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Abstract- Water scarcity is rapidly becoming one of the most critical challenges facing global agriculture, particularly in 

regions that heavily depend on water-intensive crops such as rice. Traditional rice farming, which involves continuous flooding 

of paddy fields, consumes vast amounts of water, making rice cultivation unsustainable in many water-stressed regions. The 

need for innovative, water-efficient agricultural practices has led to the development and adoption of short-duration rice 

varieties, which offer a viable solution to reducing water use without compromising crop yield or food security. Short-duration 

rice varieties are characterized by their shorter growing periods, typically maturing within 90 to 110 days compared to 

conventional varieties that can take over 150 days. By requiring less time in the field, these varieties also demand significantly 

less water for irrigation, making them highly suitable for areas facing water scarcity, irregular rainfall, and unreliable 

irrigation infrastructure. In addition to reducing water consumption, short-duration rice contributes to the overall 

sustainability of farming systems by allowing for better synchronization with seasonal rains, enabling double or multiple 

cropping, and minimizing the need for groundwater extraction. 
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I. INTRODUCTION 

 
Rice is one of the most important staple crops worldwide, 

feeding over half of the global population and playing a 

pivotal role in the economies and livelihoods of millions of 

farmers, particularly in Asia [1]. Countries like China, India, 

Indonesia, Bangladesh, and Vietnam are among the top rice 

producers and consumers, where rice is central not only to 

daily diets but also to cultural traditions and agricultural 

systems [2]. However, the high-water requirements of rice 

cultivation have raised significant concerns in the context of 

increasing water scarcity and the growing competition for 

freshwater resources across sectors, including agriculture, 

industry, and domestic use [3]. 

 

Globally, rice production is responsible for consuming about 

30-40% of the total freshwater used in agriculture [4]. 

Traditional rice farming involves flooded paddies (a method 

known as continuous flooding), which not only leads to 

substantial water loss due to evaporation and percolation but 

also requires constant water supply during the long growing 

periods of conventional rice varieties.  

 

These long-maturity varieties typically take between 150 to 

180 days from planting to harvest, demanding significant 

amounts of irrigation, especially in areas dependent on 

seasonal rainfall or with erratic monsoons [5]. 

 

Water scarcity is now a pressing issue in many parts of the 

world, exacerbated by factors such as population growth, 

urbanization, industrial expansion, and climate change [6]. 

For rice-growing regions, particularly in Asia, the situation is 

critical, with groundwater levels rapidly depleting and surface 

water sources becoming increasingly unreliable [7]. 

Furthermore, climate change is altering weather patterns, 

leading to unpredictable rainfall, extended droughts, and 

heightened competition for dwindling water resources. This 

makes rice cultivation, in its traditional form, a highly 

unsustainable practice in water-stressed areas. 

 

II. GLOBAL WATER CRISIS AND 

AGRICULTURE 
 

Agriculture remains the largest consumer of freshwater 

resources globally, accounting for approximately 70% of all 

freshwater withdrawals [8]. This figure is even higher in many 

developing regions where agriculture is the backbone of the 

economy, reaching up to 90% of total water use in some 

countries [9]. As the global population continues to grow—

projected to reach 9.7 billion by 2050—demands for food 

production will increase accordingly, placing further pressure 

on already strained freshwater resources [10]. 

 

Within agriculture, rice cultivation is one of the most water-

intensive activities, particularly due to the widespread practice 

of continuous flooding in paddy fields [11]. Rice is a staple 
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food for more than half of the world's population, especially in 

Asia, where countries such as China, India, and Indonesia are 

among the top consumers and producers [12]. However, the 

traditional method of cultivating rice, which involves 

maintaining flooded fields throughout most of the crop's 

growing period, leads to significant water wastage [13]. On 

average, producing one kilogram of rice requires between 

3,000 to 5,000 liters of water, making it one of the most water-

demanding crops globally [14]. 

