
Water Conservation & Management (WCM) 8(3) (2024) 267-273 

 

 

Quick Response Code Access this article online 

 

Website: 

www.watconman.org 

DOI: 

10.26480/wcm.03.2024.267.273 

 
Cite The Article: Ikhlas Nur Muhammad,  Sri Astutik, Indarto, Muhammad Asyroful Mujib, Era Iswara Pangastuti , Fahmi Arif Kurnianto (2024). Evaluation of 

Groundwater Salinity and Suitability for Irrigation Purposes on South Coastal Jember Regency. Water Conservation & Management, 8(3): 267-273. 

 
ISSN: 2523-5664 (Print) 
ISSN: 2523-5672 (Online) 
CODEN: WCMABD 
 
RESEARCH ARTICLE 

 

Water Conservation & Management (WCM) 
 

DOI: http://doi.org/10.26480/wcm.03.2024.267.273 

 

 

EVALUATION OF GROUNDWATER SALINITY AND SUITABILITY FOR IRRIGATION 
PURPOSES ON SOUTH COASTAL JEMBER REGENCY 

Ikhlas Nur Muhammada, Sri Astutika, Indartob, Muhammad Asyroful Mujiba, Era Iswara Pangastutia, Fahmi Arif Kurniantoa 

a Department of Geography Education, University of Jember, Indonesia. 
b Department of Agricultural Engineering, University of Jember, Indonesia. 
*Coresponding author email: tika.fkip@unej.ac.id 

This is an open access journal distributed under the Creative Commons Attribution License CC BY 4.0, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited 

ARTICLE DETAILS  ABSTRACT  

Article History: 
 
Received 20 February 2024 
Revised 04 March 2024 
Accepted 16 April 2024 
Available online 18 April 2024 

 Coastal areas are vulnerable to seawater intrusion. This research focused on the south coast of Jember 
Regency to analyze the distribution of salinity levels and suitability for agricultural irrigation. The research 
was a quantitative research, field survey method to analyze salinity level using parameter EC (Electrical 
Conductivity), and irrigation suitability using parameter (TDS, SAR, & %Na). Analyze the distribution of 
irrigation suitability samples using Wilcox and USSL diagrams, and visualized in maps using IDW 
interpolation. Salinity level is dominated by medium class with a total of 47 samples, and interpolation results 
are dominated by medium class with an area of 15,648 ha. Irrigation suitability based on the Wilcox diagram 
shows the dominance of samples in the good class totaling 7 samples, with interpolated %Na dominated by 
the excellent class with an area of 14,122 ha. Analysis of irrigation suitability based on USSL diagram is 
dominated by medium class (C3-S1) with a total of 7 samples, and SAR interpolation results are dominated by 
excellent class with an area of 26,209 ha. Analysis of irrigation suitability based on TDS parameters is 
dominated by the class none risk with a total of 57 samples, with interpolation results dominated by the class 
none risk with an area of 25,663 ha. Mapping provides an overview of salinity and irrigation suitability in the 
study area. These findings can be the basis for more efficient water management in coastal areas. 
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1.   INTRODUCTION 

Water is importance in agricultural irrigation activities. Irrigation is key  

in succesfully increasing rice crop production in paddy fields (Permatasari 

and Vienastra, 2022). The value of irrigation quality can be a limitation in 

the use of water for agricultural irrigation (Mawali and Wantasen, 2020). 

Irrigation is the application of water to the soil to supply essential 

moisture for plant growth (Astutik and Suhardi., 2021). Coastal areas in 

Indonesia generally have land that used as agricultural land. The need 

water for agricultural irrigation purposes to meet food needs in Indonesia 

continues to increase in line with population growth in Indonesia (Jannata 

et al., 2015). Coastal areas are vulnerable to seawater intrusion.Seawater 

intrusion is a coastal environmental problem that threatens the quality 

and sustainability of groundwater aquifers in coastal areas (Hussain et al., 

2019).  

Salinity in agricultural irrigation can affect crop growth. High salinity can 

inhibit water absorption by plant roots due to the high concentration of 

dissolved ions in the water (Bassuony et al., 2014; Ma'ruf, 2016). High salt 

content in irrigation water can affect soil permeability and plant growth 

(Amiri et al., 2015). Salinity levels can be measured using electrical 

conductivity, agricultural irrigation suitability can be measured using 

Sodium Adsorption Ratio (SAR), Percentage Sodium (%Na), and Total 

Dissolved Solids (TDS) (Wang et al., 2020). Each parameter has a function 

and used to assessing the suitability of agricultural irrigation. Sodium 

calculation used to determine the reaction of soil conditions and its effect 

on soil permeability (Cahyadi et al., 2020). High salt content in water can 

inhibit soil permeability and cause disrupted plant growth (Amiri et al., 

2015). Soil permeability can be poor when exposed to high concentrations 

of ions by sodium, causes hard soil and reduces permeability (Ismail et al., 

2023). 

