


 Thermodynamic Drivers of Magnesium Ion Exchange in Calcareous Soils: Temperature Effects Across Agricultural Land Uses
Abstract
             In order to evaluate the behavior of magnesium in three different agricultural soils within Nineveh Governorate, northern Iraq, some thermodynamic functions of the capacity and intensity relationships Q/I of magnesium were studied, the study was conducted on three sites with different types of vegetation cover, and each site was divided into two depths (surface, subsurface), thermodynamic functions were studied at three temperatures (278̊, 298̊, 318̊ Kelvin), the results obtained indicate that the average distribution coefficient (Kd) reached (16.45) L Kg-1 when incubated at a temperature of 278̊ Kelvin, and when the samples were incubated at a temperature of 298̊ Kelvin, the average values ​​increased, reaching (22.36) L Kg-1, while when incubated at a temperature of 318̊ Kelvin, we find that there is an increase in the values ​​in general, as the average reached (24.70) L Kg-1, Regarding the relative ionic activity of magnesium ARMg, its value was (-0.728×10-3) mole L-1/2 at a temperature of 278̊ K, and when the equilibrium temperature was increased to 298̊ K, it led to an increase in the ionic activity values ​​in the negative direction, as it reached (-0.970×10-3) mole L-1/2 as an average, while at a temperature of 318̊ K the rate was (-1.103×10-3) mole L-1/2, as for the values ​​of mobile magnesium, the average reached (-28.28) Cmole Kg-1 at a temperature of 278̊ Kelvin, and when the temperature increased to 298̊ Kelvin, the average was (-54.03) Cmole Kg-1, and when the temperature increased to 318̊ K, the average reached (-67.74) Cmole Kg-1. As for the potassium buffering capacity PBCMg, the lowest rate was recorded at a temperature of 278̊ K (36.65) Cmole Kg-1, and the values ​​gradually increased when the temperature increased to 298̊ K, the values ​​were recorded as an average of (55.49) Cmole Kg-1, and the highest values ​​were reached when the incubation temperature increased to 318̊ K, as the general average of the values ​​was (61.48) Cmole Kg-1.
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Introduction
      Magnesium is one of the essential nutrients for most agricultural crops, and it plays a major role in agricultural production, both quantitatively and qualitatively, by improving the quality and production of crops (Havlin, 2020). Nutrients are classified into major and minor nutrients (de Sousa Ferreira et al., 2023). Among the major nutrients, magnesium stands out due to its effective participation in a series of vital processes with a constructive function in the plant metabolism process. Its role is essential as it is found in a central and essential form in the chlorophyll molecule, which is the main function of this element (Al-Hassoon and Jarallah, 2024). Magnesium is one of the elements that undergoes adsorption, release, dissolution and precipitation reactions in the soil environment, which necessitates giving this element some chemical attention to identify the state and movement of its various reactions in the soil (Al-Qattan and Al-Khafagi, 2023). The development of agricultural patterns towards intensive agriculture has made it necessary to reconsider the assessment of the supply capacity of nutrients according to thermodynamic principles to reveal the availability of magnesium in the soil through the use of several chemical standards (Al-Zaidan, 2024), and the state of dynamic equilibrium of magnesium depends on the ionic exchange between the solid and liquid phases of the soil. This exchange is considered one of the important physicochemical methods for identifying magnesium availability by obtaining some criteria related to the fertility aspect of the soil (Sparks et al., 2022). The magnesium ion is characterized by physicochemical behavior and properties that distinguish it from other positive ions in the soil, such as the hydrated ionic diameter, diffusion coefficient, polarity, and its position in the composition of primary and secondary minerals (Sposito, 2008). Ion exchange is one of the reactions that occur in the soil system and depends on the surface charge of clay particles and organic matter. The mechanism of ion exchange is the replacement or entry of ions from the external soil solution present in the structure of the electrical layer of colloidal particles in place of the positive ions adsorbed on the surfaces of the exchange complexes (Sparks, 2003). It is through it that positive ions are exchanged between the solid and liquid phases in the soil, if the exchange occurs between positively charged ions, it is called cation exchange, and if the exchange occurs between negatively charged ions, it is called anion exchange (Strawn et al., 2020). The cation exchange reaction is characterized by being relatively fast and reversible when an ion is adsorbed on the surface of the solid phase. Zeidan (2007) indicated that the substitution capacity of positive ions and cation exchange reactions in soil depend on several factors, the most important of which are the charge of the cation, its chemical nature, the size of the cation, the adsorption surface for which the positive ions compete, and the concentration