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Abstract: Soils samples were collected at different depths (from 0 to 120 cm) from tree sites of Tunisia (Chott 

Mariem, Enfidha and Kondar). The minerals and physicochemical properties were analyzed. Then the capacity 

sorption of phosphorus and ammonium was carried only in the samples collected from the surface depth (0- 

25cm) using the batch processes. The results showed that most soil samples have a clayey texture. The available 
of nutriment and heavy metals was different and varied with the sites and depths. The sorption of phosphorus 

and ammonium was rapid initially and gradually diminished to attain equilibrium. The equilibrium was reached 

after 72 h for phosphorus sorption and 300mn for ammonium sorption. Also the levels of P adsorbed were; 

6.27, 6.84 and 6.92 mg P g−1 and ammonium adsorbed were 5.83, 6.5 and 6.3 mg NH4
+g−1 respectively from the 

soil Chott Mariem, Enfidha and kondar. Applications of the following kinetics models: pseudo-first-order, 

pseudo- second-order and Elovich model to the data show that the rates of phosphorus and ammonium sorption 

were best predicted by the pseudo-second-order kinetic model as seen from the correlation coefficient R2  

(≥0.98).  
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I. Introduction 
Soil is dynamic natural bodies composed of organic and inorganic solid particles with properties which 

result of pedogenic process. It is one of the key elements for all terrestrial ecosystems. It supports and provides 

nutrients and water for the plants that provide us food and forest products. It combines several properties 

specially physiochemical all of which affect directly or indirectly nutrient dynamics and availability who can 

evaluate the degree of fertility. Soil fertility is a manageable soil property and its management is of utmost 

importance for optimizing crop nutrition on both a short-term and a long-term basis to achieve sustainable crop 

production. However a sound understanding of variation soil properties and their relationships with crop species 

distribution is believed to be highly essential for integrated and sustainable crop management programmes [1]. 
In this context many studies have emphasized the influence of varying soil properties on the distribution and 

abundance of crop species in different locations [2]. On the others hand soils proprieties provide a suitable 

natural environment for biodegradation of wastes and therefore serve as a sink for the sorption and absorption of 

ions and as a medium for the restoration of vegetation and normal land use [3] and they represent a powerful 

natural biogeochemical barrier, which limits migration of chemical elements and pollution of ground water. 

Although two groups of soil properties are important among them: the ability of soils to adsorb chemical 

elements and to distribute them among the soil components. In the present work, physicochemical 

characterization of soils namely texture, pH, cations exchangeable capacity (CEC), nutriment available and 

heavy metals from three soil profiles located in the three different semi-arid areas, which have been carried out 

at different soil depths. The specific objectives included (1) to identify soils profiles physicochemical and 

mineralogy properties that can be influence the distributional pattern of crop species in the areas and (2) to study 
the capacity sorption of some pollutant such a phosphorus and ammonium by theses soils in order to improve a 

better understanding of the relationship between soil characteristics variability and mobility of some pollutant in 

soil profiles that control groundwater contamination.  
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II. Material and Methods 
Site description  

The study areas are located in the Sousse region, Tunisia. Sousse is a local government area in Sahel of 

Tunisia. The topography is irregular dominated by a string of folds generally oriented NE-SW (N045) [4]. The 

climate is semi-arid with an annual precipitation varied between 170 and 540 mm. Annual temperatures varied 

between 12 to 18 °C in winter and 19 to 38°C in summer. The soils in Sousse are generally deep, well drained 

with low to moderate status, and where crop cover is removed due to human activities. The area serves as a 

corridor of development to complement the tourism development initiatives of the country. The area is currently 

undergoing rapid development and changes in vegetation cover as a result of the influx of people into the 

country and the increasing need for housing.  

