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ABSTRACT

This research aimed to determine the physicochemical characteristics and heavy metal concentrations of agricul-
tural soils used for grape and wheat production in Morocco in the Mohammedia Benslimane area. The organic
matter (OM) content ranged from 0.6% to 2.93%. The degree of total nitrogen was higher in the wheat plots than
in the vine plots in the Mohammedia and Benslimane regions. Total nitrogen average rates ranged from 0.04 to
0.5% and from 0.07 to 0.8% in the vine and wheat plots. These results imply that the soil was silty clay and clay
texture, neutral to slightly acidic at all stations. The P,O, concentrations were 11.15 ppm and 68.14 ppm under the
vine and the wheat plots, respectively, while the potassium concentration ranged from 33.1 to 287.9 ppm and from
26.9 to 184.75 ppm under the vine and the wheat plots, respectively. Furthermore, the concentrations of Cd at a few
stations exceeded the standard value (2 ppm), reaching 10.375 ppm. The Pb and Zn concentrations were higher in
vineyard plots than in wheat plots. The Pb and Zn concentrations were 20.22 ppm and 148.60 ppm, respectively.
This study reports updated information on the states of eight stations in Mohammedia and Benslimane. However,
further research is necessary to determine the pollution factors in local practice crops and naturally growing plants
at these stations to assess their impact on livestock and humans.
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INTRODUCTION health (Khan et al., 2004; Yan et al., 2018). When

the wind blows, the dust particles in the top layer of

It has been proven that most environmental
problems worldwide are due to the contamination
of soils with heavy metals (Hazrat et al., 2019; Ji-
ang et al., 2019). The degradation and poisoning of
soils have recently become natural sources of dan-
ger for rural and urban people (Charlesworth et al.,
2003; Imperqto et al., 2003). Industrial activities
have a serious impact on the global environment
through the daily waste generated by the discharge
of commercial and agricultural wastewater, do-
mestic sewage discharge, and atmospheric deposi-
tion, all of which affect plant, animal, and human

the soil, containing toxic particles, become harm-
ful once inhaled by humans (Alghobar et Suresha,
2017). Furthermore, toxic particles accumulate in
minor particle length fractions in soils (Li et al.,
2001; Manta et al., 2002; Komarniki, 2005).
Heavy metals cause contamination of agricul-
tural soils and crops, which leads to serious envi-
ronmental problems because of their non-biode-
gradability, biological half-life, and ability to accu-
mulate in different parts of human and plant tissues
(Kachenko & Singh, 2006; Radwan & Salama,
2006; Khan et al., 2010; Muhammad et al., 2011).
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In plants, heavy metal contamination causes
alterations in metabolism and physiological and
biochemical processes, which leads to growth re-
duction and lower biomass production (Nagajyoti
et al., 2010). In humans, exposure to high levels
of heavy metals causes several diseases, includ-
ing cancer, immune problems, acute stomach, in-
testinal aches, and liver damage (Harmanescu et
al., 2011; Rahman et al., 2014).

Soil quality appears to be an excellent predic-
tor of long-term land management success (Her-
rick, 2000). Soil is essential for almost all land uses
(Koch et al., 2013). Soil quality refers to the abil-
ity of soil to support plant and animal productiv-
ity, maintain or improve water and air quality, as
well as promote plant and animal health (Oberhol-
zer et al., 2012; Adhikari and Hartemink, 2016).
Morocco has consistently prioritized and strate-
gically chosen to expand its agricultural industry.
However, because the country is primarily arid and
semi-arid, intensive agricultural expansion has in-
creased agricultural production and degraded the

soil quality. This deterioration poses a severe threat
because it results in soil contamination and reduc-
tion in soil fertility. With the development of an
ambitious agricultural policy called the Green Mo-
rocco Plan (GMP) in 2008, soil quality research in
Morocco has become a hot topic. (Faysse, 2015).
In the Mohammedia and Benslimane regions (Mo-
rocco), the growth of cereals has exceeded that of
vines. This alternate rotation might have affected
the first soil quality class in this region known for
the vineyards introduced by the french protectorate.

