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The tsunami that struck Aceh in 2004 caused significant damage to
agricultural land, altering soil properties and affecting productivity.
Mon Ikeun Village was one of the most affected areas in the Lhoknga
Subdistrict of Aceh Besar Regency. As an agricultural area vulnerable
to soil salinization, it faced reduced soil quality, fertility, and nutrient
availability ~ risks, which could significantly decrease crop
productivity. Therefore, assessing the current condition of
agricultural soils is essential to determine whether recovery has
occurred or if contamination persists. This research investigates the
condition of agricultural soils two decades after the tsunami by
analyzing resistivity and soil pH measurements. The resistivity data
were collected using a SuperSting RS device with a Wenner
configuration and subsequently processed with IPI2WIN. The pH was
determined with a Hanna HI 991001 pH Meter. The results reveal
that the affected soils present resistivity values between 9.06 2m and
131 Qm, indicating compositions of sandy clay and sand layers. Soil
pH ranges from 4.9 to 6.2, indicating slightly acidic to near-neutral
conditions, suitable for agriculture. These results indicate a
substantial recovery in soil conditions, especially when compared to a
control site in a non-affected area with similar land characteristics.
This reinforces the interpretation that the tsunami’s impact has
diminished over time. This recovery is likely influenced by natural
processes such as leaching of contaminants through rainfall. This
integrated approach effectively evaluates long-term changes in
agricultural soil affected by the tsunami. However, to obtain a clearer
understanding of the soil recovery process, future studies could
include additional measurements such as soil nutrient analysis,
electrical conductivity, or salinity levels to offer more detailed insights.

Copyright (c) 2025 by Author(s). This work is licensed under a Creative
el Commons Attribution-ShareAlike 4.0 International License.
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Introduction

Natural disasters such as tsunamis can cause severe damage to infrastructure and ecosystems,
including farmland. The tsunami that struck Aceh on December 24, 2004, significantly affected
agricultural regions, leading to a decline in soil quality and productivity, which are vital for
supporting the livelihoods of the local community [1]. This phenomenon is attributed to
seawater intrusion and sediment deposits brought in by tsunami waves, which alter soil
structure and composition, affecting fertility. Tsunamis can significantly change the
characteristics and quality of soil by transporting various pollutants, such as heavy metals and
hazardous chemicals, thus leading to soil contamination and posing risks to human health and
the sustainability of ecosystems [2], [3]. In addition, tsunamis can change the soil's
physicochemical characteristics, including pH levels and electrical conductivity, directly
impacting soil fertility. A study in the coastal regions of Palu revealed that tsunami sediments
have a mineral composition akin to native soils but typically show increased salinity levels,
limiting nutrient availability for vegetation and degrading soil quality [4]. One of the regions
notably impacted by the 2004 tsunami is Lhoknga Subdistrict in Aceh Besar Regency. This
region, mainly composed of agricultural areas, is likely to experience severe soil salinization
that compromises the soil and adversely impacts its fertility and the availability of essential
plant nutrients. These effects can significantly contribute to a decline in agricultural
productivity, directly influencing soil fertility and the availability of critical crop nutrients,
leading to decreased agricultural productivity. Consequently, it is crucial to evaluate the post-
tsunami condition of agricultural soils to determine whether these soils have fully recovered
or remain impaired.

Resistivity methods can be employed to analyze soil characteristics and assess the changes in
agricultural soil conditions post-tsunami contamination. At the same time, pH measurements
are essential for evaluating the effects of contamination on soil fertility and crop yield. The
resistivity method entails injecting electrical currents into the soil and measuring the
corresponding resistivity values [5]. This approach is particularly beneficial for identifying
subsurface soil structures and characteristics. It is also non-invasive, reducing environmental
impact during assessments, and is economically viable [6]. The resistivity method has been
effectively used to study soil layer structures in peatlands. For example, a study identified the
depth, thickness, and variations in resistivity of soil layers utilizing this method [7]. Moreover,
this approach can be integrated with pH measurements due to the correlation between soil pH
and electrical resistivity values [8]. Another study using the resistivity method combined with
soil pH analysis demonstrated significant efficacy in assessing soil fertility. The results
indicated that soil acidity levels impact fertility and can be used to evaluate soil characteristics
based on the resistivity values acquired [9]. Furthermore, an additional study supporting these
findings shows that combining both methods yields reliable results. The research found that
resistivity values typically increase as soil acidity (pH) levels fall [10].