 

Soil sampling and analysis  
Soil samples were obtained at four depth, 0–25, 25–60, 60–90, and 90–120 cm from three areas  

situated in the region of Sousse: Chott Mariem (40° 3' N 9°10’ E) in a plot occupied by citrus trees, Enfidha 

(40° 23' N 8° 86' E) in a plot occupied by olive trees and Kondar (39° 98'N, 8°87’E) ) in a plot occupied by 

olive trees. The soil (0–25 cm) is fine sandy loam (Isohumic soils) at Chott Marien, clay soil (Calcic-magnesic) 

at Enfidha and clay soil (Solonetz) at Kondar [5]. Soil analysis was carried out on the air-dried, sieved (<2 mm). 

The soil pH was measured in distilled water using a 1:2 (mass) soil: solution ratio [6]; the particle size 

distribution was determined with the pipette method [7]; the cation exchange capacity (CEC) by Ammonium 

Acetate. The organic carbon (Corg) was determined by Walkley-Black procedure [8], in which the sample is 

digested with potassium dichromate [K2Cr2O7] and concentrated sulfuric acid. The solution was titrated against 

ammonium ferrous sulfate [Fe(NH4)2(SO4)2.6H2O], using diphenylamine indicator. Concentrations of the 

following elements (P, Ca, Mg, K, Fe, Na, Al, Cd, Cu, Mn) in the extracts were determined by Mehlich-III 
methods [9] were determined by equilibrating 2.5 g of air-dried soil with 25 mL of Mehlich-III extracting 

solution for 5 min and filtering through Whatman No. 40 filter paper.  Concentrations of the various elements in 

the extracts were determined by inductively coupled plasma optical emission spectrophotometer (CP–OES, 

Perkins Elmer, Model 4300DV). Total nitrogen (N total) was determinate by Kjeldahl methods. Finally, the 

nitrogen nitrate (N-NO3
-) and the nitrogen ammonium (N-NH4) concentrations were analysed by HPLC Dionex 

DX500 with UV detector. The mineralogical analysis was extracted from the powder XRD data using an 

internal standard for each mineral [10]. The clay fraction was quantified, after purification, and based on a pure, 

standard clay mineral [11]. 

 

Experimental sorption study  

Both sorption capacity of ammonium (NH4
+) and phosphorus (P) were separately carried by the using of 

batch process. The batch sorption experiments were carried out in 250-mL Erlenmeyer flasks where 1 g of each 
soil sample combined separately with 100 mL of the NH4

+ and 100mL of the P solutions prepared by dissolving 

NH4Cl and K2HPO4 in distilled water. The Erlenmeyer flasks were subsequently capped and agitated in an 

isothermal shaker at 120 rpm and 20±2° C to achieve equilibration. At different time intervals, 10 ml of solution 

was sampled from each flask, centrifuged at 2800(g) for 15 min and the supernatant was immediately analysed 

for NH4
+ using the double beam UV–vis spectrophotometer (Shimadzu, Model UV 1601, Japan) at 668 nm and 

for P at 882 nm using the ascorbic acid method. The amount of sorption at equilibrium, Qe (mg.g-1), was 

calculated by:  Qe=
M

xVCCe )( 0
; Where C0 and Ce (mg.L-1) are the liquid-phase concentrations at initial and 

equilibrium, respectively; V is the volume of the solution (L) and M is the mass of dried soil (g).   

 

Sorption kinetic study 

The following kinetic models: the pseudo-first order, the pseudo-second-order and Elovich, were using in this 

studies. 

 

The pseudo-first-order model 

The pseudo-first-order model expressed as follows equation: 
303,2

)log()log(
tk

QeQtQe


 , where k is 

a constant and Qe is the amount of phosphorus (P) adsorbed at equilibrium in mg g−1. The constants k and Qe 

can be calculated using the slope and intercept from the plot of log (Qe−Qt) versus time (t). 
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The pseudo-second-order model 

The pseudo second-order kinetic model is expressed as follows equation:
2

2 )( QQek
dt

dQ
 where k2 is the 

second-order rate constant (gmg−1min−1). By plotting t/Qt versus t in a linear relationship, values of k2 and Qe 

were calculated from the intercept and slope of the plots. 