of the solution surrounding the surfaces and the associated ion (Alemayehu, and Teshome, 2021).. These factors complement each other, and when they are present in an element, it becomes a strong competitor for other elements on the adsorption surface and may gain an advantage in exchange over other elements if its properties are suitable for the requirements of the adsorption surface. Experiments conducted in soil on ion exchange processes have proven that the colloidal particles that make up the solid part of the soil carry negative charges in most cases, the process takes place by attracting positively charged ions to the surfaces of negatively charged colloids, where their charge is different from and equivalent to them. This type is called exchange ions (Mengel and Kirkby, 2001). It is known that the chemical behavior of any ion in a given environment is significantly affected by the temperature of the medium, and that the adsorption process is one of the chemical reactions that generates heat (exothermic) unless it is accompanied by an absorption or diffusion process within the pores of the solid phase, therefore, an increase in temperature leads to a decrease in the adsorption capacity (Dang etal., 2020). From a molecular perspective, increasing the temperature leads to an increase in the kinetic energy of the molecules adsorbed on the adsorbent surface, which leads to an increase in the probability of their separation from the adsorbent surface and their return to the solution (Al-Hayani, 2018). The adsorption process accompanied by absorption or diffusion within the pores is endothermic, so increasing the kinetic energy of the adsorbed molecules increases their ability to enter the pores of the solid phase and increases their diffusion speed within it, therefore the adsorption efficiency increases with increasing temperature (Erenturk and Malkoc, 2007). The aim of this research is to know the behavior of magnesium based on the concept of quantity Q and intensity I and some functions derived from them under different temperatures (278̊, 298̊ and 318̊) Kelvin.
Methods and Materials
1- Selection of study sites 
           The study included three agricultural sites in Nineveh Governorate, Iraq, with soils of different agricultural uses (wheat, fruit, uncultivated), soil samples were collected from the surface layer (0-25 cm) and the subsurface layer (25-50 cm) to conduct routine analyses. The soil samples were air dried and ground using a wooden hammer, then sieved through a 2 mm sieve, the amount of the three components: clay, silt, sand, total calcium carbonate CaCO3, organic matter O.M, cation exchange capacity CEC, pH, and electrical conductivity EC were determined using the methods described (Carter and Gregorich, 2008), as shown in Table (1).                      
2- Study of the ion exchange of magnesium at three temperatures (278̊, 298̊, 318̊) Kelvin
          Transparent plastic containers with a volume of 100 ml and a tight seal were used to study this adsorption, the containers were prepared with a number of concentrations of magnesium prepared from magnesium chloride MgCl2 added as follows (0, 0.1, 0.2, 0.4, 0.6, 0.8, 1, 2, 5) mmol L-1, 2.5 gm of the study soil was placed in each container, and these concentrations were added in volume and the volume was completed to 50 ml with distilled water, after that, the plastic containers were shaken with a shaker for two hours and left to equilibrate for 48 hours at three temperatures (278̊, 298̊, 318̊ K), then, the suspension in the containers was filtered to obtain the equilibrium solution in which calcium, magnesium, pH and EC were determined. The amount of magnesium adsorbed on the surface of the solid phase (Mg-quantity) was calculated, as well as the intensity of magnesium in the equilibrium solution (Mg-intensity), which is expressed by the relative activity of magnesium in the equilibrium solution according to the ratio law, as stated by (Beckett, 1964).
The following functions were calculated:
1. Distribution coefficient Kd for magnesium, which represents the slope of the relationship between the amount of adsorbed magnesium and the magnesium concentration in the equilibrium solution.
The mathematical relationship was drawn between the amount of adsorbed magnesium, expressed as (±∆Mg), which represents the quantity of magnesium in the solid phase of the soil (Q) on the y-axis, and the intensity of magnesium in the liquid phase of the soil (I) on the x-axis (ARMg). Using this relationship, the following constants for Magnesium can be found:
2. Labile-Mg: calculated by extending the linear relationship along the y-axis -∆Mg 
3. Magnesium equilibrium activity ratio ARMg: represents the point where Q/I intersects with the x-axis.
                                                       ARMg 
4. Magnesium potential regulating capacity (PBCMg): Calculated mathematically from the quotient of labile-Mg/Magnesium activity ratio at equilibrium.
5. The amount of magnesium adsorbed on the exchange surface was calculated in mmole Kg-1 from the following equation:
Adsorbed Quantity = (Mg-adding – Mg-equilibrium) V/W 
Table (1): Some physicochemical properties of the study soils
	Texture
	Soil Separates (gm.kg-1)
	CEC
	O.M
	CaCO3
	EC
	pH
	Depth
Cm

