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Abstract

Seawater intrusion in coastal agricultural areas has become a significant problem affecting soil quality and crop productivity.
Therefore, this study aims to analyze the physical properties of rice field soil affected by seawater intrusion in Ulujami Subdistrict,
Pemalang Regency. Soil samples were collected from Limbangan Village and analyzed in the laboratory in November 2024,
focusing on electrical conductivity (EC), salinity, and soil pH. The average EC value reached 7.43 mmhos/cm, which exceeded
the plant tolerance threshold of 4 mmhos/cm. These results indicate a high dissolved salt content, classifying the area as saline
soil with salinity class 2, where only salt-tolerant plants can grow and productivity may decline. The soil also showed alkaline
characteristics, with an average pH value of 8.47. The elevated pH is associated with sodium chloride ions displacing essential soil
cations such as calcium and magnesium, thereby reducing microbial water absorption and potentially disrupting nutrient balance.
Overall, the EC, salinity, and pH measurements indicate that the soil fertility in this area is low, making the land less suitable for
optimal rice cultivation.
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INTRODUCTION

Indonesia is a region rich in natural resources, including water, forests, land, seas, and
biodiversity (Setiawan, 2023). The majority of Indonesia's population works in agriculture, making it
known as an agrarian country. The vast and fertile agricultural areas and tropical climate support the
cultivation of rice, corn, and various types of vegetables. The largest agricultural area is located on the
island of Java. This is because the soil in Java is more fertile than other islands in Indonesia. Rice
crops dominate agricultural land, with nearly 80-90% of farmland used for rice (Timikasari et al.,
2022).

Based on data from the Central Statistics Agency (BPS, 2024), East Java province has the
most farming businesses in Indonesia, reaching 5,676,675 businesses. This figure shows the
importance of the agricultural sector for this province. The second position is occupied by Central
Java province with 4,363,201 agricultural businesses. Central Java province has 7,810 villages and 753
sub-districts (BPS, 2024). The large number of villages shows that the agricultural sector plays an
important role in supporting the community's livelihood (Syahrindra et al., 2023). On the other hand,
the third position is held by West Java province with 3.292.107 businesses. These three provinces on
the island of Java are rice producers as well as the main suppliers of agricultural activities in Indonesia.

The demand for rice continues to increase every year as the population grows. Rice
production continues despite various challenges in agriculture (Swardana et al., 2023). Climate
change, drought, and sea level rise are major challenges in agriculture. Previous studies have shown
that 1 billion hectares of land are affected by salinity (Negacz et al., 2022), and 62 million hectares or
20% of irrigated land are also affected by salinity (Egamberdieva et al., 2019). These conditions are in
line with the research by Kamran et al. (2020) & Liu et al. (2022), which states that 20% of land is
affected by salinity out of a total of 230 million hectares of agricultural land worldwide each year. This
is due to inappropriate agricultural practices and natural conditions causing sea level rise. Thus, soil
salinity can affect productivity, reducing agricultural yields by between a quarter and a third.

Soil salinity is a phenomenon in soil that has high sodium content and easily soluble salts,
thereby limiting rice productivity (Masganti et al., 2022). Increased salinity concentrations generally
occur in rice fields near the coast, especially in rice fields in the northern coastal area of Java
(Hasrianda et al., 2024). Data from the National Research and Innovation Agency (BRIN) shows that
one million hectares of agricultural land are affected by salinity, thereby reducing national agricultural
productivity. The areas in Central Java that have saline land affected by seawater intrusion are Demak
Regency, Pati Regency, Cilacap Regency, Brebes Regency, Rembang Regency, and the coastal area
of Semarang City (Nurrohim et al., 2012; Darmanto and Cahyadi, 2013; Suhartono et al., 2013; &
Putra et al., 2023). The areas most affected by seawater intrusion are the northern coastal areas of
Central Java, namely Kendal and Pemalang Regencies. Both areas have soil salt content exceeding
the threshold for crops. Rice fields in Brangsong District, Kendal Regency, with 10 to 60 percent
affected by saline soil, and in Ulujami District, Pemalang Regency, up to 90 percent of rice fields
cannot be planted with rice or vegetables.

