 
Northern Region 31% of total rice area [22], and Western Region 80% 
farmer adopt AWD irrigation in India [23]. The Central Government 
also trying to adopt water saving technologies as a climate change 
mitigation option for the country.

Vietnam is the 5th largest rice producing and 3rd topmost rice 
exporting country in the world. Rice is the most important agricultural 

crops in the country. The Red River delta and Mekong River delta 
is the major rice growing region in the country. The almost similar 
physiographic and socio-economic condition like as Bangladesh. The 
rice production of the country tackling challenges of climate change, 
drought, and water scarcity. Like the others rice growing country, 
the Vietnam also introduced AWD irrigation with IRRI in 2005. Its 
reduced 30% water use, 68% CH4 emission reduction, farmer income 
increased 6% - 42%, labour and fuel cost reduced 1% - 46% compared to 
the CF irrigated rice paddy [24]. The Vietnam’s Ministry of Agriculture 
and Rural Development (MARD) highlighted AWD as one of the most 
promising irrigation techniques and planned to adopt 3.2 million 
hectares of rice area by 2020 [25]. The MARD launches a) AWD and b) 
3G3R programme; Three Reduction (fertilizers, pesticides, and seeds), 
Three Grain (income, yield, and quality) for country’s NDC plan in 2006. 
Subsequently, the country launces 1M5R; one must do (quality seeds) 
and five reductions (sowing seeds, N-fertilizer, pesticide, irrigation 
water, and post-harvested loss) as a national policy to promoted and 
wide scale implementation in the field level. The AWD adoption rate in 
the An Giang province almost 52% and at 0.68, 0.66 and 0.67 at 1 scale 
during winter, summer and autumn season, respectively. Similarly, 
0.68. 0.68 and 0.63 in Dong Thap province and 0.73, 0.04 and 0.25 in 
Bac lieu province, respectively [26]. Eventually, some farmers applying 
AWD irrigation in wet season for the yield increasing purpose [27]. 
The Vietnam government takes several steps to dissemination AWD 
irrigation as a climate change mitigation strategy in the country. The 
government combinedly focus on AWD with 1M5R, 3G3R programme 
in the agricultural NDC execution plan; evaluate the existing irrigation 
network and determine AWD suitable area; and finally integrated the 
investment plan for AWD rice production as well as provides financial 
support to local farmers from national, international aids and private 
sector [28].

Philippine is the 8th largest rice producing and 5th largest rice 
importer country in the world [15]. AWD irrigation have been 
introduced in 2001 in the country. It’s reduced irrigation water use up 
to 30%, reduced methane emission 48% with keep N2O emission same 
level as CF irrigation [29]. Moreover, AWD irrigation save fuel cost, 
upper and lower stream irrigation conflicts, increases farmers income 
and no production los. The AWD irrigation was introduced in 2001 but 
the adoption rate is very slow and only 8% of total rice area under AWD 
irrigation adoption [30]. But the government planned to adopt AWD 
irrigation up to 50% of total irrigated rice area within 2020 and reduced 
methane emission approximately 12,151 ktCO2e/yr of emission 
reductions within the time. IRRI and Lampayan et al., reported that 
although AWD irrigation grows positive perception to adopt but some 
farmers give up AWD irrigation after the project finished and revert to 
the CF irrigation. Although, the country has abundant water resources 
but in future decades it will face water challenges and government 
seeking to adopt more rice area under AWD irrigation. 

Figure 3: The environmental and socio-economic benefit of AWD irrigation technique compared to the CF irrigation technique.
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Japan is the 9th top ranked rice producing and 10th rice importing 
country in the world [15]. Among the developed countries, Japan is 
the only country where rice agriculture competing with the others 
industrial and service sector. The country is a Paris Agreement 
Signatory and committed to reduce GHG’s. As a developed country, 
the rice cultivation practices, and management also developed and well 
managed. The country’s rice irrigation and drainage infrastructure 
are highly advanced and fully controlled. It is found from “Seiryoki” 
published in 17th century that the country practicing midseason 
drainage as almost similar management of AWD irrigation. Although 
there is no water shortage problem in the country but the midseason 
drainage and AWD has been widely adopted as GHG’s reducing 
techniques and reported 39% of CH4 emission in Japan [31]. The 
midseason drainage adoption rate in Japan is very high and overall 
adoption rate 87% of total rice area. The adoption rate in norther region 
is comparatively low (25% at Hokkaido) and high at southern region 
(92%) [32]. The government policies such as economic incentives for 
“Direct payment for environmentally friendly agriculture” programme 
which the prolonging of midseason drainage is a regionally approved 
alternative in several prefectures helps to disseminate the water saving 
irrigation system in the country.

