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ABSTRACT
In Malaysia, numerous methods have been subsequently established subjected to 
water-saving irrigation aiming to improve the common conventional irrigation system. 
However, among the most preferred water-saving method, alternate wetting and drying 
(AWD) irrigation adoption are presently in paddy cultivation yet has very limited 
information, especially locally. Hence, this study intended to propose two treatments, 
namely continuously flooded (control) and AWD irrigation, to investigate the feasibility 
of AWD implementation. The experiment was conducted at the paddy field of Padang Raja 
Kelantan, Malaysia. From the result, the agronomic performance was evaluated by several 
attributes under the growth performance evaluation, grain yield performance evaluation, 
and chlorophyll measurement. Statistical analysis was performed on the obtained data, 
and both growth, yield performances, and chlorophyll content resulted in no significant 
difference at p < 0.05, a 95% confidence level. 

Keywords: Continuous flooding, grain yield 

performance, growth performance, intermittent 

flooding, paddy cultivation, saving-water irrigation 

INTRODUCTION

The water crisis is a major concern in 
Malaysia as the water demand in growing 
areas is gradually increasing. Despite having 
an average rainfall of 3,000 mm, considered 
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among the highest rainfall intensity in other 
Asian countries, the main water sources can 
no longer meet the increasing demand for 
the domestic, industrial, and agricultural 
sectors. In agricultural areas, water is 
a prime factor and important resource 
needed for proper crop growth, particularly 
for water-intensive crops such as paddy. 
Malaysia has a long and strong history of 
paddy cultivation. Farmers usually adopt 
conventional practices where paddy is grown 
under continuously flooded conditions. This 
traditional practice commonly requires 
standing water per season, ranging from 
700 mm to 1,500 mm (Oliver et al., 2010). 
Nonetheless, this practice has a long-term 
issue concerning the environmental effect of 
unnecessary irrigation water consumption.

Given  water  conserva t ion ,  the 
most practical approach is water usage 
optimization. Numerous water-saving 
techniques have been introduced and 
documented since time immemorial, for 
example, intermittent irrigation, drip 
irrigation, deficit water regime, a system 
of rice intensification (SRI), and alternate 
wetting and drying (AWD). AWD is the 
most popular water-saving technology 
adopted to improve water use efficiency. 
In the 90s, International Rice Research 
Institute (IRRI) introduced a practical and 
advanced technology approach focusing on 
water-saving management practice, known 
as the ‘alternate wetting and drying (AWD) 
technique’. The enforcement of AWD is 
farmer-friendly. 

Water conservation technology only 
needs a proper field water tube made from 

a low-cost material, such as bamboo and 
polyvinyl chloride (PVC). A field water tube 
is used to monitor the standing water level. 
The paddy field is flooded with irrigation 
water and is allowed to dry out to a certain 
ground depth before the irrigation water 
is reapplied again. In AWD practices, less 
irrigation water input is required. Past 
researchers (Akter et al., 2018; Aziz et al., 
2018; Dong et al., 2018; Zhuang et al., 
2019) have reported and acknowledged this 
technique and found that by using AWD 
practice, there is no significant decrease 
in yield compared to continuous flooded 
practice. In AWD irrigation, not only does 
a reduction of up to 30% of total irrigation 
water input, but the total water productivity 
is also increased, and the same goes for the 
nutrient uptake (Sarkar, 2001).

AWD irrigation has been widely used 
worldwide and is one of the popular methods 
in paddy cultivation. AWD has promoted 
water productivity in rice irrigation relative 
to conventional irrigation (Akter et al., 2018; 
Biswas et al., 2021; Busari et al., 2019; 
Chidthaisong et al., 2018). In addition, 
Norton et al. (2017) ascertained in their 
report that AWD increased the total grain 
mass due to the high number of productive 
tillers. It was supported by Carrijo et al. 
(2018) and Sriphirom et al. (2018), who 
mentioned that the AWD practice positively 
affects the tiller, panicle numbers, and grain 
yield. 

However, in Malaysia, the farmers’ 
adoption of AWD is still small. It may be 
due to a lack of information, awareness, 
expertise, and successful experimental 
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evidence. Based on the previous related 
research, the study on AWD in paddy growth 
and grain yield performances has been under 
research, especially locally. Thus, this study 
aimed to investigate the feasibility of AWD 
adoption subjected to agronomic physiology 
performances in Kelantan, Malaysia.

