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ABSTRACT

Water salinity and acidity are two water quality parameters that are important for the success of crop cultivation in the
Anjir Serapat Lowland Irrigation Area, Central Kalimantan. The interrupted tidal flow between Kapuas Murung River
and the irrigation drainage system prevents fresh-saline water exchange. Tide is one factor determining the change in
flow and water quality. This study aims to analyze the influence of tides in the Kapuas Murung River on pH and salinity
in the main channel of the Anjir Serapat Lowland Irrigation Area. pH and salinity are measured simultaneously with the
water level. Salinity, pH, and water level data were collected at Sta 0, Sta 10, and Sta 14 of the main channel during
spring and neap tide for 27 hours. The effect of tides on pH and salinity at Sta 0 and Sta 14 is shown in the relationship
between the rate of change of the water level to the rate of change of pH and salinity, and also the relationship between
the slope of the water to the rate of change of pH and salinity. When heading towards the flood or the ebb, fresh water
from the river can lower salinity and increase pH, and vice versa can also increase salinity and lower pH in the main
channel. Changes in water level significantly influence only salinity at Sta 0, while changes in salinity at Sta 14 and
changes in pH at Sta 0 and 14 are not so significant because other unmeasured variables affect pH and salinity. The pH
quality of the freshwater source from the Kapuas Murung River is not much different from that of the water in the main
channel. When mixing occurs, the pH change is insignificant. It is suggested to do further study of other factors that
affect the pH and salinity of irrigation water in the main channel of Anjir Serapat Lowland Irrigation Area.
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1. INTRODUCTION

cultivators, means of transportation, limited capital,

isolation, and environmental aspects [4].
The Ex Peatland Clearing (ex-PLG), which has an

area of nearly 165,000 ha, is suitable for developing
agricultural activities to support The Food Estate
program. Improvement of water management and
auxiliary channels and buildings is still needed to support
agricultural activities. The ex PLG area includes
freshwater tidal areas, although some parts include
brackish tides[1]. Food security can be achieved if water
is available at the right place, time, and water quality [2].

Anjir Serapat Lowland Irrigation Area (DIR Anjir
Serapat) is one of the ex-PLG areas located in block D,
which will be used as the location of The Food Estate
program. DIR Anjir Serapat is located in Kapuas
Regency, Central Kalimantan Province. DIR Anjir
Serapat has a potential area of 17,609 ha, divided into a
functional area of 10,115 ha and a potential area to be
functionalized of 7,494 ha [5]. Anjir Serapat is the main
channel in the DIR Anjir Serapat connects two major

The development of agriculture in swamplands has
various obstacles and problems [3,4]. Several aspects
hinder the implementation of swamp development,
including water aspects, include water management,
floods, droughts, pH and salinity, soil aspects include
pyrite, peat, weeds, nutrient-poor, socio-cultural aspects
of the economy include settlements, marketing,
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rivers, namely the Kapuas Murung River in Central
Kalimantan Province with the Barito River in South
Kalimantan Province, with a length of 28.5 km [6].

Good water quality is one of the requirements in the
irrigation water supply. High salinity and acidity are
fundamental problems in the Anjir Serapat Lowland
Irrigation Area, Central Kalimantan. The interrupted tidal
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flow between Kapuas Murung River and the irrigation
drainage system prevents fresh-saline water exchange is
suspected to be the cause of this problem.

DIR Anjir Serapat utilizes rainfall for agricultural
water supply. Rainfall is collected dan held using a sluice
and opened during leaching. In the rainy season, the
water is held in the “handil” to raise the water level in the
channel so that it spills into the field. Handil comes from
the Banjar language, a canal that supplies irrigation water
from Anjir at high tide and drains irrigation water to Anjir
at low tide.

In the use of rainfall, in higher areas, later pyrite in
the channel will flow to a lower area, coupled with non-
optimal tissue conditions, there will be spooling, and the
water becomes retained longer, which results in a
relatively lower pH so that in some lower areas the land
becomes abandoned which eventually becomes shrubs.
Water with a low pH cannot be used to irrigate irrigated
land because it will affect the absorption of nutrients by
plants [7]. The Factors that determine the flow change are
the tides, the channel length, and the tidal pool [8].
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This study aims to analyze the influence of the tides
of the Kapuas Murung River on pH and salinity in the
main channel of the Anjir Serapat Lowland Irrigation
Area. The influence of tides entering the main channel is
expected to increase the volume of fresh water,
improving water quality in meeting water needs in
irrigated land. Proper water supply management using
tidal movements at high tide or rainwater is needed to
meet water needs for washing and diluting acidity [9].