The Pemalang Regency area has a population of more than 100,000, most of whom work in
agriculture (Sundarti and Robertus, 2022). This area is also one of the top 10 largest rice producers in
Central Java, making it a rice granary that functions as a food buffer zone (Dinas Pertanian Kabupaten
Pemalang, 2023). Pemalang Regency has a total land area of 38,617 hectares and 23,813 hectares of
dry rice fields, which produce rice, cassava, corn, and vegetables (Daniswari, 2022). Ironically, the
Pemalang region is located in a flood-prone area, which causes rice fields to be affected by flooding
(Aldian and Pigawati, 2024). The condition of the drainage system in residential areas, which is not
well managed, is a factor that triggers flooding (DLH Kabupaten Pemalang, 2019). This increases the
possibility of an area being inundated by seawater due to flooding. The inundation of seawater in rice
fields will cause changes in the nature of the rice field soil.
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Conditions in the field show that soil quality can change over time. The physical properties
of soil are related to the shape or condition of the soil, texture, porosity, color, temperature, pH, and
others (Bakri et al., 2022). Although the impact is not felt directly, a decline in soil quality results in
the deterioration and damage of soil structure (Mujiati et al., 2017). The influx of seawater reduces
soil quality over time. The coastal rice fields in Ulujami District, Pemalang Regency, are considered
to have saline soil affected by seawater intrusion. Nearly 90% of agricultural land cannot be cultivated
due to the high salt content in the soil structure. The electrical conductivity of saline soil is more than
4.0 dSm-1 and the pH value is around 8.5 (Hendri and Saidi, 2020).

Furthermore, the physical properties of the soil greatly affect the availability of water, air, and
plant nutrients (Bakri et al., 2022). This also affects the potential for soil quality to develop optimally.
Rice fields with high salinity are located near the coast or channels close to seawater (Rachman et al.,
2018). In addition, sea levels are also rising as a result of climate change in coastal areas where rice is
grown. An area that meets these criteria is Limbangan Village, Ulujami District, Pemalang Regency.
Therefore, research was conducted to analyze the properties of rice field soil affected by seawater
intrusion in Ulujami District, Pemalang Regency. This study analyzes the quality of rice field soil
based on physical soil parameters, with the aim of restoring rice productivity.

METHOD

Topographical and Geographical Conditions of the Research Location

The research was conducted in Limbangan Village, Ulujami Subdistrict, Pemalang Regency.
Astronomically, Pemalang Regency is located on the north coast of Java Island with a latitude of
80°52'30" — 70°20'11" south and an east longitude of 1090°17'30” — 1090°40'30" east. Pemalang
Regency, with an area of 1.115,30 km2, is bordered by the Java Sea to the north, Purbalingga Regency
to the south, Pekalongan Regency to the east, and Tegal Regency to the west. The northern part of
Pemalang Regency is a coastal area with an elevation of about 1 to 5 meters above sea level.
Additionally, this area also has two major rivers, namely the Waluh and Comal Rivers, which are part
of a fertile river basin. The research or sampling location is in Limbangan Village, Ulujami Subdistrict,
Pemalang Regency, with astronomical coordinates of latitude 6°52' — 7°20' S and longitude 109°17'30"
—109°40' E. Figure 1 shows the location of the survey of rice fields affected by seawater intrusion in
Limbangan Village, Ulujami Subdistrict, Pemalang Regency.
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Figure 1. Location of the study area in Ulujami Subdistrict, Pemalang Regency
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Sample Collection Location

This type of research is field research. The sample location consists of three points, namely
the center, right side, and left side of the rice fields affected by seawater intrusion. The samples were
taken from rice fields in the coastal area of Limbangan Village, Ulujami Subdistrict, Pemalang
Regency, Central Java Province (Figure 1). This was based on a literature review which showed that
the closer the land is to the coast, the greater the potential for seawater intrusion into the land.