	
	Clay
	Silt
	Sand
	Cmol.kg-1
	gm.kg-1
	dS.m-1
	
	

	First Site (Wheat)

	Si.L
	232.0
	582.5
	185.5
	21.73
	16.50
	360
	0.44
	7.20
	0 – 25

	SCL
	307.0
	57.50
	635.5
	20.00
	13.75
	255
	0.43
	7.10
	25 – 50

	Second Site (Fruit)

	SCLo.
	307.0
	532.5
	160.5
	20.00
	16.84
	360
	0.44
	7.50
	0 – 25

	SC
	382.0
	157.5
	460.5
	23.47
	10.99
	385
	0.34
	7.20
	25 – 50

	Third Site (Uncultivated)

	SCL
	282.0
	557.5
	160.5
	22.60
	13.06
	400
	0.60
	7.30
	0 – 25

	CL
	382.0
	182.5
	435.5
	24.34
	10.30
	330
	0.27
	7.10
	25 – 50


SiL: Silt Loam           SCL: Sandy Clay Loam        C: Clay           SCLo.: Silty Clay Loam             SC: Sandy Clay                      L: Loam       Sa.L: Sandy Loam  
Results and discussion
1- Use the graphical relationship of magnesium between the liquid and solid phases of the soil to determine the diffusion coefficient of magnesium at three temperatures:
       The diffusion coefficient (Kd) is the ratio between the amount of the element adsorbed on the surfaces of soil particles to its concentration in the soil solution at equilibrium, it reflects the extent of the soil’s ability to retain the element and is related to the movement of the element in the soil solution (Al-Ghamdi, 2009 and Kapata-Pendias, 2011). Figure (1) shows the diffusion coefficient model for magnesium at the subsurface depth of the first site (278̊ K). Table (2) shows the results of the diffusion coefficient (Kd) values ​​for magnesium between the soil solution and its solid phase, as the lowest value was (10.40) in the subsurface depth of the third site, while the highest value (27.19) was recorded in the subsurface depth of the first site, and as an average, its value reached (16.45) L Kg-1 when incubated at a temperature of 278̊ Kelvin, when the samples were incubated at a temperature of 298̊ Kelvin, the values ​​ranged from (17.44) in the surface depth of the second site to (26.98) in the subsurface depth of the third site, and as an average, it reached (22.36) L Kg-1.
         When incubating at a temperature of 318̊ Kelvin, we find that there is an increase in the values ​​in general, as the lowest value (17.49) was recorded in the surface depth of the second site and the highest (37.33) in the subsurface depth of the first site and at an average of (24.70) L Kg-1. The reason for the increase in the values ​​of the diffusion coefficient is due to the role of organic and mineral colloids, especially carbonates and oxides, which increase the adsorption processes of the element within those colloids,  the tendency of each element to bind to soil components is attributed to the element's hydrolysis constant (PKH), electronegativity, charge density, and solubility product (Ksp) (Sparks, 2003) and (Shaheen et al., 2013).

