719

Review Article

Optimizing Water Utilization Effectiveness in Rice Agriculture:
An All-Inclusive Examination of Cutting-Edge Irrigation
Technology

Rizwana Mehmood **, Rabia Mustafa 2, Tania ljaz 3

1. Agronomy Department, PMAS Arid Agriculture University Rawalpindi, Pakistan;
rizwanamehmod5423@gmail.com

2. |Institute of Food and Nutrition Science, Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan; rabiamustafa08 @gmail.com

3. Institute of Food and Nutrition Science, Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan; Tania.ijjaz@gmail.com

* Correspondence: rizwanamehmod5423@gmail.com

Abstract: Rice is an extremely thirsty crop that is primarily grown using ineffective irrigation
techniques, which results in low water use efficiency and other environmental issues. The
sustainability of rice cultivation and food security are further threatened by the impending water
crisis and the export of virtual water through rice trading. To increase the effectiveness of water
utilization in rice cultivation, there are various different techniques. These include of drip-irrigated
rice, aerobic rice, direct-seeded rice (DSR), saturated soil culture (SSC), alternate wetting and drying
(AWD), drip-irrigated rice, a rice intensification system (SRI), and smart irrigation using sensors and
the Internet of Things (loT). Every approach, though, has benefits and drawbacks of its own. For
instance, the high production costs associated with specialised machinery and tools make automated
irrigation systems based on the Internet of Things and drip irrigation impractical for impoverished
farmers. Similar to aerobic rice, drip-irrigated rice, and the SRI, these labor-intensive practices are
inappropriate for places where labour is scarce. DSR, on the other hand, works well in places where
labour is sparse as long as weeds are controlled with herbicides. This article reviews and assesses the
applicability of several water-saving rice production techniques based on labour, energy, climate, soil
type, and greenhouse gas emissions, as well as the opportunities and difficulties they present. The
paper also looks at how cultural techniques that improve water use efficiency in rice cultivation, like
nutrition management, weed control, and seed treatment, are applied.
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1. INTRODUCTION

