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Abstract

1. Introduction

One of the world’s most valuable water sources is 
groundwater, which is located around three-fourths of the 
earth’s surface. It provides a steady supply of freshwater, 
sustains ecosystems, and is a vital source of drinking water 
for numerous communities. Because of its subterranean 
location and filtration capabilities, groundwater is a valuable 
resource for the environment and humans (Soleimani et 
al., 2018; Muhammad and Ullah, 2022). It is a necessity 
for every person, including farmers, households, and 
manufacturers. Compared to other sources, it is regarded 
as pure (Jamshidzadeh et al., 2018; Boufekane et al., 2022). 
When rainfall hits the surface, it causes water to go through 
various processes that affect its chemical composition. These 
include the interactions between rocks and minerals as they 
move through the subsurface. This interaction helps shape 
the unique features of groundwater (Yousefi, Dehghani, 
et al., 2018; Muhammad and Usman, 2022). The water 
cycle affects the quality of groundwater. It is affected by 
various natural processes, such as ion exchange and mineral 
dissolution (Muhammad, 2023). Human activities, such as 
urbanization, overexploitation, and population growth can 
also have a significant impact on groundwater quality (Goyal 

et al., 2010; Kawo et al., 2018; Jasrotia et al., 2019; Asadi et al., 
2019; Balamurugan et al., 2020; Adimalla et al., 2020; Haque 
et al., 2020; Panneerselvam et al., 2020; Aravinthasamy et al., 
2021). However, the use of agrochemicals such as pesticides 
and fertilizers, as well as untreated industrial wastewater 
causes metals to infiltrate into water bodies (Khedidja et al., 
2023).

In addition, industrial waste residues can leak into the 
groundwater, which can cause severe pollution (Muhammad, 
2023). Although the Sebaou Valley has a lot of water, it is also 
heavily contaminated by agricultural, industrial, and urban 
sources (Din et al., 2023). The high stratum is the source 
of drinking water, while the rest is used for irrigation. It’s 
important to monitor the water quality in a particular area 
(Muhammad and Ullah, 2022).

The evaluation of water quality involves assessing 
the various characteristics of groundwater, such as its pH 
level, color, temperature, turbidity, and dissolved oxygen. 
Hydrobiological features, including major anions and cations, 
are used as indicators for improving the classification process 
(Vadiati et al., 2016; Yousefi, Ghoochani, et al., 2018). The 
weighted and chosen parameters represent the end-uses of 
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This study assesses the suitability of groundwater for irrigation and drinking purposes in the Upper Sebaou Valley, using 
various methods. Eight water samples were collected during the high-water period in 2019 and were analyzed for major 
ions and physical parameters. The results revealed that the analyzed physical-chemical parameters were generally below 
the permissible limits of the World Health Organization (WHO), indicating good drinking water quality in 99% of the 
samples. The groundwater exhibited low alkaline characteristics, with pH values ranging from 7.5 to 7.8. The conductivity 
ranged between 843 and 1180 s/cm, and the total dissolved solids (TDS) levels ranged from 762 to 1009 in the research 
area. Hydrochemical facies analysis identified calcium and magnesium bicarbonate as the dominant types, with significant 
ions including Ca2+, Mg2+, Na+, HCO3-, Cl, and SO4-2. Multivariate statistical analysis, such as principal component 
analysis (PCA), provided insights into groundwater quality characterization. The analysis also highlighted the presence of 
high sodium levels, impacting soil permeability and causing water infiltration issues, which are crucial considerations for 
irrigation purposes. Overall, the results suggest that groundwater in the Upper Sebaou Valley is suitable for both drinking 
and irrigation purposes, with a few exceptions related to geogenic factors and excessive fertilizer use.
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water, such as irrigation and drinking water (Sharma et al., 
2006; Yousefi, Ghoochani, et al., 2018).