This integrated approach provides a comprehensive strategy for evaluating soil conditions
and determining the extent of recovery from tsunami contamination. In addition to evaluating
soil resistivity and pH to assess fertility, this study also examined whether agricultural soils in
the region remained contaminated or had reverted to their normal state. The choice of control
and affected areas in this research was determined by their level of tsunami exposure and
similarities in land use for agriculture. Mon Ikeun Village in Lhoknga District was chosen as
the affected area due to its coastal position and the severe damage it experienced from the 2004
tsunami, which led to a potential for considerable changes in the physical and chemical
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characteristics of the soil, negatively impacting the agricultural fertility of the area. Lambaed
Village in Kuta Baro District was not affected by the tsunami and was selected as a control site
to evaluate soil recovery more accurately. The similarity of characteristics of agricultural land
enhances the accuracy of the comparison and elucidates the soil recovery process in coastal
regions impacted by the tsunami.

Regional Geology

The investigation occurred in Mon Ikeun Village, in the Lhoknga Subdistrict of Aceh Besar
Regency. This study area features various geological formations, such as the Lhoknga
Formation (Mul), Peunasu Formation (Tlp), Reef Member Formation (Murl), and
undifferentiated Alluvium Formation (Qh), as depicted in Figure 1. The dominant composition
of Lhoknga Subdistrict is the Lhoknga Formation (Mul), which is made up of dark-hued,
laminated marl limestones that were formed during the Jurassic to Cretaceous epochs [11].
These marl limestones belong to the Woyla Group, which includes rocks created during the
late Jurassic to Cretaceous periods and stretches alongside the Barisan Mountain Range from
Aceh to West Sumatra [12]. The rocks found within the Woyla Group are noted for their
oceanic origins and are significantly affected by faulting, fracturing, and folding; segments of
this group signify accretionary rocks that resulted from subduction activities. Moreover, some
of the rocks in the Woyla Group are thought to have come from the Sikuleh microcontinent,
which developed along the northern boundary of the Gondwana supercontinent and later
migrated to collide with Sundaland or the Eurasian Plate [13].
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Figure 1. Geological map of Lhoknga Subdistrict
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Theory and Calculation

The resistivity method is a geophysical approach employed to examine subsurface conditions
by leveraging the electrical characteristics of rocks. This technique introduces high-voltage
direct current (DC) into the ground [14]. The core principle behind this measurement involves
sending electrical current through two current electrodes (labelled as “C”) and evaluating the
potential difference response via two potential electrodes (marked as “P”), as depicted in
Figure 2. The arrangement of these four electrodes adheres to the chosen electrode
configuration, where the distance between electrodes dictates the depth of the subsurface
layer. The measurements obtained through this method rely on Ohm's Law, which
systematically connects the electrical current flowing through a medium to the induced
potential difference [15]. In mathematical terms, Ohm's Law can be represented as shown in
equation (1).

AV = IR 1)

In practical scenarios, the Earth is a heterogeneous medium with differing resistivity values

across various layers [16]. Due to these resistivity fluctuations and variations in medium

thickness, the recorded resistivity is known as apparent resistivity, which is consistently

expressed by equation (2).

AV
I

(2)

Where K signifies the geometric factor influenced by the electrode layout or configuration
utilized during the measurement.

pa =K

The resistivity of a rock signifies its capacity to hinder the passage of electrical current.
Different rock types present a specific range of resistivity values influenced by water content,
porosity, density, and permeability [17]. As illustrated in Table 1, the range of resistivity
values can aid in distinguishing rock types by considering the regional geological conditions.

Table 1. Electrical resistivity values for different materials [5].

No Material Resistivity
(Qm)
1 Sand 1-1.000
2 Clay 1-100
3 Sandy Clay/Clayey Sand 30 -215
4 Alluvium 10 - 80

During data collection using this setup, the electrodes are simultaneously moved outward,
with the electrode spacing (a) kept constant. The Wenner configuration presents benefits,
such as enhanced precision in potential readings at the potential electrodes (P1 and P>) owing
to their proximity to the current electrodes (C; and Cz). Additionally, this setup is susceptible
to lateral variations, rendering it suitable for investigations aimed at shallow depths. The
arrangement of electrodes in the Wenner configuration is depicted in Figure 2.
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Figure 2. The arrangement of electrodes in the Wenner configuration

The configuration of the electrodes influences the geometric factor (K), which in the Wenner
configuration can be calculated using the subsequent formula, as shown in equation (3).

