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Abstract: Globally, soil salinity is a major issue, especially in arid and semi-arid areas. Soil salinity 
has been effectively studied through the use of field measurements and remote sensing 
techniques. Investigating the degree of soil salinity in a desert region in North Africa is the aim of 
this study. This study is being done in the desert southern region of Algeria. The results of the 
field survey of 76 soil samples were compared with spectral image data obtained via remote 
sensing. Using metrics like the Electrical Conductivity (EC) and Sodium Absorption Ratio (SAR), 
Salinity was measured in the lab. The spectral index NDSI values of the SENTINEL 2 images were 
compared to the SAR and EC measurements made for soil samples in our research area. 
According to the lab results, 76.3% of the soil in the research region is non-salty, 13.2% is slightly 
saline, and just 3.9% is extremely saline. The analysis of variance revealed higher salinity levels in 
the eastern regions. The IDW interpolation maps of the EC and the SAR supported earlier 
findings. Furthermore, a strong correlation (r = 0.789) was found between the EC and SAR index. 
The results of the laboratory tests and the spectral index NDSI did not correlate, according to the 
correlation test. The spatial distribution of soil salinity in the Messaâd region was successfully 
interpolated and mapped in this study using geomatic techniques 
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1. Introduction 

Before beginning any development program, a nation must have a thorough understanding of its 
own resources and potential. When planning various development initiatives, particularly in the 
areas of urbanization and agriculture, the remote sensing approach is a helpful tool that aids 
policymakers in making the best choice (Netzband et al., 2007; Hoalst-Pullen and Patterson, 2011; 
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Gumma et al., 2016; Avtar et al., 2020; Anteur et al., 2021; Saygin et al., 2023; Parvizi and Fatehi, 
2024).  
Salinity constitutes a major constraint to the development of agricultural production and ecological 
balance in the arid and semi-arid ecosystem of southwest Algeria (Nouri, 2019; Nouri et al., 2018). 
The aim of policymakers in the southern Mediterranean region, which has a substantial area of 
semi-arid and dry regions, is to expand investment and grow the agricultural industry. In order to 
determine where to invest in agriculture and how to effectively utilize the limited resources, they 
require remote sensing. One of the southern Mediterranean nations, Algeria, has created a plan for 
agricultural development that will help the nation reach the Sustainable Development Goals (SDGs 
2 and 15) and guarantee food security. This plan's foundation will be the expansion of investment in 
this field in the semi-arid and dry regions, which make up over 80% of Algeria's land area (Halitim, 
1988; Benaradj, 2017; Boucherit, 2018; Mihi et al., 2019, Boucherit and Benaradj, 2024; Laoufi et al., 
2025).  
In the meantime, the issue of soil salinity is well-known in semi-arid and dry regions across the 
world, and it negatively affects the sustainability of agricultural operations (Elnaggar et al., 2017; 
Asfaw et al., 2018; Elhag et al., 2018; Zarai et al., 2022). Several Algerian academics (Dehni and 
Lounis, 2012; Douaoui and Yahiaoui, 2015; Benslama et al., 2020; Berkane et al., 2021; Boumaraf and 
Saadi, 2023) have conducted studies in various dry Algerian regions up to this point, but this is 
insufficient to have a comprehensive understanding of the situation as it stands, since it has not 
touched the entire region, which is quite large.  
Algerian policymakers need to ascertain the extent to which this issue affects agricultural 
productivity in order to ensure the efficacy of agricultural investments. To assist them in this 
endeavor, we have attempted to suggest an approach that combines the use of remote sensing 
techniques, GIS, fieldwork, and laboratory work. Using spectral sensor data, the study aims to map 
the salinity of the soil in a dry region of Algeria and compare it with field measurements of 
Electrical Conductivity (EC) and Sodium Absorption Rate (SAR). 

2. Materials and Methods  

2.1. Study Area  

The irrigated perimeter at Messaâd, located in the province of Djelfa, served as the study site. It is 
400 km south of Algiers (Algeria). Its height is between 600 and 859 meters and it covers an area of 
657.374134 square meters. It is located at 34°17’48.284’’ and 34°2’54.156’’North and 3°7’42.369’’ and 
3°44’30.143’’East (Fig. 1). 
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Figure 1. Geographic location of the Messaâd area in Djelfa Province, Algeria. 