MATERIALS AND METHODS

Description of the Study Area
Kelantan district experienced a tropical 
climate divided into the wet and dry seasons. 
The highest rainfall precipitation can 
be recorded from November to January, 

while the highest temperature is observed 
from February to October (Figure 1). This 
study was conducted at the end plot of 
rice cultivation area at the paddy field of 
the Department of Agriculture Kelantan 
Research and Developmental Platform 
Padang Raja Kelantan, Kelantan Malaysia 
(5°57’44.4”N 102°17’20.3”E). The area 
is mostly covered with alluvium deposits 
consisting of unconsolidated to semi-
consolidated gravel, sand, clay, and silts. 
The underlain layer is mainly dominated by 
granitic and sedimentary/metasedimentary 
rocks that consist of sandstone, phyllite, 
slate, and shale (Ilahi et al., 2021).

Figure 1. Average monthly rainfall distribution and temperature recorded from the Malaysian Meteorological 
Department in Kelantan, Malaysia

Experimental Design
Two main water management studies: 
continuously flooded condition (control) 
and AWD irrigation, were proposed. The 
experiment was initiated in 2020 and 
arranged as a randomized complete block 
design (RCBD) plot with three replications. 
Treatment plots were designed to be 46 m 
x 50 m and separated with compacted earth 
bunds to minimize and block lateral water 

seepage between plots. Drainage for outflow 
water was properly constructed to avoid 
excessive standing water remaining in the 
field plot, especially in heavy rainfall. Paddy 
rice (Oryza sativa L.) variety of Mardi 
Sempadan MR303 was chosen and grown 
during the wet season (June to September). 
The direct seeded method was applied 
for both water management practices. 
Nutrient management was not a focus in 
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this experiment; thus, the fertilizers and 
pesticides used for all plots during the whole 
season of rice cultivation were standardized 
based on the local farmer’s utilization. 

A control experiment was proposed 
by adopting practices from the normal 
conventional systems by local farmers. 
The treatment plot was regularly irrigated, 
keeping 5 cm to 10 cm of standing water 
starting from 1 day after sowing (DAS). 
From 85 DAS onwards, plots were not 
irrigated before harvesting (120 DAS), and 
soil was allowed to dry out. Following the 
recommendation by IRRI, the safe-AWD 
experiment was proposed, in which a low-
cost field water tube built from polyvinyl 
chloride (PVC) pipe was used to monitor 
the water level at a depth of 15 cm below 
the ground surface. The field water tube was 
15 cm in diameter with 30 cm in height; 
half of the size was perforated with holes 
to ensure water could flow in and out of the 
tube. The 15 cm non-perforated part of the 
tube protruded above the ground surface, 
while another half was hammered into the 
field. The soil inside the tube was removed 
until the bottom of it could be visibly seen. 
The plot was regularly irrigated by letting 
the standing water fluctuate between 5 cm to 
10 cm till 30 DAS. It ensures that the paddy 
crop establishes a stable physiological state 
before the experiment starts. Afterward, 
the AWD experiment began by allowing 
the water level to drop to 15 cm below the 
ground surface; after that, the irrigation was 
re-applied till the standing water reached 5 
cm above the ground surface. After that, the 
AWD irrigation was reapplied again till the 

harvest stage. The AWD experiment started 
at 30 DAS to suppress weeds from growing 
and stabilizing the seed from water stress.

Sampling Parameter

Table 1 summarizes the overall sampling 
parameter and evaluation of samples for 
both growth and yield performance of paddy 
crops for two water management (control 
and AWD irrigation). Daily observations 
were made for standing water depth in a 
control experiment to keep it fluctuating 
from 5 cm to 10 cm. In the AWD experiment, 
the dates of standing water disappeared, 
and re-flooded times were recorded. In 
addition, quantitative measurement was 
recorded at each growth stage: plant 
height, tiller number, and average soil plant 
analysis development (SPAD) measurement 
between three healthy leaves. SPAD is a 
tool measuring the chlorophyll content 
indirectly. SPAD values were measured 
thrice in each treatment plot, and the average 
value was recorded using SPAD-502 Plus 
(Konica Minolta Sensing, Japan). 