Figure (1): Relationship between the quantity of adsorbed Mg+2 and its concentration in the equilibrium solution at the subsurface depth of the first site at a temperature of 278̊ K as a model for the Kd.
Table (2): Diffusion coefficient Kd of Mg+2 for the study soils at three temperatures
	Site No.
	Land Use
	Depth
	Kd  L Kg-1

	
	
	
	278 K
	298 K
	318 K

	First
	Wheat
	Surface
	14.03
	21.49
	25.57

	
	
	Sub Surface
	27.19
	23.87
	37.33

	Second
	Fruit
	Surface
	21.06
	17.44
	17.49

	
	
	Sub Surface
	11.78
	25.37
	26.47

	Third
	Uncultiv.
	Surface
	14.25
	19.06
	18.10

	
	
	Sub Surface
	10.40
	26.98
	23.25

	Average
	16.45
	22.36
	24.70





Figure (2): Effect of temperature on the average values ​​of the diffusion coefficient Kd in the study soils.
Regarding the effect of temperature on the values ​​of the diffusion coefficient, as is clear from the linear regression relationship (figure 2), and from the results we obtained, it became clear to us that there is a positive correlation between the diffusion coefficient of magnesium and the equilibrium temperatures (R2=97). When expressing this relationship statistically, we note that increasing the temperature from 278̊ K to 298̊ K led to an increase in the diffusion coefficient values ​​by 35.92%, and increasing the temperature from 298̊ K to 318̊ K led to an increase in the diffusion coefficient values ​​by 10.46%.
2- Evaluation of magnesium behavior using thermodynamic measurements
2-1 Magnesium intensity and quantity (Q/I) curves under the influence of different temperatures  
         The study of thermodynamic parameters in terms of the intensity of the ion in the liquid phase of the soil, its quantity and its buffering capacity is one of the modern studies to express the availability of the element in the root zone of the soil. The results shown in figures (3, 4, 5, 6, 7, and 8) indicate the statistical relationship between the quantity of adsorbed magnesium expressed as (Q) quantity and 
 

  

Figure (3): Quantity/Intensity curve (first location-surface) at three temperatures

  

Figure (4): Quantity/Intensity curve (First location-Sub surface) at three temperature

  

Figure (5): Quantity/Intensity curve (second location-surface) at three temperatures

  

Figure (6): Quantity/Intensity curve (second location-sub surface) at three temperatures


  

Figure (7): Quantity/Intensity curve (third location-surface) at three temperatures

  

Figure (8): Quantity/Intensity curve (third location-sub surface) at three temperatures




the intensity of magnesium in the liquid phase of the soil intensity (I) according to (Becket, 1964). 

Table (3): Linear relationships of magnesium intensity and capacity in the study soils at three temperatures

	R2
	Equations
	Depth
	Land Use
	Site No.

	at 278° kelvin

	0.84
	Q = 20.852(I) – 4.7579
	Surface
	Wheat
	First

	0.78
	Q = 29.43 (I) – 23.492
	Sub Surface
	
	

	0.90
	Q = 48.187 (I) – 38.359
	Surface
	Fruit
	Second

	0.93
	Q = 32.85 (I) – 26.921
	Sub Surface
	
	

	0.80
	Q = 37.792 (I) – 33.794
	Surface
	uncultivated
	Third

	0.94
	Q = 50.824 (I) – 42.394
	Sub Surface
	
	

	0.86
	
	Average

	at 298° kelvin

	0.92
	Q = 54.715 (I) – 54.856
	Surface
	Wheat

	First

	0.85
	Q = 62.694 (I) – 67.413
	Sub Surface
	
	

	0.96
	Q = 50.868 (I) – 44.73
	Surface
	Fruit
	Second

	0.95
	Q = 58.289 (I) – 57.459
	Sub Surface
	
	

	0.92
	Q = 56.198 (I) – 54.617
	Surface
	uncultivated
	Third

	0.84
	Q = 50.221 (I) – 48.144
	Sub Surface
	
	

	0.90
	
	Average

	at 318° kelvin

	0.97
	Q = 54.155 (I) – 63.325
	Surface
	Wheat
	First

	0.91
	Q = 56.495 (I) – 65.237
	Sub Surface
	
	

	0.95
	Q = 53.173 (I) – 58.718
	Surface
	Fruit

	Second

	0.92
	Q = 59.823 (I) – 63.758
	Sub Surface
	
	