Various methodologies have been used to evaluate 
water quality to assess it more correctly, comparably, 
and realistically. The quality index (WQI) has been 
developed and invented since the 1960s.  In 1848, the 
first investigations of the evolution of pollution levels and 
water quality were conducted in Germany. The Oregon 
Water Quality Index (OWQI) was developed by the Oregon 
Department of Environmental Quality (DEQ) in 1967 based 
on the transformation of water quality parameters without 
unity using sub-index equations, then, combining these 
sub-indices with mathematical expression to obtain a water 
quality index value. Following that, many indexes were 
devised in the 1970s, including Horton’s index and Brown’s 
index, used in 2010.

The Water Quality Index (WQI) serves as a convenient 
and standardized measure to evaluate water quality on a 
scale of 0 to 100. Higher WQI values indicate better water 
quality, while lower values signify poorer quality (Horton, 
1965; Brown et al., 1970; Yousefi et al., 2017; Amin et al., 
2021). WQI has been widely utilized by researchers to 
assess groundwater quality, examine regional variations in 
groundwater metrics, and evaluate the appropriateness of 
water for irrigation purposes (Stigter et al., 2006; Yousefi et 

al., 2017; Al-Hadithi et al., 2019; Hyarat et al., 2021; Hussien 
et al., 2022; Khaled et al., 2024).

Many studies, such as Djemai’s hydrogeological study of 
the Sebaou Valley in 1985 (Djemai et al., 2017), conducted a 
study on physico-chemical water characteristics in the Upper 
Sebaou Valley (Great Kabylia), analyzing the variation of 
physico-chemical variables (pH) and electrical conductivity 
(EC), T°, Ca+2, Mg+2, Na+, K+, HCO3

-, SO4
-2, Cl-, and NO3

-) 
and changes in water quality over time (2005–2007). This 
study’s conclusions are geologically classic and broad in 
scope. The study analyzed the chemistry of groundwater 
and studied various hydrogeochemical processes. It also 
evaluated the Upper Sebaou groundwater’s quality for 
irrigation and drinking water. Different indices, including 
the WQI, were used to analyze the region’s water quality.

2. Materials and Methods

The Sebaou plain is located 80 kilometres, east of 
northeast Algeria in the Tizi-Ouzou region. The area 
drained by the Sébaou River, and its watershed is confined 
by latitudes 36°27’ and 36°55’ North and longitudes 3°55’ 
and 4°53’ East. It has an estimated area of 1432 Km², extends 
from Boubhir upstream to the Belloua Pass downstream, and 
has a length of 30 km with a width ranging from 0.8 to 3 km 
(Figure 1).

2.1. Study area:

 Figure 1. Geographical situation of the study area.
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Sebaou Valley, covering 50,000 hectares, is encompassed 
by densely inhabited areas, such as Oued Aisi, Freha, and 
Tizi Rached. The valley supports a population of 1,127,166 
, with an EPA system connection rate of approximately 150 
liters per capita per day as of 2020. The agricultural system 
in this region is predominantly multicultural, with mixed 
crop-livestock systems being the most prevalent. 

The climate in the region is temperate, characterized 
by rainy winters and cool summers (Smail et al., 2013). The 
valley of Sebaou has a subhumid and mild climate with an 
average annual precipitation of around 824 mm per year. 
Between 2012 and 2019, the mean annual temperature 
was around 18.6 °C, and the Thornthwaite moisture index 
revealed a value of 944.05 mm. An average relative humidity 
of 70.5% is indicative of a humid season.

The Upper Sebaou Valley has a free alluvial water 
table that runs east-west (Figure 2). It is surrounded by 
the Djurdjura mountains to the south and the Aftir coast 
to the north. This synclinal depression, filled with detrital 
materials derived from the crystalline rocks of the Kabyle 
socle, has resulted in the formation of stepped terraces. The 
underlying substrate comprises Miocene marls, which host 
a distinct hydraulic unit within the water table (Smail et al., 
2013).