To the best of our knowledge, this is the first
study to highlight soil quality following a two-
crop rotation (vineyard and cereals) in the Mo-
hammedia and Benslimane regions. This study
aimed to discover the soil traits within the agri-
cultural soils below vines and wheat in these re-
gions and to estimate the detailed soil properties
below vines and wheat. In addition, an evaluation
of the pollutants index as well as the correlation
between biological parameters and trace metal el-
ements were evaluated.

(1) Mansouria (4) Skhairat (7} Zniber
{2) Ouled Taleb (5) Bouznika (8) Fdalate
(3) Cherrat (6) Bssabes (VI Vine W) Wheat

Figure 1. Location of samples in Mohammedia and Benslimane regions
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MATERIALS AND METHODS

This research was conducted in some areas
belonging to the province of Benslimane and the
prefecture of Mohammedia, the region of Cas-
ablanca-Settat (Morocco) (Fig. 1). This area is
positioned between two major cities in Morocco;
the first is capital city Rabat, and the second is
the economic city Casablanca. Regarding the cli-
mate, they are generally characterized by a semi-
arid Mediterranean climate (Amami et al.; 2010).

The investigation was conducted at eight sta-
tions (Bouznika, Bssabes, Cherrat, Fdalate, Man-
souria, Skhairate, Zniber, and Ouled Taleb) in dif-
ferent regions of Mohammedia and Benslimane
cities (Fig. 1). Ten samples were collected at ev-
ery station in the horizon (0-20 cm).

The next step was to carry all these samples to
the laboratory for analysis; therefore, the soil samples
were air-dried and passed through a <2 mm sieve.

Standard techniques were used to measure the
physicochemical parameters of the samples. Soil
texture analysis was performed at various stations
by using the Robinson pipette method (AFNOR
NF X31-107). Soil pH was measured using the
H,O (1:2.5 ratio) method of McLean (1982),
while CaCO, was determined using the Bernard
(Chamley, 1966) method.

The OM analysis was conducted using the
Walkley and Black (1934) method. P,O, was
determined by tmeans of Olsen (1954) method,
and exchangeable potassium was determined ac-
cording to the method described by Lakanen and

Ervio (1971). Total nitrogen content was deter-
mined using the Kjeldahl assay (Kjeldhal, 1995).
Furthermore, the contents of six trace metals (Al,
Fe, Cd, Cu, Pb, and Zn) were determined. The
soil was extracted using aqua regia at -160 °C.

The metal concentrations in the digests
were determined by inductively coupled plas-
ma-atomic emission spectroscopy (ICP-AES;
Perkin Elmer OPTIMA-2000, USA). Each test
was performed in triplicate. The correlation
analyses between variables were performed us-
ing Xlstat (2014).

RESULTS AND DISCUSSION

Physico-chemical properties of soils

In the Fdalate, Zniber, Bssabes, Skhairate,
Bouznika, Cherrat, and Mansouria stations, a
granulometric study revealed a clay texture. The
Ouled Taleb station, on the other hand, had a silt
loam texture (Fig. 2).

The pH is considered the main chemical pa-
rameter that controls the bioavailability of heavy
metals in the soil (Brallier et al., 1996). The re-
sults of the H,O (1:2.5 ratio) method showed
that the pH values were neutral to slightly acidic
at all the stations (Fig. 3). Soil pH values under
wheat cultivation were higher than those under
grapevine cultivation, except at Fdalate station.
A high alkalization value was observed at the
Skhairate station.
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Figure 2. Soil texture of the study area
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Figure 3. Soil pH according stations in Mohammedia and Benslimane regions
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Figure 4. The CaCO, concentration in the studied soils
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Figure 5. Soil organic matter content
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Several studies have been conducted to de-
termine the pH values in different soil regions
of Morocco, especially in the soils under wheat
(Badraoui et al., 1998; Bouabid & Moustaoui,
2005). Compared to the results obtained in those
studies, the pH values in Bahira, Sais, and Moyen
Atlas were similar (7.2, 7.6, and 7.8, respective-
ly). However, Bouanan et al. (2012) and Moughli
(2005), reported higher values in the Triffa plain
(the Moulouya perimeter) and the Tadla area
(8.30, and 8, respectively). Coll (2011), reported
high pH values in vine soil (7.2, and 8.2, respec-
tively). The alkalinity of soils is influenced by
annual rainfall and the combination of the clay
fraction with organic matter.