 

III. WATER WASTAGE IN TRADITIONAL 

PADDY CULTIVATION 
 

The continuous flooding method used in traditional rice 

farming not only requires substantial irrigation but also results 

in inefficient use of water [15]. Much of the water applied to 

flooded paddies is lost through evaporation, percolation, and 

surface runoff, leading to water wastage [16]. Flooding the 

fields creates a saturated environment that rice plants thrive 

in, but the practice is inherently wasteful [17]. In regions 

where rice is grown during the dry season or in areas without 

reliable access to surface water, farmers often rely on 

groundwater extraction for irrigation [18]. This has led to 

over-extraction of groundwater resources, causing significant 

declines in water tables and resulting in critical long-term 

sustainability challenges for water availability [19]. 

 

For instance, in northern India, particularly in the state of 

Punjab, which is one of the country's primary rice-producing 

regions, the heavy reliance on groundwater for rice cultivation 

has caused alarming drops in the water table—falling by more 

than 1 meter per year in some districts. This over-extraction 

poses severe risks to the long-term viability of rice farming, as 

well as to local water supplies for drinking and other uses 

[20]. Other regions facing similar challenges include parts of 

China, Bangladesh, and Southeast Asia, where groundwater 

depletion is a growing concern due to rice monocultures [21]. 

 

Competing Water Demands 

Beyond agriculture, freshwater resources are increasingly in 

demand for industrial activities, energy production, and 

domestic use [22]. Urbanization and industrialization have led 

to rising competition for water, especially in water-scarce 

regions where growing cities and industries vie for the same 

limited resources as agricultural sectors [23]. For example, in 

densely populated areas such as South Asia and parts of Sub-

Saharan Africa, balancing water needs between urban 

expansion, food production, and ecosystem conservation has 

become an ever-growing challenge [24]. 

 

The situation is exacerbated by climate change, which is 

altering precipitation patterns, leading to increased incidences 

of drought, erratic rainfall, and shifting monsoon patterns in 

key rice-growing regions [25]. Prolonged dry spells and 

extreme weather events can further strain water resources, 

reducing the availability of irrigation water when crops need it 

most [26]. The unpredictability of water availability makes 

farmers more dependent on irrigation, intensifying the need 

for efficient water management practices in agriculture [27]. 

 

 The Role of Water-Efficient Farming Practices 

To address these mounting pressures, the adoption of more 

water-efficient farming practices is essential. A key strategy to 

mitigate the impacts of water scarcity on agriculture is 

transitioning to sustainable crop varieties and improved 

irrigation techniques that optimize water use. Traditional 

methods, such as continuous flooding of paddy fields, are no 

longer tenable in many regions facing water shortages [28]. 

Thus, introducing modern approaches like alternate wetting 

and drying (AWD), drip irrigation, and the promotion of 

short-duration rice varieties offers a path toward more 

sustainable water use in agriculture [29]. 

 

Water-efficient practices like AWD, which involve 

periodically allowing the rice paddies to dry out between 

irrigation cycles, have been shown to significantly reduce 

water consumption without affecting rice yields [30]. 

Similarly, the introduction of short-duration rice varieties, 

which require less time in the field and consequently less 

water for irrigation, has proven to be a crucial intervention in 

water-scarce regions [31]. These techniques help conserve 

water, reduce reliance on irrigation during critical dry periods, 

and improve the overall sustainability of rice production 

systems [32]. 

 

IV. GLOBAL IMPACT OF WATER SCARCITY 

ON RICE PRODUCTION 
 

The global water crisis has far-reaching implications for the 

future of rice production. In regions where water scarcity is 

already acute, such as South Asia, Southeast Asia, and parts of 

Africa, the risks to rice farming are particularly pronounced 

[33]. Water scarcity directly threatens food security, as rice 

remains a dietary staple for billions of people, and disruptions 

to rice production could exacerbate hunger and poverty in 

vulnerable regions [34]. 

