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PREFACE 
Sustainable natural resource management practices with special focus on 
advanced water management interventions need to be evolved in systematic 
and phased manner as it will help to check the mismatch between the available 
surface water, groundwater resources and total crop water demand in the South Asian 
region. Under this backdrop, the importance of innovative and advanced water 
management options suitable for major crops grown in the Member countries 
of SAARC need to be addressed in order to achieve the sustainable 
development goals (SDGs). 

Given the importance of depletion of ground and surface water resources for 
crops day by day and in order to protect the ecosystems with efficient water 
saving methods/technologies in South Asia, SAARC Agriculture Centre (SAC) 
organized the Virtual Regional Expert Consultation Meeting on “Advanced 
Water Management Options for Sustainable Crop Production in South Asia” to 
identify and prioritize advanced water management options and techniques for different 
agro-ecological regions. The country status papers and technical paper presented 
during the meeting by the National Focal Experts of South Asian countries 
were incorporated in this book. The country status papers revealed the pivotal 
roles played by various National and International organizations contributing 
to improvement of rural livelihoods through effective water management 
practices.  

This book ‘Advanced Water Management Options for Sustainable Crop Production in 
South Asia’ is published to share information on the available water 
management options/ technologies for improving crop production  in the 
region, along with the issues and challenges in meeting the crop water demand, 
that can help to review and develop policies for developing sustainable 
agriculture. It helps to study the requirement of adequate institutions, 
strengthen sustainable management approach, research and extension support 
service and capacity development at various stages of crop production cycle to 
the farmers and technicians 

 

Sreekanth Attaluri, Senior Program Specialist (Crops), SAC, Dhaka, Bangladesh 
Kinzang Gyeltshen, Senior Program Specialist (NRM), SAC, Dhaka, Bangladesh  
Nasreen Sultana, Senior Program Specialist (Horticulture), SAC, Dhaka, Bangladesh 
Grinson George, Senior Program Specialist (Fisheries), SAC, Dhaka, Bangladesh 
Md. Baktear Hossain, Director, SAC, Dhaka, Bangladesh 
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Chapter 1 

Water management strategies and options for sustainable 

crop production in South Asian Countries 

Sreekanth Attaluri 
SAARC Agriculture Centre, Dhaka, Bangladesh 

Email: shreekattaluri@yahoo.com 

 

1. Introduction 
The agricultural sector in South Asia faces stiffest challenge in the recent years 

to produce sufficient food grains to feed the ever-growing human population 

due to diminishing available natural resources such as land and water. 23.7% of 

the world population lives in South Asia but it has only 4.7% of renewable 

water resources. The changing climate has further complicated this situation. 

This holds higher relevance when we analyze the impact of water availability 

on the crop production. Though the region receives an annual normal rainfall 

of more than 1000 mm, its uneven spatial and temporal distribution is a major 

concern for crop production. There is a clear mismatch between the available 

surface and groundwater resources and total crop water demand in the region 

of South Asia leading to the poor crop establishment and crop productivity. 

The combined yield gap of cereals, pulses, oilseeds, root crops and vegetables 

in South Asia was 55% during the year 2005 (Fischer et al., 2010). Hence, the 

sustainable natural resource management practices with special focus on 

advanced water management interventions need to be evolved in systematic 

and phased manner to correct this scenario. Under this backdrop, the 

importance of innovative and advanced water management options suitable for 

major crops needs to be discussed with the participation of SAARC Member 

countries in the region, which would in turn aid in meeting the ‚Zero hunger 

objective‛ of sustainable development goals (SDGs).  

2. Sustainable water management in South Asia 
The sustainable management of water resources has local, national and trans-

national dimensions. Attaining the Sustainable Development Goal (SDG) of 

ensuring the availability and sustainable management of water by 2030 in the 

region will remain elusive if proper and well-planned strategies are not timely 

planned and executed. Given this backdrop, South Asia needs to embrace a 

path of sustainable natural resource management, backed up by strategies for 

enhancing agricultural production and productivity. Irrigation sector in South 

Asia requires huge amount of water to meet the requirement of food-grain 

crops, oil seeds, fibres, fruits and vegetables and it faces tough competition 

from other sectors like industry and energy especially in the recent years. 
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Efforts could continue to stress on crop diversification in the backdrop of 

climate change (Brahmanand et al., 2013) to evolve a strategy for reducing the 

proportion of water guzzling crops like rice and sugarcane and increase the 

share of low duty crops like pulses and oilseeds supported with water saving 

techniques. At the same time, non-judicious use of both surface and 

groundwater resources has led to the problems of soil and water erosion, 

undesirable water table fluctuations, poor water quality and extreme climate 

induced natural disasters such as flood and drought. Hence, there is a need to 

concentrate our efforts to utilize each drop of available water to the fullest 

extent i.e. enhancing water use efficiency and water and crop productivity of 

field crops through advanced water management options like tank cum well 

system, alternate wetting and drying, drip fertigation, two stage rainwater 

harvesting etc. (Mishra et al., 2013 & 2014).  

In South Asia, farmers heavily rely on rainfed farming systems. Water 

productivity in South Asia in terms of GDP contribution is six times lower than 

those of the world’s top food producing countries. Even Sri Lanka, which is 

rich in water resources, faces water scarcity due to spatial and temporal 

variations in rainfall. Approximately 42% of the land in the region is cultivated 

out of which less than 40% is irrigated and the rest is rainfed. With exception of 

Pakistan and Bangladesh, South Asia has less than 50% irrigated landmass 

(Table 1). The enhancement of crop resilience to extreme climatic events like 

flood and drought also needs to be addressed through post-disaster 

management and contingency crop planning. Further strengthening of national 

policy is necessary on crop and water management in the agricultural sector of 

SAARC Member Countries. Resilient crop systems to climate change and water 

stress (droughts and floods) are to be emphasized as climate change continues 

to be a major threat to small landholding farmers. 

Table 1: Total land and irrigated area of SAARC Countries 

Country Total Area 

(Km2) 

Arable Land 

(Km2) 

Irrigated Area, % 

of Arable Land 

Afghanistan 652,230 78,000 (12) 5.0 

Bangladesh 134,000 79,000 (60) 56.1 

Bhutan 38,394 5,630 (15) 31.2 

India 3,287,260 1,581,450 (48) 32.9 

Maldives 300 90 (30) - 

Nepal 147180 23,570 (16) 47.0 

Pakistan 796,100 203,470 (26) 90.6 

Sri Lanka 65,610 12,500 (19) 38.8 

Note: Figures in parentheses indicate percentage of total land area. 

Source: FAOSTAT (2011) 
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It is imperative to identify and prioritize advanced water management options 

and techniques for different agro-ecological regions of SAARC Member States 

and to narrow the yield gap of cereals, pulses and oilseeds through innovative 

on-farm water management interventions. Promote optimal cropping pattern 

through sustainable water resource management for better socio-economic 

livelihood of farmers. 

3. Way Forward 

It is pertinent to underline the fact that location specific advanced water 

management techniques and or strategies for their prioritization and up-scaling 

is important to the farmers in South Asia. Bridging the current yield gaps of 

cereals, pulses and oilseeds through well proven on-farm water use efficient 

practices will help to boost the yields. Correcting imbalance in the water use 

practices through design of optimal cropping pattern and strengthening the 

socio-economic livelihood of farmers. The following points emerged from 

seven country discussions on a regional platform. 

 Promote appropriate irrigation technologies, conservation practices to 

increase water use efficiencies and application of GIS /remote sensing 

for location specific irrigation in SAARC Member States. Wide spread 

adoption of the appropriate irrigation technologies and remote 

sensing/GIS applications could be the key for the increased yields of 

crops and their productivity contributing to enhanced incomes of the 

farmers in South Asia.  

 Build local capacities in irrigated and rainfed agriculture in SAARC 

Member States to extension personnel, farmers, leaders of farmer 

groups, irrigation associations and cooperatives in partnership with 

local and International organizations. Awareness on conserving 

existing irrigated water resources in their respective countries and the 

need to take necessary measures to prevent water losses should help 

improve crop production in South Asia.   

 Increased investment by Government and Private sectors in SAARC 

Member States in irrigation sector particularly in water management 

research for the achievement of national food security goals. Prioritize 

the strategic areas of investment that includes investment on research 

related to water management issues would help to address the needs of 

the producers in South Asia.  

 Strengthening technical support services and policies for conjunctive 

use of surface and groundwater including artificial recharge and 

withdrawal. Policies related to core services in irrigation sector should 

be farmer friendly and to the crops that are important in the region. 
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 Bilateral and / or multilateral LoIs (Letter of Interests) are to be 

executed among SAARC Member States for exchange of information, 

capacity building and sharing of proven technologies in water 

management. Across the borders among the South Asian countries 

there needs to free flow of information that will help boost the yields 

and also increased returns to the farming communities. 

 Promotion of low-cost solar-powered and IOT-enabled smart irrigation 

system in SAARC Member States. Advanced technologies and 

innovations reaching out to farmers would help to save time and cost 

of cultivation of the farmers on South Asia. 

 Design optimal cropping pattern with focus on low delta crops for 

different agroclimatic zones of SAARC Member States. The cropping 

pattern, ideal to the local conditions can be a key strategy to meet the 

food security goal.    

 Promotion of precision irrigation system using common digital tools, 

advisory services and forecasting. The precision irrigation system have 

to be supported by policies at the country level in South Asian 

countries that will have long lasting effect in the improvement of 

agriculture sector. 

 SAARC Agriculture Centre (SAC) shall coordinate in establishing 

‘Agricultural Water Management Network’, encourage collaborative 

research for facilitating the information across Member States in 

technical partnership with National and International organizations. 

SAARC Regional centre like SAC could help to leverage the activities 

related to water resources in the South Asian countries.  

 Pre and Post-flood management interventions, index based flood 

insurance, drought forecasting systems are to be developed and 

implemented in SAARC Member States. This would also help farmers/ 

producers to prepare and plan in advance and take appropriate 

measures during the times of natural disasters that affects crop 

production. 

 Irrigation water Quality standards and Waste water treatments are to 

be harmonized across SAARC Member States. 

 Validation and wide-scale dissemination of water technologies of 

SAARC Member States and documentation of success stories for 

capacity building. 

References 

 Brahmanand, P.S., Kumar, A., Ghosh, S., Roy Chowdhury, S., 

Singandhupe, R.B., Singh, R., Nanda, P., Chakraborthy, H.C., 
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Chapter 2 

Advanced Water Management Options for Sustainable 

Crop Production in Afghanistan 

Shakerullah Hashimi1 and Iqbal Habibi2 

1Adviser of Irrigation and Natural Resources, Email: hashimishaker@hotmail.com 
2Specialist of Irrigation and Natural Resources, Email: habibi.iqbal@gmail.com 

1,2Ministry of Agriculture, Irrigation and Livestock, Afghanistan 

 

1. Introduction 

The well-being of the people of Afghanistan, to a large extent, depends on 

reaping the benefits of the productive use of land and water resources. 

Agriculture remains the single most economic activity in the country, provides 

subsistence needs to many of the poorest people of the country, provides jobs, 

and is a key pillar of the economy. While the economy has diversified over the 

last decades, with services recently comprising more than half of the GDP, 

Afghanistan can still be considered a largely agrarian society. Out of a current 

population of 32.2 million people, 80 percent reside in rural areas (CSO 2018). 

And the agricultural sector accounts for about 25% of GDP, agro-processing 

comprises 90 percent of total manufacturing and the sector employs around 60 

percent of the total workforce. Despite the recent potential growth in 

agriculture, Afghanistan remains one of the food-insecure nations in the world, 

hence, the latest IPC report (November 2020) reports that 35% (11 million) of 

the populations were facing acute food insecurity from August to October and 

this number will likely to increase up to 42% (13.15 million) by March 2021 

which require urgent food assistance1. 

Economic development and growth have seen mixed results over the last 

decade, with annual GDP growth rates estimated around 8 percent between 

2007 and 2012 being reduced to 0.1 percent on average between 2013 and 2016. 

The reason for decline in growth could be the weather-dependency of 

agricultural activities and contributing to crop production. Afghanistan's 

output growth in 2018, for example, has declined from 2.7 percent in the 

previous year to 1.0 percent, as a result of the severe drought. And more 

generally, annual climatic variations have resulted in considerable volatility in 

agricultural value-added. Between 2003 and 2016, annual agriculture sector 

growth fluctuated between a negative growth rate of -22.2 percent (2004) to a 

growth of 44.6 percent (2009), when particularly favorable growing conditions 

followed a year of drought (Figure 1). 

                                                
1 IPC, Integrated Food Security Phase Classification (Issue, November 2021) 

mailto:habibi.iqbal@gmail.com
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Source: World Development Indicators 

Figure 1: GDP Growth and Value-Added Agriculture in Afghanistan 

Decades of war and political instability continue to leave their mark, as 

Afghanistan remains one of the poorest countries in the world and the most 

recent Afghanistan Living Condition Survey (CSO, 2018) indicated a slowdown 

or stagnation in key development indicators, including poor progress in 

fighting widespread poverty and a decline in food security, with rural poverty 

estimated as high as 58.5 percent. 

While the agricultural sector is diverse, it is hard to overstate the importance of 

access to water and irrigated lands, as crop production under rain-fed 

conditions is only possible in parts of the country, and even their yields are low 

and crop growth subject to considerable production risks. As a result, an 

estimated 85 percent of total crop production is irrigated and over 40 percent of 

the population has access to irrigated land. And while economic development 

in Afghanistan is constraint by many factors, access to reliable water ranks 

amongst the most critical factors that hamper progress and is the most 

important reason why arable land is left fallow (CSO, 2018). Of the total land 

area of Afghanistan, the large majority comprises mountains and deserts and 

only around 12 percent is considered arable. The people of Afghanistan have 

long made use of the limited arable lands by developing irrigation schemes 

dating, with first signs going back many hundreds of years. Communities have 

traditionally employed various forms of community-based water control, 

specifically tailored to the needs and constraints of a generally harsh 

environment. Further development of irrigation infrastructure commenced in 

the mid-20th century, which included the construction of 10 large-scale 

irrigation systems across the country. More recently, the GoIRA (Government 

of Islamic Republic of Afghanistan), with the support of development partners, 
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has made significant investments into rehabilitating irrigation infrastructure 

which has dilapidated at scale as a result of decades of instability and war. 

However, despite progress made, past efforts have been insufficient. The area 

under irrigation has recently been around 2.6 million hectares, which is still 

below the area of 3.14 million hectares irrigated within the command area of 

the country before the war, and well below the potential area of 3.8 million 

hectares that could potentially be served according to recent assessments. 

Further, the average annual agricultural sector growth rates are below the 

levels needed to grow per capita incomes and living standards appreciably 

within the next decade. And the impacts of climate change amplify risks while 

requiring substantial additional investments.  

Recognizing these significant challenges, the GoIRA has made improvements 

of irrigation a key priority and several key policies and strategies highlight key 

development objectives, including the Afghanistan National Peace and 

Development Framework (ANPDF), the National Water Sector Strategy, and 

the Afghanistan Sustainable Development Goals (ASDG). All of these set out 

goals and actions directly relevant to the sector and of direct relevance to all 

key stakeholders.  

2. Climate of Afghanistan 

Afghanistan has an arid to semi-arid climate with cold winters and hot 

summers, with significant seasonal variations, particularly in the plans of the 

lowlands where average temperature averages around 33°C and mean winter 

temperatures around -10°C.  

Average annual precipitation is around 230 mm per year, with the country’s 

geography resulting in considerable variation with:  

a) average annual precipitation over 600 mm in the northeast;  

b) precipitation which can exceed 1,200 mm annually in the Hindu Kush;   

c) areas in the southwest that hardly receive precipitation at all 2.  

A considerable share of annual precipitation falls as snow, which is stored in 

the high mountains during the winter season and feeding many of the 

country’s rivers when melting during spring. It is safe to say, that the glaciers 

and snowfields constitute Afghanistan’s largest water storage. 

Following regional differences in temperature and other climatic factors, 

annual potential evapotranspiration (ETp) is relatively low in the Hindu Kush 

                                                
2 Zaranj, the capital city of Nimroz province, for example, is estimated to average 50 mm per 

annum. 
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(1,000 to 1,300 mm), significantly higher levels of ETp in the Northern Plains, 

and ETp as high as 1,800 mm in the Southern and Southwestern plains. 

However, and notwithstanding these differences, summer evapotranspiration 

is relatively high throughout the country, with maximum daily peaks as high 

as 9 to 10 mm, probably as a result of strong winds around Mazar-e-Sharif and 

Herat. 

3. Climate Change 

While knowledge on climate change in Afghanistan remains evolving, recent 

studies suggest that the country is likely to experience considerable changes 

over the next decades. The Afghanistan Intended Nationally Determined 

Contribution (INDC) suggests that the country may experience a strong 

increase in temperature, considerably higher than global mean projections. 

Climate models under a Representative Concentration Pathway (RCP) 4.5 

suggest increases of 1.5°C until 2050 and 2.5°C until 2100. And model runs for 

RCP 8.5 suggest extreme warming of approximately 3°C by 2050, with 

increases up to 7°C by 2100. And while climate models are currently less 

reliable in predicting future precipitation patterns, the INDC suggests a 

statistically significant mean decrease of precipitation for the North, the Central 

Highlands, and the East.  

The vulnerability of the agricultural sector to climate change in Afghanistan is 

substantial. Increased water evaporation, changing flow from earlier snowmelt, 

and less frequent rain during the peak cultivation season will impact 

agricultural productivity, and crop failure due to water shortages and the 

amount of arable land left fallow may both increase. A recent World Bank 

study suggested that yield reductions for wheat, the most important crop in 

Afghanistan, may substantially decline, without adequate investments in 

measures to adapt to the impacts of climate change, including irrigation. An 

analysis by the Asian Development Bank suggested that the economic impacts 

of reduced river flow and irrigation water availability on the agriculture sector 

could be in the order of US$ 1.2 billion (CARDNO. 2016). 

4. Impacts of Climate Change on Agro-Ecology and Crop Yields  

Warming in Afghanistan ‘s regions relative to 1981-2010 is estimated in the 

2050’s (2041-2070) to be in the range of 2.0°C - 2.8°C under RCP 4.5 and 2.6°C - 

3.6°C under RCP 8.5. For the 2080’s (2070 - 2099) the respective ranges are 2.6°C 

- 3.6°C and 5.1°C -  6.2°C. 

• Annual rainfall is expected to decrease somewhat with global warming 

whereas annual evaporative demand of vegetation increases with 

temperature (6 - 9 percent in the 2050’s and 9 -15 percent in 2080’s). 
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• As a consequence, climate change is expected to have substantial 

impacts on agro-ecological conditions: 

 Deteriorating annual soil moisture balance and increasing 

drought risk 

 Potential productivity gains  due to a longer frost-free period 

and increased heat provision 

 Temperature related negative impacts on wheat in parts of 

Afghanistan 

 Increasing crop water demand and irrigation requirements due 

to warming 

• Enhanced photosynthesis due to the CO2 fertilization effect may 

compensate for part of the negative climate impacts. 

• Supplementary or full irrigation will become ever more important to 

meet crop water requirements. More hectares will have to be irrigated 

and more water per unit area will be required. Hence, water 

management will be most crucial for sustaining agriculture in 

Afghanistan. 

5. Water Resources 

Precipitation that falls on the territory of Afghanistan generates a total volume 

of 163 km³ of fresh water, of which an estimated 53 percent constitutes the 

country’s annual average runoff or potentially available surface freshwater 

resource of 77 km³ per year. As with other data, availability information is not 

conclusive, and the most recent National Water Strategy estimated the mean 

annual volume of available water is around 66.3 km³. And despite lack of water 

being the most frequently cited cause for leaving irrigated lands fallow, 

Afghanistan is generally well endowed with water resources, and the National 

Water Master Plan estimated availability at around 3,000 m³ per capita and 

year. Regional differences, again, are significant and parts of the country 

experience scarcity, including the Northern Basin with water availability below 

700 m³ per capita and year. 

The surface water of the country drains in five major river basins, including:  

(a) the Kabul river basin draining into Pakistan;  

(b) the Harirud-Murghab river basin which empties into Iran;  

(c) the Panj-Amu River Basin shared with Afghanistan’s northern Central 

Asian neighbors;  

(d) the Helmand river basin again shared with Iran; and  

(e) the Northern Basin, which lies fully within the territory of the country. 
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Key characteristics of these basins are detailed below (Table 1) while key 

features of the various basins are provided in more detail below. 

Table 1: Key Features of the River Basins of Afghanistan 

River Basin Area 

(thousand 

m²) 

Average 

Runoff 

(km³) 

Average 

Rainfall 

(mm) 

Potentially 

Irrigated area 

(1000 ha) 

Panj-Amu 90.7 19.0 396 408 

Northern 78.5 2.2 281 662 

Kabul 76.9 17.1 360 746 

Harirud-

Murghab 

77.6 2.5 234 380 

Helmand 262.3 8.4 165.5 1,607 

Non-drainage 67.4 - 100 - 

Source: MAIL, 2019 

Groundwater resources are a separate key source of water for the people of 

Afghanistan. Recent estimates suggest that groundwater recharge is around 

17 km³, while annual groundwater use is estimated at around 25% of recharge. 

Groundwater is a key source of water for domestic and industrial water use, 

while farmers have also increasingly tapped groundwater resources for 

agricultural production. And the National Water Strategy argues that there is 

substantial potential to further tap into groundwater for agricultural 

development, including (a) in areas without access to surface water supplies; 

(b) for conjunctive use to support areas with poor overall or seasonal access to 

surface water (such as the tail ends of irrigation systems); and (c) to supply 

micro-irrigation for high-value field crops or greenhouse crops. 

6. Irrigation Systems in Afghanistan 

Irrigation is practiced in a variety of settings across the country. Adapted to the 

agro-ecosystem of a given location, systems draw from both surface and 

groundwater, and vary considerably in size, from micro-irrigation systems that 

are constructed and operated by individual farmers to large-scale irrigation 

schemes with elaborate irrigation management arrangements. One distinctive 

feature of irrigation in Afghanistan is that most schemes (75%) are less than 

100 hectares, while 98 percent of all schemes are smaller than 500 hectares. 

Over the years, several typologies have been proposed for Afghanistan, most of 

which are relatively similar. The one presented here follows the approach of 

the Afghanistan Research and Evaluation Unit. 
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 Traditional community-managed surface irrigation systems comprise about 

90 percent of the irrigation systems in the country. They are developed, 

managed, owned, and operated by local communities, and vary in size 

from a few hectares to thousands of hectares. 

 Traditional spate and groundwater schemes comprise (a) Karez systems, 

which draw water from shallow groundwater and convey water by gravity 

through subsurface tunnels to the command area; (b) springs and (c) tube-

wells. 

 Formal irrigation systems, which are government-built and operated, and 

include both river diversion-schemes and storage-based systems (Table 2). 

 Spate and other forms of supplementary irrigation systems, which are 

generally characterized by intermediate forms of water control, including 

rainwater harvesting, small ponds, and check dams. 

Table 2: Formal, Large-Scale Irrigation Systems 

Scheme Irrigated Area (hectares) 

Helmand/Arghandab Project 103,000 

Sardeh 15,000 

Parwan 24,800 

Nangarhar Irrigation System 39,000 

Sang-i-Mehr 3,000 

Kunduz-Khanabad 30,000 

Shahrawan 40,000 

Gawargan 8,000 

Kilagay 20,000 

Nahr-i-Shahi 50,000 

Total 332,800 

Source: ADB, 2015 

7. Land Use and Agricultural Production 

The area of Afghanistan considered arable is only an estimated 12 percent of 

the total area of 652,237 km². Out of this area, only 2.49 million hectares were 

irrigated in 2015, which is well below the 3.80 million hectares that could 

potentially be irrigated. Of the irrigated lands, around 14% of the irrigated 

lands were intensively cultivated, 10% were served by active Karez systems, 

while 76% were irrigated herbaceous crops. 

Cultivation of cereal crops dominates agricultural land use, with wheat being 

by far the most important crop grown. The most recent Afghanistan Living 

Condition Survey indicates that more than three-quarters of households 

cultivating irrigated lands grew wheat on at least parts of their land. Total 
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production of wheat both in the irrigated and rain-fed area in 2020 was around 

5.18 MT and the country’s need was about 6.5 MT so the deficit was imported 

from the neighboring countries. However, according to the NSIA report titled” 

La Nian precipitation effects on Agriculture in the year 2021” the rainfall from 

October 2020 till March 2021 in comparison to the same time in last year has 

reduced from 50 to 100 mm and with the continuation of the existed situation 

wheat production is projected to be between 3.5 to 3.8 MT.  

This average yield, however, does not fully reveal the large discrepancy 

between rain-fed and irrigation yields, with the former generally being 

considered marginal as a result of the challenging agro-ecology for rain-fed 

production3. Annual per capita wheat consumption in Afghanistan is amongst 

the highest in the world, and current production levels are insufficient to meet 

domestic demand, with around 2.6 million tons of wheat being imported 

annually. Rice and maize are other important crops, and while other cereal 

crops are grown, they are produced on smaller areas of land and in 

significantly smaller quantities. Horticulture crops (fruits, vegetables, nuts, and 

other crops) represent another important part of agricultural production, with 

total production estimated at around 3.8 million tons, grown on about 1 million 

hectares of land. However, in many years, farmers are unable to cultivate parts 

or all of their land, with a significant share of available Irrigated land either 

being marginally irrigated or left fallow altogether, with lack of water being the 

single most important reason for not cultivating in available land  (Figure 2). 

Source: Afghanistan Human Development Report 

Figure 2: Reasons for not cultivating in Irrigated Lands 

                                                
3 Irrigated wheat yields have been predicted to be on average 170 percent higher than rain-fed 

yields. 
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8. Cropping pattern 

The staple crops of Afghanistan are wheat and rice. Wheat as a major crop 

accounts for 2.66 ha (1.61 million ha irrigated and 1.05 million ha rain-fed), 

sequence by rice 0.128 million ha, corn and barely 0.95 and 0.84 million ha 

respectively4.  The total area under different fruit trees 0.222 ha (2.84%) of the 

total arable land, vegetables account for 5.12% of the total cultivated land with 

potato and onion being the two dominant crops in terms of production and 

area coverage5. In 2020, the total wheat production was 5.18 million tons. 

Meanwhile, the country’s total production of rice in 2020 was around 0.44 

million tons6. Despite its wheat production, Afghanistan imported a significant 

amount of wheat and wheat products annually. 

9. Water Requirement 

To sustainably meet existing and future food demands, generate income, and 

provide employment opportunities in the rural areas, shifting of agricultural 

land to the non-agricultural sector force an immediate increase in cultivated 

area in the country. The current irrigated cropped and rain-fed areas 

production is lower and not producing sufficient food to meet the requirements 

of even the current population. The existing and planned irrigated agricultural 

land can, therefore, not cope with the rapid population growth.  It’s highly 

imperative to utilize all potential available cultivable land and water resources 

to meet future demands. Therefore, both vertical and horizontal development 

requires a tremendous amount of water to maintain and boost production. 

Further, with a changing climate and increasing need for domestic and 

industrial uses, forcing both conveyance efficiency and water application 

efficiency becomes the priority for the government.  

The current reported net crop water requirement with 200% intensity for a total 

area of 2.6 million hectares sown under various crops presently is estimated 

roughly around over 44.36 BCM (Billion Cubic Meters) with adding 0.54 

million ha of more land under irrigation in the coming decade can increase net 

demand roughly around to 53.6 BCM in the country. The glance of future water 

requirements for crops and available supplies reveals that anticipated water 

requirement would be under high demand scenario for growing crops on 3.14 

million ha. Continued with four decades’ of war, the currently aged storages, 

poor traditional irrigation systems, neglect of past governments regarding 

improvement of existing water reservoirs, construction of new reservoirs and 

irrigation canals further complicated the situation.  

                                                
4 MAIL, Statistics Directorate annual agriculture report 2019 
5 Afghanistan- Statistical –yearbook 2019 
6 MAIL, Statistics Directorate, Rice production report 2019 



  16 

10. Irrigation Management 

Irrigation and agricultural water use in Afghanistan are guided by provisions 

under the Constitution, statutory laws, and traditional customs and practices. 

The Water Law, first approved in 2009 and currently revised, sets out the roles 

and responsibilities of institutions within the water sector, including for 

irrigation. The 2009 Water Law introduced community-based organizations 

(Water User Associations and Farmer Organizations) to update the traditional 

Mirab system. A significant change in irrigation management. 

Most irrigation systems in Afghanistan have traditionally been managed by 

Mirabs, a person or a group that provides irrigation operation and maintenance 

services and is nominated by landowners. These institutions are generally 

sustainable, despite years of instability. And over the last decade, substantial 

investments have been made to establish and build the capacity of local 

institutions to better fulfill their roles under the provision of the Water Law.  

The On-Farm Water Management Project (OFWMP) started in February 2011 to 

increase agricultural production through efficient water management. While 

ongoing, at the time of preparing the report, the project had invested in 23 

provinces and had completed the rehabilitation of 212 irrigation schemes, with 

an additional 54 irrigation schemes being scheduled for rehabilitation in 2019. 

Based on primary data collected from the field, the study found that directly 

benefited 50,000 farm families (387,741 people), that it had increased household 

income by US$ 200 per hectare, and that it had generated 168,905 person-days 

of skilled, and 675,619 person-days of unskilled jobs. Besides, land values as a 

result of investments in irrigated agriculture, have raised by 10-20%. 

Average wheat yields at demonstration sites increased from 3.4 to 4.4 t/ha, 

while yields of farmers benefiting from investments increased on average from 

2.4 to 3.4 t/ha. Moreover, in line with findings from other studies, much of this 

increase was attributed to more reliable irrigation water supplies. And, 

importantly within the context of Afghanistan’s water endowment, water 

productivity was found to compare favorably with the potential water 

productivity of wheat at an average of 0.94 kg/m3 of water applied. 

Box. 1 Impacts of the On-farm Water Management Project, Source: MAIL, 2019 

The OFWMP, for example, supported the establishment of Irrigation 

Associations based on the existing Mirab system, which today total 1006 across 

Afghanistan. Such investments have been critical to improving canal 

operations, the efficiency of water use, and improved maintenance. 

While investments by farmers and communities have been a critical 

contributing factor to the rebuilding of the irrigation subsector over the last 
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decades, most investments to rehabilitate the country’s irrigation infrastructure 

base and institutional capacity came from public sector funding. However, a 

key pilot initiative by the Government to explore new management systems for 

its large-scale system has been the reform of the NVDA which may lead to 

rolling out management reforms across the government’s large-scale system 

and generating increased opportunities for private sector engagement in 

irrigation development and management. 

11. Promotion of Appropriate Irrigation Technologies 

Water demand has been growing rapidly in Afghanistan due to the climate 

change impact and population growth, as a result, the water shortage has 

become a serious problem that has made it necessary to improve irrigation 

technologies. Current field application efficiency is low (49.9 to 78.9 %) in 

Afghanistan and proper irrigation practices are needed to increase water use 

efficiency and enhance food production. 

 Promote the use of appropriate technologies like drip irrigation 

systems, sprinkler irrigation systems, gated pipe, land leveling, and 

others for irrigation development;  

 Irrigation scheduling and crop water requirement should be 

considered for water use efficiency and these data will be provided for 

farmers for efficient use of water and get maximum yield from the 

field; 

 Promote indigenous knowledge for the development of irrigation;  

 Support the private sector to invest in irrigation technologies; and 

 Train and familiarizing the farmers with irrigation principles and 

technologies. 

12. Improving Irrigation Management 

Afghanistan has formal and informal irrigation schemes, the formal irrigation 

shames are modern irrigation system which is managing by government and 

informal irrigation schemes are a traditional system which developed, 

managed, owned and operated by local communities, and varies in size from 

few hectares to thousands of hectares.  

Management of the traditional system is a key challenge to improve the 

productivity of irrigated agricultural land. 

 Development and adoption of Agricultural Water Management 

(AWM) strategy for both formal and informal schemes of Afghanistan; 
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 Support the establishment, registration, and strengthening of Irrigation 

Associations and/or Water User Associations, based on existing 

management arrangements, such as the Mirab system, to enhance 

sustainability, accountability, transparency, and legitimacy of irrigation 

managers at the system level. 

 Irrigation Associations will be empowered to enforce regulations that 

promote agricultural water management and efficient utilization of 

water; 

 Support capacity building for irrigation associations for effective 

management of irrigation schemes; 

 The Government will ensure that private investors in large scale 

irrigation farms abide by the governing laws and regulations; 

13. Capacity Development 

Technical support in terms of human resources needs to be provided according 

to the differential needs of the communities for irrigation purposes. Efforts will 

be made to maintain a pool of qualified technical staff at the national and 

community levels to provide technical, advisory, research, and training 

services.  

The aims are to enhance human capacity for modern irrigated agriculture and 

to increase its sustainability through the utilization of innovation, research, 

science, and technology in improving the productivity and performance of the 

sector. 

 A framework for capacity building for irrigation should be developed 

to give guidance in human resource development. 

 Farmers will be trained and encouraged to adopt best agronomic and 

water-saving practices and appropriate technologies for increased 

productivity; 

 The government promotes coordinated and regulated research and 

technology development for irrigation, to gain from new and emerging 

knowledge, like using GIS and remote sensing in the application of 

irrigation due to missing data in the country. 

 The government is responsible for organizing and developing the 

capacity building for irrigation staff, managing scholarships offered 

from external sources, and technical assistance from development 

partners.  

 Field-level training for irrigated agriculture will receive special 

attention through the introduction of targeted training programs for 
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farmers, leaders of farmer groups, irrigation associations, cooperatives 

as well as extension staff. 

 The government and its partners will support the development, 

management, and implementation of appropriate training programs 

for technical personnel, and farmers. The programs will include aspects 

of irrigation scheme development and water management. 

14. Way Forward 

 Afghanistan Ministry of Agriculture has embarked on several 

ambitious and much-needed initiatives in the agriculture sector which 

include, the implementation of various strategies and priority 

programs formulated recently, such as the NRM Strategy, Dryland 

Agriculture Strategy, Policy, and its Implementation Plan; National 

(Agriculture)  Extension Policy, National Irrigation Policy, and 

Program, Wheat Sector Plan (2017); Animal Health Veterinary Law, 

National Livestock Development Strategy, National Agriculture 

Research Strategy & Policy, and National Strategy of Women in 

Agriculture amongst many others. 

 Developing Geographical Identification (GI) as currently, MAIL work 

together with FAO in three provinces on three agricultural products 

through an agricultural value chain strengthening program; 

 Extension of Good Agricultural Practices (GAP), organic fertilizer, 

irrigation methods and introducing best agronomic practices to 

farmers; 

 Adoption and extension of Laser Land Leveling to increase water use 

efficiencies; 

 Researching the crop water requirements and use of different irrigation 

technologies to reduce water losses; 

 Supporting private sector to be more involved in all aspects of the 

value chain of agriculture crops; 

 Provision of effective and sustainable programs (IPM) for agricultural 

pest control (mechanical, biological, and chemical control programs for 

pests); 

 Usage and extension of supplemental irrigation;  

 Establishment of producer’s association; 

 Regional co-operation for the exchange of drought and pest resistant 

varieties through international research institutes 



  20 

 Adapting innovations and good practices on integrated land-water 

management and integrated livestock and rangeland management to 

address the changing risks in agriculture, NRM, and water sectors;  

 Increase production through enhancing land productivity (vertical 

expansion) 

 Bringing more land under cultivation (horizontal expansion).  

15. Conclusion 

Water is one of the most important yield-limiting factors in crop production 

and a major element of the cropping potential of any area. A serious problem 

threatening the agriculture sector is the increasing water scarcity and frequent 

occurrence of drought in the country.  Rapid population growth, changing 

climate, and development of life standards require the government to gives 

high priority to the development and management of the irrigation sector. 

Maximizing agriculture output broadly depends on increasing water 

productivity (vertical expansion) through enhancement of water conveyance 

and application efficiency and horizontal expansion bringing more land under 

irrigation. There is a great potential to increase the water productivity of the 

crops particularly in dry areas of the country through adopting best water 

application practices in turn saving scarce water to irrigate more land.  

To increase water conveyance and water application efficiency, the government 

needs to improve conveyance and distribution systems and encourage best 

agronomic and irrigation practices (minimum plowing, zero tillage, mulching, 

SRI, alternative wet and drying method, high-efficiency irrigation system, 

introducing low delta crops, etc.) (Box 1).  Further, where water shortage is the 

most limiting factor not land, under that conditions increasing water 

productivity should have higher priority than increasing production horizontal 

expansion. It is feasible to considerably increase water productivity through 

practicing best agronomic and best irrigation systems i.e. applying sound 

irrigation management, growing dry tolerance crops and verities, appropriate 

cropping patterns, applying appropriate high-efficiency irrigation systems, 

developing water harvesting structures, applying water conservation practices, 

and improve capacity building of the farming communities to adopt and 

implements viable water-conserving and sustainable production methods. To 

increase water productivity in the water-scarce area, it is required to build the 

capacity of both government and local farmers for determining crops irrigation 

requirements and understand the relationship between crops water use and 

water productivity. Besides, the government needed to adopt macro-level 

extension strategies to maximize agriculture production by utilizing existing 

water and land potential in the country.  
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The current irrigated agriculture area is a bit over 2.6 million hectares, while 

the irrigated potential is 3.8 million hectares. By bringing more land under 

irrigation will not only make the country self-sufficient but will generate 

additional sustainable employment opportunities, reduce poverty, people will 

have access to safe, nutritious and sufficient food and increase GDP in the 

country.    
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1. Introduction 

Bangladesh is a densely populated country in the world and is fifty times 

higher than that of the United States of America and six times higher than even 

that of China (Ministry of Land, 2016). Its total land area is 14,570 m2 where 

60% of the total land area is used as cultivated area (BBS, 2016). The population 

is still increasing by 1.37% every year (BBS, 2017). However, the cultivated land 

is decreasing simultaneously. The agricultural land is converted by the 

uncontrolled urbanization, industrialization as well as with the increasing of 

human activities (Ahmed, 2013). For food security, the country still depends on 

the import of some food grains where crop production is higher than before, 

implying that demand is more than production. Agriculture of Bangladesh is 

constrained due to climate change induced hazards (drought, flood, salinity, 

riverbank erosion etc.) and by a number of challenges such as inadequate 

management practices, population growth, unfair crop price, insufficient credit 

facilities, loss of arable land, lack of  investment in agricultural research 

(Mondal, 2010; Ghose, 2014). In addition, Karim et al. (2017) indicated that 

availability of quality seed, market access facility, lack of storage facility and 

slow technology transfer also slow down the agricultural development process. 

Shelley et al. (2016) added soil fertility, pest, weeds, extreme temperature 

stresses, and multiple stress with those as agricultural challenges. Increasing 

labor cost and water scarcity are not the only factors threatening crop 

production, but weeds, lodging, blast, etc. and low yield rate are also 

responsible for it. Moreover, natural hazards like flood, drought, riverbank 

erosion, low price of products, etc. are also accelerating the challenges more 

severe. About 1.2 million people needs food security assistance; among this, 

80% (884000 refugees are in Cox’s Bazar) of refugees and also about 30% of 

total population of the country are vulnerable to food insecurity (World Bank, 

2017). About 23.2% population live below poverty line in the country (BBS, 

2016; SDG, 2018). In 2008, Bangladesh imported 11.5% of total availability and 

it is also predicted that until 2021, the demand of staple food will also exceed 
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supply which indicates that demand will also remain higher than production 

(Begum and D’ Haese, 2010).  