 

The Elovich equation   

The Elovich equation is generally described by the following equation: 
𝑑𝑄𝑡

𝑑𝑡
=∝ 𝑒−𝛽𝑞𝑡 , where α is the initial 

adsorption rate (mg g−1 min−1) and β is the desorption constant (g mg−1). 

 

Statistical analysis 

All soils samples measurements are means of three laboratory replicates from the compounds samples 

soils collected from each of the three areas profiles. Statistical analyses were conducted using SPSS.13. All 

results were analysed by ANOVA, and significance (P<0.05) between means tested by the student test. To 

assess relationship between elemental data, a Principal Components Analysis (PCA) was performed by using the 

R statistical software. 

 

III. Results and Discussion 
Soil texture  

Soil texture is probably the important physical property determining such fundamental soil properties 

as fertility, aeration and plant available water. Differences in many of these properties among soils can be 

attributed to the strong dependence of texture on soil mineralogy. The results of the textural properties of the 

various sampling locations at different depths are illustrated in Table 1. 

 

Table 1: Soils physico-chemical proprieties 
  Chott-Mariem site Enfidha site Kondar site 

Depth (cm) 0-25 25-60 60-90 90-120 0-25 25-60 60-90 90-120 0-25 25-60 60-90 90-120 

pH (H2O) 8.12 8.41 8.56 8.54 8.26 8.14 7.97 7.87 8.66 8.86 8.35 8.12 

CEC(meq/100g soil) 19,72 22,04 23,45 23,45 37,53 39,28 41,13 44,45 22,28 26,58 31,48 31,15 

C org(mgKg
-1

) 10980 8250 20980 27050 20200 18480 18560 17900 42730 41400 32960 31000 

Ptot(mgKg
-1

) 93,68 20,90 4,12 4,99 4,48 2,19 3,70 3,79 1,98 1,53 1,27 1,91 

N tot(mgKg
-1

) 900 540 510 260 860 630 610 660 610 470 300 300 

N-NO3(mgKg
-1

) 86,4 36,1 169,2 38,2 22,7 59,77 131,4 151,2 283,4 268,3 193,4 164,8 

N-NH4(mgKg
-1

) 6,68 3,29 3,5 3,39 6,60 14,76 6,4 7,01 3,52 3.6 3,9 4,04 

Ca (mgKg
-1

) 5450 5508 5874 5450 10026 9495 7885 11360 17784 10108 12786 20337 

Al (mgKg
-1

) 76 87 72 51 230 159 108 198 34 19 14 34 

K(mgKg
-1

) 491 299 135 106 294 310 298 376 143 129 160 234 

Na (mgKg
-1

) 57,5 232,3 533,6 124,2 798,1 1978 2389 2224 264,5 775,1 1932 2210 

Mn(mgKg
-1

) 59,15 52,5 22,95 4,2 76,8 84 68,9 58,12 11,27 15 20,9 21,25 

Fe (mgKg
-1

) 33,57 24,62 9,01 3,38 41,1 41,9 45,57 44,17 12,2 19,5 30,48 31,94 

Zn (mgKg
-1

) 3,64 0,81 0,463 0,42 1,205 1,14 0,97 1,2 0,54 0,55 0,7 0,92 

Cu (mgKg
-1

) 2,74 1,77 1,13 1,05 2,05 2,16 1,66 1,94 0,87 0,94 1,02 1,2 

Cd (mgKg
-1

) 0,05 0,03 0,02 0,018 0,042 0,048 0,047 0,05 0,036 0,03 0,037 0,057 

Texture 

Fine 

sandy 

loam 

Loam 

sandy 

clay 

Clay 

Loam 

sandy 

clay 

Clay 
Heavy 

clay 

Heavy 

clay 

Heavy 

clay 
Clay Clay 

Sandy 

clay 

Heavy 

clay 

 

            The textural class of the soils was observed to be a mixture of sand, clay and loam in all the areas 

investigated. However, it can been seen that the particle size composition of Enfidha soils and Kondar in the 

different deeps is dominate by the fraction of clay; as soils in the areas are texturally similar and having been 

derived from the same parent material under the same climate and topography. Although from the Chott Mariem 

site it can be show that texture in the (0-25cm) was fine sandy loam and become dominated by the clay with 

increasing depth. From the different areas profiles, the clay fraction was dominating. This is so as the study area 

is a part of the coastal plain of Sousse region which is characterized by very clay soils over wide expanses of 

land [12]. 