In Thailand, 40% of total agriculture land under rice cultivation. 
The country is in the top three ranked countries for rice exporting 
and the 4th largest GHG emitter related to rice, especially methane. 
Moreover, some province facing challenges to produce rice due to 
the water scarcity. The country adopting AWD irrigation system as 
GHG’s mitigation option. Chidthaisong et al., reported that the AWD 
irrigation reduce irrigation water by 42% compared to CF irrigation 
and reduce methane emission 49% than CF irrigation without yield 
loss and maintaining the level of N2O emission. The Thailand Ministry 
of Agriculture and cooperatives and Ministry of Natural Resources and 
Environment along with the international agencies working to promote 
AWD adoption in farmer level at wide scale. The National Appropriate 
Mitigation Action (NAMA) introduce Sustainable Rice Programme 
(SRP)/ Good Agricultural Practices (GAP) plan to disseminate AWD 
irrigation amon 100,000 farmers with in 2021. The country switch to 
low emission practices from conventional method and plan to avoiding 
emissions of 1.664 Mt CO2e cumulative over the 5-year lifespan of the 
NSP with increasing annual mitigation potential, reducing baseline 
emissions from irrigated rice by more than 26 per cent (Thailand - Thai 
Rice NAMA, 2017).

In Bangladesh, AWD irrigation introduced in 2008 as pilot 
project and in farmer level adoption started on 2012. Several 
governmental organization, NGO’s and international organization 
and donor agencies are working to disseminated AWD irrigation in 
Bangladesh. Several studies reported the advantages of AWD irrigation 
implementation. It’s reduced water use up to 30%, reduced methane 
emission maximum 70%, increases N2O emission, increased yield up 
to 15%, increases farmer income 15-30% and as well as reduced fuel 
consumption compare to CF irrigated rice [7,9,5,33-38]. But the AWD 
adoption rate is very low in farmer level. IRRI, BRRI, BARC and several 
government institutions, and NGS’s working for AWD dissemination 
in Bangladesh. Despites of environmental and economic benefits of 
AWD irrigation system adoption, the farmers are reverting to the CF 
irrigation system just immediately the AWD irrigation uptake project 
end. Moreover, some farmers apply AWD irrigation partially like only 
in the early stages of rice growth [8]. Due to some socio-economical 
structural complexity, irrigation water rental system and lack of 
awareness are the probable causes. Although the AWD irrigation 
system is proven as water saving and production increased irrigation 
method, but the adoption rate is less than 10% of total irrigated rice 

area. But the government committed to bring 20% of total rice growing 
area under AWD irrigation by 2030 according to the UNFCC national 
determined contributions [39].

AWD adoption rate among the major rice growing countries 
varied. The socio-economic and environmental condition also differ 
among the countries. The AWD adoption rate in Japan, China, India, 
and Vietnam is very high, whereas the adoption rate in Thailand, 
Indonesia and Bangladesh is very low. The irrigation water availability 
in Indonesia and Thailand comparatively higher than Bangladesh. 
In Bangladesh perspectives; (i) the physio-climatic condition is 
highly suitable for AWD irrigation, AWD irrigation, (ii) the country 
experienced severe irrigation water scarcity, (iii) highly vulnerable 
to climate change impacts, (iv) AWD irrigation demonstrated good 
environmental and economic advantages. As a result, wide scale adoption 
of AWD irrigation could be highly potential technology to cope the rice 
production challenges for the country. The detailed AWD adoption rate 
among the major rice growing countries shows in Figure 4.

Barriers and potential solutions for AWD uptakes in Bangladesh

There are numerous advantages and opportunities of AWD 
irrigation implementation in Bangladesh. Although the AWD irrigation 
technique is advantageous but the implementation rate in farmer level 
is very slow. We conducted a meta-synthesis analysis to find out the 
reason behind it and found some barrier to adopt it as follow.

Fixed rate irrigation water pricing: Generally, the rice irrigation 
system in Bangladesh depends on pump ownership. Most of the case the 
landowner and pump owner are different personnel except some STW’s 
irrigation scheme. Only 2% farmers have their own irrigation map 
and used as services to the others farmers [40]. The rice and wealthier 
farmers are belonging to DTW with huge irrigation command area and 
the middle income and poor farmers used irrigation water by paying 
money or the portion of produced rice [36,37,39]. The pricing system 
is fixed by season and not fluctuated on “How much water used?”. In 
AWD irrigation case, farmers need less water than the CF irrigation 
rice paddy, but the payment amount is fixed, and AWD irrigation 
farmer did not get any direct feedback. As a result, the irrigation water 
rented farmers are not interested to adopt AWD irrigation practices.