K = 2ma 3)

Experimental Method

Data were collected from two sites used as agricultural land, specifically in rice fields and
farms that used to plant coconut, papaya, or banana. Mon Ikeun Village in the Lhoknga
Subdistrict of Aceh Besar Regency served as the impacted site by the tsunami, and Lambaed
Village in the Kuta Baro Subdistrict of Aceh Besar Regency served as the control site. Mon
Ikeun Village in Lhoknga District was selected as the affected area due to its coastal position
and severe devastation from the 2004 tsunami. In contrast, the control area was identified in
Lambaed Village, Kuta Baro District, a region not impacted by the tsunami, serving as a
benchmark for evaluating soil recovery. Both locations share characteristics as agricultural
regions, facilitating a more precise comparison. The data collection occurred in December
2024 using a Supersting R8 instrument configured in the Wenner arrangement. This
configuration is used because it exhibits a notable sensitivity to vertical variations in
subsurface resistivity directly beneath the array's center [16]. The short distance between
electrodes allows for more precise data acquisition for shallow depth targets. Additionally,
the ease of moving the electrodes accelerates the acquisition process, leading to more effective
data collection [18]. Measurements in the tsunami-affected area were taken at four survey
points, while the control area included two survey points. Each survey point's traversal length
is 2.4 meters, as depicted in Figure 3. The measurement path length was chosen to gather
more precise data for shallow areas, as the tsunami deposits are usually found at 0 to 1 meter
[19].
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Figure 3. Acquisition map of the research area

Soil pH assessments were conducted at each survey point in both locations using a Hanna
Instrument HI 991001 pH Meter. Data collection was performed under sunny weather. The
data collection process involves creating a hole that is 0.5 meters deep. The pH electrode is
rinsed with distilled water and wiped to restore the tool to a neutral state. The pH meter is
then calibrated to confirm that the instrument is ready for use in a neutral condition.
Measurements of soil pH are conducted by placing the electrode directly into the soil,
allowing it to remain there for 1 to 2 minutes to achieve stable readings, and this process is
repeated three times in each measurement point. The pH value obtained from field
measurements is then recorded in a data table and analyzed using suitable data techniques
to evaluate the chemical properties of the soil and determine its suitability for agricultural
use. However, pH measurements in the affected location of the ricefield could not be acquired
beyond a depth of 0.24 m because rain several days prior had caused water to seep in from
the ground. The resistivity data were analyzed with IPI2ZWIN software through an inversion
procedure, converting apparent resistivity data into true resistivity values. The output from
this process generated a subsurface model that displayed resistivity values, depths, and the
thicknesses of each layer. Data analysis is based on the resistivity values listed in Table 1 and
refers to the regional geological conditions of the research location. The soil pH data were
processed to obtain the mean values and to construct a graphical representation, which was
subsequently utilized to evaluate the soil acidity levels at the study locations.
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Result and Discussion

Six data points were collected during the acquisition using the Wenner configuration, T1
through T6. The length of each track was set to 0.8 m to obtain a good penetration with shallow
depths —figures 4 and 5 show resistivity curves derived from the inversion processes. The
depth achieved for each layer extends up to 40 cm, with differing layer thicknesses. In Figure
4, the resistivity values span from 2.01 to 22.5 Qm, as shown in Table 2, with depths reaching
up to 0.4 m. Due to the relatively minor variation in resistivity values, it is inferred that the
subsurface material at this measurement point is predominantly clay. In contrast, Figure 5
presents resistivity values from 2.33 to 26.64 Qm, shown in Table 3, attaining a maximum
depth of 0.5 m. The resistivity variation at T2 remains similar to that recorded at T1, concluding
that the subsurface material is likely clay.

Ps Figure 4. Inversion results for T1 at the control
location. The white dots and the black line
represent the recorded data (observer curve), the
red line illustrates the mathematical model
designed to predict the expected response in the
subsurface (synthetic curve). In contrast, the blue
line indicates the number of layers below the
surface.

Table 2. Resistivity values on T1 at the control location.

No Resistivity Values Height Depth

(Qm) (m) (m)
1 2.01 0.06 0.06
2 225 0.036 0.10
3 8.92 0.059 0.16
4 3.57 0.094 0.25
5 3.27 0.151 0.4
6 3.66

100

____________________

....................