 

Soil chemical element composition  

Some chemical characteristic as the pH, CEC, nutriment availability and heavy metal were show in the 

Table 1. The samples soils of the different profiles areas are basic with a pH range of 7.87 to 8.86. Moreover the 
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ANOVA results show that not significantly effect (P <0.05) of variation of pH values in different depths in areas 

profiles. The basic nature of the studied soils is attributed to the high concentration of some basic cations 

especially calcium and magnesium from the different horizons of the soils [13, 14]. The values of the CEC of all 
profiles soils increase with increasing depths. The content of CEC happened to be higher in the profile Enfidha 

site with values ranged from 37.53 at 44.45 (meq/100 of soil) respectively in the first and last layer. In the soils 

profiles of the Chott Mariem and Kondar areas  the CEC values ranged from 19.72 to 23.45 (meq/100 of soil) 

and 22.28 to 31.48 (meq/100 of soil) respectively in the first layer and the last layer. The high values of CEC in 

Enfidha profile soil may be attributed of high content of clay. Reid and Dirou, [15] revealed that both clay and 

organic matter serve as potential sources of nutrients by attracting cations; as such, soils with large amounts of 

clay or organic matter have higher exchange capacities than sandy and silt soils, which are usually low in 

organic matter. The organic (C org) content of the soil in the study area which is an indicator of the organic 

matter content of the soil was found to be low within the Chott Mariem and Enfidha when the amount 

respectively ranged from 0.82 gkg-1in the (25-60 cm) depth at 2.7 gkg-1 in the last layer profiles and from 1.7 

gkg-1 in the last layer to 2.0 gkg-1 in the first layer. While in the Kondar site the amount of Corg was moderate. It 
can be ranged from 3.1 gkg-1 recorded in the last layer to 4.2 gkg-1 recorded in the horizontal layer. This 

variation of Corg level can attribute essentially at the roots mass of citrus and olive crops. The total (N tot) content 

varies substantially with soils profiles areas. The most Ntot storages are recorded in the surface layer with value 

of 900, 860 and 610 mgkg-1 respectively in Chott Mariem, Enfidha, and Kondar. This variation of Ntot amounts 

between the different areas depending on the applied fertilizers. Similar dependencies were also described by 

Sainju et al. [16]. However, it can be seen that Ntot content in each soil profile for different areas decreased 

significantly (P <0.05) with soils depths. The low amounts can recorded in the deeper layer were 260, 610 and 

300 mgkg-1 respectively in Chott Mariem, Enfidha and Kondar soils profiles areas. The decreasing can be 

attributed to higher mineralization of organic matter content in the top soil [17]. The nitrogen nitrate (N-NO3
-) 

can also be utilized by plants and microorganisms as a nitrogen source; under certain conditions it can serve as 

an electron acceptor for microorganisms and be reduced and released as molecular nitrogen. The analysis result 

revealed a variation of the (N-NO3
-) concentration with areas and profiles depth variation. The highest 

concentration was seen in the case of Kondar profile at 283.44 and 268.37(mgkg-1) respectively in the (0-25 and 

25-60cm). This can be attributed to the presence of extremely high clay mineral and organic matter content. All 

soil series had slightly higher value of total phosphorus (Ptotal) except for the surface depth from the Chott 