According to the Emberger climagram classification (1955), the Messaâd region is characterized by 
an arid climate, with cold winters and hot, dry summers. Precipitation is low and variable, with an 
annual average of less than 200mm (DPSB, 2018). 

2.2. Sampling procedure 

Based on the soil use and color in the study region, a subjective sample technique was used. The 
soil samples were drilled down to a depth of 20 cm, which is where a lot of salt builds up. With a 
precision of around 2 meters, the 76 sampling locations were GPS-located in latitude and longitude 
(Fig. 2 and Fig. 3). 
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Figure 2. Localization of the soil sample sites in the irrigated perimeter in Messaâd  

 

Figure 3. Photos from the study area: (a) farm in the study area; (b) Visible salts on the soil of the 
farm. 

Following their return to the laboratory, each sample was crushed, allowed to air dry, sieved using 
a 2 mm sieve, and then placed in a plastic bag to await analysis. The electrical conductivity (EC), 
pH, calcium, magnesium, sodium, and the SAR of the soil were all measured. The SAR index was 
determined using the following formula: 

SAR =
[େ୒ୟ]

ൣඥ(େେୟାେ୑୥൯
/2]   (meq /L)                        (Oueriemmi et al., 2025) 

The EC and SAR were used to measure the soil salinity. 
The detection of the soil salinity using the remote sensing data 
A large-scale remote sensing using spectral data of Sentinel-2 (ETM) was used to detect and to map 
soil salinity in the study area. The Sentinel-2 has significantly land monitoring capabilities, 
particularly in the observation of agricultural zones, forest cover, urban development, and water 
resources. Its growing adoption in both research and operational contexts is due to its superior 



Scientia Agriculturea Bohemica 5 of 15 

spatial resolution of 10 meters. This is higher than that of other medium-resolution sensors, such as 
Landsat (Phiri et al., 2020; Wang and Atkinson, 2018). The data of Sentinel-2 (ETM) was 
downloaded from USGS July, 20th 2023. The agricultural landscape was determined by the google 
earth images, and then it confirmed with surveys in sites. The Normalized Difference Salinity Index 
(NDSI) was employed to detect soil salinity, which gave the best results for assessing soil salinity in 
cultivated areas especially in the arid and semi-arid areas. That although there were a number of 
indexes with moderate to high correlation with observed EC, NDSI was an important predictor of 
EC differences (Allbed et al., 2014; Hernandez et al., 2014; Elhag, 2016; Aceves et al., 2019; Shrestha 
et al., 2021; Salcedo et al., 2022; Lekka et al., 2023). 

NDSI = (R-NIR) / (R+NIR)                             (Huete, 1988) 
The collected data after the lab work was used to realize maps of EC and SAR index, by the Inverse 
Distance Weighting (IDW) interpolation (Berkane et al., 2021; Benslama et al., 2020; Fazeli Sangani 
et al., 2019; Zhao et al., 2024). The interpolation maps of the soil salinity were designed using 
ArcGIS 10.8 software.   

2.3. Statistical analysis 

The statistical analyses were performed using the Statistica 12 software. To test if there was a 
difference in salinity levels, between farms of the Messaâd region, the one-way analysis of variance 
(ANOVA) was used. The relationship between the spectral index NDSI of salinity determined by 
remote sensing and the laboratory values of conductivity and SAR has been examined. 

 

3. Results and Discussion 

3.1. Chemical analyses of soil 

The findings of EC, SAR and pH values are presented in Table 1. 
Table 1:  

Table 1. The EC, SAR and pH values measured in the laboratory    

 Mini Max Average SD 
EC (ms.cm-1) 0.11  13.69 1.58 2.46 
SAR (meq/l) 1.46   12.26 5.61 2.89 

