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Abstract: Agricultural activities along the coastal line are facing problems of seawater
intrusion due to the rise in sea level, especially in Kuala Kedah, Kedah. Approximately
more than 30 hectares have been affected by the increased salinity concentration in paddy
fields and farmers have had to bear losses of more than 75 percent since this problem
first began in 2016. Hence, this research was conducted to assess the influence of salinity
concentration on paddy growth due to tidal variations in the paddy plot and the related
irrigation canal. By considering tide events, in-situ measurement sof salinity concentrations
were carried out using a salinity portable meter at ten points along the irrigation canal, as
well as at outflow and inflow regions in the paddy plot at two-week intervals. Assessment
of paddy growth was made by regularly measuring plant height from the third to thirteenth
week and grain weight on the thirteenth week of plant growth. The results show that there
are reductions of 19% and 5% in paddy yields in outflow and inflow regions, respectively,
as well as reductions in paddy height by 50% compared with the normal paddyheight in
both regions.
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Introduction marine habitats for those resources. Since the
oceans have limited resources, there is a need to
minimize the impact that the growing size and
number of coastal communities have on marine
environments. Development along the coasts
and hinterland has been extensive. Erosion

In the 2010s, agriculture remained an important
sector in terms of contribution to the nation’s
economy. Coastal zones are major contributors
to the nation’s economy, particularly through
agricultural activities, such as paddy cultivation &~ .
(Nordin, 2006; Nisaa et al., 2018)with a land 'S glgmﬁca.mt and may contribute to coastal
area of some 330,000 km square and a coastline sedlment.atlons rates (in protected areas. Kedah
of some 4,800km, sits on the geologically stable and Perhs, located at the north O,f Penlr.lsule.w
Sunda Shelf. Half the coastline consists of Malaysia, where most of the nation’s rice is

beaches and slightly less than half is mangrove cultivated, are thus kl’lOWl’.l as Jelapang Pa.di.
fringed; there is little rocky coast. It has been These states have been major producers of rice

estimated that some 30% of the coastline is fof many decades. Considering that rice is the
subject to varying degrees of erosion. The staple food of the majority o’f Ma!aysiaps, it. has
population of 25 million is small for a country been one of the government’s main policy since
in the region but its population growth rate of 1955 to be self-sufficient in rice production.

some 2.4% is amongst the highest. Over 60% Many initiatives and strategies hav.e been
of the population lives along or close to the implemented by the government to improve

coasts. Growing populations not only put a the paddy sec‘For. A local authority, known as
greater strain on already depleting resources, the Muda Agricultural Development Authority

but are also responsible for the degradation of (MADA)’ was established in 1970 to provide
assistance to farmers in Kedah. Kamaruddin et al.
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(2013) reported that more than 100,000 hectares
of paddy fields were managed by MADA, which
makes up 35.13% of the country’s paddy field as
shown in Figure 1.

According to Abdul Maulud et al. (2015),
the uncertainty of tidal levels is related to
changes in sea level and global climate change.
In 2018, Ghazali and Awang reported that the
coastal area of northwest Peninsular Malaysia
is among areas strongly affected by the rise in
sea level due to climate change. Increased sea
and tidal levels have a drastic impact on inland
areas near the coast, including the destruction
of infrastructure and crops (Ehsan et al., 2019;
Mohd et al., 2019; Selamat et al., 2019). One of
these areas is the estuary of Kedah River, which
is surrounded by an important agricultural area.
Ghazali and Awang (2018), contended that by
the year 2100, the sea level would have increased
by 0.5 m, causing 20% of the rice cultivation
area to be completely flooded. The increase in
sea level has had a profound impact on the local
community’s economy, particularly farmers in
Kampung Padang Garam, Kuala Kedah, which
is located very close to coastal areas that are
vulnerable to salt intrusion.

According to Shereen ef al. (2005), one of
the primary reasons for reduced productivity
and stunted growth of crops throughout
the world is salinity. Salt stress due to the

16

presence of seawater may stunt the growth of
paddy plants and cause damage to the cells of
transpiring leaves. In 2006, Munns ef al. found
that the amount of salt in leaves could have a
negative impact and eventually cause the death
of the leaves. Furthermore, Zhang et al., (2015)
asserted that the hampered development of
paddy spikelet significantly reduces the yield
of paddy grain as a result of salt stress. The
decreasing yield of rice is due to the sensitivity
of rice towards salinity, which in turn affects rice
growth (Chhabra, 1996; Joseph et al., 2010a;
Zhang et al., 2017).