	0.94
	Q =79.992 (I) – 89.444
	Surface
	uncultivated
	Third

	0.84
	Q = 65.257 (I) – 66.016
	Sub Surface
	
	

	0.92
	
	Average



        Which was later applied to different elements such as potassium, for example, by many researchers (Al-Sultan and Al-Obaidi, 2022; Al-Qattan, 2023; Al-Zaidan, 2024; Al-Jubouri, 2025). It was also applied to the elements of nitrogen, phosphorus and potassium by (Abdullah, 2024) and to the elements of iron and manganese by (Al-Khafaji, 2021). Which expresses the amount of mobile ions present in the solid soil phase and their intensity in the liquid soil phase, which expresses the intensity of the electric field of the mobile ion relative to the chemical potential of the calcium and magnesium ions moving towards the soil solution. The same figures also show the differences in the values ​​of slope and intersections of the relationships of ion intensity and quantity among the studied soils, due to the connection of these values ​​to the mineral composition of the soil and to the differences in the amount of clay in it and its content of different forms of magnesium. The figures also show the difference in the ability of buffering soils to supply magnesium, in addition to the fact that the shape of these straight lines and their behavior in the Q/I relationship is a distinctive characteristic of each soil and describes the behavior of magnesium added to the soil, which is distributed between the solid and liquid phases of the soil (Wang et al., 2004).
2-2 Relative ionic activity of magnesium at equilibrium (ARMg) under the influence of different temperatures
         In order to know the sites where adsorption occurs on the surfaces of the solid phase of the soil, the relative activity values ​​were relied upon, and the relative activity values ​​of magnesium ARMg represent the intensity of magnesium in the solid phase of the soil when there is no loss or gain of magnesium in the soil system and are a measure of the available content of the soil at the moment and are not related to the soil’s ability to release or prepare the ion over a long period of time (Wakeel and Ishfaq, 2022). The lowest value of ionic activity was recorded at the surface depth of the third site (-0.894×10-3) mole L-1/2, while the highest value of ionic activity ratios was recorded at the surface depth of the first site (-0.228×10-3) mole L-1/2, at a temperature of 278ᵒ Kelvin and at a rate of (-0.728×10-3) mole L-1/2, and when the equilibrium temperature increased to 298ᵒ Kelvin, it led to an increase in the values ​​of ionic activity in the negative direction. The lowest value was in the subsurface depth of the first site (-1.027×10-3) mole L-1/2 and the highest value appeared in the surface depth of the second site, amounting to (-0.879×10-3) mole L-1/2 and at a rate of (-0.970×10-3) mole L-1/2. As for the temperature of 318ᵒ Kelvin, we noticed that the lowest values ​​were in the surface depth of the first site (-1.169×10-3) mole L-1/2, and the highest values ​​reached (-1.011×10-3) mole L-1/2 in the subsurface depth of the third site, and at a rate of (-1.103×10-3) mole L-1/2 (Table 4).

Table (4): Value of activity relative at equilibrium (ARMg) for three temperatures

	Land Use
	Depth
	AR Mg ×(10-3) mole L-1

	
	