For more than half of the world's population, rice is a staple diet, and growing it takes a lot of water
[1]. But there is now concern over the worsening water situation in nations that farm rice. In nations
that cultivate rice, there is a serious water issue as a result of the rise in demand for rice cultivation
and the decrease in available water supplies. The Food and Agriculture Organisation (FAQ) estimates
that 34-53% of the irrigation water used worldwide is used for rice production [2]. Water scarcity is a
major problem in nations like China and India where rice production is a major agricultural activity.
India's water supply has been decreasing, and by 2030, estimates indicate that the country's water
consumption will be 50% greater than its supply [3]. Similarly, forty percent of China's water use is
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related to rice cultivation. More than one-third of the world's irrigated land is in China, a country that
also struggles with water constraint. China has significantly less water available per person than the
rest of the world, and future predictions indicate that the country's water shortage will get worse [4].
The food security of nations that farm rice is seriously threatened by the worsening water issue [4]. In
many developing nations, rice is a key crop for ensuring food security. A decline in rice production
might have an impact on food security due to water scarcity [2]. The production of rice is impacted by
water scarcity, which can also raise costs and make it unaffordable for the underprivileged. Reduced
agricultural production and soil degradation can result from the depletion of water resources used for
rice farming. Overuse of water resources can also result in waterlogging and increased salinization,
which lowers agricultural production even more [2]. It is also anticipated that climate change will have
a major effect on the amount of water available for rice farming. The availability of water for irrigation
is expected to change due to changes in temperature and precipitation patterns, which could lead to
both water shortages and flooding. It is anticipated that as global temperatures rise, the hydrological
cycle will become more intense, leading to longer dry periods in some regions and more intense
rainfall events in others [5]. Elevated temperatures are anticipated to escalate evaporation rates and
soil water loss, perhaps resulting in decreased soil moisture content and an increased frequency of
droughts. Given that rice crops need enough moisture in the soil to grow and yield large amounts, this
could have an impact on their production and growth. Climate change is predicted to intensify and
increase the frequency of extreme weather events such storms, cyclones, and floods in addition to
altering precipitation patterns [6]. These occurrences may harm rice fields and related infrastructure,
like irrigation systems, which may further limit the amount of water available for rice farming. In many
areas, the current problems with water scarcity will be made worse by climate change, thus
adaptation measures will be required to guarantee rice production that is sustainable going forward
[5]. This could result in more frequent and severe droughts in areas where rainfall is already
insufficient, making it more difficult for communities to acquire the water they require for drinking,
agriculture, and other purposes. The rate of evaporation increases with warmth, which can result in
lower soil moisture content and less water available for crops. This is especially crucial for the
development of rice, one of the crops that uses the most water worldwide. In areas where water is
already limited, rising temperatures are predicted to raise the amount of water needed for rice
farming, increasing the demand for irrigation water [2]. Similarly, because they raise competition for
fresh water, contribute to water pollution and degradation, and result in changes in land use that
lower the availability of surface water, industrialization and urbanisation can have a substantial
impact on the availability of freshwater for rice farming [7]. Due to over-extraction of surface and
groundwater and a reduction in the amount of water available for irrigation in rice-growing regions,
this increased demand may put strain on freshwater resources. Due to the flow of wastewater and
other pollutants into water bodies, urbanisation and industrialization can also cause pollution and
degradation of the aquatic environment. The quality of freshwater resources may be impacted by this
contamination, making them less suitable for rice farming [8]. Although there has been over 20 years
of research on new irrigation management systems to improve water usage efficiency in rice farming,
there are still certain knowledge gaps that require filling. One of these gaps is the absence of a
thorough analysis of how different cutting-edge irrigation management techniques affect rice
farming's water use efficiency. It is crucial to thoroughly examine how these technologies affect rice
yield and quality in addition to water use efficiency. The cost-effectiveness gap is another important
one to fill. It's important to assess the cost-effectiveness of innovative irrigation management
systems, even though they can help conserve irrigation water and increase water use efficiency. The
return on investment and prospective long-term cost reductions should be included in this analysis.
Furthermore, the efficiency of water use in rice cultivation is affected by the distinct meteorological
conditions and soil features found in various places. As a result, using the available research data, it is
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vital to select appropriate and efficient irrigation techniques among the variety of cutting-edge
irrigation management systems currently in use. Lastly, farmer adoption is a critical factor in the
success of innovative irrigation management technology. To encourage farmer adoption, suitable
policies must be developed. This research thoroughly examined the effects of novel irrigation
methods on water consumption efficiency, cost-effectiveness, rice production and quality,
appropriateness of the soil and climate, and policies to encourage their adoption in light of these
shortcomings.