2. MATERIAL AND METHOD
2.1 Study Area

DIR Anjir Serapat is one of the lowland irrigation
areas for former peatland development located in Block
D of Kapuas Regency, Central Kalimantan. DIR Anjir

Serapat, as seen in Figure 1, is spread across two districts,
namely Kapuas Timur District and Bataguh District [10]
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Figure 1 Location of Anjir Serapat Lowland Irrigation Area and Measurement Station (Source: Modified Open Street

Map using QGIS)

Anjir Serapat, the main channel on DIR Anjir Serapat
has a length of 14 km. The secondary channel/handil on
the right of the system consists of 16 handils with lengths
varying from 2.9 km to 7.8 km, while on the left, the
system consists of 17 handils with lengths varying from
1.9 km to 7.7 km.

Plantations are the most extensive land use in the DIR
Anjir Serapat, covering an area of 6852 ha (38.91%).
Rice fields cover an area of 6167 ha (35.02%), spread
over low land blocks around the Kapuas Murung River.
Shrubs are relatively large land-use after rice fields,
covering an area of 3769 ha (21.41%). Some of this area
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is thought to be a former rice field or field that was long
abandoned, so it is now an abandoned land.

2.2 Data Collection

pH and salinity data are measured in conjunction with
water level measurements in the rainy season. PH,
salinity, and water level are measured at Sta 0, Sta 10,
and Sta 14 in the main channel. Measurements on the
neap tide condition were carried out on March 21-22,
2022, while the spring tide condition was carried out on
March 28-29, 2022, for 27 hours, starting at 07.00 until
10.00 Central Indonesian Time on the next day.
Instantaneous measurement of pH and salinity was also
carried out on March 10, 2022, at 18 points (3 at the main
channel point, 15 secondary/handil channel points to find
out an overview of the pH and salinity at the site.

Water level measurement is carried out by reading the
height of the water level on the staff gauge that has been
installed at all three measurement points. The readings
then need to be tied to the connective points around the
site. The tie point is in the form of the nearest Benchmark
(BM) stake, namely BM AJS 01, which is + 0.70 km from
Sta 0, BM AJS 05, which is + 3.90 km from Sta 10, and
Sta 14. pH and salinity measurements are carried out
using measuring instruments in conjunction with water
level readings. Every 27 hours, a water sample was taken
at each measurement point and immediately recorded pH
and salinity readings.

2.3 Data Analysis

The effect of tides on pH and salinity is shown in the
relationship between the rate of change in water level per
hour to the rate of change in pH and the rate of change in
salinity per hour at Sta 0 and Sta 14 and the relationship

between the slope of the water level per hour between Sta
0 and Sta 14 to the rate of change in pH and hourly rates
of salinity change at Sta 0 and Sta 14.

The rate of change in the water level that is positive
indicates the condition toward the flood tide, while the
rate of change in the water level that is negatively valued
indicates the condition towards the ebb tide. A positive
water level slope indicates a flow supply to the channel,
while a negative slope indicates an outflow towards the
river. The rate of change in pH and salinity that is
positively valued indicates an increase in pH and Salinity,
while the rate of change in pH and salinity that is
negatively valued indicates a decrease in pH and salinity.

3. RESULT AND DISCUSSION

3.1 Existing Condition of Anjir Serapat
Lowland Irrigation Area

The development of swamplands needs serious
attention to several things, including the depth of the
pyrite layer, the thickness and nutrients in peat, the hydro
topography of the land, the duration and depth of
inundation, and the type of soil layer [11].