Agriculture is the largest employment sector in Bangladesh, making up 14.2 

percent of Bangladesh's GDP in 2017 and employing about 42.7 percent of the 

workforce (WEOD, 2019). The performance of this sector has an overwhelming 

impact on major macroeconomic objectives like employment generation, 

poverty alleviation, human resources development, food security, and other 

economic and social forces. A plurality of Bangladeshi’s earn their living from 

agriculture. Due to a number of factors, Bangladesh's labour-intensive 

agriculture has achieved steady increases in food grain production despite the 

often unfavorable weather conditions (WB, 2019). These include better flood 

control and irrigation, a generally more efficient use of fertilizers, as well as the 

establishment of better distribution and rural credit networks. The country is 

among the top producers of rice (fourth), potatoes (seventh), tropical fruits 

(sixth), jute (second), and farmed fish (fifth) (WEOD, 2021). With 35.8 million 

metric tons produced in 2000, rice is Bangladesh's principal crop. In 

comparison to rice, wheat output in 1999 was 1.9 million tons (1,900,000 long 

tons; 2,100,000 short tons).  

Underemployment remains a serious problem, and a growing concern for 

Bangladesh's agricultural sector will be its ability to absorb additional 

manpower. Finding alternative sources of employment will continue to be a 

daunting problem for future governments, particularly with the increasing 

numbers of landless peasants who already account for about half the rural 

labor force. Other challenges facing the sector include environmental issues: 

insecticides, water management challenges, pollution, and land degradation all 

effect the agricultural system in Bangladesh. Bangladesh is particularly 

vulnerable to climate change, with extreme weather and temperature changes 

significantly changing the conditions for growing food. Adaptation of the 

agricultural sector is a major concern for policy addressing climate change in 

Bangladesh.  

Rice, wheat, maize, potato, pulses, and oil seeds are major food crops in 

Bangladesh. While rice is the primary staple food and the most important crop, 

wheat and maize are of second and third importance. Pulses and oilseeds are 

important crops in the context of supplying plant-based proteins for rural 

people. Jute and sugarcane are important cash crops. Average yields, cultivated 

area, and production of major food crops for the last years (2019-2020) are 

shown in Table 1. Total cereals harvested area 29178 acres, total production 

38142 Mt (where Major cereals harvested area 29855 acres, total production 

37632 Mt, Minor cereals harvested area 1167 acres, total production 4015 Mt) 

 

https://en.wikipedia.org/wiki/Agriculture
https://en.wikipedia.org/wiki/Employment
https://en.wikipedia.org/wiki/Bangladesh
https://en.wikipedia.org/wiki/Human_resources
https://en.wikipedia.org/wiki/Food_security
https://en.wikipedia.org/wiki/Rice
https://en.wikipedia.org/wiki/Potatoes
https://en.wikipedia.org/wiki/Tropical_fruits
https://en.wikipedia.org/wiki/Climate_change_in_Bangladesh
https://en.wikipedia.org/wiki/Climate_change_in_Bangladesh
https://en.wikipedia.org/wiki/Climate_change_in_Bangladesh
https://en.wikipedia.org/wiki/Climate_change_in_Bangladesh
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Table 1: Harvested area and yield of major food crops during 2019-2020 

Crop Harvested  area (acres) Total production (Mt) 

Aus rice 2706  2755 

Aman rice 13739  14203 

Boro rice 11768  19645 

Total rice 11768 36603 

wheat 821  1029 

Potato 1140  9606 

Maize 1166  4015 

Pulses 882  397 

Oil seeds 1183  972 

Jute (bales) 1679  8045 

Vegetables 1181  4989 

Fruits 1009 4976 

Spices 1743 5110 

Source: BBS 2020 

The total land area is about 14.84 Mha of which 5.19 Mha (35% of total) is not 

available for agriculture due to use for urban areas, industrial buildings, rural 

homesteads, roads and other infrastructure. Although urbanization is 

increasing day by day, our cropping intensity is also increasing due to increases 

in annual, double/triple and even quadruple-cropping on the same piece of 

land. Average cropping intensity was 198% in 2019-20. Land utilization 

statistics for Bangladesh are provided in Table 2. 

Table. 2: Land utilization statistics in Bangladesh (2017-2020) 

 

 

S.N. 

 

 

Items 

Year 

2017-18 2018-19 2019-20 

Area in 

(`000`acre) 

Area in 

(`000`acre) 

Area in 

(`000`acre) 

Acre Hectare Acre Hectare Acre Hectare 

1.  Net cropped 

Area  
19774 8002 19973 8083 20081 8126 

2.  Gross Cropped 

Area  
38536 15595 39357 15927 39678 16057 
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S.N. 

 

 

Items 

Year 

2017-18 2018-19 2019-20 

Area in 

(`000`acre) 

Area in 

(`000`acre) 

Area in 

(`000`acre) 

Acre Hectare Acre Hectare Acre Hectare 

3.  Single Cropped 

Area  
5514 2231 5271 2133 5216 2110 

4.  Double Cropped 

Area  
9800 3966 10065 4073 10194 4125 

5.  Triple Cropped 

Area  
4418 1788 4594 1859 4613 1867 

6.  Current Fallow 

Area  
907 367 1126 456 1066 431 

7.  Intensity of 

Cropping (%)  
195 79 197 80 198 80 

8.  Total Irrigated 

area  
18990 7685 19217 7777 19469 7879 

Source: BBS 2020 

Around 57% families are directly or indirectly depend on agriculture for their 

livelihood. Agricultural census revealed that cultivated land decreased approx. 

1 per cent per year, whereas homestead land has increased by 3 per cent per 

year during the same period. Agricultural census also revealed that only 66 per 

cent land were available for cultivation and actually 48 per cent lands are 

cultivated by 16.5 million households, on an average farm size is of 0.61 hectare 

(Table 3). 

Table. 3: Farm Families  

Total Families 2,86,95,763 

Total Agriculture holding  165,62,974 (BBS: Agriculture census -

2019 preliminary report) 

Families other than Agriculture 

dependent  

1,35,12,580 

(Source: Ministry of Agriculture, Bangladesh) 
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1.1 Climate of Bangladesh 

Bangladesh has a subtropical monsoon climate characterized by wide seasonal 

variations in rainfall, moderately warm temperatures, and high humidity. 

Regional climatic differences in this flat country are minor. Three seasons are 

generally recognized: a hot and humid summer from March to June; a cool and 

rainy monsoon season from June to October; and a cool and dry winter from 

October to March. In general, maximum summer temperatures range between 

32°C and 38°C. April is the warmest month in most parts of the country. 

January is the coldest month, when the average temperature for most of the 

country is 10°C.  

Winds are mostly from the north and northwest in the winter, blowing gently 

at one to three kilometers per hour in northern and central areas and three to 

six kilometers per hour near the coast. From March to May, violent 

thunderstorms, called northwesters by local English speakers, produce winds 

of up to sixty kilometers per hour. During the intense storms of the early 

summer and late monsoon season, southerly winds of more than 160 

kilometers per hour cause waves to crest as high as 6 meters in the Bay of 

Bengal, which brings disastrous flooding to coastal areas.  

Heavy rainfall is characteristic of Bangladesh. With the exception of the 

relatively dry western region of Rajshahi, where the annual rainfall is about 160 

centimeters, most parts of the country receive at least 200 centimeters of rainfall 

per year. Because of its location just south of the foothills of the Himalayas, 

where monsoon winds turn west and northwest, the region of Sylhet in 

northeastern Bangladesh receives the greatest average precipitation. From 1977 

to 1986, annual rainfall in that region ranged between 328 and 478 centimeters 

per year. Average daily humidity ranged from 45-71 percent in March and 84-

92 percent in July, based on readings taken at selected stations nationwide in 

1986.  

About 80 percent of Bangladesh's rain occurs during the monsoon season. 

Natural calamities, such as floods, tropical cyclones, tornadoes, and tidal bores-

-destructive waves or floods caused by flood tides rushing up estuaries--ravage 

the country, particularly the coastal belt, almost every year. Between 1947 and 

1988, thirteen severe cyclones hit Bangladesh, causing enormous loss of life and 

property.  

1.2 Major crops cultivated in Bangladesh 

The farmers are cultivating lots of food crops in Bangladesh. Major Food crops 

of the country are described below: 
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1.2.1 Paddy 

Rice is the staple food of Bangladeshi people. The farmers harvest paddy 

almost 80 percent of arable land. The favorable weather of paddy cultivation is 

160C to 300C temperature and 100 cm to 350cm rainfall.  The river collects fertile 

and muddy soil, which help in faster crop growth. Paddy grows almost all over 

Bangladesh particularly in larger areas of Dinajpur, Rajshahi, Barishal, 

Patuakhali, Sylhet, Cumilla and Mymensing. In the 2018-19 fiscal year, Paddy is 

grown on a total 284.55 lakh acre of land and with production of 363.89  lakh 

metric ton during aus, amon, boro season.  

1.2.2 Wheat 

Wheat is the second largest edible food of Bangladeshi people. Flour is 

produced from wheat. Wheat requires plain lands with a water drain system, 

mild temperatures such as 160C to 220C and an average rainfall of 40 cm to 100 

cm. Dinajpur, Rangpur, Thakurgaon, Tangail, Jessore, Pabna, Rajshahi and 

Bogra are the large growing districts. In 2018-19 farmers harvested wheat on 

8.16 lakh acre land with production of 10.16 lakh metric tons.  

1.2.3 Pulses 

Pulses are grown on riversides which are sandy and 150C - 200C temperature is 

ideal for pulses cultivation. Various food products can be prepared from 

pulses. Farmers harvest pulse in winter, generally in the basins of river Padma 

and Jamuna and other areas. Different kinds of the pulses are grown in 

Bangladesh, such as mung, lentil, pea, cowpea, etc.  

1.2.4 Oilseeds 

Vegetable oils are produced from mustard, soya bean, olive, peanut, coconut, 

linseed, sunflower, cottonseed etc. Oilseeds are harvested mainly in winter 

season.  Oilseeds are in districts of Dinajpur, Rajshahi, Pabna, Dhaka, Faridpur, 

Jamalpur and Mymensing. The oilseeds produced by farmers is not enough to 

fulfill the country demand. Bangladesh imported tons of oilseeds and edible 

oils from abroad in 2018-19.  

1.2.5 Maize 

Maize is one of the fast-growing food crops in Bangladesh. Gradually, it has 

occupied the cropping area of other crops. The production increased every 

year. Major maize growing districts are Dinajpur, Rangpur, Mymensing, 

Rajshahi, Pabna, some parts of Comilla and hill tracts of Chittagong division. 

Maize area covers about 1,099,884 acres producing 3,569,321  metric tons of 

grains. 
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1.2.6 Fruits 

Bangladeshi farmers grow fruits not only to meet their domestic demand but 

also to export. Guava, plum, pineapple, litchi, watermelon, coconut, mango, 

jack fruit are some of the mainly cultivated fruits. Dinajpur and Rajshahi 

districts are the litchi and mango growing areas.  

1.2.7 Vegetables 

Vegetables are grown almost all over the country round the year and winter is 

the best time for vegetable cultivation. Tomato, cabbage, cucumber, pumpkin, 

gourd, brinjal are mostly cultivated.  

1.2.8 Spices 

Coriander, garlic, ginger, onion, pepper are some of the main spices grown in 

Bangladesh. The country imports a number of spices from abroad.  

1.2.9 Barley 

Barley is a grain similar to wheat. It is an easily digestible food item. A limited 

area is covered under barley in Bangladesh. 

1.2.10 Jute 

Bangladesh is one of the major jute producing countries in the world. The 

impact of jute in the economy of Bangladesh is significant. This country is able 

to fulfill its domestic demand for jute and related products. 20 0C- 26 0C 

temperature and 200cm- 250 cm rainfall are the best weather requirements for 

jute cultivation. Top jute growing districts are Faridpur, Bogra, Pabna, 

Rangpur, Dhaka, Mymensing, Comilla etc. Jute is cultivated on 18.52 acres of 

land and the production is 85.76 lakh bales by the year 2018-19. In the fiscal 

year 2019-20, Bangladesh exported jute and jute products worth $882.35 

million. 

1.2.11 Tea 

The second major cash crop of Bangladesh is tea. A temperature range from 16 
0C- 27 0C and  heavy rainfalls are suitable for tea. Plenty of tea is grown in 

Sylhet and Chattogram districts. Bangladesh has about 158 tea gardens. In 

panchagar district, there is an organic tea garden. In 2018-19, tea was cultivated 

on 133443 acres of land producing a total of 90685 metric tons. The country 

exported tea worth $3.12 million in the fiscal year 2019-20. 

 

 

https://oikosmist.com/jute-in-bangladesh-economy/
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Table 4. Seasonal water requirements (mm) of some major crops  

S.N. Crop Season Water 

requirement* 

Crop 

duration 

days 

Remarks 

1. Boro Rice Boro  1100-1200 140-150 *NIR  

2. Aus Rice  Kharif-I 550-600 105-110 NIR 

3. Aman Rice Kharif-II 600-700 120-130 NIR 

4. Wheat Rabi 300-450 105-110 NIR 

5. Maize Rabi/Kharif 450-550 135-145 NIR 

6. 

7. 

8. 

8. 

9. 

10. 

Mustard 

Groundnut 

Vegetables 

Onion 

Potato 

Soybean 

Rabi 

Rabi/Kharif-I 

All seasons 

Rabi/Kharif-I 

Rabi 

Rabi/Kharif-I 

250-350 

225-300 

250-300 

250-300 

300-400 

350-450 

90-100 

120-145 

- 

120-130 

80-100 

- 

NIR 

NIR 

NIR 

NIR 

NIR 

NIR 

* NIR= Net Irrigation Requirement (Crop water requirement)  

2. Status of existing water resources in the country 

Bangladesh is endowed with rich water resources. Irrigation water for cropland 

in Bangladesh is available from mainly two sources i.e. surface water and 

ground water. Annual renewable surface water flow is around 1210 km3 and 

the groundwater recharge is estimated to be between 28 km3 to 65 km3. 

2.1 Surface water resources 

Surface water resources includes rainfall, trans-boundary flow, water on 

standing water bodies (water storage in reservoir, water bodies such as rivers, 

lakes and ponds), water on seasonal wetlands, and in-stream storage. The 

annual volume of rainfall falling over Bangladesh except in eastern hill region 

is 284 km3. Rainfall is unevenly distributed in the country. It varies from as 

high as 5500 mm in north-east to 1500 mm in northwest, average rainfall being 

2200 mm. About 80% of the rainfall occurs during monsoon season. Rest of the 

year is relatively dry. Rainfall contributes to generation of surface water flow 

and ground water recharge. Vertical recharge by rainfall is the principal form 

of groundwater replenishment of Bangladesh. Rainfall harvesting is an 

important drinking water supply option in the coast and in arsenic prone areas. 

Surface water resource consists of river flow, water on standing water bodies 

(water storage in reservoir, water bodies such as lake and pond), water on 

seasonal wetlands, and in-stream storage. There are about 230 rivers in the 

country with a total length of 24,000 km. Most of the flow in the river system is 

generated from outside the country and passes over the country through 57 

transboundary rivers. The annual average inflows of the three major rivers, 
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Ganges, Brahmaputra and Meghna rivers is 981 km3 in wet season and 148 km3 

in dry season (of which 111 km3 is provided by the Brahmaputra only). During 

the wet season, the rivers receive an additional flow of about 113 km3 from the 

combined regional runoff. Thus, only 8% of Bangladesh’s water resources are 

produced internally. The combined volume of inflows and runoff which is not 

consumed (1373 km3) discharges to the sea annually. As the lower riparian of 

the major rivers, Bangladesh is located at the point of concentration for 

monsoon floods generated by runoff from the Himalayas. Peak monsoon flow 

is often causing flood in Bangladesh. In normal year, about 20% of the country 

is inundated which in extreme cases may rise up to 60% for example 1987, 1988, 

1998 floods.  

Yearly rainfall distribution in Bangladesh is uneven. About 65-83% of the total 

annual rainfall occur during wet months (June to October) and the remainder 

occurs during dry months (November to May) (Fig.1) (Karim et al. 2014). The 

efficacy of rainfall for crop production is dependent on its adequacy, certainty 

and distribution. Amount of rainfall is very little for crop production in dry 

season. On the other hand, it is quite abundant in wet season.  

Figure. 1: Monsoon and yearly rainfall in different divisions of Bangladesh 

Bangladesh shares 57 trans-boundary rivers, 54 in-coming from India, 3 from 

Myanmar. Among the rivers, the Ganges, the Brahmaputra and the Meghna 

drain about 1.08 million sq.km., 0.58 million sq.km. and 0.09 million sq.km. 

respectively (Ahmed and Roy, 2007). Total annual volume of water that enters 

into the country from the trans-boundary rivers is about 1000 billion cubic 

meter. The combined flow of the Ganges and Brahmaputra typically varying 

between less than 10,000 m3sec-1 in the driest period to 80 to140,000 m3sec-1 in 

the late August to early September (WARPO, 2000). As a result, a large portion 
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of water goes under the water in one season and scarcity of water in other 

season. The availability of trans-boundary flow in Bangladesh has declined in 

the dry season with greater upstream use and diversion. Reduction of the dry 

season flows due to increasing upstream withdrawal causes severe water 

shortages across the country and particularly southwest region. Reduced 

stream flow also aggravates salinity intrusion and environment degradation 

(Ahmed and Roy, 2007). Also surface water of the country is unprotected from 

untreated industrial effluent, municipal waste water, runoff pollution from 

chemical fertilizers, pesticides, oil, lube spillage in the coastal area and is 

polluted from point and non-point sources. Floodplains (about 80% of the total 

area of the country) become seasonal wetlands during monsoon (July-October) 

because of slow drainage of huge transboundary flow and local rainfall excess. 

The seasonal wetlands remain inundated from a few days to as long as several 

months (May-November). Estimated volume of water stored in these seasonal 

wetlands/floodplains is about 2.69 km3. This seasonal storage has virtually no 

contribution during dry season. The numerous channels crisscrossing the entire 

country, in flowing stage, store water till these are completely dried up. 

Estimated volume of channel storage is of the order of 0.5 km3.  

In addition to natural rivers, water is retained in localized low pockets 

(beels/baors) and ponds in dry season. Kaptai Lake is the only reservoir in the 

country that has storage capacity. Total volume of such standing water bodies 

is about 7 km3, allowing only 0.4% of annual surface water to be stored.  

2.2 Ground water resources 

Most of the areas of Bangladesh have been formed from the sedimentary 

alluvial and deltaic deposits of three major rivers. These alluvial deposits have 

formed mainly an unconfined aquifer for most of the area of the country. 

Groundwater is one of the major natural resources of the country. Estimated 

ground water recharge is between 28 and 65 km3 in Bangladesh. The shallow 

groundwater table rises nearly to surface across Bangladesh during wet season 

because of heavy rainfall and flooding. Water tables fall during dry season, 

because extensive water withdrawals and discharge to the rivers deplete the 

aquifers.  

Pre-monsoon periods (April to May) have the deepest groundwater tables and 

post monsoon periods (November) have the shallowest water tables. The main 

source of ground water is the recharge from surface water. Most of the areas of 

Bangladesh have been formed from the sedimentary alluvial and deltaic 

deposits of three major rivers. These alluvial deposits have formed mainly an 

unconfined aquifer for most of the area of the country. Groundwater level of 

Barishal division, Khulna, Bagerhat, Satkhira, Laksmipur, Noakhali, Feni, 

Brahamanbaria, Moulovibazar, Thakurgao, Panchagram, Nilphamari, 
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Lalmonirhat and part of Rangpur, Kurigram, Gaibandha, Meherpur, Narail, 

Faridpur, Munsiganj, Comilla, Narsindi is under rang of 0 to 5.3 meter. 

Groundwater level of Dinajpur, Jassore, Magura, Chuadanga, Jhenaidah, 

Tangail, Manikganj, Madaripur and part of Sylhet, Sunamganj, Sherpur, 

Jamalpur, Faridpur, Pabna, Sirajganj is in the range of 5.31 to 7.6 meters. 

Groundwater level of Naogaon, and part of Joypurhat, Bogra, Natore, Pabna, 

Sirajganj, Kustia, Rajbari, Jhenaidah, Sunamganj, Netrakona, Kisorganj, 

Mymensingh, Gazipur is in the range of 7.61 to 9.8 meters. Groundwater level 

of part of Joypurhat, Bogra, Rajshahi, Sherpur, Mymensingh, Gazipur, and 

Chittagong is in between 9.8-11.3 meters. Groundwater level of part of 

Mymensingh, Netrakona, Sunamganj, Gazipur, Nawabganj, Rajshahi, 

Joypurhar, Chittagong and Dhaka is in between 11.3- 15 meters. Groundwater 

level of part of Mymensingh, Gazipur, Nawabganj and Dhaka is in the range of 

20.5 to 26 meters (Fig. 2). Ground water is the major source of irrigation water 

and plays a very vital role during dry season and drought periods. But the 

availability of ground water resources has become a problem in the recent days 

and the reasons are arsenic in ground water, excessive dissolved iron, salinity 

of the shallow aquifers in the coastal areas, ground water mining and 

rock/stony layers in hilly areas (BUET, 2004).  

 

Figure 2. Groundwater zoning map 2018 (BADC 2020) 
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2.3 Status of Irrigation Equipment 

From Table-5 (BADC 2000), it is revealed that during the Rabi Season 2019-

2020, total number of 1639311 of irrigation equipment's were used for irrigation 

in the country which is 0.97% higher than that of 2018-19 Rabi season in which 

1585413 nos. of irrigation equipment's were operated. On the other hand, 

irrigated area was 5587482 hectares in Rabi season 2019-2020 which is 0.72% 

higher than that of 2018-2019 Rabi season irrigated area was 5587482 hectares. 

Out of total 5627598 hectares irrigated area, 5355026 hectares irrigated by DTW, 

STW & LLP and 272572 hectares irrigated by Manual/Artesian well, traditional 

method, gravity flow, solar pump and dug we. Out of total 5627598 hectares 

irrigated area 4098256 hectares through utilization of groundwater i.e. 72.82% 

of total irrigated area and 1529342 hectares through utilization of surface water 

i.e. 27.18% of total irrigated area. The historical development of different types 

of irrigation equipment's in Bangladesh is shown in Figure-3 (BADC, 2020). 

With the introduction of high yielding rice varieties in 1980-90s that responded 

favorably to irrigation and fertilizer, and which are suitable for boro rice, 

demand for reliable irrigation. Since aquifer conditions were favorable in most 

parts of the Teesta, Brahmaputra-Jamuna and Ganges river floodplain, the 

attention was diverted to the development of groundwater resources. The 

installation of deep tube wells (DTWs) started in the late 19602s, but gained 

momentum in late 1980s. Within 1992, about 25,500 DTWs were installed 

throughout the country be BADC. Currently, 37007 DTWs are working in 

Bangladesh to provide water for irrigation purposes. 

Table. 5. Summary of Irrigation Equipment Used and Area Irrigated Rabi 

Crops (Boro, Wheat, Potato, Maize, Onion and Vegetables) During 

2019-20 

Type of 

Equipment 

Name 

of 

Organi

z-ation 

Operated by 

Electricity 

Operated by 

Diesel 

Total 

Unit Irrigate

d Area 

(ha) 

Unit Irrigate

d Area 

(ha) 

Unit Irrigated 

Area 

(ha) 

DTW BADC 11046 314153 942 21707 11988 345860 

BMDA 15553 511827 0 0 15553 511827 

Others 8482 215379 984 11179 9466 226558 

Total 35081 1051359 1926 32886 37007 1084245 

STW BADC 145 725 10 50 155 775 

BMDA 0 0 0 0 0 0 

Others 320954 1030750 107759

7 

1969595 139855

1 

3000345 

Total 321099 1031475 107760

7 

1969645 139870

6 

3001120 

LLP BADC 2858 64698 5423 1357 8281 200487 
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Type of 

Equipment 

Name 

of 

Organi

z-ation 

Operated by 

Electricity 

Operated by 

Diesel 

Total 

Unit Irrigate

d Area 

(ha) 

Unit Irrigate

d Area 

(ha) 

Unit Irrigated 

Area 

(ha) 

BMDA 519 13439 0 0 519 13439 

Others 13219 175622 177895 880113 191114 1055735 

Total 16596 253759 183318 1015902 199914 1269661 

DTW+STW+

LLP 

 322776 2336593 126285

1 

3018433 163931

1 

5627598 

Manual & 

Artesian 

Well 

 0 0 0 0 0 7852 

Traditional 

Method 

 0 0 0 0 0 6825 

Gravity 

Flow 

 0 0 0 0 0 242356 

Solar Pump  0 0 0 0 3245 14524 

Dug Well  0 0 0 0 439 1015 

COUNTRY TOTAL 322776 2336593 126285

1 

3018433 163931

1 

5627598 

 

 

 

 

 

 

 

 

Figure 3. Historical development of different types of irrigation equipment's in 

Bangladesh 

The expansion of DTWs was followed by the development of Shallow Tube 

Wells (STWs) with discharge capacities of 10-12 lit/sec. However, despite 

visible benefits of groundwater irrigation, STWs were not initially adopted due 

to restrictions on tube well spacing and embargo on the import of all types of 

diesel engines. After devastating floods of 1988 and subsequent cyclones in the 

early 1990s it is realizing that the need for agricultural machinery to kick-off 

farming economies back into action. 
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2.4 Water Use  

Surface water is mainly used for transport, fishing, crop irrigation and human 

consumptive uses (Table 6). Crop irrigation is the largest user of surface water 

(about 6.2 km3 per year). In rural and urban areas, surface water consumption 

is small in volume, as Dhaka uses about 0.13 km3 per year for urban 

consumption from surface water. In urban, industrial and irrigation purposes, 

groundwater is being used intensively, mostly in irrigation. The percentage of 

irrigated area, irrigated by ground water is North-West (97%), North-Central 

(84%), South-West (76%), North-East (45%) and South-East (45%). For urban 

consumption, Dhaka uses about 0.62 km3 groundwater per year.  

Table 6: Water use status in Bangladesh 

Total Annual Withdrawal = 36 km3  

 

Ground Water Withdrawal = 28.5 

km3 (79%)  

Surface Water Withdrawal = 7.5 

km3 (21%)  
 

Agriculture Use 31.5 km3 (88%) Crop Production Use = 29.5 km3  
 

Municipal Use = 3.6 km3 (10%) Industrial Use = 0.8 km3 (2%)  
 

Rice Water Productivity = 0.306-

0.459 kg/m3 

  Water Footprint = 896 m3/cap/year 

Rice cultivation which is by far the largest consumer of water has a rather small 

water productivity. Overall rice water productivity in Bangladesh is in the 

range of 0.306–0.459 kg/m3 which is relatively low both by South Asian and 

international standards. It is also characterized by significant variation across 

the 16 districts.  

The water footprint for Bangladesh is 896 m3/cap/year compared to a global 

average of 1243 m3/cap/year17. Most of the footprint belongs to agricultural 

which has low productivity. There is considerable opportunity to increase 

agricultural productivity and thereby to reduce water footprint for instance by 

applying advanced techniques of rainwater harvesting and supplementary 

irrigation.  

2.5 Water Demand  

In Table 7, the water demand of major sectors in Bangladesh 2011. Agriculture 

sector has the highest annual water demand in Bangladesh (33 km3). North-

West region has the most irrigation water demand (11.4 km3) as the region has 

the highest irrigated area in Bangladesh. North-East and South-East region 

have the lowest irrigation water demand (about 4.3 km3 each). Western region 

of Bangladesh is severely affected by low water availability in the dry season. 

Also South-West region faces salinity intrusion and arsenic contamination 
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problem in surface and groundwater, which has limited irrigation development 

in that region. 

Table 7: Sectoral demands 

Sector Current Demand 2011 (km3) 

Agricultural 33 

Domestic 2.7 

Industrial 0.08 

Forest 2.9 

Fisheries 5.2 

Environtal Flows 106 
 

Water management in Bangladesh is a critical issue owing to growing demand 

and increasing conflict between alternative uses. Demand for water is growing 

rapidly in agriculture mainly from irrigation for cereal production, the urban 

and industrial sector, fishery, inland navigation and salinity control. The 

supply of clean and uncontaminated water has fallen far short of demand 

owing to inadequate flows in the Ganges, pollution caused by the disposal of 

effluents and chemicals, salinity intrusion in the coastal area and arsenic 

contamination. Further, the availability of freshwater is highly seasonal 

depending on the presence and duration of the monsoon. The incidence of both 

flood and drought in a yearly cycle profoundly affects river morphology 

(Chowdhury, 2010). 

2.6 Crop water demand 

The crop water demands of different crops in Bangladesh environment vary to 

some extent from south-west drought prone areas to the north-west and 

eastern hilly areas of the country. The average crop water demands of some 

major crops are given in Table 1 (Islam et al., 1993). Table 1, though shows the 

crop water requirements of different crops, only a few irrigations or no 

irrigation is required for the crops grown in the Kharif-I and kharif –II seasons 

depending on availability of rainfall. Irrigation is mainly required for the Rabi 

crops. Usually no rainfall occurs during this period and if there be any, it is 

insufficient to meet the crop water demand.  

Agriculture is the major water using economic sector while rice is the most 

water consuming crop (consumes 78.45% of the total water demand). The net 

irrigation water demand found is 28.05 km3 which was 24.56 km3 in 2008. The 

agricultural withdrawal was found 40.08 km3 which was 31.5 km3 in 2008. 

Monthly Irrigation Water Demand of Bangladesh (km3) varies greatly 

throughout the year. The highest demand occurs in March (12.00 km3). In the 

pre-monsoon months (March-May), the demand gradually lowers. In the 
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monsoon months the demand is low. The month June shows the minimum 

demand (0.01km3). As the dry (Rabi) season starts, the demand gradually 

increases. The dry season (November –February), pre-monsoon (March-May) 

and the monsoon (June-October) irrigation water demand constitute about 

53.63%, 40.58% and 5.79% of the total annual irrigation water demand, 

respectively.  

The northwest region has the largest irrigated area of all regions. It forms about 

37.18% (14.902 km3) of the total agricultural water demand. The north central 

region is the most industrialized and urbanized region of the country, which 

includes the capital city Dhaka. The agricultural water demand of this zone is 

4.265 km3. The north-east and the south-east region have agricultural water 

demand of 6.268 km3 and 3.171 km3, respectively. Eastern hill has the minimum 

demand for agriculture (1.213 km3) where the other demand is as usual. The 

agricultural water demand of the south-west and south-central zone are 7.015 

and 3.250 km3, respectively.  

2.7 Region-wise water related issues 

Region-wise water related issues have been sorted out in a National Water 

Management Plan to address the problems in the future as presented in Table 

8. A National Water Policy has been undertaken to address the above issues by: 

1. Harnessing and development of all forms of surface and groundwater and 

management of these resources in an efficient and equitable manner. 

2. Ensuring the availability of water to all. 

3. Accelerating the development of sustainable public and private water 

delivery systems. 

4. Developing a state of the art knowledge and capabilities that will enable the 

country to design future water resources management plans. 

The Water Resources Planning Organization (WARPO) is an organization was 

created to perform planning of water resources by: 

1. Preparing an environmentally compatible master plan for water resources 

development. 

2. Formulating strategies and policies for scientific utilization and conservation 

of water resources. 

3. Assisting organizations/agencies involved in utilization, conservation and 

development of water resources by conducting studies and, if necessary, 

special studies on any related issues. 



39 

4. Collecting and analyzing data and information on water resources and 

arranging for dissemination of the information. 

Table 8. Region-wise water related issues 

Region Issues 

South 

West 

Preservation of the Sundarbans, restoration of dry season fresh water 

in flows, maintenance of the coastal embankment system, alleviation 

of coast al drainage congestion, improved cyclone protection, flood 

proofing in the low lying areas 

North 

East 

Environmental management of the Haor basin, flood proofing, 

erosion of old Brahmaputra left bank, drainage congestion in the 

rivers, hill irrigation 

North 

Central 

Bulk water supplies and pollution control in Dhaka City, flooding 

and drainage problems, flood proofing in low lying areas 

North 

West 

Erosion along the right bank of the Brahmaputra, flooding and 

drainage problems, drought in the western fringes, flood proofing in 

the low lying areas 

South 

Central 

Siltation and drainage congestion, improved cyclone protection, 

flood proof ing in low areas 

South 

East 

Gaseous aquifers, cyclone protection, drainage congestion, protection 

of newly accreted lands against tidal flooding 

Eastern 

Hills 

Small scale irrigation development, mini-hydro power development, 

improved cyclone protection, 

Rivers 

and 

Estuary 

Erosion protection, regional augmentation, flood proofing, cyclone 

protection in Meghna estuary, erosion of Meghna river, protection of 

newly accreted lands 

Source: (Ahmed and Roy, 2007) 

2.8 Renewable water resources 

Freshwater is the major source of water for human consumption. Renewal rate 

of fresh water resources determines the availability of fresh water for human 

use. Renewable water resources are the total amount of water resources which 

is generated through the hydrological cycle and is often measured for a country 

on annual basis. Availability of sufficient quantity of water throughout the year 

is necessary for food production, economic development and life. In a general 

view, a country like Bangladesh may often be treated as water abundant. But 

the situation is different when the water demand and availability in a short-

term basis are compared.  
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Between 1972 and 2017, Bangladesh renewable water resources remained 

stable. In 2017, internal renewable water resources per capita for Bangladesh 

was 657.5 cubic meters. Between 1972 and 2017, internal renewable water 

resources per capita of Bangladesh was declining at a moderating rate to shrink 

from 1,553 cubic meters in 1972 to 657.5 cubic meters in 2017. 

3.  Importance of innovative and advanced water management options 

suitable for major crops in the country 

In Bangladesh, agriculture sector has performed relatively well in the last 

decade due to increased productivity, incipient diversification into value-

added products, such as fruits, vegetables, flower, pulses, spices, poultry, dairy 

and fish and almost self-sufficiency in food grain production (Ahmed, 2007). 

But to the contrast, Bangladesh have failed to make the best use of natural 

resources due to our ignorance of advanced technologies.  

Agriculture is still rice based and rice is the staple food of 90 percent 

population. This component provides 96 percent of the countries’ food 

requirement and employees about 60 per cent of labor force (Alam, 2008). 

Hence, most of the technological advancement attained concerning to increase 

food grain (rice) production. Thus, this is the best time to pay attention on 

sustainable water management with the help of modern technology.  

There are three rice seasons in Bangladesh namely aus, aman and boro. Boro rice 

is produced in Rabi season (October to March) and it grows totally under 

irrigated condition. Irrigation comes from two major sources - surface and 

ground water. Groundwater covered 77 percent of total irrigated area and 

about 80 percent of groundwater was used for crop production in which Boro 

paddy consumed 73 percent (BBS, 2008) of total irrigation. Hence, the method 

of irrigation is traditional which caused of environmental degradation and 

extra cost for production. However, few irrigation technological innovations 

have been taken place and disseminated in recent years with the collaboration 

of government, semi-government and non-government organizations (NGOs). 

These are- automated canal and piped water delivery systems; set and 

automated sprinkle irrigation; Alternative Wet and Dry (AWD) method, micro-

irrigation including surface and sub-surface drip systems (Ittefaq, 2009). In 

addition, alternate furrow irrigation is being introduced to the farmers to save 

water and get good yields.  

Attention has been given to minimize the water losses in irrigation systems by 

installing buried pipe water distribution systems, sprinkler systems, and a few 

drip application systems. Also flexible plastic pipes are being used to reduce 

water losses. Alternate furrow irrigation and alternate wetting and drying 

(AWD) methods are being demonstrated at farmers’ fields. Researches are 
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being involved in precision water management technologies. Use of renewable 

energy, especially, the solar energy has been emphasized by the government to 

further input of energy to agriculture as well as to reduce fossil fuel burning to 

save environment. In addition, emphasis has been given to handle the 

constraint areas of the country such as drought areas, saline areas, hilly areas 

and haor areas for better utilization of water to enhance crop productions 

through improved water management.      

Thus, government has taken especial initiative to expand irrigated area in the 

coastal and hilly areas with considering scarcity of water resources (Sattar and 

Moniruzzaman, 2008). Very recent, Bangladesh government, International 

Center for Agricultural Research in the Dry Areas (ICARDA), Bangladesh 

Rural Advancement Committee (BRAC), Bangladesh Agricultural Research 

Institute (BARI) jointly implementing a comprehensive project - Protected 

Agriculture (PA) technology in the hilly south-eastern region, crop 

diversification program saline areas in the coastal belt and heat-tolerant, early- 

maturing wheat variety for northern parts of the country (ICARDA, 2009). This 

initiative can be treated as country’s entrance to new arena of modern 

agriculture. 

Different NARS (National Agricultural Research System) institutions 

developed irrigation and water management technologies which are as follows: 

3.1  Alternate wetting and drying (AWD) technology for water saving in 

Boro rice 

AWD irrigation scheduling technique is based on a simple device designed to 

observe water level in the rice field for deciding the time of irrigation. A piece 

of PVC pipe having 5 cm (2 inch) or higher diameter and 25 cm length is used 

to observe the water level (Fig. 4). The PVC pipe contains perforation upto 15 

cm length at one side. Light standing water condition (1-3 cm depth) should be 

maintained upto 12 days after transplantation of seedlings. Irrigation upto a 

depth of 5-7 cm standing water is applied after 1st top dressing of urea. After 

that the perforated portion of the PVC pipe is installed in the field within four 

adjacent rice hills. The soil inside the pipe is removed upto the bottom. When 

the water level inside the pipe touches soil at the bottom re-irrigation upto 5-7 

cm standing water is applied. This process continues upto booting stage. 

Continuous standing water is maintained during heading to milk stage (for 2 

weeks). After soft dough stage AWD system is practiced again. If standing 

water remains in the field at 2 weeks before harvest of the crop no irrigation is 

needed.  

About 4-6 less irrigations will be required by practicing AWD irrigation 

method compared to maintaining continuous standing water which could save 
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20-30% of irrigation water. It reduces fuel requirement and irrigation costs. 

AWD irrigation method reduces production costs by Tk. 2500-3000 per hectare. 

Besides, AWD technology reduces about 25-30% methane gas emission than 

continuous standing water in rice field.  

 

Figure 4: Alternate wetting and drying (AWD) technology for water saving in 

Boro rice 

 

3.2  Water saving by applying irrigation 3 days after disappearing of 

standing water 

Always maintaining standing water condition is not necessary for rice 

production. Light standing water condition (1-3 cm depth) should be 

maintained upto 12 days after transplantation of seedlings. Irrigation upto a 

depth of 5 cm standing water is applied after 1st top dressing of urea. Re-

irrigation upto 5-7 cm standing water is applied 3 days after disappearing of 

standing water from the field surface. This process continues upto booting 

stage. Continuous standing water is maintained during heading-milk stage (for 

2 weeks). After hard dough stage, re-irrigation is applied at 3 days after 

disappearance of standing water. If standing water remains in the field at 2 

weeks before harvest of the crop no irrigation is needed. About 25% irrigation 

water could be saved by practicing this irrigation method instead of 

maintaining continuous standing water which reduces 20% irrigation costs. 

3.3  Supplemental irrigation from Mini-pond for drought mitigation in 

Aman rice  

Mini-pond construction is suitable for drought mitigation in areas with low 

rainfall and lack of pond to store rainwater. To mitigate drought in T. Aman a 

small pond with 5 percent land is excavated at a corner of the plot to store 

rainwater. The depth of the pond is around 2 meter. Supplementary irrigation 

is applied during drought spell. Experimental results have shown that 1-2 

supplementary irrigation may be applied to T. Aman from the stored water. It 

helps to get satisfactory yield by mitigating drought. 
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3.4 Minimizing yield loss of Aman by rainwater harvesting with levee 

management 

Levee management for rainwater harvesting and conservation is the only way 

for terminal drought mitigation of T. Aman in areas without irrigation access 

and water storage facilities. Levees with 15 cm height are constructed during 

rainy season to conserve rainwater. About 80-90% of the rainfall in Aman 

season can be conserved by constructing and maintaining 15 cm levee around 

the plot. It helps to mitigate terminal drought by conserving soil moisture for 

long time.  