2. LITERATURE REVIEW

In the future, feeding a growing population and providing for their water needs will become more
difficult. Achieving global food security requires sustainable use of agricultural water resources [9].
Three strategies can be used to alleviate the food scarcity brought on by water scarcity: (i) recycling
wastewater to increase water availability; (ii) improving water productivity through improved yields or
better use of water, or both; and (iii) addressing regional water scarcity by importing food through
virtual water trade [10]. The primary goals of all three strategies are to increase agricultural water use
efficiency through integrated methodologies, maximise the use of rainwater that is available, and
make effective use of the limited irrigation water. India has to increase agricultural water efficiency in
order to meet the country's rising food demand. Several techniques and technologies can be used to
accomplish this, such as: (i) modernising and streamlining irrigation and drainage systems; (ii) creating
and lining field channels and waterways; (iii) levelling and shaping land; (iv) building field drains; (v)
utilising surface and groundwater jointly; (vi) putting into practice and regulating suitable cropping
patterns; (vii) introducing and enforcing rotational water distribution systems (warabandi's); (viii)
creating plans for supplying inputs such as credit, seeds, fertilizers, and pesticides, and (ix)
strengthening current extension, training, and demonstration programs in farmers’ fields to conserve
freshwater and increase irrigation efficiency. India's freshwater resources are under increasing strain,
especially in the major rice-producing states. Reducing the demand for freshwater requires increasing
agricultural water productivity, or producing more goods or income per drop. The traditional method
of growing rice is continuously flooded (CF) conditions, which are very productive but need a lot of
water and have detrimental effects on the environment, including deteriorating soil health, increasing
methane emissions, and increasing the buildup of dangerous materials like mercury and arsenic
[11,12]. Therefore, the goal of agricultural research and development should be to find ways to
replace the traditional system and minimise the amount of water needed for rice growing [13]. Many
water-saving methods have been tested and distributed to farmers in an effort to increase rice yield.
These methods include the following: (i) irrigation using the alternate wetting and drying (AWD)
method; (ii) the aerobic rice system; (iii) the system of rice intensification (SRI); (iv) saturated soail
culture (SSC); (v) direct seeded rice (DSR); and (vi) drip-irrigated DSR. Rice is grown on raised beds in
the raised-bed method, which uses less water and improves soil aeration because the raised beds are
well-drained and do not flood frequently. In order to save water, the ground cover rice production
technique uses AWD at a shallow water depth. It is also possible to use non-flooded mulching
cultivation and transplanting on non-puddled soil to save water usage without sacrificing crop yield.
Semi-dry farming and intermittent dry intervals are deliberate dry spells that are used to lower rice
production water consumption and increase plant water efficiency. These alternative techniques are
well-known for using less water, enhancing soil health, emitting less greenhouse gases, and
preventing the buildup of dangerous components in rice grains. The agriculture industry in India may
be able to lessen its water scarcity problem if these strategies are put into practice. The International
Rice Research Institute (IRRI) created AWD irrigation, which is a technically sound, practically water-
saving, commercially feasible, and environmentally friendly method [14]. After undergoing rigorous
testing, AWD is currently being used in numerous Asian nations, including as Bangladesh, Vietnam,
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the Philippines, and India. With AWD irrigation, the field experiences alternating cycles of flooding
and drying, or unsaturation, which conserves irrigation water, enhances water-use efficiency, lowers
greenhouse gas emissions, and uses less labour, fertiliser, and pesticide. Irrigation is applied when the
soil reaches a particular lower moisture level. The fields are converted from a continuously moist rice
field to one with sporadic dry spells during the crop-growing season. The field is allowed to dry out for
two to three weeks following transplanting (or three to four weeks after sowing) until the water table
reaches a depth of 10 to 15 cm below the soil's surface [13]. Depending on the soil, this could take
one to seven days if there is no precipitation. Irrigation water should be applied until the field has
three to five centimetres of standing water after the threshold is reached [15]. Up to 37% less water
can be used with the AWD irrigation technique without compromising output. Comparing AWD rice
systems to continuously flooded rice systems, 23% less water is used [16]. AWD systems have the
ability to reduce total arsenic (As) and mercury (Hg) content in rice grains by 50%, reduce greenhouse
gas (GHG) emissions by 45-90%, increase water efficiency, and maintain or even increase grain
output, all while saving water [17]. It has been discovered that using AWD for sporadic irrigation
during rice agriculture will reduce insect pests by 92% and illnesses by 100% [11]. Furthermore, the
research conducted by Duttarganvi et al. (2016) shown that the application of AWD in combination
with cono-weeding produced noticeably greater yields in comparison to alternative irrigation and
weed control techniques. This is because an aerated growing environment and profuse root growth
are encouraged [18]. In addition, compared to traditional rice production systems, the AWD approach
has produced a 22% decrease in the frequency of watering [19]. Deep drainage, seepage, runoff, and