Evaluation of crop growth performance 
was evaluated from samples collected at 
the individual plot of 0.5 m2 area and at 
the center of an experimental plot to avoid 
the border effect. Destructive analysis was 
conducted for better evaluation of paddy 
crop samples. Plant samples were separated 
for grain, leaf, and stem. The plant material 
afterward was dried till to constant weight. 

Grain yield performance was evaluated 
from five panicles collected randomly. The 
panicle length, the total number of grains, 
and the number of filled and unfilled grains 
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were measured and counted. In addition, 
all grains samples were dried to constant 
weight, and the dry weight of filled and 
unfilled grains, the weight of 1,000 grains, 

percentage grain filing, and harvest index 
was calculated. The equation involved is 
shown below:

(1)

Table 1
List of sampling parameters and evaluation of samples observation for both growth and yield performance of 
paddy crop for two water management (control and AWD irrigation)

Observation
Daily observation 
i. Standing water disappearance
ii. Re-flooding time 
At each growth stage
i. Plant height
ii. Tiller number
iii. SPAD measurement
Evaluation of crop growth 
i. Samples were collected at the individual plot of 0.5 m2

ii. Samples were separated for grain, leaf, and stem
iii. Samples were marked
iv. Samples were dried to constant weight
Evaluation of grain yield 
i. Samples were collected from five panicles at random
ii. Samples were measured for their panicle length, the total number of grains, number 

of filled and unfilled grains
iii. Samples were dried to constant weight
iv. The weight of 1000 grains, % of grain filling, and harvest index were calculated

Statistical Analysis

Three replicates were used for each 
treatment, and the effects of treatments 
on paddy crop growth and grain yield 
performance were statistically analyzed 
by t-test using Excel 2011 (Microsoft 
Corporation, USA). P-value was < 0.05, and 
the differences were considered significant.

RESULTS AND DISCUSSION

Various research and yet ongoing methods 
were predetermined to improve the current 
practice of irrigation systems to reduce 
irrigation water consumption ultimately. 
The concern of introducing the AWD water 
management in this study is to investigate the 
potential effect of the AWD on agronomic 
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traits of crop growth performance, grain 
yield performance, and chlorophyll content 
measurement. The crop growth performance 
for both water management practices was 
determined by plant height, panicle length, 
no of filled and unfilled grains, while the 
grain yield performance was determined by 
total grain number per panicle, grain filling 
(%), 1,000-grain weight, and harvest index 
(Thakur et al., 2018). 

Table  2  represen ts  the  growth 
p e r f o r m a n c e  b e t w e e n  t w o  w a t e r 
management treatments: control and AWD 
irrigation technique, and was illustrated in 

the graph as in Figure 2. All values were 
presented as mean ± standard error (SE) (n 
= 3) of three replicates at p < 0.05 and 95% 
confidence level. Table 3 represented the 
grain yield performance between two water 
management treatments: control and AWD 
irrigation technique, and was illustrated 
in the graph as in Figure 3. All values are 
presented as mean ± standard error (SE) (n 
= 3) of three replicates at p < 0.05 and 95% 
confidence level.  Figure 4 visualizes water 
level measurement for water management 
(control and AWD irrigation) throughout 
the growing season. 

Table 2
Growth performance of paddy crop for two water management (control and AWD irrigation). Values are mean 
± SE (n = 3) of three replicates at p < 0.05

Treatment Plant height 
(cm)

Panicle length 
(cm)

No. of filled 
grains

No. of unfilled 
grains

Control 99.78 ± 4.15 24.17 ± 0.55 121.93 ± 8.80 14.00 ± 2.96
AWD 95.00 ± 4.53 22.31 ± 0.58 94.40 ± 5.35 10.93 ± 2.10

Significance ns ns ns ns
Note. ns = Not significant

Table 3
Grain yield performance and harvest index of plant crop at harvest stage for control and AWD irrigation. 
Values are mean ± SE (n = 3) of three replicates at p < 0.05

Treatment Total grain 
number/panicle

Grain filling 
(%)

1,000-grain weight 
(g) Harvest index

Control 135.93 ± 6.17 89.48 ± 2.65 71.15 ± 4.51 0.46 ± 0.03
AWD 105.33 ± 4.90 89.58 ± 2.09 83.42 ± 7.83 0.47 ± 0.03