Multivariate statistical analysis is a quantitative and 
independent method used to classify groundwater samples. 
Furthermore, a connection can be established between 
metals and groundwater samples, as demonstrated by 
Cloutier et al. in 2008. Furthermore, the present study 

The study aimed to assess the water quality of both 
irrigation and drinking water on the alluvial plain of the 
Sebaou Valley. By employing analytical techniques such 
as conductivity and pH measurements, it was feasible to 
acquire a more profound comprehension of the water’s 
behavior. A total of eight boreholes was employed for the 
purpose of sample collection. The analysis was carried 
out at ANRH’s laboratory in Tizi Ouzou, and the samples 
were gathered, using high-density polyethylene bottles. 
Subsequently, these bottles were securely closed in order 
to avoid any air contact . A filter was employed to exclude 
contaminants and particle matter from the samples. To 
mitigate the deposition of metal ions on the surfaces of 
the bottles, a solution of hydrochloric acid that has been 
acidified was employed. The study collected and prepared 
the samples in a way that ensured their reliability and 
accuracy. This was done to ensure that the results of the 
analysis were reliable. The concentration of Ca and Mg 
ions was estimated, using the EDTA sodic titration method, 
which is a complexometric approach. The concentration of 
Cl ions was measured using the Mohr method. On the other 
hand, the concentration of SO4

-2 ions was examined using 
the conductimetric titration method. The concentrations of 
potassium ions (K+) and sodium ions (Na+) were determined 
using a flame photometer. The data obtained in milligrams 
per liter (mg/L) were converted to milliequivalents per liter 
(meq/L). 

23 water samples distributed throughout the plain of 
Sebaou were measured during the high-water and low-water 
periods of 2019. The piezometric maps revealed lateral flows 
from the east to west of the valley, which constitute an NE-
SW-oriented drainage axis in the direction of the wadi flow 
(Figures 3 and 4).

2.2. Agriculture and climate context:

2.3. Geological and Hydrodynamical Setting:

2.5. Multivariate statistical analysis :

2.4. Sampling and analysis:

 Figure 2. Geological formations of the Sébaou Valley.

 Figure 3. Map of piezometry (High Water 2019) ANRH 2019.

 Figure 4. Map of piezometry (Low Water 2019) ANRH 2019.



The index water quality was one of the most successful 
methods for measuring drinking water quality for 
policymakers (Reghais et al., 2023; Bezai et al., 2024). 
WQI is a rating that indicates the combined impact of many 
physico-chemical parameters on water quality (Belkhiri et 
al., 2018).

The relative weight (Wi) of each parameter was estimated 
as follows (Fehdi et al., 2009): 

The following equations express the index: the 
concentration units were transformed from [mg/L] to 
[meq/L] according to the conversion factors given by (Lesch 
et al., 2009).

SAR (eq. 1) Laboratory of the USDA (Wilcox et al., 
1995):

 PI This parameter was estimated as follows (eq. 2), 
according to (Dinka, 2016):

Kelly’s Ratio (KR) was calculated using the following 
equation 5 (Kelley, 1963):

The sodium content percent (percent Na) was calculated 
using the following equation 4 (Todd, 1980):

RSC (Residual Sodium Carbonate) index (eq. 3) 
(Richards, 1954);

Total Hardness (TH) was calculated using the following 
equation 6 (Crittenden et al., 2012):

Wi is the weight and number of each parameter, for each 
parameter, the consistency rating scale (Qi) is assigned by 
dividing its concentration by its respective norm in each 
water sample (Al-Mashhadany, 2021).

WQI =∑ Qi *Wi and Qi =∑ Vn/Sn*100

employed principal component analysis (PCA) and cluster 
analysis (CA), utilizing R Language version 4.1.1. (2021). 
Key statistical measures are the mean, range, and standard 
deviation (Khanoranga et al., 2019). K-means clustering 
was performed to group the sites into groups. The process 
of splitting a dataset into discrete groups or clusters based 
on a pattern optimizes certain clustering criteria.

