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Abstract: Rice cultivation is a vital economic sector of many countries in Asia, including Thailand,
with the well-being of people relying significantly on selling rice commodities. Water-intensive rice
cultivation is facing the challenge of water scarcity. The study assessed the volumetric freshwater
use and water scarcity footprint of the major and second rice cultivation systems in the Chao Phraya,
Tha Chin, Mun, and Chi watersheds of Thailand. The results revealed that a wide range of freshwater
use, i.e., 0.9–3.0 m3/kg of major rice and 0.9–2.3 m3/kg of second rice, and a high water use of rice was
found among the watersheds in the northeastern region, like the Mun and Chi watersheds. However,
the water scarcity footprint results showed that the second rice cultivation in watersheds, like in
Chao Phraya and Tha Chin in the central region, need to be focused for improving the irrigation
water use efficiency. The alternate wetting and drying (AWD) method was found to be a promising
approach for substituting the pre-germinated seed broadcasting system to enhance the water use
efficiency of second rice cultivation in the central region. Recommendations vis-à-vis the use of the
water stress index as a tool for agricultural zoning policy were also discussed.
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1. Introduction

Rice (paddy) is the staple food crop feeding more than half the global population, accounting for
about 19% of the world’s dietary energy supply [1]. Especially for Asian countries like China, India,
Indonesia, Bangladesh, Vietnam, as well as Thailand, rice cultivation is recognized as a vital economic
sector vis-à-vis their socio-economic development. It is estimated that food production needs to be
increased by around 60% to meet the global demands for food in 2050 [2]. Freshwater demands for
food production have been projected to increase significantly in the coming decades due to population
growth, urbanization, and economic development [3]. Meanwhile, agriculture is the most land- and
freshwater-consuming sector, accounting around 37.5% of the global land area [4] and 85% of the
global freshwater consumption [5]. The water crises nowadays are prioritized as one of the top five
global risks [6]. In addition, several countries have promoted biofuels as one of the measures to boost
the livelihood of farmers in rural areas along with improving the national gross domestic product
(GDP). The rapid expansion of crops production leads to concerns on food and fuels competition,
particularly on water scarcity caused by the overexploitation of water for food and biofuel crops [7–10].
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The concern is not limited to the water competition between food and fuels but also among other
water users in the water basins. Hence, the improvement of water use efficiency and productivity, as
well as appropriate water and land and resources management are essential for the sustainability of
agricultural production [11].

Water footprint is recognized as a tool for evaluating the relationship between agricultural
production, water resources, and environmental impacts in order to enhance water use efficiency,
sustainability of water use within the watersheds, mitigating the impact of water use and improving
water resource management [12–15]. The same term “water footprint” is used by two approaches,
i.e., Water Footprint Network and life cycle assessment (LCA), although their definitions in the two
approaches are different [16,17]. The two approaches can provide different views of useful information
to support the policy decision for enhancing water resource management as well as for water impacts
mitigation to avoid the water risks [8,18]. The volumetric quantification of water use for agricultural
products in water footprint assessment of the Water Footprint Network approach provides useful
information in terms of water use efficiency and water productivity by considering the freshwater
consumption over the production chain of crops. Meanwhile, the water footprint assessment based on
the LCA approach will combine the volumetric freshwater consumption with the water stress index of
the region where the water is extracted in order to determine the impact of freshwater consumption in
view of water deprivation potential [19,20].

The water footprint of rice has so far been conducted by focusing on the volumetric water
consumption of rice cultivation in various countries as the virtual water footprint [21–23]. The results
revealed that although the water footprint of rice in Asia is high, the contribution to water scarcity is
relatively low because the rice is generally grown in the wet season (rainfed paddy field) and rainwater
is the major water source. However, the environmental impact due to the irrigation water use in rice
production should be specifically analyzed based on the location and timing of the water use [21].
This is consistent with the concept of water scarcity footprint in which the potential environmental
impact of water use is assessed considering the water stress situation of each location and also the
time [24,25]. There is still a lack in assessing the potential impact of rice cultivation in terms of water
scarcity footprint, especially for the case where rice cultivation systems are shifted due to limited
water resources. This study aims to integrate water footprint based on the LCA approach as a tool for
providing recommendations to support the policy makers on promoting sustainable rice cultivation
in view of water efficiency and water scarcity footprint reduction. The water scarcity footprint of
different rice cultivation systems of Thailand have been investigated. The studied areas covers the
four key watersheds of rice cultivation in Thailand, including Mun, Chi, Chao Phraya, and Tha Chin.

