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Groundwater is an indispensable source of water for drinking water supply,
agriculture and industry worldwide. In arid and semi-arid regions, groundwater
has seriously deteriorated in recent decades due to environmental changes,
anthropogenic activities and marine intrusion. A total of 79 groundwater
samples from the Nekor-Ghiss plain were sampled for major chemical ion
analysis. These analyzes showed that the water samples were highly
mineralized (>1,500 mg/L), with hardness (83.5% of the samples were very
hard) and high concentrations of chemical elements, such as Cl−, Mg2+, Na+

and SO4
2-. To assess the quality of water in the study area for irrigation and

consumption purposes, we used the quality index (GWQI) as well as a multi-
criteria analysis based on “geographic information system” by assigning a weight
to the different water quality parameters. Also, Piper and Durov diagram was
investigated. The results of the study were focused on the water quality
parameters of the collected groundwater samples, such as the sodium
adsorption rate (SAR), the percentage of soluble sodium (Na%), the Residual
Sodium Carbonate (RSC) and Permeability Index (PI) Majority of water samples
in the study area are suitable to be used for irrigation. Magnesium Risk (MH) and
Kelley’s Ratio Kelly ratio. 51.9% unsuitable samples to 59.49% good samples for
irrigation purposes. Monitoring the quality and quantity of groundwater is crucial
for the effective and sustainablemanagement of this valuable resource. According
to the results obtained, it appears that 92% of all the samples are located in the
domain of frequent recharge waters of limestone and dolomitic aquifers, namely,
Ca-Mg-HCO3. About 8% of the samples measured have a composition of the Ca-
Na-Mg-HCO3 type.
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1 Introduction

Our life support system depends on groundwater, which is
mostly exploited for irrigation and drinking. Water resources’
quality and quantity have increased recently as a result of
population and industrial growth (Loucks and Van Beek, 2017;
Adimalla and Li, 2019).

The Ghis-Nekor plain located in the North-East of Morocco is
characterized by qualitative disturbances and a high density of wells,
leading to overexploitation of the aquifer due to drought over the
past two decades (Chafouq et al., 2018). However, overexploitation
of groundwater can negatively impact groundwater quality,
especially in shallow aquifers (Bouselsal and Saibi, 2022).

Particularly arid and semi-arid regions, characterized by
unpredictable rainfall, often face overexploitation of groundwater
and high evaporation, leading to lower groundwater levels
(Hssaisoune et al., 2020). This drop in water level can also
increase the risk of groundwater contamination. Despite this, the
demand for drinking water in this region continues to increase.
Thus, the management of water resources is a major challenge to
meet this growing demand.

Natural factors like seawater intrusion, the influence of nearby
aquifers, hydrodynamic conditions, the dissolution of evaporitic
rocks, the influence of springs, and the effects of climate change are
predominantly criticized for the degradation of groundwater quality
(Ledesma-Ruiz et al., 2015; Alfarrah and Walraevens, 2018;
Ouhamdouch et al., 2021; Subramaniyan et al., 2022).

Because it significantly impacts how groundwater is used for
irrigation, domestic purposes, and industrial needs, comprehensive
knowledge of water chemistry is crucial for accurately measuring
groundwater quality, especially in rural regions (Biswas et al., 2020;
Bera et al., 2021). One of the fundamental human activities on Earth
is agriculture, which requires a massive million cubic meters of
groundwater for plant growth (Khan et al., 2020). Access to quality
water is essential to preserve a healthy environment, guarantee good
health and promote the wellbeing of the population. Indeed, water is
a vital resource for human beings and ecosystems. Thus, it is crucial
to ensure that the water available is clean and safe, in order to
prevent any contamination or risk to public health (Hunter et al.,
2010; Palaniappan et al., 2010).

The “Water Quality Index” (WQI) can be defined as a parameter
reflecting the overall quality of water in a given location, i.e., the
cumulative effect of different water quality parameters. In the
literature, various authors have described “WQI” for
groundwater. In this context, the assessment of groundwater for
consumption and irrigation has become necessary for the
management of current and future groundwater quality (Sobeih
et al., 2017; Mehrazar et al., 2020; Gabr et al., 2021).