3.5 Multipurpose use of non-portable and portable solar panel  

Enough electricity can be produced by a portable solar panel to operate a low 

lift pump (LLP) for surface water irrigation. Surface water can be withdrawn by 

a 1.5 kW LLP at a rate of 10-12 liter/sec. In addition, the solar panel can be used 

to supply power to a 1.5 kW capacity open drum thresher which can thresh 

250-350 kg paddy per hour. It can generate enough power to meet the domestic 

needs of 3-4 rural households. BARI designed small capacity solar pump 

(1.2Hp, 180 lit/min) for surface water irrigation to the farmland around house 

(vegetables and orchard); at the same time meets the household needs. This 

solar panel can be used any place where sufficient sunlight is available. 

 3.6 Underground pipe distribution system 

An underground pipe network for shallow tube well of BINA sub-station, 

Iswardi has been installed irrigation water distribution. Application efficiency 

was found to be 98-99% and the system is very convenient for precise and 

accurate amount water application as per need of the crop. 

3.7 Crop production with Deficit Irrigation Technique 

In water scarce situation, DI strategy is a way of maximizing water use 

efficiency (WUE) for higher yields per unit of irrigation water applied. In DI 

strategy, the crop is exposed to a certain level of water stress either during a 

particular growth period or throughout the whole growing season, without 

significant reduction in yields. In this technique, irrigation is applied to avoid 

water deficits at critical growth stages of crops or irrigation is avoid at growth 

stages that are not/less sensitive to water stress. Thus, deficit irrigation 

techniques can alleviate the negative impact of decreasing water availability on 

farm economic results by using more efficiently this resource. 

In this strategy, wheat is irrigated two times-one at CRI stage and other at 

flowering stage. Maize is irrigated at early vegetative, flowering and grain 

filling stages. Only one irrigation at pre-flowering stage can produce a good 

yield. Groundnut should be irrigated at vegetative and flowering stages. Potato 
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is irrigated at stolonization and at bulking stages. Sunflower is suggested for 

irrigating three times at vegetative, pre-flowering and heading stages up to 80% 

of field capacity, or two times at vegetative and heading stages (Fig. 5).  

 

 

 

 

 

 

 

 

Figure 5: Crop Production with Deficit Irrigation 

3.8  Cultivation of wheat planted on raised bed using optimum water and 

fertilizers 

Based on the results obtained from the study, irrigation scheduling based on 

sensitive growth stages was found better than the schedules based on 

cumulative pan irrigation in respect of grain yield and water productivity. 

Grain yield also decreased with the decreasing rate of the recommended 

fertilizers doses. So farmers are suggested to apply irrigation as per water 

sensitive growth stages of wheat with optimum fertilizer dose. 

3.9 Alternate furrow irrigation (AFI) for row crops 

In this system, irrigation water is applied to alternate furrows and in-between 

furrow is kept dry (Fig. 6). Dry furrows are irrigated in next irrigation event, 

while previously irrigated furrow remains dry. This irrigation method is 

suitable for row crops like tomato, brinjal, maize, etc. About 35-40% water can 

be saved with almost no loss in yield. 

Figure 6: Alternate furrow irrigation (AFI) for row crops 
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3.10 Drip irrigation for production of vegetable crops 

Drip irrigation system, a relatively new technology in Bangladesh, is getting 

popularity among large farmers for growing vegetable crops. It is sometimes 

called trickle irrigation and involves dripping water onto the soil at very low 

rates (2-4 litres/hour) from a system of small diameter plastic pipes fitted with 

outlets called emitters or drippers. Drip irrigation system is used to irrigate row 

crops and orchard. In this system, water is applied close to plants so that only 

part of the soil in which the roots grow is wetted. With drip irrigation system, 

water applications are more frequent (usually every 1-3 days) than with other 

methods and this provides a very favorable high moisture regime in the soil in 

which plants can flourish. 

3.11 Fertigation in tomato and brinjal 

      

 

 
 

  

Figure 7. Summer tomato cultivation by fertigation 

Both irrigation and fertilization are used more efficiently. This method helps to 

reduce loss of irrigation water and fertilizers, and increase yield. Drip irrigation 

is applied at 2-3 days interval for 15 to 25 minutes depending on crop types and 

crop evapotranspiration (Fig. 7). Irrigation at 2 days interval is the best practice. 

But irrigation at 3 days interval yields the best if the crops are mulched. Yield 

obtained under this method was about 70-75 t/ha for brinjal and 90-95 t/ha for 

tomato. This was about 28 - 31% increase over traditional irrigation system. 

Balanced dose of micro-nutrients i.e., B15Zn20Mg20 is very essential along with 

N100P2O5-100K100 for quality tomato production. Nearly 60% and 38% of MP and 

50% of irrigation water was saved by this method. Incremental benefit cost 

ratio for brinjal ranged from 2.40 to 2.50 while it was about 7.0 for tomato 

production.  

Summer tomato cultivation under drip irrigation was found very much 

profitable. BARI Hybrid Tomato-4 produces 30.0-35.0 t/ha of fruits in summer 

(June – Sept.) under poly shed with fertigation system. Nearly 28-32% 

increased summer tomato yield can be obtained by fertigation system over 

traditional system. The benefit cost ration (BCR) was found to be 4.22. Medium 

and large farmers can use this technology. It can create employment 

opportunity for rural people during the lean period. 
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3.12 Cultivation of onion and garlic with sprinkler irrigation  

Sprinkler irrigation is a very new introduction in the arena of irrigation system 

of Bangladesh. It is a method of applying irrigation water through a system of 

pipes usually by pumping (Fig. 8). It is then sprayed into the air through 

sprinklers so that it breaks up into small water drops which fall to the ground 

similar to rainfall. Though sprinklers are more costly to purchase and operate 

than surface systems, but farmers may achieve higher yield with higher net 

return and BCR with sprinkler irrigation, provided the systems are operated 

and maintained correctly.  

Sprinkler irrigation at 7 days interval with 120 ETc is most suitable for onion 

production. Compared to surface irrigation method, bulb yield of onion can be 

increased by about 60-65%. As much as 19.0 t/ha bulb yield was obtained by 

cultivating onion (BARI Piaj-1) using this system. Benefit-cost ratio of 2.83 

supports well the economic feasibility of sprinkler irrigation system. 

Sprinkler irrigation at 10 days interval with 80% ET0 was found most suitable 

for garlic production. Compared to surface irrigation method, bulb yield of 

garlic can be increased by about 15-20% with water saving of about 8-10%. 

Benefit-cost ratio was about 2.0. 

 

 

 

 

 

Figure 8: Cultivation of onion and garlic by sprinkler irrigation 

3.13 Integrated salinity management techniques 

Farmers in the saline areas can grow high value horticultural crops like tomato, 

chili, okra, watermelon, pumpkin, etc. using drip irrigation in raised bed with 

mulch (Fig. 9). Some high value crops like tomato, chili, watermelon, and 

cucumber perform well in the saline areas in raised beds with mulch and drip 

irrigation conditions. Drip irrigation in raised bed with mulch is an integrated 

way to reduce soil salinity substantially (for example, 10 dS/m to 4.5 dS/m) to 

make soil environment favorable for crop growth. The crops are planted on 30 

cm raised bed. Then straw or polyethylene mulch is applied after plant 

establishment. Irrigation is applied through drip system at 2 days interval for 

15 to 25 minutes depending on crop types and crop evapotranspiration. The 

technology has found technically feasible and economically viable for saline 
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areas (ie, BCR is about 2.0 to 4.7). In this technique, crops can be grown in 

comparatively high saline soil. 

 

 

 

 

 

Figure 9: Integrated salinity management 

3.14 Urban wastewater irrigation for crop production 

In the advent of water scarcity, urban wastewater as an alternate source of 

irrigation water can alleviate the problems of local water shortages, reduce the 

pressure on fresh water sources and protect the local environment. Some 

research findings on the use of wastewater for irrigating upland crops like 

wheat, maize, potato and vegetables reveal that urban wastewater can be a 

reliable source of irrigation in dry prone areas of Bangladesh. Irrigation with 

wastewater increases crop yields, and reduces the need for costly fertilizer 

inputs, thereby reduces the production cost of the farmers. It can save not only 

about 20 -25% fertilizer, but it also improves physicochemical properties of soil 

which are helpful for next cropping. A well planned use of urban wastewater 

can thus contribute to food security by increasing food production in the peri-

urban areas. 

3.15 Conjunctive Use of Saline and Fresh Water for Crop Cultivation in 

Saline Area 

In this method, saline water is mixed with fresh water for irrigating crops at 

their seedling and vegetative stages (Fig. 10). At the later stages saline water 

alone or blend with freshwater is used for irrigation. Blending of saline water 

with fresh water at ratio of 1:1 is enough to reduce the water salinity to crop 

tolerance. Groundwater with a salinity of 2.8-4.3 dS/m is a good source to 

exploit for irrigation at the initial stages of crops. Available canal water with 

salinity level of 4.6 - 6.4 dS/m can be utilized for wheat irrigation at the mid and 

latter growth stages with 6-8% of yield loss. Farmers will get more opportunity 

to grow crops (wheat, maize, mustard, etc.) in fallow and water scarce areas. 
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Figure 10. Conjunctive Use of Saline and Fresh Water for Crop Cultivation in 

Saline Area 

3.16 Water Management in Hilly Areas 

Perennial charas, rivers, rain water, etc. can be used successfully in hilly areas 

as a source of irrigation water by constructing necessary water control 

structures like small dams/dykes/diversion box and reservoirs (Fig. 11). Rain 

water can be harvested during the rainy season and preserved through the 

construction of cross dam in between two hills across the water ways. Water 

from such small scale reservoir can be used in dry season to irrigate 

horticultural and field crops in winter months for good harvest.  

Figure 11: Water Management in Hilly Areas 

Gravity flow irrigation is possible to irrigate hill valley by raising the water 

level of Chharas through construction of dam, dyke, etc. Besides, pipe and gate 

valve can be set in a reservoir dam in such a way that it permits the controlled 

use of water by opening and closing of gate valve. As water is stored at 

upstream of the valley, the potential energy of reservoir water is enough to 

make gravity flow to the lower valley land. If flow rates of charas are very low 

then a reservoir can be made adjacent to the chara to collect this chara water 

and then LLP is used to irrigate crop land. Due to the availability of irrigation 

water there has been a shift of cropping pattern from wheat and forage crops to 

vegetable crops. 
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4.   Existing cropping pattern in your country, Crop Diversification, 

and Strategies for optimal cropping pattern with enhanced Water 

Use Efficiency (WUE) 

4.1 Existing cropping pattern of Bangladesh: 

The rate of population increase was 2.8 percent during the 1960's. To feed the 

ever increasing population, the Government placed emphasis on the 

production of cereals crops, mainly rice, with the introduction of HYVs of rice 

and wheat both from home and abroad by launching 'Green Revolution' and 

ITAP 'Grow More Food' programs. As a result, production of major cereal 

crops i.e., rice and wheat, increased tremendously. But the production of minor 

cereal crops like pulses, oilseeds, vegetables, fruits and spices declined 

gradually year after year and finally failed to keep pace with the rapid 

population growth. This involved the use of a huge amount of valuable foreign 

exchange in importing those minor cereal crops to improve the nutritional and 

nutrient status of the people and of the soils. Cropping systems are highly 

diverse, intensive and complex in Bangladesh. The predominant cropping 

patterns are annual double or triple crops (FAO). The cropping patterns that 

are being followed in the country are given below:- 

 Boro- Fellow- T. Aman  

 Mustard- T. Aus- T.Aman  

 Spices- Pulse- vegtables  

 Fellow- T. Aus- T.Aman  

 Wheat- Mungbean– Boro 

 Boro- Fellow- Maize 

 Boro- Fellow- wheat 

 Fruits- Fruits- Fruits 

 Potato- Boro- T. Aman 

 Wheat- Boro- T. Aman 

 Boro- Fellow- Fellow  

 Fellow-Pulse-Vegetables  

 Vegetables-Vegetables-vegetable  

 Potato-  Jute- Fellow 

 Spices-Vegetables- Fellow 
 

(Source; Department of Agricultural Extension, 2020)  

Different land types are suitable for different cropping patterns. Thirty agro-

ecological regions and 88 sub-regions have been classified on the basis of 

physiography, soil characteristics, depth and duration of seasonal flooding, 
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length of crop season and growing period, and seasonal temperature. Soil 

fertility status of these regions varies considerably. Individual farmers have 

fragmented the land into small parcels causing wide variation in the 

management of each piece of land. This leads to the large variation in the soil 

fertility level even between adjacent fields. The Soil Resources Development 

Institute (SRDI) has identified about 500 soil series in Bangladesh. A total of 21 

general soil types are recognized in Bangladesh. These general soil types give a 

broad generalization of soil characteristics. Each general soil type includes 

several soil series, developed in more than one kind of parent material and may 

include a wide range of chemical and physical properties. In table 9, it gives an 

idea of cropping pattern considering 3 broad land types.  

Table. 9: Cropping pattern considering land type  

Land Type Cropping Pattern 

High Land (about 29% of total 

cultivated land) 

1. Boro - T.Aman - Fallow 

2. Potato - Boro - T.Aman 

3. Pulses - Jute - Fallow 

4. Wheat – Maize/Jute - T.Aman 

5. Tomato - Aus - Vegetables 

Medium Land (about 47% of total 

cultivated land) 

1. Potato - Boro - T.Aman 

2. Wheat - T.Aman - Pulses 

3. Oilseed - Boro - T.Aman 

4. Boro - T.Aman - Mustard 

5. Tomato - Aus - Vegetable 

Medium Low Land (about 24% of 

total cultivated land) 

1. Potato - Boro B.Aman 

2. Boro - T.Aman - Fallow 

3. Maize - T.Aman - Fallow 

4. Wheat - Boro - T.Aman 

5. Jute - T.Aman - Fallow 

(Source: Department of Agricultural Extension, 2020)  

Agriculture in Bangladesh is predominantly based on smallholders with about 

80% of the farmers cultivating less than one hectare. Traditional farming 

methods (using draft animals for ploughing and hand hoe for land preparation 

and sowing) are being replaced by medium-scale mechanization initiatives of 

Bangladesh government. Groundwater decline and hence scarcity of irrigation 

water is also another factor for decline of boro rice area.  Rice, in Bangladesh, is 

grown throughout the year in three distinct cropping seasons both in irrigated, 

lowland and upland conditions as follows in Table. 10.  
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Table. 10: Cropping pattern considering irrigation facilities 

i) Irrigated conditions 1. Potato - Maize - T.Aman 

2. Boro - T.Aman - Fallow 

3. Wheat - Kaon - T.Aman 

4. Potato - Boro - T.Aman 

5. Tomato - Aus - T.Aman 

6. Pulses - Aus - Fallow 

7. Aus –Aman- Boro 

ii) Lowland conditions 1. Wheat - T.Aman - Fallow 

2. Boro - T.Aman - Fallow 

3. Potato - Boro - Aus 

4. Aus - T.Aman - Fallow 

5. Oil/Pulse Crops - T.Aman - Fallow 

6. Boro - Fallow - Fallow 

iii) Upland conditions 1. Mustard - Maize- T.Aman 

2. Potato - Maize - T.Aman 

3. Spices - T.Aman - Fallow 

4. Wheat - Vegetable - T.Aman 

5. Pulses - Aus - T.Aman 

6. Wheat - Jute - T.Aman 

7. Vegetable-Boro-T.Aman 

(Source; Department of Agricultural Extension, 2020)  

4.2 Low water consuming cropping pattern for sustainable agriculture 

Bangladeshi farmers are more efficient in their use of land, labour, fertilizer and 

ploughing with power tiller than in their use of irrigation water. Moreover, 

medium high land farmers are more efficient compared to the highland and 

very lowland farmers when it terms of irrigation water use. In general Boro rice 

production requires three times more water than wheat or maize due to 

seepage and percolation in addition to evapo-transpiration for normal crop 

production. The scientists at BRRI also found that farmers use more water than 

required as demonstrated from the experimental plots (Iqubal, 2008). 

Moreover, while there is a certain requirement of irrigation water for boro rice 

production, overuse will destroy the rice plants although water use below that 

level would result in less or no output per ha. The water requirement for 

irrigation also varies with soil moisture, temperature, annual rainfall and the 

Boro rice variety. For dry land crops if farmers apply irrigation after calculating 

how much available water is stored in the soil it will also contribute to water 

saving. Moreover low water consuming cropping pattern should be adopted in 

different Agro-ecological Regions of Bangladesh (Table 11). 
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Table 11: Low water consuming cropping patterns for different agro-ecological 

regions of Bangladesh 

No. Agro-

Ecological 

Region 

Dominant 

Land Type 

Low Water Consuming 

Cropping Pattern 

Total 

Water Use 

(mm) 

1 Old Himalayan 

Piedmont Plain 

Highland 

Medium 

Highland 

Wheat-T. Aus-Fallow 

Wheat-T. Aus-T. Aman 

1,090 

1,390 

2 Active Tista 

Floodplain 

Medium 

Highland 

Wheat-T. Aus-T. Aman 1,390 

3 Tista Meander 

Floodplain 

Highland 

Medium 

Highland 

Wheat-T. Aus-Fallow 

Wheat-T. Aus-T. Aman 

1,090 

1,390 

4 Karatoya-

Bangali 

Floodplain 

Medium 

Highland 

Wheat-B. Aus-T. Aman 740 

5 Lower Atrai 

Basin 

Lowland Boro-Fallow-Fallow 1,200 

6 Lower 

Purnabhaba 

Floodplain 

Lowland Boro-Fallow-Fallow 1,200 

7 Active 

Brahmaputra-

Jamuna 

Floodplain 

Medium 

Lowland 

Boro-Fallow-Fallow 1,200 

8 Young 

Brahmaputra 

and Jamuna 

Floodplain 

Medium 

Highland 

Potato-T. Aus-Fallow 

Blackgram/Boro-T. Aus-

Fallow 

1,280 

9 Old 

Brahmapura 

Floodplain 

Medium 

Highland 

Boro-Fallow-T. Aman 1,500 

10 Active Ganges 

Floodplain 

Medium 

Highland 

Blackgram/Wheat-B. Aus-

Fallow 

350 

11 High Ganges 

River 

Floodplain 

Highland 

Medium 

Highland 

Wheat-T. Aus-Fallow 

Wheat-T. Aus-T. Aman 

1,090 

1,290 

12 Low Ganges 

River 

Floodplain 

Medium 

Highland 

Pulses(Chickpea/Grasspe

a)-B. Aus-T. Aman 

1,060 

13 Ganges Tidal Medium Onion/Water 400-600 
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No. Agro-

Ecological 

Region 

Dominant 

Land Type 

Low Water Consuming 

Cropping Pattern 

Total 

Water Use 

(mm) 

Floodplain Highland melon/Mungbean/Cow 

pea/Chilli-Fallow-T. 

Aman 

14 Gopalgonj-

Khulna Bils 

Medium 

Lowland 

Boro-Fallow-Fallow 1,200 

15 Arial Bil Lowland Boro-Fallow-Fallow 1,200 

16 Middle Meghna 

River 

Floodplain 

Medium 

Lowland 

Boro(Local)-Fallow-

Fallow 

1,000 

17 Lower Meghna 

River 

Floodplain 

Medium 

Highland 

Medium 

Lowland 

Boro-T. Aus-T. Aman 

Boro-Fallow-T. Aman 

2,250 

1,500 

18 Young Meghna 

Estuarine 

Floodplain 

Medium 

Highland 

Boro-Fallow-T. Aman 

(LIV) 

1,200 

19 Old Meghna 

Estuarine 

Floodplain 

Medium 

Lowland 

Boro-Fallow-T. Aman 1,500 

20 Eastern Surma-

Kushiyara 

Floodplain 

Lowland Boro-T. Aus (LIV)-T. 

Aman 

2,200 

21 Sylhet Basin Medium 

Lowland 

Boro-Fallow-Fallow 1,200 

22 Northern and 

Eastern 

Piedmont Plain 

- - - 

23 Chittagong 

Coastal Plain 

Medium 

Highland 

Fallow-T. Aus-T. Aman 1,050 

24 St. Martin Coral 

Island 

- - - 

25 Level Barind 

Tract 

Medium 

Highland 

Boro-Fallow-T. Aman 1,500 

26 High Barind 

Tract 

Highland Boro-Fallow-T. Aman 1,500 

27 Northern-

Eastern Barind 

Tract 

Medium 

Highland 

Boro-Fallow-T. Aman 1,500 

28 Madhupur Medium Boro-Fallow-T. Aman 1,500 
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No. Agro-

Ecological 

Region 

Dominant 

Land Type 

Low Water Consuming 

Cropping Pattern 

Total 

Water Use 

(mm) 

Tract Highland 

29 Northern and 

Eastern Hills 

Highland Vegetables-T. Aus-T. 

Aman 

1,350 

30 Akhaura 

Terrace 

- - - 

Source: (Iqubal, 2008) 

4.3 Crop Diversification 

As crop diversification is believed to be an effective means for improving the 

performance of agriculture in Bangladesh, so the future directions are 

formulated based on the assumptions that:  

(a) There would be more technological advancement of crop production,  

(b) More area would be brought under irrigation,  

(c) Farmers would use improved varieties and apply improved agronomic 

management practices,  

(d) There would be increased use of fertilizer,  

(e) The IPM concept would be popularized among the farmers,  

(f) More crops would be grown to increase cropping intensity,  

(g) Flood control and drainage projects would result in more lands free from 

risk and facilitate crop production,  

(h) There would be marketing improvement for internal and export demand, 

and  

(i) There would be more selective small farm mechanization, particularly in 

land preparation and also in harvesting to release land quickly for 

planting the next crops by reducing the turn-around time. 

 4.4 Diversification around Upland Crops 

The upland crops can only survive for a short period if the root zone remains 

saturated. Most of the CDP crops cannot sustain growth in saturated soils for 

more than one or two days. Moreover, high rainfall during critical growth 

stages badly damages the upland crops. With adequate irrigation, most of the 

uplands can become highly suitable for diversified crops during the dry season 

and moderately suitable rice fields during the wet seasons. For this, between 

two main rice crops some selected upland crops are diversified and are grown 

throughout the year. 
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4.5 Diversification around Other Crops 

In a multiple cropping system, farmers are cultivating two vegetable crops 

either solely (one short or another long duration crop) or mixed/relay cropping. 

This has only been possible due to good soil conditions, available irrigation 

facilities and adequate farmers' knowledge about the vegetable crops and 

marketing facility etc., which led the farmers to follow crop diversification 

around other crops. 

There are a lot of success stories in crop diversification in Bangladesh, from the 

CDP project as well as from the ongoing GOB/UNDP/FAO project ‚Thana 

Cereal Technology Transfer and Identification‛ (TCTTI), which are now being 

replicated in 80 new Thanas using GOB resources and personnel. 

To quote one example Md. Tajul Islam of Saganna village of Jhenaidah district 

is a literate farmer, he owns 5.5 hectares of cultivated land with a small family 

of 4 members. Farming is his full time occupation. His father was a farmer and 

migrated to Jhenaidah from Munshigonj. Munshigonj is a famous place for 

growing banana, potato and vegetables. Mr. Tajul occasionally visits his 

ancestral village in Munshigonj. Before adopting crop diversification, he used 

to grow paddy, jute, mustard, sesamum, kaon, etc. After being motivated to 

grow CDP crops and ensured of irrigation facilities, he now grows HYV Aman, 

wheat, Aus, banana, papaya, beans, tomato, brinjal, cauliflower, cabbage, 

potato, chilies and potol etc., and became the pioneer in his village in the field 

of crop diversification. This has enhanced his income significantly. Seeing this, 

other neighbouring farmers started practicing crop diversification in his 

area.(FAO).   

4.6 Water and Climate Prospect 

Bangladesh is a small riverine country which is vulnerable to different types of 

natural disasters due to contemporary climate change and her geographical 

location. The major disasters and environmental vulnerabilities this country is 

facing are floods, water stagnancy, droughts, cyclone, tidal surge, river erosion, 

salinity, extreme temperature and low light intensity etc. As predicted, that the 

vulnerabilities due to the mentioned climate change may likely to be 

aggravated more in the future. As a result, the agriculture production systems, 

economic and social development of the country has been hindered firstly 

through damaging of crops, livestock, fisheries and agro-forestry, natural 

resources, establishments and infrastructures due to these catastrophic events 

significantly (Groom, B. 2012).  

Water management related SDG Goal are presented in Table 12. 
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Table. 12: SDG Goal 6.4  

Goal 6. Ensure availability and sustainable management of water and 

sanitation for all 
 

SDG’s followed by Targets Global Indicators Role of MoA 

6.4 By 2030, substantially increase 

water-use efficiency across all 

sectors and ensure sustainable 

withdrawals and supply of 

freshwater to address water 

scarcity …. 

Percentage change in 

water use efficiency 

over time 

Co-Lead 

 

4.7 Strategies for optimal cropping pattern with enhanced Water Use 

Efficiency (WUE): 

According to SDG goal 6 target 6.4 and indicator, few strategies are given 

below which requires to enhance Water Use Efficiency (WUE) 

Less water consuming cropping practices (Aus Rice promote) 

 Effective Intercropping technique  

 Optimal cropping patterns and interventions  

 Reduce Yield Gap 

 Effective weed management Practices 

 Promote Rain and surface water irrigation as primary source  

 Different types of irrigation management practices like AWD, 

 Buried pipe, Drip, Sprinkler, hand shower, raised bed, farrow etc. 

 Reduce Under water Discharge  

 integrated pest management (IPM) techniques 

 organic and bio-fertilizer use 

 Mulching  

4.8 Adoption Measures for Climate Change from National perspective  

There are a number of strategies which are considered as a means to adaptation 

to climate change in agriculture.  

 crop choices as an adaptation strategy 

 crop diversification,  

 mixed crop livestock farming systems,  

 using different crop varieties,  

 changing planting and harvesting dates,  
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 Drought-resistant varieties and high-yield water sensitive  crops.  

 adoption of soil and water conservation strategies 

 adjusting irrigation practices 

 the driving forces behind farm households’ decisions to adapt to 

climate change, and the impact of adaptation on farm households’ food 

productivity 

Adaptation Strategy in Agriculture 

Adaptation Strategy at the field level  Nationwide implementing Policies 

1. Change crops/ crop switching/ 

crop diversification  

2. Soil conservation  

3. Water conservation  

4. Mixed crop livestock farming 

system  

5. Mixed crop fish farming system  

6. Changing planting and harvesting 

dates  

7. Using drought-resistant varieties  

8. Using high-yield water sensitive 

crops  

9. Floating garden in the flooded area 

1. The Perspective Plan 2041 

2. SDG 2030 

3. Eight Five Year Plan (EFYP)  

4. National Agricultural Policy 

5. National Agricultural Extension 

 Policy 

6. Good Auricular Practices  

7. Organic Agriculture Policy 

8. Country Investment Plan (CIP)  

 

(Source; Department of Agricultural Extension, 2020)  

5. Current National policy on crop- water management in the country 

The National water policy, promulgated in 1999 provides policy direction for 

water sector. Water resources management in Bangladesh faces immense 

challenge for resolving many diverse problems and issues. The most critical of 

these are alternating flood and water scarcity during the wet and the dry 

seasons, ever-expanding water needs of a growing economy and population, 

and massive river sedimentation and bank erosion. There is a growing need for 

providing total water quality management, and maintenance of the eco-system 

(NWPo, 1999). With concerning the matter the following broad objectives were 

set up- 

The broad objectives were- 

1. To address issues related to the harnessing and development of all forms of 

surface water and ground water and the management of these resources in 

an efficient and equitable manner  
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2. To ensure the availability of water to all elements of the society including 

the poor and the underprivileged, and to take into account the particular 

needs of women and children  

3. To accelerate the development of sustainable public and private water 

delivery systems with appropriate legal and financial measures and 

incentives, including delineation of water rights and water pricing  

4. To bring institutional changes that will help decentralize the management of 

water resources and enhance the role of women in water management  

5. To develop a legal and regulatory environment that will help the process of 

decentralization, sound environmental management, and improve the 

investment climate for the private sector in water development and 

management  

6. To develop a state of knowledge and capability that will enable the country 

to design future water resources management plans by itself with economic 

efficiency, gender equity, social justice and environmental awareness to 

facilitate achievement of the water  

Water and agriculture policy is directed towards following objectives:  

 Encourage and promote continued development of minor irrigation, 

where feasible, without affecting drinking water supplies  

 Encourage future groundwater development for irrigation by both the 

public and the private sectors, subject to regulations that may be 

prescribed by Government from time to time  

 Improve efficiency of resource utilization through conjunctive use of all 

forms of surface water and groundwater for irrigation and urban water 

supply  

 Strengthen crop diversification program for efficient water utilization  

 Strengthen the regulatory system for agricultural chemicals that pollute 

ground and surface water, and develop control mechanism for 

reducing non-point pollution from agro-chemicals  

 Strengthen appropriate monitoring organizations for tracking 

groundwater recharge, surface and groundwater use, and changes in 

surface and groundwater quality.  

The Government has prepared the National Water Management Plan, with the 

intention of operationalizing the directives given by the National Water Policy. 

The plan has presented in three phases: in the short-term (2000-‘05) it is 

considered a firm plan of ongoing and new activities; in the medium-term 

(2006-‘10) it is an indicative plan, and in the long-term (2011-‘25) a perspective 

plan. Implementation of the plan is to be monitored regularly and it will be 

updated every five years. The National Water Management Plan has been 
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prepared to respond to these challenges and paradigms, with three central 

objectives consistent with Policy aims and national goals. The objectives are:  

 Rational management and wise-use of Bangladesh's water resources  

 People's quality of life improved by the equitable, safe and reliable 

access to water for production, health and hygiene.  

The national programs are grouped as follows- 

a. River bank erosion 

b. River siltation 

c. Water quality (Surface & ground) 

d. Post monsoon drainage 

e. Shortage of water for dry period irrigation 

f. Encroachment of river, canal, low land waters, ponds etc. 

6. Recommendations and Way Forward 

 Eradication of drainage problems can be addressed location wise 

through proper planning and implementation of pilot programs. This 

can help solve bigger programs in future; 

 Activities to improve the water holding capacities of the existing water 

bodies and the clogged channels to be adopted to allow definite 

passage for free movement of water during floods in order to reduce 

the duration of standing water on crop lands and households; 

 More water controlling structures to be planned to regulate water 

movement in the country; 

 Dry season scarcity of water, especially for irrigation, can be addressed 

through efficient water managements. In doing so, improved water 

distribution and application methods  like buried pipe, sprinkler, 

alternate furrow irrigation, drip irrigation, AWD method etc. can be 

introduced at an accelerated rates;  

 Further, the conjunctive use of water can be an option for surface and 

groundwater utilization to mitigate water scarcity problem;  

 Cropping patterns that consume less seasonal water can be introduced 

to minimize irrigation water pumping;   

 Research to be strengthened to devise appropriate measures to address 

the water management of the constraint areas (saline, hilly, drought 

prone, haor areas) for increased agricultural productions.  

 Developing a state of knowledge to design future water resources 

management plans with economic efficiency and social justice. 

 



60 

7. Conclusion 

The erratic distribution of rainfall with excessive in rainy season and almost 

none in the dry season has been the most critical drawback to irrigate crops in 

the dry season. In wet season, floods are inevitable almost every year and the 

existence of a vast sheet of water for days together results in damages of crops 

and livestock, roads and houses, schools and colleges and many more sending 

the inhabitants, especially in rural areas, to unbearable sufferings. These 

situations invite drainage requirements in wet season to avoid water stagnation 

in crop fields. Conversely, in dry period, scarcity of water due to the absence of 

rainfall invites irrigation requirement for sustainable crop production. Mostly, 

the ground is used for irrigation (about 78%) and the rest is accomplished by 

surface water. In addition, the constraint areas like saline area, hilly area, 

drought prone area, haor area and char area also have potentials to contribute 

to agricultural productions. For all above cases better water management has 

no other alternative than to address these problems. Bangladesh Government 

has put enormous emphasis on the execution of the prospective plans adopted 

to minimize above problems. Already future planning has put forward the 

ways of addressing these problems in the National Water Policy (1999) and in 

Bangladesh Delta Plan 2100 (BDP 2100).   
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Advance water management options for sustainable crop 

production in Bhutan 
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1. Bhutan Agriculture Scenario  

Bhutan is a landlocked mountainous country located in the southern slopes of 

Eastern Himalayas.  The geographical area country is 38,394 square kilometers 

with a population of 748,931 people as 2020. By 2017 the cultivated area stands 

at 2.75% of the country area. Agriculture is the main source livelihood for 69% 

of the population.  Majority of Bhutanese farmers are small holder with an 

average farm size of 3.0 acres and practice self-sustaining subsistence 

integrated farming.  

The country has rugged terrain and large variation in altitude ranging from 

150m in Southern foothills to 4,600m in the Northern Himalayas. This creates 

diverse agro-ecology and is classified into six major zones as presented in 

Table-1.  

Table 1: Major agro-ecological zones of Bhutan. 

Agro-

Ecological Zone 

Altitude 

(m) 

Temperature (°C) Rainfall 

(mm/year) Monthly 

Max 

Monthly 

Mean 

Annual 

Mean 

Alpine  3,600 - 4,600 12.0 -0.9 5.5 <    650 

Cool Temperate  2,600 - 3,600 22.3 0.1 9.9 650 -    850 

Warm 

temperate  
1,800 - 2,600 26.3 0.1 12.5 850 - 1,200 

Dry Sub-

Tropical  
1,200 - 1,800 28.7 3.0 17.2 850 - 1,200 

Humid Sub-

Tropical  
600 - 1,200 33.0 4.6 19.5 1,200 - 2,500 

Wet-Subtropical  150 -    600 34.6 11.6 23.6 2,500 - 5,500 

Source: RNR Research Strategy and Plan Document, MoA, 1992 

The country receives average annual rainfall of 1,200mm. Both spatial and 

temporal distribution of rainfall is highly variable as presented in Figure 1. The 
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southern part of the country receives highest of 6000mm while the amount 

decreases to 500mm in the northern higher Himalayas. In the temporal 

dimension about 63% of the annual rainfall is received within three months 

stating from June to August.  

There are three key distinct farming systems which are rice, maize and potato 

based system. The other important crops includes wheat, barley, millet, 

buckwheat, amaranthus, quinoa, legumes, vegetables and horticulture crops 

which often follow the main season crops. In dryland over the centuries, small 

holder Bhutanese farmers have innovated and adopted multiple cropping as 

one of the simple mechanisms to produce more per unit area (Tirtha Bdr. 

Katwal-2010).  

 

(a) (b) 

Figure 1: A typical spatial (a) and temporal (b) distribution of rainfall pattern at 

three location southern foothills (Bhur), mid-foothills (Damphu) and inner 

Himalayas (Punakha). 

2. Status of existing water resources  

1.1 Renewable water resources availability at national scale 

Bhutan is endowed with abundant water resources with per capita availability 

of 94,500m3 (NEC 2018). The surface runoff draining out of the country though 

main river systems are established at 70,579 MCM annually. Considering a 

population growth rate of 2.5% the population will reach 790,864 by 2021 and 

the corresponding per capita availability water resources stand at 89,239 m3. 

Assuming national water resources remaining fairly constant future with same 

population growth rate the per capita water availability will decline to current 

world average of 7,000 m3 by 2125 and the population would reach about 10 

million. By 2200 Bhutan’s population will grow to 47 million and per capita 

water availability will decline to 1,000m3. Thereafter Bhutan will start to 

experience physical water stress. Until than Bhutan’s water scarcity will be 

classified as an economic water stress. An economic water stress is defined as a 
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country having enough renewable water resources but lacks adequate 

infrastructure to make the resources available to the people. 

1.2 Renewable water resources availability at local scale 

Although water resources availability at national or even at district level is very 

high the per capita availability at local scale or irrigation scheme level is less 

than 15,000m3. The per capita accessibility at the farm level is generally less 

than 1,000m3. Although there is lack of data to justify low level of water 

availability at the farm level but there are many indicators which supports this 

argument as listed hereafter:- 

a) Irrigation water rotation duration ranging from 7 to 30 days is an 

indication of limited amount of irrigation water. Ideally farmers would 

prefer to irrigation their field every day if there is enough water. The 

duration of water rotation among farmers within any irrigation scheme 

shows the degree of water scarcity. Anyone can imagine the 

production from a farm where the crops are irrigated at interval of 30 

days, 

b) Delayed transplanting of paddy due is another indicator of irrigation 

water shortage. Farmers at higher elevation need to complete rice 

transplantation on time. Traditional deadline is 4th day of the 6th 

Bhutanese Calendar in Punakha-Wangdi Valley (Inner Himalayas). The 

delay is mainly caused by limited water at the sources,  

c) Lack of irrigation water is one of the main causes of fallowing paddy 

field. At national level irrigated fallow land is estimated at 10% 

indicating similar magnitude of water scarcity, 

d) Irrigation water sharing conflict arises as the water become limited, 

e) Most of the irrigation water sources are dependent on monsoon rainfall 

implying that the reliability of irrigated agriculture is just as good as 

rain fed agriculture, 

f) Generally irrigation water sources are trapped from small local 

catchments which have low reliability of supply both in terms of 

quantity and time, and 

g) Irrigation water management infrastructures are poor and inadequate. 

1.3 Poor irrigation water management infrastructures 

Irrigation water management infrastructures in Bhutan generally consist of 

small earthen channels trapping water from a small stream or spring sources 

and conveying to the command area. Base on construction period irrigation 

schemes are classified as Traditional Irrigation Schemes which were 

constructed before 1961 by the beneficiary farmers and Improved or New 
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Schemes which were either initially constructed by the framers before 1961 but 

developed/improved through the government support or completely New 

Schemes constructed by the government. National Irrigation Survey was 

conducted in 2013 to understand the status of irrigation infrastructure available 

in the county. The survey covered the schemes which had command area more 

than 15 acres and the summary of finding is presented in Table 2.  

The table shows that from a 1,361 schemes only 1,192 schemes were surveyed 

while remaining were not covered owing to non-functional state at the time of 

survey. The total length of 1,193 irrigation schemes was 2,888 km irrigating net 

command area of 109,533 acres from a gross of 133,078 acres. 

Table 2: Comparison of traditional and improved/new irrigation schemes  

Constr

uction 

period 

NoS NoBHH Length CA-Gross CA-Net Functionality (NoS) 

No (%) (No) (%) (km) (%) (ac) (%) (ac) (%) F SF NF Total 

 Before 

1961 
982 82 40,649 71 2,156 75 103,225 78 73,493 67 1,035 22 130 1,187 

1961-

2018 
210 18 16,617 29 731 25 29,853 22 36,040 33 158 0 16 174 

 Total 1,192 100 57,266 100 2,888 100 133,078 100 109,533 100 1,193 22 146 1,361 

Legend: NoS = No of Schemes, CA = Command area, F = 

Functional, SF = Semi-functional, NF = Not functional. Source: 

NIDA-2014 

 Percent 88 2 11   

 

Based on the construction period 82% of the irrigation schemes remained as 

traditional irrigation. The total length of these schemes comprised 75% 

(2,156km) of the total length irrigating 67% (73,493 acres) of net command area 

benefiting 71% of irrigated households. The average length and command area 

are 2.2km and 75.0 acre respectively. About 11% the scheme remained non-

functional. 

Improved or new schemes consisted 18% of the schemes. The total length of 

these schemes was 25% (731km) of the total length irrigating 33% (36,040 acres) 

of net command area benefiting 29% of irrigated households. The average 

length and command area are 3.5 km and 172.0 acre respectively. About 9% the 

scheme remained non-functional. 
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Figure 2: Correlation between length and net command area of irrigation 

schemes in Bhutan. 