Figure 5. Inversion results for T2 at the control site.
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Table 3. Resistivity values on T2 at the control location.

No Resistivity Values Height Depth

(Qm) (m) (m)

1 9.94 0.06 0.06

2 8.37 0.042 0.10

3 26.64 0.071 0.17

4 14.32 0.121 0.29

5 2.33 0.206 0.5

6 411

Measurement Point T3 in the area impacted by the tsunami is depicted in Figure 6. The
variation in resistivity values is shown in Table 4, ranging from 9.06 Qm to 118.1 Qm. The
maximum depth recorded at this point is 0.4 m, with different thicknesses of layers.
Considering the observed range of resistivity, it is hypothesized that the subsurface materials
at this location are mainly composed of sand.

1DUj o

1J/a|.‘a..f‘5.’3

—_— 01 1

Figure 6. Inversion results for T3 at the tsunami-affected location.

Table 4. Resistivity values on T3 at the tsunami-affected location.

No Resistivity Values Height Depth

(Qm) (m) (m)

1 9.06 0.06 0.06

2 54.37 0.036 0.10

3 19.99 0.059 0.16

4 9.61 0.094 0.25

5 13.25 0.151 0.4

6 118.1

On the other hand, T4 in the impacted area is thought to have different subsurface materials
compared to T3. The inversion outcomes for T4 are depicted in Figure 7, where the resistivity
measurements at this location vary between 30.94 Qm and 99.86 Qm, as presented in Table 5,
suggesting that the subsurface material is probably sandy clay.
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Figure 7. Inversion results for T4 at the tsunami-affected location.

Table 5. Resistivity values on T4 at the affected location

No Resistivity Values Height Depth

(Qm) (m) (m)

1 99.86 0.06 0.06

2 74.25 0.036 0.10

3 80.98 0.059 0.16

4 57.3 0.094 0.25

5 34.73 0.151 0.4

6 30.94

The changes in resistivity values at T5 within the affected zone are illustrated in Figure 8. Table
6 shows that resistivity values vary between 38.88 Qm and 128.7 Qm, extending to a depth of
0.4 m with different thicknesses. Layers 1 to 3, which span from a depth of 0 to 0.15 m and
show resistivity values from 53.92 Qm to 128.7 Qm, can be interpreted as sand. In contrast, the
layer that stretches from a depth of 0.16 m to 0.4 m, with resistivity values from 38.88 Qm to
53.96 Qm, is likely composed of clay material.

________________________________________

AR/

10 H 1 P B
01 1

Figure 8. Inversion results for T5 at the tsunami-affected location.
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Table 6. Resistivity values on T5 at the tsunami-affected location.

No Resistivity Values Height Depth

(Qm) (m) (m)

1 128.7 0.06 0.06

2 60.39 0.036 0.10

3 53.92 0.059 0.16

4 39.72 0.094 0.25

5 38.88 0.151 0.4

6 53.96

The resistivity values recorded at T6 in the affected area are indicated in Figure 9. Based on
Table 7, these values range from 13.12 Qm to 57.42 Qm, suggesting that this layer consists of
alluvium. The deepest measurement at this point reaches 0.4 m, with each layer displaying
unique thicknesses.

100 Pa

______________________________________

_______________________________________

1 N B
01 1

Figure 9. Inversion results for T6 at the tsunami-affected location.

Table 7. Resistivity values on T6 at the tsunami-affected location.

No Resistivity Values Height Depth

(Qm) (m) (m)

1 46.68 0.06 0.06

2 32.69 0.036 0.10

3 13.12 0.059 0.16

4 33.58 0.094 0.25

5 57.42 0.151 0.4

6 16.87

Resistivity and salinity values have an inverse correlation, also known as negative linear
correlation, where the salinity value will decrease if there is an increase in resistivity values
[20]. In the land recovery process after the tsunami, a gradual rise in resistivity over time can
indicate that the salt content previously deposited due to the tsunami has decreased. On the
other hand, the low resistivity measurement at the control site, which was not impacted by the
tsunami, is believed to be affected by weather factors, particularly rainfall that happened a day
before data collection. It is known that the control site consists of clay, a material known for its
low water permeability, which is one of the elements thought to play a role in the low
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resistivity observed there [21]. Given that the pH of the soil is within the neutral range at the
study site, it can be inferred that the agricultural land currently possesses a favorable level of
fertility. The thriving growth of rice, corn, and papaya crops in the research area further
evidences this.

