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Abstract
          The study included the selection of two sites for two different textured soils within Nineveh Governorate - Iraq, with the aim of knowing the role of biochar in the chemical behavior of positive ions (Ca+2, Mg+2, Na+, K+) as well as dispersion parameters (SAR, MCAR, CROSS). Soil samples were collected from the surface layer and brought to the laboratory, after drying and sifting them with a sieve with a 4 mm diameter, biochar was added to them at three levels (0%, 2% and 4%) of the soil weight. These soils were filled with plastic columns (column length 25 cm and diameter 7 cm). The experiment was carried out by adding water to each column in a volume equal to the pore volume PV, and alternating wetting was carried out for ten consecutive cycles with a period of 10 days between each cycle. After the end of the first cycle PV1, the fifth cycle PV5 and the tenth cycle PV10, each soil column was cut into two depths (0-10 cm) and (10-20 cm). The soil was analyzed to determine the role of the number of wetting cycles on the positive ions and dispersion parameters under the influence of biochar. The results of this study indicated that there is a clear variation in the values ​​of the dissolved positive ions released from the two study soils when using different wetting periods and for different levels of biochar addition. As for the wetting periods, there was a gradual increase in the values ​​of both Ca+2 and Mg+2 with the increase in the number of hydration periods, starting from the first cycle PV1 after 10 days and up to the tenth cycle PV10 after 100 days. Regarding Na+ and K+, we noticed that there was no consistent behavior of increasing or decreasing values ​​with the number of wetting periods, in some treatments, there was a release up to the fifth pore volume, after which there was a decrease in the release process, and in others, there was adsorption up to the fifth pore volume, after which there was a decrease in the amount of adsorbed ions, which clearly indicates the saturation of the exchange surfaces with these ions and their return to the solution. As for the levels of biochar added to the two study soils, they had a clear role in increasing the values ​​of the four dissolved positive ions with the increase in the level of addition and in all wetting periods. When comparing the two study soils, the values ​​of the released positive ions in the clay loam soil were generally higher compared to the clay soil. As for the dispersion measures, the lowest values ​​for each of SAR, MCAR and CROSS were in the clay soil and the highest in the clay loam soil.
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Introduction 
        Biochar is a prominent component in the field of sustainable agriculture and soil management, it is one of the modern amendments that have appeared recently and is mainly used as an improvement material for different soil properties, it does not produce any polluting side effects and therefore is environmentally safe, the properties of biochar depend on the type of raw material used in its production (Verheijn et al., 2010). Biochar plays an important role in enhancing the growth of agricultural crops, whether directly by providing nutrients and preparing them for the plant, or indirectly by improving some soil properties, the International Biochar Initiative has also played a role in promoting the idea of ​​biochar and highlighting its importance in sustainable development and environmental protection projects, the aim of this initiative is to improve global agricultural productivity by enhancing soil fertility and increasing soil carbon content (Ippolito et al., 2011). Al-Sultan and Al-Obaidi (2023) noted that biochar contains nutrients such as calcium, magnesium, and carbon and can be used as a soil conditioner. Biochar is produced using a specific process to reduce pollution and store carbon safely during the thermal decomposition of organic materials such as leaves, dead plants, etc., (Jang, et al., 2022) which are burned in a container with little oxygen. When the materials are burned, very little fumes are released during the pyrolysis process, and the organic matter is converted into biochar (Cui et al., 2019). Several factors also affect the properties of biochar, such as the time it takes to produce the biochar and the preparation temperature (Al-Mishyikh and Jarallah, 2023). The temperatures used in the manufacture of charcoal are of great importance in the quality of the charcoal produced. The higher the temperature is above 400°C, the lower the quality of the charcoal produced, as carbon, which is the main component of good charcoal, decreases, also, one of the important factors that determine the specifications of biochar is the moisture content in the charcoal. The higher the moisture content, the higher its quality (Winsley, 