Embun Majid (2016) has shown that
sea water spilling into paddy plots near the
coastal area of Kuala Kedah was a result of
the frequent high-tide phenomenon. According
to the observation among local farmers and
MADA’s officers, this problem occurred in the
second planting season of 2016 and lasted until
the second season of 2018 and more than 20
farmers and a total of 36 hectares of paddy plots
were affected by this phenomenon. According
to National Key Economic Area (NKEA) Unit
records for PPK MADA I-II Kuala Sungai,
Kedah, paddy production for the second season
of 2016 averaged at 1.96 tons per hectare. Prior
to the high-tide phenomenon, the average paddy
production in this area was 7 ton per hectare.
Farmers have had to bear losses of more than
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Figure 1: Rice cultivation areas in Malaysia (Muda Agricultural Development Authority (MADA)), 2017
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75 percent due to saline water intrusion in paddy
plots.

Hence, this research was carried out to assess
the influence of salinity concentration on paddy
growth due to tidal variations in the paddy plot
and the related irrigation canal. As illustrated in
Figure 2, the study area is approximately 0.574
ha and located 200 m from the coastal line. The
data collection period is from November 2017
to January 2018, with 28.5°C as the average
annual temperature. In addition, a paddy field
without the influence of seawater penetration
was selected as a control plot, with its distance
from the coastline considered.

Materials and Methods

This study involved the observations and
analyses of two different rice plots. The first
plot is a control plot that faced no problems with
salinity. This plot was located approximately
10km away from the coastal line area. The
second plot was purposely selected with changes
in salinity due to the direct influx of seawater,
and it was located 200 m from the coastal area.
These two plots were selected by considering

their physical characteristics, where they both
have comparable inlet and outlet regions. Figure
3 shows the activities involved in this study.

Measurement of Salinity Concentration

Bauder et al., (2011) stated that salinity is an
important water quality parameter in agriculture
and it can bring a negative impact on crop
production and soil quality. According to
Gosetti et al. (2019)during, and after the period
of planting, by managing water resources and
correct agronomic practices, water quality level
in the outflow region can be enhanced even with
pre-existing pollutants in the inflow region. In
addition, the nearby irrigation canal can also
be influenced by the flow of water out of the
paddy plot (Lawniczak et al., 2016). Therefore,
in-situ water quality assessment was made by
measuring the salinity level in the irrigation
canal and paddy plot. The two measurement
sites in the paddy plot are the inflow and outflow
regions.

Figure 4 shows ten inflow and outflow
points with a distance of 10 m each, as well as
the sites in the irrigation canal. The high and low
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Figure 2: The selected study area in Kuala Kedah, Kedah
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Figure 4: A schematic diagram of in-situ sampling points at the study area

tidal events of the sampling dates shown in Table
1 were taken into account and the sampling was
made in three replications using the EC500
ExStik® IIpH/Conductivity/Temperature Meter.
Water samples were taken fortnightly from the
third to thirteenth week by considering the tidal
stages, which are the initial, peak and tail stages,
as illustrated in Figure 5.

The tide is unique and different in every
country or state. The phenomenon of tidal
variations is related to the positions of the
moon and the sun relative to the earth and thus
impact the sea level (Hamzah ef a/., 2018; Md
Yusof et al., 2013)waves, temperature and so
on which is cause by the phenomenon such as
El-Nino, La-Nina. This study was conducted
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High tide

Low tide

Note: a is initial stage (about to rise or fall); b is peak stage (maximum or minimum);
c is tail stage (lowest or highest)

High tide

Figure 5: Tidal event stages (Types of Tides, n.d.)