2. Materials and Methods

2.1. Rice (Paddy) Production in Thailand and the Studied Areas

Thailand is located in the tropical region where a variety of crops, fruits, and plants are grown.
Of the country’s total land area of about 51.3 million hectares, 46% is agricultural land, followed
by forest land at 32%, and other lands at 22% [26]. For the agricultural land, rice fields occupy
the highest at around 11.2 Mha or 47% of the total, followed by perennial crops and fruit orchards,
cropland, vegetables and flowers, and others at about 23%, 21%, 1% and 8%, respectively. This has led
Thailand to be the 6th largest rice producer and one of the world’s leading countries for rice exports.
In 2015, Thailand produced around 30 Mt and exported around 10 Mt of rice [26]. Rice is grown
nationwide but the capacity of rice cultivation in each region is different, depending on the availability
of water. In general, rice cultivation in Thailand can be classified into two crops depending on the
period of plantation. The first crop, or “major rice”, is grown in the rainy season (between May and
October), while the second crop, or “second rice”, is grown in the dry season (between November and
April) using water from irrigation. The main region of paddy plantation in Thailand is the northeast,
contributing around 51% of the total planted areas [26]. The northeastern region dominates in terms of
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the largest major rice production (rainfed paddy fields). However, the central region is outstanding in
terms of the irrigated paddy fields and the ability to cultivate two crops a year. Table 1 summarizes the
rice planted areas, production, and yields in Thailand from a geographical perspective.

Table 1. Rice productions and yields in Thailand classified by regions (Year 2015).

Watershed
Plantation Areas (ha) Rice Production (Tonne) Yields (t/ha)

Major Rice Second Rice Total Major Rice Second Rice Total Major Rice Second Rice Total

North 2,042,903 594,660 2,637,563 6,801,718 2,339,551 9,141,269 3.33 3.93 3.47
Northeast 5,790,946 188,870 5,979,815 12,230,973 606,677 12,837,650 2.11 3.21 2.15

Central 1,321,831 523,134 1,844,965 4,904,410 2,244,669 7,149,079 3.71 4.29 3.87
South 134,476 47,058 181,534 374,438 156,018 530,456 2.78 3.32 2.92

Total country 9,290,156 822,030 10,112,186 24,311,539 5,346,915 29,658,454 2.62 6.50 2.93

From a hydrological perspective, Thailand can be divided into 25 major watersheds, as shown
in Figure 1. The hydrological boundary is essential for policy makers to use for water resource
management. The study highlights the four key watersheds, i.e., Chao Phraya, Tha Chin, Mun,
and Chi, in the water use and water scarcity footprint assessment of rice (paddy) production in
Thailand. This is because the Chao Phraya and Tha Chin watersheds represent the central region with
the irrigated cultivation system where both major and second rice can be grown. Meanwhile, Mun
and Chi are located in the northeastern region where major rice is widely grown under the rainfed
cultivation system.

Figure 1. Mun, Chi, Chao Phraya, and Tha Chin watersheds of Thailand.

2.2. Rice Cultivation Systems

Rice cultivation in Thailand uses mainly the wet system, i.e., rice fields are prepared and the
soil is kept saturated. There are three major types of rice cultivation found in the studied areas viz.
(1) transplanting, (2) dry ungerminated seed broadcasting, and (3) pre-germinated seed broadcasting.
Transplanting is a traditional technique for growing rice, done by transplanting seedlings that are firstly
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grown in nurseries. This method requires less seeds and is easy for controlling weeds, but is labor
intensive and the crop takes longer to mature [1]. Dry ungerminated seed broadcasting, or so called
“dry direct seeding”, is a technique for rainfed ecosystems, where farmers will sow the ungerminated
seeds onto the dry soil surface and then incorporate them either by ploughing or by harrowing.
Pre-germinated seed broadcasting, or so called “wet direct seeding”, is a technique commonly used for
irrigated areas, i.e., seed is normally pre-germinated prior to broadcasting onto the recently drained,
well-puddled seedbeds or into pre-standing water in the fields [1]. Figure 2 shows the simplified rice
cultivation system and water use covering soil preparation, sowing, cultivation, and harvesting to get
the rice grain product.