The southern coast of Jember is vulnerable to seawater intrusion 

problems. Hidayatullah and Aulia interview results with farmers in the 

study area, identified a problems with crop productivity that occur when 

sea levels rise (Hidayatullah and Aulia, 2020). Other research supported 

by a group researcher showed that some area of research location are 

vulnerable to seawater intrusion using geoelectric methods to detect 

(Santoso et al., 2013). The South Coast of Jember Regency has land 

generally used as agricultural land. Based on the problems that can occur 

in coastal areas, it is necessary to monitor the quality of irrigation to 

determine the use of irrigation purposes. This research designed to 

evaluate the quality of agricultural irrigation in the South Coastal area of 

Jember to maximize the suitability of irrigation use in the agricultural 

sector. 

2.   GEOLOGICAL CONDITIONS OF RESEARCH LOCATION 

The landscape of the South Coastal region of Jember Regency has diverse 

geological conditions. The dominant lithologic composition in the study 

area is sedimentary rock due to the geological process of sedimentation. 

Figure 1 shows the distribution of geology in the study area. 
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Figure 1: Geological map of South Coastal Jember Regency (Sapei et al., 1992). 

The South Coast of Jember Regency, based on geologic sheets copied 
shows that the South Coastal area of Jember Regency dominated by 
lithology in the form of alluvial rocks (Qa), which consists of crusts, 
pebbles, sand and clay (Sapei et al., 1992). This lithology is sensitive to 
seawater intrusion (Barbieri, 2023). Other formation dominated by karst 
lithology (Tmp), which consists mainly of limestone. In addition, the 
volcanic lithology of the Argopuro Tuff Formation (Qvat) also 
characterizes this structure. 

Areas consisting of sand, gravel and pebbles are highly susceptible to 
seawater intrusion. Previous research by a group researcher used 
geoelectric methods to identify four trajectories in the coastal area of 
Sumberejo Village, Jember Regency (Santoso et al., 2013). Tracks 1, 2 and 

3, dominated by sand and gravel, showed a higher risk vulnerability to 
seawater intrusion, while track 4 is clay layers and had a lower risk of 
intrusion. 

3.    METHODS AND MATERIALS 

3.1    Research Location 

The research study area includes several coastal areas on the south coast 
of Jember Regency. The coordinates of the research study area stretch 
from 8°18'27''N and 8°22'51''N to 113°18'11''E and 113°44'15''East. The 
study area has an area of 27,131 ha. The study area is visualized in Figure 
2. 

 

Figure 2: Map of research location and sample points 
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The study involved the collection of water samples. A total of 66 samples 

were collected for water physics analysis on TDS and EC (Electrical 

Conductivity) parameters. Meanwhile, another 11 samples were used for 

water chemistry analysis on %NA and SAR parameters. 

3.2   Sample Collections and Classification 

Sample collect using in situ method was conducted using HI Portable 

9813-6 to test EC and TDS parameters on 66 samples. The 11 samples with 

the highest values will undergo ex situ testing for chemical parameters, 

such as SAR and %Na. Water chemistry analysis was conducted by 

Biosaint laboratory, using the Atomic Absorption Spectrometry (AAS) 

method to measure cations such as Ca, Mg, Na, and K. Sample coordinates 

were determined using a Garmin eTrex 30, and mapping was perform 

using ArcGIS 10.3. The HI Portable 9813-6 calibration process used HI 

7031L6 material. 

This study used several parameters in assessing the suitability of 

agricultural irrigation quality. This study used several parameters in 

assessing the suitability of agricultural irrigation quality. The SAR 

parameter use to evaluate the level to which sodium in water replaces 

calcium and magnesium in the soil (Sabrina, 2018). %Na calculation is use 

to determine the reaction of soil conditions and its effect on soil 

permeability (Cahyadi, 2020). The SAR calculation was measured using 

the equation 1 (Richards, 1954). 

SAR =  
Na

√(
Ca+Mg

2
)
                                                                                                (1) 

The %Na calculation was measured using the equation 2 (Wilcox, 1955). 