Table 1: The tidal level during sampling duration in Kuala Perlis, Perlis (National Hydrographic Centre,

2017, 2018)
10-Nov-2017 23-Nov-17 8-Dec-2017 21-Dec-2017 11-Jan-2018 25-Jan-2018
Tide Tide Tide Tide Tide Tide
Time Height Time Height Time Height Time Height Time Height Time Height
(m) (m) (m) (m) (m) (m)
0420 2.7 0300 3.0 0330 3.0 0222 2.8 0348 1.4 0537 1.9
1103 1.1 0909 0.7 1017 0.7 0844 0.6 0850 1.7 1147 0.9
1728 2.2 1536 24 1623 2.5 1456 23 1543 1.1 1903 1.9
2255 1.5 2105 0.9 2208 1.1 2037 0.8 2157 2.0

to investigate the effect of these phenomena
towards the pattern of tidal constituent during
the phenomenon on several stations that have
been chosen. The difference stations were chose
due to the change in the position of celestial
body. In addition, tidal data for several stations
were processed using the UTM Tidal Analysis
and Prediction Software (u-TAPS. As reported
by Abdul Maulud et al. (2015), tidal variations
for the northern part of Peninsular Malaysia
is consistent throughout the year. Department
of Survey and Mapping Malaysia (JUPEM)
topographic maps show that the study area is
located at a low-lying area that 2m blow the
mean sea level. The study area faced frequent
overflow of seawater into the nearest paddy
plot along the shoreline, especially during the
full moon, as shown in Figure 6. The seawater
splashed out of the seaside and into the landside

and the neighbouring river. MADA raised the
issue of seawater encroachment as it affected
almost 30 hectares of the paddy field and the
distance between the coastal area and the study
area was about | km. Khanom (2016) explained
that seawater entered the mainland through
rivers and it can go up to 160 km inland during
the dry season. Consequently, the rice yield in
this area keeps dropping year by year.

Paddy Growth Assessment: Height and Yield

Rice cultivation in the study area involves the
use of the MR297 variety introduced by Mardi
in early 2016 as the 44th paddy variety. As
reported by Mohd Zin (2016), 1000 grains of
paddy plants have an average weight of between
27.8 and 29.2 grams and the average height of
matured paddy plants (after 110 to 115 days after
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Figure 6: The situation at the study area during the full moon

planting) is about 64.4 to 70 cm. These two main
parameters of plant growth, plant height and
yield, were observed in this study. The sampling
process involved three duplications for each
growth parameter. As illustrated by Constantino
et al. (2018) in Figure 7, plant height was
measured from the soil surface up to the end
of the tiller of the longest leaf at each selected
point along the inflow and outflow regions. The
assessment of the paddy height was taken once
a fortnight from 1 until 100 days after planting.

Paddy yield was determined by measuring
the weight of the panicles using a weighing scale
and calculating the yield using the following
formula (1).

Paddy Yield (g/m?) = a * b * Average
Weight of a Grain )

where, a is a number of panicles per meter? and
b is numbers of filled grains per panicle.

This assessment was made during the
mature stage (Tian et al., 2017), which is
approximately 100 days after planting for both
inflow and outflow regions. A non-saline paddy
plot was chosen to observe the paddy growth as
a comparison.

Statistical Analysis

In this study, the one-way analysis of variance
(ANOVA) was preferred for optimal statistical

Tiller ~

Heightof plant

Figure 7: A diagram of mature rice plant (Constantino et al., 2018).
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analysis results, especially in agriculture,
including paddy studies (Abdullahi ef al., 2013;
Cao et al.,, 2014; Qun et al., 2016). This method
is called one-way ANOVA because it involves
only one number of independent variable in
variance analysis (Qun et al, 2016; Wahid et
al., 2018). Salinity concentration was chosen as
the independent variable in this case. Hence, the
mean height of the paddy was tested using one-
way ANOVA in the Minitab 17 software to find
the differences throughout the rice cultivation
cycle based on the salinity concentration.
Subsequently, the relationship between salinity
concentration and paddy height was examined
via the correlation analysis.

