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Effective water management in rice cultivation and 
water resource conservation 
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TÓM TẮT 
 Nguồn nước ở vùng đồng bằng sông Hồng hiện nay đủ cung cấp cho sản xuất nông nghiệp. 

Vấn đề ô nhiễm, khan hiếm nước, cạnh tranh sử dụng nước giữa các ngành kinh tế và biến đổi khí 
hậu sẽ xẩy ra trong tương lai gần. Kết quả thí nghiệm góp phần thay một lớp nước trên mặt ruộng ở 
phương thức sản xuất lúa cổ truyền bằng kỹ thuật tưới ngập ẩm luân phiên (AWD). Tưới ngập ẩm 
luân phiên trong thời kỳ đẻ nhánh có tác dụng giảm lượng nước bốc hơi bề mặt và thấm sâu so với 
kỹ thuật tưới ngập truyền thống (CF). Để đạt được cùng năng suất, lượng nước cung cấp (tưới và 
mưa hữu hiệu) đối với kỹ thuật tưới AWD cần từ 520 mm đến 560 mm, đối với CF cần từ 570 mm đến 
620 mm (kỹ thuật tưới AWD có thể tiết kiệm được so với kỹ thuật tưới CF tới 100 mm lớp nước đối 
với vụ xuân và khoảng 50 mm đối với vụ mùa). Sử dụng kỹ thuật AWD bảo vệ nguồn nước gấp gần 2 
lần so với kỹ thuật tưới truyền thống. Hàm lượng NO3

- trong đất từ 1,3 mg/kg tăng đến 4,3 mg/kg đất 
đối với công thức tưới AWDp1 (phân nén) so với công thức tưới CFp1 hàm lượng NO3

- trong đất từ 
1,3 mg/kg tăng đến 3,4 mg/kg do giảm quá trình thấm sâu và mất do quá trình khử. 

Từ khoá: Ngập ẩm luân phiên (AWD), ngập liên tục (CF), tưới tiết kiệm, yêu cầu nước. 

SUMMARY 
Water resources in the Red River Delta at the present time are sufficient for agricultural 

production, but run the risk of scarcity in the near future due to contamination, competition with other 
economic sectors, and climate change. The experimental results of shifting rice production from 
traditional permanent water ponding techniques to other farming techniques. Alternate Wetting and 
Drying irrigation (AWD), are as follows: the lack of a ponding layer in the vegetative stage of rice 
production is as a result of reduction in surface evaporation and percolation compared with 
traditional irrigation practices of Continuous Flooding (CF). To obtain the same yield, water input 
ranged from 520 to 560 mm for AWD and 570 to 620 mm for CF (saved maximum 100 mm for spring 
rice and 50 mm for summer rice). This study shows that the AWD treatment improved water 
conservation by nearly double compared to the conventional CF rice field. Soil NO3

- increased from 
1.3 mg/kg soil to 4.3 mg/kg soil for the AWDp1 mode and compared from 1.3 mg/kg soil to 3.4 mg/kg 
soil for the CFp1 (AWD plus nitrogen granule application) mode due to reduced leaching and 
denitrification losses. 

Key words: Alternate Wetting and Drying irrigation (AWD), continuous Flooding (CF), water 
demand, water - saving irrigation. 

1. INTRODUCTION  

The depletion of fresh water is an increasingly 
worrying aspect of rice production in Vietnam, 
particularly for irrigated rice. In experimental plots, 
it takes between 1,100 and 1,200 liters of water to 

produce 1 kg of paddy rice (Rabbinge, 1993). 
However, the amount of water used is in fact often 
much higher. The need to produce more rice for 
more people on less land with less water is a 
challenge for science and technology, as well as for 
the rice-farming community.  
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For thousands of years, the paddy production 
system has been associated with fields of standing 
water in various agro-ecological systems. Water 
use at the field level is thus always high due to 
infiltration, percolation and spillage. Therefore, the 
paddy system is always blamed for being a high 
consumer of water (900 -2250 mm each per season) 
compared with other cereals (400 - 600 mm) 
(Nguyen Van Dung, 1999).  

The mounting water crisis at the global and 
local level raises questions about the future of 
paddy production. Competition for other uses of 
water is increasing rapidly and there is no doubt 
that water consumption will come under increased 
examination. It is time for us to reconsider whether 
the paddy system can use less water to produce 
more rice and Vietnam has applied various water – 
saving irrigation (WSI) technologies to achieve 
more water-efficient irrigation for rice – based 
system. One of the most commonly practiced WSI 
is alternate wetting and drying (AWD). In AWD 
soil is dry out to some degree in between irrigation 
events (Mao et al., 2000; Bouman and Tuong, 
2001; Nguyen Tat Canh et al., 2006; Nguyen Van 
Dung et al., 2006; Nguyen Tat Canh et al., 2007).    