Figure 2. Rice cultivation system and water use.

Figure 3 shows the cropping calendar of rice which is referred to as the baseline for estimating
crop water requirement (CWR). The dry season of Thailand runs from November through April
(shaded in the figure). The geographical location of Chao Phraya and Tha Chin watersheds is in the
central region where the rainfall occurs in mid-May to mid-August due to the southwest monsoon and
another with northwest monsoon in mid-October to the end of November. Therefore, more than one
crop of rice is generally grown if the farmers have enough water supply for land preparation. It was
found that in the Ayuthaya, Nakhon Pathom, and Pathum Thani provinces, the farmers are able to
grow rice twice a year. However, in case of the northeastern region (i.e., Mun and Chi watersheds),
the rainy season generally comes a bit later than the central region, so the farmers generally start to
prepare their rice fields in mid-July and then start sowing in mid-August in order to use the rainwater.
Nowadays, the non-irrigated rice fields have been promoted by the Department of Agriculture to
cultivate mung bean or other beans in order to improve soil quality.

Figure 3. Cropping calendar for rice cultivation. Note: UW: Upper watershed; LW: Lower watershed.
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Data on rice cultivation collected from farmers and local government authorities in 15 provinces
covering the Mun, Chi, Chao Phraya, and Tha Chin watersheds are shown in Table 2. Selection of
representative areas was done based on plantation area and management practices. Thus, the samples
are identified by the provincial agricultural officers to represent various practices of farmers in the
studied provinces. About 1257 local farmers were surveyed via questionnaires. The planted areas of
rice in the Tha Chin and Chao Phraya watersheds are generally with lowland paddy rice for which
the farmers are able to use irrigation water. Meanwhile, the cultivated areas in the Mun and Chi
watersheds mostly rely on rainwater. In Chao Phraya and Tha Chin, the cultivation system of the
surveyed samples for both major and second rice is pre-germinated seed broadcasting. However,
in the Mun watershed, the cultivation systems for major rice consist of dry ungerminated seed
broadcasting (50%), pre-germinated seed broadcasting (30%), and the transplanting method (20%);
and the cultivation system for second rice is mainly dry ungerminated seed broadcasting. In the Chi
watershed, the cultivation systems for major rice consist of dry ungerminated seed broadcasting (40%),
pre-germinated seed broadcasting (27%), and the transplanting method (33%); and the cultivation
system for second rice is mainly the pre-germinated seed broadcasting.

Table 2. Data sources.

Watershed Provinces
Data Collection Area (Hectare)

Major Rice Second Rice

Chao Phraya Pathum Thani, Ayutthaya, Nakhon Sawan, Chai Nat, Lop Buri 3443 2607
Tha Chin Suphan Buri, Kanchanaburi, Nakhon Pathom 322 297

Mun Ubon Ratchathani ,Nakhon Ratchasima, Buri Ram 1020 362
Chi Nakhon Ratchasima, Chaiyaphum, Kalasin, Khon Kaen 828 245

2.3. Crop Water Requirement Assessment

Crop water requirement (CWR) refers to the volume of water lost via the evapotranspiration
process including evaporative water from soil and crop surfaces and transpired water from crops to
the atmosphere. CWR is denoted as crop evapotranspiration (ETc). The water use of rice is estimated
based on the crop evapotranspiration calculation complemented with the rainfed and/or irrigated
conditions of the planted areas as well as irrigation practices of farmers. Data on farming practices,
irrigation techniques and efficiency are primarily collected, compiled, and aggregated from farmers.
The general formula (Equation (1)) used for estimating CWR is expressed as follows [27,28].