Several studies have been conducted to assess the occurrence of
seawater intrusion and the hydrochemistry of groundwater in the
region, including those of Ghalit et al. (2017), Benyoussef et al., 2022,
Chafouq et al. (2018), Gharibi et al. (2017), Benyoussef et al. (2021),
Bouaissa et al. (2021a, 2022), Nouayti et al. (2022) andWilcox, 1955.
However, the spatial variation of irrigation water quality parameters,
essential to provide useful maps for sustainable water management,
has not been assessed in the study area.

In the present study, the evaluation of the physicochemical
quality of groundwater in the study area is based on several

water classification methods. As well as, assess the spatial extent
of groundwater quality and its suitability for irrigation using a set of
quality indicators. A groundwater quality index (GWQI) was
generated for the entire study area to determine the suitability of
water for drinking and irrigation purposes and to provide useful
information for sustainable water management in the region.

2 Materials and methods

As part of this work, we proceeded to a regular grid of the
studied area and we selected a representative network of 79 wells, the
results of which will be analyzed in this work. These wells have been
the subject of surveys of measurements of the physical parameters of
the water in situ [temperature (T), pH, and electrical
conductivity (E.C)].

Thus, taking water samples in polythene bottles is for chemical
analysis in the laboratory. Sampling and analyzes were carried out in
April 2021 at the chemistry laboratory at the National School of
Applied Sciences of Al-Hoceima and the National Institute of
Agronomic Research (Imzouren), according to the method: The
analysis water (ninth edition) (Rodier et al., 2009).

The parameters analyzed include calcium (Ca2+), magnesium
(Mg2+), chlorides (Cl−), bicarbonates (HCO3

−), nitrates (NO3
−),

nitrites (NO2
−), ammonium (NH4

+), ortho-phosphate (PO4
3-),

sulphates (SO4
2-), sodium (Na+) and potassium (K+). Methods

used included volumetric method with EDTA for calcium and
magnesium, silver nitrate method (0.1 N) for chlorides,
hydrochloric acid method (0.1 N) for bicarbonates, and the
colorimetric assay method using a UV-VIS spectrophotometer
(LANGE HACH DR-6000) for nitrates, nitrites, ammonium,
ortho-phosphate and sulphates. Sodium and potassium were
analyzed using a flame photometer (Model: ELICO CL 378).

The evaluation and visualization of the results were carried out
using Excel 2019, AquaChem. 2014.2 and software for the
Geographic Information System GIS (ArcGIS 10.8).

Piper diagram is known to be one of the most commonly used
graphical tools for underground water classification based on
normalized percentages of major cations (Na1+, K1+, Ca2+ and
Mg2+) and major anions (Cl−, HCO3

− and SO4
2-). Major cations

and anions are depicted in Piper trilinear graphs, which are
analytical tools for evaluating water samples based on their
hydrochemical type and hydrological relationships. Piper charts
are used to visualize the ionic composition of water samples and
help determine the chemical nature of water, as well as its geological
and hydrological origin.

3 Study area

The Nekor-Ghiss plain is part of the province of Al-Hoceima in
northern Morocco on the Mediterranean coast (Figure 1). The
Nekor-Ghiss plain between 3°46′, 3°49′and 3°54′West longitude
and 35°13′, 35°05′and 35°12′North latitude. The study area
belongs to the Riffian zone, which includes the Riffian domain
extending downstream from the Nekor and Ghiss basins. It is
surrounded by schist-sandstone flysch, impermeable as a whole,
except in the North-West sector where limestones appear and in the
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North-East sector where Tortonian andesites outcrop (Chalouan
et al., 2008; Salhi et al., 2008; Benabdelouahab et al., 2019).

Climate change is a major issue for many regions of the world,
including the North-East of Morocco. The increase in temperatures
and the reduction in precipitation forecast for this area in the years
to come may accentuate the existing water deficit. The region is
characterized by a semi-arid climate composed of two seasons, a wet
season with a cold climate (October—May) and a dry season with a
hot climate that extends from June to September (Bouras et al.,
2019). It is a climate marked by an average annual precipitation of

340 mm but also by a strong seasonal and interannual irregularity
(Figure 2). This irregularity is reflected in the hydrological regime of
the Nekor wadi by brief and violent floods and prolonged low water
levels, followed by mechanical erosion which is among the highest in
Morocco (Ghalit et al., 2017).