Figure 4 shows the CaCO, concentrations at
all stations. The CaCO, content of the analyzed
soil varied from 0.8% to 14.25%. These results can
be explained by the predominance of neutral non-
limestone rocks (schist) or acids (granite) in the
soil characteristics of the Mohammedia and Bens-
limane regions (Ghanem, 1978). These results are
comparable with those Bouabid and Moustaoui
(2005) reported in the Sais region (8.4%). How-
ever, high CaCO, values were identified in the ag-
ricultural soils of the Middle Atlas (34.2%).

Organic matter (OM) is an essential compo-
nent of soil fertility that improves soil quality by
enhancing the formation of aggregates, maintain-
ing their stability, and influencing the soil water
stock in nutrients (Oldfield et al., 2018). Figure
5 summarizes the distribution of OM at all the
stations. The results show that the OM rate var-
ied from one plot to another. The average rate of
OM in wheat plots was higher (2.93%) than in
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vineyards plots (1.7%), save for a patch of land
planted with wheat near Skhairate, where organic
fertilizer was available. These results were signif-
icantly lower than those reported by Bouabid and
Moustaoui (2005) in the Sais region, with 3.28%
as the average value of carbonic content. These
results were compared with those recorded in
the soils of Tadla (1.04%) (Moughli et al., 2005),
Middle Atlas (1.9%) (Bouabid and Moustaoui,
2005). In a study conducted by Yaakoubi (2010),
lower OM content values were reported in the
soils under vines in the Meknes region (0.34%).

Nitrogen (N) is an essential element for plant
nutrition. It influences the mineralization of or-
ganic matter, which provides the carbon and en-
ergy necessary for soil biology (Carranca et al.,
2018). The results of the total nitrogen assay us-
ing the Kjeldahl method showed variable values
from one station to another, and total nitrogen
concentrations were in the range of 0.05%—0.8%
(Fig. 6). The total nitrogen dosage of soils under
vines and wheat was higher than that found by
Yaakoubi, (2010) and Edahbi et al., (2014) in the
agricultural soils of Meknes (0.01%) and Lokous
(0.01%, and 0.05%, respectively).

In general, the total nitrogen rate was lower
in the soils under vines than in wheat. This can
be attributed to the mineralization of organic mat-
ter in wheat soils. N strongly influenced the de-
velopment of the vine and the constitution of the
grapes. Even in the absence of N fertilization, the
vine N supply varies according to various param-
eters related to the type of soil, such as organic
matter content, pH, lime content, and fertility in-
dex (C/N) (Trégoat et al., 2002).

= N Soils under wheat

Figure 6. Soil nitrogen content
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Phosphorus (P) is a fundamental element
in plant nutrition and significantly influences
crops (Ocio et al., 1991). Figure 7 summarizes
the P concentrations in the studied soils. The
plots have comparable phosphorus content be-
tween the vineyard and the wheat soils at Cher-
rat (50.21 ppm, and 49.23 ppm, respectively),
Bouznika (11.57 ppm, and 12.13 ppm, respec-
tively), Ouled Taleb (12.35 ppm, and 13.57 ppm,
respectively), Skhairate (34.68 ppm, and 31.29
ppm, respectively), Bssabes (68.01 ppm, and
67.96 ppm, respectively), Zniber (68.17 ppm,
and 68.03 ppm, respectively), and Fdalate sta-
tions (68.24 ppm, and 68.14 ppm, respectively).
Only the Mansouria station showed a signifi-
cant difference between the levels of available
P (53.36 ppm, and 21.03 ppm, respectively).
These levels indicate saturation of soils with P.
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As compared to the results obtained in several
studies, the average phosphorus contents in soils
were high compared to other soils in Morocco, in-
cluding the soils of Sais, Middle Atlas, Tadla, and
Meknes with phosphorus contents of 11.2 ppm, 12.1
ppm, 19 ppm, and 20 ppm, respectively (Bouabid
and Moustaoui., 2005; Moughli et al., 2005). The
limestone in soils under vines and wheat at the Bss-
abes, Fdalate, and Zniber stations influences phos-
phorus assimilation in these soils by forming bonds
between calcium and P provided by the fertilizers.