evapotranspiration have all decreased significantly in AWD, which is primarily responsible for the
decrease in irrigation water input [20]. The AWD method's lack of flooding reduces water loss through
seepage and percolation, albeit the speed at which these processes occur is mostly influenced by the
hydrological characteristics of the soil. Under dry direct-seeded rice (DDSR), the use of AWD
decreased water production by 44-50% and the overall water input by 27-29% [11]. According to a
different study by Sujono et al. (2011), when compared to shallow intermittent irrigation, the use of
AWD in rice boosted grain production by 22.9%, decreased irrigation water input by 13.1%, and
enhanced water productivity by 41.6% [21]. Similar to this, Ceesay et al. (2006) found that AWD
resulted in 60% less water usage than continuous submergence [22]. One of the main reasons for the
decreased water input with this technique is the lack of standing water in the field under AWD [23].
Carrijo et al. (2017) determined that severe AWD in rice saved 33.4% of water input with a 22.6%
yield drop based on a meta-analysis of 56 experiments, while mild AWD saved 25.7% of water input
with higher rice productivity [24]. Grain productivity rises when AWD encourages root growth
because it makes it easier for roots to absorb nutrients and water from deeper soil layers [25]. With a
non-significant difference in grain output, AWD plots used 57% less irrigation water than CF plots,
suggesting that AWD could significantly improve agricultural water usage efficiency in Nepal [26]. The
application of AWD has been shown to alter plant hormone signalling, which in turn increases grain
filling rate, lowers the percentage of unfilled grain, and improves water use efficiency in addition to
lowering water usage and raising vyields [27,28,29, 30]. According to research, compared to
continuous fertiliser (CF) irrigation, the use of intermittent irrigation with three- and seven-day
intervals can save 55% and 74% of water, respectively. It was discovered that the irrigation water
productivity throughout the seven-day intervals was 0.48 kg grain/m3 and the total water productivity
was 0.35 kg grain/m3 [31]. It has been demonstrated that maintaining a six-centimeter standing
water depth every seven days will stimulate plant growth and increase yields. It is essential for the
growth and development of the rice crop to maintain the ideal amounts of soil moisture without
creating stress. While adopting AWD has shown to be beneficial in improving water use efficiency,
reducing water inputs, and raising or maintaining vyields, it's crucial to remember that in certain
situations, especially with light-textured sandy soils, applying severe AWD may result in yield loss in
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exchange for increased water savings and WUE. Furthermore, it was discovered that in cases of
severe AWD, the influence of soil features on the efficacy of AWD was more evident [24]. Crops must
be consistently irrigated both throughout and after the onset of the reproductive phase in order to
prevent yield decreases in AWD. It has been demonstrated that the AWD can dramatically cut water
consumption while maintaining or even increasing yields when compared to CF [32]. In consequence,
compared to continuous submergence, rice's water productivity rose due to the 34% decrease in
water input in AWD [33]. According to Tan et al. (2013), there was no discernible drop in yields while
using the AWD technique, and compared to CF irrigation, using AWD increased water productivity by
17%. In comparison to CF irrigation, the AWD irrigation system reduced greenhouse gas emissions by
27%, according to Islam et al. (2022). AWD emitted less methane (CH4) (1.67 kg ha-1 day-1) than did
CF (2.33 kg ha-1 day-1) [34]. In contrast to CF, the deployment of AWD irrigation management with a
pressure head of 30 kPa significantly increased rice yield and nitrogen usage efficiency while lowering
the requirement for irrigation applications by 27.3%, according to a study by Djaman et al. (2018). It
was discovered that soils with a pH of less than 7 and a minimum of 1% soil carbon concentration
exhibited the highest efficacy of AWD [35]. AWD has not been widely used because of its potential for
lower vields, even though it reduces water input and produces a respectable yield in many places of
the world [24, 36]. Under other circumstances, the adoption of AWD led to a decrease in rice
productivity [24, 26, 37, 38]. A major obstacle to the broad implementation of AWD is the large
differences in grain yield that exist between soils, climates, seasons, years, cultivars, and management
approaches [16, 39]. Humphreys et al. (2012) discovered that AWD caused just a minor decrease in
yield [40]. In a similar vein, 5.4% less yield was found under AWD by Carrijo et al. (2017). Grain yields,
however, are not considerably impacted by modest AWD, such as preserving a soil water potential
(SWP) of 20 kPa or greater or making sure the field water level does not go below 15 cm from the soil
surface [24]. Although the AWD technique can save irrigation water, it is unlikely that Nepal will
implement it broadly because there are no direct incentives to do so from the current water
administration structure [26]. It should be emphasised that because AWD produces modest water
savings and rapid water drainage, it might not be the best method for growing rice in sandy soils.
Similarly, since the water table in these soils never falls below the roots at their lowest point, AWD
may not be required in soils with thick clay and shallow water tables [41]. When switching from the
traditional flooding system to water-saving rice production technologies, the rice grain quality may
vary [45]. Table 2 shows the impact of AWD on rice grain quality. Because CF accumulates dangerous
heavy elements like arsenic and mercury, it has been demonstrated to have a deleterious effect on
grain quality [46, 47]. However, it has been discovered that using AWD irrigation improves grain