The Red River Delta (RRD) is one of the two 
biggest river deltas in Vietnam. The quantity and 
quality of water resources in the RRD have an 
impact not only on agriculture, but also on other 
sectors, such as population, industry, etc.  

The purpose of this paper is to investigate 
improved water resource management options in 
the RRD by comparing traditional permanent water 
ponding techniques (Continuous Flooding - CF) to 
other farming techniques such as Alternate Wetting 
and Drying irrigation (AWD) in rice fields. 

2. METHODS 
The experiments reported in this paper were 

conducted in a split-plot design with three 
replications at the Hanoi University of Agriculture 
research farms. The experiment was repeated seven 
times: from Summer 2005 to Summer 2008. The 
main plots were given two different water 
treatments, conventional flooding (CF) and 
alternate wetting and drying (AWD). In both water 
treatments, standing water was maintained between 
20 - 30 mm high during the first 15 days after 
transplanting. Afterwards, the pond water layer in 
CF was kept between 20 - 70 mm high. In the 
AWD, after 15 days of initial flooding and from 

tillers to panicles, the soil moisture in the root zone 
was kept near saturation (5 to 7 day periods without 
ponded water were introduced before each new 
irrigation application). The amount of irrigation and 
drainage were measured for each treatment 
throughout the growing season. Irrigation water 
usage was determined using flow meters installed 
in the irrigation pipes. Irrigation treatments were 
the main plot, 45 m2 in size, and the subplots were 
three fertilizer treatments 15 m2 in size. Fertilizer 
treatments consisted of three rates of N-fertilizer 
applications.  

po: Zero nitrogen 0 N + 60 P2O5 + 60 K2O,  
p1: 120 kg N/ha (common application 120 N + 

              60 P2O5 + 60 K2O), Farmers’ Practice with 
              of two application; 50% of total N was 
              applied 1 day before transplanting and 
              50% at 10 days after transplanting. 

p2: 90 kg N/ha (90 N deep placement +  
               60 P2O5 + 60 K2O).  

The soil is a Eutric Fluvisiols (Vietnam soil, 
2000), well drained. The rice cultivars used were 
Khangdan and Vietlai (Khangdan inbred bred in 
Chinese, Vietlai hybrid cultivation bred in 
Vietnam).  

The water balance for each treatment (all 
terms in mm of water) within a field during the 
crop season can be expressed as (Tuong et al., 
2002):  

           I  =  ET – R + D + ∆s 
Where: 
I = water applied (measured by flow meter); 

        R = rainfall (measured by an automatic weather 
               station (the station sponsored by HUA- 
               JICA ERCB PROJECT and manufacturer 
               by Ogasawara Keiki Co, Ltd, - Tokyo 
               Japan) located at the experimental site;  
        ET= plant evapotranspiration determined from 
               a drainage lysismeter 1 × 1 × 1 m closed 
               bottom, located within each subplot: ET as 
               determined from daily morning; 
        D = used hook gauge to measure the depth of 
               water that drained from lysimeter; 
       sΔ = change in field water storage equivalent 
               to water level of the start crop minus 
               water level at the end of the crop. (Soil 
               water content measured the same time as 
               D, I, and R). For Soil moisture 
               measurements (AWD) were determined 
               gravimetrically, such that M = 104 hd 
               ( )21 θθ − (Pig.1).            
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Where: 
:1θ  Soil moisture of soil sample were take 

              the first time; 
:2θ  Soil moisture of the soil sample was take 

the second time;  
 h: The depth of soil surface (m); 
 d: bulk density. The soil sample taken by 

metal ring (the volume of 50 cm3). 
The yield (dry yield): At full harvestable 

maturity, plants from 15 m2 area (Subplots) were 
taken for yield measurement by weighing, and 
grain yield was adjusted to 14% moisture.   

Finally, NH4
+ was measured with colorimetry, 

using the Nessler reagent, as was NO3
- using the 

reagent Disunphophenic (model Uvmini-1240, 
SHIMADZU Corporation, Tokyo, Japan) (this 
piece of equipment is a spectrophotometer).  

ET measurements were statistically analyzed 
by IRRISAT 4.0. Mean rice yields over years and 
fertilizer treatments were converted to total water 
(I + R) for the CF and AWD treatments.  