	278 K
	298 K
	318 K

	First Site

	Wheat
	Surface
	-0.228
	-1.002
	-1.169

	
	Sub Surface
	-0.798
	-1.027
	-1.154

	Second Site

	Fruit
	Surface
	-0.796
	-0.879
	-1.104

	
	Sub Surface
	-0.819
	-0.985
	-1.065

	Third Site

	Uncultiv.
	Surface
	-0.894
	-0.971
	-1.118

	
	Sub Surface
	-0.834
	-0.958
	-1.011

	Average
	-0.728
	-0.970
	-1.103



         These values ​​indicate that adsorption occurs in sites between mineral layers as well as on the edges, according to (Hamed, 2017) indicated that values ​​that are more than (1×10-2) mole L-1/2 indicate the dominance of adsorption on (Positions Planner), while values ​​less than (1×10-2) mole L-1/2 indicate the dominance of adsorption (Edge site), this confirms that the adsorption process is accompanied by slow stabilization processes that occur between clay mineral layers and are the result of a convergence between ions and the exchange surface in soils (Bilias and Barbayiannis, 2019). Figure (9) shows the linear regression relationship of the effect of temperature on the values ​​of ionic activity ratios, we note that an increase in temperature above 278̊ Kelvin generally led to a clear increase in the values ​​of relative activity in a negative direction, this confirms the assumption that the adsorption process in these soils does not include surface adsorption on the surfaces of soil particles only, but rather is accompanied by slow processes of fixing magnesium between layers of clay minerals, that is, the interaction of magnesium with soil components involves an initial adsorption reaction, and this reaction is completed within minutes of its onset, and is then followed by a slower reaction, increasing the reaction temperature will increase the rate of the reaction that follows the surface adsorption process.


figure (9): Effect of temperature on the average of ARMg in the study soils

       We conclude from the above that increasing the temperature from 278° K to 298°K led to a decrease in the ionic activity percentage in the negative direction by 33.24%, while increasing the temperature from 298°K to 318°K led to a decrease in the negative direction by 13.71%. The reason for the decrease in the ionic activity values ​​with increasing the temperature to a certain extent is the decrease in the speed of the chemical reaction until reaching a state of dynamic equilibrium between the soil phases. That is, at this state (equilibrium state), the ionic activity values ​​reach their highest values ​​and begin to decrease when a state of dynamic imbalance occurs in the soil system (solid-liquid phase of the soil).
2-3 Mobile magnesium (labile-Mg) under the influence of different temperatures 
      The results shown in table (5) indicate the values ​​of mobile magnesium Labile-Mg, which ranged between the lowest value (-42.394) Cmole Kg-1 in the subsurface depth of the third site and the highest value (-4.7579) centimoles.kg-1 in the surface depth of the first site, at a temperature of 278̊ Kelvin and at a rate of (-28.28) Cmole Kg-1, When the temperature increased to 298̊ K, the values ​​ranged from the lowest value (-64.413) Cmole Kg-1 in the subsurface depth of the first site to the highest value (-44.73), and as a general average it reached (-54.03) Cmole Kg-1. As for the temperature of 318̊ K, we note that the lowest values ​​reached (-89.444) in the surface depth of the third site and the highest values ​​reached (-58.718) Cmole Kg-1 in the surface depth of the second site, with an average of (-67.74) Cmole Kg-1. The variation in the values ​​of mobile magnesium in the study soils is due to the difference in the values ​​of the buffering capacity of magnesium potential, this is due to the difference in the properties of the different soils, as these properties play a fundamental role in magnesium adsorption reactions, the reason for the decrease in the value of mobile magnesium is due to the increase in the strength of the binding to the exchange sites, which makes its release difficult (ElBana et al., 2018).

Table (5): Value of magnesium labile (ΔMg) for three temperature
	Land Use
	Depth
	ΔMg Cmole Kg-1

	
	