In tidal irrigation, there is a known relationship
between the elevation of the ground level, the height of
the tide level, and the damping of the tide level in the
system of channels between river and land. This
relationship is known as hydro topography and is very
important in assessing the development potential of
agricultural land. The Ministry of Public Works and
Housing divides the classification of land hydro
topography into Hydrotopography A, B, C, and D (Figure
2).
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Figure 2 Tidal swamp hydro-topography schematic (Ministry of PUPR, 2017)
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In type A, overflows are arranged in a one-way flow
system, while in type B, overflows are regulated with a
one-way flow system and dam overflow because high
tides in the dry season often do not enter the land map.
The water system on land types C and D overflows is
intended to store water because the water source only
comes from rainwater. Therefore, waterways in water
systems in fields of overflow types C and D need to be
sealed with stop log doors to maintain groundwater levels
to suit the needs of plants and allow rainwater to be
accommodated in the channel [12].
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Almost all the sluices in the secondary channel are not
functioning optimally (Figure 3) due to the loss of the
beam on the door, so control of the flow out is also
disturbed, and several secondary channels in DIR Anjir
Serapat show sedimentation and the presence of
vegetation that inhibits the flow (Figure 4). The
obstructed flow of water in the channel will cause the pH
of the water to decrease so that the water becomes acidic
[7]. Acidity is an obstacle to the development of
agriculture in acidic sulfate lands [13].

Figure 4 The existing condition of Handil Dumanap, which is still functioning (left), and Handil Gardu, which has

been overgrown with vegetation (right)

3.2 Tidal Dynamics on Main Channel

Tides are fluctuations in sea level as a function of time
due to the force of attraction of celestial bodies,
especially the sun and moon, to the masses of seawater
on earth. Although the moon’s mass is much smaller than
that of the sun, because of'its closest distance to the earth,
the influence of the moon’s pulling force is more
significant than that of the sun’s pulling force [14]. The
influence of incoming tides will help maintain water
quality [15].

The water level looks higher at the spring tide than at
the neap tide. The tides’ amplitude is getting smaller

farther from the main channel estuary. The maximum
water level at the spring tide is 1.01 m, while the
maximum water level at the neap tide is 0.49 m. The tidal
amplitude is sequentially at the time of neap tide at Sta 0,
Sta 10, and Sta 14 is 0.93 m, 0.54 m, and 0.48 m, while
at the time of spring tide is 1.70 m, 0.98 m, and 0.87 m.
P. Tidal impacts entering the main channel network are
expected to increase pH and decrease salinity in the
channel.

In the spring tide curve, the water level is not only
affected by the influence of tides because it does not
describe one tidal and ebb cycle as at the time of the neap
tide. It is suspected that there is an influence of discharge
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from the upper reaches of the Kapuas Murung River,
which supplies the flow to the channel so that when the
water in the channel recedes, the flow becomes

restrained, and the water level increases. The results of
tidal measurement are shown in Figure 5.
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Figure 5 Measured water level in the main channel during the neap and spring tide periods

3.3 Water Quality Dynamics in Main Channel

The quality of water for agricultural purposes is
determined by the chemical content as well as the content
of garbage and sludge in it. Water quality is rated by its
physical and chemical properties parameters. Physical
properties such as color, water brightness, and smell can
be observed directly in the field. In comparison, the
chemical properties are determined by analysis in the
laboratory. The parameters of the measured chemical
properties are usually Electrical Conductivity (DHL/
electrical conductivity), water pH, suspended solids,
Sodium Adsorption Ratio (SAR), and some anions and
cations contained in water [16]. Rainfall, tides, and
distance from the mouth of the river will affect the quality
of tidal irrigation water [15].

A comparison of pH in the neap tide and spring tide
periods is shown in Figure 6. The pH at the spring tide is
higher than at the neap tide because, during the spring
tide, the tidal energy to push fresh water from the river is
much higher than during the neap tide, thus causing the
cyclical amplitude for pH to be greater during spring tides
compared to neap tides [17]. Sta O has higher pH
fluctuations than Sta 10 and Sta 14. The best pH quality
at Sta 0 is obtained at the tide’s peak. Meanwhile, at Sta
10 and Sta 14, the tide’s peak does not necessarily
produce the best water quality compared to other hours,
and the change in pH is not too significant. The pH in the
main channel in the neap tide condition ranges from 2.26
to 4.82, while in the spring tide condition, it ranges from
2.6 to 5.52. Local rice can live and grow with this pH.
The pH of the water must be improved for planting the
superior rice. The recommended pH for irrigation water
is in the range of 6-9 [18].
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Figure 6 Measured pH in the main channel during the neap tide and spring tide periods

The salinity comparison at the time of neap and spring
tide is shown in Figure 7. At Sta 0, it is seen that salinity
is relatively lower at the spring tide than the neap tide,
inversely proportional to Sta 14, where salinity is lower
at neap tide than spring tide. At Sta 10, salinity did not
change significantly in the neap tide and spring tide
periods.