Potassium (K) is an essential element for plant
development and plays an essential role in plant
metabolism. The deficiency of this element in
clay soils is rare (Gargouri et Mhiri., 2002). Fig-
ure 8 shows the K concentrations at all stations.

There was an exponential evolution of po-
tassium concentrations from the station of

® P soils under wheat

Figure 7. Phosphorus concentration in the studied soils
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Figure 8. The potassium concentration in the studied soils
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Mansouria to the station of Fdalate. The K values
were equivalent between soils under vines and
wheat at the Cherrate and Bouznika stations.

These results showed the richness of K in the
soils studied at all stations. However, these con-
tents were significantly lower than those reported
by Bouabid and Moustaoui (2005) in the soils of
Sais and the Middle Atlas, as well as by Moughli
and co-workers (2005) in the Tadla (817 ppm,
353 ppm, and 467.9 ppm, respectively).

Cd, Cu, Pb, and Zn contamination in soil

The substantial accumulation of metal trace
elements found in the soil is the result of heritage
caused by changes in rock concentrations (local
geochemical background), which are, to a cer-
tain extent, altered by the soil formation process.
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Human activities contribute to the enhancement
of this background (Baize, 1997).

Figure 9 summarizes the Al values at all
stations. The Al values were higher in the vine-
yard soils than in the wheat soils at all stations,
except for Zniber, Fdalate, and Cherrat, with
no significant difference between the soils be-
neath neath the vines and those under the ce-
reals growing, which was manifested by sig-
nificantly low values at the stations of Fdalate,
Bssabes, and Zniber.

Al affects the total acidity of the soil. Thus,
it influences the availability of nutrients, particu-
larly phosphorus, in the soil. Some authors are
currently evaluating the advisability of using the
ratio of available P to exchangeable aluminum
(Al) as an indicator of soil phosphorus saturation
(Khiari et al., 2000).

® Fe Soils under wheat

Figure 9. Al concentration in soils under the vine and the wheat on the studied sites
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Figure 10. Fe concentration in soils under the vine and the wheat on the studied sites
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The Fe contents of soils beneath neath
vine and cereals are comparable in the stations
of Mansouria (0.007 under vine and 0.008 g/
kg under wheat), Cherrat (0.02 under vine and
0.03 g/kg under wheat), Bouznika (0.013 under
vine and 0.01 g/kg under wheat), Ouled Taleb
(0.065 under vine and 0.060 g/kg under wheat)
and Skhairate (0.037 under vine and 0.024 g/kg
under wheat), These levels are extremely low
when compared to the WHO maximum average
limits (0.01-0.05 g/kg). It was possible to detect
iron deficiency in the soils at these stations using
these data (Zaakour et al., 2018).

These levels increased in the stations of Bss-
abes (31.040 under vine and 22.489 g/kg under
wheat), Zniber (79.011 under vine and 35.887 g/
kg under wheat) and Fdalate (15.824 under vine
and 14.619 g/kg under wheat), with a peak re-
corded under vine in the Zniber area (79.011 g/
kg) (Figure 10).

Fe deficiency can be induced by the high pH
value in the soil, during bad aeration, and/or by
high zinc values (Cakmak et al.,1997; Rengel and
Rombheld 2000a; Crowley et al. 2002). The Fe
deficiency at the investigated soil stations could
explain the high Zn values. Several authors have
considered cereal crops to be iron deficiency in-
sensitive, which was the case in the examined
soils (Cakmak et al., 1997, 1998; Kalayci et al.,
1999; Rengel and Rémheld, 2000).

The increase in iron at the last three stations
was probably related to the presence of hidden
iron-rich sulfide clusters. Gravimetric and mag-
netic studies have demonstrated the presence of an
iron cap in the western part of the Mohammedia
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Ben Slimane area (Hathouti, 1990). This could
explain the high iron concentrations recorded
at the stations in the Bssabes, Fdalate, and the
Zniber areas.