Mariem areas when it recorded 93.68 (mgKg-1). This high concentration can be explained by phosphate fertilizer 

applied recently. The ANOVA analysis revealed significantly (P <0.05) decreasing of the Ptot concentration with 

the increasing depths especially in the Chott Mariem and Enfidha areas (Table1). This decreasing of the Ptot 

amounts with the depths due that the phosphorus is not readily leached through the soil profile as it reacts with 

soil minerals and tends to stay tightly associated with the soil mineral surfaces. The major loss of phosphorus is 

by plant removal and erosion of topsoil. The amounts of cations (Ca, Mg, K, Na and Al) in the soil in this work 

varied differently as a result of profiles soil areas and within the profiles depths (Table 1). The calcium (Ca) was 

the highest cation detected in the different soils profiles areas. The ANOVA results show that the amount of Ca 
significantly (P <0.05) varied with the variations of profiles soils areas. It can be seen that the Ca content of 

Chott Mariem profile soil significantly (P<0.05) increase with the depths. It evolved from a value of 5450.38 

(mgkg-1) recorded in the surface horizon to a value of 17306.04 (mgkg-1) recorded in the last deep. The increase 

may as a result of leaching of Ca to the deep layers. This finding coincides with that of Iwuafor et al. [18]. From 

Enfidha soil profile site the amount of Ca range from 7885.16 (mgKg-1) recorded in the deep (60-90) cm to 

11360.93 (mgkg-1) recorded in the last deep (90-120cm). Finally from the profile soil Kondar site the amount of 

Ca range from at 10108.91 (mgkg-1) in the (25-60) cm to 20337.43 (mgkg-1) in the last deep (90-120cm). In 

general the amount of Ca recorded in different areas was very high. Some studies indicate that in soil from arid 

or semiarid zones, high calcium concentrations have always been found [19]. Additionally lower levels of 

acidity and less rainfall increase the stability of minerals such the calcium in the soil’s clay. As a result, the high 

calcium content will tend to flocculate in the upper profile of the soil’s clay [20]. Phillips and Chiy [21], after 

applying sodium fertilizers, observed an enhancement leaching of calcium. Also from the Table 1 it can be seen 
that the rate of potassium (K) in the different profile soils was lowest than Ca. From the Chott Mariem site, the 

amount of (K) can significantly (P<0.05) decrease with the deep. It decline from 491.23 (mgkg-1) recorded in 

the first layer at 106.6 (mgkg-1) recorded to deep layer. From the others areas, the high amount recorded from 

the last deep at 376.57 (mgkg-1) and 234.11 (mgkg-1) respectively in Enfidha and Kondar areas. But the low 

amount recorded from the surface horizon at 294.1 (mgkg-1) and from the depth of (25-60 cm) at 129.08 (mgkg-

1
) respectively in Enfidha and Kondar areas. There was also a similar reduction in the amount of soil magnesium 

(Mg) content relative to the amount of Ca, where the amount from the Chott Mariem, Enfidha and Kondar 

ranged respectively between 356.83 (mgkg-1) in the (60-90cm) of depth to 461.68 (mgkg-1) in the last deep, 

668.70 (mgkg-1) in the first deep to 841.43 (mgkg-1) in the last deep and 680.21 (mgkg-1) in the last deep and 

1000.05 (mgkg-1) in the (60-90cm) of depth. The availability of Mg in the different samples soils was in related 
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with the pH. When the soil’s acidity increases, a diminishment of available magnesium is observed due to the 

fact that hydrogen ions occupy a high number of the exchange areas [22]. The amount of aluminum (Al) is very 

low than the others cations. It can be recorded respectively from Chott Mariem, Enfidha and Kondar areas a 
range of value at 51.55 (mgkg-1) in the last deep to 87.23 (25-60cm) deep at 108.25 (mgkg-1) in the (60-90cm) of 

depth to 230.41 (mgkg-1) in the first deep and at 19.06 (25-60cm) of depth to 34.44 (mgkg-1) in the first deep. 