4 Results and discussion

The most crucial consideration is the groundwater’s quality
because it is the primary determinant of its suitability for
irrigation and consumption in the studied region. Table 1
presents the descriptive statistics for the different physico-
chemical parameters of the groundwater samples. These data
make it possible to better understand the distribution of the
values of the various parameters and to describe the variability of
the chemical characteristics of the water samples.

4.1 Water quality for human consumption

4.1.1 Electrical conductivity (EC)
Numerous geological processes, including ion exchange, reverse

ion exchange, evaporation, silicate weathering, water-rock
interactions, sulfate reduction, oxidation processes, and human

FIGURE 1
Geographical location of the Nekor-Ghiss plain.

FIGURE 2
Ombrothermal diagram of the Al-Hoceima station.
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activity, have an impact on electrical conductivity (Yusuf et al., 2021;
Hao et al., 2022). The findings (Table 1) demonstrate that the
samples examined compared to the WHO (2022) standard
(1,500 μs/cm).

According to the above classification (Table 2) of electrical
conductivity, 60% of the total water samples from the study area
revealed the lightly mineralized water type, and 37.97% of the water
samples were moderately mineralized. The presence of a saline
intrusion could be the cause of the average enrichment in
electrical conductivity (EC) in the study area. Indeed, saline
waters can lead to an increase in the electrical conductivity of
groundwater, which can have negative effects on its use for
irrigation or human consumption.

4.1.2 Total dissolved solids (TDS)
The total dissolved solids (TDS) content in groundwater in the

study area ranged from 1476.39 to 4729.85 mg/L, with an average of
2715.45 mg/L (Table 3).

According to the groundwater classification of Van der Aa
(2003), 98.73% of the total groundwater samples had very high

mineralization (TDS >1,500 mg/L) (WHO, 2022). This
concentration can also be increased by marine intrusion and
human activities such as domestic wastewater discharges that
seep into groundwater.

4.1.3 Total hardness (TH)
Total hardness is an essential characteristic that indicates the

quality of groundwater and is defined as the sum of calcium and
magnesium cation concentrations expressed in mg/L (WHO, 2022).
Total hardness can have an impact on the use of water for various
applications, including irrigation, human consumption or even
industry (Rosborg and Kozisek, 2016).

The total hardness of the groundwater studied ranges from
88 to 1096.05 mg/L of CaCO3, with an average of 592.03 mg/L of
CaCO3.

According to the above classification (Table 4), only 5.06% of the
total groundwater samples are Moderately Hard; 11.4% belong to
the hard class; 83.54% belong to the Very hard category, which
means that the majority of water samples in the study area are
very hard.

TABLE 1 Descriptive statistics of major parameters.

Variable units Minimum Maximum Average Standard deviation

pH 6.91 8.35 7.44 0.31

E.C µs/cm 1950 5,960 3697.85 1059.04

TDS mg/L 1,476.39 4729.85 2715.45 777.67

Na+ mg/L 220 1,104 492.56 185.71

K+ mg/L 1.90 41.10 7.59 7.66

Mg2+ mg/L 12.64 255.79 132.44 52.15

Ca2+ mg/L 35.27 439.28 207.97 86.39

Cl− mg/L 142 1696.9 643.27 289.42

SO4
2- mg/L 205.11 1628.95 812.30 340.69

HCO3
− mg/L 134.2 658.8 379.44 101.15

NO3
− mg/L 0.92 155.25 34.60 29.98

NO2
− mg/L 0 1.69 0.05 0.23

NH4
+ mg/L 0 1.53 0.04 0.18

PO4
3- mg/L 0 1.32 0.18 0.19

TABLE 2 Classification of groundwater samples in the Nekor-Ghiss plain according to EC (Adimalla and Taloor, 2020).