Finally, nitrate and ammonium concentrations 
for the p1 and p2 fertilizer and the CF and AWD 
irrigation treatments were plotted against 
sampling date.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 
3.1. Overview of Water resources in the Red 
         River Delta 

The annual amount of water discharged from 
the Red River is between 115 - 137 billion m3. The 

minimum discharge of 370 m3/s occurs from 
January - April, while the highest discharge is 
38,400 m3/s from June - October. About 40% of the 
annual water supply originates in China. The basin 
of the Red River is the largest in Vietnam in terms 
of area, and accounts for 16% of the total runoff in 

Fig.1. Layout experimental site  

lysismeter 1 × 1 × 1 m 
closed bottom 

Underground water samples from drilled well

ET: Determined from 
daily morning by hook gauge
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Vietnam (the annual mean runoff volume is second 
only to the Mekong River). Seasonal variations in 
discharge mirror variations in rainfall, but with a 
small time lag (Ha Hoc Ngo, 1995).  

The RRD is underlain with a number of highly 
productive aquifers. Rural water supplied to the 
Delta relies almost exclusively on groundwater 
resources. Groundwater is also used in urban areas, 
including Hanoi, as well as for numerous individual 
industrial and commercial developments. The total 
amount of available groundwater probably exceeds 
1000 x 106 m3.  

The flow in the dry season in the RRD appears 
to be sufficient for current and foresee able 
agricultural and urban uses, except for a few 
tributaries, the Thai Binh, Da Bach and Ninh Co. 
Due to urbanization and the increasing demand for 
the cultivation of diversified crops, some paddy 
areas in the RRD may be converted from paddy 
fields to other land uses. Water use is increasing 
(Vietnam’s population is growing exponentially -
one million people/year - Statistical Yearbook of 
Vietnam 2007) but current water resources still 
meet these demands. 

The RRD has several problems in relation to 
the quality of surface water, biological 
contamination, salinity, and sedimentation, all of 
which contribute to the reduction in fresh water 
resources in the area. 

The biological contamination of surface water 
in urban areas has become the most serious 
environmental problem in terms of water in the 
RRD and is getting worse. The problem is caused 
by an increase in sewage and drainage flows in 
areas of rapid population growth, where the 
capacity of sewage/drainage management systems 
has not been matched with the demand. The 
discharge of human waste is almost uncontrolled 
and forms 70% of the total organic load of the river 
discharge near cities.  

Industrial and agrochemical pollution appears 
to be a secondary problem at present, while the 
discharge of industrial wastewater is expected to 
increase significantly in the coming years. 

Salinity intrusion in the coastal areas during 
the low - flow season is the dominant water quality 
problem in Hai Duong, Hai Phong, Thai Binh and 
Nam Dinh provinces, affecting not only irrigation 
but also rural water supplies. The problem is most 

severe in the low-flow season, when there is not 
enough flow towards the coast to prevent seawater 
backflows. Salinity deteriorates water quality and 
damages cropland. Strong tidal water penetrates 30 
- 50 km up the Red River.  

Also, sedimentation undermines the long-term 
economic benefits of the water resources 
infrastructure. The key contributing factor to 
sedimentation is the increased logging of forests in 
the highlands that feed the Red River. Over 90% of 
the annual sedimentation in the river occurs during 
the flooding season (from July to September).   

3.2. Changes in rice water management: 
          Assessment of water - saving methods 

In general, the volume of irrigation water that 
rice needs changes from 3,600 to 3,800 m3/ha, but 
the actual volume can reach up to 5,130 m3/ha 
(Nguyen Van Dung, 1999). Rice grown under 
traditional practices in the Asian tropics and 
subtropics requires between 700 and 1,500 mm of 
water for a crop season, depending on soil texture 
(Bhuiyan, 1992). This water requirement consists 
of: (1) 150 - 250 mm for land preparation, (2) about 
50 mm for growing rice seedlings in the nursery 
before transplanting, and (3) 500 - 1,200 mm (5 - 
12 mm per day for 100 days) to meet the 
evapotranspiration (ET) demands and unavoidable 
seepage and percolation in maintaining a saturated 
root zone during the crop growth period (Guerra et 
al., 1998). 

In our study, evaluation of which options in 
water management in rice production from 2005 to 
2008 show that ET (with drainage subtracted out) 
of AWD and CF differed significantly (Table 1). 