pH vs pH (Farm)
7.0
6.5
T 6.0
g pH Mon Ikeun (T3)
o)
B 55 pH Mon Ikeun (T4)
5.0 pH Lambaed (T2)
4.5

006 016 026 036 046
Depth (m)

Figure 10. Depth curve against pH in the farm

According to Figure 10, which shows the pH values at different depths, it can be seen that the
pH levels at the impacted site are only slightly different from those at the control site. The
acidity in the agricultural land of the affected region varies between 4.9 and 6.2, suggesting
that the soil is somewhat acidic to nearly neutral, with soil types predominantly consisting of
sand and sandy clay [22]. This indicates that the land is relatively fertile for farming, as
demonstrated by the successful cultivation of several crops, including papaya, banana, and
coconut, which can grow in a pH range from a minimum of 6 to a maximum of 7.5 [23]. Figure
10 shows that T3 has a pH level closer to neutral than T4, and both of these measurement
points are on the affected sites.

pH vs pH (Ricefield)
6.2
ay
g >6 pH Lambaed (T1)
(@} 1
N | pH Mon Ikeun (T5)
51
pH Mon Ikeun (T6)
45 ‘

0.06 0.11 0.16 0.21 0.26
Depth (m)

Figure 11. Depth curve against pH in the rice field
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The soil acidity levels measured at the impacted site (T5 and T6) ranged from 4.9 to 5.9,
signifying that the soil in this region can be classified as slightly acidic, akin to the soil
conditions in the earlier farm area [22]. Both areas are in the same geological formation,
specifically Qh (Younger Alluvium), thus showing similar geological characteristics. The
similarity of geological conditions provides a consistent basis for comparison, so that
differences in soil properties between the two can be attributed more to external factors, such
as the impact of the tsunami [11]. The pH levels recorded also lie within the suitable range for
rice production (5 to 6.5) and a variety of other crops like corn (which can grow in a pH range
of 5.5 to 7), implying that the soil in this region is nutrient-rich, indicating that this area can be
described as fertile [23]. As illustrated in Figure 11, the variations in soil acidity between the
affected areas and the control sites are minimal. However, the soil pH at depths of 0.36 m and
0.5 m could not be assessed due to water intrusion during the excavation process, resulting in
pH values of zero at those depths. From this data, it can be inferred that tsunami contamination
has lessened across the four measurement points in the designated tsunami-affected area.

Research carried out in the Aceh Besar District, specifically in the villages of Tibang and Kajhu,
revealed that the resistivity values of tsunami deposits for clay materials ranged from 0.53 to
0.9 Q@m, while for sand materials, it was in the range of 2 to 3.42 Qm [19]. In contrast, the
resistivity measurements taken in Mon Ikeun Village, Lhoknga District's impacted area, varied
from 9.06 to 128.7 Qm, predominantly sand and sandy clay. This difference indicates that
agricultural land at the research site no longer exhibits the resistivity characteristics of tsunami
deposits. This leads to the conclusion that the soil in the area has recovered and is no longer
contaminated. Compared to earlier research, the soil pH value in the tsunami-impacted region
of Nagapattinam District, India, ranged from 7 to 8.4, indicating alkaline conditions. In
contrast, in the South Andaman area, it ranged from 4.7 to 7.2, reflecting soil with acidic to
neutral characteristics [24], [25]. In contrast, the findings of this study reveal that the soil pH
at the location examined falls between 4.9 and 6.2, positioning it between the two previous
studies and representing slightly acidic to nearly neutral conditions. This result suggests that
the soil at the study site exhibits a relatively neutral state, which can indicate the recovery
process in post-tsunami agricultural land. Furthermore, contamination may gradually lessen
or vanish due to natural methods such as rainfall or leaching [24]. Rainwater is particularly
effective in dissolving and removing salts from agricultural soils, restoring soil acidity to its
natural condition [25].
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Figure 12. Resistivity curve against pH at all measurement points