PH 7.81 9.16 8.55 0.32 
 

In reference to the pH values, there was no variation among the irrigated perimeters, as indicated 
by the above table (Table 1). However, the research area's pH varied from 7.81 to 9.16. According to 
the pH measurements, the soil in the Messaâd region is either alkaline or very alkaline (Soltner, 
2017). As for the Sodium Absorption Ratio in our study area ranged between 1.46 and 12.26 meq/l, 
whereas the rates of this index in the western irrigated perimeters appear inferior compare to thus 
recode in the other perimeters. Well, the SAR soil rates in the eastern perimeters were varied 
between 1.63 and 12.26 meq/l, will the values in perimeters situated in the middle that differed from 
1.46 to 11.14 meq/l. The SAR and the EC are two measures used to assess the salinity of soil. A 
correlation between the two measurements has been noted in our study area, with rising EC values 
occurring concurrently with rising SAR rates. Additionally, the eastern farms outperformed the 
center and western farms in terms of these attributes. It has been observed that the farms in the east 
of Messaâd are more salinized than the ones in the middle and west. 
The EC values were used to classify the fieldwork locations into salinity classes (Brown et al., 1954; 
Hazelton and Murphy, 2016) (Table 2). 
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Table 2. Agronomic classification of soil salinity based on EC in Messaâd region 

Salinity Classes EC (ms.cm-1) Number of sites Ratio (%) 
Non-saline 0-2 58 76.3 

Slightly saline 2-4 10 13.2 
Saline 4-8 5 6.6 

Strongly saline 8-16 3 3.9 
Extremely saline >16 0 0 

Total  76 100  
 

According to the salinity classes given in the Table 4, we can see that 76.3% of sites aren't saline (0 < 
EC < 2 mS/cm), that is 58 sites. In the second class (slightly saline: 2 < EC < 4 mS/cm) 10 farms are 
classified-in which represent 13.2% of the total. Only five sites (6.6%) are in the third class (saline: 4 
< EC < 8 mS/cm). In the fourth class, three perimeters have a soil strongly saline, which the ratio of 
3.9% (Anteur, 2019; Brown et al., 1954; Hazelton and Murphy, 2016). 
The EC values in the study region were varied from 0.11 ms/cm to 13.69 ms/cm. These conductivity 
values are very close to those transcribed in the Nile Delta region in northern Egypt, which fall 
between 3.85 and 16.01mS/cm (AbdElaziz et al., 2024). The EC values recoded in the Messaâd 
region were lower than those found in the El Ghrous soil, arid region in Algeria, which ranged from 
36 mS/m to 854 mS/m (Bradai et al., 2019), and the EC values noted by (Berkane et al., 2021), in the 
Mina arid plain (Algeria), where the average (EC) of the soil samples ranged from 135 to 2842 
mS/m.  
When compared to the classification proposed by Nouri (2019), who identified five classes of soil 
salinity in dryland and irrigated plots—ranging from non-saline (S0) to highly saline soils (S4, ≥16 
dS/m)—our results fall mainly within the S0 to S3 classes, with no areas reaching the S4 class 
threshold. In Nouri’s study, high soil salinity was notably concentrated in the southern part of the 
plot, particularly under irrigation with high-salinity water (classified as C3), and was intensified by 
alternating dry and rainy periods that influenced salt redistribution. This dynamic may explain the 
moderate levels observed in our study area, where temporal and spatial patterns of irrigation and 
precipitation similarly affect salt accumulation. However, the absence of extreme salinity levels (S4) 
in the current study suggests that the hydro-pedological conditions in Messaâd may be 
comparatively less prone to severe salinization, possibly due to better drainage, soil texture, or 
water management practices. The most appropriate method is the implementation of numerous 
techniques of water and soil conservation, which correspond to the whole range of mechanical, 
biological, cultural, and agronomic practices. The cultural practices still present preserve an 
important agro-diversity (Boucherit et al., 2021). 

3.1.1. Salinity distribution of the soil in the Messaâd region's farms 

In arid regions, soil salinity is already an issue. When the soil is irrigated, it becomes even more 
concerning. The SAR and the EC are the two metrics that show how salinized the soil is. Using the 
ANOVA test, we employed these parameters in our study to determine whether the soils of the 
Messaâd farms differed from one another. 

3.1.2. The SAR in the Messaâd soil farms 

The results of the ANOVA test on the SAR values in the Messaâd farms, are represented in the 
Table 3. 