quality by raising grain yield, milling recovery, and protein content. Reduced protein content,
however, can be the outcome of excessive AWD [48]. AWD increased the amount of amino acids and
phenolic acids while lowering the amount of lipids and alkaloids in milled rice, according to Song et al.
(2021) [49]. In comparison to CF, rice plants cultivated under AWD exhibited lower leaf trans-zeatin
concentrations of 36% and higher levels of leaf abscisic acid and foliar isopentenyladenine (37%),
respectively [50]. AWD irrigation decreased the amount of opaque kernels (62%), abortive kernels
(51%), and chalkiness (42%), when compared to aerobic irrigation management. Furthermore,
compared to CF irrigation, AWD irrigation reduced the kernel amylose levels by 15%, amylopectin by
6%, and mercury uptake by 21% [51]. Under AWD water management, brown rice's nutritional quality
was enhanced as evidenced by a notable drop in grain arsenic relative to CF and a rise in grain
antioxidants, flavonoids, y-oryzanol, total tocopherols, iron, and zinc [52]. An inventive method for
cultivating rice on unsaturated, well-drained soils without ponding water is aerobic rice cultivation
[56]. When compared to conventional irrigated rice cultivation, this method produces an impressive
yield of 4 to 6 tonnes per hectare with a water consumption rate of only 50 to 70%. It does this by
utilising specialised aerobic rice cultivars that are responsive to inputs and optimised water
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management techniques. This approach is strongly advised in locations where there is a severe labour
shortage or high water expenses, as well as in areas where salaries are rapidly increasing. Table 3
displays the WUE and water productivity of rice grown in an aerobic system. Weed infestation is the
biggest obstacle to aerobic rice's widespread use. There are several low-dose, highly effective
herbicides on the market that can be used to manage weeds in the aerobic rice system. There is also a
longer application window for these herbicides. According to Shahane et al. (2019), compared to
traditional transplanted rice, the aerobic rice system conserved 37.4% and 50.8% of irrigation water in
the first and second years of the trial, respectively [57]. Because there is no nursery rearing, no field
puddling, and no upkeep of arable soil, the aerobic system uses less water than both the SRI and
puddled transplanted rice. However, compared to puddled transplanted rice, the aerobic rice method
resulted in a considerable yield penalty. Aerobic rice is known to minimise greenhouse gas emissions
and minimise the potential for global warming in addition to saving water [58]. When rice was grown
using an aerobic system instead of a normal flooded one, 79.8% less CH4 was released on average,
but 14.4% more nitrous oxide (N20) was released than with transplanted paddy [59, 60].
Furthermore, compared to transplanted rice, Kato et al. (2009) discovered that aerobic rice systems
had water productivity that was 1.4 to 3.7 times higher [61]. Despite a 36-39% drop in paddy
production as a result of increased panicle sterility, the use of aerobic irrigation with DDSR boosted
water productivity by 22—30% and water savings by 49-55% [11]. According to a study by Shahane et
al. (2019), aerobic rice conserved 50.8% of the water utilised in transplanted rice when compared to
the system of rice intensification (SRI), transplanted rice, and aerobic rice [57]. Ramulu et al. (2020)
observed similar outcomes when they discovered that aerobic rice on sandy loam soil conserved 50%
of the irrigation water in comparison to transplanted rice [62]. The system of rice intensification (SRI)
has been promoted as a collection of agronomic management techniques for rice cultivation that
boosts productivity while consuming less water for more than ten years. While collaborating with
small-scale farmers in Madagascar in 1983, Henri de Laulanié created the SRI [64, 65]. The technology
has quickly expanded to several nations that cultivate rice. Transplanting young (13-15 days old) and
single seedlings, wider and square planting, intermittent water management (irrigation after the
development of hair-like cracks), using a cono-weeder or mechanical weeder for better weed control
and soil aeration, and promoting the use of organic nutrients and inorganic fertilisers are some of the
unique practices that make up this method. It has been shown that employing the SRI method in
paddy farming considerably boosts land productivity while requiring less water. By eliminating
evaporation and heavy percolation losses, the SRI method of paddy farming conserved up to 50% of
irrigation water as compared to the traditional method. In contrast to irregular rainfed land, the SRl is
the recommended technique for rice growing on flat, irrigated ground [66]. Although this method
somewhat increases the initial need for human effort, it is particularly ideal for places where water is
scarce. Regarding water use, the main distinction between SRl and non-SRl irrigation methods is that
the former employ a dry-wetting irrigation system, whereas the latter employs the more conventional
inundation method. Secondly, the SRI method does not require deep or frequent puddling, which
saves a substantial amount of water. Third, unlike the usual approach, irrigation is applied sparingly
during transplanting. Fourth, all that's needed to effectively run a motorised or hand-drawn cono-
weeder in a paddy field is a light misting of the ground. Because of the large distance used while
transplanting, extended root development occurs. The SRl's strong root system makes it easier for it
to absorb water and nutrients from a lot of soil, which increases output. Compared to the traditional
way of rice production, the SRI approach can increase rice grain yield while requiring a significantly
lower water input [66]. In comparison to conventional transplanted rice, Shahane et al. (2019)