This iron accumulation could also be ex-
plained by the distribution of phosphorus concen-
tration in soils, which constitutes a perfect layer
of Fe, through the adsorption of P-PO4, whose af-
finity for Fe oxides and hydroxides is well known
(Courchesne et al., 2002).

Cadmium (Cd) is one of the most ecotoxic
metals that negatively affects soil biological ac-
tivity, plant metabolism, ax well as human and
animal health (Giilten, 2011). High Cd values
were observed in wheat soil from the Zniber sta-
tion and vineyard soils at both the Fdalate and
Bssabes stations (Fig. 11). These values were
higher than those recommended by the WHO (3
ppm). Low Cd concentrations were observed in
Skhairate, Ouled Taleb, Bouznika, Cherrat, and
Mansouria.

Because of its excessive affinity for the soil
fertilizers (N, P, and K), OM, and CaCO,, cad-
mium is less mobile at neutral to slightly acidic
pH (Alloway, 1995; Joosse et al., 2003; Tremel-
Schaub et al., 2005; Van & Jetten, 2006). This
ought to provide an explanation for the excessive
Cd concentration, which was most likely due to
the Cd-rich manure and P fertilizers.

Martin-Garin et al. (2003), reported that Cd
is adsorbed on calcite in the short term and, in
the long term, diffuses into the carbonate crys-
tal to form a solid solution of calcite, which may
explain the frequent Cd enrichment found in the
Fdalate, Bssabes, and Zniber soil stations.

m Cd Soils under wheat

Figure 11. Cd concentration in soils under the vine and the wheat on the studied sites
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The Cd content recorded in the soils under vines
and wheat at the Mansouria, Cherrat, Bouznika,
and Skhairate stations were comparable to those
found at the Settat, Marrakech, Zeida, Ahouli, and
Missouri stations and lower than the values re-
ported by Matech et al. (2014) in Mediouna (Casa-
blanca, Morocco), and by Tlemcani (2007) at the
Mohammedia-Rabat soil stations (194.7 ppm).

Figure 12 presents the concentration of Cu in
all stations, the Cu concentrations in the soils of
the different study stations remain low and vary
between a minimum of 1.14 ppm under vine and
1.43 ppm under wheat recorded at Fdalate and a
maximum of 62.174 ppm under vine and 54.69
ppm under wheat noted at Ouled Taleb (66.7
ppm). These values are well below the limit of
100 ppm recommended by the WHO. The values
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recorded for Cu in the soils under wheat at the
stations Zniber and Skhairate as well as under
vines and under wheat at the stations Mansouria,
Bouznika, Bssabes, and Fdalate were lower than
the values reported in Mediouna (Casablanca),
Marrakech, Settat, and Mohammedia-Rabat
(Matech et al., 2014, Kennou et al., 2014, Kao et
al., 2007, Tlemcani, 2007).

The results shown in Figure 13 show the Pb
concentrations in any respect stations. The differ-
ence in Pb content between the grapevine and wheat
fields was highly significant at all the stations.

At the Zniber station, the highest lead levels
were found in vineyard soils (119.32 ppm). This
exceeded the WHO standard cutoff value for un-
contaminated soils (100 ppm). This concentration
can be explained by its low mobility, which is
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Figure 12. Cu concentration in soils under the vine and the wheat on the studied sites
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Figure 13. Pb concentration in soils under the vine and the wheat on the studied sites
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principally associated with the clay and organic
matter. However, Pb creates soluble organic com-
pounds in the soil and exceeds its absorption
level, it is considered mobile (Raskin and Ensley
2000; Kabata, 2000).

The concentrations of Pb in the soils un-
der vines and wheat were higher than those
obtained in Rabat, Sale, Kenitra, Settat, and
Casablanca (EI idrissi, 2009; Kao et al., 2007;
Benazzouz et al., 2020).

Zinc (Zn) is an essential element in plants,
animals, and humans. Zn deficiency reduces crop
yield and crop quality production (Alloway, 2008).