Land ownership and farm size: Bangladesh is a small country with 
huge population and per capita land is only 0.04915 ha (FAO, 2017). 
Moreover, only 37% farmers have their own land, 34% are poor tenants 
and 29% cultivated their own land plus tenant lands [41]. Moreover, 
the average rice paddy field size is very small and farmers land are not 
located in same place or irrigation scheme. Besides the land holding 
sizes, the plantation date, rice varieties, land location from pump such 
types of heterogeneity in an irrigation pump command area makes 
difficulties to apply AWD irrigation. The average irrigation command 
area under STW’s varies from 3-4 ha and 26 ha for DTW’s [42-45]. In case 
of landless poor farmer who rent land from the landowner and have not the 
rights for long time. These lands less farmer could not establish irrigation 
facilities for rice cultivation and fully depends on rental irrigation water. 
Moreover, it’s very difficult to control irrigation water in a small spices of 
rice paddy within a large irrigation scheme. As a result, farmer could not 
apply AWD irrigation even though have wiliness.

Incentive: The primary interest of farmer to adopt AWD irrigation 
for saving water cost as well as production cost. But, due to the 
rental irrigation water system, the farmer did not get any benefit of 
water saving even saved huge amount of irrigation water [10,42,46]. 
Moreover, the Ministry of agriculture gives direct subsidies on 
irrigation fuel (electricity and diesel) and the pump own got this benefit 
and the tenants farmer deprived from it [47]. Although the government 
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subside 602.68 billion BDT in fertilizer, irrigation fuel, rehabilitation, 
and agricultural mechanization sector in last 9 years but there are no 
additional incentives for former to adopting AWD irrigation [48]. In 
Figure 5 shows the government subsides in different agriculture sector 
from 2009-2017. As a result, the farmers are not interested to adopt 
AWD irrigation willingly.

Awareness: AWD irrigation is a knowledge-based water 
management system and need to use properly for maximum benefits. 
Traditionally illiterate, or comparatively less educated people are 
engaged in agricultural activities in Bangladesh. Most of them are 
not so much concern about environmental impacts. The farmers 
perceptions on AWD irrigation is only economic benefits like- water 
saving, production cost decreased and yield increased. The others 
direct and indirect benefits of AWD adoption as like methane emission 
reduction, arsenic contamination reduction, precious groundwater 
saving is not pay attention to the farmers. Although, some government 
institution and NGO’s are working to disseminate AWD irrigation in 
farmers level but it’s not up to the mark. Moreover, in some case the 
farmers whose are adopt AWD irrigation during pilot study or project 
and after end of the project tenure again swap in to the CF irrigation 
[24]. As a result, lack of farmers awareness is another major limiting 
factor to adopt AWD irrigation.

Weed increase and Yield decrease concepts: Due to the lack of 
proper knowledge about AWD irrigation application especially when 
to start AWD and stop AWD impacts on production. Sometimes it is 
decreased rice production per unit yield [8,24,38]. Moreover, due to 
the dry up cycle in AWD irrigation, the paddy field weed increased 
and need more labour cost for rice production. Although, proper AWD 
application increased yield and weed management with herbicide in 
not a major problem. But, such concept in farmers mind makes them 
not interested to adopt AWD irrigation.

Government policy: The national agriculture policy of the country 
mainly production oriented. The major agricultural plan also emphasis 
on the rice production increase and become self-sufficient in food 
production. The latest fifth year planning ‘Seventh Five Year Plan (7FYP 
2016-2020)’ which approved in 2015, mainly focused on food security, 
nutrition security, sustainable intensification and diversification of 
climate resilience agriculture production, crop sub-sector development 
for raise rural people income and employment opportunities [49]. 

Along with 7th fifth year plan, Government also introduce ‘National 
Agriculture Policy (NAP 2013)’ aims to improve food and nutrition 
security to improve quality of life through increased production 
and agriculture diversification. The Government of Bangladesh also 
drafted the ‘National Agricultural Extension Policy (NAEP, 2015) for 
providing integrated agricultural extension service of Department 
of Agriculture Extension, Department of Fisheries, Department of 
Livestock and Department of Forestry under one umbrella through 
“National Agriculture Extension System (NAES)”. Besides that, the 
digitized (E-agriculture) extension service promotes to assist farmers 
provisioning valuable information, integrated pest management [49]. 
All the national agricultural plan adopted to emphasis on increase 
food production, crop diversification and nutrition security and not 
concerned about the climate change mitigation.