Significance ns ns ns ns
Note. ns = Not significant
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Based on Tables 2 and 3, the growth 
performances and grain yield performances 
result in no significance at p-value < alpha 
value 0.05 subjected to control and AWD 
treatment, and this was supported by 
previous studies of Carrijo et al. (2017), 
Ishfaq et al. (2020), and Yao et al. (2012). 
Studies show that the reasoning behind 
the insignificant difference between both 
treatments was due to no water stress taking 
place in AWD irrigation as Safe-AWD 
was utilized. In Safe-AWD, the standing 
water was allowed to drop until 15 cm 
below the ground surface, and irrigation 
was re-applied afterward, keeping it to 5 
cm above the ground surface. It ensured 
the soil water potential was at > -20kPa, 
indicating the limitation to mild water 
stress. Moreover, the experiment was 
conducted during the wet season, when the 
precipitation rate exceeded the average. It 
was in agreement with previous research 
reported by Chidthaisong et al. (2018) and 

Sriphirom et al. (2019) that specifically 
mentioned that the implementation of AWD 
during the monsoon season was rather hard 
due to the difficulty of managing the level of 
standing water. Setyanto et al. (2018) further 
mentioned that if AWD were properly 
implemented, it would enhance the root 
growth and eventually increase the grain 
filling rate by improving the mobilization 
of reserve carbon to grains. 

Figure 5 shows the image of the paddy 
crop between control and AWD irrigation 
water management on the growing days at 
60 DAS, 90 DAS, and 115 DAS (before 
harvest time). At the control treatment, the 
growth performance comprised plant height, 
panicle length, and numbers of filled and 
unfilled grains showed higher value than 
in the irrigation method. On early 60 DAS 
of paddy crop (Figure 6), the plant height 
was higher in control than AWD water 
management, and the results in Table 2 
supported this.

Figure 2. Paddy crop growth performance parameter for two water management (control and AWD irrigation)



Wan Fazilah Fazlil Ilahi, Nur Hidayu Abu Hassan, Nik Norasma Che’Ya, Mohd Razi Ismail,
Zulkarami Berahim, Nurul Idayu Zakaria and Mohamad Husni Omar

656 Pertanika J. Trop. Agri. Sci. 45 (3): 649 - 661 (2022)

Fi
gu

re
 3

. G
ra

in
 y

ie
ld

 p
er

fo
rm

an
ce

 p
ar

am
et

er
 fo

r t
w

o 
w

at
er

 m
an

ag
em

en
t (

co
nt

ro
l a

nd
 A

W
D

 ir
rig

at
io

n)

Fi
gu

re
 4

. W
at

er
 le

ve
l m

an
ag

em
en

t f
or

 tw
o 

w
at

er
 m

an
ag

em
en

t (
co

nt
ro

l a
nd

 A
W

D
 ir

rig
at

io
n)



Alternate Wetting and Drying on Rice Irrigation

Pertanika J. Trop. Agri. Sci. 45 (3): 649 - 661 (2022) 657

Figure 5. Paddy crop growth comparison between control and AWD irrigation water management at 60 DAS, 
90 DAS, and 115 DAS

Nonetheless, on 90 DAS, the plant 
height was taller in AWD compared to 
control in a slight difference. As harvest 
time approached, the plant height was 
comparative in both treatments. The lower 
height in AWD irrigation agreed with past 
studies by Busari et al. (2019) and Fonteh 
et al. (2013), which have proven that 
irrigation water management in AWD has 
significantly reduced the plant height. The 
plant height and panicle length significantly 
influence the filled and unfilled number. As 
plant height increases, so thus the panicle 
length increases, and the total number of 
grains increases. Pascual et al. (2017) have 
mentioned that the number of unfilled grains 
may increase as water stress increases, thus 
affecting the grain filling process. It may 
result to yield reduction as spikelet sterility 
has been disrupted. 

However, at grain yield performances, 
the percentage of grain filling, 1,000-grain 
weight, and harvest index show higher value 
in AWD compared to control. In contrast, 
the total number of grains per panicle was 
higher in control than in AWD (Table 3 and 

Figure 5). AWD method has been proven 
to have a greater influence on increasing 
the grain yield (Liu et al., 2013); however, 
the importance behind the practice was to 
control the threshold level of soil water 
potential. As practiced by Ishfaq et al. 
(2020) and Zhang et al. (2021), results from 
the safe AWD regime show that re-applied 
irrigation water at 15 cm to 20 cm of soil 
depth while maintaining the soil water 
potential at -20 kPa can avoid paddy crops 
from experiencing severe water stress. It 
was supported by Norton et al. (2017), 
which mentioned the importance of AWD 
adoption on the drying cycle’s duration. 