The Zn concentrations at the eight stations
are illustrated in Figure 14. The the present study,
Zn content in soils under wheat and vine varied
between 51.79-292.9 ppm. The maximum Zn
contents were illustrated in the soils under vines
Mansouria and Cherrat stations (451.01 ppm,
304.28 ppm, respectively) which are superior to
the threshold recommended by the WHO standard
(300 ppm). The high Zn content can be explained,
on the one hand, by its solubility and mobility in
comparison to other heavy metals, and on the oth-
er hand, by their high carbonate absorption.

Compared to the this study, the Mohammedia
and Rabat soil samples showed a high Zn content
at five stations (574-1134 ppm) because of the
heterogeneous nature of household waste, which
is the source of metal pollution (Kennou et al.,
2014). In contrast, Matech et al., (2014), Ken-
nou et al., (2014), Kao et al., (2007), and Tlem-
cani, (2007) reported lower Zn concentrations
compared to the results obtained in thisstudy at
Mansouria, Cherrat, Bouznika, Ouled Taleb, and
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Skhairate stations. A study conducted by Matech
et al (2014) showed that four stations in the Me-
diouna region (Casablanca) had Zn concentra-
tions lower than 100 ppm.

Pollution index

The impact of trace metal contamination on
the ecosystem is linked to all contaminants, rather
than just one metal, as various authors have agreed.

The last identified and recognized multi-ele-
ment contamination is the outcome of an exces-
sive increase in metal toxicity. Thus, the pollu-
tion index (PI) is the average percentage of metal
concentration in soil samples relative to the bruit
values (Jung, 1995).

The most significant PI values were detected
at the Fdalate station (1.44 for grapevine soils and
0.68 for wheat growth), (1.09 for grapevine soils
and 0.81 for wheat growth), and the Zniber sta-
tion (2.20 for grapevine soils and 1.94 for cereals
growing) in the Mohammedia and Benslimane
regions (Zaakour et al., 2020).

The soils of these stations have high Cd con-
centrations of 19.3 ppm (Zniber area) and 15.6
ppm (Fdalate station), as well as high Pb con-
centrations of 182.3 ppm (Zniber area) and 46.7
ppm (Fdalate station) (Fig. 15). At all stations, is
was discovered that the PI was higher in grape-
vine soils than in the areas under cereals growing.
There was an apparent increase in the PI at the
Zniber and Fdalate stations. The pedo-geo-chem-
ical backdrop of these two stations, their prox-
imity to the road, and treatment with phosphate
fertilizers rich in Cd can explain these tendencies.

 Zn Soils under wheat

Figure 14. Concentration of zinc in soils under the vine and the wheat on the studied sites
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Figure 15. PI in soils under the vine and the wheat in each station

Compared with this study, the PI was higher
than that observed at the Oued Merzeg station (PI =
1.5) (Benazzouz et al., 2020). In contrast, other stud-
ies have reported a variation between agricultural
plots depending on the source of chemical pollution
(Chemsi, 2014) or the impact of soil irrigation by
wastewater (Matech et al., 2014; Siba et al., 2018).

Correlation test

The Pearson correlation coefficient can be
used to measure the degree of correlation between
the logarithms of the agronomic parameters and
heavy metals.

The most studied heavy metals globally have
a significant correlation with the threshold value a,
which is equal to 0.05. Given the correlation be-
tween the different parameters studied, is can be
emphasized that the correlations between pH, CE,

Table 1. The correlation coefficients of our study

and organic matter were positive. A significant cor-
relation was also observed between the clay and
Cd (-0.38), Cu (0.66), and Fe (0.40) (Table 1).
Thus, clay plays a significant role in deter-
mining the availability of heavy metals. Li et al
(2000) showed that heavy metals can be absorbed
and immobilized by clay minerals or complexed
with soil organic matter, thus, forming organome-
tallic complexes (Lamy, 2002). Calcium carbon-
ates are the major constituents involved in heavy
metal binding, either by adsorption, precipitation
of hydroxides or carbonates, or insertion into
CaCO, networks (Perrono, 1999). In the consid-
ered soils, highly significant correlations between
CaCO, and Cd (0.5), Cu (-0.43), Fe (0.64), Zn
(-0.47), and Al (-0.44). A high and moderate posi-
tive correlation was observed between Fe and Pb
(0.68) and between Fe and CaCO, (0.64) respec-
tively, indicating their possible common sources