	278 K
	298 K
	318 K

	First Site

	Wheat
	Surface
	-4.7579
	-54.856
	-63.325

	
	Sub Surface
	-23.492
	-64.413
	-65.237

	Second Site

	Fruit
	Surface
	-38.359
	-44.730
	-58.718

	
	Sub Surface
	-26.921
	-57.459
	-63.758

	Third Site

	Uncultiv.
	Surface
	-33.794
	-54.617
	-89.444

	
	Sub Surface
	-42.394
	-48.144
	-66.016

	Average
	-28.28
	-54.030
	-67.740




figure (10): Effect of temperature on the average of labile-Mg+2 in the study soils
Regarding the effect of temperature on the values ​​of mobile magnesium, as is clear from the linear regression relationship (figure 10), it had a major role in increasing the reactant quantities (liberated or absorbed), through the results we obtained, it became clear to us that there is a negative correlation between mobile magnesium and equilibrium temperatures. When expressing this relationship statistically, we note that increasing the temperature from 278̊ K to 298̊ K led to a decrease in the values ​​of mobile magnesium by 91.05%, and increasing the temperature from 298̊ K to 318̊ K led to a decrease in the percentage of mobile magnesium values ​​by 25.37%.
2-4 Magnesium buffer capacity (PBC) under the influence of different temperatures
        PBC values ​​are a measure of a soil's ion retention capacity, and are important for its ability to compensate for ion depletion from its solid or liquid state. The slope (Q/I) in intensity-quantity relationships is a measure of a soil's ion retention capacity. A soil's ability to retain a change in ion (I) can be measured, making it an indicator of its release. The PBC value gives an impression of a soil's ability to retain ions in the soil solution (Suttanukool et al., 2019), therefore, it has a positive impact on the preparation of ions for crops, as the thermodynamic balance depends on the equilibrium process between the liquid and solid phases. High PBC values ​​indicate the presence of a high quantity in the soil when the element is deficient as a result of its depletion in the water, soil and plant system, while low values ​​indicate the need to add this element to compensate for the deficiency that occurs in the soil.
       As for the soils that are characterized by relatively low PBC, they require large quantities due to the low capacity and in order to fill the deficiency if any, and this is what is recommended by (Subba, Seketo, 2001). Table (6) shows that the highest PBC value was at a depth of (50.824)  Cmole Kg-1 in the subsurface depth of the third site, while the lowest value was recorded at the surface depth of the first site (20.852) Cmole Kg-1 when the temperature was 278ᵒ Kelvin and at a rate of (36.65) Cmole Kg-1, when the temperature increased to 298̊ K, the highest value was (62.694) Cmole Kg-1 in the subsurface depth of the first site, while the lowest value was (50.221) Cmole Kg-1 in the subsurface depth of the third site, with an average of (55.49) Cmole Kg-1. When the incubation temperature increased to 318̊ K, the highest value was (79.992) Cmole Kg-1 in the surface depth of the third site, while the lowest value was (53.173) Cmole Kg-1 in the surface depth of the second site, with an average of (61.48) Cmole Kg-1. The reason for the increase and decrease is due to the difference in the values ​​of the magnesium buffering capacity, the difference in the density of surface charges present on the exchange surfaces in the soil, as well as the difference in the number of adsorption sites in the soil and the extent of its ability to retain the ions present in the soil (lslam, 2017). These results we obtained indicate that the increase in the equilibrium temperature led to a decrease in the soil's ability to retain ions in the soil.





Table (6):Value of magnesium buffering capacity (PBC) for three temperatures
	Land Use
	Depth
	PBC(Cmole.kg-1  / mole.L-1)-1/2 

	
	
	278 K
	298 K
	318 K

	First Site

	Wheat
	Surface
	20.852
	54.715
	54.155

	
	Sub Surface
	29.430
	62.694
	56.495

	Second Site

	Fruit
	Surface
	48.187
	50.868
	53.173

	
	Sub Surface
	32.850
	58.289
	59.823

	Third Site

	Uncultiv.
	Surface
	37.792
	56.198
	79.992

	
	Sub Surface
	50.824
	50.221
	65.257

	Average
	36.650
	55.490
	61.480






Figure (11 ): Effect of temperature on the average of magnesium buffering capacity in the study soils.

       The effect of temperature on the buffering capacity values ​​is shown in the figure above through the linear regression relationship in the figure (11) and through the results we obtained that increasing the equilibrium temperature led to a decrease in the soil's ability to retain water. 

Conclusion
The adsorption process accompanied by absorption or diffusion within the pores is endothermic, so increasing the kinetic energy of the adsorbed molecules increases their ability to enter the pores of the solid phase and increases their diffusion speed within it, therefore the adsorption efficiency increases with increasing temperature. We notice that when the temperature rises from 278̊ K to 298̊ K, we notice an increase in the PBC values ​​by (51.40)%, while continuing to increase the temperature to 318 K led to a continued increase in the PBC values ​​by (10.79)%.
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Q	
0.24799193535274489	0.24799193535274489	0.26400757564888172	0.24799193535274489	0.29342801502242422	0.33882148692194836	1.1302654555457314	1.3509256086106296	1.8165902124584949	-5	-3	2	3.0000000000000004	6	8	10	20	40	AR Mg++(mole .L-1) 0.5