The AWD regime was also believed 
to increase the percentage of grain filing 
and 1,000-grain weight, thus increasing 
the percentage of reproductive tillers and 
dry matter (Liu et al., 2013). However, this 
was opposite to the report by Pascual et 
al. (2017) that mentioned that water stress 
might affect the reproductive tillers’ number 
and thus may disturb the panicle initiation 
process.
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Figure 6. Average SPAD measurement of paddy crop at the vegetative stage, reproductive stage, and harvest 
stage for control and AWD irrigation

Figure 6 indicates the average chlorophyll 
content reading measured using the SPAD 
meter during the vegetative, reproductive, 
and harvest stages for control and AWD 
irrigation. SPAD reading observation was 
measured at three random leaves for both 
treatments, as represented in Figure 5. 
Among the vegetative, reproductive, and 
harvest stage, the average SPAD value was 
higher in the vegetative stage compared to 
AWD in all replications. SPAD was used 
widely to measure chlorophyll content in 
crop growth stages indirectly. The previous 
study by Asa et al. (2011) reported that the 
range difference in SPAD readings was 
dependent on changes in paddy growth 
maturity. The higher SPAD value indicates 
active photosynthesis activities occurred. It 
was relatable at the early vegetative stage 
when the crop developed leaves and tillers 
and increased plant height. While at the 

reproductive stage, the initial panicle has 
started to emerge from the stem, and at 
this stage, the SPAD measurements were 
recorded consistently at a high value. It 
indicates that the process of photosynthesis 
was constantly happening.

CONCLUSION

The irrigation consumption was relatively 
higher in control than in the AWD technique, 
as the standing water requirement throughout 
the season for control was within the range 
of 5 cm to 10 cm. However, both treatments 
showed no significance in crop growth 
performances. However, the AWD irrigation 
method was preferable in water-saving since 
the irrigation was scheduled to alternately 
wet and dry the paddy crop field; thus, the 
irrigation water consumption is much less 
than the continuously flooded irrigation. 
Therefore, Yao et al. (2017) supported the 
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AWD method as the preferable method, 
resulting in high grain yield and high-water 
efficiency. 

ACKNOWLEDGEMENTS

The authors want to thank the Ministry of 
Higher Education Malaysia for providing 
research funds from the Long Term 
Research Grant Food Security Niche Area 
LRGS/1/2019/UPM/01/2 Development 
of climate-ready rice for sustaining food 
security in Malaysia and also the Department 
of Agriculture, Kelantan for allowing us to 
use their platform by LRGS Climate Ready 
Rice (vote no. 5545000).

REFERENCES 
Akter, M., Deroo, H., Kamal, A. M., Kader, M. A., 

Verhoeven, E., Decock, C., Boeckx, P., & Sleutel, 
S. (2018). Impact of irrigation management 
on paddy soil N supply and depth distribution 
of abiotic drivers. Agriculture, Ecosystems 
and Environment, 261, 12-24. https://doi.
org/10.1016/j.agee.2018.03.015

Asa, G., Mohd, A., Anuar, A., & Aimrun, W. 
(2011). Using soil plant analysis development 
chlorophyll meter for two growth stages to assess 
grain yield of Malaysian rice (Oryza sativa). 
American Journal of Agricultural and Biological 
Sciences, 6(2), 209-213. https://doi.org/10.3844/
ajabssp.2011.209.213

Aziz, O., Hussain, S., Rizwan, M., Riaz, M., Bashir, 
S., Lin, L. R., Mehmood, S., Imran, M., 
Yaseen, R., Lu, G. A. (2018). Increasing water 
productivity, nitrogen economy, and grain 
yield of rice by water saving irrigation and 
fertilizer-N management. Environmental Science 
and Pollution Research, 25(17), 16601–16615. 
https://doi.org/10.1007/s11356-018-1855-z

Biswas, A., Mailapalli, D. R., & Raghuwanshi, N. 
S. (2021). APSIM-Oryza model for simulating 
paddy consumptive water footprints under 
alternate wetting and drying practice for 
Kharagpur, West Bengal, India. Paddy and 
Water Environment, 19(3), 481-498. https://doi.
org/10.1007/s10333-021-00849-4