Variables Cd Cu Fe Pb Zn Al Clays | Sand Silt oM pH CaCo,

Cd 1
Cu -0.29 1
Fe 0.37 -0.25 1
Pb 0.11 0.063 0.68 1
Zn -0.34 -0.03 -0.29 -0.01 1
Al -0.19 | 0.108 | -0.33 -0.20 | 0.158

Clays -0.38 | 0.667 | -0.40 -0.11 0.307 | 0.198 1

Sand 0.23 -0.79 | 0.134 | -0.23 -0.17 -0.09 -0.71 1
Silt -0.07 | 0.659 | 0.067 | 0.376 0.05 0.012 0.34 -0.90 1
oM -0.18 0.11 -0.01 0.054 | -0.20 | 0.215 | 0.082 | 0.018 | -0.07 1
pH -0.12 0.46 -0.12 | 0.017 | -0.18 | 0.228 | 0.037 | 0.004 | -0.02 0.98 1

CaCo, 0.509 | -043 | 0.644 | 0.167 | -0.47 -0.44 -0.41 0427 | -0.31 -0.08 -0.26 1
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from anthropogenic activities, as well as compa-
rable behavior in the soil. In most soils, iron ox-
ides are the preferred retention phases for many
metals (Perrono, 1999). The negative correlations
noted between Fe and Al (-0.33), Zn (-0.29), and
clays (-0.44) showed that these hydroxides pre-
cipitated these elements within the soil. In addi-
tion, the average levels of organic matter in the
studied soils may explain why Fe hydroxides are
the main fixing phase of metals, especially since
they are surface soil, so sulfides will be in an oxi-
dized form that cannot trap the metals.

CONCLUSIONS

It may be concluded from the agronomic pa-
rameters of the examined soils, and it may be de-
duce that the pH and organic matter are higher in the
soils under wheat growth than in those under vines.
The total nitrogen rate was higher in wheat than in
vines. This tendency can be partly affected by the
residue type of agricultural contributions to the soil,
and farm manure contributions can also influence it.

The stations Bssabes, Zniber, and Fdalate had
the highest phosphorus and potassium concentra-
tions. These concentrations are likely related to
the use of ternary fertilizers (NPK) for vineyards
soils and wheat.

The Shkairate, Ouled Taleb, Bouznika, Cher-
rat, and Mansouria stations had iron deficiency. In
turn the stations of Fdalate, Zniber, and Bssabes
recorded excessive anomalous concentrations,
these concentrations are probably related to the
proximity of an iron cap and/or sulfide cluster
reported in the western part of the Mohammedia
Ben Slimane area.

The iron content recorded in Mansouria,
Bouznika, Cherrat, Ouled Taleb, and Skhairate
were probably induced by the high zinc concen-
trations at these stations. In turn, the stations of
Bssabes, Zniber, and Fdalate recorded excessive
anomalous concentrations, these concentrations
are probably related to the proximity of an iron
cap and sulfide cluster reported in the western
part of the Mohammedia Benslimane area.

The assessment of soil contamination under
vineyards and wheat growth in the Mohammedia
Benslimane region by the heavy metals Cd, Cu,
Zn, and Pb demonstrates that the zone soils are at
a greater level than uncontaminated soils.

Pollution levels differ based on the field and
the contaminants involved. These contaminants
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are readily available in the soil and pose severe
health concerns. Cadmium has several negative
consequences on humans and the environment,
including neurological, reproductive, and meta-
bolic diseases.

The results obtained reveal a pollutant index
that is extremely high at the stations of Fdalate
and Zniber in comparison to other stations. At
these two stations, the concentrations recorded for
cadmium were probably related to the increased
use of phosphate fertilizers rich in cadmium.

The correlation coefficients showed signifi-
cant differences between the clays and Cd, Cu,
and Fe. The correlation tests revealed high values
for CaCO,, Al, Cd, Cu, Fe, and Zn. This element
tends to accumulate on the rich surface of the or-
ganic matter and clay layer.
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