The low of Al due essentially of the high pH recorded in the different areas that can be reducing the availability 

of acid cations. 

 

Mineralogical composition of the soils  

The mineralogical results obtained for the whole samples of the soil profiles (surface and subsurface 

layers) are given in Table 2. The same minerals are observed in all horizons of the different profiles. These are 

quartz calcite, smectite, Kaolinite, illite and chlorite. The abundance of these minerals is the following 

classification: quartz ≥ calcite ≥ smectite ≥ kaolinite≥ illite ≥chlorite. According to this estimate, the distribution 

of minerals in each profile can be described in the following way: for the soil profile of Chott-Mariem, it can be 
revealed a relative homogeneity of the proportions in quartz in the all layer, increasing of calcite in the deep 

layer and different abundance of the kaolinite illite and chlorite. For the Enfidha soil profile, it can show a 

relative homogeneity of the distribution of the proportions in kaolinite, quartz, calcite, smectite in the all 

horizons and different abundance of the illite and chlorite. Finally for the Kondar soil profile, it can suggest a 

preponderance of quartz, calcite in all the horizons and then become less abundant in the deep horizons. The 

smectite is detected with stable values in all layers but the kaolinite, illite and chlorite are there in irregular 

abundance. According to Duchaufour, [23] the process of evolution of clays is mainly inheritance, while the fact 

that same phyllites were observed in the geological substrate of the same area [24]. The abundance of clay in the 

different profiles soils is good index to fixe enough water, which contributes to the good nutrition of crops and 

ensures their growth under optimal conditions [25]. 

Table 2: Mineralogical composition of the different soils profiles 
Sites  Depths  

(cm) 

Identification of mineralogy 

Kaolinite  Quartz  Calcite Smectite Illite  chlorite 

 

Chott-Mariem 

0-25 + +++ + - - - 

25-60 - +++ + + - - 

60-90 + +++ + + + - 

90-120 + +++ ++ + + + 

        

 

Enfidha  

0-25 + +++ ++ + - + 

25-60 + +++ ++ + + - 

60-90 + +++ ++ + + - 

90-120 + +++ ++ + + + 

        

 

Kondar  

0-25 - +++ +++ + - - 

25-60 + +++ +++ + - + 

60-90 + +++ +++ + + + 

90-120 + ++ ++ + + + 

+++ Abundant, ++ moderately abundant, + poorly abundan 
Relationships between physic-chemical elements contents  

The principal component analysis (PCA) was used for all soil samples to identify the relationships 

between some elements concentration and the results are show in Fig 1.  

 

 
Fig1. Relationships between elements contents  
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The analysis of this Fig1, it can be reveled two axes D1 and D2 who can be explain respectively 46.35% 

and 29.02 % of the variance. Moreover at this Fig 1 it can be reveled four groups of elements that are positively 

correlated. The first chemical group (CG1) on positive D1 and negative D2 contained two principal clusters of 
variables with large positive correlation. The first cluster includes K, N, Corg, Zn, and Cu. The second cluster 

includes C/N, and P total. The second chemical group (CG2) on the D1 and D2 positive side includes two principal 

clusters of elements with large positive correlation. The first cluster contains N-NH4, Fe, Mn and Al and the 

second cluster contain Na and S. The third chemical group (CG3) on positive D2 and negative D1 side associate 

the N-NO3
-, and Ca. Finally the fourth chemical group (CG4) on negative D1 and negative D2 regrouped the 

values of pH. The separation of element concentrations in the projections is caused most probably by the origin 

of these elements. The results suggest that there is relationship between some elements recorded in the same 

chemical group. It can be revealed a positive correlation between CEC content and pH proportion for the soil 

samples. This relationship can be due that the soil clay fraction size influences the chemical reaction such 

adsorption and co-precipitation, thereby affecting the solubility and mobility of elements. Thus, it can be noticed 

that the high concentrations of Na related with increased clay size fraction in all soil profiles but not enough to 
explain the distribution of others elements as the content of N-NO3

- and P into the different soils profiles. 