2.6. Assessment for Drinking:

2.7. Assessment Irrigation water quality indexes:
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3. Results and Discussion

Table 1 summarizes the results of the hydrogeochemical 
analysis hydrogeochemical of the collected data. 

3.1. Groundwater Chemistry:

Table 1. Hydrogeochemical analysis of the Groundwater outputs.

Wells 
name year Ca+2 

(meq/L) Mg+2 Na+ K+ HCO3
- Cl- SO4

-2  NO3
- TH TA TDS pH

CE

µ/cm

W1 June 2018 6,943 3,006 1,435 0,051 5,998 1,517 1,416 0 49,743 0 779 7.6 1063

W2 June 2018 6,075 3,006 2,088 0,102 5,998 2,022 2,249 0,403 45,404 0 781 7.6 1060

W3 June 2018 7,377 1,288 2,262 0,026 7,747 1,657 1,874 0,065 43,324 0 842 7.5 987

W4 June 2018 6,509 2,147 1,348 0,051 6,748 1,32 1,624 0 43,279 0 726 7.8 846

W5 June 2018 6,292 1,718 2,088 0,026 6,248 1,798 1,145 0 40,047 0 696 8.2 843

W6 June 2018 8,244 3,865 1,957 0,077 7,747 1,742 3,31 0,887 60,546 0 1009 7.6 1290

W7 June 2018 7,377 2,147 1,522 0,077 7,248 1,404 1,166 0,339 47,618 0 781 7.6 905

W8 June 2018 7,81 4,079 2,262 0,051 8,747 1,742 2,561 0 59,5 0 979 7.7 1180

752 October 2018 6,719 3,716 1,174 0,072 6,498 1,882 2,457 0,032 52,176 0 806 7,6 1010

753 October 2018 7,905 2,347 2,392 0,038 7,498 2,247 1,999 0,29 51,259 0 895 7,37 1193

754 October 2018 5,929 2,738 2,218 0,026 5,998 2,36 1,416 0,29 43,334 0 737 7,6 963

755 October 2018 8,695 4,694 2,088 0,128 7,498 2,5 3,748 0,758 66,946 0 1025 7,43 1386

756 October 2018 5,533 2,738 1,653 0,026 5,498 2,303 1,353 0,032 41,358 0 681 7,6 847

757 October 2018 6,719 2,542 1,348 0,23 6,498 2,022 1,416 0,508 46,309 0 569 7,27 950

758 October 2018 2,569 2,347 0,913 0,486 4,499 1,77 0,208 0,161 24,58 0 448 7,3 604

W01 May 2013 5,3 3,15 1,78 0,06 3,99 2,022 3,331 0,08 43 20 727 7,4 1 101

W02 May 2013 2,65 3,67 0,91 0,05 5,49 0,562 1,062 0,08 32 28 468 7,4 750

W03 May 2013 1,59 6,61 0,95 0,05 7,99 0,534 1,499 0,24 41 40 560 7,4 1 000

W04 May 2013 3,18 7,35 1,95 0,12 6,99 0,674 5,663 0,59 53 35 847 7,2 1 284

W05 May 2013 3,39 5,04 1,87 0,04 6,99 0,758 1,457 0,35 43 35 532 7,3 919

W06 May 2013 3,61 4,83 1,26 0,05 6,49 0,646 1,707 0,43 43 33 562 7,5 903

W07 May 2013 2,65 3,67 1,6 0,03 4,99 0,787 1,499 0,29 32 25 590 7,3 900

W08 May 2013 3,71 3,67 1,13 0,06 5,99 0,646 1,145 0,22 37 30 527 7,4 800
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Table 1 presents the descriptive data for groundwater, 
indicating that the conductivity levels range from 800 to 
1386 µS/cm. Some of these samples exhibit unsuitable 
water quality, which can be attributed to excessive salinity 
in the Basale section of Great Kabylia. This salinity issue 
arises from contamination by wastewater and agricultural 
practices involving the extensive use of chemical fertilizers.