Table 3. Results of the one-way ANOVA of the SAR in the Messaâd region 

 SS Degr. Of Freedom MS F P 
Intercept 2420,923 1 2420,923 429,5337 0.000000 

Farm 234,489 2 117,245 20,8022 0.000000 
Error 411,440 73 5,636   
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The one way ANOVA test of the SAR value showed that, there is a very highly significant 
difference between the SAR of the soil farms of Messaâd region (p = 0).  
The results of ANOVA test were confirmed by the LSD test (Table 4), which classified the study 
sites in three groups.  

Table 4. Identification of homogenous groups of the SAR values using the LSD test (W: Western 
farms; M: Middle farms; E: Eastern farms) 

Zone W M E 
SAR (meq/l) 4,0044 6,2350 8,0229 

Homogenous groups 1 2 3 
 

The first group includes the western farms soils; the second group comprises the middle farms soils 
and the third group gathers the eastern farms soils (Fig. 4). 

 

Figure 4. The ANOVA of the SAR in the soil of the Messaâd region (W: Western farms; M: Middle 
farms; E: Eastern farms) 

Soils from farms in the Messaâd region recorded SAR values similar to those found in the arid 
Zelfana region (southern Algeria), in an irrigated soil farms where the SAR values ranged from 1.33 
to 16.98 meq/l (Benslama et al., 2020). The high levels of the salinity in the perimeters located in the 
east, identified by the presence of a surface salt crust are related to the large amounts of water used 
to irrigate crops. This water has an EC value around of: 8.79mS/cm (Brahmi et al., 2024). The quality 
of this water is considered like salt water according to (Freeze and Cherry, 1979) standard which 
classified the water with the EC value above 2.25 ms/cm like a very salt. Additionally, the soil 
salinity has increased due to the excessive use of fertilisers to intensify crop production (Omuto et 
al., 2024). 

3.1.3. The Electrical Conductivity (EC) in the Messaâd soil farms 

The Table 5 represents the results of the ANOVA test for the Electrical Conductivity (EC) in the 
study region.   
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Table 5. Results of the one-way ANOVA of the EC values in the Messaâd region 

 SS Degr. Of Freedom MS F P 
Intercept 226,7198 1 226,7198 52,48188 0.000000 

Farm 145,1114 2 72,5557 16,79545 0.000001 
Error 315,3573 73 4,3200   

With a p-value of zero, the ANOVA analysis of the EC values revealed a highly significant 
difference between the farms' soils in the Messaâd region. 
The LSD test showed that the soils in the study farms are arranged in three groups (Table 6).  

Table 6. Identification of homogenous groups of the EC values using the LSD test (W: Western 
farms; M: Middle farms; E: Eastern farms). 

Zone W M E 
EC (mS/cm) 0,45700 1,4657 3,6660 

Homogenous groups 1 2 3 

 

The first group includes the soils situated in the west of Messaâd. The second and the third groups 
hold the eastern and middle irrigated perimeters, respectively (Fig. 6). 

 

Figure 5. The ANOVA of the EC in the Messaâd farms (W: Western farms; M: Middle farms; E: 
Eastern farms) 

3.2. Interpolation and correlation between EC and SAR index 

3.2.1. The soil salinity through the remote sensing technic 

The Messaâd region's EC and SAR maps were obtained by us (Fig. 6a, 6b), by the Inverse Distance 
Weighting (IDW) interpolation of the two parameter values using geographic data. 
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Figure 6. The IDW interpolation maps of the SAR and the EC in the study region: (a) The IDW map 
of the SAR in the Messaâd region; (b) The IDW map of the EC in the Messaâd region. 

 
The highest EC and SAR values are shown in red on both maps. The excessive salt levels can be 
explained by this. East of the study region (Fig. 6b) is where we found the greatest EC value, which 
is 13.69 ms/cm. All EC values above 2.96 ms/cm are found there. On the other side, the west and 
center of our region have values below 2.96 ms/cm. 
The SAR index map (Fig. 6a) also showed that the red color predominates in the east of the study 
region, which represents SAR ratios greater than 6.99meq/L, while the green color predominates in 
the west of the study area, which represents ratios less than 4.72meq/L 
The map of the NDSI index, used to sense the soils salinity in the Messaâd region is shown in the 
figure below (Fig.7). 