Seasonal evapotranspiration ranged from 199 
to 410 mm across all treatments, and depended 
strongly on N level, but little on water regime (5% 
LSD from 4.16 mm to 10.37 mm for Khangdan 
and from 3.45 to 11.02 mm for Vietlai). The range 
of total evapotranspiration also reflects differences 
in the observed length of the growth season 
between the two varieties. Khangdan has a 6 days 
longer growing season than Vietlai, thus has about 
10% ET higher. Fertilization also affected crop 
ET. The application of fertilizer N increased leaf 
area growth, and as a consequence, increased 
amount of evapotranspiration from 37 - 40% for 
Vietlai and 50 - 52% for Khangdan. The results 
are comparable to those obtained by Nguyen Tat 
Canh (2005).    
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Table 1. Seasonal crop evapotranspiration calculated for two varieties of rice under continuous 
flooding and alternate wetting and drying irrigation production systems with three fertilizer levels 

(none, p1=120 kg/ha-traditional; p2=90 kg/ha deep placement), in mm of water used 

Varieties 
Khangdan Vietlai Experiment N Rate 

(kg/ha) 
CF AWD CF AWD 

P0 270 ± 9 237 ± 8 255 ± 9 224 ± 8 
120 p1 371 ± 5 326 ± 4 350 ± 6 308 ± 5 
90 p2 378 ± 6 332 ± 3 358 ± 6 322 ± 3 

Summer 2005 

5% LSD 4.31 4.21 
P0 238 ± 10 210 ± 9 225 ± 8 190 ± 7 
120 p1 328 ± 7 289 ± 6 310 ± 5 272 ± 4 
90 p2 335 ± 6 311 ± 3 311 ± 9 281 ± 3 

Summer 2006 

5% LSD 4.55 3.54 
P0 269 ± 10 2145 ± 8 250 ± 11 200 ± 8 
120 p1 370 ± 7 296 ± 5 343 ± 8 275 ± 6 
90 p2 375 ± 6 319 ± 6 345 ± 6 285 ± 8 

Spring 2006 

5% LSD 6.48 3.45 
P0 288 ± 10 230 ± 8 249 ± 9 199 ± 7 
120p1 396 ± 6 317 ± 4 343 ± 5 274 ± 4 
90p2 404± 8 328 ± 6 346 ± 5 288 ± 7 

Spring 2007 

5%LSD 4.16 3.35 
P0 291 ± 6 235 ± 3 254 ± 8 197 ± 8 

120 p1 399 ± 4 322 ± 3 349 ± 2 278 ± 2 

90 p2 410 ± 4 330 ± 4 347 ± 3 276 ± 9 
Summer 2007 

5% LSD 7.33 11.02 

P0 298 ± 1 237 ± 4 256 ± 5 206 ± 4 
120 p1 406 ± 7 323 ± 2 349 ± 2 281 ± 2 
90 p2 410 ± 6 335 ± 4 352 ± 3 295 ± 4 

Spring 2008 

5% LSD 7.88 6.00 
P0 281 ± 10 227 ± 6 250 ± 1 199 ± 7 
120 p1 396 ± 5 313 ± 3 326 ± 4 254 ± 4 
90 p2 410 ± 6 335 ± 4 336 ± 5 296 ± 4 

Summer 2008 

5% LSD 10.37 8.05 

    

3.3. Water use and rice yield 
Yield refers to rough grain yield, and water 

input is the sum of effective rainfall and irrigation 
applications from transplantation to harvest. The 
vegetative stage of growth is defined as the period 
from transplantation to panicle initiation, and the 
reproductive stage from panicle initiation to 
harvest. 

Fig. 2 gives the yield and water input from 
HAU field experiments from 2005 - 2008 with 
fitted production curves (fertilizer from 0 N to 120 
N/ha). Water-saving AWD irrigation treatment that 
continuously kept the soil just at saturation, or 
allowed for only 1 day of soil drying before re-

applying a shallow layer of water, was particularly 
effective in reducing water input while maintaining 
high yield levels, therefore the saved water amount 
was 21% (± 6.5% S.D). To obtain equivalent 
yields, AWD only needed 520 to 560 mm 
compared with 570 to 620 mm for CF. The results 
are comparable to those obtained by Norman 
Uphoff, 2003. 

Alternate wetting and drying irrigation 
reduced irrigation by a relatively small amount 
(maximum 100 mm for spring rice and 50 mm for 
summer rice) compared with CF. However, AWD 
consistently had higher yield at all water input 
levels and the potential water savings from AWD 
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may have a significant impact on the total amount 
of water saved when extrapolated to the whole rice 
ecosystem. In the RRD, lowland rice grew on more 
than 70% (1.2 million ha) of the irrigated land. 
Freeing only a small portion of the water from rice 
areas can have large social and environmental 
effects if this water is used for urban, industrial, or 
environmental purposes. A 20% reduction in water 

used for rice irrigation would free up 200 million 
m3 of water annually. 