2007) and (Kumari, et al., 2024). Currently, research and studies focus on adding biochar as a soil conditioner, biochar produced from vegetation or sludge through slow pyrolysis and rapid decomposition has been studied (Marks et al., 2016). Because the accumulation of organic carbon in the soil is important and essential for improving soil properties, adding organic carbon-rich conditioners such as biochar, since it contains 60-80% carbon content, it can enhance soil properties, and biochar technology can be particularly useful for soils with low organic content (Lal, 2016). In recent years, there has been increasing interest in biochar application to improve poor soil fertility for crop production and ecological restoration, including carbon sequestration (Jiang et al. 2012). Soil characteristics significantly influence the effectiveness of biochar when applied to improve crop growth and production. Van Zwieten et al. (2010) compared the effects of biochar application on crop growth under different soil types such as alkaline and acidic soils, a significant increase in plant biomass and regulation of nitrogen utilization was observed after biochar application in acidic soils compared to the characteristics in alkaline soils, this increase in plant growth and performance after adding biochar is due to the calcifying effect of charcoal on acidic soil, in addition, the cation exchange capacity (CEC) of acidic soil also improved after adding biochar and showed its benefits in the form of better plant growth and development. It is widely known that biochar is an effective soil conditioner for enhancing crop growth and productivity by improving soil properties (Wang et al. 2018). Recently, the application of biochar to highly acidic soils has shown increased vegetation cover, biomass, nitrogen and phosphorus use efficiency, and improved seed emergence and crop growth (Zhu et al. 2014). The use of biochar with fertilizers (inorganic or organic) has been proposed as an option for restoring degraded soils, improving soil fertility, and even enhancing crop growth and productivity (Agegnehu and Bird, 2017) and (Mustapha and Isa, 2025). Some researchers have demonstrated that biochar application reduces nitrogen loss from agricultural soils, improves nitrogen use efficiency, and thus enhances the conversion of nutrients into their available forms for crop growth (Ghulam et al., 2021). The aim of this research is to clarify the role of biochar in the sustainability of agricultural soils through the values ​​of calcium, magnesium, sodium and potassium dissolved in them and calculating dispersion measures in the soil.
Methods and Materials
1- Field and laboratory work
      Two soils of different textures (clay, clay loam) were selected in Nineveh Governorate - Iraq. Soil samples were collected from a depth of (30 cm) for the purpose of conducting routine soil analyses. The soil samples were air-dried and ground using a wooden hammer and then sieved with a 2 mm sieve. Then, the proportions of clay, silt and sand were estimated, as well as the amount of total CaCO3, CEC, O.M, pH and EC, using the methods described (Carter and Gregorich, 2008), as shown in Table (1).
2- Testing the effect of biochar on the behavior of dissolved positive ions and dispersion parameters in the soil column.
       The study was conducted on two different textured soils. They were ground and screened through a sieve with 4 mm holes, then placed in plastic columns (25 cm long and 7 cm in diameter). Biochar made from bamboo was then added to these two soils at three ratios (0%, 2% and 4%) of the soil weight in each column. The material was thoroughly mixed with the soil before being filled into the plastic columns. Each column was moistened with distilled water to an amount equal to the pore volume (PV). The columns were then left for a month to allow the biochar to decompose in the soil. Water was added to each column to an amount equal to the pore volume (PV), and the moistening process was carried out every 10 days for ten cycles. After the first, fifth and tenth cycles, each column was cut into two depths: surface and subsurface. The soil was air-dried, ground and then sieved using a 2 mm sieve. A soil : water extract (1:1) was prepared from each soil sample to estimate water-soluble positive ions.
The dispersion parameters (SAR, MCAR, CROSS) of the liquid phase were calculated based on the values ​​of the positive ions dissolved in water (Ca+2, Mg+2, Na+, K+), using the following equations:
1. Sodium Adsorption Ratio (SAR) :
SAR = Na / √Ca+Mg/2   (Darab etal., 1980)
 2. Monovalent Cation Adsorption Ratio (MCAR) : 
(MCAR = Na+K / √Ca+Mg/2)  (Maia et al., 2019) 
3. Cation Ratio of Soil Structural Stability (CROSS) :
  (CROSS = Na+0.56K / √Ca+0.6Mg/2)   (Maia et al., 2019)
Table (1) : Some physical and chemical properties of the study soil
	Unit
	Clay Loam
	Clay
	Traits