C.E (μS/cm) Mineralization Number of samples % of samples

<1,000 Very weakly mineralized water 0 0

1,000–2000 Weakly mineralized water 1 1.27

2000–4000 Lightly mineralized water 48 60.76

4000–6,000 Moderately mineralized water 30 37.97

6,000–10,000 Highly mineralized water 0 0

>10,000 Excessively mineralized water 0 0
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4.1.4 Concentration of ionic constituents
Table 5 shows the groundwater classification in the Nekor-Ghiss

plain based on the dominant ions in the water.
As shown by the results in Table 5, the majority of water samples

from the study area were characterized by significant mineralization,
due to high concentrations of sulfate, magnesium, chloride, and
sodium ions.

4.2 Groundwater quality index (GWQI)

Across many parts of the world, groundwater quality for
drinking has been evaluated using the GWQI (Adimalla and
Taloor, 2020; Bouaissa et al., 2021b). A multivariate analysis is
developed to create a groundwater quality index (GWQI), in order
to rank the wells most suitable for human consumption.

To calculate GWQI, we based ourselves on 13 parameters (EC,
TDS, HCO3

−, Cl−, SO4
2-, PO4

3-, NO3
−, Ca2+, Mg2+, Na+, K+, NO2

− and
NH4

+) to which we assigned weights (wi) according to their
perceived importance in the overall quality of drinking water and
their impact on human health (Table 6).

The following steps play a major role in estimating the GWQI.

(a) Calculation of relative weight (Wi): A relative weight (Wi) is
calculated by the following equation:

Wi � wi∑n
i wi

(1)

where: “Wi”: relative weight, “wi”: weight of each parameter, “n”:
number of parameters (Table 6).

(b) Quality Rating (Qi): the calculation of Qi:

Qi � Ci

Si
× 100 (2)

where: Ci: concentration of each groundwater quality parameter, Qi:
the quality rating, Si: the recommended guideline value for each
chemical parameter.

According to WHO guidelines, a Quality Rating (Qi) scale for
each parameter is derived from its concentration in each water
sample by its respective standard and then multiplied by 100.

Finally, (c) Sub-index (SIi) and GWQI: The sub-index (SIi) and
the GWQI were calculated by the following equations:

SIi � Wi × Qi (3)

TABLE 3 Classification of groundwater samples in the Ghis-Nekor plain according to TDS (Van der Aa, 2003; Codex Alimentarius Commission, 2007).

TDS (mg/L) Water type Number of samples % of samples

<50 Very low 0 0

50–500 Low 0 0

500–1,000 Moderate 0 0

1,000–1,500 High 1 1.27

>1,500 Very High 78 98.73

TABLE 4 Classification of groundwater samples in the Nekor-Ghiss plain based on total hardness (Sawyer and McCarty, 1967; AFSSA, 2008).

Total hardness (mg/L CaCO3) Hardness class Number of samples % of samples

0–75 Soft 0 0

75–150 Moderately hard 4 5.06

150–300 Hard 9 11.40

>300 Very Hard 66 83.54

TABLE 5 Classification of groundwater samples in the Nekor-Ghiss Plain according to the dominant ions (Van der Aa, 2003).

Ionic composition Class Number of samples % of samples

Calcium Content > 150 mg/L Classic water 0 0

Sulfate Content > 200 mg/L Sulfated water 79 100

Magnesium Content > 50 mg/L Magnesian water 79 100

Bicarbonate Content > 600 mg/L Bicarbonate water 1 1.27

Chloride Content > 200 mg/L Chloride water 78 98.73

Sodium Content > 200 mg/L Sodic water 79 100
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GWQI � ∑n

i�0SIi (4)

where: SIi: sub-index of the ith parameter, Qi: score based on the
concentration of the ith parameter, “n”: total number of parameters.

The methodology is based on the definition of GWQI using the
value of 13 cationic and anionic parameters for 79 water samples.
The results of the calculations are given in Table 7.

