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ABSTRACT

Rice production in Asia must increase continuously to feed
people. While the water shortage in rice cultivation in Asia
has yet to be completely evaluated, there is evidence that
water quality and availability decreases threaten the
sustainability of the irrigated rice system. Drought is one of
the major restrictions of high Rain-fed rice yields. Food safety
and environmental health in Asia must explore ways for
growing more rice with less water. This research examines the
whole rice production plan of the International Rice Research
Institute (IRRI), which includes genetics, breeding, and
integrated resource management. Irrigation techniques such as
saturated soil cultivation and alternative weathering and
dewatering will significantly reduce waste dumping while
increasing water yield. Another innovative method is being
investigated without sacrificing production to improve water
productivity. The C4 route is integrated into rice to increase
output per unit of transpired water, utilize genetic engineering
to improve dry tolerance and produce "aerobic rice" for good
and safe yields on unflooded soils.
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1. INTRODUCTION

In recent years, global water shortages have increased. There
is tremendous demand from Asian countries to decrease water
usage since 90% of total fresh water is diverted. Rice is
considered a basic objective of water management since it
grows on over 30% of irrigated area and accounts for 50% of
irrigation water. If preserved water is moved to highly
competitive areas, the use of water in rice cultivation will
benefit society and the environment. A 10 percent decline in
irrigated rice volumes would release about 150 000 million
pounds of irrigated rice water, or about 25 percent of the
world's non-farming fresh water. On the other hand, rice is
very susceptible to water stress. Attempts to restrict water
usage in rice production may lead to lower yields and further
endanger the food safety of Asia. Reduced usage of water for
rice would lead to a shift from aeration to aeration in the
ground. Our objective is to create innovative, socially
acceptable, economically successful and environmentally
sustainable rice systems that can sustain or increase rice
production when the supply of water is reduced. This article
analyses the current state of the rice reserves and the benefits
and drawbacks of producing more rice in a less water-
producing environment[1].

The field of rice may range from constantly anaerobic to
partially or even fully aerobic owing to the introduction of
water-saving irrigation technologies. This will significantly
increase protection of water, organic soil turnover, fertilizer
dynamics, carbon sequestration, biodiversity of soils and
weeds, and pollution from greenhouse gases. Any

modifications such as water reuse or decreasing emissions of
methane, some of which may be viewed as negative, such as
nitrous oxide surface release or soil reduction, may be
considered beneficial. The objective is to achieve efficient and
integrated management of natural resources, allowing rice to
grow economically and preserve rice production,
environmental services, and sustainability with enhanced soil
ventilation[2].

1.1 Water Resources

In irrigated or rain-fed settings rice may be cultivated. Rain
fed rice supplies about 45% of the world's supply of rice.
Drought was currently one of the major constraints of yield
increases to average 2.3 t ha™(-1) with 50 percent of rain-fed
lowlands and rain-fed highlands vulnerable to drought. In
mainly rain-fed rice areas, such as Northeastern Thailand,
Laos, Central Myanmar, East and North East India, severe and
moderate dry spread[3].

About 75% of the rice supply originates from an irrigated
lowland area of 79 million hectares. Cultivation of rice relies
primarily on precipitation in northern and central Chinese sub-
tropical regions, Pakistan and north-west India for wet
seasonal plants with additional irrigation. Irrigated rice is
common in South China, South-Eastern and East India and
Southeast Asia during the dry season. There is no
comprehensive evaluation of the availability of irrigation
water in the irrigated rice region. Wet-season irrigated rice
areas in northern China, Pakistan, Northern India and Central
India may suffer from a "physical water deficit" in 2025
according to the international water management institute's
water shortage maps. In addition, there will be more than 2
million hectares of irrigated rice produced in Central India
during the dry season. The region covering the majority of
South and South-East Asia's approximately 22 million acres
of irrigated rice fields during the dry season. Since IWMI
water shortage estimates are based on an annual water
balance, an overestimation of water supply during the dry
season may occur. During the dry season, water is still
restricted since irrigation is difficult due to the lack of rain.
During the dry season, 'physical water shortages' in the
economic water deficit area may impact rice regions[4].