The soil resistivity and pH data obtained at each measurement point are illustrated in Figure
12. From a total of 24 data collection points, six were selected for further analysis based on the
completeness of resistivity and pH data, as they were representative of the site’s soil
conditions. Based on Figure 12, points T1 and T2 show low resistivity, indicating clay soil
ranging from 2.01 to 26.64 Qm. The low resistivity value is not caused by tsunami
contamination, as this site is unaffected by the tsunami, and rain on the day before the
measurement resulted in damp soil, leading to a transient reduction in soil resistivity. This
aligns with findings from the ITERA arboretum area, where a low resistivity value was
recorded alongside a high soil pH, which was influenced by weather conditions [5], [8]. The
pH value of the soil at the control location is slightly acidic to nearly neutral, ranging from 5.0
to 6.0. This condition remains within the ideal pH levels for commonly grown crops in the
region, including rice (5.0-6.5) and coconut (6.0-7.5), making this area indeed suitable for
agricultural use [23], [26]. At point T3, the resistivity measurements vary between 9.06 and
118.1 Qm, which suggests the presence of moist sandy soil. The pH value, ranging from 5.8 to
6.2, indicates nearly neutral soil conditions. This condition reflects that the tsunami no longer
contaminates the soil at this measurement point. Furthermore, the healthy growth of plants
like papaya in the area further supports the notion that the soil at this location is in good
condition for agricultural cultivation [5], [26].

The range of resistivity values on T4 is from 34.37 to 99.86 Qm, suggesting that the soil is
classified as sandy clay. The pH value of 4.9 to 5.7 indicates that the soil is notably acidic.
However, the presence of water apple plants that grow well in this area implies that the land
remains viable for cultivating other plants that can tolerate similar pH levels, given that water
apples thrive optimally within a pH range of 5.5 to 7.5 [5], [26], [27]. PH corrections are
required to enhance the growth of plants that prefer more neutral pH conditions. The
resistivity value at point T5 ranges from 53.92 to 128.7 Qm, with a soil pH value between 4.9
and 5.9. Based on these data, the soil type at this location is interpreted as sand and clay with
slightly acidic conditions. Nevertheless, the pH levels remain suitable for growing food crops
like rice, which thrives at a pH of 5.0 to 6.5, and corn, which prefers a pH of 5.5 to 7.0 [5], [23],
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[26]. Therefore, this area is considered a relatively optimal choice for agricultural purposes,
particularly for crops that can tolerate slightly acidic soil conditions.

According to Figure 12, the soil at location T6 has a resistivity range of 13.12-46.68 Qm and a
pH between 5.0 and 5.3, indicating an alluvial soil type with moderately acidic conditions. The
pH remains within the ideal range for rice cultivation, although it is less suitable for corn,
which requires a more neutral pH [5], [23], [26]. The resistivity value at T6 is also relatively
high and does not indicate a significant decrease that usually occurs due to tsunami
contamination. This suggests that the soil in this area is still in relatively good condition and
is no longer contaminated by the tsunami. However, for corn cultivation, or corn cultivation,
pH adjustment and proper nutrient management are necessary to support optimal growth.
Based on the graph shown in Figure 12, the findings regarding the link between resistivity
values and soil pH reveal a trend of an inverse relationship, where higher resistivity values
are typically accompanied by lower pH values, and vice versa [28]. The resistivity and pH
values obtained at the study sites indicate that the land remains suitable for agricultural use
and does not exhibit strong indications of contamination due to the tsunami.

Conclusion

The agricultural land in the study area is predominantly composed of clay and sandy soils,
with resistivity values ranging from 2.01 to 131 Qm as determined through inversion. Based
on field measurements, the pH values of the soil range from 4.9 to 6.2, indicating that the soil
condition in the agricultural land has returned to its original state. The collected data suggest
that the correlation between resistivity and soil pH is negative but weak. This is demonstrated
by changes in resistivity values that do not consistently correspond with significant changes
in pH. Therefore, further research must thoroughly assess the linear relationship between
resistivity and soil pH, considering other relevant variables. Compared to earlier research, this
connection aligns with previous findings, where the stabilization of soil pH, accompanied by
a high resistivity value, implies that the effects of salinity have reduced in this area. This may
be attributed to high rainfall, facilitating dissolved salts' leaching and restoring the soil pH to
its original state. In addition, the resistivity values measured in the study area show
significantly higher values than the resistivity range of tsunami deposits (0.53 to 3.42 Qm). This
difference strengthens the indication that agricultural land in the study area has recovered
from the impact of tsunami contamination. Although the obtained data indicate signs of
recovery, further studies, such as geochemical data, are still needed to validate these findings
and to ensure a more comprehensive understanding of the long-term soil restoration process
in tsunami-affected areas.
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