The pH of groundwater varied from 7,2 to 8,2, 
indicating a low alkaline kind. HCO3 can increase the 
pH and affect corrosion rates due to importing alkalinity 
into the water (Fijani et al., 2023). TDS levels ranged 
from 527 to 1025 in the research area. The dissipation of 
the dolomitic limestone terrains of Chellata-Djurdjura is 
also responsible for the high TDS levels detected in the 
dissolved matter. TDS levels are lower due to dilution from 
rainfall and the influent nature of surface water. Chloride 
and sodium concentrations in groundwater range from 0,53 
to 1,88 meq/L and 0,91 to 2,26 meq/L. respectively, calcium 
ion concentrations are moderately greater than other 
cations, ranging from 1,5 to 8,6 meq/L, and magnesium 
concentrations range from 1,2 to 7,3 meq/L.

The physical-chemical data are provided in Figure 5 
to determine the chemical facies of Upper Sebaou Valley 
groundwater. Hydrochemical facies characterize calcium 
and magnesium bicarbonate and chloride and sulfate 
calcium and magnesium types, with Ca2+> Mg > Na 
and HCO3>Cl> SO4> NO3 as significant ions. The first 
group consists of samples (W1, W5, and W7), dominated 
by bicarbonate and chloride. The second group comprises 
wells (W2, W3, W4, W6, and W8), with HCO3 > SO4>Cl > 
NO3 as significant ion abundance, sulfate as the dominant 
element, and bicarbonate and calcium being the most 
prevalent in this group.

The ratio-I for cations [(Na+K)/(Na+K+Ca)] and 
ratio-II for anions [Cl/(Cl+HCO3)] as a function of TDS 
is commonly used to analyze the functional sources of 
dissolved chemical constituents, as shown in Figure 
6 (Polemio et al., 2005). The location of the samples 
obtained in TDS > 500 mg/L segments. However, the 
majority of water samples in Sebaou Valley had high TDS 
concentrations and low I/I ratios and were found on the left 
side, indicating the preponderance of rock weathering. The 
phreatic water is controlled by the water rock.

principal component analysis (PCA) uses 8 groundwater 
samples for 13 variables, including chemical-physical 
parameters (EC at 25°C, TH, TAC, TD, and pH) and major 
ions (Na+, K+, Ca2+, Mg+2, Cl-, NO3

-, SO4-2, and HCO3
-). Table 2 

illustrates the physico-chemical element correlation matrix, 
with the latter indicating the correlateable elements by a 
high correlation coefficient ratio. A strong 0.82 connection 
exists between Ca, HCO3, and an average 0.77 correlation 
exists between (Mg, SO4). The chemical facies calcium-
magnesium bicarbonate contains related components of 
the same origin. Ca (0.863), SO4 (0.7), and TDS are all 
substantially associated with electrical conductivity (0.962). 
It’s also worth noting that chlorides have a relationship with 
Na and other elements, probably the result of the invasion 
by the sea.

It is critical to do a statistical analysis of the given 
results. The basic statistics and correlation analysis provided 
insights into groundwater quality characterization. However, 

The concentrations of HCO3 and SO4
-2 vary from 

3,9 to 8,7 and from 0,2 to 3,7 meq/L. During the rainy 
season, the dissolution of limestone-dolomite rocks in the 
sedimentary rocks of the Kabila basement frequently results 
in high magnesium, calcium, bicarbonate, and sulfate 
concentrations. However, potassium K concentrations 
in sample water ranged from 0.02 to 0.4 meq/L, with the 
greater value of K+ possibly related to the excessive usage of 
lime in agricultural zones.

3.2. Groundwater classification:

3.3. Chemical weathering:

3.4. Multivariate statistical analysis:

 Figure 5. Piper diagram for water samples, and the ratio of Na+K/(Na+K+Ca) and Cl/(Cl+HCO3) as a function of TDS (High waters, Low waters).



Table 2. Correlation coefficient matrix of hydrochemical parameters (June 2018).