The co-relation between irrigation channel length and net command area is 

presented in Figure 2. The figure shows that the national level average length 

and command area of schemes is 2.3km and 79 acres respectively. This 

comprised of 66% of schemes has length less or equal to 2.3km. On the other 

end there are only 9 irrigation schemes which have channel length more than 

10km.  

This implies that 66% of the irrigation schemes trap water irrigation water from 

local sources which has small catchments area with unreliability of water 

supply.   

1.4 Drying up of water sources 

Drying up of irrigation and drinking water sources is major issues across the 

country. The findings the survey on the status of water sources is presented in 

Figure 3. It shows that from a total of 4,091 were covered 63% of the sources 

remained same, 35% are reported to be drying while 2% has already dried-up 

at the national level.  Segregation of data by three regions namely Southern 

foothills, Inner foothills and Inner Himalayas shows similar of 2% dried-up.  

But case of drying was highest of 40% in foothills and gradually decreased to 

32% in Inner Himalayas. On the contrary, no change of 58% was lowest at 

foothills increasing to 66% in the Inner Himalayas. 
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Figure 3: Status of existing drinking and irrigation water sources. 

Although no studies has been done in terms of understanding at the national 

level, but definitely water resources availability from the small sources has 

declined at the local scale resulting in negative impact to the livelihood of the 

farmers. 

1.5 Irrigation water demand 

National Irrigation Master Plan 2016 provides specific irrigation water demand 

at district level. Typical irrigation duties representing three regions are 

presented in Figure 4. National average the peak irrigation demand is 0.73 lps 

per acre in June during rice transplanting season while for inner Himalayas is 

1.4 lps per acre in the same month. For Southern Foothills the peak demand is 

0.39 lps per acre in October during the rice flowering season.  

For maize and potato based farming system all the crop water requirement is 

meet by rainfall and other forms of precipitation at higher altitudes. 
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Figure 4: A typical irrigation water duty for rice based farming system. 

3. Current water management options 

Generally farmers practice traditional crop water management which are 

specific to land used type namely wetland (irrigated paddy field), dryland, and 

orchard. The national status of land use type is presented in Figure 5 which 

reflects the extend of coverage of the cropping system. 

 

Figure 5: Agriculture land by land use type (NLC-2017). 

3.1 Rice based cropping system 

Currently majority of farmers generally practice traditional crop water 

management. Paddy land comprised of 17% of the agriculture land based on 

the registered land holding record (NLC-2017, Cadastral Survey). From this 

10% remain fallow due to limited availability of irrigation water. This gives a 

net irrigated area of approximately 15% at the National.  

In paddy based farming system under the wetland area, paddy is the main 

season irrigated crop in the country. Irrigation water is required for land 

Dryland
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78%

Wetland
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preparation for paddy transplantation which starts from May and ends by June 

at higher elevation within inner Himalayas region while at lower elevation 

transplanting ends by July. Depending on the soil type the transplanting water 

gift ranges from 150 to 200mm. While the irrigation water requirement is 

highest during transplanting season the water availability at the sources is 

lowest owing the peak dry season. This is the main limitation of the rice based 

framing system. After transplanting season the rainfall season starts and peaks 

by July and August reducing the irrigation water demand. However, in the 

Southern Foothills the rainfall recedes earlier by a month requiring irrigation 

water for crop growth by October.  

Following paddy the main crops cultivated in the paddy field includes wheat, 

mustard, potato and vegetables. Apart from vegetables which are irrigated 

frequently other crops are provided 2 to 3 irrigations only. In most cases 

irrigation water sources remain dry during winter and crops are hardly 

irrigated even once.  

Irrigation water is applied through basin irrigation for paddy and other cereal 

crops grown in rice terraces. Furrow irrigation is practiced for irrigating potato 

and vegetable crops. Sprinkler irrigations are used to very small extent.    

The cropping intensity during rice season is about 90% in winter it declines to 

50% partially attributed to limited availability of irrigation water. 

3.2 Maize based cropping system 

Maize based cropping systems are mainly practiced in dryland where the 

topography remains natural. To a very limited extent dryland are developed in 

terraces mainly to reduce soil erosion. Figure  shows that 78% of total 

agriculture land comprised of dryland. 

Main season crop maize is cultivated in February to March is harvested by 

August and September. This is followed or intercropped by soybeans and 

upland rice in eastern region of the county, millet in humid and wet subtropical 

dryland, vegetable and legumes (Rajma beans, Urd beans, Cowpea, Peas) in 

general. Mainly in eastern region maize is also grown as second crop. 

Crop water requirement for maize is entirely met by rainfall while some of the 

vegetable crops are irrigated through flood, furrow and sprinkler/drip 

irrigation. The extent of irrigation is very low of less than 5% of the dryland 

area. 

3.3 Potato based cropping system 

Potato based cropping systems are mainly practiced in dryland at higher 

elevation where the topography remains natural. Figure  shows that 78% of 
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total agriculture land comprised of dryland of which less than 30% is expected 

to be under potato based farming system. 

Main season crop potato is cultivated in January to March is harvested by May 

and July. This is followed maize in eastern region, mustard, turnips, barley, 

wheat and buckwheat at high altitudes, and maize for fodder in Paro and Haa. 

Generally rainfall is main source of water for the crop water requirement. Only 

few farmers use sprinklers irrigation systems are used for applying water to 

potato. 

3.4 Orchard based cropping system 

Main orchard crops include apple at higher elevations and citrus and acreanuts 

at lower elevations where the topography remains natural. Figure 5 shows that 

5% of total agriculture land comprised of orchard. Generally vegetable crops 

are intercropped with orchard crops. With exception to apple orchard the 

extent of intercropping of vegetable crops will decline with the ageing of the 

orchard. On the other hand the crops which are tolerant to shedding due to 

increased canopy cover increase with the aging of the orchard.  

The common method of orchard irrigation includes hose, basin, ring, or 

contour ditch irrigation. Only few farmers are using sprinkler and drip 

irrigation to apply water to their orchard. However, commercial farmers are 

picking up the technology at much faster rate. The overall extent of orchard 

irrigation is estimated at 30% of the orchard area only. 

3.5 Technology based water management system 

In most developed countries the water resources are managed very efficiently 

with use of Smart Water Management (SWM) technologies. Smart water 

management systems are combination of Internet of Things (IoT), big data and 

AI (artificial intelligence) based technologies. SWM is becoming an area of 

increasing interest as governments from around the world integrate smart 

principles into their urban, regional and national water management strategies. 

The potential application of smart systems in water management is wide and 

includes various solutions for water quality, water quantity and efficient 

irrigation system in agriculture. 

In Bhutan, Department of Agriculture (DoA) under the Ministry of Agriculture 

and Forests has recently ventured into technology based water management 

system in irrigation of commercial crops such as vegetables and fruits. 

Department has developed an automated or SMART irrigation system based 

on open-source firmware and hardware solutions since 2017 and now it is 

widely promoted in the commercial farms (Penjor et al. 2020). The system 

controls the operation of different irrigation system (drip and sprinkler) with 
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minimum or no human interventions. The system can increase crop yields, save 

water, energy and labor costs in agriculture irrigation. The system can be 

accessed from any smart phones and personal computers through open source 

software and mobile apps and enable users to control and monitor irrigation 

systems virtually from anywhere in the world if it is connected to the internet. 

The irrigation system can use real-time rain and soil moisture sensors or 

historical climatic data to control watering routines and schedules to improve 

the water efficiency. The system can be installed in any remote areas as the 

system can be directly powered from solar power which is a renewable energy 

and environment friendly solution. It has been tested and demonstrated in 

different locations in Bhutan and found to be economically useful and has the 

potential to upscale in both open field and protected agriculture for efficient 

irrigation and water conservation. The automated system also used in certain 

areas to solve other water management problems such as switching on/off of 

remotely installed water pumps which cannot be operated efficiently with 

human interventions. The same system also tested in certain city municipals for 

water management especially for efficient distributions and scheduling 

purposes.  

Figure 6: Open Source based SMART irrigation system 

The main features of the technology: 

 Much cheaper compared to many other commercially available similar 

technologies 

 Since technology is developed from open source resources both the 

hardware and software can be modified/altered freely to suite our 

needs without any restrictions. However, with the closed source or 

proprietary technologies we need company specific trained technical 

person for installation and maintenance of the system. The 

modification of hardware and software are sticky prohibited which 

otherwise promotes technology consumption rather than technology 

innovation in the country. 

 The system has capacity to control irrigation over larger areas (1 acres 

to more than 100 acres) and the cost effectiveness of the system 

increases with the increase of areas under irrigation 

https://internetofthingsagenda.techtarget.com/definition/smart-sensor
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 Low power requirement and system is powered by 30-40 watts solar 

panel with rechargeable batteries. 

 Supports rain and soil moisture sensors (both wired and wireless 

modules) to interface with irrigation system 

 Support real-time weather data from weather underground. com or 

from personal (local) weather stations for irrigation management 

 The irrigation system can be managed and monitored remotely 

through local area network or worldwide access with use of other IoT 

platforms 

4. Existing cropping pattern and diversification  

4.1 Cropping pattern 

Broadly there are three cropping systems which include (a) Rice-based system, 

(b) Maize-based system, and (c) Potato-based system in Bhutan.  Rice, maize 

and potato are main season crop either followed or intercropped with other 

crops which are presented in Table 3.  

Table 3: Cropping pattern under various cropping system 

System Crop pattern Remark 

Rice based  

in wetland 

Rice - Fallow  Widespread in all agro-eco zones  

Rice - Rice  Small scale in mid and low altitudes  

Rice - Wheat  Mid and low altitude areas  

Rice - Mustard  Mid altitude areas  

Rice - Maize  Humid and wet subtropical agro-eco-

zones  

Rice - Potato  Warm temperate areas in the irrigated 

wetland  

Rice - Vegetables  Warm temperate areas in the irrigated 

wetland  

Maize based  

in dryland 

Maize - Maize  Mid and low altitude areas  

Maize - Soybeans  Eastern region of the  country  

Maize - Millet  Humid and wet subtropical  dryland  

Maize - Soybeans  Practiced in areas at 1200-1800 m  

Maize - Legumes  Rajma beans, Urd beans, Cowpea, Peas  

Maize - Upland rice  Small area in the eastern parts of the 

country  

Maize - Vegetables  Mainly cucurbits and beans are planted  

Potato based  

in dryland 

Potato - Maize  Major forms of cropping system in east  

Potato - Mustard  High altitude areas  

Potato - Turnips  High altitude areas  



76 

System Crop pattern Remark 

Potato - 

Barley/Wheat  

High altitude areas  

Potato - Buckwheat  Popular in high altitude areas  

Potato - Maize 

(Fodder)  

Practiced in drylands in  Paro  and Haa  

Source: Katwal, T. B. (2010) 

A typical cropping pattern detail water application, crop sowing and 

harvesting dates, and crop area in shown in Table 4 for inner Himalayan region. 

Table 4: A typical cropping pattern under Phangyul Irrigation Scheme located 

in inner Himalayas. 

 

4.2 Diversification 

As the major constraint of crop production under rice based cropping system is 

irrigation water shortage during paddy transplanting season. During this 

season irrigation requirement is highest while the availability at the source is 

lowest due to peak dry season. On the other hand the option of delaying paddy 

transplanting season to match with peak rainfall is also by constrained by cold 

temperature during rice grain filling stage. The only available option was to 

identify short duration rice varieties which will allow the farmers to delay rice 

transplanting by a month to match with the peak rainfall season and mature 

before the cold temperature sets in at higher elevations. One of the identified 

short duration rice varieties is IR20913 which matures within 120 days 

compared to local rice which takes 150 to 180 days to mature.  

Further there are two more rice varieties Wengkhar-Kambja-1 (1000-

1380kg/acre) and Zangthi-Kambja-2 (1100-2100kg/acre) identified and released 

Cropping Pattern under Phangyul Irrigation Scheme

Crop Water Remark

ID Name application Start End Start End Summer Winter

1 Rice Irrigated May-2 Jun-2 Oct-2 Nov-2 64 82% 0 0%

2 Wheat Irrigated Nov-1 Dec-1 Apr-1 May-2 0 0% 23 29%

3 Mustard Irrigated Nov-1 Dec-1 Mar-2 Apr-2 0 0% 7 9%

4 Vegtable- Summer Irrigated Apr-2 May-2 Oct-2 Nov-2 3 4% 0 0%

5 Vegtable- Winter Irrigated Nov-2 Dec-2 Apr-2 May-2 0 0% 3 4%

6 Wheat- Rainfed Rainfed Nov-1 Dec-1 Apr-2 May-2 0 0% 6 8%

7 Mustard- Rainfed Rainfed Nov-1 Dec-1 Mar-2 Apr-2 0 0% 1 1%

8 Vegtable- Summer Rainfed Apr-2 May-2 Oct-2 Nov-2 3 4% 0 0%

9 Perennials Rainfed - - - - 1 1% 1 1%

Total cultivated area 71 91% 41 53%

Total arable land 78 78

Annual cropping intensity 72%

Sowing Harvesting Cropped Area (ha)
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for cultivation as upland rice. Unlike the conventional rice these varieties does 

not require water for land preparation. Currently about 1% of the rice area is 

under upland rice cultivation.  

5. Current national policy on crop water management  

There are several policies related to crop water management which amongst 

the many includes Land Act of Bhutan 2003, Bhutan Water Policy 2003, Water 

Act 2011, and National Irrigation Policy 2012. Key provisions of provision are 

stated in the following sections. 

5.1 The Land Act of Bhutan 2003 

The Land Act of Bhutan 2003 contains a provision on management of irrigation 

water including water allocation and maintenance of channels. It specifies that 

water allocation and mobilization of labour for maintenance of irrigation 

channel be in accordance with the size of land holdings. 

5.2 The Bhutan Water Policy 2003 

The Bhutan Water Policy 2003 emphasize water allocation to agriculture sector 

must be compatible with objective of food security, stresses on achieving 

efficiency in irrigation through applied and adaptive research, and suggests 

pricing as an economic instrument to enhance efficiency of water use. 

5.3 The Bhutan Water Act 2011 

The Bhutan Water Act 2011 specifies irrigation water be managed under the 

coordination of the Ministry of Agriculture and Forests as the Competent 

Authority and need to achieve economic efficiency, social equity and 

environmental sustainability. 

 Stresses irrigation schemes be managed by self-governing rules and 

regulations of WUAs, and that WUAs have to be registered with the 

Competent Authority,  

 Encourage harvesting of groundwater, rainwater, fog and any other 

sources to prevent local and seasonal water scarcity, 

 Accords second priority to irrigation after drinking water, 

 Protects customary water rights & practices subjected if sufficient water 

available and rights are equitable and fair, 

 Quantity of irrigation water for allocation as well as labour 

contribution for scheme maintenance will be based on size of land 

holdings, and 
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 New users intending to acquire water for their land from an existing 

WUA will receive water only if it is adequate at source. 

5.4 The National Irrigation Policy 2012 

The National Irrigation Policy 2012 recognizes following problems and 

challenges related to irrigation in Bhutan:- 

 Irrigation development and management is characterized by low levels 

of investments, lack of clear long term development plans, and lack of 

water storage systems to enable temporal availability of irrigation 

water leading to low production, 

 Existing Department of Agriculture support in capacity building for 

scheme management is inadequate, many WUAs are not well 

organized leading to poor management of irrigation schemes and early 

scheme failure, 

 Many irrigation structures are poorly designed and constructed mainly 

due to shortage of engineers for proper planning, designing and 

inadequate supervision, poor beneficiary contribution of labour- farm 

labour shortages, 

- Poor quality schemes that are highly prone to damage during 

peak monsoons and high water demand periods.  

- Irrigation schemes often damaged during natural calamities 

rendering them unusable when most required. 

 Limited technical knowledge, awareness and capacity leading to poor 

design and construction leading to unsustainable irrigation schemes.  

Main policy principles includes (a) Community participation for irrigation 

development to install a sense of ownership of irrigation schemes, (b) Equitable 

allocation of available water, (c) Diversification of irrigation for crops grown on 

both Chuzhing and Kamzhing, (d) Assured irrigation water supply for 

Chuzhing cultivation and protection of prime agriculture land, (e) Optimal 

utilisation of alternate water resources for irrigation, and (f) Enhance water 

management and productivity. 

The relevant objectives of the policy are:- 

 To accelerate investment in irrigation sector for the achievement of 

national food self-sufficiency and food security goals, 

 To pursue new approaches to sustainable irrigation infrastructure 

development and maintenance, 

 To pursue environmentally sustainable IWRM approach, 
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 To ensure reliable and efficient water use for intensification and 

diversification of irrigated crop production, and 

 To strengthen technical support services to develop, promote and 

disseminate new practices, innovation and technologies those are 

appropriate, manageable and affordable. 

6. Recommendations & way-forward 

6.1 Recommendations 

Although Bhutan has sufficient renewable water resources at national level 14 

times more than the world average of 7,000 m3 per person annually, the 

availability at the local or farm scale is very low. Based on the evidences of 

water scarcity our availability at the farm level can be even lower than water 

scarcity level of 1,000 m3 per person annually. Further water scarcity in Bhutan 

is classified as economic water stress country, wherein limited by infrastructure 

to manage the resource rather than physical lack of water. In such situation the 

primary focus of improving water availability should be on developing 

infrastructure like construction of larger and longer water conveyance system 

form a much larger and reliable source.  When conveying from the long 

distance becomes exceeding expensive the option of water harvesting or 

storage infrastructure become more affordable option as summarized in Figure 

7. 

Options Specific interventions  

Saving water - Increasing productivity in agriculture 

& industry 

- Reducing leakages in public water 

supply 

- Progressive tariffs 

Water transport - Large distance conveyance 

Storage - Store during high flow 

Water reuse - Increasing reuse/recycling in industry 

& domestic wastewater in agriculture 

Desalination - Waste water 

- Brackish water 

- Sea water 
 

Figure 7: Options for water resources development. 

Based on the locally defined water resources system and scale following 

specific recommendations can be made to increase water availability:- 
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Case-A:  When the water resources are sufficient in all season within a 

defined system it will be more cheaper to develop water 

conveyance structures that will transport water from a larger and 

reliable source thus improving the water availability, 

Case-B:  When water resources are not sufficient in some season but 

sufficient at annual scale then it will be cheaper option to focus on 

both construction of water conveyance and storage structures. But 

this case will be expensive than Case-A since this case has less 

water resources. 

Case-C: When water resources is not sufficient even at annual scale then 

focus on development of water conveyance and storage structures, 

enhancement of WUE and change of cropping pattern or the 

demand management etc. This case will be more expensive than 

both case A & B owing to limited water resource availability. 

The general framework for increasing availability of at farm level is presented 

in Figure 8.  

Figure 8: Framework for improving water availability in economically water 

stressed country. 

7. Conclusions 

As Bhutan has abundant renewable natural water resources it will be cheaper 

to develop viable water irrigation water management infrastructures to 

enhance water availability where it is required. 

In areas where increasing water availability becomes extremely expensive 

through just construction of infrastructure (conveyance and storage) then it will 

be essential to focus on improvement of water use efficiency and even changing 

of cropping system. 
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1. Glance at Agriculture scenario of India including climatic 

conditions, crops cultivated and water resources 

India is a vast country in the South Asia with enormous natural resources and 

biodiversity. Its geographical area is 328 M ha. The primary occupation is 

agriculture and allied activities in this nation with the net cultivated area of 

about 141 M ha and cropping intensity of 145%. The country is divided into 15 

agro-climatic zones based on homogenous climate, soils etc. Huge diversity 

exists among these zones ranging from high altitude mountainous regions and 

island regions. The agricultural sector contributes about 19% of the GDP of 

India. It contributes about 43.5% of the employment provided by all the sectors 

in India. 

The climate is monsoon type and the 50-year Annual Normal Rainfall (1950-

2000) is 1187.6 mm. Temporal range of normal rainfall is from 289.2 mm in July; 

261.3 mm in August to 173.4 mm in September. Spatial range of normal rainfall 

ranges from 2037.8 mm in East & North East India; 1128.3 mm in South 

Peninsula; 1111 mm in Central India to 866.9 mm in North West India. The four 

seasons as per Indian Meteorological Department (IMD) classification are 

winter (January and February), summer (March to May), Monsoon (rainy) 

season (June to September), and a post-monsoon period (October to December). 

Major Soils are Alluvial, Red, Black and Laterite.  

The major rivers of India are the Ganges, Brahmaputra, Indus, Beas, Godavari, 

Krishna, Mahanadi, Narmada. Major Kharif crops are Rice, Maize, Sorghum 

and the major Rabi crops are Wheat, Gram, Rapeseed and Mustard. Rice and 

wheat occupy major proportion of gross cropped area in India. Rice is grown in 

about 42 M ha and it is grown in kharif and rabi seasons. Wheat is grown in 30 

M ha and it is a rabi season crop. The other cereals are maize, sorghum, pearl 

millet, finger millet etc. Pulses and oil seeds occupy about 25 M ha and 18 M ha 

respectively. The major pulses in India are redgram, gram, blackgram, 
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greengram, soyabean, cowpea and horsegram. Similarly, the major oil seeds are 

rapeseed and mustard, groundnut, sunflower, sesamum etc. 

The agricultural sector is the largest employer of workforce in India which 

accounted for a sizeable 18.8 per cent (2021- 22) in Gross Value Added (GVA) 

(Economic Survey, 2022). It has registered a growth of 3.6 per cent in 2020-21 

and 3.9 per cent in 2021-22 in spite of alarming situation under the backdrop of 

COVID-19 epidemic. The food grain production of India during 2019-20 is 

296.65 M tones (Agricultural Statistics at a Glance, 2020). Further, the total 

foodgrain production in the country is estimated at a record 308.65 million 

tonnes as per Fourth Advance Estimates for 2020-21. The fruit production and 

vegetable production were 100.4 M tonnes and 189.5 M tonnes respectively. 

The total production of plantation crops is 16 M tonnes. The total milk 

production and fish production are 198.4 M tonnes and 14.2 M tones 

respectively. The total length of coast line is 7516.6 km. 

About 42% of the country’s cultivable land lies in drought-prone areas/districts. 

Moreover, 52% of India’s net sown area is dependent on rain, and therefore, 

rain fed agriculture plays an important role in the country’s economy. There is 

good scope for enhancement of cropping intensity of the country from present 

level. India receives on an average of 4,000 billion cubic meters of precipitation 

every year. However, only 48% of it is used in India’s surface and groundwater 

bodies. The utilizable water resources of the country have been assessed as 

1123 BCM, of which 690 BCM is from surface water and 433 BCM from 

groundwater sources. Inadequate infrastructure for storage of water resources 

coupled with inappropriate water management has led to a condition where 

only 18-20% of the water is actually used (Dhawan, 2017).  

The population of India is likely to be 1.6 billion by 2050, resulting in increased 

demand for water, food and energy. The projected total water demand of 1447 

BCM in 2050 will outstrip the present level of utilizable water resources (1123 

BCM) out of which 1074 BCM will be for agriculture alone. This calls for 

infrastructure expansion and improved water resource utilization. Owing to 

the initiatives taken by Government of India in the form of extensive dam-

building activities, the total number of dams in India has attained more than 

5264 large dams (Nulkar, 2020; CWC, 2018). The total live storage capacity of 

123 important reservoirs located throughout the country is 171.1 BCM which is 

about 66.36% of the live storage capacity of all the reservoirs in the country i.e. 

257.8 BCM. However, India’s per capita storage currently stands at a meagre 

200 m3/person as against 5,960 m3/person, 4,717 m3/person, and 2,486 m3/person 

for the USA, Australia and China respectively (Amarasinghe et al., 2009). As 

per the international norms, a country is classified as water stressed and water 

scarce if per capita water availability goes below 1700 m3 and 1000 m3, 
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respectively. With the present water availability of 1540 m3 per capita, India is 

already a water-stressed country and is moving towards turning into water 

scarce. 

Figure 1 : Agro-climatic zones of India 

Source: Planning Commission, Government of India (Khanna, 1989)  

It may be noted that the irrigation potential created in India has increased from 

22.60 M ha in pre-plan era to 113.53 M ha by the end of XI Plan out of which 

47.97 M ha was from major & medium projects and the remaining 65.56 M ha 

from minor irrigation schemes. The percentage of irrigation potential created to 

ultimate irrigation potential through Major & Medium Irrigation projects up to 

the end of XI Plan was 82 % at national level. Similarly, about 77% of the 

irrigation potential created was utilized at the end of XI Plan. 
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Since the total projected demand will be 324 BCM more than the present level 

of utilizable water resources and the demand from other sectors such as 

industry, energy, municipal etc. are increasing day by day there is a need to 

identify and analyze the status of existing water resources vis a vis crop 

demand, major water management challenges, technological and policy options 

so that future recommendations may be formulated in logical manner.   

2. Status of existing water resources in India and crop water demand  

The rainfed area constitute 52 % of net sown area of the country. The cereal 

yield under rainfed condition is 1.5 t ha-1 (in 1995) compared to irrigated yield 

of 3.3 t ha-1 and is even lesser than global average rainfed yield of 3.2 t ha-1. 

Global irrigated area increased nearly five times to 260 million in comparison to 

beginning of the twentieth century. The gross irrigated area in the country 

increased from 23 M ha in 1950-51 to 88 M ha in 2008-09 (State of Indian 

Agriculture, 2012) The gross water demand by irrigation sector alone is 

estimated to be 730 BCM by 2025 which contributes 71% of the gross water 

demand by all users. The diminishing water resources in agriculture coupled 

with ever increasing human population poses challenge to achieve food 

security in India. The critical look at the present trend of water resources and 

their scientific management is highly essential in this context.  

With boom in tube well irrigation, ground water has emerged as an important 

source of irrigation in India. The net utilizable groundwater resource in India is 

423 BCM and the present level of ground water exploitation is 41.57%. 

However, in few states, it is reaching to unsustainable level viz. Haryana 

(112%), Punjab (98%) and Rajasthan (86%). Thus, the scenario is not 

comfortable with more area moving to grey and black zones. The annual 

recharge potential from rainfall in India is about 342.4 BCM which is 8.56 % of 

the total rainfall in the country. Further, canal irrigation system adds to 89.5 

BCM towards groundwater recharge.  

2.1 Current status of surface water resources 

The major portion of precipitation and snow after subjecting to percolation in 

to the ground and evaporation in to atmosphere attains the form of runoff. 

Once the rate of runoff is higher than the rate at which it is percolated and 

evaporated, it is stored in the form of surface water resources in natural (ponds, 

rivers, lakes); ephemeral (creeks, lagoons and water holes));and man-made 

(dams, reservoirs and constructed wetlands). The net irrigated and gross 

irrigated area of the country is about 68.38 M ha and 96.46 M ha, respectively 

for the year 2014-15. Out of the net irrigated area of 68.38 M ha, 16.18 M ha are 

irrigated by canals. The canal irrigated area in India has increased from 14.073 

M ha in the year 2002-03 to 16.182 M ha in the year 2014-15 (Fig.2). During the 
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same period, the net irrigated area has increased from 53.9 M ha to 68.4 M ha. 

However, the percent of net irrigated area under canal irrigation has declined 

from 26.1% to 23.7% during this phase (Fig.3). 

 

Figure 2: Trend of canal irrigated area and net irrigated area (ha) in India 

during 2002-03 to 2014-15(Source: Directorate of Economics & Statistics, 

Ministry of Agriculture and Farmers Welfare, Govt. of India, 2018) 

 

Figure 3: Percent of net irrigated area under canal irrigation in India during 

2002-03 to 2014-15 (Source: Directorate of Economics & Statistics, Ministry of 

Agriculture and Farmers Welfare, Govt. of India, 2018) 

2.2 Current status of groundwater resources 

Presently, groundwater is the largest source of irrigation contributing about 

62% of the net irrigated area of the country. It also provides 85% of rural water 

supply and 45 % of urban water consumption in India (Saha and Ray, 2018).  

Overall, 62% of the total groundwater resources have been developed 

indicating scope for its further development. Aquifer which is a function of 

porosity of geological stratum or layer forms the major source of groundwater 

resources. They are mainly in the form of tube wells, dug wells and other wells. 

In India, tube wells and other wells provide irrigation to 31.60 M ha and 11.35 

M ha respectively during 2014-15. The area under tube well irrigation in India 

experienced significant jump (36%) from 23.24 M ha to 31.61 M ha during the 
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period 2002-03 to 2014-15 (Fig.4). However, the percent of net irrigated area 

under total irrigation has declined from 63.7% to 59.4% during 2002-03 to 2004-

05 and thereafter increased gradually to 62.8% in 2014-15 (Fig.5). 

 

Figure 4: Trend of well irrigated area (ha) in India during 2002-03 to 2014-15 

(Source: Directorate of Economics & Statistics, Ministry of Agriculture and 

Farmers Welfare, Govt. of India, 2018) 

 

Figure 5: Percent of net irrigated area under total well irrigation in India during 

2002-03 to 2014-15  

(Source: Directorate of Economics & Statistics, Ministry of Agriculture and 

Farmers Welfare, Govt. of India, 2018) 

2.3 Crop water demand 

The projected water demand for agriculture (irrigation) in India is expected to 

increase from present level to 910 BCM and 1072 BCM by 2025 and 2050 

respectively. However, its share in total demand by all the sectors will decline 

from 84% in 2010 to 74% by 2050 (Table 1). Even within agriculture, the water 

demand for different subsectors or farming systems will change significantly in 

the coming years. The additional water demand in domestic, industrial and 

energy sectors will need additional 222 BCM water by 2050 (Table 1).   
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Table 1: Sector wise projected water demand in India  

(billion cubic meters) 

Sector/Year  2000  2010  2025  2050  

Irrigation  541 688 910 1072 

Domestic  42 56 73 102 

Industry  8 12 23 63 

Energy  2 5 15 130 

Others  41 52 72 80 

Total  634 813 1093 1447 

(Source: Central Water Commission, 2008 & 2010) 

Under the scenario of producing 350 million tonnes food grain from shrinking 

water resources, this will put tremendous pressure on the existing water 

sources. This challenge can be met either by inter basin water transfer or by 

enhancing irrigation efficiency and water productivity or both. However, 

pressure on inter basin transfer can be eased through improving crop water 

productivity. Under this scenario of decreased water availability, we have to 

substantially improve our irrigation efficiency in agriculture from current 38% 

and look for water use efficient crops and cropping system and better water 

delivery engineering. The target efficiency should be 60% for canal irrigation 

and 80% for ground water irrigation. This is achievable as irrigation efficiency 

in other developing countries is Malaysia (45%), Israel and China (50-60%). 

There is a need to enhance the area under micro irrigation from present level of 

12.6 M ha in the various water deficit states. Concerted efforts are required to 

achieve ‚More Crop Per Drop" and improved water use efficiency. This would 

help in bridging the gap between irrigation potential created (IPC) and 

irrigation potential utilized (IPU). Efforts should also be made to determine 

optimal cropping pattern and diversify the areas under water guzzling crops 

like sugarcane and rice to low duty crops like pulses and oilseeds where there 

is enough water is not available. 

3. Major water management challenges 

The agricultural sector in India is significantly influenced by water 

management. As discussed above, the adequate supply of water resources 

proportionate to the water requirement of existing cropping pattern is the need 

of the hour. However, agricultural sustainability and food security in India face 

the challenges in water management like spatial and temporal uneven 

distribution of rainfall causing unfavorable soil moisture pattern in rainfed 

areas, water loss in canal system, mismatch between water resource availability 

and cropping pattern, groundwater quality issues, over exploitation and under 

exploitation of groundwater, poor irrigation/water use efficiency and extreme 
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climatic events like flood and drought (Fig.6). We need to analyze these 

challenges  

 

 

 

 

 

 

 

 

 

 

Figure 6 : Water management challenges in agriculture sector of India 

which would help researchers and policy makers to formulate the necessary 

agricultural water management strategies.  

3.1 Spatial and temporal skewed distribution of precipitation and 

undulating topography 

Rainfall and other potable resources are unevenly distributed over the globe 

(Aher et al., 2019). Asia has 35% of freshwater resources and is inhabited by 

about 60% of the world’s population, whereas the Amazon River basin has 13% 

of water reserves with a population of only 0.5% (Boddu et al. 2011). The Indian 

subcontinent has tropical and subtropical climate zones which experience 

strong seasonality from warm humid to arid and cold arid conditions within its 

geographical expanse (Adams et al. 1999). The average rainfall of India is 1200 

mm which is received in about 70 rainy days concentrating about 75% of it in 

months of June to September and it varies from about 11000 mm in Meghalaya 

to 350 mm in Rajasthan.  Local physiography accounts for complex rainfall 

patterns, spatial differences in rainfall events, trends, and variability in hilly 

areas due to large elevation differences (Mal 2012; Palazzi et al. 2013). The 

Himalayas in the north and Western Ghats in the west control the precipitation 

pattern due to their strong and major orographic relief (Basistha et al. 2009). 

About 30% of India receives an annual rainfall of less than 750 mm and 42%, 

20% and 8% of the country receive rainfall in the range of 750-1150 mm, 1150-

2000mm and >2000 mm respectively (MOSPI, 2018). The long term trend 
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analysis of annual rainfall for the period between 1961 and 2013 revealed that 

the sub divisions of western and eastern Uttar Pradesh exhibited significantly 

negative trend in monsoon rainfall where as the sub divisions of Odisha, 

Jammu&Kashmir, Konkan, Goa and Karnataka showed positive trend 

(Diwakar et al., 2017). These features create conditions for uneven distribution 

of precipitation; hence, a comprehensive understanding of macro as well as 

micro level spatio-temporal variations in rainfall becomes an area of critical 

necessity. 

3.2  Mismatch between water resource availability and cropping water 

demand 

The sustainable use of water resources in the agricultural sector necessitates us to 

practice optimal cropping pattern that matches the availability of surface and 

groundwater water resources with total water requirement of crops grown. 

However, the disproportionate trend of cultivating water guzzling crops like rice 

and sugarcane with respect to water resources in India results in mismatch 

between the current availability of water resources and total crop demand. This 

holds more relevance when research studies suggest that climate change would 

result in higher water requirement of these two crops. At the same time, one 

should not underestimate the environmental cost associated with intensive 

cultivation of sugarcane in some areas (Scarpareet al., 2016). Similarly, with the 

impact of climatic variability, the regional water requirement of rice crop is 

expected to increase by 20% by 2071 compared to present level (Ye et al., 2015). In 

total, 12 clusters and 47 districts of India have been identified with higher 

proportion of sugarcane cultivated area which constitutes about 3.55 M ha out of 

5.06 M ha (70.2%) cultivated area under sugarcane in India (Brahmanand and 

Ambast, 2016). More worrying fact is about 0.721 M ha area is found covered 

under sugarcane cultivation in 91 districts of India which receive normal rainfall 

(50-year average from Year 1951 to 2000) less than 700 mm  and covers about 

12.9% of total sugarcane cultivated area (5.6 M ha) in India. Similarly, about 24 

clusters and 93 districts of India have been identified with higher proportion of 

rice cultivated area which constitutes about 13.3 M ha out of 42 M ha (31.7%) 

cultivated area under rice in India. About 2.89 M ha area is found covered under 

rice crop in 68 districts of India which receive normal rainfall (50-year average 

from Year 1951 to 2000) less than 650 mm  and covers about 6.72% of total rice 

cultivated area (43 M ha) in India. 

3.3 Water loss and distribution problems in canal system leading to poor 

water use efficiency 

The water use efficiency of canals in India ranges between 30-55% which is 

resulted by combination of conveyance efficiency, application efficiency, storage 

efficiency and distribution efficiency. In a research study conducted on water 
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losses in lined and unlined canals in the Panchnadi Scheme in India, Jadhav et al. 

(2014) reported conveyance efficiency equal to 75% for lined canals and 52% in 

unlined canals. There is a vast scope in enhancing the canal conveyance 

efficiency from present level. We need to control the water loss that occurs 

through percolation, seepage, physical damage and cracks.In addition, 

researchers have shown that if only 0.01% of the concrete canal lining is cracked, 

seepage in the lined and unlined canals is equal (Merkley, 2007). Identifying the 

cracks at initial stage and implementing preventive repairs would be more 

beneficial and cost effective compared to major repair during post-damage 

phase. The pipe irrigation system would also help in controlling seepage losses 

and thereby enhancing water use efficiency in canals.  

3.4 Over exploitation of groundwater in Northern Zone & under exploitation 

in Eastern Zone 

The over-exploitation of groundwater resources in North-western states coexist 

with its under-utilization in the water abundant Eastern region. Out of the total 

of 433 BCM of annual replenishable groundwater resources available in the 

country, the share of alluvial areas covering Eastern Plain states of Bihar, parts 

of Orissa, Eastern Uttar Pradesh and West Bengal; and North Western plain 

states of Delhi, Haryana, Punjab, Western Uttar Pradesh, Chandigarh; is about 

192 BCM i.e. 44% of the total available resource. However, overall stage of 

groundwater development in the eastern plain states is 43% only, whereas the 

overall stage of ground water development in North Western Plain states 

covering Punjab, Delhi and Haryana is 98%.  

Most of the groundwater development has taken place through private 

investment. Further, government policies of providing free/subsidized 

electricity and pumps in many states are adding fuel to the water crisis. 

Reduced farm profitability via increasing pumping cost, deceleration in 

productivity of irrigation water and equity issues in groundwater distribution 

are also being considered as major challenges in this context. Groundwater 

pollution is another emerging threat to the sustainability of water resources. 

Therefore, an understanding of interrelationship of hydro-geological, agro-

climatic, socioeconomic and policy factors for sustainable development and 

equitable distribution of this precious natural resources needs due emphasis.  

3.5 Groundwater quality deterioration  

The quality of groundwater is affected by geogenic and anthropogenic factors. 

High fluoride and arsenic content are resulted due to geogenic sources in 

several pockets of India. Higher concentration of fluoride in groundwater (>1.5 

mg/L) is prevalent in states like Andhra Pradesh, Uttar Pradesh, Rajasthan and 

Tamil Nadu.(http://cgwb.gov.in/Documents/WQ-standards.pdf.). Similarly, the 

https://www.sciencedirect.com/science/article/pii/S2351989418305201#bib14
https://www.sciencedirect.com/science/article/pii/S2351989418305201#bib14
https://www.sciencedirect.com/science/article/pii/S2351989418305201#bib20
http://cgwb.gov.in/Documents/WQ-standards.pdf
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higher concentration of arsenic in groundwater (>0.01mg/L) is prevalent in 

states like West Bengal, Bihar, Uttar Pradesh, Punjab, Assam, Chhattisgarh, 

Karnataka and Haryana. The higher iron concentration of groundwater (0.3 

mg/L) is noticed in 26 Indian states. Salinity due to rock and water interactions 

(inlands) and sea water intrusion (coastal tracts) is another major worry. Inland 

salinity is prevalent in Rajasthan, Gujarat, Chhattisgarh and Haryana whereas 

coastal salinity is predominant in West Bengal, Odisha, Tamil Nadu, Andhra 

Pradesh and Gujarat. The industrial effluents, landfills and sewage constitute 

the anthropogenic sources which cause toxic levels of nitrates, zinc, mercury, 

cadmium, Manganese and chromium. Excess concentration of nitrate in 

groundwater (45 mg/L) is reported from 20 states of India which is emerging as 

a major challenge especially in areas with intensive crop cultivation with 

practice of excess nitrogenous fertilizer application (CGWB, 2018).  