	gm.kg-1
	304.5
	504.5
	Clay

	
	442.5
	257.5
	Silt

	
	253.0
	238.0
	Sand

	
	Clay Loam
	Clay
	Texture

	gm.kg-1
	250.0
	410.0
	Lime (CaCO3)

	
	16.5
	10.6
	Organic Matter (OM)

	Cmol.kg-1
	27.5
	30.0
	Cation Exchange Capacity (CEC)

	
	7.00
	7.10
	Potential Hydrogen (pH)

	dS.m-1
	3.25
	2.09
	Electrical Conductivity (EC)

	meq.L-1
	7.65
	4.50
	Calcium (Ca+2)

	
	3.75
	2.25
	Magnesium (Mg+2)

	
	6.95
	4.78
	Sodium (Na+)

	
	2.55
	0.38
	Potassium (K+)

	
	5.50
	1.75
	Chloride (Cl-)

	
	6.00
	4.00
	 Bicarbonate (HCO3-)

	
	9.40
	6.15
	Sulfate (SO4 =)


Table (2) : Chemical analysis of water used in the wetting process
	Unit
	River Water
	Traits

	
	7.50
	Potential Hydrogen (pH)

	dS.m-1
	0.31
	Electrical Conductivity (EC)

	meq.L-1
	0.65
	Calcium (Ca+2)

	
	0.75
	Magnesium (Mg+2)

	
	5.65
	Sodium (Na+)

	
	0.75
	Potassium (K+)

	
	0.75
	Chloride (Cl-)

	
	5.00
	 Bicarbonate (HCO3-)

	
	2.05
	Sulfate (SO4 =)


Results and discussion

1- Effect of soil texture type and biochar level on dissolved positive ions values
       In order to know the behavior and release of dissolved positive ions from two soils of different textures, the two study soils were moistened for ten successive cycles under the influence of three different levels of biochar (0%, 2%, 4%). The results reported in this study varied according to the levels of biochar and the moistening periods used.
1-1 Dissolved Calcium (Ca+2)
      The results shown in table (3), we note that there is a clear variation in the values ​​of dissolved calcium released from the two study soils during successive moistening periods and when adding different levels of biochar. When moistening the soil with water, we find that the lowest value of dissolved calcium released in general was in the first cycle PV1 and gradually increased in the fifth cycle PV5 and the highest values ​​appeared in the tenth cycle PV10 for all levels of biochar addition. We note that the lowest value of calcium was recorded in the surface depth of treatment B1-PV1, reaching (5.00) meq L-1, while the highest value was recorded in the subsurface depth of treatment B3-PV10, reaching (13.50) meq L-1, with an increase of 170% in the clay soil. As for the clay loam soil, we note that the lowest value of calcium was in the surface depth of treatment B1-PV1, reaching (7.00) meq L-1. While the highest value was in the subsurface depth of treatment B3-PV10, as it recorded (14.50) meq L-1, with an increase rate of 107.14%, and with regard to the rate of dissolved calcium, its concentration ranged between (6.83) in the surface depth of treatment B1 in clay soil to (13.00) in the subsurface depth of treatment B3 in clay loam soil.
Table (3): Effect of soil texture type and biochar level on soluble calcium values ​​(meq L-1) for the two study soils
	Average 
	Hydration cycles
	Level of Biochar
	Depth
Cm
	Soil Texture

	
	PV10
	PV5
	PV1
	
	
	

	6.83
	8.00
	7.50
	5.00
	(B1) 0 %
	Surface
(0-10)
	Clay


	8.50
	9.00
	8.50
	8.00
	(B2) 2 %
	
	

	11.00
	12.00
	11.00
	10.00
	(B3) 4 %
	
	

	8.50
	10.00
	8.50
	7.00
	(B1) 0 %
	Sub Surface 
(10-20)
	

	10.16
	12.00
	10.00
	8.50
	(B2) 2 %
	
	

	11.83
	13.50
	12.00
	10.00
	(B3) 4 %
	
	

	8.16
	9.50
	8.00
	7.00
	(B1) 0 %
	Surface
(0-10)
	Clay Loam

	9.50
	10.00
	9.50
	9.00
	(B2) 2 %
	
	