According to Table 7, the majority of the samples (68.35%) were
classified as having “poor” quality water based on their WQI scores.
This suggests that there may be issues with water quality in the study
area that could have negative impacts on human health and the
environment. Table 7 also notes that 25.31% of the samples were
classified as having “good” quality water. This suggests that there are
areas within the study area where the water quality is relatively good
andmay be suitable for various uses, such as drinking or irrigation. It
is also worth noting that a small percentage of the samples (6.33%)
were classified as having “very poor” quality water. This indicates
that there are areas within the study area where the water quality is
significantly degraded and may pose a risk to human health and the
environment.

Overall, the results presented in Table 7 suggest that the quality
of water in the study area is variable, with some areas having
relatively good water quality while others are experiencing issues
with water quality. The identification of areas with poor water
quality is an important step in addressing water management
issues and protecting human health and the environment.

According to Figure 3, most of the area was classified as having
“poor quality” water based on the Water Quality Index (WQI)
scores, except for the few points in the east in the study area which
belonged to the good consumption class.

4.3 Irrigation suitability

Different indices of salinity such as electrical conductivity (EC),
chloride (Cl), sodium absorption ratio (SAR), percentage of sodium
(Na%), residual sodium carbonate (RSC), ratio Magnesium uptake
(MAR), permeability index (PI) and Kelly ratio (KR) are important
parameters for assessing groundwater quality for agricultural use.
These indices are used to determine the salinity and toxicity of

TABLE 6 Groundwater quality parameters, and their relative weights, used in the calculation of the groundwater quality index (GWQI) (WHO, 2022).

Parameters Symbol WHO (WHO 2022) Weight (wi) Relative weight wi

Electrical conductivity EC 1,500 4 0.093

Total Dissolved Solids TDS 1,500 5 0.116

Bicarbonate (mg/L) HCO3
− 500 1 0.023

Chlorure (mg/L) Cl− 250 4 0.093

Sulphate (mg/L) SO4
2- 250 4 0.093

Calcium (mg/L) Ca2+ 200 1 0.023

Magnesium (mg/L) Mg2+ 150 5 0.116

Sodium (mg/L) Na+ 200 2 0.046

Potassium (mg/L) K+ 12 2 0.046

Phosphate (mg/L) PO4
3- 20 2 0.046

Nitrate (mg/L) NO3
− 50 3 0.069

Nitrite (mg/L) NO2
− 0,5 5 0.116

Ammonium NH4
+ 0.5 5 0.116

Total - - 43 1

TABLE 7 Classification of groundwater intended for consumption according to the groundwater quality index (GWQI).

GWQI range Type of water Number samples % of samples

<50 Excellent 0 0

50–100 Good 20 25.31

100–200 Poor 54 68.35

200–300 Very poor 5 6.33

>300 Unsuitable for drinking 0 0
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groundwater based on different criteria, such as the ability of water
to be absorbed by soils, the amount of salt dissolved in the water.
Evaluation of these indices is crucial in determining the suitability of
groundwater for irrigation and other agricultural uses (Salifu et al.,
2017).

Overall, these indices are essential tools for evaluating the
suitability of groundwater for agricultural use and can help in
managing soil and water resources effectively. By evaluating
and mapping these parameters, farmers and irrigation
professionals can make informed decisions about water use
and management.

4.3.1 Electrical conductivity (EC)
According to the EC value, groundwater samples are classified

into different categories (Table 1). The Conductivity of the samples
studied varies between 1950 and 5,960 (µs/cm), with an average of
3697.85 (µs/cm), the majority of the samples from the study area are
not acceptable for agricultural use. The origin of chloride in

groundwater can be from various sources such as saltwater
intrusion and windblown salt in precipitation.

4.3.2 Chloride (Cl)
The most predominant ions in irrigation water are chloride and

sodium, both of which can impact crops (Şener et al., 2022). The
origin of chloride in groundwater can be from various sources such
as saltwater intrusion and salt carried by the wind in precipitation
(Li et al., 2020). Excess chloride in water is generally taken as an
index of pollution and considered as a tracer of groundwater
contamination (Boateng et al., 2016). Chloride determinations
can be used to indicate the intrusion of waters of different
composition or to trace and measure the velocities and volumes
of water mass movements.

In our study area, the chloride contents of the groundwater
analyzed ranged from 4 meq/L to 47.86 meq/L, with an average of
18.14 meq/L. Only 20.25% of the water samples are of acceptable
quality for agricultural use.