3.6 Extreme events associated with changing climate (Drought, heat waves 

and flood) 

Drought and flood are natural disasters that emerge as severe challenges to 

global agriculture and pose threat to food security. Drought is in general 

classified as meteorological, agricultural and hydrological categories and they 

are interrelated very closely and affect crop production severely. Four 

consecutive weeks of meteorological drought would lead to agricultural 

drought. The trend of rainfall data over the past century indicates that India 

has faced a severe drought every eight or nine years and more than 130 districts 

face drought almost every year. The extreme climatic rainfall events, poor 

drainage and breaching of river embankment cause frequent and higher extent 

of flood damage in India.The total flood prone area of India is about 40 million 

ha distributed over various Indian states and it is mainly prevalent in Uttar 

Pradesh, Bihar, Assam, West Bengal, Odisha, Gujarat etc.  Both drought and 

flood are linked with increasing global temperatures. Intergovernmental Panel 

on Climate Change (IPCC) in 2018 reported that the temperature of the earth 

has increased by 1 degree-Celsius (°C) compared to pre-industrial times (1800s) 

due to human activities and it further warned the possibility of heavy 

precipitation in some locations as well as frequent and intense droughts in 

other parts of the world if the rate of global warming occurs at 1.5°C increase.  

 

 

 

https://cdn.downtoearth.org.in/themes/DTE/rainfalls/rainfall1.htm
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4.0 Current water management techniques adopted for crops and 

importance of innovative and advanced water management 

options 

4.1 Rainfed agro-ecosystem 

4.1.1 Advanced water management options for rainwater conservation and 

utilization with emphasis on rubber check dams, tank cum well system 

and two-stage rainwater conservation 

Rainfed agro-ecosystem is a challenged ecosystem from water management 

perspective. It has both drought prone areas as well as flood 

prone/waterlogged areas which have unique characteristics of low agricultural 

productivity. Presently about 72 M ha area is under rainfed agriculture (net 

sown area under rainfed condition). It is noteworthy that about 33% of rainfed 

area receives more than 1100 mm of rainfall and another 33% receives rainfall 

between 750-1100 mm. Many technologies of rain water management for 

providing reliable round-the-year irrigation in high rainfall areas have been 

developed. With refinement, enriching and fine-tuning of these technologies 

along with innovative new approaches for different agro-ecological regions of 

India, a significant area can be brought under irrigation and thereby pushing 

productivity from the present 1.0 t/ha to 4-5 t/ha per annum by enhancing 

cropping intensity from present 100% to 200%. This will contribute hugely to 

national food security.  

At the same time, enhancing crop productivity from other two rainfed zones 

receiving 500-750 mm and less than 500 mm rainfall is also important. 

Rainwater conservation/water harvesting using appropriate techniques at 

plausible sites and efficient utilization of harvested rainwater has been 

considered as the key water management strategy to improve the productivity 

of rainfed agriculture. Most potential rainwater conservation and management 

technologies suitable for rainfed agro-ecosystem in India are described here. 

4.1.1.1 ICAR flexi rubber check dams 

A rubber dam is a flexible structure and can be inflated and deflated in order to 

regulate flow of water in streams (Jena et al., 2014). The rubber dam is mainly 

use to harvest rainwater, which is subsequently us to increase irrigation 

command area and improve crop productivity. Rubber dam with a span 

ranging from --- to --- m and height of --- m  hasthe potential to create an 

additional water storage capacity of about 52,000 to 80,000m3 for irrigating 

about 30-40 ha of paddy in kharif and 6 ha of pulses, oilseeds and vegetable 

crops in rabi season. Impact assessment in few rubber dam installed sites 

revealed that the productivity of rice in kharif season enhanced up to 62% and 
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in rabi season productivity of vegetables increased up to 47% due to installation 

of rubber dams in watersheds. It has potential to enhance the net returns of the 

farmers up to Rs.48,000/ha.  

Plate 1: Glance at inflated rubber dam in Odisha, India 

4.1.1.2 Tank cum well system 

Tank cum well system is a series of tanks and wells that are built in watersheds 

for efficient rainwater harvesting and utilization and creation of additional 

water storage which aids in enhancement of irrigation command area, cropping 

intensity and crop productivity. The well is constructed about 100 to 300 m 

downstream of the tank to tap the water that is lost by seepage from the tank. 

For a catchment area of 500 ha, set of 15 tanks and wells can irrigate 60 ha area. 

The cost of implementation of the technology is Rs. 100,000/ ha of gross 

irrigated area (2015 prices). The technology has a potential to generate Rs. 

30,000/- extra gross income per year with additional employment generation of 

115 man-days per ha. It can increase the cropping intensity to up to 166% (Roy 

Chowdhury et al., 2016). 

4.1.1.3 Rainwater conservation through optimum dyke height, and two stage 

rainwater conservation technique 

In several states of India, as the total annual rainfall is about 80-85 % of 

potential evapotranspiration, proper management of rainwater can meet the 

evapotranspiration demand of crops. In this regard, design of optimum dyke 

height in rice fields play vital role in better conservation of rainfall which also 

aids in higher nutrient use efficiency. The bund height of 6 cm can store upto 

57% of the rainwater whereas bund height of 30 cm could store as much as 99% 

of the rainwater (Mishra et al., 1997). As a result, the supplemental irrigation 

requirement declines significantly with increase in bund height. The 
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technology is applicable in rice growing areas vulnerable to moisture stress 

during critical growth stage of the crop. Two-stage rainwater conservation 

technique in medium lands and shallow low lying rice growing areas wherein 

10-12% of the paddy field can be converted as refuge would serve as source of 

water at critical stage of crop growth both for paddy in monsoon season and 

other light duty crops in post monsoon season in addition to aquaculture. This 

technology has potential to enhance the kharif paddy yield from 1.8 t/ha to 4.9 

t/ha with additional fish yield of 1.4 t/ha. 

 

 

 

 

 

 

 

Plate 2: Two stage rain water conservation technology in Odisha, India 

4.1.2  Reclamation and management techniques for waterlogged ecosystem 

with focus on sub surface water harvesting structures and bio-

drainage 

The other challenged ecosystem is waterlogged areas which account for about 

11.6 M ha in India. There are two types of waterlogged areas: one where the 

water table has risen due to over irrigation up to within root zone 

(approximately 2.16 M ha) and another wherein  water stagnation occurs due to 

high rainfall coupled with land topography which hinders drainage. While the 

first situation can be remedied through efficient irrigation and creating 

drainage network (both surface and subsurface), the second situation requires a 

multipronged approach of having an optimal mix of engineering, crop 

selection, crop management and aquaculture practices supported by market 

intervention, processing and value addition. Cultivation of commercially viable 

aquatic crops like water chestnut, swamptaro, typha and Makhana with 

advanced scientific package of practices may be explored in waterlogged 

ecosystem which has potential to enhance water productivity and net economic 

returns of the farmers. 
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4.1.2.1 Subsurface water harvesting structures (SSWHS) for coastal 

waterlogged areas  

In general, due to lack of irrigation, the crops in post monsoon season suffer 

from scarcity of water in coastal areas. But below sub-surface profile lighter 

fresh water floats above the heavier saline water in coastal areas. This could be 

tapped through subsurface water harvesting structures (SSWHS) to meet the 

irrigation demand of rabi crop and can also be used for pisciculture. The depth 

of the structures may vary from 2-4 m. As located in coastal areas, the depth of 

structure should be restricted up to sandy zone, otherwise there would be risk 

of saline water intrusion. The average total net benefit from the system is about 

Rs.20,000/ha/year (2008 prices). The average water productivity of SSWHS with 

pisciculture and rabi vegetables is Rs. 36 /m3 of water (2008 prices). The 

technology has potential for its application in coastal areas. 

 

Plate 3: Sub Surface Water Harvesting structure in Coastal India 

4.1.2.2 Bio-drainage technology for coastal waterlogged areas 

In deltaic region of Odisha, with flat topography in the coastal proximal areas 

makes drainage very difficult especially in high rainfall scenario due to lack of 

suitable outlet points for disposal of drainage water. The use of bio-drainage 

vegetation like Casuarina and Eucalyptus appeared feasible in deltaic areas 

both in inland topographical depressions and in areas where the natural 

drainage is incapacitated by sea water intrusion. In coastal areas, Casuarina 

vegetation tolerated waterlogged condition during monsoon and also showed 

resilience against cyclones. Accelerated drainage through bio-drainage helps in 

advancing crop cultivation in rabi season by 15-20 days with additional benefit 

of Rs.15,000 /ha due to better market price. This technology has potential to 

generate net profit of Rs. 45,500/ha with B:C ratio of 3.67 in coastal waterlogged 

areas (2009 prices; Roy Chowdhury et al., 2016). 
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Plate 4: Bio-drainage system in coastal ecosystem of Eastern India 

4.1.3 Post-flood management and index-based flood insurance for flood 

prone regions in India 

The concept of index-based flood insurance (IBFI) was found beneficial in 

paying crop insurance to farmers of flood affected regions in Indi in accurate 

and timely manner. The index was developed based on the analysis of yield 

loss curves of different flood tolerant rice varieties. Stage wise yield loss curves 

were developed for three varieties of rice crop i.e. riverine flood tolerant 

varieties like Durga and Tulasi and flash flood tolerant rice variety Swarna Sub-

1 under different depth (5 cm – 120 cm) and duration of submergence (1-12 

days duration). The occurrence of flood during reproductive stage of rice is 

very damaging compared to late vegetative stage (active tillering stage). 

However, the damage due to flood during early vegetative stage is more 

dangerous due to higher probability of complete submergence of seedling of 

short height. The comparative analysis of yield loss response of three rice 

varieties i.e. Tulasi, Durga and Swarna sub-1 during occurrence of flood / 

submergence revealed that Swarna sub-1 has higher flood resilience. Its grain 

yield was reduced by 34.5 % due to submergence of water for 2-3 weeks at 

early vegetative stage compared to its potential yield. However, it suits well 

under flash submergence condition. Piloting of IBFI started in 2017, in first pilot 

out of 200 IBFI enrolled farmers, 43 farmers got the payout. In second pilot 

(2018) out of 400 IBFI enrolled farmers, 170 farmers got the payout. In third 

pilot (2019) out of 269 IBFI enrolled farmers,150 farmers got the payout. 

Overall, an amount of Rs.16.99 lakhs was paid as insurance payout to the 

farmers of Muzaffarpur district of Bihar, India. It is pertinent to mention here 

that the farmers used the payout money on agricultural activity like purchase 

of seed, fertilizer, irrigation etc. 
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Based on the historical trend of flood water depth and duration, the following 

major scenario were finalized for which post-flood management plans were 

prepared for Muzaffarpur district of Bihar and Puri district of Odisha.  

A. Time of Occurrence of Flood event 

a. If flood occurs in early phase (July 1st week to August 1st week) 

b. If flood occurs in mid phase (August 2nd week to September 2nd 

week) 

c. If flood occurs in late phase (September 3rd week onwards) 

B. Duration and depth of flood water submergence 

1. Duration 7 days or less and depth of 0.25 – 0.5 m 

2. Duration 7 days or less and depth of 0.5 – 1 m 

3. Duration 8-14 days and depth of 0.25 – 0.5 m 

4. Duration 8-14 days and depth of 0.5 – 1 m 

The dynamic post-flood management plan was adopted depending upon the 

withdrawal of flood water from the agricultural fields and type of scenario 

especially time of occurrence of flood event. The farmers were trained on 

package of practices of alternate crops under PFM intervention. The post-flood 

management plan (cultivation of wheat, mustard, lentil, maize, brinjal, tomato, 

cucumber, cabbage and cauliflower) resulted in higher crop resilience and crop 

productivity thereby resulting in additional net economic returns upto Rs. 

37,700/-per ha, Rs. 29,800/- per ha and Rs. 32,400/- per ha compared to flood 

damaged field without intervention during 2018-19, 2019-2020 and 2020-21 

respectively. The intervention of over aged rice seedlings (60 days) resulted in 

29% higher grain yield (4.51 t ha-1) compared to mean grain yield of traditional 

rice varieties (3.5 t ha-1) at Kanas block, Puri district of Odisha. The farmers 

were also encouraged to cultivate mango saplings in agricultural fields for 

better cushioning during flood event. Overall, the post-flood management 

interventions resulted in enhancement of benefit:cost ratio from 1.55 to 3.08 and 

have potential to enhance agricultural resilience in chronologically flood prone 

areas of Eastern India.   
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Plate 5: Distribution of index-based flood insurance to farmers by Hon’ble 

Union Minister of Rural Development and Panchayati Raj Shri Giriraj Singh. 

 

 

 

 

 

 

 

 

Plate 6: Cabbage growing farmer in flood prone region in Bihar 

 

 

 

 

 

 

 

 

Plate 7: Establishment of mango saplings in flood prone region of Bihar 
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4.2 Irrigated ecosystem 

4.2.1 Advanced water management options for enhancing overall water use 

efficiency of irrigation projects with focus on canal automation 

Assured irrigation in conjunction with other technological and policy factors 

has played a catalytic role in the growth of Indian agriculture over the years. 

Because of the yield augmenting impact, irrigation development has always 

been the priority area of the national agricultural development strategy. 

Consequently, the gross irrigated area in the country has increased from 22.56 

M ha in 1950-51 to 96.46 M ha in 2014-15. Unfortunately, most of the irrigation 

projects are operating at an overall efficiency of only about 30 to 35 % against 

the achievable efficiency of more than 50%. Thus, there is enormous scope to 

improve the productivity and efficiency of irrigation systems, which can be, 

achieved both by technological as well as social interventions. Improved canal 

delivery scheduling, provision of auxiliary storage reservoir, rotational water 

supply below the outlet (warabandi system), water conveyance below the canal 

outlet through lined water courses/ underground piped network, use of 

modern irrigation application methods such as drip and sprinkler system can 

significantly improve the irrigation efficiency in the canal command. 

It is estimated that with 10% increase in the present level of efficiency in 

irrigation projects, an additional 14 M ha area can be irrigated from the existing 

irrigation capacities which would involve a very modest investment compared 

to what is required for creating equivalent potential through new schemes. 

Further, efforts may be taken to alleviate the degradation of natural resources 

due to over-irrigation.  

4.2.2 Water use efficient techniques for canal commands with focus on 

AWD and SRI 

4.2.2.1 Raised and sunken bed technology 

Out of total land area of the eastern region, about 48 per cent (12.9 M ha) is 

under rainfed lowland. For food and livelihood, farmers of this region heavily 

depend on the rainfed and irrigated medium and lowland ecosystem. In high 

rainfall region to reduce the vulnerability of low land agriculture suitable land 

modification with sunken and raised beds has potential to reduce the risk and 

stabilize farm income considerably. The technology provides conducive 

environment for growing vegetable crops on raised beds and rice and Colocasia 

in sunken portion. The cost of intervention per unit area is Rs. 50,000/ ha. The 

adoption of the technology increased kharif paddy and pointed gourd yield 

from 4.2 to 5.2 t/ha and 4.24 to 4.74 t/ha, respectively along with fish yield of 1 

t/ha. The technology can generate additional benefit of Rs.70,000/ha/yr 

compared to conventional technologies. The highest net return of Rs.153,634 
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ha/yr with a benefit cost ratio of 4.01 can be achieved from the system (Roy 

Chowdhury et al., 2016).  

4.2.2.2 System of Rice Intensification (SRI) 

System of Rice Intensification (SRI) is a known superior management practice 

of rice cultivation giving better yield. In order to avoid waterlogging in SRI 

field, excess water from field is stored in a refuge for short-duration 

aquaculture. This ensures proper water management in SRI field, 

supplementary irrigation at critical dry spell and adds value to system through 

integrated aquaculture and horticulture. The kharif paddy yield increased from 

2.89 t/ha to 6.16 t/hawith fish yield of 2.6 t/ha. The net water productivity in the 

integrated SRI system enhanced from 0.31Rs./m3 (conventional rainfed rice) to 

18.91 Rs./m3of water. The output value over cultivation costs ratio (OV:CC) 

suggested that in the Integrated SRI system, an investment of Rs. 1, yields a 

return of Rs. 2.97, while the conventional paddy cultivation this ratio is 1:1.13 

(2010 prices). The technology is scalable in rice cultivated area under mid-land 

ecology (Roy Chowdhury et al., 2018). 

4.2.2.3 Paired row planting technique 

Many of the traditional practices of planting techniques of important crops lack 

proper methods from the perspective of water management especially when 

availability of water is limiting. For expense of Rs.1.0, the maximum net return 

is Rs.2.10- for groundnut (45 x 15 cm) and Rs. 2.15 for potato (75 x 20 cm) can be 

obtained in addition to substantial saving of irrigation water. The adoption of 

paired row planting technique on raised beds gave pod yield advantage by 13-

20% over flatbed planting of groundnut, with27-41 % saving of irrigation water 

and 40-45%enhancement of crop water use efficiency (WUE). Similarly, the 

paired row planting technique in potato can save 18-20%, irrigation water and 

increased irrigation WUE by 15-21 % over normal method of planting (Roy 

Chowdhury et al., 2016). 

4.2.2.4 Alternate Wetting and Drying (AWD) 

Alternate Wetting and Drying (AWD) is a farmer friendly water use efficient 

technique that helps in reducing the irrigation water consumption without 

compromising the grain yield of rice. A plastic pipe of 30 cm length with 

perforated holes is used in which half of its portion is installed into the soil for 

identification of water table. As and when the water level dips below 15cm 

from the ground, irrigation is provided. In other words, there will be wetting 

and drying alternatively based on water depth observed in the pipes. The 

drying duration depends upon the weather, soil type and crop growth stage.  
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4.2.3 Judicious utilization of groundwater resources 

The wide variation in hydrogeologic settings and the stage of development of 

groundwater resources among different parts of the country calls for an 

integrated and sustainable groundwater management action plan. It should 

consider both demand side and supply side measures for ensuring judicious 

utilization of groundwater resources. Rainwater harvesting and artificial 

recharge are most promising and well proven techniques for augmenting 

groundwater resources. However, these techniques are mostly site-specific and 

hence we need to identify the feasibility status of groundwater resources based 

on availability of sub-surface storage space and availability of surplus monsoon 

run-off. The methodology for assessing the potential of deep aquifers in multi-

aquifer system needs to be further refined. Government may consider the 

policies that strengthen the agricultural credit and energy efficient practices 

which further aid in demand driven groundwater development.    

The existing technology of exploiting groundwater through shallow/ deep tube 

wells will lead to draw water from saline aquifers in coastal areas especially 

those very near to sea within 2-5 km away from coastline. Therefore, to provide 

irrigation to small farm holdings mainly during rabi season or at critical stage 

during long dry spell even in kharif season, strategically designed tube well is 

necessary. The technology has potential to generate Rs. 8,000/- extra gross 

income/ year with additional employment generation of 50 man days/ha. It can 

provide assured irrigation for growing paddy in 1 ha of land and increase in 

yield from 1.5 to 2 t/ha (Roy Chowdhury et al., 2016). 

4.2.4 Precision irrigation system with focus on micro-irrigation and 

fertigation 

Optimum irrigation scheduling, piped conveyance system, use of 

drip/sprinkler/raingun water application methods, deficit irrigation practice 

including partial root zone drying etc. are some of the water management 

practices which need to be practiced in the areas irrigated by groundwater. The 

total area under micro irrigation in India is about 10.25 M ha (4.78 M ha under 

drip irrigation + 5.47 M ha under sprinkler irrigation) (2017-18). There is a need 

to bring more area under micro irrigation to achieve ‘more crop per drop’. 

4.2.5 Eco-friendly techniques for treatment of wastewater and its 

utilization 

Presently about 350 Class I and Class II urban centres having >50,000 

population generate around 61754 million litres per day (MLD) of waste water 

out of which only 22,963 MLD (37%) gets treated. It has been projected that 

wastewater generation will cross 170,000 MLD (62 BCM per year) by 2051 in 

addition to 30 BCM wastewater generated per year from various industries. 
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Recycling and reuse of this huge wastewater resource is a challenge for 

maintaining food security and restore health of the natural resources vis-à-vis 

the environment. 

Central Water Commission (CWC) conducted studies on water samples taken 

from two-thirds of the water quality stations spanning India’s major rivers 

during 2014 to 2018 revealed that contamination by one or more heavy metals 

like chromium, lead and iron, exceeding safe limits set by the Bureau of Indian 

Standards. The research trails on the phytoremediation potential of three 

common aquatic plants viz. Pistia stratiotes, Salvinia minima and Ipomoea 

aquatica conducted by ICAR-IIWM, Bhubaneswar revealed that P. stratiotes 

could well be used for remediating Cr (VI) up to 2.0, S. minima up to 3.0, and I. 

aquatica within >3.0 - >4.0 mg/L with a minimum plant density (0.004 to 0.005 

gm/cm2) under natural conditions. The rational use of these aquatic plants may 

thus lower the load of heavy metal-enriched biomass to a great extent. 

Further, silvicultural forest species and materials such as cement, clay, bitumen 

and paraffin may be used to transform the heavy metal-enriched biomass to 

different environmentally inert substances (Labe and Agera, 2017). 

5.0  Optimal utilization of water resources through alternate crop planning 

under Pradhan mantra Krishi Sinchayee yojana (PMKSY) 

One of the major drivers required by Indian agriculture is in the form of 

optimizing the existing cropping pattern to suit the water requirement in best 

possible way. This necessitates the analysis of current situation of cropping 

pattern followed in all the states of India and moving towards the direction of 

alternate cropping pattern in identified clusters of the country. This is to be 

prioritized in the areas with scanty rainfall but having higher proportion of 

area under water-guzzling crops. Moreover, the optimized utilization of water 

resources through alternate crop planning is crucial in the backdrop of climate 

change. The scheme launched by Government of India in the form of Pradhan 

Mantri Krishi Sinchayee Yojana (PMKSY) also gets tremendous help from this 

exercise as it ensures the provision of irrigation water to all the farm holdings 

in India. The analysis of existing cropping pattern also helps in the preparation 

of district irrigation plan (DIP) under PMKSY. We need to concentrate on 

discouraging cultivation of water guzzling crops to some proportion based on 

the rainfall and water resource availability for different clusters of India. This 

should be supported with improved water conservation and water resource 

management technologies. 

The area under rice and wheat have increased considerably compared to pre 

independence period. The area under pulses and oilseeds also shown 

increasing trend. However, the area under nutri-cereals has declined in recent 

years which is a matter of concern. Similarly, the area under sugarcane also 
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increased significantly. We need to encourage diversification from water 

guzzling crops to low water requiring crops like pulses and oil seeds in a 

phased manner. 

In total, 12 clusters and 48 districts of India have been identified with higher 

proportion of sugarcane cultivated area which constitutes about 3.55 m ha out 

of 5.06 m ha (70.2%) cultivated area under sugarcane in India.  

In total, 24 clusters and 93 districts of India have been identified with higher 

proportion of rice cultivated area which constitutes about 13.3 m ha out of 42 m 

ha (31.7%) cultivated area under rice in India. Some proportion of present 

cultivated area under rice and sugarcane can be discouraged and alternate 

crops with low water requirement can be suggested based on the analysis of 

existing rainfall, water resource availability and current productiivty of 

sugarcane and yield potential of alternate crops. This will help us in enhancing 

cultivable and irrigated area. 

6. Current national policy on crop-water management in the country 

Since the time of first five-year plan, India has prioritized agriculture and water 

management and has formulated several national policies which formed the 

base for water management policies at State level. The infrastructure 

development in irrigation sector in the form of major, medium and minor 

irrigation projects were given prime importance. The policy facilitated 

construction of major dams like Bakranangal, Hirakud, Nagarjuna Sagar etc. As 

a result, the gross and net irrigated area increased considerably leading to 

higher cropping intensity and crop productivity. Later the emphasis was given 

mainly on watershed development, more crop per drop and Water supply to 

every field (Har Khet Ko Paani) and enhancing water use efficiency in canal 

commands by 20%. Let us understand the salient points of important national 

water policies of India. 

6.1 National Water Policy – 1987 

 Stressed on the water resource planning for a hydrological unit such as 

a drainage basin as a whole. 

 As there exists tremendous diversity from one State to other State, the 

emphasis was given on planning, development and conservation of 

most precious water resources on an integrated and environmentally 

sound basis.  

 Integrated watershed management should be focused through 

extensive soil conservation, catchment-area treatment, preservation of 

forests and increasing the forest area and the construction of check 

dams. 
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 Based on the specific requirements of the areas/basins, water should be 

made available to water short areas by transfer from other areas 

including transfers from one river basin to another, based on a national 

perspective. 

 The periodical reassessment of the ground water potential should be 

made on a scientific basis taking into consideration the quality of the 

water available and economic viability. 

 Focus on integrated and coordinated development of surface water and 

ground water and their conjunctive use. 

 Measures to reduce the over exploitation of ground water should be 

strengthened near the coast to prevent ingress of sea water into sweet 

water aquifers. 

 The cost-effective irrigation options possible from all available sources 

of water and appropriate irrigation techniques should be considered 

while designing irrigation plan.  

 The components of pastures, forestry or other modes of development 

which are relatively less water demanding should be encouraged. 

 The command area development approach should be adopted in all 

irrigation projects to ensure that the irrigation potential created is fully 

utilised and the gap between the potential created and its utilisation is 

removed.  

6.2 National Water Policy – 2002 

 The resources should be conserved and the availability augmented by 

maximizing retention, eliminating pollution and minimizing losses. For 

this, measures like selective linings in the conveyance system, 

modernization and rehabilitation of existing systems including tanks, 

recycling and re-use of treated effluents and adoption of traditional 

techniques like mulching or pitcher irrigation and new techniques like 

drip and sprinkler may be promoted, wherever feasible. 

 Non-conventional methods for utilization of water such as through 

inter-basin transfers, artificial recharge of ground water and 

desalination of brackish or sea water as well as traditional water 

conservation practices like rainwater harvesting, including roof-top 

rainwater harvesting, need to be practiced to further increase the 

utilizable water resources. 

 Appropriate river basin organizations should be established for the 

planned development and management of a river basin as a whole or 

sub-basins, wherever necessary.  

 There should be a close integration of water-use and land-use policies. 
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 Irrigation being the largest consumer of fresh water, the aim should be 

to get optimal productivity per unit of water. Scientific water 

management, farm practices and sprinkler and drip system of 

irrigation should be adopted wherever feasible. 

 There should be a periodical reassessment of the ground water 

potential on a scientific basis, taking into consideration the quality of 

the water available and economic viability of its extraction. 

 The drainage system should form an integral part of any irrigation 

project right from the planning stage. 

 Reclamation of water logged / saline affected land by scientific and 

cost-effective methods should form a part of command area 

development programmer. 

 Effluents should be treated to acceptable levels and standards before 

discharging them into natural streams. 

6.3 National Water Policy – 2012 

 Planning and management of water resources structures, such as, 

dams, flood embankments, tidal embankments, etc., should incorporate 

coping strategies for possible climate changes. 

 The anticipated increase in variability in availability of water because 

of climate change should be dealt with by increasing water storage in 

its various forms, namely, soil moisture, ponds, ground water, small 

and large reservoirs and their combination. States should be 

incentivized to increase water storage capacity, which inter-alia should 

include revival of traditional water harvesting structures and water 

bodies. 

 Integrated Watershed development activities with groundwater 

perspectives need to be taken in a comprehensive manner to increase 

soil moisture, reduce sediment yield and increase overall land and 

water productivity. 

 While every effort should be made to avert water related disasters like 

floods and droughts, through structural and non-structural measures, 

emphasis should be on preparedness for flood / drought with coping 

mechanisms as an option. 

 There is a need to map the aquifers to know the quantum and quality 

of ground water resources (replenishable as well as non-replenishable) 

in the country. 

 Declining ground water levels in over-exploited areas need to be 

arrested by introducing improved technologies of water use, 
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incentivizing efficient water use and encouraging community based 

management of aquifers. 

 Conservation of rivers, river corridors, water bodies and infrastructure 

should be undertaken in a scientifically planned manner through 

community participation. 

 Water saving in irrigation use is of paramount importance. Methods 

like aligning cropping pattern with natural resource endowments, 

micro irrigation (drip, sprinkler, etc.), automated irrigation operation, 

evaporation-transpiration reduction, etc., should be encouraged and 

incentivized. Recycling of canal seepage water through conjunctive 

ground water use may also be considered. 

 Environmental needs of Himalayan regions, aquatic eco-system, wet 

lands and embanked flood plains need to be recognized and taken into 

consideration while planning. 

 The State Water Policies may need to be drafted/revised in accordance 

with this policy keeping in mind the basic concerns and principles as 

also a unified national perspective. 

Along with the above mentioned policy strategies, the National Government of 

India stressed on the objectives of the rational utilization of the country's water 

resources for optimum use of irrigation potential and Drought management 

and high priority to the development of animal husbandry, poultry, dairy and 

aquaculture under its New Agricultural Policy (NAP), 2000. It has initiated 

efforts for efficient water conservation and water harvesting and its multiple 

use for higher land and water productivity in agricultural sector through 

successful launching of Pradhan Mantri Krishi Sinchayee Yojana and Jalshakti 

Abhiyan which have shown fruitful results in the recent years. 

7. Recommendations, Way forward and Conclusions 

7.1 Recommendations 

 Higher emphasis on innovative research and advancement in 

technology to address issues in the water sector in a scientific manner.  

 Optimal cropping pattern should consider the enhancement in 

proportion of low water requiring crops like pulses, oil seeds and 

nutria-cereals on temporal and spatial scale without compromising the 

food and nutritional security of the nation. 

 Rainwater harvesting and aquifer recharge would be accorded priority 

for ensuring the stability and sustainability of water supply.  

 Sustainable and integrated water resource management (surface and 

groundwater) needs to be prioritized which would aid in matching 
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water resource availability and crop water demand and optimal 

utilization of groundwater resources. 

 Demand management through improved irrigation practices and canal 

automation with smart irrigation management would be accorded a 

high priority Water-use efficiency can be enhanced by generating 

synergy with high yielding varieties, nutrients (macro and micro) and 

micro irrigation. 

 South Asia Drought Monitoring System (SADMS) developed by ICAR 

and IWMI may be utilized for timely and accurate drought forecasting 

and management.  

 In water-scarce areas, we need to design optimal cropping pattern 

under each agro-climatic zone to diversify from high water consuming 

crops to low water requiring crops such as pulses, oilseeds and nutri-

cereals in phased manner.  

 Canal automation and automated precision irrigation would help in 

enhancing water use efficiency significantly. 

 Need to develop strategies for conjunctive use of surface and 

groundwater, supported by groundwater recharge for enhanced water 

use efficiency 

 Critical analysis of Food-Water-Energy Nexus in India and devising 

policy strategies for its mitigation  

 Repair, renovation and restoration of existing wells and ponds. 

 Emphasis would be given to develop low-cost Solar-powered IOT-

enabled sensor-based automation system for water and fertilizer 

management in canal command  

 Scenario wise post-flood management interventions and index-based 

flood insurance (IBFI) developed by ICAR and IWMI have to be 

upscaled in flood prone states of India. 

 Development of Management Strategy in Coastal Aquifers of Eastern 

India to control the Seawater Intrusion 

 Need to stress on development of ideal wastewater treatment 

techniques thereby analyzing various factors from source to sink and 

designing the agricultural use of treated wastewater as integral part of a 

water chain approach. 

 Priority would be given to evolve mechanisms for just and equitable 

access to water and to include local people in managing water resources. 

 Innovations in water resources sector should be encouraged, recognized 

and awarded. 
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 The State Water Policies may need to be drafted/revised in accordance 

with this policy keeping in mind the basic concerns and principles as 

also a unified national perspective.  

7.2 Way Forward 

 Screening and recommending relevant policy guidelines for future 

water and food security and which aid in the successful implementation 

of technological interventions/ innovations and its adoption by the 

farmers. 

 The road map for the coming decades will lay special emphasis on 

exploring the potential of challenged ecosystems in terms of enhanced 

productivity as well as new livelihood opportunities without degrading 

the natural resource base and strengthening technical component of 

Drought Code and Flood Code in disaster prone regions of India 

 Developing resilience for converting extreme rainfall events into 

opportunities in reducing water stress and thereby reducing socio-

economic vulnerability of small and marginal farmers.  

 Standardizing SMART (Sustainable Measurable Acumen Reliable and 

Timely) technologies including Machine Learning Techniques for 

improving water productivity in irrigated ecosystems.  

 Evolving on-line and off-line bio-remediation techniques, mechanical 

and hybrid filtration methodology for safe use of polluted and 

wastewater in agriculture. 

 Evaluating techno-economic feasibility of up-scalable water 

management technologies in arresting declined groundwater table in 

the changing climatic scenario. 

 Common Property Resources (CPR) and eco-system service provided by 

the water resources will be further strengthened for achieving 

sustainable water resources management. 

7.3 Conclusion 

Water conservation and its efficient management in Indian agriculture assumes 

vast significance as the water demand for irrigation sector is on increasing 

trend and it also faces stiff competition from other sectors like industry, 

municipal and energy. The critical analysis of water management challenges 

like inefficient and dilapidated canal irrigation systems coupled with extensive 

cultivation of water guzzling crops, overexploitation of groundwater, temporal 

and spatial uneven distribution of precipitation, water related disasters like 

drought and flood in the backdrop of climate change is necessary for 

formulating and refining policies and strategies for efficient water management 
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and conservation. There is a strong need to develop advanced and innovative 

rain water conservation and management techniques on the critical analysis of 

rainwater harvesting potential of agro-climatic zones of India. Water use 

efficient techniques like raised and sunken bed technology, paired row 

planting, and automated micro irrigation and fertigation have shown good 

results in enhancing water productivity but needs further improvement in 

technology for wider acceptance. The promising strategies include the 

rainwater conservation techniques like ICAR-flexi rubber check dams, tank 

cum well system, design of optimum dyke height for rice fields, reclamation of 

waterlogged areas through sub surface water harvesting structures for rainfed 

ecosystem and raised and sunken bed system, system of rice intensification and 

alternate wetting and drying for canal commands. Further, the optimal 

combination of modern eco-friendly water management practices and 

indigenous technical knowhow would aid in safeguarding the natural resource 

/ water resource base and strengthening of ecosystem services. Overall, the 

efficient conservation and utilization of available water resources on 

sustainable basis in India through development and adoption of improved 

water management practices can be ensured through well-coordinated and 

wholehearted efforts at various tiers involving different stakeholders.  
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1. Introduction 

Nepal is a landlocked country in South Asia situated at the southern lap of 

Hindu-Kush Himalaya. The country is located between China in the north and 

India in other directions with an area of 147,181 square kilometers. Though 

Nepal occupies 0.03% total land area of the world and 0.3% of Asia, the country 

has diverse climate from hot tropical in the south to cool arctic in the north. 

Population of Nepal stands at 26,494,504. Overall literacy rate (for population 

aged 5 years and above) in Nepal is 65.9%. Estimates of life expectancy at birth 

for urban and rural areas stand at 70.5 and 66.6 years respectively in 2011. The 

population below the poverty line is 18.7 (NPC, 2020). On an average, 

households own 0.68 hectares of land, but the majority (45%) own less than 0.5 

hectares (CBS, 2011).  

2. Physiography and climate 

Nepal enjoys remarkable diversity of climate due to altitudinal variations. The 

country is divided into five physiographic regions namely Terai, siwaliks, 

middle mountain, high mountain and high Himalayas with each of the region 

exhibiting distinct bio-cultural and agro-ecological and livelihood patterns. 

Country’s elevation ranging from less than 100 meters to more than 8000 

meters above mean sea level and the annual precipitation of 160 mm to 5000 

mm provides altitudinal zones of tropical (below 1000 meters), sub-tropical 

(1000-2000 meters), temperate (2000-3000 meters), sub alpine (3000-4000 meters) 

and alpine (4000-5000 meters) with different weather conditions.  
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Table 1: Physiography and climate 

Ecological 

belt 

Climate Average annual 

precipitation (mm) 

Mean annual 

temperature (degree 

celcius) 

Mountain Arctic/alpine Snow/150-200 <3-10 

Hill Cool/warm 

temperate 

275-2300 10-20 

Terai Sub tropical 1100-3000 20-25 

Source: WECS (2005). National Water Plan Nepal. 

3. Overview of agriculture sector of Nepal 

Agriculture is major sector of economy in Nepal which still shares 27.5% to 

national GDP (MoF, 2019/20) and provides employment to 60.4% of the 

population (NPC, 2019). Nepali agriculture over the last decade experienced 

average annual growth rate of 3.2% (MoF, 2019/20). Nepali agriculture is 

dominated by small and marginal holders. Out of 3.8 million agriculture 

holdings, 77.5% have less than a hectare of land and these holdings operates 

46.72% of total area operated with average land size of 0.68 ha (CBS, 2013). 

More than 30 districts of the country are suffering from the food insecurity 

situations and issue of poverty has always been stood as matter of serious 

concern of the day. The major reasons for current level of low agricultural 

development are insufficient investment in infrastructure and agricultural 

research, low level of input use, insufficient adoption of modern technology, 

fragmented land, monsoon dependence, inadequate availability of improved 

seeds and quality fertilizers, lack of basic infrastructures and transportation, 

warehouses and assured markets, etc. In spite of the low development stage, 

there are some positive dynamics in the agricultural sector. The per capita 

income and productivity of labor have increased, poverty has reduced and 

malnutrition has declined gradually.  

The irrigation cover has increased and several villages have been connected 

through agricultural road networks. Production of vegetables, vegetable seeds, 

fruits, honey and other consumable products have been accelerating and 

significant achievement has been received in the sector of agribusiness and 

commercialization. Realizing the central role of agriculture sector in the 

economy, Government of Nepal has promulgated several policies like National 

Agricultural Policy 2004, Agri-Business Promotion Policy 2006, National Seed 

Vision (2013- 2025) Agricultural Development Strategy (2015-2035) to 

institutionalize the effort of commercialization and agribusiness development. 

In addition, specific policies for seeds, fertilizer, land use, irrigation, trade and 
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other key areas have been revised and harmonized with agriculture sector 

priorities. 

4. Farming system in Nepal 

Cereals are the most important crops of Nepal sharing 28.54% of Agricultural 

Gross Domestic Product (AGDP) of the country and rice is most dominant crop 

which alone shares 15.35% of total AGDP (MoALD, 2019). After rice, maize, 

wheat, millet and barley are the important food-grain crops. However, various 

agricultural crops and livestock products are produced based on agro 

ecological zones of the country. 

Terai 

Terai is the southern plain area including inner Terai, river basins, low valleys 

and siwalik foot hills up to altitude of 1000 meter above mean sea level. These 

areas have subtropical climate with hot and humid weather. Cereal is the 

dominant crop of the region with prevalence of rice-wheat cropping pattern. 

Besides rice, wheat, sugarcane, maize, jute, potatoes, vegetables, mango, 

banana, guava, litchi are major agricultural crops. In addition, cattle, buffalo, 

goat, milk products and fish are important livestock commodities produced in 

Terai.  

Hill 

Hill consists of area with altitude ranging from 800-4000 meter above mean sea 

level. Climate is subtropical and warm in river basins while upper hills have 

cool temperate weather. Maize is the dominant crop of hill. However, in mid-

hills, maize, millet, wheat, rice, vegetables are grown as major cereals and 

citrus fruit dominates most of the hilly areas. Cows, buffaloes, goats are 

important livestock commodities raised in hills. 

Mountain 

This is the area above 3000 meter above mean sea level that remains covered 

with snow throughout the year. Climate of mountain is very cold with barley 

(hulled and hull-less), buckwheat, potato, finger millet, amaranths, prosomillet 

(chino), maize, apples, walnut and herbs as major crop commodities. Chauri, 

cow and sheep are major livestock reared in mountains. 

5. Agriculture sector in Nepal vis a vis South Asia 

Agriculture is important sector of economy for all the countries in the region. 

Agriculture sector still provides employment to at least one fourth of the 

population in all the countries. Among the countries, proportion of population 

engaged in agriculture was the highest in Nepal (60.4%) and was followed by 
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Bhutan (55.31%). Besides, share of agriculture sector to the economy was the 

largest in Nepal contributing 27.5% to the total GDP of the country in 2018. 