ETc = Kc × ET0 (1)

where ET represents the crop evapotranspiration i.e., the amount of water evapotranspired by the
crops in a specific climate regime and adequate soil water is maintained by rainfall, irrigation, or
both; KC represents the crop coefficient of Penman–Monteith; and ET0 represents the reference crop
evapotranspiration of Penman–Monteith [27]. Accordingly, the CWR of rice (major and second) can
be estimated. The reference crop evapotranspiration (ET0), crop coefficients, and monthly average
rainfall data for different provinces of Thailand are referred from [29–31]. The calculated ET0 by
province and KC values of rice are provided by the Royal Irrigation Department (RID). RID have
measured ETC of rice via both direct measurements performed at their irrigated water management
experiment stations and indirect calculation-applied provincial climate data. Using Equation (1) for
estimating ETC of rice is also recommended by RID, as it will serve as a quick assessment and be valid
for rice cultivation in the studied provinces. However, other factors influencing CWR, such as rice
varieties and soil characteristics, should be considered for a more comprehensive assessment. The crop
evapotranspiration (ETC) and the effective rainfall are calculated for the given set of data on ET0,
monthly rainfall, KC, and the crop calendar. Effective rainfall is the amount of rainfall actually used by
the crops.
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In general, rice cultivation begins with the land preparation by puddling. This is done by
saturating the soil layer for one month prior to sowing. The volume of water that is necessary for
saturated soil is about 200 mm [32]. For the lowland rice cultivation, standing water is required for
weed control. The wet system has a constant percolation and seepage loss during this period. Since
the percolation loss is primarily a function of soil texture, the study refers to the percolation loss factor
based on RID, which is about 1 mm/day for the central region and 1.5 mm/day for the other regions
of Thailand [33]. A water layer is assumed to be established during transplanting or sowing and
maintained throughout the growing season, but the level of water can differ depending on the farmers’
practices. This standing water is assumed to be used for the entire period of rice cultivation, except for
the last 15 days when the field will be dried out to facilitate harvesting. The total freshwater demand
for rice cultivation is therefore calculated from the summation of ETC, standing water, and percolation
for each time step.

To classify the crop water use into rainwater and irrigation water, if rice is grown in non-irrigated
areas, the water used for growing rice is supposed to be equal to the amount of effective rainfall.
If CWR is higher than effective rainfall, water withdrawal for rice in non-irrigated areas is equivalent
to the amount of effective rainfall. On the other hand, if effective rainfall is higher than CWR, water
withdrawal for rice in non-irrigated areas is equivalent to the amount of CWR. Water required for
cultivating crops in irrigated areas is expected to meet the total amount of CWR. Thus, the sum of
effective rainfall and irrigation water is accounted as the total water withdrawal for crops cultivated in
irrigated areas. This irrigation water is the additional amount of water required to reach the total CWR.
In general, to calculate the amount of irrigation water requirement for irrigated agriculture, irrigation
efficiency and water loss through percolation are taken into account as expressed by Equation (2) [33].
Even though the irrigation efficiency at 0.65 (for surface irrigation) is suggested by the specialist from
RID using a rule of thumb approach, this factor depends also on geographical conditions.

Irrigation water =
(crop water use − effective rainfall) + water loss (percolation)× 100

Irrigation efficiency ∗ (2)

Remark: * Irrigation efficiency = 0.65 [derived from the efficiency of water conveyance
(0.9) × efficiency of irrigation system (0.9) × efficiency of irrigation (0.8)].

2.4. Water Scarcity Footprint Assessment

The environmental impact of water use depends on not only the amount of water consumed
but also the water stress situation of the area where the water was extracted. The water deprivation
potential, or called as “water scarcity footprint”, is therefore proposed as the proxy indicator to
determine and compare the potential impact of water use in view of the amount of water deficiency
to downstream human users and ecosystems [14,19]. A low water scarcity footprint indicates lower
impacts on water consumed. Equation (3) shows the general formula for water scarcity footprint
assessment. The water scarcity footprint is calculated based on the “monthly water stress index (WSI)”
of the 25 watersheds of Thailand [10]. The monthly WSI is derived from the ratio of monthly total
water withdrawals to hydrological availability of a watershed. This index does not account for water
pollution which is captured by other indicators such as eutrophication, acidification, toxicity, etc.
The temporal aspects of the monthly WSI for the 25 watersheds were evaluated based on the seasonal
and monthly variations of water consumption in agriculture for each watershed due to different
cropping systems and cycles [10]. Table 3 shows the monthly WSI of the Mun, Chi, Chao Phraya,
and Tha Chin watersheds.