Data have shown that water shortage dominates rice
production areas. The misuse of groundwater in China and
South Asia has created significant difficulties in recent
decades.  Throughout Punjab, Haryana, Rajasthan,
Maharashtra, Karnataka, and North Gujarat groundwater
tables dropped annually by an average of 1-3 million, and in
India by around 1 m each year. This resulted in higher
pumping costs, salt penetration, fluoride pollution, land
reduction and sinkholes. The rice wheat producing areas of
north India as well as the rice-growing areas of Tamil Nadu,
Pakistan and China have an effect on these main groundwater
depletion zones. In the Ganges Delta in the province of
Bangladesh, the overdraw of soil water allows wells to dry
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during the dry season and during the rainy season to
regenerate water. The development of harmful arsenic is a
particular problem with lower groundwater levels in this
region [5].

Strong upstream water usage along many of the main rivers of
Asia exacerbates downstream water problems. Since 1972, the
China Yellow river, which covers 4600 kilometers of some of
the wealthiest farms in Asia, has been virtually dry last year.
For almost four months, the last 600 kilometers were dry in
1997 due of the enormous demand for their water. The
Chinese government has banned rice flooding in Beijing. The
Ganges and Indus Rivers in South Asia have little or no water
flow in the dry season. Not so dramatically, however, is it
more essential that strong competition between states and
other rice production sectors causes a water scarcity in South
India's Cauvery and Chao Phraya in Thailand[6].

Furthermore, rice irrigation confronts competition from other
industries. The Chinese irrigated rice field decreased in the
1970s and 1990s by four million hectares. Although the
decrease in irrigated rice cannot be declared solely because of
a shortage of water, there are signs that the fall of the area has
been caused by the decline in irrigated rice water. For
example, in Zhanghe the 160,000 hectares of irrigation system
dominated until the 1980s when water was irrigated. Then
Zhanghe River water is gradually being used to satisfy the
growing urban and industrial demand for water and
hydroelectricity production. The allocation of agricultural
water dropped to about 20 percent in the late 1990s. In the
1990s, the irrigated rice acreage decreased by approximately
20% in comparison with the 1980s. As a result, the rice yield
was similarly limited. Similar instances of increasing
competition are available throughout Asia. The Angat river
waters in the Bulacan Province of the Philippines are
gradually being transmitted to Manila and agricultural water
supplies diminishing downstream. The poor quality of water
exacerbated by industrial waste affects water supplies in other
areas. Sediments and mining contaminants have poisoned the
Agno river in the province of Pangilinan[7].

2. LITERATURE REVIEW

Investigators describe how rice production may be increased
in Sub-Saharan Africa by improving the grain return per kg of
applicable N, from fertilizer input. The AAE N values we
have totaled together show large geographical variations in
small areas and a definite difference between the top
scientists' research and smallholder farms. Experimental
findings indicate that components of soil such as P, S, Zn, Si
and Fe, both irrigated and plumbed, may be spatially more
distinct — AE to one other. In rainfed agriculture, too,
variables in topography are found to affect the —take AE N
via dynamic hydrological changes and variations in organic
soil and clay composition. Recent agricultural advancements
have led to the integration of the micro pharmacological and
soil-related variables in field-specific fertilizer management,
although more research is required to link soil properties with
fertilizer reactions. These resources include the use of cheap
UAV systems for collecting micro-topography, a high
resolution soil nutrient database, the growth of SSA-based
fertilizer mixing facilities, and immersive ground support
tools employing mobile phones. Another method of enhancing
oscillations between AE and N under a challenging field
environment is to increase small dose nursery fertilization in
Sub-Saharan Africa[8].