Changes in fertilizer application result in a 
relatively large range of yields from 2 to 8.1 ton/ha. 
The deep fertilizer placement clearly had a greater 
effect on yield, so seems much more efficient. The 
results are comparable to those obtained by Nguyen 
Tat Canh et al., 2007. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Relationship between water input and rice yields over 2005-2008. Data points represent 
average yield plus standard deviation; deviation not shown when smaller than size of data point 

3.4. Impact of water and fertilizer management 
       on NO3

- and NH4
+ 

Ammonia volatilization from the application 
of urea fertilizer is the major pathway of N loss in 
flooded rice systems, often causing losses of 50% 
or more of the urea-N applied in tropical rice 
transplantation. The magnitude of ammonia 
volatilization largely depends on climatic 
conditions and the method of N fertilizer 
application.  

When water supply is changed, the oxygen 
concentration in the soil is affected most. A change 
in the oxygen concentration changes the chemical 
properties of the soil. Moreover, fertilizer 
transformation in the soil depends on water supply 
and fertilizer type. During the growth period of rice 
plants, fertilizers will accumulate in NO3

- form if 

the soil is well aerated. The results from this study 
indicate that the inorganic form (nitrate) of nitrogen 
increased substantially in the second sampling 
(March 31, 2007), as NO3

- levels rose from 3.4 to 
4.6 mg/kg (comparing all treatments). 

In all treatments, the fertilizer concentrations 
increased and reached a maximum on March 31, 
2007, and subsequently decreased (Fig.3). The 
level of increase differed by treatment type. For 
example, NO3

- increased from 1.3 mg/kg to 3.4 
mg/kg in conventional irrigation (CFp1), and from 
1.3 mg/kg to 4.3 mg/kg in AWDp1. The cause of 
the change is the degradation of organic fertilizers 
when temperature increases during the spring. 
Moreover, NO3

- from inorganic fertilizers, 
especially compressed types, reduces volatilization 
losses, so the concentration of NO3

- increased most 
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in the efficient irrigation treatment (AWDp1) with 
a peak of 4.6 mg/kg and decreased strongly to 0.5 
mg/kg (AWDp2; the deep fertilizer placement).  

Differences in nitrate content between the two 
water supply regimes are not significant. The 
change is from about 1.3 mg/kg NO3

- to 3.4 mg/kg 
for the CF treatment and from 1.3 mg/kg NO3

- to 
4.3 mg/kg for the AWD treatment. 

Similarly, when water is plentiful, fertilizer 
accumulates mostly in the form of NH4

+. 
Ammonium concentration differed between different 

water supply treatments and fertilizer rates. 
Within the same fertilizer treatment (treatment 
CFp1), ammonium concentration increased from 
100% (26.2 mg/kg NH4

+) to 123%, while 
ammonium concentration decreased from 100% 
(16.7 mg/kg NH4

+) to 50% for the AWDp2 
emission in the air and so all three treatments 
(CFp2 - deep placement, AWDp1 and AWDp2 all 
had less ammonium, the AWD treatments had 
higher nitrate, so they were better for the rice 
plants). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Nitrogen concentration in the form of NO3
- content (graph A) and NH4

+ (graph B) of rice soil 
applied as traditional broadcast or deep placement, and irrigated either by conventional flooding or by 

alternate wetting 
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4. CONCLUSIONS AND  
    RECOMMENDATIONS 

4.1. Conclusions 

Water resources in the RRD at the present 
time are sufficient for agricultural production, but 
run the risk of water scarcity in the near future due 
to contamination, competition with other economic 
sectors and climate change. 

Seasonal evapotranspiration ranged from 199 
to 410 mm across all treatments, and depended 
strongly on N level. 

Application of the water-saving irrigation 
method of alternately flooding and saturating saved 
100 mm in the Spring season and 50 mm in the 
Summer season, whereas it did not reduce the rice 
yield.  

NO3
- and NH4

+ in the soil layer depend on the 
water and fertilization system and both AWD 
treatments saved water and seemed to [?] more 
nitrogen available to the plant in the form of nitrate. 

4.2. Recommendations 

Cooperate with the program “three reductions 
and three increases” (Three reductions: Variety, 
fertilizer, pesticide; three increases: Yield, quality 
and income) of Ministry of Agriculture and Rural 
Development (MARD) to expand this approach to a 
large production scale. 

Study proper water-saving irrigation methods 
(alternate wetting and drying) for different soil 
types, seasons, and rice varieties.  

Study cooperation with other interventions 
such as land-use planning, irrigation system-
building, knowledge raising, etc. to increase the 
effect of this method. 
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