FIGURE 3
Groundwater quality index map of the plain Nekor-Ghiss.
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FIGURE 4
SAR values for the water samples studied.

FIGURE 5
Spatial distribution maps of irrigation water quality assessment indices in the study area: EC, Cl−, SAR, Na%, RSC, PI and KR.
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Chloride is higher in the area between the rivers (Nekor and
Ghis) and the eastern edge of the plain (Figure 5).

4.3.3 Sodium absorption ratio (SAR)
The sodium absorption ratio (SAR) is one of the most crucial

factors in assessing the danger of soil sodification (Madene et al.,
2022). The SAR is determined by the following equation which is
invented by Richards (1954):

SAR � Na+�������
Ca2++Mg2+

2

√ (5)

Classification of groundwater samples based on SAR values
shows that 92.41% of water samples from the study area had

SAR values below 12, which shows that the majority of samples
were suitable for irrigation (Figure 4).

SAR values are low in most of the study area, except for a few
points on the eastern edge of the plain (Figure 5).

4.3.4 Sodium percentage (Na%)
When analyzing the quality of water for agricultural

consumption, another essential indicator to take into account is
the percentage of sodium. The %Na is calculated using the equation
as follows:

Na% � Na+ + K+

Ca2+ +Mg2+ +Na+ + K+ × 100 (6)

TABLE 8 Methodology for determination of different parameters/indices of groundwater quality for agricultural use.

Parameter Range Quality status/class Nombre of sample % of samples

E.C (μS/cm) <250 Excellent 0 0

250–750 Good 0 0

750–2250 Permissible 2 2.53

2250–5,000 Doubtful 66 83.54

>5,000 Unsuitable 11 13.92

[Cl−] (meq/L) <4 Excellent 0 0

04–07 Good 4 5.06

07–12 Permissible 16 20.25

12–20 Doubtful 30 37.97

>20 Unsuitable 29 36.71

SAR (meq/L) <2 Very Low 0 0

02–12 Low 73 92.41

12–22 Significant 6 7.59

22–32 High 0 0

>32 Very High 0 0

MAR (%) <50 Permissible 41 51.9

>50 Unsuitable 38 48.1

%Na 0–20 Excellent 0 0

20–40 Good 17 21.52

40–60 Permissible 45 56.96

60–80 Doubtful 17 21.52

>80 Unsuitable 0 0

RSC (meq/L) <1.25 Permissible 77 97.46

>1.25 Unsuitable 2 2.53

PI (%) <75 Suitable 70 88.61

>75 Unsuitable 9 11.39

KR <1 Suitable 47 59.49

≥1 Unsuitable 32 40.51
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The results of the quality assessment of groundwater samples
based on Na% (Wilcox and Durum, 1967) shows that 21.52% of the
samples are of good quality in the western edge of the plain, about
56.96% of the samples are permissible for irrigation in most of the
study area and only about 21.52% have questionable class in the
eastern edge of the plain (Table 8; Figure 5).

4.3.5 Residual sodium carbonate (RSC)
High levels of carbonate and bicarbonate relative to magnesium

and calcium in groundwater samples can affect soil permeability
(Amiri et al., 2021). Evaluation of the RSC index is important in
determining the quality of groundwater for irrigation, because a high
RSC can indicate the presence of an excessive amount of carbonate
and bicarbonate in the water, which can affect the ability of soils to
absorb water and nutrients needed for crop growth.

This behavior can be demonstrated by calculating residual
sodium carbonate (RSC) from the following equation (Eaton, 1950):

RCS � HCO−
3 + CO2−

3[ ] − Mg2+ + Ca2+[ ] (7)
In the study area, 77 water samples had RSC values below

1.25 meq/L (Figure 4), indicating that the quality of 97.46% of the
water samples was suitable for irrigation according to their RSC
values (Table 8; Figure 4).