Researchers looked into Chinese rice production problems. In
the past 5 decades, Chinese rice production has more than
tripled, mostly because of better grain yields and bigger seed
fields. This expansion has resulted in the development of high
yield crops and better farming technologies, including

nitrogen fertilizer and irrigation. In the last 10 years, however,
rice has stagnated in China. By 2030 the increasing population
of China will have to produce 20% more rice in order to meet
domestic needs if the consumption per capita of the rice
remains at its current level. This is a tough task, given that
many changes and problems in China's rice production system
restrict the country's ability to expand overall rice production
sustainably. Reduced arable areas, rising water shortages,
global climate change, workforce difficulties, and increased
demand on the markets for high-quality rice are all major
issues. Chinese rice production mainly has issues such as a
close genetic track record, the abuse of fertilizers and
pesticides, failure of irrigation infrastructure, overuse of crops
and a poor extension scheme. Effective research techniques
may allow China, despite these obstacles, to increase output of
rice. These include developing new rice varieties with a high
potential for production, enhanced tolerance of major diseases
and insects and abiotic stress like heat and drought, and the
integrated management of crops. We think that with the
implementation of new technologies and rice sciences, China
will achieve a long-term increase in rice production[9].

The International Rice Research Institute techniques have
been examined by researchers via genetics, breeding and an
integrated management of resources for rice production to
improve rice output and reduce rice requirements. Irrigation,
including the cultivation of saturated soils and alternating
weathering and drying, significantly reduces waste water
exhaust and improves water production. The bulk of
contemporary lowland rice crops, however, contribute to a
decrease in production. Additional methods for improving
water productivity without compromising yield are being
explored. The C4 photosynthetic mechanism is integrated into
rice so that water is produced per unit, molecular biology is
used to improve drought resistance and aerobic rice is
generated so that good and secure outcomes are achieved on
non-surfacing soils. As a result of the introduction of water-
saving methods, rice fields may go from anaerobic to aerobic
in part or even fully. Changes are expected to affect water
control, organic soil turnover, dynamic nitrogen, carbon
sequestration, soil fertility, weed biodiversity and greenhouse
gas pollution. Although some of these modifications are
beneficial, such water management and decreased methanol
production, others, such as nitrous soil oxide emissions or a
reduction in organic soil matter, are detrimental. The aim is to
adopt efficient, integrated natural resource management
techniques that enable profitable rice farming with increased
soil aeration while preserving the efficiency, environmental
advantages and long-term sustainability of rice-based
ecosystems. Rice production has to expand throughout Asia in
order to feed a growing population. While there is presently
no comprehensive evaluation of water shortages in Asian rice
production, it can be seen that declining water quality and a
reduced water supply risks preserving the irrigated rice
system. Drought is an important restriction on rainfed rice
production. For food safety and the preservation of the
environment in Asia, exploring techniques for rice production
with less water is important[10].

3. METHODOLOGY

In Asia, lowland rice is usually transplanted straight into
lowland paddy fields. The planning steps for paddy fields
include sweeping, ploughing and puddling. Pudding is mostly
used to fight weeds but also to absorb water, to decrease the
permeability of soil and to minimize the level and field of
transplantation. Soaking is a one-off operation, which
saturates and creates a hammering layer of water on the upper
level. "Free cycles" often exist between tillage and
transplanting in big irrigation systems, which may extend the
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land planning time of up to 12 months. The cultivation grows
from transplanting until harvest time. Fields are usually
inundated with 5-10 cm of water around this period. Ten days
before harvest, the final river flows.

Water is needed in flooded areas to satisfy the surrounding
area and depletion. Flow rates of S and P are defined by the
water head on the field and the water resistance in the ground.
S and P commonly blend into one word, i.e. SP, because they
are difficult to distinguish in the field. Because soil cracks do
not heal while the soil is wet, SP may be more than 25 mm a
day in soil preparation. The average SP values in hard clay
soils range from 1-5 mm/day to from 25 to 30 mm/day in
sandy and sandy loam soils throughout the crop growth
season. Only E occurs during the land planning, whereas both
E and T occur during crop development. Since it is difficult to
discover the difference between E and T during crop growth,
evapotranspiration is sometimes termed (ET). Rice ET rates in
Asia usually range from 4 to 7 mm daily.