observed that the SRI approach conserved 21.9% and 27.4% of irrigation water during the first and
second year of the experiment, respectively, without reducing yield [57]. The SRI approach conserved
thirty-one and thirty-seven percent of irrigation water during the Kharif and Rabi seasons,
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respectively, in comparison to regular transplanting [67]. The SRI saved water since it applied
irrigation water at a lower depth than conventional transplanted rice did during the early
development phase. In comparison to traditional transplanted rice (67.0 kg rice equivalent
yield/ha/cm) and the alternative wetting and drying method of irrigation, the SRI method of stand
formation conserved irrigation water and produced a higher WUE (70.8 kg rice equivalent
yield/ha/cm) [68]. Utilising the SRI technique rather than the standard inundation approach allows
farmers to conserve around 40% of irrigation water, increase land yield by approximately 46%, and
lower cultivation costs by 23% [69]. When compared to conventional agricultural methods, Toungos
(2018) reports that the SRI technique of rice cultivation reduced irrigation water usage by 40% in
Indonesia, 67% in the Philippines, and 25% in Sri Lanka [70]. When compared to standard
transplanting, the SRl approach used 31% and 37% less water for irrigation during the Kharif and Rabi
seasons [71]. The results showed that the SRI approach produced greater irrigation water productivity
(IWP) and economic water productivity (EWP) of 6.62 kg and X 108, respectively, compared to 2.70 kg
and X 45, respectively, produced by the non-SRI method. When comparing the SRI approach to the
non-SRI method, it was discovered that the IWP was 145% greater [69]. The SRI method's increased
IWP and EWP can be attributed to the fact that farmers who use it often save more water and yield
more rice. Cono-weeders are recommended by proponents of SRI for weeding and soil aeration;
nevertheless, impoverished farmers find the equipment prohibitively expensive and find it difficult to
operate in field circumstances [72]. It was discovered that groundwater-irrigated areas saved more
water (about 45 percent) while employing the SRI technique than canal-irrigated areas (about 33
percent) [69]. This variation can be attributed to the fact that since groundwater irrigation ensured
water availability, farmers were able to strictly follow a dry-wetting irrigation technique. This resulted
in a significant water savings for the farmers cultivating SRI paddy. But in the canal-irrigated area, it
was impractical since farmers are not responsible for managing the water, thus they tend to over-
irrigate crops when there is an abundance of water available [69]. By incorporating weeds into the soil
and encouraging the use of organic nutrient sources (green manure, green leaf manure, farmyard
manure, compost), the SRI approach increases the soil's ability to hold water and nutrients. The SRI
agriculture method produces fewer greenhouse gas emissions than the standard flooded paddy
method, with an average emission of 26.8% less CH4 and 3.8% more N20O [59]. Due to low literacy
and a lack of understanding about required irrigation measures, the majority of farmers who used the
SRI approach did not follow all recommended practices. Consequently, farmers have not fully
embraced the SRI technique [69]. Partial application of SRI principles, i.e., adopting particular SRI
methods, could benefit farmers to some extent but may not be able to create synergies between all
of the principles, depending on local agronomic or institutional opportunities and limits [66]. As the
depth of the irrigation water in the field increases, so does the percolation rate [73]. In contrast to
other technologies that require a water depth of 5 cm, SSC maintains a water depth above the soil of
less than 3 cm. The SSC's water percolation loss is lessened by the shallower water. Table 4 shows the
impact of SSC on rice yield and WUE. According to Tuong and Bhuiyan (1999), SSC can maintain or
boost output in rice-based systems while lowering water losses and water consumption. Under
extreme water stress, however, plants decreased their evapotranspiration, which in turn caused a
reduction in photosynthesis, which in turn produced a fall in height, tiller number, and chlorophyll
[74]. The amount of panicles per hill was greatly decreased by water stress during the tillering stage
[75]. Maintaining a saturated level of soil moisture prevents moisture stress and has no effect on
biomass accumulation, tiller development, or root growth. With a non-significant yield reduction of
6%, SSC can reduce water input from the constantly flooded state by an average of 40% [76].
Evaporation and yield determine how efficient the use of water is. The WUE will rise with every
agronomic management technique that raises grain yield. To attain higher yield potential, it is
imperative to employ other improved agronomic management practices in addition to these smart
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irrigation technology and improved irrigation systems. To improve WUE, agronomic management
techniques include the ideal planting period, sufficient plant population establishment, prompt weed
control, balanced and ideal fertilisation, appropriate insect and disease control, and harvesting are
crucial. To improve soil water-holding capacity and WUE of rice-based cropping systems, a variety of
agronomic techniques can be used, such as crop rotation, water conservation through minimum- or
no-tillage, the use of plastic film or straw mulching, regulated deficit irrigation, fertigation, anti-
transpirants, and soil amendments [14]. To increase water use efficiency, it is highly recommended to
implement sprinkler irrigation, modernise canal irrigation systems, use low-pressure pipe conveyance,
laser-controlled land levelling technology, harvest and store rainwater for irrigation and groundwater
recharge, and improve surface irrigation by shortening or narrowing borders or furrows [77].