 

Moreover, water stress affects the economic viability of rice 

farming, particularly for smallholder farmers who may lack 

access to alternative water sources or advanced irrigation 

technologies [32]. Many of these farmers are already 

operating on the margins of profitability, and increased water 

costs or reduced access to irrigation water could further erode 

their livelihoods [35]. As such, addressing water management 

challenges in rice cultivation is not only an environmental 

concern but also a socioeconomic imperative [13]. In this 

context, innovations such as short-duration rice cultivation are 

vital for safeguarding both water resources and rice 
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production [17]. By reducing the overall water footprint of 

rice farming, these varieties offer an effective means to 

alleviate pressure on freshwater supplies while ensuring that 

rice yields remain stable [36]. In doing so, they contribute to 

both environmental sustainability and resilience in agricultural 

systems, offering hope for a more water-secure future [37]. 

 

Introduction of Short-Duration Rice Varieties 

In the past few decades, several short-duration rice varieties 

have been developed through traditional breeding and 

biotechnology [38].  

 

These varieties are particularly suited for areas with limited 

water resources or short growing seasons. Examples include 

varieties developed in South Asia, such as Swarna Sub-1, 

Sahbhagi Dhan, and IRRI’s early-maturing lines [39]. 

 

Short-duration rice is favored not only for its reduced water 

requirements but also for its resilience to changing weather 

patterns [40]. By shortening the growing season, farmers can 

avoid peak periods of water stress, such as droughts or 

delayed monsoons. 

 

 Short-Duration Rice and Water Resource Management 

 Water Requirements in Traditional vs. Short-Duration Rice 

Traditional rice varieties typically require 150 to 180 days 

from planting to harvesting, during which they need 

continuous irrigation. On average, it takes between 3,000 to 

5,000 liters of water to produce one kilogram of rice [41]. 

 

In contrast, short-duration rice varieties reduce the water 

consumption significantly due to the shorter growing cycle, 

usually ranging from 90 to 120 days [42]. Studies have shown 

that short-duration rice can reduce water use by up to 30%, 

primarily because the plants are in the field for a shorter 

period and require less irrigation [29]. 

 

Irrigation Efficiency 

The reduced need for irrigation in short-duration rice 

cultivation is one of the most significant benefits [43]. 

Regions with erratic rainfall or water scarcity can benefit from 

the shorter growing period, as it aligns better with monsoonal 

rains and reduces the dependency on groundwater or surface 

water extraction [44]. 

 

Technological advancements such as alternate wetting and 

drying (AWD) irrigation techniques have further amplified the 

water-saving potential of short-duration rice [45].  

 

This method allows the soil to dry out periodically between 

irrigation events, further reducing water usage while 

maintaining yields [46]. According to studies, using AWD in 

conjunction with short-duration rice types can save water use 

by up to 40% when compared to traditional techniques. 

 

Sustainability Impacts 

Environmental Sustainability 

By reducing the water requirements for rice farming, short-

duration rice varieties contribute to more sustainable 

agricultural practices. Excessive water withdrawal for 

traditional rice farming often leads to the depletion of 

groundwater reserves and the drying up of local water bodies 

[47]. This has severe environmental consequences, including 

land subsidence, reduced river flows, and loss of biodiversity 

[48]. 

 

The adoption of short-duration rice varieties can help alleviate 

some of these environmental pressures by conserving water 

[32]. Additionally, these varieties typically mature before the 

onset of peak pest and disease periods, reducing the need for 

chemical inputs such as pesticides and fungicides, further 

contributing to environmental sustainability [49]. 

 

Reduced Methane Emissions 

Another important environmental benefit is the reduction in 

methane emissions. Methane, a potent greenhouse gas, is 

produced in flooded rice paddies due to anaerobic 

decomposition of organic matter [50]. Short-duration rice 

varieties, which are cultivated under AWD or other water-

efficient practices, spend less time in flooded conditions, 

thereby reducing methane emissions by up to 48% in some 

cases [29]. 