3.1 Productivity of Water

Water productivity is referred to as the per unit of water grain
production. The overall field value for the WP network ranges
between 0.4 and 1.6 gr. of osteoporosis (field) in normal
lowland conditions, and from 0.20 to 1.1 g osteoporaosis in the
field value of the WP network. Rice levels are just slightly
less than other food crops like wheat, like C3. The levels of
rice are only little smaller. On the other hand, rice has about
half that of wheat. The low rice is primarily due to the
previously stated substantial unproductive outflows (SP and
E). In addition to the production and quantity of field water
outflows, the size and limits of the region under assessment
have a significant impact on its usefulness. This is because the
"losses" generated by S, P and drainage at one site in the study
region may be doubled. In order to assess whether upstream
discharges are reused downstream, water productivity data at
various scales may be utilized. So far, we have only found a
few accurate water efficiency figures in irrigation systems
with various dimensions (Table 1). The results show that
water productivities vary substantially above the field level
and are within the range of field water productivity.

Table 1: Productivity of water on the basis
evapotranspiration, irrigation, as well as total water intake
at various levels

Area (ha) WBzr (WPp) WPI Location
30-30 0506 025027 1-15 Muda irrigation system,
Kendal, Malaysia
187-606 1-17 - 04-1 Zhanghe 1rrigation
system
Hunan, China
Over 10° - 0513 125

Enhancement of water productivity techniques:

Higher water efficiency on a field level may be achieved
with | increased water efficiency per accumulated ET unit;
(i) decreased unproductive water outflows and depletions
(SP, E); and (iii) improved use of rainfall. The latter
technique is of financial and environmental importance
because the irrigation of water may be enhanced or replaced
by rainfall.
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3.2 Germplasm Agronomic Practices
Germplasm production has helped improve water efficiency in
rice growing. The new 'IRRI species has improved water
productivity by boosting yields and reducing crop durations
by around three times compared to conventional species (and
therefore outflows of ET, S, and P). This is because the rise in
output was followed by a reduction in growth time from 1966
to the beginning of the 1980's, while cultivars released soon
after the middle of the 1980's were lengthier than those
produced after 1980. With more tropical Japanese and hybrid
rice, water production will improve.

Growers in low-fertility rainfed areas, which are prone to
drought, were most effective in utilizing drought relief. The
vulnerability to drought is reduced by reducing plant life or by
decreasing the likelihood that water shortage cycles coincide
with sensitive plant phases. Drought resistant breeding
progressed more slowly and the problems were often caused
by genetic variety and environmental interaction. Drought-
resistant cultivars have been developed and disseminated in
both highland and lowland rainfed areas. Salt-resistant rice
cultivars like Ir51500 AC11-1 let us to produce rice in regions
where salt issues prevent the production of ordinary crops.
Improved agricultural methods, such as site control, effective
management of weeds and appropriate field grading, will
substantially enhance rice output without sacrificing ET and
potentially increasing water efficiency.

3.3 More Effective Use of Rainfall

Dried rice innovation has enormous potential to effectively
save irrigation resources via increasing precipitation.
Agriculturalists in transplanted and wet rice systems
typically wait for canal water delivery before land begins.
Land preparation for dry rice seed is performed on dry or
wet soil, beginning with early monsoonal rains. Crop
emergencies and early growth usually begin early in the
monsoon and are only watered later when canal water is
available. However, for the total water output all three
agricultural activities had a comparable total water input and
water productivity. The benefit of dry seed is that after
harvest, producers may grow more crops utilizing the
remaining soil moisture or irrigation water from early
planting. Rice crops may avoid dryness in the late season,
increase productivity and reliability by early production and
collection of dry rice in strict rain-fed systems.