%Na =
Na+ K

Ca+Mg+Na+K
                                                                                                (2) 

Sample quality was characterized using Wilcox and United States Salinity 
Laboratory (USSL) diagrams. Distributions were interpolated using 
Inverse Distance Weighted (IDW) using power 2 or default functions. The 
suitability class for mapping salinity levels used EC reference data and for 
irrigation suitability values used SAR, TDS and %Na values. The following 
is a table description of salinity levels and irrigation suitability based on 
experts: 

Table 1: Salinity hazard level values for the EC parameter and agricultural irrigation suitability values for the SAR parameter (Richards, 1954). 

Class Code (SAR/EC) SAR Value (mEq/L) EC Value (dS/m) Sodium Hazard (SAR) Salinity Hazard (EC) Quality Grades 

C1/S1 0-10 < 0.25 Low Low Excellent 

C2/S2 10-18 0.25-0.75 Medium Medium Good 

C3/S3 18-26 0.75-2.25 High High Doubtful 

C4/S4 >26 >2.25 Very High Very High Unsuitable 

Table 2: The suitability water of agricultural irrigation based on TDS 
parameter by Peterson (1999) 

TDS Value (ppm) Quality Grades 

<700 None Risk 

700-2000 Slight to Moderate Risk 

>2000 Severe Risk 

 

Table 3: The suitability water of agricultural irrigation based on %Na 
parameter by Wilcox (1955) 

%Na Value (mEq/L) Quality Grades 

<20 Excellent 

20-40 Good 

40-60 Acceptable 

60-80 Doubtful 

>80 Unsuitable 

 

Table 4: USSL diagram classification (Richards, 1954) 

C/S S1 S2 S3 S4 

C1 Excellent Good Medium Bad 

C2 Good Good Medium Bad 

C3 Medium Bad Very bad Very bad 

C4 Bad Bad Very bad Very bad 

4.   RESULT AND ANALYSIS 

4.1    Statistical Analysis of Physical Parameters 

The results of the water quality measurements on the parameters show 

how the water's the physical characteristics. EC and TDS have a strong 

correlation. EC and TDS values are directly proportional, in which the 

higher the EC value, the higher the TDS value. The results of the research 

parameter survey resulted in 66 sample points spread across the study 

area. 

 

Figure 3: Correlation of TDS and EC Data 

EC and TDS values have a high level of correlation. The high correlation 
value represented in the R² value. The R² value shows a value of 0.9889 or 

98.89%, which concluded that the value has a correlation level of 98.89% 
and defined as a strong correlation.  
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Table 5: Classification of suitability classes based on tds value 

Value Range Quality Grade Sample Total 

< 700 None Risk 57 

700 – 2000 Slight to Moderate Risk 7 

> 2000 Severe Risk 2 

The classification results in Table 5 show the class distribution for the TDS 
parameter. The tested water samples show that most are in the none risk 
class with 57 samples, while the slight to moderate risk class has 7 

samples, and the other 2 samples belong to the severe risk class. Based on 
these results, the use of agricultural irrigation based on TDS parameters 
can be considered effective and safe, given that the majority of samples are 
in the none risk category. 

4.2   Statistical Analysis of Chemical Parameters 

Chemical parameters use in the calculation of SAR and %Na formulas. This 
chemical parameter measurement has a total of 11 samples in the research 
study area. The determination of sampling was taken with consideration 
of the highest value in the previous physical parameter testing. The results 
of chemical calculations are in Table 6 as follows.  

Table 6: Chemical element concentration values and calculation results of SAR and %Na 

Sample No Ca (mEq/L) Mg (mEq/L) Na (mEq/L) K (mEq/L l) SAR (mEq/L) %Na (mEq/L) 

Lojejer 1 19.5 3.52 3.91 1.53 1.15 9.29 

Sumberejo 1 2 26.8 3.49 115 4.35 29.55 117.91 

Mojomulyo 3 1.05 2.89 6.07 0.592 4.32 11.65 

Kepanjen 4 1.63 2.87 4.74 1.07 3.16 15.12 

Paseban 5 1.16 2.74 1.9 4.68 1.36 46.56 

Sabrang 6 1.75 1.98 1.26 1.9 0.92 28.84 

Puger Kulon 7 0.872 2.31 23.2 1.15 18.39 27.38 

Sumberejo 2 8 2.4 4.01 3.73 1.35 2.08 15.48 

Curahnongko 9 4.21 3.2 3.25 0.542 1.69 8.09 

Mojosari 10 0.758 1.95 1.32 0.434 1.13 11.05 

Puger Wetan 11 2.78 2.58 6.47 1.9 3.95 20.31 
 

Data calculation results display the condition of water quality in each 
sample. The concentration content value of each element has a role in the 

quality level of each parameter. Areas with high sodium concentrations 
have poor water quality. 