Bangladesh is a signatory country of “Paris Agreement “and 
committed to reduce greenhouse gases. Recently the country listed into 
developing country from least developed country and need to reduce 
GHG’s. The country submitted “Intended Nationally Determined 
Contribution’s (INDC)” to United Nations Framework Convention on 
climate change (UNFCC) and proposed two-fold strategy (Conditional 
and Unconditional) (MoEF, 2012). The plan emphasis on GHG’s 
emission reduction from Power, Industry and Transportation sector 
and did not considered agriculture sector. The country has also 
introduces ten years plan of “Bangladesh Climate Change Strategy 
and Action Plan (BCCSAP) as climate change mitigation action plan 
[4]. Although the food security and low carbon mitigation considered 
among six targets but there is also no guideline to reduce emission from 
agriculture. Most of the policies focused on production increased and 
adoption strategies. Agriculture is the second largest GHG’s emission 
sector and rice paddy cultivation is the major emission sector and 
there is huge potential to reduce emission. So, the Government should 
include agriculture sector to the national mitigation plan and focused 
on AWD implantation as mitigation tools. 

Proposed potential solutions: The problems associate with AWD 
adoption in Bangladesh have been discussed at above sections should 
be sought for dissemination it. We proposed some solutions within 
the existing structure, modifying the policy and very few additional 
investments for adoption. In Figure 5 shows the barriers and proposed 
solutions for AWD adoption in Bangladesh.

Figure 4: AWD adoption rate in major rice growing countries in the world.
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Volumetric water pricing: The main barrier to adoption is fixed 
rate water pricing for AWD and CF irrigated rice paddy. We proposed 
volumetric water pricing means the farmer will pay for only the 
amount of water used rather a fixed amount. In this case, the AWD 
practicing farmer need to pay up to 35% less water and money for 
irrigation inputs which will add benefits of AWD adoption. In China 
already adopted volumetric water pricing and some part of Vietnam 
also adopting it [26]. In Bangladesh case, already introduced Pre-Paid 
Credit (PPC) for irrigation water use in Brrind regions [42]. Moreover, 
the country already converting the surface irrigation open drain into 
underground pipe drain which is very efficient for water flow gauge 
installation. Volumetric water pricing system will give direct financial 
benefit to the AWD practices farmer and helps to adopt it. 

Land ownership and farm size

Due the small size of land and heterogenic plantation date and 
AWD irrigation cycle for individual farmer is another constraint for 
AWD adoption. Now AWD irrigation adopted by individual farmer 
level and we proposed to adopt AWD irrigation at community level. 
Moreover, in some case the landowner and the farmer are different 
person and incentives goes to the landowner. So, the incentives should 
give to the farmers not to the landowner. Like, under an irrigation 
pump command area 10 to 100 farmers cultivated rice paddy and all 
the farmers should practice AWD irrigation. So, in planning and policy 
phases should focused on irrigation scheme based AWD adoption 
rather individual farmer level.

Financial and technical support: Incentive is the key factor for 
adopting new technology. In Bangladesh, every year government 
subsidies huge amount of money in fertilizer, irrigation, seeds, 
machineries, fuels, tax exceptions and technical training for the 
farmers. Generally, all farmers directly and indirectly get the 
government incentives. Government already introduces “Smartcard” 
for the farmer to gives the incentives. Within the existing incentives 
system, government should give priorities to the AWD adopted 
farmer. Moreover, the Government directly bought rice paddy from 
farmers and in this case the AWD farmer should be priorities. Such 
types of economic incentive system could encourage farmer to adopt 
AWD irrigation technique.

Proper training and guidelines: The weeds increase due to the 
AWD application but in early stages of AWD implantation period. 

The weed can easily remove by applying herbicide with low cost. In 
yield decrease case, AWD practices yield decreases only in case of 
severe or improper AWD application. Due to the lack of proper 
knowledge about AWD application, farmer could not apply it properly 
and decreases yield. But proper AWD application increased per unit 
yield up to 15% compare to CF irrigation in Bangladesh [41,42-50]. In 
some region of Rajshahi division more than 50% farmer applied AWD 
irrigation without proper training [42]. Proper and number of trained 
farmers could help to solve the yield decreased problem. Moreover, 
complete guideline for region and rice varieties specific guideline could 
be helpful for the farmers.

Government policy: The government should include agriculture 
sector in GHG’s emission reduction strategies and AWD as a potential 
tool of mitigation. Although, the government aims to increased AWD 
irrigation implementation but there is no proper plan. Within the 
existing administrative structure and incentive scheme, just changing 
some policies could be very efficient to AWD dissemination. Like, in 
“Smartcard” AWD farmers information could added and introduce 
“Carbon Credit Certificate (CCC)” in similar way of Japan and 
USA. The farmer with CCC will priorities for financial incentives, 
tax exemption and bank loan similar to the Japan and USA [8,27]. 
The graphical framework of the barriers to adoption and proposed 
solutions shown in Figure 6.