Busari, T. I., Senzanje, A., Odindo, A. O., & Buckley, 
C. A. (2019). Irrigation management techniques 
with anaerobic baffled reactor effluent: effect on 
rice growth, yield and water productivity. Water 
Practice and Technology, 14(1), 88-100. https://
doi.org/10.2166/wpt.2019.002

Carrijo, D. R., Akbar, N., Reis, A. F., Li, C., Gaudin, 
A. C., Parikh, S. J., & Linquist, B. A. (2018). 
Impacts of variable soil drying in alternate 
wetting and drying rice systems on yields, 
grain arsenic concentration and soil moisture 
dynamics. Field Crops Research, 222, 101-110. 
https://doi.org/10.1016/j.fcr.2018.02.026

Carrijo, D. R., Lundy, M. E., & Linquist, B. A. 
(2017). Rice yields and water use under alternate 
wetting and drying irrigation: A meta-analysis. 
Field Crops Research, 203, 173-180. https://doi.
org/10.1016/j.fcr.2016.12.002

Chidthaisong, A., Cha-un, N., Rossopa, B., 
Buddaboon, C., Kunuthai, C., Sriphirom, P., 
Towprayoon, S., Tokida, T., Padre, A. T., & 
Minamikawa, K. (2018). Evaluating the effects 
of alternate wetting and drying (AWD) on 
methane and nitrous oxide emissions from a 
paddy field in Thailand. Soil Science and Plant 
Nutrition, 64(1), 31-38. https://doi.org/10.1080/
00380768.2017.1399044

Dong, N. M., Brandt, K. K., Sørensen, J., Hung, N. N., 
Van Hach, C., Tan, P. S., & Dalsgaard, T. (2012). 
Effects of alternating wetting and drying versus 
continuous flooding on fertilizer nitrogen fate in 
rice fields in the Mekong Delta, Vietnam. Soil 
Biology and Biochemistry, 47, 166-174. https://
doi.org/10.1016/j.soilbio.2011.12.028



Wan Fazilah Fazlil Ilahi, Nur Hidayu Abu Hassan, Nik Norasma Che’Ya, Mohd Razi Ismail,
Zulkarami Berahim, Nurul Idayu Zakaria and Mohamad Husni Omar

660 Pertanika J. Trop. Agri. Sci. 45 (3): 649 - 661 (2022)

Fonteh, M. F., Tabi, F. O., Wariba, A. M., & Zie, J. 
(2013). Effective water management practices 
in irrigated rice to ensure food security 
and mitigate climate change in a tropical 
climate. Agriculture and Biology Journal of 
North America, 4(3), 284-290. https://doi.
org/10.5251/abjna.2013.4.3.284.290

Ilahi, W. F., Hassan, N. H., Ismail, M. R., Che’Ya, 
N. N., Berahim, Z., Omar, M. H., Zakaria, 
N. I., & Zawawi, M. A. M. (2021). Potential 
groundwater exploration in use of 2-D electrical 
resistivity tomography (ERT) techniques at the 
Department of Agriculture Kelantan Research 
and Developmental Platform Padang Raja 
Kelantan. Pertanika Journal of Science and 
Technology, 29(2), 1219-1228. https://doi.
org/10.47836/pjst.29.2.28

Ishfaq, M., Akbar, N., Anjum, S. A., & Anwar-
Ijl-Haq, M. (2020). Growth, yield and water 
productivity of dry direct seeded rice and 
transplanted aromatic rice under different 
irrigation management regimes. Journal of 
Integrative Agriculture, 19(11), 2656-2673. 
https://doi.org/10.1016/s2095-3119(19)62876-5

Karki, S., Poudel, N. S., Bhusal, G., Simkhada, 
S., Regmi, B. R., Adhikari, B., & Poudel, S. 
(2018). Growth parameter and yield attributes 
of rice (Oryza sativa) as influenced by different 
combination of nitrogen sources. World Journal 
of Agricultural Research, 6(2), 58-64. 