Results and Discussion

Figures 8 (a) and (b) show that the salinity
concentration along the irrigation canal
increased slightly in week 11 compared with
week 9, and decreased steadily in week 13 for
both tidal events. As an example, in Figure 8 (a),
the salinity concentration increased from 600
ppm to 800 ppm and drastically deteriorated
to 400 ppm at point 1 from week 9 to week
11. This pattern is observed to be similar to
the occurrence of high and low tides. This
scenario happens due to heavy rain, as well as
strong winds across the northern region of the
peninsula, and severe floods were recorded in
Kedah and Penang in early November 2017
(Malaysian Meteorological Department, 2018).

In addition, a rainfall station located in Alor
Setar, Kedah, was reported to have received
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Figure 8: The salinity concentration trend along the irrigation canal during tidal events
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more than ten times the amount of rainfall in
January 2018 compared with the previous year
(Department of Hydrology and Water Resources
Management, 2018). This explains the situation
that occurred during weeks 9 and 13, where the
high rainfall intensity caused a decline in the
salinity concentration. However, the salinity
concentration drastically increased in week
11 because the higher tides level was traced
compared with week 13, as stated in Table 1.

In terms of longitudinal distance,
surprisingly, the salinity concentration during
high tide events decreased from the upstream
(point 1) to the downstream (point 10)m which
is misaligned with the results found by Chui et
al. (2016); Mhlongo et al. (2018); Purnaini et
al. (2018); Rajan, (2015) and USGS, (2016), in
which the downstream areas accumulated the
higher chloride concentrations compare with the
upstream areas. However, the trend of salinity
concentration during low tide in Figure 8 (b)
was almost consistent for these three weeks
from the upstream to downstream.

The contradictory findings is due to the fact
that the irrigation canal chosen for this study is
not located in the mainstream of Sungai Kedah
and, thus, is not directly exposed to seawater at
the estuary, which is the area most affected by
salinity (Yang et al., 2019). Additionally, this
irrigation canal is a tertiary canal that flows

22

continuously into the tributaries of Sungai
Kedah. The surface runoff from the catchment
area was diluted by freshwater (Beier et al.,
2017). Additionally, the decrease in salinity
level at the downstream area was probably due
to the biological uptake by phytoplankton in
this region (USGS, 2016). In summary, high
tide events significantly affect the salinity
concentration (p<0.05) by ANOVA analysis, but
vice versa for salinity concentration value along
the irrigation canal during low tide events.

Salinity Concentration Trends in the Irrigation
Canal during Different Stages of Tidal Events

Figures 9 (a) and (b) show that salinity
concentrations along the irrigation canal during
high tide events are the opposite of those during
low tide events. The peak stage during high tide
contributed to the maximum value of salinity
concentration compared with the initial and tail
stages. On the contrary, the peak stage during
low tide had a minimum salinity concentration.

The findings of this study show that
salinity concentration in the irrigation canal
is significantly influenced by tidal variations.
This is probably due to the accumulation of
salt content in the soil even though the water
sample was taken at the lowest point of low tide
(Barrett-Lennard, 2003).
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Figure 9: The trend of salinity concentration along the irrigation canal during the three stages of tidal events
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Figure 9: The trend of salinity concentration along the irrigation canal during the three stages of tidal events
(cont.)

Paddy Yield in Saline and Non-saline Conditions

According to Figure 10 (a), the highest yield
of 20.1 g/m? was at points 7, 8, and 9 of the
inflow region in non-saline conditions, while
the highest yield in saline conditions as 17.4 g/
m? at point 9. In the outflow region, the highest
yield was 23.4 g/m2 in non-saline conditions at
point 1. Concurrently, the highest yield recorded
in saline conditions was 20.7 g/m2 at point 9

as illustrates in Figure 10 (b). According to
these values, the average reduction percentage
in the outflow region was up to 19%, while a
reduction of only 5% was recorded in the inflow
region. Hence, as anticipated, the grain yield in
the outflow of the paddy field was higher than
that of the inflow point due to the strong impact
of salinity on paddy growth performance, as
similarly found by Rad et al, (2012).
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Figure 10: The paddy yield at the inflow and outflow points in two different conditions
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Figure 10: The paddy yield at the inflow and outflow points in two different conditions (cont.)