Water scarcity footprintrice,i = Irrigation water userice,i × WSIi (3)

where, irrigation water userice,i represents the amount of irrigation water use for rice cultivation in the
watershed i; WSIi represents the water stress index of watershed (i). The water scarcity footprint is



Sustainability 2017, 9, 2283 7 of 13

measured in terms of “m3 H2Oeq”. Actually, only the actual amount of irrigation water consumption
for rice should be used for calculating the water scarcity footprint. The standing water in a rice field
that can percolate and recharge surface water and ground water should not be considered as a loss for
the catchment area [34]. However, the volumetric irrigation water used for rice cultivation is referred
to in the study because its timing of use will contribute to the local water availability in the region.
Policy makers have also considered the amount of standing water as well as water percolation loss in
their irrigation water allocation plan for rice cultivation.

Table 3. Monthly water stress index (WSI) of the four selected watersheds [10].

Monthly WSI (Dimensionless)

January February March April May June July August September October November December

Chao Phraya 1.00 1.00 0.99 0.08 0.04 0.52 0.90 0.86 0.28 0.05 0.35 0.98
Tha Chin 1.00 1.00 0.94 0.04 0.03 0.42 0.76 0.82 0.28 0.04 0.06 0.69

Mun 0.08 0.07 0.02 0.02 0.02 0.37 0.36 0.34 0.25 0.03 0.01 0.04
Chi 0.10 0.07 0.03 0.02 0.02 0.21 0.34 0.18 0.20 0.03 0.02 0.03

3. Results and Discussion

3.1. Water Use for Rice Cultivation in Different Watersheds

Table 4 shows the comparison of freshwater use for major and second rice cultivation in the
Chao Phraya, Tha Chin, Mun, and Chi watersheds. For major rice, the results revealed that the total
freshwater used per unit area for rice cultivation in those four watersheds is not different, i.e., ranging
between 6800 and 7500 m3/ha. Rainwater is the main water source for major rice cultivation, sharing
around 75% of total freshwater used. Irrigation water is used only when the rainwater is not sufficient
to meet the CWR. However, per kilogram of rice product, the results showed a significant difference
between major rice grown in the central region (Chao Phraya and Tha Chin) and the northeastern
region (Mun and Chi), i.e., about 0.9–1.4 m3/kg and 2.2–3.0 m3/kg of rice, respectively. This is due to
the differences in rice yields of each region. Rice yield depends on a number of factors, such as the
crop variety, soil quality, fertilization, and treatment practices; however, the Mun watershed has the
famous Hom Mali rice (Thai jasmine rice), whose yield is generally lower than ordinary rice.

Table 4. Water use of rice production in different watersheds.

Parameter Unit Chao Phraya Tha Chin Mun Chi

Major rice

Yield kg/ha 5088 (5019–5156) 5769 (5519–6631) 2669 (2569–2769) 2994 (2919–3069)

Total water used m3/ha 7275 5596 7499 6796
(7026–7528) (5077–7493) (6653–8389) (6421–7181)

m3/kg 1.43 (1.4–1.46) 0.97 (0.92–1.13) 2.81 (2.59–3.03) 2.27 (2.2–2.34)

Rain water used m3/ha 5495 4096 5204 6317
(5270–5723) (3698–5637) (4470–5981) (5983–6659)

m3/kg 1.08 (1.05–1.11) 0.71 (0.67–0.85) 1.95 (1.74–2.16) 2.11 (2.05–2.17)

Irrigation water used m3/ha 1781 1500 2268 449
(1656–1908) (1214–2586) (1772–2796) (359–552)

m3/kg 0.35 (0.33–0.37) 0.26 (0.22–0.39) 0.85 (0.69–1.01) 0.15 (0.12–0.18)

Second rice

Yield kg/ha 5525 (5350–5700) 5300 (4844–6881) 3375 (3363–4688) 4088 (2813–5625)