Moreover the correlation analysis shows that N org, K, Cu and Zn, were associated with C org of soil samples. 

The content of C org estimate the content of organic matter in soil with has a direct effect on the elements 

retention in the soil. In our study, organic carbon was differently distributed in the surface, subsurface and 

deepest layers of all soil profiles. The absence of correlation between the different elements adsorption and soil 

organic matter is probably caused by the weakness reactive fraction of the organic matter. Another hand the 

relationship between elements concentration and soil pH values in the different soil samples is studied. 

However, the stability of elements concentrations in the soil is strongly pH dependent. The pH of the soil system 

is a very important parameter, directly influencing the sorption/desorption, precipitation/dissolution, complex 

formation, and oxidation-reduction reactions. The results indicate that there are negative relationship between 

pH and acid cations concentrations as N-NH4, Cu, Fe, Mn and Al. Therefore, increasing pH soil causing acid 

anions were strongly adsorbed at the colloidal surfaces by decreasing the form. It has also been suggested that in 
the pH highest than 7, Fe, Al and Cu tend to precipitate in the form carbonate and hydroxide.  

 

Phosphorus sorption capacity by different soils studies    
The sorption capacity of P by the all soils series was illustrated in Fig.2. I can be seen that the sorption 

capacity for each soil studies was rapid initially and gradually diminished to attain equilibrium after which there 

was no significant increase in the adsorption rate.  

 
Fig 2. Capacity of phosphorus sorption by different soils   Fig 3. Capacity of ammonium  sorption by different 

studies soils studies 

              The results of this experiment were in agreement with the results of the research of Ranjbar et al. 

[26].The equilibrium was reached after approximately 72 h and the levels of P adsorbed were; 6.27, 6.84 and 

6.92 mg P g−1 by the Chott Mariem, Enfidha and Kondar soils, respectively. In the fact, the fast initial sorption 

rate may be explained by high availability of active binding sites on the adsorbent surface. Sorption occurs 
rapidly and is normally controlled by the diffusion of P from the substrate to the surface [27]. In the latter 

phases, sorption is likely an attachment-controlled process such as the penetration of the P ion into the pores of 
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soil micro aggregates and the P ion saturation of the adsorbent surface prevents P ion sorption for each increase 

of soil P application [1]. Also the results also indicate that the soil of the Chott Mariem site adsorbed the 

smallest amount of P, probably because this soil had lower content of clay, organic matter and Ca (Table 1). In 
the same way, it is possible that several other processes may have played an important role in P sorption in the 

different soils as well; for example, a decrease in surface area during adsorption and the precipitation due to the 

high values of pH and Ca associated with low contents of Fe and Al oxides [28]. Another hand, the kinetics 

sorption constant values (k, k2, α and β), and the predicted Qe values for all tested combinations and the 

correlation coefficients R2 of each model pseudo-first order, pseudo-second order and Elovich models are given 

in Table 3.  

Table 3: Modeling parameters of phosphorus kinetics sorption. 
  

Pseudo-first order Pseudo-second order Elovitch 

Sites  Qa R
2
 Qe(mg.g

-1 
) k1 R

2
 Qe(mg.g

-1
 ) k R

2
 α(mg.g-

1
.min

-1
) β (g.mg

-1
) 

Chott Mariem 6,27  0,90 2,04 0,067 0,98 6,85 0,015 0,91 2,60 0,82 

Enfidha 6,74  0,92 2,14 0,091 0,97 7,93 0,014 0,89 3,26 0,68 

Kondar 6,94  0,88 2,11 0,079 0,98 7,94 0,016 0,90 3,54 0,67 

 

          The results indicate that the pseudo-second-order model had the highest R2 values. For this it has been 

adequately employed to describe reactions. This model is based on the sorption capacity of the solid phase and 

indicates that the sorption P by soils studies was quickly.  