Liu, L., Chen, T., Wang, Z., Zhang, H., Yang, J., & 
Zhang, J. (2013). Combination of site-specific 
nitrogen management and alternate wetting 
and drying irrigation increases grain yield and 
nitrogen and water use efficiency in super rice. 
Field Crops Research, 154, 226–235. https://doi.
org/10.1016/j.fcr.2013.08.016

Norton, G. J., Shafaei, M., Travis, A. J., Deacon, C. 
M., Danku, J., Pond, D., Cochrane, N., Lockhart, 
K., Salt, D., Zhang, H., Dodd, I. C., Hossain, M., 
Islam, M. R., & Price, A. H. (2017). Impact of 
alternate wetting and drying on rice physiology, 

grain production, and grain quality. Field Crops 
Research, 205, 1-13. https://doi.org/10.1016/j.
fcr.2017.01.016

Oliver, M. M. H., Talukder, M. S. U., & Ahmed, M. 
(2010). Alternate wetting and drying irrigation 
for rice cultivation. Journal of the Bangladesh 
Agricultural University, 6(2), 409-414. https://
doi.org/10.3329/jbau.v6i2.4841

Pascual, V. J., & Wang, Y. M. (2017). Utilizing rainfall 
and alternate wetting and drying irrigation for 
high water productivity in irrigated lowland 
paddy rice in southern Taiwan. Plant Production 
Science, 20(1), 24-35. https://doi.org/10.1080/1
343943x.2016.1242373

Sarkar, S. (2001). Effect of water stress on growth, 
productivity and water expense efficiency of 
summer rice. The Indian Journal of Agricultural 
Sciences, 71(3), 153-158.

Setyanto, P., Pramono, A., Adriany, T. A., Susilawati, 
H. L., Tokida, T., Padre, A. T., & Minamikawa, 
K. (2018). Alternate wetting and drying reduces 
methane emission from a rice paddy in Central 
Java, Indonesia without yield loss. Soil Science 
and Plant Nutrition, 64(1), 23-30. https://doi.or
g/10.1080/00380768.2017.1409600

Sriphirom, P., Chidthaisong, A., & Towprayoon, S. 
(2018). Rice cultivation to cope with drought 
situation by alternate wet and dry (AWD) 
water management system: Case study of 
Ratchaburi province, Thailand. Chemical 
Engineering Transactions, 63, 139-144. https://
doi.org/10.3303/CET1863024

Sriphirom, P., Chidthaisong, A., & Towprayoon, S. 
(2019). Effect of alternate wetting and drying 
water management on rice cultivation with low 
emissions and low water used during wet and 
dry season. Journal of Cleaner Production, 
223 ,  980-988. https://doi.org/10.1016/j.
jclepro.2019.03.212

Thakur, A. K., Mandal, K. G., Mohanty, R. K., 
& Ambast, S. K. (2018). Rice root growth, 



Alternate Wetting and Drying on Rice Irrigation

Pertanika J. Trop. Agri. Sci. 45 (3): 649 - 661 (2022) 661

photosynthesis, yield and water productivity 
improvements through modifying cultivation 
practices and water management. Agricultural 
Water Management, 206, 67-77. https://doi.
org/10.1016/j.agwat.2018.04.027

Yao, F., Huang, J., Cui, K., Nie, L., Xiang, J., Liu, 
X., Wu, W., Chen, M., & Peng, S. (2012). 
Agronomic performance of high-yielding rice 
variety grown under alternate wetting and drying 
irrigation. Field Crops Research, 126, 16–22. 
https://doi.org/10.1016/j.fcr.2011.09.018

Yao, L., Zhao, M., & Xu, T. (2017). China’s 
w a t e r - s a v i n g  i r r i g a t i o n  m a n a g e m e n t 
sys tem:  Po l i cy,  implementa t ion ,  and 
challenge. Sustainability, 9(12), 2339. https://
doi.org/10.3390/su9122339

Zhang, W., Yu, J., Xu, Y., Wang, Z., Liu, L., Zhang, 
H., Gu, J., Zhang, J., & Yang, J. (2021). Alternate 
wetting and drying irrigation combined with 
the proportion of polymer-coated urea and 
conventional urea rates increases grain yield, 
water and nitrogen use efficiencies in rice. 
Field Crops Research, 268, 10816. https://doi.
org/10.1016/j.fcr.2021.108165

Zhuang, Y., Zhang, L., Li, S., Liu, H., Zhai, L., 
Zhou, F., Ye, Y., Ruan, S., & Wen, W. (2019). 
Effects and potential of water-saving irrigation 
for rice production in China. Agricultural 
Water Management, 217, 374-382. https://doi.
org/10.1016/j.agwat.2019.03.010