 

Figure 4: USSL diagram of irrigation quality classification (Richards, 1954) 

The USSL diagram displays the level of conformity with two parameters 
correlated between SAR and EC. Visualizing the diagram above, we can 
conclude that of the eleven samples, the trend of data distribution is in the 

 medium quality class (C3-S1) with 7 samples, good quality class (C2-S1) 
with 2 samples, and very bad quality class (C4-S4) with 2 samples. 

 

Figure 5: Wilcox diagram irrigation quality classification (Wilcox, 1955) 

Interpretation of %Na values using Wilcox diagrams. The results on the 
Wilcox diagram show that 7 samples are in the good to permissible quality 

class, 2 samples are in the excellent to good quality class, and 2 samples 
are in the unsuitable quality class.  
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4.3   Salinity Level Mapping and Distribution 

High Electrical Conductivity (EC) is one of the indicators to assessing  level 
of salinity. Salinity   levels   are  measured   using   physical  measurements 

 through EC measurements. A high EC level can be an initial assessment of 
a solution that contain electrical charge on the ions in the mineral. The 
predicted areas with high salinity levels are visualized in Figure 6. 

 

Figure 6: Mapping of salinity levels and distribution 

Monitoring water quality and salinity levels in coastal areas is necessary. 
Monitoring salinity levels is an effort to monitor whether or not coastal 
aquifers have been intruded. Seawater intrusion can have a negative 
impact on water utilization, both as water needs for drinking and 
agricultural irrigation. The distribution of salinity area based on the 
mapping results is presented in Table 7.   

Table 7: Mapping results of salinity level class area 

Classification Class Land Area 

Low Salinity 72 ha 

Medium Salinity 15.648 ha 

High Salinity 

Very High Salinity 

11.151 ha 

260 ha 

Total Area 27.131 ha 

The dominant area shows medium salinity class with an area of 15,648 ha. 
The mapping results show some areas categorized as very high salinity 
such as in the Sumberejo Village area. Areas with alluvial lithology are 
vulnerable to seawater intrusion. Barbieri explained that general 
salination affects alluvial aquifers, karst and alluvial coastal areas 
(Barbieri, 2023). Previous research using geoelectric methods showed 
relevance in suspecting seawater intrusion in the area. Research by a 
group researcher stated that some areas in Sumberejo Village have rock 
lithology in the form of gravel and sandstone, so this area has a high 
vulnerability and is easily penetrated by sea water (Santoso et al., 2013). 

4.4 Water Quality Mapping for Irrigation Designation and 
Distribution 

The suitability and provisions of parameters in the assessment of 
irrigation water quality in this study use physical parameters, namely TDS, 
and chemical parameters using SAR and %Na. The quality of irrigation 
water determines its suitability for use.  

 

Figure 7: Mapping level of suitability for agricultural irrigation based on SAR values by (Richards, 1954), %Na by (Wilcox, 1955) and TDS by (Peterson, 
1999). 
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Table 8: Parameter Class Classification Land Area TDS, SAR dan %Na 

Parameter Classification Class Land Area 

 None Risk 25.663 ha 

TDS 

 

 

 

 

SAR 

 

 

 

 

%Na 

Light to Moderate 
Risk 

Severe Risk 

 

Excellent 

Good 

Doubtful 

Unsuitable 

 

Excellent 

Good 

Acceptable 

Doubtful 

Unsuitable 

1.428 ha 

40 ha 

 

26.209 ha 

653 ha 

168 ha 

101 ha 

 

14.122 ha 

9.650 ha 

2.887 ha 

231 ha 

241 ha 

Total Area of Each 
Parameter 

 27.131 ha 

The results of irrigation suitability mapping based on TDS values show 
that the study area dominated by water quality with none risk class for 
agriculture irrigation with an area of 25,663 ha. The SAR parameter shown 
the study area dominated by a excellent irrigation quality class with an 
area of 26,209 ha. The %Na parameter in the study area dominated with  
excellent class quality with an area reaching 14,122 ha. 