Recommended strategies for AWD adoption

AWD irrigation dissemination is very important for Bangladesh 
to reduce methane emission, water use as a climate mitigation tool. 
To implementation of a technology is always difficult as the recipient 
always in doubt about its impacts. In the country, several project and 
initiative already running to adopt AWD irrigation by national and 
international agencies. But an integrated and long-term strategy is very 
important to sustain it. There are already some farmers who already 
adopt AWD irrigation under a project and swap to no AWD irrigation 
after completion of the project tenure. As a result, we proposed a 
sustainable strategy within the existing infrastructure to adopt AWD 
irrigation in wide scale as follow Figure 5.

Stage-1: Suitable area and seasons selection: Department of 
Agriculture Extension (DAE) under Ministry of Agriculture is the 
largest agricultural institution in Bangladesh. Along with DAE, some 
other autonomous, commercial, government and non-government 

Figure 5: Bangladesh government subsidies in agriculture sector from 2009 to 2017.
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Figure 6: Constraints to adopt AWD irrigation and proposed potential solution to overcome the problems in Bangladesh.

Figure 7: Proposed conceptual strategy for AWD irrigation dissemination in Bangladesh.

institutions like BARC, BRRI, RDA, BARC, RDRS, SYNGENTA, 
BARD etc are working in agriculture sector especially in rice paddy 
sub-sector. All the institution should bring under an umbrella and 
centrally operating the implementation strategy. Initially, should select 
the suitable area and time for AWD irrigation implementation. Expert 
body could be formed by the researcher from different institutions 
to makes a concrete plan. Based on suitability, set out the target to 
adoption rate and priorities for next 5 to 10 years. Like;

(1) Physio-climatically suitable (48%) rice area could be target -1,

(2) Physio-climatically high suitable boro season could be target-2,

(3) Physio-climatically high suitable amon season could be target-3,

(4) Socio-economical suitable area (58%) under AWD irrigation could 
be target-4,

Stage-2: Training and awareness program: Centrally, should 
launched awareness program like farmers field school, skill enhanced 
training, creating master trainer from farmers, trained the pump 
owner farmers etc. Besides, the advertisement and awareness program 
through print and electronic media, hand leaflet, small drama could be 
helpful. DAE and other institutions training wing could play vital role 
for this stage.

Stage-3: Irrigation scheme-based adoption: Based on the suitable 
area selection (stage-1), trained the pump owners and farmers (stage-2) 
to adopt AWD irrigation. Emphasis should give to implement based 
on irrigation pump command area rather the individual farmers level. 
Block supervisor and field supervisor from different institution could 
be responsible person for community level. 

Stage-4: Monitoring-Verifying and Reporting (MVR): MVR is 
an important tool for climate changes mitigation action for enhancing 
transparency, tracking of climate finance and mitigation action [50]. In 
this case MRV will considered as monitoring tool for AWD adoption in 
farmer level. The block/field supervisor associated with the community 
leader will monitoring, verifying, and reporting to the central authority 
about the farmer information and AWD practices result. The central 
ICT division will include in Smartcard as “CCC” and this information 
will be used to gives incentive. 

Stage-5: Financial and technical support: Although proper AWD 
irrigation application is itself offer benefits to the cultivar. But the 
financial and technical support will be encouraged farmer to adopt 
AWD. In farmers smartcard, there should be added a CCC option 
for further incentives. Within existing financial and administrative 
structure, the CCC holder farmer should be priorities on case of 
fertilizer, irrigation, seeds, machineries, and fuels subsides, tax 
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exceptions and technical training. Moreover, the farmers should get 
priorities to get interest free bank loan for production. Such types of 
opportunities could attract farmer to adopt AWD irrigation for rice 
cultivation. The conceptual framework for proposed implementation 
strategies shows in Figure 7. 

Conclusion
The AWD rice irrigation system successfully implemented in the 

major rice growing countries in the world. The Japan and China are 
the pioneer in AWD implementation followed by Vietnam and India. 
Bangladesh is the least implemented country. Within the existing 
infrastructure and financial support system, the country could increase 
the AWD irrigated rice area. The major barriers to disseminated AWD 
irrigation system is social infrastructure and lack of motivation. To 
overcome the constraint government needs to reform policies within 
the existing administrative structure and financial capacity.
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