However, Nepal recorded lowest per capita gross national income (US$ 970) 

after Afghanistan (US$ 550) in the region. In the last decade, Nepali economy 

experienced average annual GDP growth rate of 4.65% which was the lowest 

after Pakistan (4.14%). Furthermore, average annual growth rate for 

agricultural gross domestic product (AGDP) of Nepal in the last decade was 

2.91% which was higher than Bhutan (2.87%) and Pakistan (2.29%) and lower 

than Afghanistan (4.79%), Bangladesh (3.72%), India (3.60%) and Sri Lanka 

(3.19%). Moreover, per capita aerable land in Nepal (0.08 hectare/person) is 

lower compared to that of Afghanistan (0.22 hectare/person), Bhutan (0.14 

hectare/person), India (0.12 hectare/person) and Pakistan (0.15 hectare/person) 

depicting relatively higher population pressure on agricultural land. Nepal also 

had the lowest average cereal yield (2.80 tonnes/hectare) except Afghanistan 

(2.02 tonnes/hectare) and Sri Lanka (2.15 tonnes/hectare) and gap with best 

performing country Bangladesh (4.41 tonnes/hectare) was remarkably high 

(1.61 tonnes/hectare) 
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Table 2. Overview of agriculture sector of SAARC member countries  

(* indicates data for the year 2017), Currency in USD 

(Source: Faostat.fao.org, worldbank.org, MoALD, 2019, MoF, 2020, NPC, 2019) 

Country 
Population 

(2016) 

Aerable 

land 

(hectare, 

2016) 

Land man 

ratio 

(ha/person) 

 

Employment 

in agriculture 
GNI 

per 

capita 

AGDP% 

GDP 

growth 

rate % 

(2009-

2018) 

AGDP 

growth 

rate % 

(2009-

2018) 

Average 

cereal 

yield 

(tonnes/ha, 

2017) 

Afghanistan 35383032 7729000 0.22 42.84 550 20.46* 6.47 4.79 2.02 

Bangladesh 157977153 7764210 0.05 35.85 1750 13.07 6.45 3.72 4.41 

Bhutan 736708 100000 0.14 55.31 2970 15.89 6.21 2.87 3.37 

India 1324517249 156463000 0.12 42.38 2020 14.60 7.10 3.60 3.16 

Nepal 27263433 2113700 0.08 60.40 970 27.5 4.65 2.91 2.80 

Pakistan 203631353 31040000 0.15 36.66 1590 22.85 4.14 2.29 3.17 

Sri Lanka 21021171 1300000 0.06 24.52 4060 7.87 5.36 3.19 2.15 
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6. Major crop production status of Nepal 

Climatic diversity of Nepal offers opportunity to produce various agricultural 

crops in various agro ecological zones. Cereals, pulses, oilseeds, potato, 

vegetables and fruits are major crops grown in Nepal. Area, Production and 

productivity of various agricultural crops is presented in the table below: 

Table: 3. Crop production status in Nepal  

SN Crops Area (Ha) Production (MT) Yield (MT/ha) 

1  Paddy 1491744 5610011 3.76 

2  Maize 956447 2713635 2.84 

3  Wheat 703992 2005665 2.85 

4  Millet 263261 314225 1.19 

5  Barley 24409 30550 1.25 

6  Buckwheat 10311 11464 1.11 

7  Pulses 331740 381987 1.15 

8  Oilseeds 260307 280530 1.08 

9  Vegetables 297195 4271270 14.37 

10  Potato 193997 3112947 16.05 

11 Fruits 120023 1177640 9.81 

12  Sugarcane 71625 3557934 49.67 

(Source: MoALD, 2020) 

7. Cropping Systems in Nepal 

Whether irrigated or rain-fed, rice is the staple crop of the lowland. This is 

because of rice being the staple food crop of the Nepalese people. In the 

lowlands wheat is another important food crop. Both these crops are consumed 

by majority of population. Similarly, maize is the second most important food 

crop in the hills. Millet, buckwheat, potato, vegetables are also the major 

components of cropping system in Nepal. The general cropping pattern of 

Nepal is presented below:  

Tarai (<1000 masl) 

Rice and Maize Based cropping pattern 

Irrigated area  Rainfed area 

Rice-Wheat-Rice Rice-Fallow-Fallow 

Rice-Wheat-Fallow Rice-Wheat-Fallow 

Rice-Wheat-Dhaicha Rice-Lentil-Fallow 

Rice-Wheat-Mungbean Rice-Rapeseed –Fallow 

Rice-Maize-Rice Rice- Fallow-Tobacco 

Rice/Lentil-Rice Jute-Rapeseed-Fallow 
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Irrigated area  Rainfed area 

Rice-Chickpea, linseed Jute-Wheat-Fallow 

Rice-Wheat-Maize Maize-Chickpea, Lentil 

Rice-Potato-Dhaicha Rice/Lentil 

Rice-Peasonpea (in bund)- Wheat Maize-Chickpea + Rapeseed 

Rice-Potato-Maize Rice- Fallow- Jute 

Rice- Wheat- Jute Rice-Vegetables-Fallow 

Rice – Potato- Jute Potato-Fallow-Potato+Maize 

Rice- Rapeseed, Pulses- Jute Rice - Potato –Maize 

Rice-Vegetables-Vegetables  

Rice-Vegetables-Spring Rice  
 

Mid-hill (1000-2000 masl) 

Irrigated area  Rainfed area 

Rice-Wheat-Fallow Maize/Millet-Wheat 

Rice-Wheat-Rice Maize/Millet-Fallow 

Rice-Wheat-Maize Maize + Soybean-Rapeseed-Fallow 

Rice-Black Gram (in bund)-Wheat Maize-Wheat 

Rice-Barley Maize-Oat 

Rice-Maize Maize + Upland Rice 

Rice-Rapeseed-Maize Maize + Upland Rice- Wheat 

Rice-Rapeseed-Rice Maize-Vegetables-Rapesseed 

Rice-Potato-Maize Maize- Vegetables- Vegetables 

 Vegetables-Vegetables-Vegetables 

 Maize-Ginger-Fallow 
 

High hill (>2000masl) 

Irrigated area Rainfed area 

Rice-Barley Maize –Fallow 

Rice- Necked Barley (Uwa) Maize –Wheat 

Rice-Wheat Wheat- Finger Millet (2 years cropping 

pattern) 

Buckwheat- Naked Barley (Uwa) Maize- Naked Barley (Uwa)-Finger 

Millet (2 years cropping pattern) 

Potato + Naked Barley (Uwa)  – 

Fallow (2 years cropping pattern) 

Maize-Wheat-Finger Millet 2 years 

cropping pattern) 

Rice-Fallow-Finger Millet-Barley-

Wheat (2 years cropping pattern)  

Potato-Fallow, Potato-Buck Wheat, 

Maize-Rapeseed, Uwa-Fallow, Maize-

Buckwheat 

Wheat-Vegetables-Fallow  
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8. Water resources of the country 

In terms of water resource availability, Nepal is among the richest in the world 

due to presence of snow covers, rivers, springs, lakes, and groundwater. Nepal 

is one of the most water-abundant countries in the world, with 6000 rivers, total 

mean annual runoff of 224 km3 and per capita water availability of 9000 m3 

(Suhardiman et.al., 2015). Saptakoshi, Narayani, Karnali and Mahakali are four 

major river system of Nepal originating from the Himalayas. Besides, medium 

and small rivers arising from Mahabharat and Siwalik ranges are also 

important source of surface water in the country. Total catchment area of these 

rivers are 145723 km2 with average discharge of 7122 m3 per second and annual 

discharge of 224.5 km3. 

Table 4: Water resources of the country 

River basins Catchment 

area in Nepal 

(km2) 

Average 

discharge 

(m3/s) 

Annual 

discharge (km3) 

Koshi 27863 1409 45 

Narayani 31464 1600 50 

Karnali 41058 1397 44 

Mahakali 5188 573 18 

Medium rivers 

originating from 

Mahabharat range 

17000 461 14.5 

Rivers originating from 

Siwalik range 

23150 1682 53 

Total 145723 7122 224.5 

Source: WECS (2005) & WEPA (2021) 

WECS (2011) reported that out of 225 billion m3 (BCM) available surface water 

only 15 BCM per annum is in use and around 95.9% of 15 BCM has been used 

for agriculture. Along with surface water, ground water is also abundant in 

Nepal and is major source of domestic uses and irrigated agriculture in Terai 

regions (WEPA 2021). National Water Plan-Nepal (2005) reported estimated 

rechargeable ground water in the Terai is in between 5.8 km3 to 11.5 km3. In 

Terai for irrigation, domestic and industrial use 1.9 km3ground water is 

extracted annually compared to annual recharge of 8.8 km3 implying balance of 

6.9 km3 per year (Shrestha et.al., 2018). However, Nepal et.al. (2021) reported 

that despite this potential, ground water use in Nepal is relatively low and 

renewable groundwater reserves of 1.4 billion cubic meters (BCM), from an 

estimated available balance of 6.9 BCM, could be pumped to irrigate 613,000 ha 
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of rainfed agricultural land in the Terai plains, with a potential direct economic 

gain of USD 1.1 billion annually. 

9. Status of irrigation in Nepal 

Irrigation has been priority sector for government of Nepal in different periodic 

plan. National water resource strategy, 2020 has mentioned that out of 2.64 

million hectares of agricultural land 2.26 million hectares is irrigable and out of 

this 1.48 million hectares is equipped with irrigation infrastructure, however, 

only one third of the area is irrigated all year round.  As of 2018/19, out of 1.48 

million hectares 57.23%, 32.75% and 10.02% is shared by surface, ground water 

and farmer managed irrigation system (DoWRI, 2019). Fifteenth Plan (2019/20-

2023/24) envisioned for 50% of the area under all year round irrigation by the 

end of plan period. 

10. Irrigation system in Nepal 

Since time immemorial, farmer-managed irrigation systems have played a 

major role in the irrigated agriculture of Nepal. Before 1951, there were only 

three state-run or agency-managed irrigation systems in the country (Ansari, 

1995). The planned irrigation development in the country, with the 

establishment of a state agency (the present Department of Irrigation), began 

only after 1951. At first, a lot of interventions were made in the farmer-

managed irrigation systems under the banner of modernization and some new 

irrigation schemes were taken up. The mode of intervention was to take over 

the selected irrigation systems from farmers' management and treat them as 

new schemes, thus keeping farmers completely aloof. All of the capital cost was 

borne by the agency and segregation occurred between the farmers and the 

agency. Original farmer-managed irrigation systems became the agency-

managed irrigation systems. Even after the planned involvement of the state in 

irrigation development, the irrigation development status is still led by farmer-

managed irrigation systems (Table 5). 

The farmer-managed irrigation systems are built, operated and maintained by 

the farmers themselves with little or no help from state or outside agencies. 

They contribute substantially to the agricultural production of the country, 

have been managed well and, in general, give better yields. The agency-

managed irrigation systems, on the other hand, in spite of their recurrently 

increasing operation and maintenance costs, have not improved their 

performance. When they were taken over by the state, the old irrigation 

systems were thought to have much potential for increased performance, as 

they were rudimentary, lacked permanent structures, were susceptible to 

damage during floods and to silt problems and had high water losses. In 
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consequence, farmers had to contribute much labor and resources to run these 

systems. This led the government to rethink its irrigation strategy. By the mid-

1980s the government became aware of the importance and strengths of the 

farmer-managed irrigation systems for the country's agriculture. There was 

also recognition of the scope for improving the systems through their 

rehabilitation and the extension of irrigated area, which would be possible by 

minimizing water losses and improving management efficiency. Besides, the 

operation and management requirements (labor and cash) could also be 

reduced to a manageable level.  

Table 5:  Irrigation status based on types of irrigation system in Nepal (Area in 

hectare) 

Ecological zone AMIS JMIS FMIS Total 

Terai 303700 350926 240213 894839 

Hill  4275 105109 109384 

Mountain  1852 26072 27924 

Total 303700 357053 371394 1032147 

Source: IMP, 2019 

11. Irrigation suitability 

Irrigable land has been classified as arable (potentially irrigable) that is 

subsequently found to be economically justified (benefits exceed costs) under a 

specific plan of development which includes the water and other facilities 

necessary for sustained irrigation. Based on variability in elevation, soil type, 

soil texture and irrigation potential country has different ecological zones 

categorized on the basis of suitability of surface irrigation. The irrigation 

suitability in Nepal is presented in the Table 6 below. In case of pumping 

suitability (Ground water pumping and water lifting in hills and mountains), 

the potential area has been recorded to be 566,000 hectares (IMP, 2019). 

Table 6:  Irrigation suitability in Nepal (Area in hectare) (Except pumping 

suitability) 

Ecological zone Arable land Irrigation Suitability 

IMP 2019 IMP 1990 

Terai 136000 1499176 1338000 

Hill 1054000 836617 368000 

Mountain 227000 200526 60000 

Total 2641000 2536319 1766000 
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12. Crop water demand approximation 

Water requirement for crops varies based on the type of crop grown. In Nepal, 

due to availability of tropical to temperate climate, varieties of crop can be 

grown that require different quantity of water. The crop demand 

approximation for different crops grown in Nepal is presented in Table 7. It can 

be seen from the table that the total crop water need in Nepal is 272.91 BCM.  

Table 7: Crop water demand approximation  

SN Crops 
Area 

(Ha) 

Crop 

water 

need * 

(mm) 

Water req. in 

Nepal 

Average 

rainfall 

(mm) 

Net crop 

water 

needed 

(mm) 

1  Paddy 1491744 575 
711.45 mm 

(Aryal, 2013) 

1530 6020 

2  Maize 956447  650 

500-600 

(Nayaba and 

Gurung, 

2010) 

3  Wheat 703992 550  

4  Millet 263261 550  

5  Barley 24409 550  

6  Buckwheat 10311 550  

7  Pulses 331740  350  

8  Oilseeds 260307 575  

9  Vegetables 297195 600  

10  Potato 193997 600  

11 Sugarcane 71625  2000  

Total 4533403 7550  

*  data accessed from http://www.fao.org/3/s2022e/s2022e02.htm  and 

http://eagri.org/eagri50/AGRO103/lec07.pdf 

 Crop water need= 4533403*10000*6020/1000=272.91 BCM 
 

13. Crop water management techniques in Nepal 

In Nepal, farmers have perceived a significant change in rainfall pattern with 

either a complete lack of, or late occurrence of winter rain, and more intense 

but less frequent rain in summer. It’s. Fluctuation in rainfall (1999-2008) has 

resulted in more severe and prolonged drought period, increased frequency of 

hailstorm, increasing crop failure, and often reduced snowfall at higher altitude 

(SSMP, 2010). Since these farmers depend on rainfall and have limited 

http://www.fao.org/3/s2022e/s2022e02.htm
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resources, they face increasing challenge in managing water for agriculture. 

Prevailing climatic variability seems continue to aggravate the condition. So, 

water management strategies need to be developed for smallholder farmers to 

ensure survival of crops in difficult years. 

Water is a crucial input for augmenting agricultural production towards 

sustainability in agriculture. Irrigated agriculture has been the ultimate choice 

to increase food production. But it has been observed that introduction of 

facilities for irrigation has created problems also. Water loss in conveyance and 

distribution has been observed very high in Nepal. Water losses at the farm are 

substantial depending upon the texture and other soil characteristics, irrigation 

method and cropping pattern etc. Indiscriminate irrigation in several 

commands had led to water logging and salinity problems. In most of the canal 

commands, water supply is supply-driven rather than demand-driven. It has 

been reported that water supply is inadequate, irregular, unpredictable and 

untimely, resulting in wide gap between supply and demand of water. Due to 

this either water users don’t get adequate quantity of water at appropriate time 

or they get water more than their requirement. Both the situations of water 

scarcity or water abundance create adverse impact on agricultural production. 

Our country is blessed with fairly rich rainwater resource, but agricultural 

productivity of rainfed areas continues to be low and unstable. Management of 

rainwater assumes significance, both in low as well as high rainfall areas, for 

preventing rain-induced degradation and enhancing on-site and off-site 

agricultural productivity. Under the situation of declining per capita water 

availability and quality degradation, water management assumes a great 

importance. Researchers are trying to answer questions like: how to irrigate? 

When to irrigate? How much to irrigate? and how to improve the water use 

efficiency so that with limited water resources more area can be brought under 

irrigation and achieve sustainable production. This needs sufficient attention to 

be paid to adopt the cost effective and efficient water management 

practices/technologies suiting to soil-crop-climate-socioeconomic status of 

People. Thus, this section of article presents some of the crop-water 

management practices followed in Nepal as follows: 

A. Micro-irrigation 

Micro Irrigation (MI) comprises a family of irrigation systems that emit water 

through small devices. The devices usually deliver water onto the surface of the 

soil very close to the plant, or below the surface of soil directly to the root (Hla 

et al., 2003). MI systems predominate in arid and semi-arid regions where 

problems of water scarcity are extensive. In irrigated agriculture, they are used 

mostly for row crops, mulched crops, orchards, gardens, greenhouses, and 
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nurseries. Emission devices deliver water in three different modes: drip, 

bubbler, or micro-sprinkler. MI technologies have often been associated with 

capital-intensive, commercial farms with wealthier farmers, being unaffordable 

for small-scale farmers. MI technologies shows that they are promoted or 

adopted for one or more of the following objectives (Namara et al., 2005):  

 As a means of saving water in irrigated agriculture and coping with the 

water crisis.  

 As a strategy to increase income and use it for poverty alleviation 

among rural communities through increasing crop yield.  

 To enhance food and nutritional security in rural households.  

 As a means to extend the limited available water over a larger cropping 

area during water-scarce periods.  

Sprinkler irrigation  

Sprinkler and micro-sprinkler 

are the types of pressurized 

irrigation systems where water is 

delivered through pressurized 

pipe network to sprinklers, 

nozzles which spray the water 

into the air and fall to the soil 

like artificial rain. In Nepal, this 

type of water management 

practices for crop is famous for 

vegetables in mid hills districts 

and also for providing irrigation to crops (vegetables) grown in high-tech 

greenhouse/protected structures/plastic tunnel (Figure 1). It is estimated that it 

can save the water by at least 20-30%. However, in Nepal initial higher cost of 

installation, need of clean water, high winds are some of the shortcoming of 

this irrigation method. it has become widely affordable and applicable in sizes 

suitable for smaller plots. 

Drip irrigation  

In drip mode, water is emitted in droplets and trickles (Choudhury and 

Bajracharya, 2018). Drip irrigation has been widely practiced for tree, vine and 

row crops. Currently, drip irrigation is getting popularity in irrigating the crops 

grown inside greenhouse or high-tech greenhouses (Figure 2). However, the 

initial higher cost, requirement of constant water and power supply, high level 

of know-how are some of the issues associated with this irrigation method in 

Nepal. It is reported that water saving in drip irrigation as compared to gravity 
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fed irrigation system has been reported to vary in the range of 40-60% (Pandey 

et al., 2012). Yield gain of about 12% from the use of low-cost drip irrigation 

system was observed over hand watering (and needed only 50% of the former 

water requirement for the crop) in Panchkhal Horticultural farm, Ilam, Nepal 

(Von Westarp et al 2004). 

Figure 2: Drip irrigation in green houses in Nepal 

B. Surface Water Management 

In Nepal, the surface irrigation is provided through canals, tanks, ponds. 

Currently, there are 16 agency managed major big irrigation systems in Nepal 

providing irrigation to about 3,25000 hectares of cultivated land. However, 

non-availability of canal water when it is required and excess flow of water 

when it is not required is major issue for surface water management in Nepal. 

Over irrigation and under-irrigation could be the serious concern for surface 

water management in Nepal. In Nepal, surface water management is done 

generally for staple crops like rice and wheat. Surface irrigation is considered 

best for spring rice cultivation from the financial aspects of cultivation in 

Nepal. 

C. Ground Water Management 

Use of propeller pumps, chain pumps for water lifting, installation and 

operation of shallow tube wells are some of the practices under ground water 

irrigation management in Nepal. Currently, government of Nepal is providing 

subsidies for shallow tube well and for lifting the water from nearby rivers in 

Terai and mid hills of Nepal. Deep tube well installation has been the priority 

of government of Nepal to irrigated agricultural land in Terai region. Routing 

of pumped water for irrigation through a reservoir or tank and integrating with 

horticulture, fishery & livestock is another example of technological push to 

encourage ground water utilization for improving water productivity in Nepal.  
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Figure 3. Shallow tube well and deep tube well for irrigation in Nepal 

D. Rain Water Harvesting  

Maximum storage and utilization of rainwater resource reduces the irrigation 

cost drastically. Currently, there are mainly two types of practices of rain water 

harvesting in Nepal. One is by raising the bunds of about 25 cm around the 

farmers’ fields and other one is making the pit and storing rain water into it. In 

the later practice, either ridges are cemented or covered with plastic sheet in 

order to avoid the infiltration into the soil. Rain water harvesting practices by 

making pit is more famous in hilly districts of Nepal where there is usually the 

problem of water scarcity during crop cultivation as shown in the Figure 4. 

Generally, farmers construct a small earthen pit or pond lined with plastic sheet 

or clay or cement often near home (kitchen), water tap and close to or in 

kitchen garden and vegetable field. Grey water or waste water is channelized 

into the pond through a narrow gully. During rain, surface run-off water is also 

led to the pond, in some instances farmer use plastic as a ditch. To guide roof 

run-off water to the pond, bamboo gutter or plastic pipe can also be used. This 

low cost technology has very effective in irrigating vegetable and other cash 

crops, thereby reducing the risks associated with water deficiency. It has 

enabled farmers to produce high value cash crops even in dry and off season 

(Bishwakarma et al., 2014). One of the experienced leader farmers in 

Ramechhap district harvests around 30,000 litres rain water in a year; besides 

he also collects waste and grey water. This amount of water is sufficient for his 

vegetables cultivated in 2.5 ropani land and 8 poly-house tomato. 

Figure 4. Rain water harvesting in mid hill areas of Nepal. 
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E. In-Situ Moisture Conservation  

Use of legume like mung bean,  dhaincha, paddy straw etc. are most widely 

used practices to conserve moisture in agricultural field in Nepal. It has been 

observed that it reduces water requirements of crops and also maintain the 

good yield of crop. Growing mung bean and dhaincha are most common in 

Terai reason and are grown for conserving moisture and also as supplement of 

chemical fertilizers requirements (Figure. 5).  

Figure 5. Dhaincha growing in Nepal 

F. Solar-powered Irrigation Pumps (SPIPs)  

Solar-powered Irrigation Pumps (SPIPs) is a clean technology to lift water and 

provide irrigation facilities to farmers. (Figure. 6) SPIP technology offers a wide 

range of benefits. SPIPs do not require electricity or diesel for operation, so 

reducing the cost of irrigation, and the zero marginal cost for each additional 

unit of water incentivizes farmers to increase their cropping intensity.  SPIPs 

reduce GHG emissions from agricultural production. In Nepal, government is 

promoting solar powered irrigation to ensure the irrigation water for 

agricultural land for small holders farmer (Choudhury and Bajracharya, 2018). 

The command areas of solar powered irrigation pump have been recorded 

from 3 hectares to 8 hectares in Nepal. Government is providing 50% subsidy 

for installation of solar irrigation pumps in Nepal (PMAMP, 2020).   

Figure 6. Solar irrigation pumps in terai areas of Nepal 
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G. Conservation agricultural practices 

The conservation agriculture (CA) is characterized by three linked principles, 

namely: continuous minimum mechanical soil disturbance, permanent organic 

soil cover and diversification of crop species grown in sequences and/or 

associations. CA is an approach to managing agro-ecosystems for improved 

and sustained productivity, increased profits and food security while 

preserving and enhancing the resource base and the environment. The zero 

tillage, along with other soil conservation practices, is the cornerstone of CA 

(Dumanski et al, 2006). If concepts of conservation agriculture are followed, 

significant improvements can be made in water conservation, enhancing soil 

quality and improving soil fertility. Nepal receives rains very ferociously 

within the short period of the rainy season. The high velocity raindrops break 

up the surface of the soil and carry the fragments away. When soil is covered, 

the residues absorb that impact, more water is absorbed by the soil and runoff 

is reduced. Similarly, tillage is a harmful practice, it accelerates erosion and 

emission of greenhouse gases and also energy-intensive. Tillage-based 

operations are costly and impart unsustainability. Essentially, resource 

conservation issues have become a prerequisite for agriculture and 

conservation agriculture enables farmers to improve their resource base using 

their own resources. Through such steps, we can reverse the degradation of 

soils and move towards more sustainable agriculture (Karki and Shrestha 

2014). Conservation agriculture emerged as a possible solution to these issues 

as it involved minimum disturbance of the soil, decreased water consumption, 

and brought forward the planting date of wheat (Figure. 7). 

Conservation Agriculture for Sustainable Intensification in Nepal 

Figure 7. Conservation agriculture for sustainable intensification 

Source: Conceptualized by authors 

Broadly, best practices/technologies of CA in Nepal are listed below:  

CA :  

• Minimum or 

Zero Tillage 

• Soil cover 

• Diversification 

Cost reduced 

Increased WUE 

Soil Fertility Improved 

Resilience to climate 
change 

Stable and higher yields 

Increased income 
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Table 8.  Best practices/technologies of CA enhancing water use efficiency for 

crop production in Nepal 

SRI in Rice Mulching in vegetables 

DSR in Rice Agroforestry: Uttis Nepalensis in 

Large cardamom  

Legume Intercropping in Maize based 

cropping system (Figure. 8) 

Multi storey cropping 

Zero tillage/ minimum tillage in maize 

and wheat 

Composting/ use of urine 

Surface seeding in wheat Bio-digester 

Fertigation system in mid hills/ Terai Rain Water harvesting 

Drip/ sprinkle/ gated irrigation Green manuring in rice 

Intercropping in fruits 

Crop residue incorporation 

Crop rotation in rice and maize 

based cropping system 

Some of the examples of practices of conservation agriculture that enhance 

water use efficiency are summarized below:  

 Crop rotation Successive planting of different crops on the same land 

improves soil fertility and productivity and conserves water.  

 Cover crops maintain soil health and water retention (e.g., wheat, 

mustard) 

 System of rice intensification increases productivity of rice by changing 

the management of plants, soil, water, and nutrients. Also used in other 

crops (e.g., wheat, millet, sugarcane, pulses) 

 ZT has been the resource-conserving technology most adopted in the 

IGP (Erenstein, 2009). In this technology, the seed is placed into the soil 

by a seed drill without prior land preparation (Hobbs and Gupta, 

2003). The principal advantages, as mentioned by the farmers in 

switching to ZT, are: cost saving and thus higher profit; savings in 

irrigation water, especially in first irrigation; and improvement in soil 

fertility owing to decomposition of paddy stubbles in the soil. In a 

Nepal Terai study conducted by Tripathi (2013), irrigation costs fell by 

40% after adoption of ZT. Regmi et al. (2009) observed 30%–40% higher 

yield in ZT practices compared to conventional tillage practices in the 

Terai region of Nepal 
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Figure 8: Intercropping practice as means of increasing water use efficiency for 

crop production 

Laser land levelling 

Land levelling is the way of making the field to desired slope using a guided 

laser beam. (Figure. 9) It ensures land is level (traditional levelled or unlevelled 

lands lead to water logging conditions in low-lying areas and soil water deficit 

at higher spots) (Choudhury and Bajracharya, 2018). Currently, farmers have 

been practicing land levelling using traditional types of implements. Use of 

laser land leveler is not so popular due to more technical expertise required to 

operate the leveler. Government of Nepal is promoting laser land leveler 

through its mega project i.e., Prime Minister Agriculture Modernization Project.  

Figure 9: Land leveling by laser land leveler in Terai areas of Nepal. 

14. Current national policy in crop-water management in Nepal 

Government of Nepal has formulated and executed different policies to ensure 

availability of adequate irrigation facility to Nepali farmers. This section deals 

with some of the policy provisions of government of Nepal in irrigation and 

water management sector.  

Constitution of Nepal has not directly mentioned about irrigation and water 

management aspect in constitution. However, right relating food in article 36 

can be considered as proxy indication of need of irrigation to improve 
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production and productivity of crop, which ultimately contribute to enhance 

the food and nutritional security of Nepali people. Government of Nepal has 

approved and implemented Irrigation policy 2013 that promotes (i) 

improvement of AMIS and FMIS to increase water efficiency and achieve year-

round irrigation; (ii) development of large and modern irrigation systems, 

including inter-basin water transfer and reservoir-type systems; and (iii) 

conjunctive use of surface and groundwater. It calls for institutional 

strengthening of both the government and farmers through organizational 

reforms, human resource development, and capacity building. The policy 

commits to gender equity and social inclusion in irrigation, and encourages 

beneficiary consultation and participation at every stage of project 

implementation. 

As far as irrigation policy is concerned, it is very much tied with the agriculture 

sector and hence for attaining the objectives and targets of the Agricultural 

Development Strategy 2015. The four expected outcomes of this strategy are 

concerned with: improved governance; higher productivity; profitable 

commercialization; and increased competitiveness. It seeks to increase coverage 

of year round irrigation from 18% (in 2010) to 30% in short term (5 years), 60% 

in medium term (10 years) and 80% in long term (20 years). Government has 

prepared Irrigation Master Plan (IMP) 2019 for overall irrigation sector 

development in Nepal with the major focus in increasing agricultural 

productivity through assured irrigation. Year round (YR) irrigation is one of 

the main thrust of this IMP. This IMP has an ambitious plan of starting at the 

present estimated year round irrigation percentage of 39%, and reaching 55% 

by 2025, 66% by 2030 and 100% by 2045. National Water Plan (2005) and ADS 

are the main national policies that are important to the IMP, both of which have 

given targets for water use, productivity, cropping intensities and year-round 

irrigation. The IMP has considered these targets with a view to meeting them 

and incorporating them into the plan, and also to be an essential part of the 

M&E plan.  

15. Conclusion 

Water is one of the most important inputs essential crops. It profoundly 

influences photosynthesis, respiration, absorption, translocation and utilization 

of universal nutrients and cell division besides some other processes. Both its 

shortage and excess affects the growth and development of the plants, yields 

and quality of produce. Rainfall is the cheapest of source of natural water 

supply. Its distribution is very uneven and uncertain. Artificial water supply 

through irrigation on one occasion and removal of excess water through 

drainage on the other becomes imperative. Water management in Nepal thus 
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comprises of irrigation and drainage or both. With proper combination of water 

and soil nutrients the crop yields can be boosted manifold under irrigated 

agriculture. Water is a costly input when canals supply it misuse of water leads 

to water logging, salt imbalance etc. rendering agricultural lands unproductive. 

Proper appreciation of the relationships among soils, crops, climate and water 

is essential for an efficient and economic use of water resources for maximum 

crop production. In Nepal, there are two sources of water canal or surface 

(including water lifts) and ground water (dug wells, bore wells etc.). Currently, 

Nepal is also adopting some water management practices for increasing crop 

yield through efficient use of water. However, lack of technical know how and 

poor infrastructural facilities have always been bottlenecks for efficient crop 

water management. In Nepal, micro irrigation, conservation agriculture 

practices, rain water harvesting and in-situ conservation are some of the 

practices that not only conserves and save the amount of water required but 

also maintain the sustainable crop yield. Effective and functional coordination 

among SAARC member countries is felt necessary to work together to achieve 

higher crop productivity through adopting efficient water management 

practices.  

16. Recommendations 

The following recommendations are made to increase the water use efficiency 

for sustainable crop production in Nepal:  

 Capacity building for on-farm water management to technicians 

working in local, provincial and federal authorities.  

 Demonstration of new and recently developed irrigation technology 

like LEPA system (Low Energy Precision Application), LEPA type 

micro sprinkler irrigation, LEWA System (Low Energy Water 

Application) etc. among the SAARC member countries.  

 It is highly recommended to explore the success story of indigenous 

technologies that farmers are adopting in a particular SAARC member 

country and replicate it to other SAARC member countries. 

 SAARC member countries must make investment on making people 

aware about importance of crop water management and on increasing 

access of farmers of SAARC member countries to recently developed 

technologies on crop water management.  

 Develop and implement the project on strengthening the technical 

capacity on on-farm water management in SAARC member countries 
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 Develop the network among SAARC member countries to create a 

forum to discuss on crop water management for sustainable crop 

production in SAARC member countries  
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1. Introduction  

Water is essential for life, environmental integrity to sustain ecosystem services 

and for all socio-economic developments. However, freshwater is finite and more 

often a shared resource. It is also unevenly distributed in space and time. 

Population growth and rapid socio-economic developments are leading to rising 

water demands for domestic uses, agricultural production, industrial uses and 

ecosystem services. While opportunities for augmenting the existing water 

supplies are limited and becoming prohibitively expensive, intensive pressure on 

the available water resources is leading to resources degradation and increasing 

tensions and conflicts among the users. As such water planners, managers, users 

and service providers face multiple challenges in achieving sustainable, 

economical and equitable water services. Pakistan’s dependence on a single river 

system, that is also transboundary and one of the hotspots of climate change, 

puts it at a higher risk of water insecurity. Aridity, overall water scarcity and 

environmental degradation are the three overarching elements of agro-eco-

hydrological systems in the country. The problem is compounded by uncertainty 

and extremely high variability of river flows. Future climate change is very likely 

to disturb and further aggravate this hydrologic regime and the future extremes 

are estimated to be more frequent, erratic and severe.  

Widening gap between water demand and supply due to population growth, 

rapid socio-economic developments, adverse impacts of climate change and 

water quality deterioration is adding extra strain to already stressed freshwater 

resources. The situation becomes grimier during low flow periods when river 

flows are less than water entitlements and interprovincial conflicts are further 

heated and deepened. Under such circumstances, the storage reservoirs are 

considered essential to regulate and transfer the surplus water during wet 

periods for subsequent use during the dry periods. But for the past several 

decades, large storage projects in Pakistan could not be materialised due to inter-
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provincial disagreement and deadlock. The growing water shortage is inspiring 

conflicts among the provinces and has become a key hurdle in securing the 

consensus on future water development and associated economic growth. 

Moreover, irrigation efficiency and water productivity in Pakistan are amongst 

the lowest in the world. Hence, freshwater resources in Pakistan are under 

serious threat from a variety of stressors leading to a multidimensional water 

crisis. The root causes of which are twofold: circumstantial, which are linked to 

poor water resources management policies and implementation; and structural, 

which are tied to factors deeply ingrained in politics and society (Kugelman, 

2010). Hence, there will not be a simple solution to address water security in 

Pakistan. It will take concerted effort on many fronts by all governments and 

water users over many years. Pakistan does not make the best use of its water 

endowment (Young et al., 2019). Water use is heavily dominated by agriculture, 

which contributes around one-fifth of national GDP, but less than half of this is 

received from the irrigated crops. Irrigation contributes around US$22 billion to 

annual GDP. The four major crops (wheat, rice, sugarcane, and cotton) consume 

about 80 % of agricultural water use generate less than 5 % of GDP—around 

US$14 billion per year. Water security in Pakistan is primarily undermined by 

suboptimal water resource management and poor water service delivery 

(irrigation, drainage, domestic water supply, and sanitation services). Since, 

agriculture consumes over 90 % of total freshwater, improvements in irrigation 

efficiency and water productivity will be the catalyst for achieving and 

sustaining water security in Pakistan. The low irrigation efficiency and water 

productivity can be seen as an opportunity for modernizing agriculture and 

irrigation technologies. This paper therefore aims to present a precise overview 

of the water sector in Pakistan with special focus on resource assessments, 

current and future agricultural water use, and options for advanced water 

management to increase irrigation efficiency and water productivity. Finally, a 

brief policy discourse analysis is presented along with major recommendations 

and way forward.  

2. Situation Analysis 
2.1 Climate 

In view of a large latitudinal extent (23-37N), extremely high altitudinal range (0 – 

8000 m), and geographical location; the climate of Pakistan is complex and 

significantly influenced by the intricate interplay between synoptic-scale atmospheric 

circulations (e.g. Indian summer monsoon, East-Asian summer monsoon and winter 

westerlies) and valley-scale topography–atmosphere interactions resulting in 

orographic precipitation and funnelling of air movement in the high-mountains 

(Barros et al., 2004; Hewitt, 2011). As such, a wide range of precipitation and 

temperature distribution can easily be observed in the Country. The climate varies 

from hyper-arid to humid but is predominantly an arid, characterized by hot 
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summers and cool winters. Temperature may range from -26 oC in northern high-

mountains during winter to 51 oC in the southern lowland dry plains during summer. 

The country is blessed with four distinct weather seasons: a cool and dry winter from 

December through February; a hot and dry spring from March through May; the 

summer rainy season or southwest monsoon period from June through September; 

and the retreating monsoon period of October and November. The onset and 

duration of these seasons vary slightly according to altitudinal and latitudinal extent 

of a particular location. Pakistan is characterized as one of the driest countries in the 

world with an average annual rainfall of around 300 mm, which is highly variable in 

space and time. About 60 % of the total annual rainfall is received during monsoon 

months of July to September. The normal average annual rainfall varies from <100 

mm in parts of Balochistan and Sindh to >3000 mm in monsoon belt of wet mountains 

in the Punjab, AJK and Khyber Pakhtunkhwa. High-altitude precipitation, which 

feeds one of the largest glacier systems outside the polar regions, remains the greatest 

unknown. Over 90 % of the area is classified as arid to semi-arid, which remains 

extremely low productive without artificial irrigation. The North-East Balochistan, 

Sindh and South Punjab, which accommodate most of the irrigated lands, receive 

only 100 – 400 mm of annual rainfall against an estimated annual reference 

evapotranspiration demand of 1200 – 2100 mm. The irrigated Plains covering about 

80 % of the country’s total cultivated area and using around 93 % of the total water 

use, are heavily dependent on the river inflows from the Indus River System (IRS). 

2.2 Land resources 

The geographical area of Pakistan, excluding Gilgit-Baltistan (GB) and Azad 

Jamu and Kashmir (AJK), is 79.61 million hectares (mha). Out of which 30.93 mha 

are arable. Another 6.6 mha in Rodkohi areas are undocumented in the countries’ 

agricultural statistics (Ahmad, 2007). The arable lands are primarily located in 

the irrigated plains of the Indus basin. Table 1 presents the land utilization 

statistics in Pakistan. The total area irrigated by different means (canals, 

tubewells, wells, etc.) during 2019-20 is reported to be 19.34 mha, while the 

potential area to be brought under irrigation in near future are shown in Fig 1. 

Figure 1: Location of existing and potential irrigated areas.  
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Table 1: Distribution of land utilization in Pakistan during 2019-20 (mha) 

 

The irrigated tracts of the Indus plains are seriously threatened by twin menace of waterlogging and salinity as about 42 % of 

land is affected by waterlogging and about 26 and 39 % are affected by surface and profile salinity respectively.   

2.3 Water resources 

Water resources of Pakistan are sourced by an annual influx of about 153 MAF year-1 by the Indus River system (IRS) primarily 

nourished by precipitation and snow/glacier melt in the high-mountain ranges of Tibet-China, northwest India, northeast 

Afghanistan and north Pakistan. The IRS water plays a crucial role in water, energy and food security of the Country. The 

hydrological regime of the IRS is largely modulated by monsoon precipitation, winter snowfall and subsequent melting of 

snow and glacial ice mass accumulated in the high-mountains. The snow and glaciers in the high mountain region act as a 

frozen reservoir, capturing and holding the rain and snow during winter and releasing it as melt water during summer into 

the IRS, which feeds the downstream irrigated plains. 

Provin

ce 

Geo. 