Correlation between Salinity Concentration
and Paddy Height

As demonstrated in Figure 11, paddy height
was significantly affected by the salinity
concentration in the paddy plot (p < 0.05). For
example, Figure 11 (a) shows that at point 5, the
salinity concentration was 1060 ppm and paddy
height was about 8.0 cm, compared with point
10, which had a salinity concentration of 960
ppm and paddy height of 12.5 cm.

The highest salinity concentration was
measured at point 3, which is a water inlet, and
the highest paddy height was recorded at point
10, where water flows directly into the paddy
plot through the water inlet from the irrigation
canal or river. Field data show that plant height
increased to 12 cm in the third week and 37 cm in
the thirteenth week of paddy growth. However,
these values are inconsistent with normal paddy
plant growth, where plant height could be as
high as 71 cm in the mature stage as reported by
Hussain et al. (2012).

The trends of salinity concentration and
paddy height at the outflow point were similar
to those at the inflow point. Even though the
salinity concentrations fluctuated between the
points, as can be seen in Figures 12 (a) and (b),
the highest salinity concentration was recorded
at point 6, which was located at a water outlet
of the paddy plot. As mentioned earlier, plant

height at the outflow region was similar to that
at the inflow point.

Conversely, the highest salinity
concentrations for the seventh, ninth, eleventh
and thirteenth weeks of paddy growth were
recorded at points 10, 1, 9 and 1, respectively.
This is due to the uneven soil elevation in the
paddy plot, which creates small water ponding.
Water ponding is an important aspect in drainage
management at paddy fields (Sakaguchi et al.,
2014).

Point 10 recorded the highest paddy height
at the third and fifth weeks of plant growth. At
the seventh and ninth weeks of plant growth,
point 2 had the highest paddy height, while
point 5 recorded the highest paddy height in the
eleventh and thirteenth week of plant growth.
However, fluctuations in paddy height were
spotted throughout the growth stage. This is
due to fluctuations in salt concentrations in the
plots that may have previously been measured
to be stagnant and subsequently damaged.
These findings clearly show that paddy height
is affected by salinity concentration (Joseph et
al.,2010D).

In summary, regardless of the inflow and
outflow points, salinity concentration has a
strong impact on paddy growth at the early
growth stage, especially with regard to paddy
height. These results can be validated with the

Journal of Sustainability Science and Management Volume 16 Number 6, August 2021: 15-30



IMPACT OF SALTWATER INTRUSION ON PADDY GROWTH IN KUALA KEDAH, MALAYSIA 25

Correlation between Salinity and Paddy's Height at Inflow Region Correlation between Salinity and Paddy's Height at Inflow Region
1080 14.0 1340.0 r 16.0
1060 120 13200 53
T t r 15.0
§ 1040 | 10.0 § 1300.0
1020 £ s SEPLRS
z 80 & 2 12800 Fu0 2
£ 1000 z £ £
3 60 ¥ 3 1260.0 P13
3% 0w = || 8 1200 [20S
g %0 i ET 125
940 2.0 1220.0 L 120
920 0.0 1200.0 r 115
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 & 9 10
Points Points
I Salinity Height . Salinity Height
Correlation between Salinity and Paddy's Height at Inflow Region Correlation between Salinity and Paddy's Height at Inflow Region
1600.0 30.0 1090.0 - 40.0
1080.0 -
_ 14000 250 _ 13302 35.0
§ 1200.0 I - i i 30.0
= 1000.0 = 00g | f3108007 - 50 E
£ S || £ 10500 - <
£ 800.0 15.0 £ £ 200 £
] _5 @ 1040.0 - 15.0 %
H 6009 100 T £ 1030.0 - Tz
= 400.0 € 10200 - 10.0
200.0 >0 10100 - 50
0.0 0.0 1000.0 0.0
1 2 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10
Points Points
I Salinity Height I Salinity Height
Correlation between Salinity and Paddy's Height at Inflow Region Correlation between Salinity and Paddy's Height at Inflow Region
1070.0 37.0 1180.0 r 380
1060.0 36.0 - 37.0
. 35.0 - 11600 - 36,0
£ 1050.0 £
g 340 _ g - 350
> 1040.0 F 3 £1140.0 T
H . BOS |2 340 §
£ 10300 320 2 £ 11200 F330 £
] o0y | |8 F320 8
300 & 0o L0 T
< E
29.0 = 10800 30.0
28.0 F29.0
27.0 1060.0 r 28.0
1 2 3 4 5 6 7 8 9 10
Points Points
I Salinity Height I Salinity Height