4.3.6 Magnésium absorption ratio (MAR)
Magnesium excess in groundwater can affect the structure of the

soil and lower agricultural productivity (Nagaraju et al., 2014).
According to the values of (MAR) (in %), the samples are
classified into two classes, appropriate (MAR ≤50) or
inappropriate (MAR >50). The MAR is calculated by the
following formula:

MAR � Mg2+

Ca2+ +Mg2+ × 100 (8)

Based on MAR values (in %), the results show that 41 studied
water samples had good quality (MAR ≤50) for irrigation, and
38 groundwater samples exceeded the excess threshold. of MAR
(MAR >50), which means that 48.1% of water samples had poor
quality for irrigation based on their MAR values (Figure 5).

4.3.7 Permeability index (PI)
The soil permeability index (Doneen, 1964) is calculated using

the relationship below:

PI � Na+ + ������
HCO−

3

√
Ca2+ +Mg2+ +Na+

× 100 (9)

The concentrations of the water samples are quantified in
milliequivalents per liter (meq/L). The results show that 70 water
samples had PI values lower than 75%, indicating the good quality of
the majority of groundwater for irrigation (Figure 5).

4.3.8 Kelly’s ratio (KR)
Kelly’s ratio is used to determine the quality of irrigation water

(Kelley, 1940), This ratio measures the concentration of Na+ in the
water relative to the total concentration of Mg2+ and Ca2+, the KR
is given by the following formula:

KR � Na+

Ca2+ +Mg2+ (10)

Based on KR, when KR is <1, it means the water quality is
suitable for irrigation, on the other hand, KR is >1, it means the
water quality for irrigation is inappropriate, as shown in the table.

FIGURE 6
Piper Trilinear Plot for Jericho wells for fall and spring rounds Combined.
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47 wells studied had KR values <1, whichmeans that 59.49% of these
waters had good quality for agricultural use, on the other hand,
32 water samples had KR values >1, which indicates that 40.51%
were unsuitable for irrigation (Figure 5).

4.3.9 Piper and Durov diagram
The results were plotted using the Piper diagram (Piper, 1944)

and were classified as terrestrial alkaline waters with a predominance
of bicarbonates, as shown in Figure 6. About 92% of the samples
were classified as the Ca-Mg-HCO3 domain, which generally
corresponds to groundwater fed by limestone and dolomitic
aquifers. About 8% of the samples showed a chemical
composition of Ca-Na-Mg-HCO3 type. The use of the Piper
diagram is useful for understanding groundwater quality in terms
of its chemical composition, which can help identify potential
sources of contamination and hydrological processes that affect
water quality.

5 Conclusion

The Ghis-Nekor aquifer in northern Morocco was investigated
to evaluate the quality of groundwater and to determine whether the
groundwater in this study region is adequate for use in agriculture
and human consumption. This coastal plain is mainly fed by the
Nekor River, the Ghis River which intervenes in the northwestern
end, and the Al-Khattabi Dam. The groundwater of this aquifer is
characterized by significant mineralization (>1,500 mg/L). For this
reason, the majority of the wells sampled show high values of
electrical conductivity with an average of 3697.85 μs/cm. The
interpretation of Physico-chemical analyzes reveals that the
majority of groundwater in the region is very hard. According to
the (GWQI), groundwater quality in the study area is generally poor
to good for drinking purposes. The classification of groundwater
according to its chemical composition shows that the main
dominant cations and anions in our study area are the following
Cl−, SO4

2-, Na+, and Mg2+. On the other hand, according to our
results based on the values of SAR, %Na, RSC, and PI, the majority of
groundwater wells analyzed were considered permissible for all
agricultural use. According to the parameters of KR, 59.49% of
the water samples belong to the category suitable for irrigation. On
the other hand, the MAR values show that almost half of the water

samples belong to the category permissible for irrigation. The results
also shows that 92% of all samples are falling in the domain of
Ca—Mg—HCO3 which frequently recharges water in limestone and
dolomite aquifers and about 8% of themeasured samples showed the
water type of Ca-Na-Mg-HCO3.

In particular, this study is very useful for farmers and inhabitants
of the region to take the necessary management and protection
measures and adopt rational behaviors for sustainable use of these
groundwaters. It is therefore essential to continue efforts to better
understand the quantity and quality of groundwater in coastal areas,
as well as to work towards the development of viable management
policies.
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