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This work is the subject of a study of the effect of Atriplexhalimus on the 
variability of the percentage of certain heavy metals in the region of 
Boukhadra-Ouanza north of Tébessa, which is characterized by the proximity of 
an ancient mining area and with different levels of salinity. Where we made 
field trips, the first to know the area and determine the sampling locations, and 
the second to take samples. The latter (soil surrounding the roots of the cut 
plant and soil without vegetation at a distance of one meter), then we measured 
the salinity standards (electrical conductivity and the percentages of certain 
heavy metals. The samples were analyzed at the Geology Laboratory, Faculty of 
Nature and Life Sciences, University of Tébéssa, where soil CE was calculated 
and compared to the percentage of heavy metals (zinc and copper)in the soil. 
The results showed the presence of a significant proportion of heavy metals 
such as zinc and copper, especially in the third study area, which is considered 
high by World Health Organization standards and to acceptable standards, 
because the latter is located near an abandoned mining area, unlike the high 
salinity factor in the first and second areas. Showed the response of this type of 
plant to heavy metals, where we compared. 
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1   Introduction 
 

In Algeria, no reliable and precise cartographic study has been identified making it possible to delimit the 
areas affected by the salinity of the land and the quantification of the content of salts and heavy metals in the 
soil, however, there are some fragmentary data which give an overview. general idea about this phenomenon 
of land degradation. 

According to Szablocs (1989), three million two hundred thousand hectares are subject to varying degrees 
of severity of salinization phenomena, a good part of which is located in the steppe regions, where the 
salinization process is more marked due to the temperatures. high throughout most of the year, as well as the 
lack of efficient drainage. The accumulation of heavy metals in soils is a concern in agricultural production due 
to their adverse effects on crop growth, food quality, and environmental health (Costa & Duta, 2001). 

Also, contaminated soil is of great concern today for emerging countries. Heavy metals such as lead, 
cadmium, copper, zinc, and mercury cannot be biodegraded and therefore persist in the environment for long 
periods of time. In addition, they are continually added to the soil by various activities: in agriculture by the 
application of sewage sludge or in the metallurgical industry. The accumulation of heavy metals in the 
environment can affect the health of humans and animals (Wang et al., 1997). 

In this topic, there is a presentation of soil salinity confirmed in past studies of the northern region of the 
Elouinet-Boukhadra  Ouinza collapse basin. The region will be a center of development for the two abandoned 
mining communes for the coming decades, classified as a steppe zone extending over the semi-arid climatic 
stage (300 to 400 mm), it is dominated by particular vegetation such as l mugwort (Artemisia herba alba), 
esparto (Stipatenacissima), esparto (Lygeumspartum) and orach (A triplex halimus) (FAO, 2010). 

The introduction of plant species tolerant to abiotic stress and of high socio-economic value constitutes 
one of the approaches for the reclamation of saline soils. The ideal choice of vegetation appropriate to these 
conditions constitutes the first step in solving the salinity problem. This is how the introduction of halophilic 
species whiché complete their life cycles at high salinity levels and which have the ability to accumulate high 
concentrations of micronutrients, higher than normal levels (Wang et al., 1997; Saikachout et al., 2015), are 
promising for soil desalination in arid and semi-arid areas (Messedi et al., 2004). The approach adopted is 
based on the synchronic study by comparing soils planted with A triplex halimus species and a control soil, all 
the perimeters studied are included. The aim is to determine the effects of plantations on some salinity 
parameters and heavy metals in the soil. 

 
 

2   Materials and Methods 
 

Equipment 
Region of study  
 
Soils in the arid lands of grasslands as a result of management change that affect the abundance and 
movement of water and salts and Heavy metals in the rhizosphere, several other factors contribute to the 
regulation of processes: topography, the content of rock salt clean, underlying geology and layer hydrology. 

The study area is located in the extreme east of Algeria at the edge of the desert, about 230 km south of 
Annaba on the Mediterranean coast, the region is limited to the south by the Wilaya of Eloued and to the west 
by that of constant and to the East by Tunisia. 
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Figure 1.  Map of plantation zones (black triangle) in the study area 

 
The hydrographic network is well-developed and represented by small temporary streams with broad and 
well-developed valleys, flowing into large wadis, the most important of which are Oued Mellegue and Oued 
Chabro. The distribution of soils is generally very heterogeneous, moreover, if we consider salinity as a 
regionalized variable (Rezkallah et al., 2014), Measuring points located above are characterized by a 
successive accumulation of salts in depth, those which are located an accumulation of salts on the surface (job, 
1981). 
 