Area 

Reported 

Area 

Forest 

Area 

NA for 

Cultivation 

Culturable 

Waste 

Cultivate

d Area 

Current 

Fallow 

Net 

Sown 

Sown 

>once 

Cropped 

Area 

Punjab 20.63 17.54 0.48 3.02 1.46 12.58 1.83 10.75 6.85 17.6 

Sindh   14.09 14.08 1.04 6.41 1.6 5.03 2.37 2.66 0.99 3.65 

KP  10.17 8.34 1.24 3.92 1.31 1.87 0.59 1.28 0.55 1.83 

Balochi

stan   
34.72 18.07 1.16 9.83 3.82 3.26 2.18 1.08 0 1.08 

Total 79.61 58.03 3.92 23.18 8.19 22.74 6.97 15.77 8.39 24.16 
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The IRS fed by many small and large tributaries forms one of the greatest river 

systems in the world. Three eastern tributaries (Ravi, Sutlej and Bias) were 

exclusively allocated to India as a result of IWT in 1960, while Pakistan got 

water rights of three western rivers (Indus, Jhelum & Chenab). Kabul River 

originating in Hindukush Mountain ranges in Afghanistan is another 

important tributary of Indus on its western side that contributes significant 

volume of river water. The IRS provides irrigation water to about 19.34 mha of 

irrigated areas, which generate over 90 % of the total value of agricultural 

outputs in the country (Qureshi, 2011). However, the water resources of the IRS 

are under serious threat from a variety of stressors including expanding 

population and the demands of growing cities and industry, increasing 

scarcity, degradation of water quality, climate change, and above all, the 

recurring inability to develop an adequate platform of modern infrastructure 

and institutions (WSTF-FODP, 2012). 

The historical river inflows of the Indus River System have very high temporal 

(annual as well as seasonal) variability. The highest annual flows may be more 

than double of the lowest flows while Kharif season inflows may be over 

fivefold of Rabi season inflows.  

The western river inflows have witnessed significant declining trend during 

1937 to 2013 (Table 2). At 50 % probability, the inflows of the four western 

rivers (Kabul, Indus, Jhelum and Chenab) decreased from 139.8 MAF during 

Pre-Tarbela period to 130.3 MAF during Post-Tarbela period (6.8 % decrease). 

This decrease in river inflows indicates more frequent and severe droughts 

during the post-storage period. Kabul and Indus rivers are experiencing more 

pronounced decreasing trend, while the trend line of flows from Jhelum and 

Chenab rivers remains somewhat flat (Figure 2). Overall, there is decreasing 

trend of river inflows from these four rivers, which may be attributed to climate 

change and upstream water developments by Afghanistan and alleged uses by 

India.   

Table 2: Probability of Indus River System (Western Rivers) Inflows 

Probability of 

Exceedance 

(%) 

Pre-Tarbela (1937-1975) Period 

River Inflows (MAF) 

Post-Tarbela (1976-2013) 

Period River Inflows 

(MAF) 

Kharif Rabi Annual Kharif Rabi Annual 

Minimum 156.1  33.0  187.7  134.9  30.7  161.6  

10 135.1  26.4  161.0  128.7  28.4  153.0  
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Probability of 

Exceedance 

(%) 

Pre-Tarbela (1937-1975) Period 

River Inflows (MAF) 

Post-Tarbela (1976-2013) 

Period River Inflows 

(MAF) 

Kharif Rabi Annual Kharif Rabi Annual 

25 125.4  23.9  146.6  120.3  25.8  144.0  

50 117.7  21.3  139.8  105.9  22.4  130.3  

75 108.2  19.1  130.9  96.5  20.1  117.5  

90 94.4  16.9  112.1  86.8  18.4  109.5  

Maximum 76.2  15.5  93.1  75.7  13.9  91.2  

Data Source: IRSA 

  

Figure 2. Inflow trends of Indus River System (Data Source: IRSA) 

Pakistan has very little water storage capacity (Table 3), which is likely to 

decline with increased sedimentation into the reservoirs. The current storage 

capacity of 14.262 MAF from the three storage reservoirs over Indus River 

System is only about 10 % of the total river inflows. The per capita storage 

capacity of less than 100 m3 in Pakistan is among the lowest relative to other 

arid countries in the world (Figure 3). Pakistan can barely store 30 days of 

Indus Basin water whereas the dams of the Colorado and Murray-Darling 

rivers can hold 900 days of river runoff. The limited storage capacity may 

constrain the quantity and timing of water releases for canal irrigation, and 

could have the greatest economic impact on the agricultural sector (Amir, 

2005). In the context of very high annual as well as seasonal variability of river 
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inflows, Pakistan desperately needs storage reservoirs to store water during 

periods of surplus inflows and subsequently regulate and release it during the 

low inflow periods.   

Table 3. Storage Capacity of Pakistan’s Indus Basin 

Dam 
Dead 

Level (ft) 

Max Level 

(ft) 

Storage Capacity (MAF) 

Gross 
Live 

(Original) 

Live 

(2013) 

Tarbela 1378.0 1550.0 11.62 9.680 6.581 

Raised 

Mangla 
1040.0 1242.0 

5.882+2.88 

8.762 

5.341+2.88 

8.221 

 

7.392 

Chashma 637.0 649.0 0.87 0.717 0.87 

Total 21.252 18.618 14.262 
 

Groundwater is an important source of freshwater supplies in Pakistan; as such 

its occurrence and hydrological significance cannot be overlooked. The Indus 

Basin irrigated plains are underlain by an extensive and highly trans missive 

unconfined aquifer, one-third of which has 'fresh' groundwater (<1000 PPM), 

one-tenth a moderate salinity content (1000-3000 PPM) and the remainder is 

highly saline (>3000 PPM). Groundwater is a source of dependable, flexible and 

demand-based irrigation-water for boosting agricultural production. It has 

played major role in increasing the overall cropping intensity in Pakistan from 

about 63 % in 1947 to over 140 % in 2020. Nearly 46 % of the total irrigation 

water at farm gate and over 70 % of the total drinking water are now met from 

groundwater. The estimated groundwater recharge in the Indus Basin is 55 

MAF/year, of which 36 MAF is in fresh groundwater zone (PC, 2008). The 

reservoir of fresh groundwater in the Indus basin is around 1620 MAF, which is 

more than 10 times the mean annual river flows (Table 4). Therefore, excessive 

pumping in few dry years is not going to have lasting negative impacts on the 

groundwater resource; rather it creates space for excessive recharge during wet 

years when flows are more than two-fold of the lowest flows (PC, 2008). The 

groundwater abstractions recorded tremendous increase due to explosive 

growth in private tubewells, but since 1996-97 are almost stagnant around 50 

MAF/year due to rise of electric tariff and oil prices, problem of secondary 

salinization in marginal quality zones and closure of SCARP tubewells. Recent 

estimates regarding availability and use of fresh groundwater indicate that the 

resource has been heavily exploited and is at the brink of exhaustion. Spatial 

distribution of its abstraction is highly variable. In some regions annual 

withdrawal has surpassed the safe yields and watertable is declining at 

alarming rates. On the other hand, there are few areas where potential for 

groundwater discharge still exists. This large-scale indiscriminate, uncontrolled 
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and unregulated abstraction of groundwater has changed the policy approach 

from development of groundwater to its management. The major policy issues 

now relate to environmental sustainability and long-term availability.  

Table 4. Groundwater Resources in the Indus Basin 

Resource Base Resource Volume (MAF) 

Total Groundwater Reservoir in the Indus 

Basin  
1620.00 

Average Annual Recharge 55.00 

Useable Zone 36.00 

Marginal to Brackish Zone 19.00 

Current Withdrawals  49.80 
 

2.4 Crops and cropping pattern 

Cultivation of a large number of crop types is possible in Pakistan due to a 

wide range of topographic and climatic conditions. Apart from cotton and 

sugarcane, over 50 crops including cereals, fruits, vegetables, pulses, oilseeds, 

fodders are grown in the country. The dominant crops are wheat, rice, cotton, 

maize and sugarcane. The existing cropped area is around 24.16 mha and the 

cropping pattern is dominated by five major crops (i.e. Wheat Rice, Cotton, 

Maize and Sugarcane). The cropping pattern in Pakistan is quite complex and, 

on an average, is a mixed pattern. The major cropping patterns in the country 

are: a) rice-wheat; b) cotton-wheat; c) maize-wheat; and d) sugarcane mixed 

with other crops. Wheat, Rice, Cotton Maize and Sugarcane occupy around 

72% of the cropped area, using over 80% of the total agricultural water use. 

Hence, to achieve tangible targets, strategy is needed for these five crops. In 

irrigated areas, major cropping patterns include rice-wheat, cotton-wheat, 

wheat-maize, sugarcane-wheat and mixed cropping based on various 

combinations of wheat, rice, cotton and sugarcane. In rainfed areas, major 

cropping system includes wheat, pulses, and oilseeds.  

3. Current Agricultural Water Use 

Agriculture in Pakistan is by far the largest user of freshwater, but it is also 

recognized as the engine of economic growth in the Country. Land is not a 

limiting factor, therefore agricultural water use in Pakistan is largely 

modulated by freshwater availability, which depends on IRS inflows, the 

storage capacity to stock the seasonal surplus water, and irrigation systems to 

convey irrigation water to the farmlands. The current water storage facilities 
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are extremely inadequate for sustainable water supplies for agriculture 

(Table 5). The existing water storage capacity is prone to decline further with 

increasing sedimentation into the reservoirs. The current storage capacity of 

13.516 MAF (16.67 BCM) from the three storage reservoirs constructed over 

Indus River System is only about 10 % of the average river inflows of the three 

western rivers. The per capita storage capacity of less than 100 m3 in Pakistan is 

among the lowest relative to other arid countries in the world. 

Table 5: Current Water Storage Capacity of Pakistan 

Dam 

Dead 

Level 

(ft) 

Max 

Level 

(ft) 

Storage Capacity (MAF) 

Gross 
Live 

(Original) 

Live 

(Current) 

Tarbela 1378.0 1550.0 11.62 9.680 5.882 

Raised 

Mangla 
1040.0 1242.0 

5.882+2.88 

8.762 

5.341+2.88 

8.221 

 

7.356 

Chashma 637.0 649.0 0.87 0.717 0.278 

Total 21.252 18.618 13.516 

Canal diversions represent the total amount of water diverted at the canal 

heads/barrages to agricultural fields through irrigation network. Water 

diverted to individual canals at their offtake from the barrages is a good 

indicator of the contribution and effect of the storage reservoirs. A considerable 

increase in canal diversions is observed during the post-Mangla and post-

Tarbela periods (Table 6). Yet, the variability in canal water diversions for 

irrigation is often attributed to variability of river inflows. The canal diversions 

largely dependent on the storage capacity of reservoirs and conveyance 

capacity of irrigation network. The reduction in canal diversion during the 

post-Tarbela period (Table 7) is attributed to reduction of storage capacity (5.1 

MAF) due to siltation of storage reservoirs. The canal water supplies in 

Pakistan are augmented by groundwater at the watercourse head or farmgate. 

About 79 percent of the Punjab and 28 percent of Sindh have fresh 

groundwater suitable for agriculture. 

Table 6: Canal water diversions during pre- and post-storage periods. 

Key 

Influences 
Time Period 

Canal Diversions (MAF) 

Kharif Rabi Annual 

Pre - Mangla 1960-1967 60.2 27.6 87.7 

Post - Mangla 1967-1975 65.1 30.1 95.2 

Post - Tarbela 1975-1985 68.0 37.7 105.7 
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Table 7: Probability of post-Tarbela canal water withdrawals in Pakistan (1976-

2020) 

Probability of 

Exceedance (%) 

Canal Water Withdrawals (MAF) 

Kharif Rabi Annual 

Minimum 78.470 39.712 112.140 

10 71.855 37.605 107.936 

25 69.813 36.813 104.427 

50 65.548 34.768 99.424 

75 60.508 30.047 92.846 

90 57.393 24.962 87.921 

Maximum 53.408 18.431 73.143 
 

At overall irrigation efficiency of 44.44 % considered by the Planning 

Commission of Pakistan (PC, 2008), the budget of agricultural water use is 

estimated as per Table 8. The net water availability for crop consumptive 

requirement is around 81.17 MAF, whereas the net crop water requirements of 

the existing cropping pattern is about 94.62 MAF. Thus, shortfall is 13.45 MAF 

(14.2 %) without rainfall contribution and if rainfall contribution of 13.4 MAF is 

taken into account then there is only a negligible shortfall of 0.05 MAF. This 

indicates the criticality importance of rainfall in our agriculture. A below-

normal rainfall will significantly affect crop productivity. The shortfall during 

dry years will increase due to reduced canal water supplies and less rainfall. 

However, the farmers usually do adapt to such conditions either by reducing 

their cropped area, employing deficit irrigation or enhanced groundwater 

abstractions.  

Table 8: Budget of agricultural water use in the Indus Basin 

Budget of Agricultural Water Use in the Indus Basin MAF 

 Post-Tarbela Canal Diversions to the Indus Basin at 50 % Probability                                         

 Water Conveyance Losses                                                                                  

 Canal Water Available at the Watercourse Heads                                                               

 Groundwater abstractions available at Watercourse Heads                                                         

 Net Water Availability at Farm Gate                                                                   

 Field Application Losses                                                                                    

 Net Irrigation Water Availability for Crop Consumptive Requirement         

 Contribution of Direct and Effective Rainfall                                                                                           

 Net Crop Water Requirement at the Existing Cropping Pattern and 

Intensity                                                                            

 Shortfall in a Mean Year without Rainfall Contribution                                

 Shortfall in a Mean Year with Rainfall Contribution of 13.4 MAF 

99.42 

41.00 

58.42 

49.80 

108.2

2 

27.05 

81.17 

13.40 

94.62 

13.45 

00.05 
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4. Future Agricultural Water Demand 

Fresh water is becoming an increasingly scarce resource, limiting future 

agricultural development in many regions and Pakistan is not an exception. 

Therefore, sustainable water resources management has become a policy 

objective. To ensure sustainable food security for an ever-increasing 

population, the agricultural production must increase proportionately with the 

population growth. This can be achieved through vertical and horizontal 

expansion of agriculture. Horizontal expansion of agriculture is constrained by 

freshwater availability and lack of irrigation infrastructure. Pakistan has 

already become a water-scarce country, therefore most of the agricultural 

production has to be increased through vertical means (i.e. by increasing 

productivity).  

Future water demand for freshwater is mainly derived by agricultural, 

municipal, industrial and environmental uses. Historic and future water 

demand in Pakistan is highly influenced by the country’s population growth. 

Estimates suggest that Pakistan’s current population has crossed 225 million, 

which can reach to 245 million in 2030 and 309 million in 2050. Future water 

availability for agriculture may be compromised due to increasing demands 

from the other competing sectors (domestic and industrial). Climate change 

will further add to vagaries of freshwater availability for agriculture. Hence, 

the exact demand for freshwater in future is largely uncertain but very likely to 

increase. Agricultural water demand will primarily be influenced by its 

horizontal expansion and changes in irrigation efficiency, which is currently 

amongst the lowest in the World.  

A recent study coordinated by the Ministry of Climate Change and published 

by UNDP Pakistan (Parry et al., 2017) has analysed future water demand under 

five different scenarios that take into consideration factors such as population 

growth, rates of urbanization, economic development and potential changes in 

agricultural practices. The five water demand projection scenarios were: 

i. Business-as-usual 

ii. Moderate water demand management 

iii. Strong water demand management 

iv. Business-as-usual with exceeded extrapolation of current water demands 

v. Climate change impact 

Water demand projections under these five scenarios for 2015, 2030 and 2050 

are presented in Figure 3, which demonstrates that agricultural water demand 

will considerably increase only under climate change scenario. In contrast, 
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significant reductions in water demand could be achieved in the near-term 

solely through water demand management and improving irrigation efficiency. 

 

Figure 3: Water demand under different scenarios for three time periods (Parry 

et al., 2017) 

The above-mentioned study clearly indicated the potential for a significant 

increase in water demand due to population growth and climate change, and 

the potential of demand management measures to avert increasing future 

water demands. In the absence of these measures, water demand will continue 

to rise and approach or exceed Pakistan’s total renewable water resources. 

Therefore, Pakistan must invest more in scientific research to better understand 

the impact of climate change and explore the ways and means for water 

demand management (Parry et al., 2017). 

The symptoms of an ever-growing gap between water demand and supply are 

expected to assume national proportions and become a permanent feature of 

Pakistan’s water economy. While water demand is growing fast due to 

population growth and socio-economic developments, water supply is not 

growing at the same rate due to constraints in expanding supply and also due 

to the ultimate physical limit for expansion of supply resulting from investment 

bottlenecks, environmental concerns, and political and legal snags. Hence, the 

country’s ability to meet the increasing water demands in the coming decades 

will be a major challenge. 

5. Current Water Management Practices  

5.1 Remodelling and Improvement of irrigation network 

The Government of Pakistan has spent massive resources for remodelling of 

irrigation network since late 1970’s. Apart from many distributaries and 

minors, over 137808 watercourses out of 180404 total watercourses were 
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improved by the end of 2018. Head reaches covering at least 30% of the total 

length of each watercourse were improved/lined. An estimated 6.82 MAF of 

irrigation water is saved by the watercourse improvement program. After 

successful completion of the National Programme for Improvement of 

Watercourses (NPIW), about 24478 more watercourses are being improved 

under the PM’s agricultural emergency program implemented in all the 

provinces. The impact evaluation study carried out by the Planning 

Commission of Pakistan titled ‚Project Impact Evaluation Study (PIES) for 

National Program for Improvement of Watercourses in Pakistan (NPIW)‛ 

revealed that the intervention is highly cost-effective option for improving 

water availability at farm gate. The improved watercourse is shown in Figure 4, 

while the impacts of watercourse improvement are outlined below: 

 Average Water Savings/Annum/Watercourse  0.123 AF  

 Average Reduction in Conveyance Losses   39.0 % 

 Improvement in Equity     39.5 % 

 Reduction in Waterlogged Area    27.0 % 

 Reduction in Tampering     87.0 % 

 Increase in Irrigated Area     21.0 % 

 Increase in Cropping Intensity      4.4 % 

Figure 4: A glimpse of improved watercourses. 

5.2 Laser land levelling 

Precision land levelling (PLL) is a mechanical process of grading and 

smoothing the land to a precise and uniform plane surface at grade or no grade 

(zero slope) with variation of less than +20 mm (2 cm). This technology was 

introduced in 1985 with the import of a laser unit from USA. Due to quick 

acceptance by the farmers; local fabrication of scrapers was started with the aim 

to reduce the cost. The laser land levelling technology, presented in Figure 5, 

has proved to be the most effective and popular technology amongst farming 

community because of its highly quick returns/benefits. The impact assessment 
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carried out by the Monitoring and Evaluation Consultants under a 

development project has indicated the following benefits of this technology: 

 Saving in irrigation time by 20-30% 

 Improvement in crop yield from 9-11% 

 Enhancement in fertilizer use efficiency by 11% 

 Saving in farm labour by 18 % 

 ERR of 29.6% and B/C Ratio of 1:1.5. 

Figure 5: Field view of laser land levelling 

About 13281 laser levellers are currently under operation against a required 

number of 32734. Over 16600 laser levellers are planned to be provided at 

subsidized rates under the ongoing PM’s agriculture emergency program.  

5.3 Improved irrigation methods 

Surface irrigation remains the largest means of irrigation in Pakistan. Therefore, 

efforts to improve its efficiency have been on the cards since long. Furrow-bed 

irrigation has been proved as one of the promising surface irrigation methods.  

It permits growing of crops on beds with less water (Figure 6). This technique 

has been tested for various crops and has proved quite successful for cotton, 

wheat and maize. Cotton was grown on bed in 3.0 million acres during the last 

year. It is a future technology for rice production with much less water. The 

farmers’ perceptions regarding benefits of furrow-bed irrigation system are:  

 Better and improved crop stand 

 Saving of 15% of seed 

 Water savings of 30% from that of basin 

  Effective weed control 

 Controlled traffic of tractor and other machinery in the furrows and 

prevent compaction in the planted area. Compaction of furrow restricts 

seepage 
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 Saving in fertilizer as bending of fertilizer is easy even in standing crop 

 Better drainage through furrows during monsoon season 

 Effective for waterlogged and salt affected soils 

 Quicker cultural operations and saving in labour 

 Eliminates burning of straw after wheat harvest. 

Figure 6: Field view of furrow-bed irrigation system 

5.4 Zero tillage  

Zero or reduced tillage (Figure 7) has proved a promising water management 

intervention in rice-wheat cropping systems, where residual moisture of 

preceding rice crop is beneficially utilized to cultivate wheat crop. The major 

benefits of this intervention are: 

 Saving in irrigation water of about 1000 m3/ha 

 Saving of about Rs 2000/ha in respect of fuel cost for land preparation 

 Enables timely sowing of wheat crop thereby preventing yield losses due 

to late sowing at about 35-40 kg/ha/day 

 Significant improvement in soil organic matter, soil structure and 

microbial population due to retention of crop residues. 

Figure 7: Zero tillage: a) with rice crop residue retained, and b) rice crop 

residue mulched 

 (a)   (b)  
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6.   Advanced Water Management Options  

6.1 Efficient rainwater harvesting, conservation and use 

A large part of croplands in Pakistan are still rainfed. These lands are located in 

Pothwar Plateau, and spate irrigation region. An estimated 18.7 MAF of 

potential water is available in the Spate irrigation region, and about 3.5 MAF is 

available in the Pothwar Plateau. The estimated runoff losses from the 

cultivated rain-fed areas are about 6 MAF, while cultivable land of about 3.37 

mha exists in rainfed areas that can be brought under sustainable agriculture 

provided the runoff losses are eradicated and efficiently utilized. About 772 

small dams exist in Pakistan (619 in Balochistan, 81 in Sindh, 58 in Punjab and 

14 in Khyber Pakhtunkhwa) with a total command area of 275362 mha. Out of 

which, only 13.3 % is being irrigated by these small dams. Similarly, only 25 % 

of the total command area of 48613 acres of 2997 mini dams (1853 in Punjab and 

1144 in Khyber Pakhtunkhwa) is being irrigated. Hence, efficient rainwater 

harvesting can bring sizable areas under irrigation resulting in improved water 

productivity and rural livelihoods. There is urgent need to refine the existing 

rainwater harvesting techniques and introduce efficient practices for the 

productive use of the harvested water. 

Figure 8: Rainwater harvesting: a) storage pond, and b) micro catchment 

6.2 Innovative irrigation techniques 

Croplands in Pakistan are predominantly irrigated using traditional surface 

irrigation methods (basin and border). The recent past has witnessed 

substantial growth in adoption of relatively more efficient furrow and furrow-

bed (raised-bed) irrigation methods. Although, federal and provincial 

governments have diverted massive financial resources, the adoption of higher 

efficiency pressurized irrigation in the country is still a distant dream. The 

primary reason for the lacked adoption of the modern efficient irrigation 

methods is high capital cost of these system due to absence of industry for local 

manufacturing of the system components and lack of installation and after-sale 

services by the irrigation companies/enterprises. Higher operation and 

 (a)   (b)  
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maintenance cost is another major factor restricting adoption of these higher 

efficiency irrigation systems, which include advanced sprinkler irrigation, 

centre-pivot, conventional drip, responsive drip irrigation (RDI), Groasis, 

Cocoon, and Tal-Ya tray systems (Figure 9). These modern irrigation systems 

offer significant potential in terms of water productivity, fertilizer use 

efficiency, crop yield increases and quality of crop produce. These higher 

efficiency modern irrigation systems have been successful in the World. 

Pakistan has to transform either by force or by choice. It will require:  political 

will, enabling policies and regulatory frameworks, adequate investment, and 

supportive industrial growth. 

 
Figure 8: Innovative irrigation methods:  

a) Centre pivot irrigation, b) Sprinkler irrigation, c) Conventional drip 

irrigation, d) Responsive drip irrigation, e) Groasis for vegetables, f) Cocoon for 

fruits, g) Groasis for fruits, and h) Tal-Ya for fruits. 
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6.3 Demand based irrigation 

While the importance of demand-based irrigation can hardly be disputed, there 

are still a number of questions that need to be answered from a practical point 

of view. This option requires adequate water infrastructure and full control 

over their management. However, water infrastructure in Pakistan is largely 

lacking and our systems are primarily supply-based. Even the existing storage 

reservoirs are multipurpose and unnecessarily operated during high demand 

of hydropower but low irrigation demand. Their operational rules are also yet 

to be developed. Evidence-based rotation of distributaries during the low flow 

periods is also greatly lacking. There is also an urgent need for optimizing the 

water allowances (duties) of canals and distributaries in order to achieve the 

vital savings in irrigation water within the larger context of water security and 

optimal water distribution. Lastly, evapotranspiration (ET) based irrigation 

schedules and depths are promising options for demand-based irrigation 

application in the crop fields. The ET can be monitored by installation of 

moisture meters/sensors in the crop root zones.  

6.4 Regulated deficit irrigation  

In regulated deficit irrigation, the irrigation engineer/agronomist needs to 

know the level of transpiration deficiency allowable without significant 

reduction in crop yields. The main objective is to increase crop water 

productivity by eliminating the amount and schedules of irrigation water that 

have little impact on crop yields. The resulting yield reduction may be small 

compared with the benefits gained through diverting the saved water to 

irrigate other crops for which water would normally be insufficient under 

traditional irrigation practices. Regulated deficit irrigation improves water use 

efficiency through enhanced guard cell signal transduction network that 

decreases transpiration water loss, optimized stomatal control that improves 

the photosynthesis to transpiration ratio, and decreased evaporative surface 

areas with partial root-zone irrigation that reduces soil evaporation. It is largely 

implemented through three approaches: i) growth stage-based deficit 

irrigation, ii) partial root-zone irrigation, and iii) subsurface dripper irrigation. 

Among these, partial root-zone irrigation is the most popular and effective 

because many field crops and some woody crops can save irrigation water up 

to 20 to 30 % without or with a minimal impact on crop yield (Chai et al 2015).  

6.5 Conjunctive water management 

Anthropogenic interferences with the natural systems are leading to resource 

degradation particularly the land and water resources. Under such 

circumstance, integrated approach for conjunctive land and water management 
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and fresh and brackish waters holds the key for sustainable food security and 

climate-resilient crop production. Pakistan is blessed with a large and highly 

trans missive aquifer storing huge quantities of groundwater. However, its 

quality is highly variable at spatial scale.  Conjunctive management of 

freshwater and relatively poor-quality groundwater is helpful to reduce 

vulnerabilities of water supply systems and mitigate the water supply stresses. 

In many areas conjunctive use is already in practice. There is need to move 

forward from the conjunctive use to conjunctive management, where evidence-

based strategies are developed and implemented for suitability of two systems 

in an integrated and wholistic manner.  

6.6 Bio-saline agriculture and aquaculture  

Food security in Pakistan has remained inextricably linked with the 

agricultural developments in the irrigated plains of the Indus basin, quality of 

which has been deteriorated due to waterlogging and secondary salinization. 

Hence, the sustainable food security in future will be dependent on the 

improvement and effective utilization of the deteriorated lands and 

developments in the marginal areas located outside the Indus basin irrigated 

plains. The existing productivity levels of the marginal areas in Pakistan are 

extremely low implying substantial scope for bridging the yield and 

productivity gaps. The marginal ecologies in Pakistan support a high 

proportion of the rural poor, which are also believed to be the prime cause of 

resource degradation in these areas. Water insecurity and resource degradation 

appears to be a main poverty feature in marginal ecologies of arid 

environments. Bio-saline agriculture and aquaculture are the recent approaches 

whereby marginal qualities of land and water resources are efficiently used for 

crop production, afforestation, and aquaculture.  

6.7 Adjusting crops and cropping pattern with water availability  

The existing crops and cropping patters in Pakistan are based on traditional 

supply-based approach. However, for a resource-poor country like Pakistan, 

the cropping pattern must be based on optimal conditions for crop production 

with due consideration import substitution and export orientation. For this 

purpose, Government of Pakistan has earmarked substantial amount in the 

federal PSDP for up-dation of the four-decade old agro-ecological zones, where 

crop suitability and livestock production conducive zones will be developed 

considering resource situation, prevalent climatic and market conditions. Agro-

ecological zonation specifies the areas characterized by homogeneous 

ecological conditions, provides optimum land suitability, and determines the 

maximum potential and attainable yields in each ecological zone. This will 

serve the basis for imposing an optimal land use plan for the country. 
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Implementation of this plan however will require conducive policy and 

regulatory framework.  

6.8 Judicious use of irrigation water  

Apart from efficiency in water application, the judicious use of the precious 

freshwater resources is utmost importance for water stressed environments. 

The South-Asian countries including Pakistan must use its land and water 

resources most judiciously to meet the growing food demands for ever-

increasing population. The concept of domestic resource cost to produce or 

import an agricultural commodity has to be streamlined in national policies 

and plans. Cultivation of high-delta crops like rice and sugarcane will no 

longer be an option in near future. Government policies and market forces will 

also modulate and determine the ultimate cropping pattern in the Country. 

6.9 Promoting climate-resilient and high-value agriculture  

Climate change is recognized as the greatest challenge of 21st century and 

sometimes tipped as the existential threat to humankind. The projected impacts 

of climate change are manifold but largely uncertain. Scientific evidence of 

climate change impacts is the strongest for natural systems but with significant 

spatial variability. Climate change will primarily affect our: weather, 

agriculture, water, health, and oceans. Pakistan is one of the least contributors 

to global climate change but worst affected by its underlying impacts.  

To achieve the sustainable development goals without compromising on its 

socio-economic development needs, climate change poses a colossal challenge 

for Pakistan. The adverse impacts of climate change on food security of the 

vulnerable populations are well-established. Due to its exposure to the 

recurrent droughts, floods, heatwaves, and glacial lake outburst floods in the 

past few decades, the country is consistently ranked as highly vulnerable to 

climate change. The prevailing temperatures in majority of the Country’s 

geographical areas are near to borderline. Any minor increase in mean 

minimum and maximum temperatures will have significant adverse impacts 

on agriculture production and human health. Freshwater supplies provided by 

the high-mountain upper Indus basin are critical to Pakistan’s water, food and 

energy securities. The existing hydrological regime of the high-altitude Indus 

basin is largely modulated by timing, intensity, duration, and form of 

precipitation; snow and glacial ice reserves; and amount of energy available for 

melting of seasonal and perennial snow and glacial ice. Climate change is 

expected to weaken this modulating effect with potentially strong effects on 

hydropower generation, floods and droughts, irrigation water supplies and 
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associated food production (Dahri et al., 2021). The policy objective therefore 

should be to develop and promote climate resilient agricultural systems by: 

 Rolling-out and scaling-up the climate resilient farming practices and 

value chain infrastructure 

 Strengthening of farmer climate and market foresight services 

 Creating an enabling environment to support shifting from reactive, 

climate vulnerable farming communities to sustainable, market driven 

farming systems that are responsive to climate risks and opportunities. 

7. Water Management Policies and Strategies 

Water sustains life and supports all socioeconomic developments. It is a unique 

substance with no known substitute. Its careful management and judicious use, 

therefore, is a global policy objective. In recognition of the strategic nature of 

freshwater resources and its vulnerability to depletion and deterioration, the 

Government of Pakistan has spent massive efforts over the years to put in place 

appropriate policy, regulatory and implementation frameworks for optimal 

development, conservation and management of precious freshwater resources. 

The 1st major achievement was development of Pakistan Water Sector Strategy 

by the Ministry of Water and Power, Government of Pakistan in 2002 with an 

objective to prepare a road map for future water sector development toward 

more efficient service delivery and optimum utilisation of resources to meet the 

competing demands of all water users. The next significant milestone was 

approval of National Climate Change Policy in 2012 and Framework for 

Implementation of National Climate Change Policy in 2013. These two policy 

documents provide a catalyst for mainstreaming climate change concerns into 

decision making that will create enabling conditions for integrated climate 

compatible development processes. 

The landmark ‘Pakistan Water Charter’ was signed by the Prime Minister of 

Pakistan along with the Chief Ministers of the four provinces at the occasion of 

National Water Policy approval in April 2018. The Pakistan Water Charter 

recognizes water crisis as the grave threat to national security and pledges to 

achieve water security by dedicated efforts at levels. While recognizing the 

cognizance of increasing water crisis, the National Water Policy provides an 

overall policy framework, priorities and guidelines for developing a 

comprehensive roadmap and action plan to achieve sustainable water security. 

Ministry of Water Resources is in the process of formulating a ‘Framework for 

Implementation of National Water Policy’, which provide a comprehensive 

road map and action plan for implementation of National Water Policy. 
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The year 2018 also witnessed formulation and approval of the National Food 

Security Policy, which aims to alleviate poverty, eradicate hunger and 

malnutrition; promote sustainable food production systems; and make 

agriculture more productive, profitable, climate resilient and competitive. After 

highlighting the major food security challenges, the guiding principles of this 

strategic framework of the food security policy are described.  

Agriculture sector has strong linkages with rural poverty, national food 

security and growth of other economic sectors. Therefore, agriculture deserves 

greater attention and special focus for its sustainable growth. Water is the most 

critical input to agricultural production. Its occurrence, quality, distribution, 

management, and use have lasting effects on agricultural productivity. The 

acts, policies and regulatory frameworks related to agriculture, climate and 

water promulgated during the last couple of decades directly or indirectly 

address the important aspects of water resources development and 

management for improving and sustaining agricultural growth. The biggest 

challenges, however, are governance issues, especially regarding irrigation, 

industrial and urban water uses (Young et al., 2019). The governance challenges 

relate to inadequate legal frameworks for water at federal and provincial levels, 

incompleteness of policy frameworks, and the inadequacy of policy 

implementation. 

8. Recommendations and Way Forward 

Pakistan is facing daunting challenges for managing its precious freshwater 

resource and ensuring that people, livestock, crops, industries and ecosystems 

receive sufficient freshwater as per their requirements. Hence, adapting the 

country’s limited freshwater resources and variety of water consumption 

systems to the current and emerging challenges is a formidable task. However. 

it also offers opportunities to rationalize water uses, improve and conserve 

ecosystems, boost agricultural productivities, accelerate economic growth, and 

improve livelihoods. 

Pakistan has been striving for promoting and modernizing its irrigation 

industry during the last half century but success to this end is still a distant 

dream. On policy front, it recognized indispensability of irrigation for 

agricultural development but attributed retarded agricultural growth to low 

water productivity. One of the objectives of national water emphasizes water 

productivity enhancement through infrastructure development and adoption 

of improved technologies in a sustainable manner. However, the policy fails to 

provide a roadmap for promotion of irrigation industry in the Country as the 
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adoption of high efficiency irrigation systems in Pakistan is limited to less than 

50,000 ha.  

Despite being agrarian economies, the South Asian agriculture is still at 

subsistence level. The SAARC Agriculture Centre (SAC) can play a pivotal role 

for identification and up-scaling of advanced water management techniques in 

South-Asian region. It has to go beyond recommendations and take lead 

coordinating role to design and implementation of mutually agreed programs 

and projects to promote and up-scale advanced water management 

technologies in the region. The following recommendations are made to 

promote advanced water management techniques in SAARC region with 

particular focus on Pakistan. 

8.1 Supply Side Options 

 Enhance surface storage especially in the tributaries. 

 Promotion of efficient rainwater harvesting especially in southern part of 

the country. 

 Enhancing groundwater storage capacity through identification of 

recharge zones and practices. 

 Promote sustainable exploitation of groundwater through groundwater 

regulations. 

 Encourage water recycling and re-use in every sector of economy. 

 Eradicate quality deterioration and ensure conservation natural water 

systems. 

 Promote bio-saline agriculture. 

 Desalination of saline water. 

8.2 Demand-Side Options 

 Reducing conveyance water losses (canals, watercourse, etc.). 

 Reducing field application water losses (precision land leveling, 

precision land grading etc.). 

 Increasing water productivity. 

 Water re-allocation. 

 Reducing demand for irrigated products and services. 

 Judicious water use. 

 Adoption and promotion of low delta crop (olive, pistachu, pine nuts) 

through coordinated projects. 

 Drought and salt tolerant crop varietal development. 
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 Crop suitability mapping. 

 Promotion of low delta crops. 

 8.3 Micro Irrigation Adoption 

 Incentivizing local manufacturing of micro-irrigation components to 

reduce price and make it affordable for smallholder farmers. This will 

not only lower price, increase production but also create jobs. 

 Service companies should be strictly made accountable for compliance of 

follow up on repair and maintenance for the stipulated period. 

 Federal government must facilitate to provide R&D support for low-cost 

local fabrication of micro irrigation equipment and incentivize service 

provider companies. 

 Proper training of farmers on use of this high-tech new technology with 

advisory service on agronomic practices, crop varieties, diseases and 

post-harvest interventions will be the important confidence building 

measures. 

 There must be proportionate public investment on canal-fed irrigation 

and micro irrigation sectors outside the Indus Irrigation System. Canal 

irrigated areas are major beneficiary of national water resources free of 

cost on one hand and prime beneficiary of public investments 

(irrigational infrastructure including dams, barrages, canals & 

headworks etc.). Canal irrigated areas consume more than 95% of water 

development budget whereas micro irrigation schemes outside canal 

irrigation areas get a fractional share.  

 On-Farm Water Management services may be segregated and separated 

for canal irrigation regime and Micro-Irrigation Department for rain-fed 

areas. This will make sense of rational funds allocation and performance 

competition. 

 Micro-irrigation should be granted an industry status. Integrated 

package including solar pumping, micro irrigation and green house 

tunnels for vegetable production will make wonders. 

 Government of Pakistan must set up a Task Force on Micro Irrigation 

like India did in 2003, which impressively supported adoption of this 

technology on more than 13 million acres. 

 Micro irrigation, particularly drip irrigation may be confined to 

horticultural crops including fruits and vegetables and priority be given 

to desert, semi desert and water scarce sandy areas including Pothwar 

Plateau and command areas of mini and small dams. 
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8.4 Policy discourse  

 Ban on sugarcane and rice in non-suitable ecologies.  

 Support price and buyback arrangements of oilseed & pulses crops. 

 Adoption from water thirsty to water smart crops.  

 Ground water policy – promotes recharge, regulate and monitor ground 

water pumping. 

 Rationalize water pricing for each sector and use 
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Chapter 8 

Advanced Water Management Options for Sustainable 

Crop Production in Sri Lanka 
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1. Climate of Sri Lanka 

Sri Lanka is an island in the Indian ocean originates between 790 50’ and 820 

longitude and 60  and 90 50’ latitude.  There is a wide range of climatic and soil 

conditions prevail in the country. The annual rainfall ranges from 600 mm in 

the very dry areas to 6,000 mm in the very wet areas. Based on the total annual 

rainfall, Sri Lanka is broadly divided into three climatic zones: Dry Zone (DZ) 

having rainfall less than 1750 mm, Intermediate Zone (IZ) having rainfall in 

between 1750 and 2500 mm and Wet Zone (WZ) having rainfall more than 

2,500 mm. Elevation ranges from mean sea level (MSL) to 2,575 m above MSL 

and the average temperature ranges from 30 °C at the MSL to 15 °C at the 

upper most elevations. Similarly, the island is divided into three major 

elevation zones based on the elevation from the mean sea level (MSL): Low 

Country (LC) below 300m, Mid Country (MC) in between 300 m and 800 m, Up 

country (UC) above 800 m. By combining the two parameters above (rainfall 

and elevation) together with the land form and soil types, forty-six major agro-

ecological zones (AEZ) have been identified (Punyawardena et al., 2003) 

(Figure1).  