 

Socioeconomic Sustainability 

Water savings from short-duration rice cultivation also 

translate into socioeconomic benefits. In many parts of South 

Asia and sub-Saharan Africa, farmers face increasing 

competition for limited water resources [51].  

 

By adopting water-efficient crops like short-duration rice, 

farmers can reduce their dependency on irrigation, leading to 

cost savings and increased agricultural resilience. Moreover, 

shorter growing periods allow for the possibility of multiple 

cropping cycles in a year, enhancing overall farm productivity 

[29]. 

 

V. PERFORMANCE OF SHORT DURATION 

RICE IN WORLD SCENARIO 
 

1. India: Success of Short-Duration Rice in Punjab and 

Bihar 

In the Indian states of Punjab and Bihar, short-duration rice 

varieties have been successfully adopted to combat water 

scarcity. For example, PR 126, a short-duration variety 

introduced in Punjab, matures within 120 days and has helped 

reduce the water used for rice cultivation by about 20%. It has 

become popular among farmers due to its lower irrigation 

needs and resilience to erratic monsoon rains [52]. 
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2. Bangladesh: Coping with Climate Variability 

Bangladesh, with its frequent floods and droughts, has seen 

significant benefits from adopting short-duration rice [53]. 

The Sahbhagi Dhan variety, which matures within 100 days, 

has enabled farmers to grow rice during the shorter monsoon 

season, avoiding the heaviest floods and reducing water use 

[39]. 

 

Philippines: Integration of Short-Duration Rice into 

Sustainable Farming Practices 

 

The Philippines has long faced issues with both drought and 

excessive rain, making short-duration rice varieties like IR36 

popular among farmers [38]. Research from the International 

Rice Research Institute (IRRI) has demonstrated that short-

duration varieties, when integrated with AWD irrigation 

practices, have reduced water usage by over 25%, while still 

achieving comparable yields to longer-duration varieties [54]. 

  

Challenges in Scaling Short-Duration Rice Cultivation 

Adoption Barriers 

While the benefits of short-duration rice are clear, there are 

still several barriers to its widespread adoption. These include 

a lack of awareness among farmers, inadequate access to 

high-quality seeds, and limited government support in some 

regions [55]. In addition, smallholder farmers often hesitate to 

switch to new varieties due to the risks associated with poor 

harvests in the initial years of transition [56]. 

 

Economic Considerations 

For many farmers, transitioning to short-duration rice varieties 

requires upfront investments in new seeds, training, and often, 

improved irrigation infrastructure. Without adequate financial 

support or incentives, the adoption of these varieties can be 

slow [57]. 

 

Future Prospects and Recommendations 

Enhancing Research and Development 

Ongoing research into breeding more resilient short-duration 

rice varieties that can withstand diverse environmental 

conditions is crucial [58]. Efforts should focus on developing 

varieties with enhanced drought tolerance, pest resistance, and 

improved nutritional profiles [59]. 

 

Policy Support and Farmer Education 

Governments and agricultural agencies must play a role in 

promoting short-duration rice varieties through subsidies, 

training programs, and awareness campaigns. Investing in 

extension services that provide farmers with the knowledge 

and tools to transition to short-duration rice and more 

sustainable irrigation practices is critical [60]. 

 

Integrating Technology 

Technological interventions, such as remote sensing and drip 

irrigation systems, can further optimize the water-saving 

potential of short-duration rice. Promoting the use of these 

technologies in rice-growing regions will help ensure efficient 

water management [61]. 

 

VI. CONCLUSION 
 

Short-duration rice varieties offer a promising solution to the 

growing challenge of water scarcity in agriculture. By 

reducing the water requirements of rice cultivation, these 

varieties contribute to more sustainable water resource 

management and enhance the resilience of farming systems to 

climate variability. While challenges remain in terms of 

adoption and infrastructure, the potential benefits of short-

duration rice are undeniable. As the global demand for water 

continues to rise, promoting the cultivation of short-duration 

rice could play a key role in ensuring the sustainability of both 

agriculture and water resources in the years to come. 
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