Total water used m3/ha 8453 4717 7763 4660
(7918–9006) (3875–8258) (5178–11,156) (2813–8438)

m3/kg 1.53 (1.48–1.58) 0.89 (0.8–1.2) 2.30 (1.54–2.38) 1.14 (1.0–1.5)

Rain water used m3/ha 2100 1325 2363 1390
(1926–2280) (872–3303) (673–3609) (844–2250)

m3/kg 0.38 (0.36–0.4) 0.25 (0.18–0.48) 0.70 (0.20–0.77) 0.34 (0.30–0.40)

Irrigation water used m3/ha 6354 3392 5400 3270
(5939–6783) (2761–6124) (4506–7547) (1969–6750)

m3/kg 1.15 (1.11–1.19) 0.64 (0.57–0.89) 1.60 (1.34–1.61) 0.80 (0.7–1.2)



Sustainability 2017, 9, 2283 8 of 13

Contrary to the major rice, irrigation water is the major source contributing around 70–75% of
total water used for second rice cultivation. The yields obtained from the second rice cultivation
in Mun and Chi are increased as compared to major rice because only the irrigated rice fields can
grow the second rice. Meanwhile, the major rice grown in those two regions are rainfed and might be
cultivated in a deficit condition as compared to the CWR if the rainfall if not enough. However, for the
central region, the yields between major and second rice do not differ much because they are generally
irrigated and enough water will be supplied to the field as per the crop’s requirement both for major
rice and second rice cultivation. The total water used for second rice grown in Mun, Chao Phraya, Chi,
and Tha Chin are about 2.30, 1.53, 1.14, and 0.89 m3/kg rice, respectively. The amount of water used
can be divided into two main purposes, i.e., (1) the water used for rice growing and (2) percolation loss
and standing water. The water used for rice growing based on the crop evapotranspiration is estimated
to be around 55% of the total water used; the remaining being the percolation loss. Considering the
irrigation water used, which the policy makers have to manage and allocate to other users as well,
the results show that the lowest irrigation water used per kilogram of rice is for the second rice grown
in Tha Chin, followed by Chi, Chao Phraya, and Mun.

3.2. Water Scarcity Footprint of Rice in Different Watersheds

To compare the potential impact from the freshwater use for rice cultivation in the different
watersheds, the scarcity footprint is then assessed by combining the volume of irrigation water used
for rice with the water stress index of each watershed and each period of time that water is used as
shown in Equation (3). The irrigation water is focused in the scarcity assessment because it is the
resource that will be competed for with other water users. Table 5 shows the water scarcity footprints
of major and second rice cultivation in the four studied regions. The results show that although the
total water used for rice grown in Mun is the highest, i.e., 2.81 m3/kg rice, the water scarcity footprint
of major rice grown in Mun is almost equal to the Chao Phraya and Tha Chin watersheds, i.e., ranging
between 0.28 and 0.31 m3 H2Oeq/kg rice. This implies that the water deprivation potential impact
from freshwater used for major rice cultivation does not differ among the three studied watersheds.
Only the rice grown in the Chi watershed has a much lower water scarcity footprint value, indicating
lower potential impacts on water consumed [19]. The low water scarcity footprint of major rice
cultivated in Mun and Chi is because of the lower water stress index during June to August of those
two watersheds as compared to Chao Phraya and Tha Chin.

Table 5. Water scarcity footprint of rice production in different watersheds.

Unit Chao Phraya Tha Chin Mun Chi

Major rice Total water use m3/kg rice 1.43 0.97 2.81 2.27
Water scarcity footprint m3 H2Oeq/kg rice 0.31 0.28 0.29 0.04