 
Figure 2. Satellite photo showing the different wadis in the study region (Source: Google Earth 2023). 

 
A semi-arid climate, for example, characterized by a very cold winter and a very hot and dry summer, results 
in phenomena of shrinkage and sliding of clay soils. Periods of drought spread over several hydrological 
months of the year will contribute to the considerable loss of water from the interstices of the clays, and 
therefore their withdrawal, which will subsequently produce landslides. The vegetation cover of the area is 
almost non-existent, due to the dry climate, high temperature, and lack of humidity. We find this area 
degraded and containing some plant species that are tolerant to the conditions of the area, such as Atriplex 
halimus plants, on which this research was conducted (Benhammou et al., 2009; Thyagaraju, 2016; Hernández 
et al., 2017). 
 

 
Figure 3. Photos of the Atriplex species in the study area 
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Table 1 
Characteristics of other designs Atriplex halimus 

 
      Description Arbuste; The densely packed touffs are blanc argenté. Many new and large 

sizes. Single flowers, yellow ones, put them in the bathroom 
Conditions écologiques Climat : *Précipitations de 150 à 1000 mm* M : 30.3 à 30.8⁰C ;* m : 6.8 à 

7.7⁰C. Sol marneux et limoneux compacts profonds.  Semi-aride, 
présaharien ; Altitude de 0 à 1 500 m. 

Mise in culture 
 

The October transplantation took place in March, 5 x 2 m cartons, and a 
density of 1000 pieds/ha. Floor height: 50 to 60 cm La production 1000 to 
2000 UF/ha/an. 

Valeur fourragère à 0.56 UF/Kg MS. The protein content varies between 12 and 18% per 
kilogram of breast milk. Origins South of Europe 

 
Location and conditions of the experiment: The soil analyses were carried out at the Faculty of Science, 
Department of Geology (University of Tébessa), the experiment was carried out during the academic year 
2022/2023. Sampling: A series of random soil samples collected some samples of Atriplex Halimus planted 
soil and unplanted soil in the study area; during the month of March 2023. 

Sampling: With the aim of carrying out various soil analyses, the samples were taken randomly, fairly 
representative of the three planting zones, 6 soil samples were taken from the rhizosphere of the Atriplex 
halimus compared with the control soil (soil sounds planting with a depth between 10-20 cm), due to two 
sampling trips, the first in March 2023.  All soil samples were taken and placed in identified airtight bags; 
1000g of A horizon soil to a depth of 18 to 25 cm. In the laboratory of the geology department, the soil 
samples collected were spread out on paper and allowed to dry in the open air, in conditions where 
microorganisms do not have the possibility of modifying their properties (Van Oosten & Maggio, 2015; Long et 
al., 2011; Belkheiri & Mulas, 2013). 

This step is followed by separating the fine and coarse parts of the soil with a round mesh sieve of 2 mm in 
diameter. The analyses were carried out only on the fine fraction (diameter < 2 mm). At the laboratory level, 
we placed the soil in distilled water at a rate of 1/5, for a 24 h, then we filtered it and calculated the electrical 
conductivity by condictemetr and the percentage of Zn and Cu phtometre d’absorption atomique. 
 

 
Figure 4. Soil solutions are taken from planted and unplanted soils. 

 
Statistical study of the data 
 
The statistical study was carried out on the basis of two factors: 
 

• Single genotype of (Atriplex halimus) plus a control. 
• Three planting zones. 
• a sampling campaign. 
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The means of the variables measured on the different distributions were subjected to an analysis of variance 
with three classification criteria, using the SSPSS V 26 software 

 
 

3   Results and Discussions 
 

Table 2 
Analysis of the parameters of the soil samples 

 
Zone Soil EC (µS/cm) Cu (mg/l) Zn (mg/l) 

1 Planted soil 762 0,004 0,010 
Unplanted soil 1007 0,024 0,031 

2 Planted soil 328 0,016 0,019 
Unplanted soil 150,1 0,010 0,041 

3 Planted soil 132,5 0,037 0,244 
Unplanted soil 130,6 0,347 0,347 

 
The planting effect of Atriplex: On the electrical conductivity (EC) of the soil solution: The analysis of the 
variance of the results obtained on the electrical conductivity (EC) of the soil solution shows that the effect of 
the species and salinity and the non-significant interaction (Table 3). 
 