At the neap tide, the lowest salinity occurs at Sta 14,
while at the time of spring tide, the lowest salinity occurs
at Sta 0. Salinity in the main channel ranges from 30 to
284 ppm in the neap tide and 13 to 318 ppm in the spring
tide. The critical value of salinity for rice cultivation is 4
dS/m or 2650 ppm, so salinity meets the criteria for rice
cultivation [19].
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Figure 7 Measured salinity in the main channel during the neap tide and spring tide periods



The Effect of Tides on Water Salinity and Acidity in the Main Channel of Anjir Serapat 185

In addition to simultaneous measurements,
instantaneous measurements of pH and salinity were also
carried out spread across 18 points in DIR Anjir Serapat.
A few hours before the measurement, there was rain. The
average pH is 5, while the salinity is 160 ppm (Table 1).
Higher pH and lower salinity indicate that rain affects the
main channel’s irrigation water quality.

Table 1. Instantaneous measurement of pH and salinity

No Measurement Point pH Salinity
(ppm)
1 Primer Sta 0 3.93 229
2 Handil Karang Paci 6.07 30
3 Handil Dotoi 5.92 107
4 Handil Hidup Baru 4.93 189
5  Handil Pejantai/Hikmat  5.05 241
6 Handil Enon 53 191
7  Handil Mulia 6.01 303
8 Handil Murni 5.57 263
9  Handil Lencong 5.47 269
10  Handil Habib 5.61 164
11 Primer Sta 10 3.48 205
12 Handil Perwira 5.51 239
13 Handil Sinjung 3.27 31
14  Handil Mantat 7.01 38
15  Handil Dahlan 5.64 225
16  Handil Cempaka 7.34 21
17  Handil Kaderi 6.21 93
18  Primer Sta 14 5.98 67
%\ 0.80 staD
E A
T% 0.40 B
-
g Il OO @A ] °
Ec:mo T =2 = i(%? uo d .
gn ‘A 4 A 1hei2 ks A
& * A
270.40
= -1.50 -1.00 -0.50 0.00 0.50 1.00
4

Rate of Change of pH(/hour)
@ Neap Tide & Spring Tide

3.4 Tidal Effect on pH and Salinity

3.4.1 Rate of Change of pH to Rate of Change of
the Water Level

The rate of change of pH to the rate of change of the
water level at Sta 0 and Sta 14 during the neap tide and
spring tide periods is shown in Figure 8. The increase in
pH at Sta 0 in neap tide conditions happens more often at
the flood, while the pH decrease is more common at the
ebb. The decrease in pH towards the flood and the
increase in pH towards the ebb are insignificant. In spring
tide conditions, when heading to low tide, the pH can
increase or decrease so that changes in water level do not
affect the pH. Changes in pH are influenced by
anthropogenic  eutrophication and environmental
influences [20]. Different results are expressed by
Leidonald et al. [21] that pH is more sensitive to tidal
changes.

At Sta 14, the range of pH at both spring tide and the
neap tide is smaller than the range of pH at Sta 0. The
farther from the estuary of the channel, the water quality
will decrease [15]. When neap tide, the increase in pH
is more frequent at the ebb, while the decrease in pH
occurs more often when going to the flood. During spring
tide, the increase and decrease in pH are more frequent
when conditions are heading to the ebb than when
heading towards the flood. In Sta 0, the highest pH
increase was 1.47, which occurred in spring tide, while in
Sta 14, the highest pH increase was 0.86, which occurred
in the neap tide.
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Figure 8 Rate of change of pH at Sta 0 (left) and Sta 14 (right) during the neap tide and spring tide periods against the

rate of change of the water level

3.3.1 Rate of Change of Salinity to Rate of
Change of the Water Level

The rate of change of salinity to the rate of change of
the water level at Sta 0 and Sta 14 at the neap tide and
spring tide periods is shown in Figure 9. In neap tide,
salinity decreases in Sta 0 are more frequent at the time
of the flood, while salinity increases are more frequent at