Second rice
Total water use m3/kg rice 1.53 0.89 2.30 1.14

Water scarcity footprint m3 H2Oeq/kg rice 1.15 0.62 0.10 0.06

For second rice cultivation as well, the Chi watershed has to the lowest water deprivation potential,
followed by the Mun, Tha Chin, and Chao Phraya watersheds. The high water scarcity footprint
of second rice cultivated in Chao Phraya and Tha Chin watersheds is because, during January to
March, the water stress index of both watersheds are indicated as severe. The irrigation water during
those three months of dry season should therefore be considered as a scarce resource that needs to be
used efficiently. In addition, the high amount of irrigation water used for second rice cultivation in
the Chao Phraya watershed showed low efficiency of water use and need for further improvement.
The water scarcity footprint results imply that second rice grown in Chao Phraya and Tha Chin should
be focused on by the policy makers to identify measures for improving efficiency of irrigation water
use. Otherwise, there will be a high risk of irrigation water competition between farmers who want to
grow second rice and the other water users in those two watersheds. The obtained results of water
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scarcity footprint directly match the real situation in the country where there has been an increasing risk
of freshwater shortage over the past two years that made farmers, especially in the central region like
Chao Phraya and Tha Chin watersheds, lose production because of the lack of freshwater [35]. In case
of drought, the second rice cultivation, which is recognized as water intensive, will be abandoned or
delayed by the government in order to save water resources for domestic (sanitation) uses and for
ecosystem preservation.

3.3. Recommendations for Enhancing Sustainable Rice Production

The results from water footprint assessment revealed that second rice cultivation in the central
region of Thailand, like in the Chao Phraya and Tha Chin watersheds, will potentially face the challenge
of water scarcity. To enhance sustainable rice production in those two watersheds, several measures
should be encouraged or taken into account by the policy makers:

3.3.1. Improve Water Use Efficiency of Rice Cultivation

The study has compared the freshwater use for different rice cultivation systems including
the traditional practices like the transplanting method, pre-germinated seed broadcasting, dry
ungerminated seed broadcasting, and the alternate wetting and drying (AWD). The “AWD system”,
a water-saving technique for rice cultivation, is being encouraged to farmers in order to reduce
irrigation water use in rice fields due to the increasing water scarcity situation, without decreasing
yields. In AWD, irrigation water is applied a few days after the disappearance of the ponded
water. Hence, the field is alternately flooded and non-flooded. The number of days of non-flooded
soil between irrigation events can vary from 1 to more than 10 days depending on a number
of factors, such as soil type, weather, and crop growth stage. To implement AWD, a “field
water tube” is used to monitor the water depth on the field. Figure 4 presents the estimated
water use for second rice cultivation in the irrigated rice fields in the central region (Ayutthaya
province, Chao Phraya watershed). The results revealed that the transplanting method brings
about the highest water use at 1.34–1.48 m3/kg rice, followed by pre-germinated seed broadcasting
(1.25–1.37 m3/kg), dry ungerminated seed broadcasting (1.06–1.17 m3/kg), and alternate wetting and
drying (0.96–1.03 m3/kg). The high water use for transplanting and pre-germinated broadcasting
is due to the water requirement for land preparation and standing water as compared to the AWD
method. Thus, the AWD method can be an option for farmers in the area. The focus of the AWD
method should be for second rice cultivation because for major rice cultivation, the control of water
level in the field is difficult in practice as the water source relies on rainfall.

The Office of Agricultural Economics (OAE) revealed that about 92% of the second rice planted
areas in the central region of Thailand followed the pre-germinated seed broadcasting system. Hence,
it is estimated that if the AWD method is applied to replace the pre-germinated seed broadcasting
method for second rice cultivation in the central region, the irrigation water requirement for rice would
be reduced by around 570 m3/hectare or around 17% irrigation reduction. This estimation is based on
the conservative assumption that the yield would not be affected by the difference in water delivery
method, although several field experiments have indicated that the AWD would help increase the
productivity of rice by around 10%. Of the total second rice planted areas in the central region of
about 523,134 hectares, if 10% were changed to AWD method, the government would save around
298 million m3 of irrigation water. However, the challenge is that the farmers must be able to control
the water level in their fields appropriately, and manual weed control may be required because of
less standing water in the field as compared to the traditional rice cultivation. Hence, more efforts of
farmers for field management are required, which might in turn lead to the increased cost and working
time spent as compared to the traditional practice.
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Figure 4. Water use for different rice cultivation methods in the central region of Thailand.