Research Implementation

This study began with a field survey based on rice field maps. The next step was to prepare
the tools and materials at the specified coordinates. At each point, 500 grams of soil was collected at
a depth of 60 cm. The tools used for sampling included a hoe, transparent containers, buckets, a
measuring stick, label paper, and writing instruments. Figure 2 shows a sample of the soil used in this
study.

Figure 2. Soil sampling in the study area: (left) process of collecting soil samples at a depth of 60 cm;
(right) collected soil samples stored in labeled containers

Laboratory Analysis

The methods applied in this study included laboratory analysis of soil pH, salinity, and
electrical conductivity (EC).

a. Electrical Conductivity (EC)

Electrical conductivity is used to measure the total amount of dissolved salts. The DHL
value can be determined by mixing soil and water in a ratio of 1 part soil to 5 parts water. The solution
is then stirred until evenly mixed and left to settle for 30 minutes. The next step is to insert the Portable
EC Meter measuring device into the solution above the sediment. An increase in salt concentration
causes electrical conductivity to also increase. The EC value indicates the concentration of dissolved
salts, which can be influenced by the water absorption capacity of plant roots. Although this
measurement cannot determine the type of salt, it is used to determine electrical conductivity, which
indicates the salt content in the solution. Table 1 shows the effect of DHL on plant productivity.
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Table 1. Electrical Conductivity Values in Relation to Plant Productivity

DHL Value (mmhos/cm) Salinity Effect on Plant Productivity
0,0-2,0 Normal Does not affect crop productivity
>2,0-4,0 Low Potentially reduces plant productivity
>40-8,0 Moderate Reduces crop productivity
>8,0-16,0 High Potentially affects the productivity of

tolerant plants

> 16,0 Very high Tolerant plants produce little
Source: Abrol et al. (1988)

b. Soil pH value

The indicator of soil fertility is soil pH level. Agricultural land has varying degrees of pH.
Neutral soil has a pH value of 7, while soil with a pH below 7 is considered acidic and soil with a pH
above 7 is considered alkaline. Soil pH is measured using a pH meter to determine the condition of
agricultural land. pH measurements can be taken using a pH meter that is inserted into the soil. This
measuring device provides quick and accurate readings.

c. Soil Salinity Level

Salinity can reduce water availability for plants. Excessive salt content can inhibit water
absorption and cause plants to become physiologically dry. Plants have sufficient moisture in the soil,
but their roots cannot absorb water. Plants are usually most vulnerable to salt when they begin to
germinate and are in the first stage of growth. In addition, salinity is indicated when excessive amounts
of salt enter the plant through transpiration and damage the leaf cells.

Salinity values can be categorized by comparing the DHL values of soil samples. The DHL
value approach is related to salinity values caused by dissolved salt ions (Youger, 2007; Aris et al.,
2013; & Hounsinou, 2020). The distribution of DHL values can be used as a distribution of the effects
of seawater intrusion. High soil salinity is indicated by high levels of Na+ and CI- ions, resulting in a
lack of available nutrients. Symptoms include limited root growth, burnt or browned leaf tips or edges,
stunted flowering, and reduced yields. Table 2 shows the salinity value categories, while Table 3 shows
the effects of salinity on rice plants.

Table 2. Salinity Categories

Salinity Level Conductivity (mS/cm) Salinity Class
Non Salinity 0,0-2,0 0
Low >2,0-4,0 1
Modeate >4,0-8,0 2
High >8,0-16,0 3
Very high > 16,0 4

Source: Abrol et al. (1988)
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Table 3. Effect of Salinity on Rice Plants

No DHL Value (mmhos/cm) Decrease in Productivity
1 <4,0 <10,0
2 4,0-6,0 10,0 - 20,0
3 >6,0-10,0 >20,0- 50,0
4 > 10,0 > 50,0

Source: FAO (2005)

d. Data Presentation

Data analysis uses descriptive methods to describe each variable of soil physical properties
based on the results of soil analysis in the laboratory. The data obtained from the analysis will be
interpreted by examining the values of the data produced.