4. RESULTS ANDDISCUSSION

Saturated soil cultivation (SSC) needs effective field water
management and frequent, labor-consuming irrigation
processes. In Australia, the test is carried on elevated beds to
promote SSC activities. The mattresses were drenched in
water (120 cm wide) (30 cm width and 15 cm depth). Water
savings were between 34% and flooded rice, while yield
losses ranged between 16 and 34%. In southern New South
Wales, Australia, SSC has been shown to decrease both
water input and return of little over 10% while maintaining
water-irrigation output. The decrease in yield due to cold
damage is probable in this climate for current SSC species.
Further studies are needed in order to identify the
components of the water balance and the differences in total
water consumption are to blame. In Malaysia, irrigation
water output rose substantially over wet seeds and
transplanted rice into the irrigation system for the Muda
region (Table 2).
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Table 2: Mean * SE of grain yield and water productivity

Parameter WS ISU DSISU TP ISU
Yield 450 + 023*" | 414 + 017° | 479 + 0.23¢
WP 0.62 + 0.30° | 1.48 + 0.26° | 1.00 + 0.30°

WP(I+R) 0.26 + 0.02* | 0.27 £ 0.02% | 0.25 £ 0.02°

WP(ET+E) 0.42 + 0.02* | 0.38 £+ 0.02* | 0.39 £ 0.02°

WP(ET) 0.53 + 0.04" | 048 £ 0.03" | 0.61 £ 0.04°

In a rice wheat system, the advantages of growing rice on
elevated SSC beds may be utilized for post-rice plants, such
wheat. The soil and water logging structure due to irrigation
from spring and winter rainfall always restricts crop output
after rice. A bed structure may help to drain a post-rice crop.
Lowland irrigated rice habitats have a unique feature: soil
submergence. Two to three rice harvests every year on
submerged soils, as shown by their continuous nutrient
delivery, soil carbon levels and rice production patterns, are
highly sustainable lowlands. On the other hand, protracted soil
submerse increases anaerobic organic matter decomposition
that generates methane, an important greenhouse gas.
Emissions of methane like as those used in AWD may be
reduced by short aeration of the soil. Long-term soil aeration,
such as in aerobic rice, will further reduce the emissions of
methane. In contrast, soil aeration will increase greenhouse
gas emissions of nitrous oxides. The potential of soil redox is
closely related to the emission of methane and nitrous oxides,
a sign of soil oxidation. The idea is to limit all emissions of
methane and nitrous oxides by keeping the redox potential
between -100 and +200 mV. One significant field of research
is to evaluate whether water-saving devices can achieve such
an intermediate ground redox potential.

Increased aeration of AWD soil and aerobic rice would impact
the soil organic matter and the possible delivery of nutrients.
It may also make it more difficult to save agricultural
leftovers. The more aggressive weed flora associated with
water-saving technology may need greater dependence on
pesticides and jeopardize the ecosystem. How much water and
soil are needed to achieve rice ecosystem production and
services may be major issues with water-saving technologies.

5. CONCLUSION

In permanently flooded fields, rice growth is anticipated over
decades, however in the future, the increasing water shortage
will affect rice growth. Researchers investigate techniques of
water conservation, such as alternative weathering and drying,
that were studied at the beginning of the 1970s (AWD). The
essential elements for the implementation of these
technologies seem to be right. However, with the exception of
China, the acceptance of these improvements was sluggish.
The aim is to discover socio-economic and environmental
factors that enable farmers to take advantage of them. Our
research in this area is far from complete. However,
significant factors may be identified that influence farmers'
willingness to adopt water-saving technologies.

Water is not often sold on Asian markets, fertilizers and
pesticides, and government subsidies for irrigation are often
low or nonexistent. This discourages farmers from using water
as a valued resource. Farmers have little motivation to use
water-saving technology, since the conservation of water does
neither decrease agricultural expenditure or enhance revenues.
If water becomes a genuine business advantage, farmers are
more likely to use water-saving technology. According to data
farmers in Asia, these technologies are already utilized to
meet high water costs. Different types of AWDs and

decreased flood levels have been adopted in certain regions of
China where farmers are paid for the water they use. In north-
central India, farmers employing pumps to irrigate their plants
utilize some kind of AWD to save pumping money. Farmers
have also demonstrated that they may adopt water
conservation techniques to enable farmers to sell their water
rights to others in Australia.
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