Table 3. Water quality index.

Table 4. WQI range according to WHO,2017.
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Table 3 shows the water samples used to calculate the 
Water Quality Index (WQI). According to WHO 2017 (Table 
4) based on the World Health Organization’s 2017 report 
(Table 6), the drinking water quality index indicates a high 
standard of drinking water quality, with 90% of the samples 
meeting the criteria for good quality. Additionally, we found 
exceptional water quality in one specific well (W3).

The link between the variables is explained in the graph 
Variable-PCA in Figure 6. NO3, Mg, SO4, Cl, Na, Ca, 
CE, TDS, and HCO3 dominated component 1 on this axis, 
accounting for 50,9% of the total variations. Component 
2 accounts for approximately 18,4 percent of unlimited 
variations; the pH is highly represented on this axis, opposite 
the first factor.

mg/L to a maximum of 159 mg/L; current readings were 
below the WHO limit of 250 mg/L, and the concentration was 
at a level that did not pose a health risk. The concentrations 
of nitrates have not exceeded the allowed level of 50 mg/L 
(WHO 2017).

Figure 7’s Boxplot results revealed the maximum 
and minimum values for Ca (121.73 mg/L and 165.21 
mg/L, respectively) and Mg (15.65 mg/L and 49.56 mg/L, 
respectively), which fall within the permissible limits set by 
WHO in 2017. However, significant variations were observed 
in the values of Na (ranging from 21 mg/L to 57 mg/L), 
surpassing the prescribed permissible limit of 200 mg/L by 
WHO in 2017. The potassium concentration in groundwater 
exhibited variability, ranging from 1 mg/L to 4 mg/L, which 
is below the permissible limit according to WHO guidelines.

In all regions, chloride concentrations ranged from 47 to 
72 mg/L, and Cl values in water samples did not surpass the 
WHO-recommended limit of 250 mg/L for drinkable water. 
The sulfate concentration fluctuates from a minimum of 55 

3.5 Drinking water quality assessment:

Variables Ca2+ Mg2+ Na+ K+ Cl- SO42- HCO3- NO3- pH EC Rsc TH TAC

Ca2+ 1 0,4739 0,1839 -0,009 -0,149 0,4906 0,8224 0,4428 -0,462 0,6843 0,8144 0,8122 0,8224

Mg2+ 0,4739 1 0,1099 0,5111 0,2937 0,7720 0,3431 0,4266 -0,250 0,8437 0,7877 0,8986 0,3431

Na+ 0,1839 0,1099 1 -0,159 0,7910 0,0779 0,4383 0,0861 0,0450 0,3704 0,4506 0,1644 0,4383

K+ -0,009 0,5111 -0,159 1 0,2635 0,2861 -0,157 0,6693 -0,438 0,3823 0,1922 0,3337 -0,157

Cl- -0,149 0,2937 0,7910 0,2635 1 0,2450 -0,060 0,2916 0,0878 0,4235 0,3312 0,1201 -0,060

SO42- 0,4906 0,7720 0,0779 0,2861 0,2450 1 0,1765 0,4142 -0,489 0,8897 0,7953 0,7559 0,1765

HCO3- 0,8224 0,3431 0,4383 -0,157 -0,060 0,1765 1 0,1313 -0,295 0,4726 0,6834 0,6371 1,0000

NO3- 0,4428 0,4266 0,0861 0,6693 0,2916 0,4142 0,1313 1 -0,357 0,5955 0,4813 0,5032 0,1313

pH -0,462 -0,250 0,045 -0,438 0,0878 -0,489 -0,295 -0,357 1 -0,500 -0,454 -0,396 -0,295

EC 0,6843 0,8437 0,3704 0,3823 0,4235 0,8897 0,4726 0,5955 -0,500 1 0,9604 0,8999 0,4726

Rsc 0,8144 0,7877 0,4506 0,1922 0,3312 0,7953 0,6834 0,4813 -0,454 0,9604 1 0,9276 0,6834

TH 0,8122 0,8986 0,1644 0,3337 0,1201 0,7559 0,6371 0,5032 -0,396 0,8999 0,9276 1 0,6371

TAC 0,8224 0,3431 0,4383 -0,157 -0,060 0,1765 1,0000 0,1313 -0,295 0,4726 0,6834 0,6371 1

 Figure 6. PCA of physical-chemical parameters of wells.