There are three major sources of rainfall in the country, namely; monsoonal, 

convectional and depressional. Two distinct cultivation seasons as wet season 

(Maha) is from late September to early March which is fed with second inter-

monsoon rains and North-East monsoon rains. Dry season (Yala), which is from 

early April to early September, is fed with first inter-monsoon rains and with 

the South-West monsoon which brings rain mostly to the southwest region of 

Sri Lanka.  
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Figure 1. Major agro-climatic regions of Sri Lanka                             

(Punyawardena et al., 2003) 
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Figure 2. Distinguishing characteristics of major agro-climatic regions of Sri 

Lanka (Punyawardena et al., 2003) 
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2. Types of crops cultivated 

Agriculture is the backbone of Sri Lankan economy with over half of the work 

force in rural areas is employed in agriculture and related activities (MoA and 

MoNP, 2019). Agriculture contributes to about 7.4 percent of the country’s GDP 

and 25.3 percent of the total employment (8.1 million) (CBSL 2020). The 

country’s main crop is rice and it accounts for 40 percent of the total 

agricultural output while plantation crops such as tea, rubber, coconut, sugar 

cane and oil palm account for 38 percent, and fruits, vegetables and field crops 

account for 22 percent.  Sri Lanka had 2.7million hectares of agricultural land of 

which, according to FAO, 2016 estimates, 1.3 million hectares was arable land, 1 

million hectares was under permanent crops, and 440,000 hectares was 

permanent meadow and pastureland. Coconut is one of the major plantation 

crops in Sri Lanka which accounts for approximately 12 percent of all 

agricultural produces. Sri Lanka is the third highest valued tea exporter in the 

World in 2018.  At the moment 136,582 hectares are under rubber cultivation. 

Sri Lanka, the only supplier of true cinnamon to the world, had been a global 

destination for the finest quality spices since time immemorial. Today, Sri 

Lanka is a leading exporter of Ceylon Cinnamon, Ceylon Pepper, Ceylon 

Cloves, Ceylon Nutmeg and Ceylon Cardamom, all branded under the 

geographical indication of Ceylon Spices due to their unique aroma and flavour 

shaped by the terrier of the country.  

Rice  

Rice is the staple food of the 21.8 million inhabitants of Sri Lanka. Further, it is 

the livelihood of more than 1.8 million farmer families. Though, almost all the 

food crops are grown in Sri Lanka, rice is the principal contributor of the rural 

economy. Majority (72 percent) of rural households are engaged in production 

of rice as their main and supplementary source of livelihood (Henegedara, 

2002). Rice contributes to 1.8 percent of country’s GDP (DCS, 2020). Holding 

sizes of paddy range from under 0.3 hectare in the wet zone to 0.9 hectare in the 

irrigated dry zone (MoA and MoNP, 2019). Department of Census and 

Statistics (2020) has reported that Sri Lanka’s highest paddy production has 

been recorded in 2020. There has been a total paddy production of 5.5 million 

tonnes in the year 2020, with 3.5million tonnes from the Maha season and 1.84 

million tonnes from the Yala season.  The average rice productivity is 4.75 

tonnes / hectare in the country while it is little high in Yala season than in Maha 

season (DCS, 2019).  

Other crops 

Other field crops (OFCs) 
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Crops identified as OFCs in Sri Lanka are categorized as condiments (Chilli and 

Onions), grain legumes (Mung bean, Cowpea, Black gram), oil seeded crops 

(Groundnut, Soy bean, Sesame and Sunflower) and coarse grains (Maize, 

Finger millet, Sorghum and Other millets). Even though, the self-sufficiency 

level has been achieved by the rice sector, almost all the crops under OFCs 

sector are far away from achieving the self-sufficiency level due to various 

challenges faced. 

There are numbers of challenges such as inadequate availability of high 

yielding varieties, low productivity of rain-fed upland cropping systems, high 

incidence of pests diseases and weed proliferation, high dependence on agro 

chemicals and fertilizers, inadequate farm mechanization, inadequate 

availability of quality seeds, soil degradation and water quality deterioration, 

low water productivity, changing climate and variable weather patterns, 

damages from wild animals and post-harvest losses that the OFCs sector has 

been facing.  Moreover, inadequate availability of information on new 

technologies at village level, inadequate extension staff and mobility, poor 

adoption of recommended improved technology, less involvement of extension 

officers in technology adoption research, lack of linkages among institutions 

and officers involved in grass root level agriculture activities and low priority 

on novel extension tools and approaches have been the key challenges in 

disseminating the generated technology to the end users in efficient and 

effective manner. These challenges have become more difficult to be faced 

when the numerous socio-economic challenges are augmented with them. The 

following table shows the importance of water in increasing the crop 

productivity and thereby to achieve the self sufficiency in the field crop sector.  
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Table 1. Crop productivity targets and limiting factors to achieve the self-sufficiency in OFC sector 

Crop Requirem

ent (t) 

Productivity 

at present 

(t/ha) 

Land 

requirement at 

present 

productivity (ha) 

Realizable 

potential 

yields (t/ha) 

Land requirement 

at potential yields 

(ha) 

Limiting factors to 

achieve the target 

Maize 500,000 3.8 131,579 6 83,333 Land productivity 

Big onion 290,000 17.7 16,384 20 14,500 Seeds, Biotic, Excess 

water, Technology 

Cowpea 20,000 1.2 16,667 2 10,000 Water, Variety 

Green gram 28,000 1.3 21,538 2 14,000 Diseases, Water 

Ground nut 30,000 1.8 16,667 2 15,000 Water, Variety 

Black gram 25,000 0.9 27,778 1 25,000 Diseases, Water 

Green chilli 70,000 4.7 14,894 30 2,333 Variety,Technology, 

Water 

Dry Chilli 50,000 1.2 41,667 5 10,000 Variety,Technology, 

Water 

Soy bean 250,000 1.7 147,059 2 125,000 Variety, Water 

Red Onion 80,000 13.8 5,797 20 4,000 True seed, Technology 

Potato 290,000 17 17,059 20 14,500 Seed, Variety, 

Technology 

Finger millet 14,000 1.2 11,667 2 7000 Water, Technology 

Gingerly 12,000 1.3 9,231 1.5 8,000 Variety, Technology 

Total  - 475,632   332,666 - 

Source - Department of Agriculture
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3. Existing water resources 

3.1 Surface water resources 

There are 103 natural river basins in Sri Lanka, with a total length of about 

4,500 km (UNESCO and MoAIMD, 2006) and water basins varying from 10 

km2 to over 10,000 km2 in size. Most of the river basins are small; only 17 of 

the 103 basins exceed 1,000 km². There are 16 principal rivers longer than 100 

kilometres in length, with twelve of them carrying about 75 percent of the 

mean river discharge in the entire country. Water resources are extracted for 

development of irrigation, water supply, hydropower, industrial uses, and 

other economic uses. There are 26 rivers that fall into north east monsoon and 

these rivers are in a dry/arid area, and irrigation which is a priority in this 

zone necessitates construction and rehabilitation of irrigation reservoirs.  

An exception to the radial pattern is the largest basin, that of the 335 km long 

Mahaweli river which has a catchment area of 10,448 km2. Besides the 

Mahaweli basin, four others exceed 2,500 km2 (MENR and UNEP, 2009). The 

mean annual runoff of the Mahaweli is 8.8 billion m3 and contributes to one-

seventh of the total runoff of all the rivers in Sri Lanka. The upper reaches of 

the Mahaweli is located in the western part of the central highlands, where 

the total annual precipitation is reaching 60,000 m3/ha mm. The mean annual 

precipitation for the lower reaches varies from about 16000–19000m3(Shelton 

and Lin, 2019). 

In addition, there are a significant number of reservoirs including ancient 

irrigation reservoirs and recently constructed multi-purpose reservoirs with a 

total area of 169,941 hectares. The internal renewable groundwater resources 

are an estimated 7.8 km3, and most (estimated as 7 km3/year) are returning to 

the river systems and being included in the estimate for surface water 

resources. Therefore, the total renewable water resources are an estimated 

52.8 km3/year. 

Sri Lanka is covered with a network of thousands of artificial lakes and 

ponds, known locally as ‘wewa’ or ‘tanks’. Some are truly massive; many are 

thousands of years old and almost all show a high degree of sophistication in 

their construction and design. The network of village tanks played an 

important role in supporting many critical livelihood functions in the village 

life. Sri Lanka probably has the highest number of tanks (man-made water 

bodies) in the world with an estimated total of more than 10,000 tanks 

countrywide. Linked to these tanks are many kilometres of canal systems and 

thousands of hectares of paddy fields.  
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3.2 Groundwater resources 

Groundwater resources in Sri Lanka are considered minor compared to its 

surface water resources. The existing groundwater potential in Sri Lanka is 

widely used for domestic, small-scale irrigation, industrial and other uses. 

However, in recent years, due to increased irrigation and population growth, 

both shallow and deep aquifers have been subject to over-extraction. 

Consequently, the drying up of domestic wells during dry periods has 

become more common. There are six main type of groundwater aquifers 

demarcated and identified in Sri Lanka. They are shallow karstic aquifers, 

coastal sand aquifers, deep confined aquifers, lateritic (cabook) aquifers, 

alluvial aquifers and shallow regolith aquifers in the hard rock region. In 

addition to these main aquifers, a large number of small groundwater pockets 

can be found throughout the country (IGES Freshwater Management Project, 

2007). The whole Jaffna peninsula is underlain by Miocene limestone 

formations which are generally 100 to 150 m thick and highly karstified. A 

number of distinct and confined aquifers occur within the sedimentary 

limestone and sandstone formations of the north-western and northern 

coastal plains. These are more than 60 m deep and have relatively high 

recharge rate. The deeper and larger alluvial aquifers occur along the lower 

reaches of the major rivers that cut across the various coastal plains 

surrounding the low country regions of the country. Groundwater in the hard 

rock region is found both in the weathered rock zone, or the regolith, as well 

as in the deeper fracture zone of the basement rocks. The weathered zone 

generally ranges from 2 – 10 m in thickness, while the fracture zone is located 

at depths of more than 30–40 m. The laterite formations called ‚cabook‛ of 

south-western Sri Lanka have considerable water holding capacity, 

depending on the depth of the cabook formation. The aquifer found within 

this vesicular laterite responds very rapidly to the initial rains following the 

usual dry season of February–March, and then keeps filing up with the 

monsoon rains (Perera, 2005).  

4. Crop water demand 

4.1 Water requirement for rice 

Rice requires more water than any other annual food crop grown in Sri 

Lanka. Water, apart from its critical functions in plant physiology, plays an 

important role in many of the practices in rice cultivation such as weed 

management, crop establishment, fertilizer application and pest, disease 

management etc.  
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Total water requirement for rice is primarily depend on evapo-transpiration 

of rice crop (ETrice), seepage and percolation losses (FAO, 1977).  Seepage 

and percolation losses differ with the soil type of the particular paddy field 

while evapo-transpiration (ETrice) varies with the growing stage of rice crop 

and the climatic conditions (FAO, 1977).  Rathnayake et. al., (2013) indicates 

that ETrice of 3 ½ month rice varieties varies from 251 to 522 mm for Yala 

season and from 198 to 344 mm for Maha season. In the Yala season, DL3 and 

DL4 agroecological zones show the highest ETrice value during the 

vegetative, reproductive and maturity phases (Figure 3 and 4). 

Figure 3.  ETrice in vegetative, reproductive and maturity phases of rice in 

different  rice growing agro-ecological zones during Maha season 
 

 

Figure 4.  ET rice in vegetative, reproductive and maturity phases of rice in 

different rice growing agro-ecological zones during Yala season 
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Rathnayaka et al. (2017) have reported that water requirement of paddy is 

depending on the agro-ecological zone, maturity period and the growing 

season of the rice variety. Water requirement for paddy is higher for 4 months 

varieties than for 3 month varieties. It is higher in the dry zone than in the wet 

zone (Table 1). 

Table 2. Water requirement for different age groups of paddy grown in 

different agro-ecological zones (Rathnayaka et al, 2017) 

Climate 

zone 

Water requirement (mm) 

4 months 3 ½ months 3 months 

Yala Maha Yala Maha Yala Maha 

Dry 1550 1350 1475 1325 1425 1275 

Intermediate 1425 1325 1375 1300 1325 1250 

Wet 1350 1325 1300 1275 1275 1250 
 

The average water requirement for paddy cultivation in Sri Lanka is 

estimated as 1200-1800 mm (4-6 feet) depending upon the agro-climatic 

situation, duration of variety and characteristics of the soils. Under Sri 

Lankan conditions paddy farming needs 3,000 to 5,000 litres of 

water to produce a kilogram of rice (Rathnayake et. al., 2017).  

4.2 Crop water requirements for field crops  

The crop water requirements of most of the commonly grown field crops 

have been estimated and available for the users for planning and other 

purposes in agriculture.    
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Table 3. Crop water requirements and water use efficiencies for commonly cultivated different field crops in Sri Lanka 

Crops 

Crop 

duration 

(days) 

Land 

preparation 

(mm) 

Total 

consumptiv

e use (mm) 

Total irrigation 

requirements (mm) 

(60 % efficiency) 

Average 

yield 

(kg/ha) 

Water use 

efficiency 

(kg/m3/ha) 

On farm water 

use efficiency 

(kg/m3/ha) 

Maize 115 50 600 1080 4000 0.67 0.37 

Ground nut 105 50 390 733 2500 0.64 0.34 

Soy bean 90 50 380 717 3300 0.87 0.46 

Green gram 85 50 360 683 1300 0.36 0.19 

Black gram 85 50 360 683 1650 0.46 0.24 

Cowpea 70 50 300 500 1600 0.53 0.36 

Dry chilli 150 50 750 1333 3000 0.40 0.23 

Big onion 100 50 420 783 18000 4.29 3.19 

Red onion 90 50 385 725 18000 4.68 2.48 

Sorghum 110 50 475 875 3500 0.74 0.40 

Gingelly 80-85 50 325 625 2750 0.85 0.44 

Sun flower 105-20 50 800 1417 3000 0.38 0.21 

Sugar cane Annual 50 1900 3250 130000 6.80 4.00 

Cotton 200 50 800 1417 4500 0.56 0.32 

Finger millet 90 50 350 667 3000 0.86 0.45 

Pigeon pea 150 50 550 1000 1500 0.27 0.15 

Unpublished, Natural Resources Management Centre of Department of Agriculture, Sri Lanka 
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4.3 Water requirements for vegetable crops  

Table 4. Water requirements and water use efficiencies in commonly grown vegetable crops in Sri Lanka 

Crops 

Crop 

duration 

(days) 

Land 

preparation 

(mm) 

Total 

consumptive 

use (mm) 

Total 

irrigation 

requirements 

(mm) (60 % 

efficiency) 

Average 

yield 

(kg/ha) 

Water use 

efficiency 

(kg/m3/ha) 

On farm water use 

efficiency (kg/m3/ha) 

Bush bean 50 65 190 400 8000 4. 2 2.0 

Cabbage 50 115 350 667 35000 10. 0 5.3 

Cabbage 50 80 200 417 25000 12.5 6.0 

Mae 50 100 350 667 12000 3. 4 1.8 

Brinjal 50 130 430 800 23000 5. 4 2.9 

Bitter 

gourds 

50 130 475 875 20000 4. 2 2.3 

Snake 

gourd 

50 120 425 792 20000 4.7 2.5 

Tomato 50 120 450 883 23000 5. 1 2.6 

Capsicum 50 120 400 750 13000 3. 3 1.7 

Cucumber 50 115 340 617 23000 6.8 3.7 

Luffa 50 130 475 875 23000 4. 8 2.6 

Okra 50 100 300 583 15000 5. 0 2.6 

Beet 50 90 295 575 14000 4. 8 2.4 
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Crops 

Crop 

duration 

(days) 

Land 

preparation 

(mm) 

Total 

consumptive 

use (mm) 

Total 

irrigation 

requirements 

(mm) (60 % 

efficiency) 

Average 

yield 

(kg/ha) 

Water use 

efficiency 

(kg/m3/ha) 

On farm water use 

efficiency (kg/m3/ha) 

Spinach 50 100 300 583 10000 3.3 1.7 

Pumpkin  50 120 385 725 20000 5.2 2.8 

Carrot 50 100 350 667 33000 9.4 5.0 

Radish 50 45 150 337 29000 13.3 6.0 

Lettuce 50 100 300 567 16000 5.3 2.7 

Leaks 50 90 330 633 22000 6.7 3.5 

Wing bean 50 120 375 708 15000 4.0 2.1 

Unpublished, Natural Resources Management Centre of Department of Agriculture, Sri Lanka 
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5 Current water management techniques 

5.1 Off farm water management: Irrigation system management, water 

issuing, maintenance 

Irrigation was essentially developed for paddy cultivation. About 230 man-

made major and medium irrigation reservoirs and about 12,000-15,000 minor 

irrigation reservoirs (village tanks) make up the main component of current 

irrigation sources with a total irrigable area being about 798,000 hectares in 

2018 (CBSL, 2019).  

Off farm water management which include irrigation system management, 

water issuing and maintenance is governed in major irrigated areas having 

more than 200 ha by Irrigation Department and Irrigation Management 

Division, Mahaweli Authority of Sri Lanka and Medium irrigated areas (80 – 

200 ha) by the Irrigation Department and Irrigation Management Division.  

Minor irrigated areas (less than 80 ha) is managed by the Department of 

Agrarian Development. 

5.2 On farm water management 

Department of Agriculture is responsible for on farm water management with 

efficient management of water and water conservation.  Therefore, 

technologies have been developed and introduced by the Department of 

Agriculture from land preparation to harvesting. 

5.2.1 Proper land preparation 

Commencement of land preparation with onset of rain in each season, deep 

plough (6‛- 9‛), land leveling through laser leveler, adding organic matter 

(rice straw, green leaves, cow dung etc) are necessary for proper land 

preparation.  Duration of land preparation is also introduced as 3 weeks for 

rice cultivation.   

5.2.2 Multipurpose soil conservation bunds  

Soil erosion is one of the key factors contributing to lower productivity of the 

uplands. Establishment of soil conservation bunds has identified as one of the 

most practicable effective measures to rectify the problem especially in the 

dry zone of Sri Lanka. However, the sustainability of the soil conservation 

bunds itself is a question due to some of the mismanagement practices of the 

farmer. Therefore, the concept of multipurpose soil conservation bund 

establishment has been introduced aiming to assure the sustainability of the 

soil conservation bunds while the farmer can have some direct economic 

benefits from the bunds optimizing his land utilization. Establishment of 
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suitable perennial crop types on the soil conservation bunds with few 

modifications to the conventional soil conservation bunds will convert them 

into the multipurpose soil conservation bunds. Drumsticks, pomegranate, 

lime, sesbania and gliricedia are some of the tree species proven to perform 

well after establishing on the soil conservation bunds giving additional 

income from their produces to the farmer apart from the main contribution to 

assure the sustainability of the soil bunds.   

                              1.1        1.2  

Plate 1. Upland fields with multipurpose soil conservation bunds in the dry 

zone (1.1 Sesbania and 1.2 Giricedia on the soil bunds) 

5.2.3 Appropriate crop establishment practices  

Seedling broadcasting and dry seeding is practicing in the establishment of 

rice for saving water. Contour planting of OFCs and vegetables in upland is 

recommended to conserve soil and water resources.    

 

Plate 2.  Contour planting in uplands 

5.2.4 Mulching - Paddy straw/ Crop residues/ Poly mulch 

Mulches have long been used for weed control and water conservation in 

agriculture. However, there are many potential advantages of cooler soil-
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surface temperatures, enhanced root activity in the upper soil horizon, 

reduced likelihood of erosion, enhanced invertebrate and microbial 

activity (improving soil structure), reduced salt-encrustation (reduced 

upward water flow and surface evaporation), and a reduction in some 

pathogen problems. Mulches can also improve plant establishment by 

promoting root development, enhance yield (especially in low-rainfall 

regions) and reduce irrigation water use in dry climates (Ronald, 2008). 

A limited number of mulching materials are available in the local conditions 

under both organic and synthetic categories. Rice straw is the most abundant 

locally available organic material that can be used for mulching while 

Reflective Poly Mulch is the most commonly available synthetic mulching 

material in the local market. This Reflective Poly Mulch has been identified as 

a proven technique and commonly included in the high productivity micro 

irrigation-based agronomic packages. 

 

Plate 3. A chilli crop mulched with Reflective Poly Mulch 

5.2.5 Efficient irrigation technologies 

A. Improved Alternate Wetting and Drying (AWD) technology is 

introduced for rice as a water saving technology.  

Alternate wetting and drying (AWD) technology was adopted in irrigated 

rice cultivation with the water productivity of 0.6-0.7 kg of rice/m3 of water 

(Rathnayake et al., 2018).  The AWD could reduce the irrigated water up to 20 

percent compared with the current practice of water management in rice and 

in the farmer fields; 2–5 number of irrigations can be reduced without yield 

reduction.  Still this technology has not been widely used by the farmers and 

as results much of the water in major irrigation schemes are wasted and crop 

suffers water deficit in minor irrigation schemes.  Instead of keeping the rice 

field continuously flooded with 5-10 cm of water, the floodwater depth can be 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/microbial-activity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/microbial-activity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/microbial-activity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/irrigation-water
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/irrigation-water
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/irrigation-water
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decreased, the soil can be kept around saturation or alternate wetting and 

drying regimes can be imposed.  

 

B. Ridge and furrow irrigation 

It is a kind of surface irrigation system. A ridge is the part of the layout of the 

field that is elevated at different angles based on the type of soil. This is the 

place where the plants are planted. The furrows are the troughs that let the 

water flow through it. The crop is usually grown on the ridges between 

the furrows whereas irrigation water is applied to the furrow. The furrows 

are equally used as an effective drainage system as well.  Therefore, the ridge 

and furrow system has been identified as one of the most effective crop 

establishment method facilitates both irrigation and drainage together in field 

crop production.  

https://www.1001artificialplants.com/2019/03/29/8-advantages-and-disadvantages-of-surface-irrigation-systems/
https://www.1001artificialplants.com/2019/03/29/8-advantages-and-disadvantages-of-surface-irrigation-systems/
https://www.1001artificialplants.com/2019/03/29/8-advantages-and-disadvantages-of-surface-irrigation-systems/
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Plate 4. Crop cultivation in a ridge and furrow system 

C. Micro irrigation systems 

Micro irrigation systems are very important in increasing the water 

productivity and thereby in maximizing the crop productivity in agriculture. 

Increased water use efficiency through the micro irrigation systems 

minimizes the wastages of water in crop production.  

i.  Drip irrigation  

Drip irrigation is a type of micro-irrigation system that has the potential to 

save water and nutrients by allowing water to drip slowly to the roots of 

plants, either from above the soil surface or buried below the surface. The 

goal is to place water directly into the root zone and minimize evaporation.  

Plate 5. Crops cultivated under drip irrigation 
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ii.  Sprinkler irrigation 

Sprinkler irrigation is a method of applying irrigation water which is similar 

to natural rainfall. Water is distributed through a system of pipes usually by 

pumping. It is then sprayed into the air through sprinklers so that it breaks up 

into small water drops which fall to the ground. The pump supply system, 

sprinklers and operating conditions must be designed to enable a uniform 

application of water. 

Plate 6. Crops cultivated under sprinkler irrigation 

5.2.6 Adoption states of micro irrigation systems in Sri Lanka  

Among the two types (drip and sprinkler) of micro irrigation systems, 

sprinkler irrigation systems are more popular compared to the drip irrigation 

systems in the farming community. Comparatively lower capital cost 

imposed in the irrigation system, more convenience in maintenance, 

applicability in wider range of crop types and minimum negative impact of 

the hard water issue in the dry zone water sources are some of the key 

reasons for the more popularity gained by the sprinkler irrigation systems 

compared to the drip irrigation systems in crop production. However, with 

the developed technologies, most of the issues in usage of drip irrigation have 

been successfully rectified and there are number of initiatives where some 

developed drip irrigation-based management packages being successfully 

used in crop production reporting higher crop yields while conserving water. 

There are considerable number of projects being executed with the 

government intervention to popularize the micro irrigation-based crop 

management packages in the country. Under such government interventions 

(Ex. ‘Saubhagya, the National Programme on Harvesting and Cultivation’, 

‘Agriculture Sector Modernization Project’ and  ‘Smallholder Agribusiness 

Partnerships Programme’) executed by the Ministry of Agriculture with the 

technical support of the Department of Agriculture, the farmers are getting 

the opportunity to have the technology at subsidiary prices and with proven 
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benefits more individuals of the farming community are willing to adopt 

these technologies on their own expenses.  

5.2.7 Micro irrigation coupled with solar powered water pumping 

systems 

Even though, the use of solar powered water pumps are very low at present 

day agriculture, based on the increasing fuel prices and high electricity 

charges together with the abundance of sun light in the dry zone conditions, 

solar power has become the most economical and sustainable source of 

energy to operate the irrigation water pumps in the dry zone crop 

production. Further, solar power is a renewable source of energy producing 

zero waste to the environment promoting green agriculture. The Carbon 

footprints of different types of irrigation pumps are shown in the Table 4. 

Table 5. Carbon footprints of different types of irrigation pumps 

Pump type 
Energy 

consumption 

CO2 emission at operation 

per season (kg)* 

Petro-kerosene 1.5 L/ hr 2 268 

Diesel 2 L/ hr 2 220 

Electric 3 kW 1 278 

Solar powered  2 kW 0 

* 90 days irrigation for 2 ac of cultivated land 

The Department of Agriculture has given examples and become a pioneer in 

using solar energy for irrigation in agriculture. Few initiatives have taken 

place to provide high capacity solar powered water pumping systems to 

farmers at subsidiary prices. At present, a considerable attraction has been 

gained by the solar energy usage in irrigation in the country and some 

departments, institutions and project implementing agencies have shown 

their interest on adoption of this technology to give maximum benefits to 

their stakeholders in the agriculture sector (Ex. Proposed project on giving 

solar powered water pumps for the farmers at 75 % subsidiary price under 

the ‘Agriculture Sector Modernization Project’ of the Department of Export 

Agriculture).  
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Plate 7. Micro irrigation coupled with solar powered pumping systems in 

crop production 

6. Existing cropping patterns 

Rice 

According to the latest statistics, (DSS, 2020) rice is grown under three water 

supply systems in Sri Lanka (major and medium schemes, minor schemes 

and rain-fed). Majority of the rice area (more than 45%) receive water from 

major schemes and followed by minor schemes (25%) and rain-fed system 

(30%).  Water availability is the major factor that determines the cultivation 

land extent in the country.   Average yield in tonnes/ha is 5.2, 4.3, 3.1 in major, 

minor, rainfed systems respectively during 2019 Yala season and 4.9, 4.4, 4.1 

during 2019/20 Maha season. 

In general, rice is cultivated in both Yala and Maha seasons. Most farmers 

cultivate both lowland rice and other food crops, such as cereals, pulses, 

condiments, fruits and vegetables, on higher ground. During Yala season 

some farmers take the opportunity to cultivate other crops in the paddy 

fields. This also, includes crops grown as feedstuff used in the livestock 

industry, which is a fast-expanding market (MoA and MoNP, 2019). 

Other Field Crops, Vegetables, Fruits 

Rice varieties with high yielding ability and better agronomic practices for 

rice cultivation were also developed in the same period and as a result, rice 

production was expected to surpass the level of self-sufficiency. In order to 

overcome a possible saturation of rice production, the government planned to 

introduce crop diversification to the major irrigation schemes. In addition, 

they realized the importance of cultivating non-rice crops to obtain the best 

returns from the resources such as land and water. The new irrigation 

systems were designed with facilities for irrigation management for crop 

diversification. Land terrain was developed to cultivate non-rice crops in well 

drained and rice on poorly drained land classes. Although farmers preferred 

to cultivate rice in all land classes irrespective of the hydrological regimes, 

government policies and the attractive prices for non-rice crops, which 
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expanded the margin of profit encouraging them to grow non-paddy crops in 

well drained land classes. 

There are nearly 80,000 ha of well drained lands in the major irrigation 

schemes available for upland crop cultivation and from this 12,000 ha of lands 

are at present under sugar cane and a sizeable portion has been cropped with 

banana. Rice and other annual field crops could be cultivated alternatively in 

the wet and dry seasons in the rest of the land available. Cultivation of 

annuals in the dry season saves water for the wet season rice crop. Growing 

field crops in the wet season is often hampered by heavy rains experienced 

due to the build-up of excess moisture in the root zone forcing the farmers to 

cultivate rice in the wet season. Minor reservoirs with less than 40 ha 

command area come under this category. These are predominantly rain-fed 

reservoirs, which contain the water derived from the immediate catchments. 

Usually, these tanks are filled during the rainy season but the water storage 

during the dry season is not sufficient for rice cultivation. The majority of the 

soils in these systems are either imperfectly drained or poorly drained and 

not suitable for non-rice crops. However, farmers grow them in minor 

irrigation schemes by avoiding the short rainy period (April, May) in the dry 

season (Jayawardane et al., 2001) 

7. Current national policy on crop water management 

Sri Lanka has tried to address water related issues through sectoral policies of 

different dimensions. However, there is no exclusive formally approved 

overall water policy. The National Policy on Protection and Conservation of 

Water Sources, their Catchments and Reservations in Sri Lanka (2014) covers 

the micro-catchments of rivers and streams, natural and man-made 

tanks/reservoirs and shallow lakes, and aquifers. The National Rainwater 

Policy and Strategies (2005) focuses on rainwater harvesting to meet 

challenges of supplying adequate water, with relevant amendments made to 

the by-laws of the National Water Supply and Drainage Board (NWSDB) and 

the Urban Development Authority (UDA). The National Agriculture Policy 

(2007) addressed irrigation and water management in agriculture.   

The Irrigation Ordinance (1946) and amended Act (1994) provides legal 

powers to the Department of Irrigation to manage major irrigation schemes, 

The Agrarian Development Act (2000) as amended in 2011 provides the legal 

authority for the Department of Agrarian Development to manage the 

majority of the minor irrigation schemes, and the Provincial Councils Act 

(1987) provides authority to the provincial councils to manage village tanks, 

anicuts, etc. The Mahaweli Authority of Sri Lanka Act (1979) empowers the 

MASL to optimize agricultural productivity and employment potential and 
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generate and secure economic and agricultural development within the 

Mahaweli command area.   

Sri Lanka faces numerous challenges related to managing water with nearly 

40 statutory bodies responsible for water resources.  Besides the complex 

management challenge that the water sector presents, that no single agency 

has stewardship over the country’s water resources has exacerbated 

inefficiency in the use of water resources (Overarching Agriculture Policy 

(Draft) August 2019). 

8. Issues and challenges 

Coordination of climate change related actions are identified as an issue of the 

institutional capacity and coordination on the irrigation sector.  Poor 

coordination between the farming community and the authorities can be 

indicated as an issue. Further, the need for institutionalizing integrated water 

resources management within the water governance system is challenge. 

Research is needed in many areas and would greatly improve the 

government’s ability to address climate change impacts (Wijenayake, and 

Mombauer, 2019). 

There are multiple agencies dealing with water management for different 

uses ranging from drinking, irrigation, power generation and ecosystem 

services. Linkage of these agencies with number of coordinating structures is 

a challenge when functioning at ministerial, district and village levels 

primarily on water management.   

Similarly there is a very large number of legislation dealing directly or 

indirectly with water resources. However, the legal support and 

implementation strategies for controlling water pollution are inadequate. The 

multiplicity of the institutions and legislation, unclear responsibility and 

accountability, and inadequate resources are cited as reasons for this 

situation. 

According to the Sri Lanka Water Resources Development Report, 2010, Sri 

Lanka has reached several milestones in the water sector in the recent past, 

especially in the past 50 years. However, there are several challenges and 

threats to these achievements. Lack of a consensus about key policy issues 

constitutes one of the major concerns. 

9. Recommendations and way forward 

Following are some of the key recommendations that would rectify most of 

the common issues experienced in the water management sector in Sri Lanka. 
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● Increasing the timely availability of accurate weather forecasting 

information to manage the drought conditions and pree and post-

flood interventions  

● Government involvement for increasing the investment in irrigation 

sector particularly in water management research, technical support 

services, capacity building and infrastructure development 

● Up scaling of awareness programs for extension personnel, farmers, 

leaders of farmer groups, irrigation associations and cooperatives in 

partnership with local and International organizations 

● Establishment of a strong collaboration mechanism within 

stakeholders 

● Promote appropriate irrigation technologies and conservation 

practices to increase water use efficiencies and water productivity in 

irrigated and rainwater harvesting techniques in rain-fed agriculture  

● Irrigation water Quality standards and Waste water treatments 

 

● Application of high technologies as modern sensor technology, Geo-

informatics for decision making in irrigation scheduling in schemes  
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Report on the Regional Consultation Meeting on Advanced 

Water Management Options for Sustainable Crop 

Production in South Asia 
 

(5-6 April 2021) 

 

The Regional Expert Consultation Meeting on ‚Advanced Water Management 

Options for Sustainable Crop Production in South Asia‛ was held on 05-06 

April 2021. It was organized by SAARC Agriculture Centre (SAC) on a virtual 

mode and the National Focal Experts from seven SAARC Member Countries 

have participated in this important meeting. The Director of SAARC 

Agriculture Centre, Dr. Md. Baktear Hossain chaired the inaugural session 

while Dr Sreekanth Attaluri, Senior Program Specialist (Crops) cordially 

welcomed the participants and emphasized the importance of efficient water 

utilization using advanced water technologies particularly irrigated water in 

crop production while bringing awareness to policy makers about the available 

options in water management and practices with its impact on sustainable crop 

production.   

Dr S K Chaudhari, Deputy Director General (NRM) Indian Council of 

Agriculture Research, graced the occasion as Special guest during the inaugural 

session. He emphasized on the need to focus on research efforts on canal 

automation, efficient use of ground and surface water for improving crop 

production and crop diversification in water scarce areas. As a special guest in 

the inaugural session Mr Jamal Uddin Ahmed, Director, ARD & SDF, SAARC-

Secretariat, Nepal stated that the deliberations of the proposed meeting would 

pave the way for drafting and further strengthening national policy on crop 

and water management in the agricultural sector of SAARC Member Countries. 

Further, in absence of Chief Guest, Dr Attaluri, Senior Program Specialist 

(Crops) delivered the message of Chief Guest Mr Md. Ruhul Amin Talukder, 

Additional Secretary, PPC Wing, Ministry of Agriculture, Government of 

Bangladesh during the opening session of the meeting. The chief guest 

conveyed the important role played by SAC in coordinating and creating 

common platforms for the experts of the region to share their knowledge and 

experiences and to disseminate the information particularly on the irrigation 

water management technologies to improve crop production and while 

conserving the natural resources.  Mr Talukder also emphasized the need to 

focus on advanced water management interventions and to continue to 

generate widespread awareness, empower the farming communities with 

knowledge on water management, along with suitable 

technologies/management practices in South Asia.  The contributions made by 
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the SAC in disseminating agricultural technologies and sharing of information 

was highlighted. The technical partner institution of the two-day consultation 

meeting is Indian Institute of Water Management (IIWM) of Indian Council of 

Agricultural Research.  

The objectives of the meeting are highlighted below 

Objectives 

1. To identify and prioritize advanced water management options and 

techniques for different agro-ecological regions of SAARC Member 

States. 

2. To narrow the yield gap of cereals, pulses and oilseeds through 

innovative on-farm water management interventions. 

3. To promote optimal cropping pattern through sustainable water resource 

management for better socio-economic livelihood of farmers. 

During the two-day meeting, three technical sessions were conducted wherein 

National Focal Experts have shared the information and experiences on 

conserving existing irrigated water resources in their respective countries and 

discussed on the need to take necessary measures to prevent water losses that 

will affect crop production in South Asia. Necessary advanced technologies, 

were thoroughly discussed, and aspects of irrigation water conservation 

practices and research studies conducted was shared by respective countries. In 

addition, experts also presented the research investments needed for further 

studies on water management technologies which can support the farming 

communities for taking up necessary preventive measures of water losses and 

for improving crop production benefitting rural livelihoods. The meeting was 

highly interactive and discussions were fruitful as intended to achieve the 

objectives of the meeting. Based on the country status papers presentations and 

discussions during the meeting, key recommendations have emerged from the 

meeting for consideration by SAARC member countries for sharing and using 

advanced water technologies that can improve crop production in the region. 

In the closing session, Director of SAC thanked all National Focal Experts for 

their time and energy that they have spent in gathering information, compiling, 

analyzing and finally formulating in the form of presentations and country 

papers. In the programme on the inaugural day, Dr Sarfraz Ahmad, 

CSO/Member Incharge NRD, Pakistan Agricultural Research Council, 

Islamabad, Pakistan chaired the technical session-1 followed by Dr Wais Kabir, 

Former Executive Chairman, Bangladesh Agricultural Research Council, 

Dhaka, Bangladesh for the technical session-2. Dr. Md. Baktear Hossain, 

Director SAARC Agriculture Centre chaired the technical session-3 on the 
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second day. The recommendations were finalized during the meeting. Dr. 

Sreekanth Attaluri, Senior Programme Specialist (Crops) coordinated the entire 

programme. 

Papers Presented 

A total of seven country papers on ‘Advanced Water Management Options for 

Sustainable Crop Production in South Asia’ were presented at the regional 

consultation meeting covering Afghanistan, Bangladesh, Bhutan, India, Nepal, 

Pakistan and Sri Lanka. 

Salient Recommendations 

The salient recommendations emerged during the consultation meeting are 

highlighted below 

A. Promote appropriate irrigation technologies, conservation practices to 

increase water use efficiencies and application of GIS / remote sensing for 

location specific irrigation in SAARC Member States.  

B. Build local capacities in irrigated and rainfed agriculture in SAARC 

Member States to extension personnel, farmers, leaders of farmer groups, 

irrigation associations and cooperatives in partnership with local and 

International organizations.  

C. Increased investment by Government and Private sectors in SAARC 

Member States in irrigation sector particularly in water management 

research for the achievement of national food security goals. 

D. Strengthening technical support services and policies for conjunctive use of 

surface and groundwater including artificial recharge and withdrawal. 

E. Bilateral and / or multilateral LoIs are to be executed among SAARC 

Member States for exchange of information, capacity building and sharing 

of proven technologies in water management. 

F. Promotion of low-cost solar-powered and IOT-enabled smart irrigation 

system in SAARC Member States. 

G. Design optimal cropping pattern with focus on low delta crops for different 

agroclimatic zones of SAARC Member States.    

H. Promotion of precision irrigation system using common digital tools, 

advisory services and forecasting. 

I. SAARC Agriculture Centre shall coordinate in establishing ‘Agricultural 

Water Management Network’, encourage collaborative research for 

facilitating the information across Member States in technical partnership 

with National and International organizations. 
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J. Pre and Post-flood management interventions, index based flood 

insurance, drought forecasting systems are to be developed and 

implemented in SAARC Member States. 

K. Irrigation water Quality standards and Waste water treatments are to be  

armonized across SAARC Member States. 

L. Validation and wide-scale dissemination of water technologies of SAARC 

Member States and documentation of success stories for capacity building. 

Challenges and lesson learned: Nominations from Member States for the 

meeting need to be received will in advance before the meeting and in order to 

meet the required quorum to organize the meeting. 
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LIST OF PARTICIPANTS 

 

Country National Experts 
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Mr Mr Shakerullah Hashimi 

Adviser of Irrigation and Natural Resources 

Ministry of Agriculture, Irrigation and Livestock 

Tel: +93 788282200 
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Specialist of Irrigation and Natural Resources 

Ministry of Agriculture, Irrigation and Livestock 
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Mr Srinibash Debnath 

Director, Department of Agricultural Extension 
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Dr. Md. Anower Hossain 

Chief Scientific Officer 

Bangladesh Agricultural Research Institute (BARI) 

Tel: +8801700249767 

Email: manower70@bari.gov.bd 
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Agriculture Engineer Specialist 
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Dr Tshering Penjor 

Agriculture Specialist 

Agriculture Research and Development Center 

Department of Agriculture 

Ministry of Agriculture and Forests 

Royal Government of Bhutan 
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Mr Prakash Acharya 

Senior Crop Development Officer 
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PAKISTAN 

Dr Zakir Hussain Dahri 

National Commission (Water), 

NRD, Pakistan Agriculture Research Council 
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Dr Bashir Ahmad 
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SRI LANKA 
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Additional Director of Agriculture,  
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Email: upulr@yahoo.co.uk 
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Dr Younus Ali 

Senior Technical Officer 
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