5.   DISCUSSION 

5.1   Salinity Level and Agricultural Irrigation Condition of the Study 
Area 

In general, the study area dominated by the medium salinity class based 
on the classification and mapping results. The medium salinity class is at 
the value level of 0.25 dS/m to 0.75 dS/m with an area of 15,648 ha. The 
medium salinity class quality has good quality as an agricultural 
designation. The EC parameter indicates the level of conductivity of the 
solution. The higher the level of conduction in water can be an assumed 
indication that the water has certain minerals that affect it.  

High salinity values are a problem in the agricultural sector. High salinity 
in water can affect plant growth. High salinity inhibits the absorption of 
water by plant roots due to the high osmosis pressure in water caused by 
high concentrations of dissolved ions, which can affect plant growth 
(Bassuony et al., 2014; Ma'ruf, 2016). Groundwater aquifers that are 
infiltrated by seawater cause groundwater to have salinity content, a 
salinity level of groundwater aquifer create negative impact on the 
community, especially with land that used as agriculture. Areas with high 
salinity in the study area are in Sumberejo Village.   

Analysis of irrigation suitability based on TDS parameters shows the 
interpolation results are dominated by the class none risk with an area of 
25,663 Ha. Irrigation use in the study area based on TDS analysis has a safe 
condition that can be use properly for agricultural irrigation. TDS is use to 
assessing the level of solids dissolved in water. The dissolved solids 
component needs to be analyze continously regarding the concentration 
level. 

Chemical analysis of SAR values based on interpolation, show that study 
area dominated with excellent class quality within area of 26,209 ha. The 
use of irrigation in the study area in the SAR analysis is excellent class 
quality and safe properly for agricultural irrigation. SAR values can 
determine the level of sodicity of a soil. Soil permeability can be poor when 
exposed to high concentrations of sodium ions, causing the soil to become 
hard and reducing permeability in soil (Ismail et al., 2023).  

The %Na analysis in the interpolation results is dominant in the excellent 
class with an area of 14,122 ha. The study area has very safe irrigation 
conditions and safe use as agricultural irrigation. A high %Na value 
indicates the level of dissolved salt content in the water. High salt content 
in water can inhibit soil permeability and cause disrupted plant growth 
(Amiri et al., 2015).   

The results of the USSL diagram show the dominance of quality is in 
medium quality (C3-S1) as many as 7 samples. The results of the USSL 
diagram dominated by medium quality and safe for use as agricultural 

irrigation. Wilcox diagram assesses suitability using two parameters, 
namely %Na and EC. The results of the Wilcox diagram show that the 
samples are dominated by good to acceptable classes as many as 7 
samples. 

Monitoring of agricultural irrigation water quality is an attempt to prevent 
the unsuitability of agriculture irrigation water that can adversely affect 
the suboptimal use of land as agriculture in areas with high water salinity 
levels in the region. The demand of water irrigation to fulfill food demand 
continues increase in line with population growth in Indonesia (Jannata et 
al., 2015). Agricultural irrigation management in coastal areas is 
importance to be monitored and controlled. 

Irrigation water in the study area in each test parameter shows that it is 
dominantly at a safe value and is still suitable for agricultural irrigation. 
Water with a high concentration of values and prone to be used as 
agricultural irrigation is in the area in Sumberejo Village. Areas with a bad 
water quality conditions require special treatment if they function as 
agricultural irrigation. 

6.   CONCLUSION 

Based on the results of the study, there are conclusions that have been 
summarized on the analysis of the level of salinity and the level of 
suitability of agricultural irrigation on each parameter used in the 
assessment. The value of the salinity level in the region is divided into 
several salinity classes, the widest dominance is at the medium salinity 
level with an area of 15,648 ha. Irrigation suitability on the TDS parameter 
shows that the largest area dominated in the none risk class with an area 
of 25,663 ha. The suitability of the SAR parameter shows that the area in 
excellent class with an area of 26,209 ha.  

The suitability of agricultural irrigation on the %Na parameter shows that 
the coverage in the excellent class with an area of 14,122 ha. The 
conclusion of the results of this study is that the southern coastal area of 
Jember Regency generally has the suitability of irrigation in the use of 
agricultural irrigation. The suggestion of this research in improving the 
quality of studies in future researchers is to test with more samples so that 
the data will be even more accurate. The farmers need adjust the right 
commodity for high salinity areas. The Farmers in high salinity that have 
irrigation and soil problems can use rainwater irrigation by making water 
reservoirs and do soil liming again if the soil dominated by sodium 
minerals (sodic). 
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