 

Figure 7. The soil salinity detected by the spectral Normalized Difference Salinity Index (NDSI) 
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As stated by the map of NDSI index above, the high levels of the soil salinity are represented in red 
colour. It is clear that high levels of salinity are concentrated in the hydrographic network, 
especially at Messaâd River (Wadi Messaâd). Conversely, medium salinity levels are evident in 
orange hues, which intensity in colour the further they deviate from the river (Wadi Messaâd). 
However, areas with low salinity levels, indicative of irrigated perimeters, appear green. 

3.2.2. Correlation between the EC, the SAR and the NDSI 
The results of the correlation test between the EC, the SAR and the NDSI index detected by the 

remote sensing, are given in the Table 7. 

Table 7. The correlation matrix of the EC, the SAR and the NDSI in the study region 

 EC SAR NDSI 
EC 1,000 0,789 -0,015 

SAR 0,789 1,000 -0,071 
NDSI -0,015 -0,071 1,000 

 
There is a substantial positive association between the two indices, as evidenced by the correlation 
coefficient between the EC and the SAR, which came out to be 0.789. However, the NDSI index, 
where the correlation coefficient recorded values equal to (-0.015 and -0.071), shows no link with 
the two parameters (EC and SAR). 
These results show that soil salinity levels increase with irrigation, which is confirmed by many 
studies in Algeria (Berkane et al., 2021; Abdennour et al., 2020; Abdennour et al., 2021; Benslama et 
al., 2020; Semar et al., 2019) and also in different countries (Gorji et al., 2015; Asfaw et al., 2018; Saad 
et al., 2024). Besides, the Messaâd region is an arid area, where the climate is marked by a low 
annual rainfall and high average temperatures (36C°), which stimulates a strong soil evaporation 
process leading to water loss and salt accumulation in the surface layer of the soil (Yang et al., 2024; 
Tashpolat and Reheman, 2025). 

The fact that the soil salinity was detected via remote sensing indicates that the NDSI index 
and the results of the laboratory analysis did not agree. The NDSI map indicates that salinity levels 
are elevated in the Messaâd River (Wadi Messaâd), this is primarily due to the lack of human 
activities such as irrigation compare to cultivated areas, combined with the prevalence of natural 
environmental factors (Tashpolat and Reheman, 2025), where the Messaâd River (Wadi Messaâd) 
represents a tributary of other regions’ minor branch valleys. In contrast, there was a considerable 
degree of soil salinity in the eastern farms of the Messaâd region, as indicated by the laboratory 
analytical results and the IDW maps of the EC and SAR. The correlation test supported the earlier 
findings, showing no relationship between the NDSI index and the EC and SAR index. This was 
connected to the predominance of non-saline and slightly saline soils in Messaâd farms, with a ratio 
of 89.5%, and according to (Fu et al., 2025) the NDSI identifies areas with high soil salinity. On other 
hand, the NDSI showed the strongest correlation with salinity in areas with sparse vegetation and 
bare soil (Allbed et al., 2014).  

4. Conclusions 

Quantifying and mapping the danger of soil salinity in the dry region of Messaâd in southern 
Algeria was the goal of this study. The laboratory examination revealed that the SAR index values 
were between 1.46 and 12.26 meq/l, and the EC was between 0.11 ms/cm and 13.69 ms/cm. Of the 76 
sites, we discovered that 58 (76.3%) had non-saline soils with an EC of less than 2 ms/cm. However, 
the soil of 6.6% (five sites) of the farms was salty, and 13.2% of the total soils (10 farms) were 
slightly saline. Only three farms, or 3.9%, had highly salinized soil, though. The findings of the 
chemical analysis of soil samples were validated by the mapping of soil salinity. In contrast, the 
eastern farms in the research region had a high amount of soil salinity. The results of the laboratory 
investigation were consistent with the IDW interpolation maps of EC and SAR, which showed that 
the irrigated perimeters located in the eastern part of the Messaâd region, had higher values. 
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No link was found between the spectral index and either the EC or the SAR, according to the test of 
correlation between the NDSI index and the two parameters. 
At the end of this work, we can propose a perspective to mitigate the impact of soil salinity on 
productivity in the eastern part of the Messaâd region: 

I. The use of drip irrigation to save water and avoid the formation of a layer of salts on the 
surface of the soil, 

II. Growing crops that are well adapted to high temperatures, are not demanding of water, 
and are tolerant of salinity. 
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