	11.16
	12.00
	11.50
	10.00
	(B3) 4 %
	
	

	8.50
	9.00
	8.50
	8.00
	(B1) 0 %
	Sub Surface 
(10-20)
	

	10.16
	12.00
	9.00
	9.50
	(B2) 2 %
	
	

	13.00
	14.50
	12.50
	12.00
	(B3) 4 %
	
	



1-2 Dissolved Magnesium (Mg+2)     
The release of dissolved magnesium from the study soils for successive wetting periods and for the different levels of biochar used in our study had different values ​​and the differences were clear as in table (4). When the soils were wettered with water, we noticed that the lowest value of the released dissolved magnesium was at the surface depth of treatment B1-PV1, as it reached (4.50) meq L-1. While the highest value recorded in the subsurface depth for treatment B3-PV5 reached (12.00) meq L-1, with an increase rate of 166% in the clay soil. As for the clay loam soil, we note that the lowest value of magnesium reached (7.50) meq L-1 in both the surface depth of treatment B1-PV1, and the subsurface depth of treatment B1-PV1, while the highest value was (13.00) meq L-1 in the subsurface depth of treatments B2-PV10 and B3-PV10, with an increase rate of 73.33%. As for the rate of dissolved magnesium, its concentration ranged between (5.16) in the surface depth of treatment B1 in clay soil to (11.83) in the subsurface depth of treatment B3 in clay loam soil.
We conclude from the above that there is a clear variation in the values ​​of the dissolved calcium and magnesium ions released from the two study soils when using different wetting periods and different levels of biochar addition. As for the wetting periods, we noticed that there is a gradual increase in the value of both calcium and magnesium with the increase in the number of wetting periods, starting from the first cycle PV1 after 10 days and up to the tenth cycle PV10 after 100 days, this is because successive wetting of the soil will give enough time for the inheritance and release of more diions, which come from the exchangeable ionic species and the dissolution of the minerals carrying them due to water flowing through the soil columns (Alhadede et al., 2022).
Table (4): Effect of soil texture type and biochar level on soluble Magnesium values ​​(meq L-1) for the two study soils
	Average
	Hydration cycles
	Level of Biochar
	Depth
Cm
	Soil Texture

	
	PV10
	PV5
	PV1
	
	
	

	5.16
	5.50
	5.50
	4.50
	(B1) 0 %
	Surface
(0-10)
	Clay


	6.83
	7.00
	8.00
	5.50
	(B2) 2 %
	
	

	7.83
	8.50
	9.00
	6.00
	(B3) 4 %
	
	

	6.33
	6.00
	7.00
	6.00
	(B1) 0 %
	Sub Surface 
(10-20)
	

	8.66
	10.00
	9.00
	7.00
	(B2) 2 %
	
	

	10.66
	11.00
	12.00
	9.00
	(B3) 4 %
	
	

	8.16
	9.00
	8.00
	7.50
	(B1) 0 %
	Surface
(0-10)
	Clay Loam

	9.33
	11.00
	9.00
	8.00
	(B2) 2 %
	
	

	10.00
	11.00
	10.00
	9.00
	(B3) 4 %
	
	

	8.66
	10.00
	8.50
	7.50
	(B1) 0 %
	Sub Surface 
(10-20)
	

	11.16
	13.00
	11.00
	9.50
	(B2) 2 %
	
	

	11.83
	13.00
	12.00
	10.50
	(B3) 4 %
	
	