3.3.2. Expansion of Irrigated Areas

The assessment revealed that the irrigated rice fields bring about higher productivity than the
rainfed ones. Thailand is an agro-industry-based country; however, the irrigation area is nowadays
just only 4.8 million hectares or about 20% of the total agricultural areas. This is one of the constraints
to the development of productivity and competitiveness of the Thai agriculture industry because the
production is very dependent on rainfall. This is also one of the reasons that rice yields have been
lower in Thailand than in other rice-producing countries. Apart from the expansion of irrigated areas,
the irrigation efficiency should also be improved by reducing loss of water conveyance, setting the
water distribution schedule appropriate to the crop growing, etc.

3.3.3. Agricultural Zoning by Integrating the Water Stress Index

The agricultural zoning system is gaining attraction by the policy makers. The crop zoning policy
is expected to mitigate the risks of farmers on low-productivity crop production, simultaneously
helping manage the supply of crops in the market to avoid overproduction, which in turn will bring
about lower prices. The suitable agricultural zones are generally identified by using the agricultural
land use data and matching it with the criteria such as (1) natural factors, e.g., soil conditions, water
(rainfall), sunlight, and humidity data for a particular region like district and provinces; and (2) crop
requirement for those natural resources in order to create the land suitability level for each crop and
to identify how much of the current planted area of crops are on the suitable and non-suitable land.
This approach is well recognized for identification of the suitable agricultural zones for the crops
for a particular region because all the natural factors essential for crop growing are accounted in the
screening process. However, it does not consider the external challenges such as the actual available
water in that particular region, both the current situation (after accounting the water demands for
other uses in the area) and future scenarios (if the land use for crops is changed according to the zoning
policy as well as according to the demands for crops in the future). Water competition might occur
in the future if zoning is set on areas that are currently facing water stress. The water stress index
(WSI) should therefore be used as one of the criteria for future agricultural zoning. Also, the water
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scarcity footprint should be applied to identify the water use impact potential from rice cultivation in
other regions.

Additionally, the implication of this research study is not only specific for enhancing sustainable
rice cultivation in Thailand but can also extended to other rice-producing countries. This is especially
for the countries in Asia where climatic modeling results show that the global temperature will
rise and the flooded rice production areas are expected to shrink in the future [36]. It has been
estimated that around 13 Mha of the irrigated wetland rice in Asia may confront physical water
scarcity; meanwhile, around 22 Mha of the irrigated dry-season rice may suffer from economic water
scarcity [37]. The potential use of research results is as follows: (1) use of the water scarcity index
as well as water scarcity footprint assessment for each country for informing policy makers on rice
cultivation planning, and (2) use of the alternative rice cultivation practices in the study, such as the
alternate wetting and drying (AWD) method, as an option in the suitable areas.

4. Conclusions

The study integrated the volumetric freshwater use, water stress index, and water scarcity
footprint as a tool for enhancing sustainable rice cultivation in Thailand in view of water sustainability.
The major and second rice cultivation systems in the central region (Chao Phraya and Tha Chin
watersheds) and the northeastern region (Mun and Chi watersheds) have been investigated and
assessed. The results revealed that a wide range of freshwater is used among the watersheds, i.e.,
0.9–3.0 m3/kg of major rice and 0.9–2.3 m3/kg of second rice. The variability of water used stems
from factors such as rice productivity, cultivation practices of farmers, irrigation water availability,
etc. The total water used shows high water consumption of rice grown in the northeastern regions,
like the Mun and Chi watersheds. However, based on the results of the water scarcity footprint, the
second rice cultivation in the central region, like the Chao Phraya and Tha Chin watersheds, should
be focused by the policy makers to identify measures for improving the efficiency of irrigation water
use. This is because of the higher water scarcity footprint values obtained from second rice cultivation
in both watersheds. Hence, the water scarcity footprint approach can be useful for identifying the
water risks of irrigation water use in view of water deprivation potential, instead of focusing only
the total amount of water used. To enhance the water use efficiency for rice cultivation, AWD was
found to be a promising approach to substitute the pre-germinated seed broadcasting system, which is
the common practice for second rice cultivation in the central region of Thailand. From this practice
change, the irrigation water requirement for rice would be reduced by around 570 m3/hectare or
around 17% irrigation reduction. Further recommendations for policy makers in order to improve the
water use efficiency of rice and the use of water stress index and water scarcity assessment as the tool
for agricultural zoning policy have also been discussed.
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