±Δ Mg++(Cmole c kg -1 )
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Q	
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±Δ Mg++(Cmole c kg -1 )
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Q	
1.0124228365658292	0.95524865872714004	1.0124228365658292	1.1979148550710939	1.1979148550710939	1.2083045973594573	1.2816005617976296	1.4798648586948742	1.8614510468986285	-10	-8	-6	-1.9999999999999996	1.9999999999999996	1.0000000000000009	5	15	40	AR Mg++(mole .L-1) 0.5

±Δ Mg++(Cmole c kg -1 )
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Q	
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±Δ Mg++(Cmole c kg -1 )
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Q	
0.90553851381374162	0.90553851381374162	1.1090536506409416	1.1090536506409416	1.1090536506409416	1.1979148550710939	1.2816005617976296	1.4798648586948742	1.8614510468986285	-10	-8	-11	-7	1.9999999999999996	1.0000000000000009	5	15	45	AR Mg++(mole .L-1) 0.5

±Δ Mg++(Cmole c kg -1 )
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Q	
0.78421935706790613	0.90553851381374162	0.70142711667000723	0.78421935706790613	0.97108187090481723	0.90553851381374162	1.0109401564880089	1.2816005617976296	1.7705931209625774	-5	-3	2	3.0000000000000004	3.9999999999999991	11	12	20	50	AR Mg++(mole .L-1) 0.5

±Δ Mg++(Cmole c kg -1 )
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0.90553851381374162	0.78421935706790613	0.90553851381374162	0.90553851381374162	1.0124228365658292	1.0124228365658292	1.0464224768228174	1.2816005617976296	1.7705931209625774	-5	-3	-0.99999999999999978	3.0000000000000004	7	11	10	20	45	AR Mg++(mole .L-1) 0.5
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0.90553851381374162	0.90553851381374162	0.70142711667000723	0.90553851381374162	1.0124228365658292	1.0124228365658292	1.0464224768228174	1.4168627315304754	1.8614510468986285	-10	-8	2	3.0000000000000004	7	6.0000000000000009	10	15	40	AR Mg++(mole .L-1) 0.5

±Δ Mg++(Cmole c kg -1 )

298 K
Q	
0.90553851381374162	0.90553851381374162	0.90553851381374162	1.0124228365658292	1.1090536506409416	1.1090536506409416	1.0464224768228174	1.3509256086106296	1.8614510468986285	-5	-8	-0.99999999999999978	-1.9999999999999996	1.9999999999999996	11	15	20	50	AR Mg++(mole .L-1) 0.5

±Δ Mg++(Cmole c kg -1 )

318 K
Q	
1.0124228365658292	1.1090536506409416	1.0124228365658292	1.1090536506409416	1.1979148550710939	1.1302654555457314	1.2083045973594573	1.3509256086106296	1.7705931209625774	-10	-8	-6	-1.9999999999999996	1.9999999999999996	6.0000000000000009	10	25	50	AR Mg++(mole .L-1) 0.5

±Δ Mg++(Cmole c kg -1 )

278 K
Q	
0.8031189202104505	0.8031189202104505	0.70142711667000723	0.88260976654464918	0.97108187090481723	0.97108187090481723	1.1090536506409416	1.4168627315304754	1.8165902124584952	-5	-3	2	4	3.9999999999999991	8	10	25	55	AR Mg++(mole .L-1) 0.5
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0.8031189202104505	0.8031189202104505	0.78421935706790613	1.0124228365658292	1.1090536506409416	1.1090536506409416	1.1979148550710939	1.2816005617976296	1.8614510468986285	-5	-3	-0.99999999999999978	-1.9999999999999996	-3.0000000000000004	1.0000000000000009	5	25	50	AR Mg++(mole .L-1) 0.5

±Δ Mg++(Cmole c kg -1 )

318 K
Q	
0.90553851381374162	0.78421935706790613	0.90553851381374162	1.0124228365658292	1.0124228365658292	1.1090536506409416	1.2806248474865698	1.3509256086106296	1.7705931209625774	-10	-3	-6	-1.9999999999999996	1.9999999999999996	6.0000000000000009	0	20	60	AR Mg++(mole .L-1) 0.5
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278	298	318	0.72799999999999998	0.97	1.103	Temperatures (Kelvin)
Average of AR Mg (mmole L-1)
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Average of PBC
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