           It is also noted that the binary ions (calcium and magnesium) showed a similar tendency in their releasing. When the ionic species is liberated from its solid phase to its liquid phase, this is due to the richness of the solid soil phase exceeding what the running solution carries. This difference in the gradient of the ionic potential between the two phases will lead to more liberation of the ionic species (Al-Barzanji, 2024). As for the levels of biochar added to the two study soils, they had a clear role in increasing the values ​​of dissolved calcium and magnesium with increasing addition levels and for all wetting periods. This is due to the role of biochar in increasing the diversity of microorganisms in the soil environment, as it can provide suitable conditions for improving the availability of major nutrients in the soil, including calcium and magnesium (Dai et al., 2021). Biochar improves the availability of major elements by increasing the surface area of ​​the soil, which allows for the formation of strong chemical bonds with other elements. These bonds help reduce the leaching of nutrients through leaching processes, as they are preserved in the structure of the biochar, which leads to the availability of these elements for longer periods. As indicated by Omondi et al. (2016), biochar reduces the apparent density value by 3 to 31% and increases soil porosity by up to 8.4%. Biochar also increases the stability of soil aggregates and increases the degree of interaction in the soil, which facilitates the movement of water within the soil body. Thus, carbonic acid is formed from the reaction of water with carbon dioxide produced by biochar, which in turn reduces the soil reaction rate, thus raising the values ​​of divalent cations. When comparing the two study soils, the calcium and magnesium released in the clay loam soil were generally higher compared to the clay soil. This is attributed to the higher concentration of them already present in the clay loam soil compared to the clay soil, as is clear in the table (Table 1).
1-3 Dissolved Sodium (Na+)
          According to the results shown in table (5), it was found that the level of added biochar, the successive moistening periods, and the two study soils played a role in the values ​​of dissolved sodium, as we note that sodium behaved differently from the behavior of both calcium and magnesium. When the two study soils were moistened with water, we note that the lowest value of the released dissolved sodium was at the surface depth of treatment B2-PV10, as it reached (3.04) meq L-1. While the highest value recorded in the surface depth of treatment B3-PV5 reached (10.82) meq L-1, and an increase rate of 255.92% in the clay soil, as for the clay loam soil, we note that the lowest value of sodium reached (6.50) meq L-1, in both the subsurface depth of treatment B1-PV10, while the highest value was (12.43) meq L-1 in the surface depth of treatment B3-PV5 and an increase average of 91.23%. As for the rate of dissolved sodium, its concentration ranged between (5.05) in the subsurface depth of treatment B2 in clay soil to (10.41) in the surface depth of treatment B3 in clay loam soil .


Table (5): Effect of soil texture type and biochar level on soluble Na+ values ​​(meq L-1) for the two study soils
	Rate
	Hydration cycles
	Level of Biochar
	Depth
Cm
	Soil Texture

	
	PV10
	PV5
	PV1
	
	
	

	6.31
	6.60
	7.30
	5.04
	(B1) 0 %
	Surface
(0-10)
	Clay


	6.82
	3.04
	10.21
	7.21
	(B2) 2 %
	
	

	7.89
	5.30
	10.82
	7.56
	(B3) 4 %
	
	

	5.24
	4.26
	6.86
	4.60
	(B1) 0 %
	Sub Surface 
(10-20)
	

	5.05
	3.73
	6.65
	4.78
	(B2) 2 %
	
	

	6.25
	6.95
	6.94
	4.86
	(B3) 4 %
	
	

	8.40
	7.43
	9.86
	7.91
	(B1) 0 %
	Surface
(0-10)
	Clay Loam

	9.15
	8.52
	10.43
	8.52
	(B2) 2 %
	
	

	10.41
	8.95
	12.43
	9.86
	(B3) 4 %
	
	

	8.09
	6.50
	9.82
	7.95
	(B1) 0 %
	Sub Surface 
(10-20)
	

	8.15
	6.91
	9.78
	7.78
	(B2) 2 %
	
	

	8.60
	7.95
	9.04
	8.82
	(B3) 4 %
	
	




1-4 Dissolved Potassium (K+)
     The results shown in Table (6) showed that there is a clear role for the biochar added at different levels and for successive wetting periods of the two study soils in the values ​​of dissolved potassium. When the two study soils were moistened with water, we find that the lowest value of the released dissolved potassium was recorded in the subsurface depth of treatment B1-PV1 and the value reached (1.02) meq L-1. While the highest value was recorded in the surface depth of treatment B3-PV5, it was recorded at a value of (5.98) meq L-1, with an increase average of 486.27% in clay soil, while in clay loam soil, we note that the lowest value of potassium was recorded in the subsurface depth of treatment B1-PV10, and it reached (2.35) meq L-1, while the highest value was recorded in the surface depth of treatment B3-PV1, and it reached (8.10) meq L-1, with an increase rate of 244.68%. As for the rate of dissolved potassium, its concentration ranged between (1.14) in the surface depth of treatment B1 in clay soil to (6.69) in the surface depth of treatment B3 in clay loam soil.