Table 3 
Analysis of variance of the effect of Atriplex halimus on the electrical conductivity (EC) of the soil solution 

 
Sources dl Effect MC Effect F Obs. P value 
Species 1 0 0 0 
Salinity 0 0 0 0 

Interaction 1 1165,633 0,005 0,947 
 
The analysis curve shows that the increase in electrical conductivity in the soil of zone 1 compared to the 
others is regular in the soils of zones 2 and 3. The effect of Atriplex.  Halimus is positive except at zone 1 with a 
value of 1007 (µS/cm) in soil without planting eliminated at 762 (µS/cm) of planted soil. The electrical 
conductivity of a soil solution is an important index of the soluble salt contents in this soil (Rezkallah, 2016). 
 

 
Figure 5. Average electrical conductivity of atriplex halimus soil solution 

 
On the electrical conductivity (EC) of the soil solution: The analysis of the variance of the values obtained for 
Zn and Cu in the soil indicates that the results are highly significant (Table 3).  
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Table 4  
Analysis of variance of the effect of Atriplex halimus on heavy metals in the soil solution 

 
heavy metals Number of soil Mc effect M  deviation Mc  error 

Cu 6 0,07300 0,134723 0,055001 
Zn 6 0,11533 0,143692 0,058662 

 
Table 5 

Analysis of variance of the effect of Atriplex halimus on heavy metals in the soil solution 

 
 T df effect P value M deferential 

Cu -71,399 5 0,000 -3,927000 
Zn -66,221 5 0,000 -3,884667 

 
The results obtained show that almost all soils exceeded the recommended agricultural standard. According 
to the table of standards (30-100) of Cu and (100-300) of Zn. Is generally high.oscillating between 0.004 and 
0.024 of Cu from zone 1 and 0.16 and 0.10 in zone 2 and 0.037 with 0.347 from zone 3 Figure 3. 
 

 
Figure 6. Average Cu contents of Atriplex halimus soil solution 

 
Also for Zn 0.010 and 0.031 from Zones 1. 0.019 and 0.041 from zone 2. 0.244 and 0.347 from zone 3. 
 

 
Figure 7. Average Zn contents of the Atriplex halimus  soil solution 

 
Zones of strong mineralization are located almost in all parts of the study region, especially zone 3 for the two 
heavy metals Cu and Zn. We also noticed the presence of the same percentage of the same metal in several 
samples, especially zones 1 and 2 for the two heavy metals Cu and Zn. According to (Ghalmi, 2019), the study 
area can be subdivided into five classes: insignificant pollution (IP<1.0), low (IP: 1.0 to 1.5), moderate (IP: 1.5 
to 2 .0), high (IP: 2.0 to 2.5) and very high (IP > 2.5). 
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For example, the percentage of copper in the soil without planting in Zone 3 is very high compared to the 
others and very low in the soil planted or not in Zone 2 and 3 of Zone 1. We conclude from the graphs that 
there is no relationship between the percentage of heavy metals and salts in the soil (Katsou et al., 2011; Basta 
& McGowen, 2004; Navarro et al., 2008). 

From the above, concerning the variation of soil parameters as a function of salinity, and the effect of the 
plants studied, we can conclude that the accentuation of salinity affects all of the measured physicochemical 
components of the soil, but with more or less variable intensity. Thus, we noticed, in all cases, that salinity 
does not have a significant enough effect on soil pH. However, the type of species used clearly marked the 
characteristics of the soil. Indeed, the A.halimus species is characterized by a record neutral pH value. Unlike 
the EC and the TDS which presented a correlation, of a positive nature, with the effect of the species. As for soil 
minerals, it should be noted that the levels of sodium, calcium, and potassium showed a tendency to decrease 
compared to the species studied (Khadija et al., 2021; Riadh et al., 2010; Caparrós et al., 2022). 

There is an inverse relationship between salinity and heavy metals, because the higher the percentage of 
salts, Due to the presence of a high percentage of cations according to Ross (1994), The presence of calcium in 
soils would also slow down copper from plants. We concluded through this research that the high percentage 
of salinity leads to a decrease in heavy metals, and also the contribution of Atriplex cuts to a decrease in the 
percentage of salinity against heavy metals. 
 

 

4   Conclusion 
 

Through the previous study, which is the absorption of salinity represented by electrical conductivity, as well 
as heavy metals represented by zinc and copper, a varying difference was observed in the rates of electrical 
conductivity for the study area. As for heavy metals, their values are somewhat high in all study areas, and this 
does not reflect the existence of a relationship between the presence of heavy metals and salts in the soil. As 
for the effect of harvest germination, It is positive on the salinity value in the first and third regions, and also 
on heavy metals for zinc in the three study regions, as for Copper in the first and third regions. Hence, we say 
that there is no competitive relationship between the absorption of zinc and copper by the harvest and the 
accumulation of salts in the soil. 
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