RESULTS AND DISCUSSION

Electrical Conductivity and Soil Salinity Results

Electrical conductivity (EC) is a phenomenon in which charges in the soil are generated by
ions, creating an electric field (Swardana, 2023). Electrical conductivity is an indicator of the electrical
measurement of dissolved salts. In addition, EC values can also be influenced by mineral content, salt
content, and rainfall. Human activities through irrigation and pollution can also affect soil EC values.
High EC results indicate high dissolved salt content in saline soils.

Soil salinity can affect plant growth, inhibiting cell division and biomass production in plants
(Anugrah et al., 2022). Seedlings are very sensitive to salinity. This shows that high salinity can reduce
the number of seedlings and increase plant height. The results measured with an EC meter are
classified into salinity classes, which can be seen in Table 4.

Table 4. DHL and Soil Salinity Measurement Data

Soil DHL Salinity ~ Salinity

Location (mmhos/cm) Category Class Impact on Plants

Location A (in the middle) 7,8 Moderate 2 Salt-tolerant  plants can
grow, but productivity is
reduced

Location B (on the right side) 7,4 Moderate 2 Salt-tolerant  plants can
grow, but productivity is
reduced

Location C (on the left side) 7,1 Moderate 2 Salt-tolerant  plants can
grow, but productivity is
reduced

Saline soils are generally affected by seawater intrusion in some areas for more than four
months a year, with sodium content ranging from 8 to 15% (Sukarman et al., 2020). In addition, the
electrical conductivity of saline soil is greater than 4 mmhos/cm. NaCl content is one of the main salts
in saline soil with a composition of approximately 2 to 6% (Karolinoerita and Annisa, 2020). Several
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factors influence the increase in salinity, including the influx of large amounts of salt water onto land.
This allows seawater to enter the subsoil. A study by Rachman et al. (2018) states that seawater
intrusion can also occur on land far from the coast, such as dry land with low rainfall or land
contaminated with high-salt waste. Land affected by seawater intrusion experiences gradual damage
and changes.

Electrical conductivity values are a qualitative method for evaluating ionic content in soil.
The higher the ion concentration in the solution, the higher the DHL value, and vice versa. The ion
concentration in the soil is related to the DHL value in the soil. If the DHL value exceeds 4
mmbhos/cm, root decay due to plasmolysis can occur. The results of this study show that the soil at
all sampling locations is classified as hazardous because the measured values are above the threshold,
as shown in Figure 3.

Nilai DML

Nilai DHL (mmhos)

....... Garis Ambang

Titik Sampel

Figure 3. DHL values

The rice fields in this study are typically used to grow rice and vegetables, but the phenomenon
of seawater intrusion has rendered the land infertile. Rice plants can generally grow in land covered
with 18-22 cm of mud and a pH of 7 or neutral. As seawater intrusion spreads, the productivity of rice
and vegetables decreases. The spread of seawater intrusion reduces the yield of rice and other
vegetables.

The large amount of empty grains and reduced crop productivity found on this land is also
consistent with the results of several similar studies. Hasrianda's (2024) study shows that the age of
the plant is important when rice is exposed to salinity. Rice that is less than 12 days old will wither
quickly when exposed to salinity, while rice that is 30 days old will survive for quite a long time but
eventually die. Rice that is 55 days old will experience delayed grain filling and reddening of the leaves,
and rice that is 65 days old will experience grain filling disorders, resulting in a large number of empty
grains. Therefore, salt-tolerant rice is urgently needed to address the decline in productivity caused by
salinity and seawater intrusion.

Soil pH Measurement

The soil pH values in this study were obtained from rice fields affected by seawater intrusion.
Seawater intrusion is a phenomenon in which seawater seeps into aquifers in coastal areas. This
phenomenon can affect soil quality, making pH an important indicator in determining soil quality.
The results of pH measurements in this study are shown in Table 5.
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Table 5. pH Measurement Results

Location pH value Description
Location A (in the middle) 8,7 Alkaline
Location B (on the right side) 8,5 Alkaline
Location C (on the left side) 8,2 Alkaline

Soil pH measurements were taken using a pH meter at three locations selected as research
samples. The measurement results showed an average soil pH scale value of 8.5, which is classified as
alkaline. The pH increased along with the increase in organic matter in the soil. This increase was
caused by the decomposition of organic matter, especially sodium (Na) compounds, which produced
base cations. The release of base cations saturated the soil with these cations and increased the soil pH
(Supriadi et al., 2016).