 Figure 7. Boxplot of geochimical parameters.

W1 W2 W3 W4 W5 W6 W7 W8

WQI 30.208 37.635 23.795 33.413 40.952 41.834 34.164 35.998

WQI range Water quality

0-25 Excellent

26-50 Good

51-75 Poor

76-100 Very Poor

Above 100 Unsuitable



Table 5. Irrigation water quality evaluation

Table 6. Classification of irrigation water based on SAR, KR, Na%, 
TH RSC, and PI values (Eaton, 1950; Richards, 1954; Kelley, 1963; 

Doneen, 1964).
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Figure 8 and Table 6 highlight the common use of EC 
(Electrical Conductivity) and SAR (Sodium Adsorption 
Ratio) in conjunction. High sodium levels in water pose a 
challenge as they affect soil permeability and lead to issues 
with water infiltration. Sodium displaces calcium and 
magnesium that are absorbed by clay particles, resulting in 
soil compaction. This compaction reduces the rate of water 
infiltration during irrigation cycles, leading to insufficient 
soil saturation for crop roots before the next watering. All 
groundwater samples analyzed in this study exhibited SAR 
values within the excellent class, indicating satisfactory 
irrigation water quality. SAR values ranged from 0.60 to 
1.08.

The carbonate and bicarbonate ratios of residual sodium 
carbonate (RSC) are used to assess the groundwater for 
irrigation suitability (Selvakumar et al., 2017). The negative 
value of RSC indicate that the concentration of Ca+2 and Mg+2 

is in excess (Rawat et al., 2018). The high value of RSC points 
to a high concentration of calcium and magnesium related 
to the reaction of HCO3-, generating calcium bicarbonate 
and magnesium bicarbonate (Chitsazan et al., 2019). High 
alkalinity of water could increase the pH value of the soil 
or plant development environment to the point of damaging 
their growth (Khedidja et al., 2014). The RSC values are 
-0,917 to -4,362 indicate a considerable risk of sodization 
degrading the soil’s physical qualities (Feraga et al., 2021).

The Permeability Index (PI) is a useful tool to assess 
irrigation water suitability. It outlines the effect of sodium, 
calcium, magnesium, and bicarbonate ions concentrations 
on soil permeability (Doneen, 1964; Singh et al., 2020). It 
suggests water classification criteria according to the PI, 
which is related to water quality and displays the rate of water 
penetration (irrigation) into and through the soil (Mandal et 
al., 2019). A criterion for assessing the suitability of water 
for irrigation is based on PI water and can be classified into 

We demonstrate in this part indexes of irrigation water quality, data is presented in Table 5.
3.6. Irrigation water quality assessment:

SAR RSC Na% PI MH TH KR

0,643591 -3,951 12,99995 34,12257 30,21453 49,7427 0,144

0,979845 -3,083 19,43208 40,62248 33,10208 45,40356 0,230

1,086676 -0,917 20,88551 46,17407 14,86757 43,32398 0,261

0,648163 -1,908 13,91858 39,44403 24,80505 43,27898 0,156

1,043318 -1,761 20,87788 45,43254 21,44548 40,04712 0,261

0,795486 -4,362 14,38216 33,70279 31,91591 60,54558 0,162

0,697659 -2,276 14,37708 38,15437 22,54472 47,61813 0,160

0,927663 -3,143 16,28542 36,88169 34,31012 59,44954 0,190

SAR

Class

<10 Excellent

10-18 Good

18-26 Fair

Total hardness (TH)
mg/L

<75 Soft

75-150 moderately

150-300 hard

KR KR> 1	
KR<1

Unsuitable
Safe

Na%

<20 Excellent

20-40 Good

40-60 Permissible

60-80 Doubtful

>80 Unsuitable

PI

>75 Good

25-75% Doubeful

<25 unsuitable

RSC

<1.25 Good

1.25-2.5 Doubeful

>25 unsuitable

 Figure 8. Classification of irrigation water quality according to 
Richards (1954).



