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Abstract: This study analyzes map irrigation water quality in the region of Skhirat, Morocco. This
study involves the evaluation of the physico-chemical quality of the irrigation water using Piper and
ULSS diagrams and spatial mapping using GIS. The results showed significant salinization power,
and demonstrated that the salinity and alkalinity classes of irrigation water dominating in the region
are C3-S1 (i.e., average to poor quality; ‘use with caution’), C4-S1 (i.e., poor quality; ‘exclude sensitive
plants and heavy soils’), and C4-S2 (i.e., poor quality; ‘to be used with great care, only in light
soils’). The evaluation of the Piper diagram determines two hydrochemical facies. The bathymetric
map indicates a shallow level downstream and South-West. The salinity map shows high salinity
downstream and upstream. In conclusion, a very alarming degradation of water in terms of salinity
is noted in the region.

Keywords: Skhirat area; mapping; water quality; salinity; hydrochemistry

1. Introduction

Morocco is essentially a semi-arid country with limited rainfall (rainfed system), which
reduces opportunities for agriculture. To feed the ever-growing population, irrigation is
necessary. Groundwater is the major source of irrigation. However, the long-term use
of groundwater would have negative impacts on soil quality and the sustainability of
agricultural production [1].

Groundwater is the main source of drinking, agricultural, and industrial water. The in-
crease in the exploitation of groundwater and increasingly unfavorable climatic conditions
(especially the rainfall variability) have led to the reduction of the aquifer reserves and
deteriorate groundwater quality [2]. These pose a danger to the sustainability of the land-
use system. The most notable degradation process is the salinization of groundwater [3].
Therefore, the aim of this study was to identify the problem of water salinity, identify areas
at risk, and find solutions for the management of these resources. This study consists of
mapping and analyzing the quality of groundwater used for irrigation in the coastal region
of Skhirat, Morocco, which is one of the most important market gardening areas in the
Rabat-Salé region. This study assesses the degree of degradation and provides support for
developing decision-making tools.
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2. Material and Methods
2.1. Study Area

This study was carried out in the perimeter of Skhirat (270 km2), located in the Rabat-
Salé-Kenitra region. The study region lies between Wadi Ykem and Wadi Cherrat rivers
and is part of the coastal Meseta. It is one of the agricultural regions with strong market
gardening activities and farming based on irrigation water using groundwater. The climate
of the region is dry in summer and semi-humid in winter. In the region, the average annual
rainfall is 580 mm and averaged temperature around 17.5 ◦C. The geology of the region
shows impermeable to slightly permeable primary formations of the schistose, sandstone,
quartzitic, and limestone and permeable Mio-Plio-Quaternary formations. The Miocene
presented by marls and limestones and the Plio-Quaternary consists of sands, gravel, and
marine detrital limestone.

2.2. Water Sampling and Laboratory Analysis

In order to assess the state of the hydrochemical quality of irrigation water, a water
monitoring campaign was carried out in the area. Water samples were collected from
a network of 77 water points in hermetically sealed plastic bottles bearing the site code
(Px), with P referring to the well and x the site number, and Lambert coordinates (X, Y)
were taken using a GPS (Figure 1). The groundwater level is measured in situ using a
piezometric probe. The water samples were then taken to the water analysis laboratory of
the Research Unit on the Environment and the Conservation of Natural Resources—INRA-
Rabat. Various physicochemical analyzes of the water (electrical conductivity, pH, and ion
balance) were carried out.
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Figure 1. Location of water samples.

2.3. Mapping

The thematic maps were elaborated using spatial interpolation within Geographic
Information System (GIS). We used the Geostatistical Analysis extension of the ArcGis 10 ©
software. The interpolation algorithm was the Inverse Distance Weighting (IDW).

3. Results and Discussion
3.1. Groundwater Depth

The bathymetric map shows that the depth of the water table oscillates between 2 and
45 m with an average of 16.5 m. The aquifer is closer to the surface in the downstream
areas of the region, and to the South-West; this is due to the infiltration of water from the
rivers and the sea. At the central and South-East parts, the aquifer is deeper, reaching 45 m
(Figure 2).
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Figure 2. Spatial distribution of the water table depth.

3.2. Chemical Facies of Waters

The representation of the chemical results of the waters on the Piper diagram (Figure 3)
made it possible to distinguish two types of facies that characterize the waters of Skhirat
(sodium chloride facies in particular in the downstream and central zones and calcium
chloride facies in the upstream zone).
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3.3. Water Salinity and Alkalinity

The classification of waters, according to the American classification diagram proposed
by USSL Riverside (Richards, 1954) (Figure 4), shows that the dominant classes are C3-S1
and C4-S2 (Table 1). These waters are very strongly to extremely saline and therefore have
a very strong salinizing power on the soil (which can cause a reduction in the yields of
sensitive crops). A total of 80% of the irrigation waters have a SAR of less than 8, and
therefore these waters present a relatively low risk of alkalinization.
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Table 1. Classification of irrigation water according to salinity (Richards, 1954).

Salinity and Alkalinity Class Interpretation % of Wells

C3-S1 Average to poor quality. Use
with caution. 39

C4-S1 Poor quality. Exclude sensitive
plants and heavy soils. 16

C4-S2 Poor quality. To be used, with
great care, only in light soils. 29

C5-S2 Very poor quality. To be used only
in exceptional circumstances. 1.5

C5-S3 Very poor quality. To be used only
in exceptional circumstances. 13

C5-S4 Very poor quality. To be used only
in exceptional circumstances. 1.5

3.4. Water Salinity Mapping

The results found that the water salinity varies in a wide range from 0.9 to 8.1 dS/m
with an average of 3.2 dS/m (Table 2). The map of the spatial distribution of water salinity
shows that the majority of wells located in the downstream (coastal) and upstream parts of
the region have high salinity. Those belonging to the middle part are relatively less saline.
This can be explained by the effect of marine intrusion and the low-level depth of the water
table in the littoral zone. In the upstream zone, water salinity may be due to the interaction
of water with the geological formation of the shale aquifer, characterized by poor quality
water. As for the middle part, the waters have a low salinity which can be attributed to the
high permeability of the limestone formations of the aquifer (Figure 5).

Table 2. Classification of irrigation water based on electrical conductivity.

Salinity Class Symbol EC (dS/m) Number of Wells % of Wells

No saline C1 <0.25 0 0

Moderately saline C2 0.25–0.75 0 0

Strongly saline C3 0.75–2.25 31 40

Very strongly saline C4 2.25–5 32 42

Extremely saline C5 >5 14 18
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4. Conclusions

The study analyzed and mapped the irrigation water quality (and in particular the
salinity) in the Skhirat area of Morocco to assess its potential for degradation. This study
showed a significant salinization power of these waters, especially in the upstream and
downstream parts of the region, with relatively low risk of alkalinization. The salinity and
alkalinity classes of irrigation water dominant in the region are C3-S1, C4-S2, and C4-S1.
The dominant chemical facies are chloruro-sodium type in the downstream and central
zones and chloruro-calcic in the upstream zone. The spatial mapping of the salinity and the
depth of the water table made it possible to locate the sensitive zones of the region. Thus,
the coastal and upstream areas of the region may have soil salinity problems in the future
due to the high salinity of the waters in these areas.
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