Figure 11: The correlations between salinity concentration and paddy height at each inflow point on the (a)
third, (b) fifth, (c) seventh, (d) ninth, (e) eleventh, and (f) thirteenth weeks of paddy growth

statistical value for salinity concentration and
paddy height as shown in Table 2. The highest
and lowest standard error of regression (S) were
recorded on the seventh week and fifth week
values of 2.06399 and 0.49732, respectively.
The highest and lowest R-square values were
recorded on the fifth week and thirteenth week
with values of 98.67% and 18.04%, respectively.
This finding is similar to the findings by Hoang
et al., (2015); Zhang et al., (2017), where salt

stress has been shown to be harmful to rice crops
and it slows down paddy growth and hampers
paddy development.

Conclusion

This study set out to explore the influence of
salinity concentration on paddy growth due
to tidal variations in the paddy plot, as well as
in the adjacent irrigation canal. The outcome

Journal of Sustainability Science and Management Volume 16 Number 6, August 2021: 15-30



Samera Samsuddin Sah et al.

26

Correlation between Salinity and Paddy's Height at Outflow Region

1060 16.0
.\1040 14.0
e __x 120
21000 { - =
"E 980 00§
= 960 80 2
" 0
3 940 60 2
2 920
b 4.0
3
3 900

880 2.0

860 0.0

Correlation between Salinity and Paddy's Height at Outflow Region

1240.0 1160
12300 { & 16
€ 1220.0 - 120
212100 = 5] 2
£ 12000 100 §
% 11500 80 £
3 1180.0 60 3
H
€ 1700 i
3
3 11600
1150.0 20
1140.0 0.0

Points
I Salinity ~#—Height

Points
I Salinity ~#—Height

Correlation between Salinity and Paddy's Height at Outflow Region

Correlation between Salinity and Paddy's Height at Outflow Region

1400.0 25.0 1020.0 45.0
— 1200.0 — 1000.0 40.0
£ 20,0 E 35.0
£ 1000.0 2 980.0 )
= T E . 30.0 E
£ 00 . u 508 £ 960.0 25.0 2
£ i o s o
[ I [ | 200 &
3 6000 1002 % o0 ®
3 T H 150 T
£ 400.0 £ 9200
8 50 8 10.0
200.0 900.0 5.0
0.0 0.0 880.0 0.0
12 3 4 5 6 7 8 9 10 3 4 5 6 7 10
Points Points
-Salinity —=—Height . salinity ~s—Height
Correlation between Salinity and Paddy's Height at Outflow Region Correlation between Salinity and Paddy's Height at Outflow Region
1190.0 36.0 1100.0 38.0
_1180.0 ‘ 35.0 — 1080.0 37.0
£ 34.0 £
gumno y \ o~ | | &10600 360 _
Z 11600 s T E > £
Z n 3208 | [£ 1000 350 &
5 11500 / z = £
B/ 310 @ % 1020.0 340 ¥
2 1140.0 ] 3 ]
2 00 = £ 1000.0 B0
E 1130.0 20.0 i - "
1120.0 28.0 980.0 32.0
1110.0 27.0 960.0 31.0
12 3 4 5 6 7 8 9 10
Points Points
I Salinity Height . Salinity Height

Figure 12: The correlations between salinity level and paddy height at each outflow point on the (a) third, (b)
fifth, (c) seventh, (d) ninth, (e) eleventh, and (f) thirteenth weeks

has revealed that generally, high tide events
significantly affected the level of salinity
concentrations in the irrigation canal, in contrast
with low tide events. In addition, the growth
of paddy plants was also directly related to
the salinity concentrations in the paddy field.
Approximately 19% and 5% reductions of
paddy yield happenned in the outflow and inflow

regions. Furthermore, regardless of the inflow
and outflow points, salinity concentration also
had a strong impact on paddy height at the early
growth stage. The height of the paddy showed a
reduction of more than 50% compared with the
normal average paddy height. This shows that
rice plants are susceptible to saline conditions.
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