the ebb tide. Other studies have also revealed that salinity
at the ebb will be higher than when heading towards the
flood tide [15,22]. An increase in salinity at the time of
going to the flood and a decrease in salinity at ebb also
occur, but the frequency is minor. In spring tide, salinity
correlates well with tides [17,21]. Changes are frequent
at ebb, with salinity increasing quite a lot compared to
salinity reductions.
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The decrease in salinity in the neap tide and spring
tide periods in Sta 14 is more frequent than the increase
in salinity, where the declining frequency occurs more at
the ebb. In Sta 0, the most significant decrease in salinity
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is 70 ppm, which occurs during the neap tide, while in
Sta 14, the most significant salinity decrease is 28 ppm
which also occurs during the neap tide.
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Figure 9 Rate of change of salinity at Sta 0 (left) and Sta 14 (right) during the neap tide and spring tide periods

against the rate of change of the water level

3.4.2 Rate of Change of pH to the Water Level
Slope

The rate of change of pH to the slope of the water
level at the neap tide and spring tide periods at Sta 0 and
Sta 14 is shown in Figure 10. The slope of the positive
water level at the neap tide at Sta 0 did not significantly
affect the increase or decrease in pH. The change in pH
is more influenced by the slope of the water level when it
is negative, with the frequency of occurrence of an
increase in pH and a decrease in pH equally a lot. In
contrast to Sta 14, the slope of the positive water level
has a more significant influence on the decrease in pH,
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while at the time of the slope of the negative water level,
the pH more often increases.

At the spring tide, the pH range is more significant at
Sta 0 than Sta 14 either at the time of increase or decrease
in pH. At Sta 14, the pH did not change significantly to
the slope of the water level, even though the slope of the
water level changed rapidly. The variation of pH and tidal
fluctuation is not synchronized [23]. Change in pH is not
always linear with changes in water level [15].
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Figure 10 Rate of changes of pH during the neap tide period (left) and spring tide period (right) at Sta 0 and Sta 14

against the slope of the water level

3.4.3 Rate of Change of Salinity to the Water
Level Slope

The rate of change of salinity to the slope of the water
level during the neap tide and spring tide periods at Sta 0
and Sta 14 is shown in Figure 11. At Sta 0 and Sta 14,

when neap tide indicates that either the slope of the water
level is positive or the slope of the face becomes negative,
both can increase and reduce salinity so that the change
in the slope of the water level does not affect the change
in salinity.



The Effect of Tides on Water Salinity and Acidity in the Main Channel of Anjir Serapat

In spring tide conditions, the range of change in
salinity rate is smaller than during neap tide. Changes in
salinity are significant when the slope of the water level
is negative. When the slope of the water level is negative,
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in Sta 0, there is a threefold increase in salinity more often
than a decrease in salinity, inversely proportional to Sta
14, where there is a decrease in salinity three times more
often than an increase in salinity.
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Figure 11 Rate of changes of salinity during the neap tide period (left) and spring tide period (right) at Sta 0 and Sta

14 against the slope of the water level

4. CONCLUSION AND SUGGESTIONS

4.1 Conclusions

When heading towards the flood or the ebb, fresh
water from the river can lower salinity and increase the
pH, and vice versa can also increase salinity and lower
the pH in the main channel. The effect on pH and salinity
changes is more common when the flow is going to low
tide because it is prone to more prolonged ebb and flow
in one tidal cycle.

Changes in water level significantly influence only
salinity at Sta 0, while changes in salinity at Sta 14 and
changes in pH at Sta 0 and 14 are not so significant
because other unmeasured variables affect pH and
salinity. The pH quality of the freshwater source from the
Kapuas Murung River is not much different from that of
the water in the main channel. When mixing occurs, the
pH change is insignificant

4.2 Suggestions

Improvement of water quality at high tide is expected
to increase the quantity and quality of water in meeting
water needs in irrigated land. It is suggested to do further
study of other factors that affect the pH and salinity of
irrigation water in the main channel of Anjir Serapat
Lowland Irrigation Area. Furthermore, it is necessary to
simulate the extent of the influence of the tidal range on
the system in order to be able to apply water regulation
patterns and the correct type of infrastructure so that it
can increase the agricultural index in the Anjir Serapat
Lowland Irrigation Area.
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