 

Ammonium sorption capacity by different soils studies 
               The sorption capacity of NH4

+ by the all soils series is shown in Fig.3. I can be seen that the sorption 

capacity was rapid initially and gradually diminished to attain equilibrium after which there was no significant 

increase in the adsorption rate. It can be due to the presence of unsaturated and active sites in the initiation of 

sorption process and fast diffusion in the pores [26]. By over of time, pores are occupied due causes to increase 

the NH4
+ ion sorption. But, with increasing of contact time, the driving force decreases during mass transfer 

process that leads to increasing of NH4
+ sorption slowly and reaches to the constant value considered as the 

equilibrium time [29]. Also the results indicate that the amounts of NH4
+ sorption by different soils were 

respectively 5.83, 6.5 and 6, 3 mg NH4
+ g−1from the soil Chott Mariem, Enfidha and kondar. The maximum 

amount of strongly sorption NH4
+was observed in soil profile of Kondar area, which had the highest CEC and 

clay content. Elmaci et al. [30], by evaluation of NH4
+sorption in some agricultural soils, reported that sorption 

had positive and negative correlation with silt and sand contents, respectively. Clay content and its composition 
are two important effective factors on NH4

+ sorption. The study results of Zhang et al. [31] revealed that the 

NH4
+sorption had positive correlation with clay content and CEC. Balci [32] indicated that NH4

+ often related to 

organic matter rather than clay minerals and calcium carbonate. Boatman and Murray [33] by studying NH4
+ 

sorption on marine sediments reported that in sediments rich in organic matter, clay–organic matter complex 

was controlling the NH4
+sorption, while in sediments poor in organic matter, type of clay minerals affected 

behavior of NH4
+ sorption. Same others researches have reported that NH4

+ sorption capacity remarkably 

depends on the degree of k saturation of the interlayers of 2:1 clay minerals [29,32]. Moreover, the kinetics 

sorption constant values (k , k2, α and β) and the predicted Qe values for all tested combinations and the 

correlation coefficients R2 of pseudo-first order, pseudo-second order and Elovich models are listed in Table 4.  

 

Table 4: Modeling parameters of ammonium kinetics sorption. 

  Pseudo-first order Pseudo-second order Elovitch 

Sites Qa R
2
 Qe (mg.g

-1 
) k R

2
 Qe(mg.g

-1
 ) k R

2
 α  (mg.g-

1
.min

-1
) β (g.mg

-1
) 

Chott Mariem 5,8 0.99 5,877 0.037 0.99 7,166 0.0002 0.98 0.059 2.243 

Enfidha 6,3 0.98 6,342 0.040 0.98 7,564  0.98 0.060 3.168 

Kondar 6,5 0.97 6,384 0.044 0.99 7,517 0.0003 0.99 0.063 3.988 

 

           The results indicate that the model pseudo-second order had the highest R2 values. For this it can be 

success to describe the kinetics of NH4
+ sorption. This result is in accordance with reported results by Liu et al. 

[34]. 

IV. Conclusion 
The study investigated the distribution of elements content in sampled soils collected from four layers 

of fixed depth, which should describe the topsoil or subsoil layers of three soils sites from the region of Sousse, 

Tunisia. The results show a graduation of the variation with the deeps in the different areas soils especially soil 

Chott Mariem site and it can be conclude that the variation between the sites is very higher than the variation in 

within a same soil profile. The principal component analysis (PCA) was used to identify the relationships 
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between some elements concentration for all soil samples. Correlation diagram exhibited four groups of 

elements when it can be revealed some relationship correlations as the positive correlation between clay 

proportion and CEC values and the negative correlation between pH values and acid cations concentration. 
Another hand it appears that sorption of phosphorus and ammonium by the each soil was rapid initially and 

gradually diminished to attain equilibrium. The variation of level phosphorus and ammonium sorption was 

related with the soil proprieties variation. Applications of three different kinetic equations to the data show that 

the rate of phosphate adsorption was best predicted by the pseudo-second-order kinetic model. 
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