3. CONCLUSION

Millions of people are fed by the paddy, a staple crop that has historically relied on the extremely
water-intensive inundation irrigation method. Nonetheless, in the face of increased water scarcity,
farmers continue to struggle to produce crops profitably in order to fulfill the world's expanding food
demands. Rice-growing nations must adopt innovative techniques and technology that allow farms to
use limited irrigation water sustainably in order to meet this issue. Numerous water-efficient rice
production technologies, including drip-irrigated rice, aerobic rice, SSC, DSR, and the SRI, have been
devised in answer to this difficulty. By using these technologies, paddy production can become more
profitable and productive while using less water. Adoption of these methods, however, varies by area
and is dependent on factors like soil type, resource availability, competence, and climate
compatibility. Cost-effective solutions that can be used in fields include DSR, the SRI, and AWD; they
must to be encouraged for quick and widespread adoption. Farmers have been slow to adopt these
better irrigation techniques, despite their proven efficacy. Extension agents at the grassroots level
should instruct farmers on new irrigation technologies like smart irrigation that uses sensors and the
Internet of Things, as they are not well-versed in these areas and don't know how to manage weeds
mechanically or with herbicides. It is necessary to develop and implement targeted programmes with
alluring incentives in order to encourage the use of these technologies in regions with severe water
constraint. All parties involved, including farmers, extension agents, and the government sector, must
work together to encourage and facilitate the widespread adoption of these technologies in order to
accomplish this. Big projects, though, ought to originate from the government.
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