Initial conditions prior to seawater intrusion, soil in coastal areas had varying pH levels
depending on mineral content (Hendri and Saidi, 2020). Soil affected by seawater intrusion tended to
experience an increase in sodium and chloride ions, causing the soil pH to become alkaline. This study
produced an average pH value of 8.5 at three sampling points. This is in line with the research by
Hendri and Saidi (2020), which states that soil affected by seawater intrusion has a pH value of around
8.5, indicating alkaline properties.

The soil pH value refers to the acidity of the soil and is indicated by the amount of H+ in the
soil. According to Government Regulation No. 150 of 2000, soil pH is considered problematic if the
pH value is below 4.5 or above 8.0 in dry soil. The red line represents the minimum limit (4.5) and the
green line represents the maximum limit (8.0). Sample 1 is above the maximum threshold, while
Samples 2 and 3 are within the threshold range. The results of this study indicate that the soil samples
are classified as critical because the measured pH values exceed the thresholds shown in Figure 4. The
red line indicates the minimum threshold (4.5) and the green line indicates the maximum threshold
(8.0). Sample 1 is above the maximum threshold, while samples 2 and 3 are within the threshold range.

Soil pH Values at Three Sampling Locations Under Seawater Intrusion
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Jn:_ 7.0 @ Soil pH Values
= ===+ Minimum Threshold (4.5)
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6.0 4
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Sampling Points

Figure 4. Soil pH values at three sampling locations in the study area

Seawater with high salt content can also change the chemical properties of soil. Salt ions such
as sodium chloride replace cations in the soil, such as calcium (Ca) and magnesium (Mg). This
condition is a factor in the alkaline properties of soil (Sahwilaksa, 2014). In line with the research by
Prayitno et al. (2016), high soil pH values will cause low levels of microorganisms in the soil. In
addition, high salt levels such as Na will make it difficult for microorganisms to absorb water in the
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soil. Soil with high pH or alkaline levels can cause plant poisoning and inhibit plant growth due to an
imbalance of nutrients.

The results of the study indicate that soil pH is affected by seawater intrusion. The distance
between land and sea water shows how close the land is to the coast, so it is likely that seawater
intrusion will occur, affecting pH values. Research by Sahwilaksa (2014) states that land less than 2
km from the coast will experience changes in soil quality. In addition, this study used a soil depth of
60 cm, which could affect the pH value. According to research by Basuki et al. (2018), the subsoil has
a higher pH value than the topsoil because of the amount of salt absorbed from seawater intrusion.
Therefore, if seawater intrusion worsens, proper management strategies should be implemented,
including the application of gypsum to reduce soil sodicity, improved drainage to facilitate salt
leaching, and the use of salt-tolerant rice varieties, considering the high pH and salinity levels observed
in this study.

CONCLUSION

Soil fertility is influenced by several factors, such as soil physical properties. The purpose of
this study was to measure soil physical properties, including soil pH, DHL, and salinity due to seawater
intrusion. This study was conducted in Limbangan Village, Ulujami Subdistrict, Pemalang Regency.
Each measurement was taken at three different locations. The results showed that DHL was very high
in saline soil due to seawater intrusion, thereby increasing the ion content in the soil. The higher the
DHL value, the higher the salt content. The NaCl content in saline land tended to be high. Soil pH
measurements showed that the pH of saline soil due to seawater intrusion tended to be alkaline (high).
This indicates that the higher the organic content in the soil, the higher the pH value in the soil solution.
High salinity can affect rice growth, inhibit water and nutrient absorption, and damage soil structure.
Further research can be conducted to determine changes in soil characteristics in areas affected by
seawater intrusion, as well as to identify effective techniques for managing and utilizing land affected
by seawater intrusion.
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