classes I, II, and III. Class I and II water were categorized 
as good for irrigation with more than 75% of permeability 
(Khedidja et al., 2021). However, class III water was 
unsuitable with 25% of maximum permeability (Figure 9). 
All samples fall into class I, thus reflecting a good suitability 
for irrigation (Wu et al., 2014).

depicted in Figure 12, exhibit notable variations in SAR 
values over a span of four years. Specifically, the SAR values 
observed in 2018 were considerably higher compared to those 
in 2013. Intensive cultivation practices and the expansion of 
agricultural lands, which result in higher concentrations of 
sodium in the soil, are likely responsible for this increase in 
SAR values. The excessive presence of sodium ions in the 
soil has a detrimental effect on the behavior of the colloidal 
fraction and leads to the dispersion of soil aggregates, 
subsequently reducing soil permeability and causing soil 
hardening (Tijani, 1994; Herrero et al., 2005).

The ratio between the concentration of sodium Na+ and 
the total of Ca+2 and Mg+2 is known as Kelly’s Ratio (KR). 

Groundwater with a Kelly ratio of less than one is 
generally considered suitable for irrigation (Paliwal et al., 
1967). RK readings in this study are in the safe category, 
indicating that it is adequate for irrigation (Table 6).

The sodium percentage (Na%) in water is one of the 
criteria used to define the appropriateness of irrigation water 
(Tiwari et al., 1985). Sodium could indirectly harm vegetation 
by weakening the soil’s physical quality (Richards, 1954). 
Moreover, the soil develops compact. The ability of plants 
to receive water or nutrients from their growth environment 
is hampered by high osmotic pressure in the soil-plant 
interface (Naseem et al., 2012). The percentage of Na in the 
examined sites varied from 12 to 22% (Figure 10). Sebaou 
Valley irrigation waters are grouped into class 2 (good).

Sabrina et al. / JJEES (2025) 16 (1): 50-6057

 Figure 9. Classification of irrigation water based on the permeability 
index (June 2018).

 Figure 10. Suitability of Groundwater for irrigation in Wilcox 
diagram (June 2018).

 Figure 11. Evolution temporal of SAR, RSC, Na%, PI, KR and TH 
in 2013 and 2018.

The water quality for irrigation purposes via irrigation 
index spatiotemporal was calculated for a time period from  
2013 to2018 (Docheshmeh Gorgij et al., 2023) . The results, 

3.7. Distribution of Spatial and Temporal Irrigations Index 

4. Conclusions
This research employed multiple approaches to enhance 

the understanding of water quality in Sebaou, Tizi Ouzou. 
These approaches included Principal Component Analysis 
(PCA), Cluster Analysis (CA), and Correlation Matrix to 
examine the origin of mineralization and assess suitability 
for drinking water. The multivariate statistical techniques 
utilized evaluated the Sebaou Valley plain in Northeastern 
Algeria.

The research findings indicated that the groundwater 
quality in the study area was acceptable for irrigation 
purposes. Although the anatomical results showed 
satisfactory groundwater quality, thunderstorm effects led 
to changes in quality, including reduced rainfall, runoff, 
seepage, and alterations in the composition of precious water 
stones.

The identified significant chemical facies  were primarily 
Ca-HCO3 (with variations of Mg, Cl, SO4, and Na), reflecting 
the mineralization patterns of the geological facies in the 
Sebaou Basin.Djemai et al. (2017) attributed the presence of 
HCO3 to limestone deposits in the Djurdjura mountains to 
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