According to the results shown in the two previous tables (5 and 6), we conclude that there is a clear variation in the values ​​of the dissolved sodium and potassium ions released from the two study soils when using different wetting periods and different levels of biochar addition. As for the wetting periods, we noticed that there was no consistent behavior of the increase or decrease of the values ​​of both sodium and potassium with the number of wetting periods. In some treatments, there was a release up to the fifth pore volume, after which there was a decrease in the release process, and in others, there was adsorption up to the fifth pore volume, after which there was a decrease in the amount of the adsorbed ion, which clearly indicates the saturation of the exchange surfaces with these ions and their return to the solution. This is due to the fact that intermittent wetting of the soil led to the removal of a portion of the components of the solid phase of the soil and its transfer with the flowing solution through the soil column as a result of the soil in the columns being exposed to some degree of dryness in order to give a greater time opportunity for the ion to transfer from the liquid phase to the solid phase, and its concentration may decrease or increase with the number of wetting periods, and this is consistent with what was concluded by (Shakeri and Abtahi, 2019). As for the levels of biochar added to the two study soils, they had a clear role in increasing the values ​​of dissolved sodium and potassium with the increase in the level of addition and in all wetting periods. This is due to the role of biochar in increasing the availability of these two ions. As Gunes et al. (2014) showed in their study on alkaline soils, the availability of potassium, phosphorus and nitrogen increased in such soils with the addition of biochar without a significant effect on the availability of other major nutrients. The difference in the amount of adsorption and release of the four ionic species (calcium, magnesium, sodium, and potassium) from soil sites is due to the fact that soil systems are heterogeneous due to their containing organic and mineral compounds that differ in their preference for adsorption of ionic species. The difference in the tendency of ionic species on the adsorption sites is due to the metal dissociation constant, its decomposition pKH, electronegativity, Lewis acidity, charge density, and the solubility product of oxides and carbonates, which will determine the nature of their adsorption on different soil surfaces, which will affect the determination of the relative distribution of the adsorbed ion and its retention in the exchangeable and non-exchangeable phases (Albarzanjy et al., 2024).
Table (6): Effect of soil texture type and biochar level on soluble K+ values ​​(meq L-1) for the two study soils
	Average
	Hydration cycles
	Level of Biochar
	Depth
Cm
	Soil Texture

	
	PV10
	PV5
	PV1
	
	
	

	1.14
	1.12
	1.18
	1.12
	(B1) 0 %
	Surface
(0-10)
	Clay


	2.62
	1.58
	2.92
	3.38
	(B2) 2 %
	
	

	5.51
	4.76
	5.98
	5.79
	(B3) 4 %
	
	

	1.63
	1.97
	1.92
	1.02
	(B1) 0 %
	Sub Surface 
(10-20)
	

	2.42
	1.89
	2.76
	2.61
	(B2) 2 %
	
	

	3.44
	2.92
	3.94
	3.46
	(B3) 4 %
	
	

	3.86
	4.82
	3.66
	3.12
	(B1) 0 %
	Surface
(0-10)
	Clay Loam

	5.65
	5.48
	6.15
	5.33
	(B2) 2 %
	
	

	6.69
	5.74
	6.25
	8.10
	(B3) 4 %
	
	

	3.27
	2.35
	3.58
	3.89
	(B1) 0 %
	Sub Surface 
(10-20)
	

	3.50
	2.61
	3.84
	4.05
	(B2) 2 %
	
	

	4.62
	4.30
	4.56
	5.02
	(B3) 4 %
	
	




2- The effect of soil texture type and biochar level on the values ​​of dispersion parameters for dissolved positive ions.
2-1 Sodium ion to divalent ion ratio SAR for dissolved ions
      This ratio expresses the intensity of sodium ions in the liquid phase of the soil to the square root of calcium and magnesium according to the law of proportions (Ratio Law). The results shown in table (7) indicate that the number of wetting cycles, biochar levels have an effect on the difference and variation of SAR values ​​in the two study soils. When the soil was moistened with water, the lowest SAR value was recorded (1.07) meq L-1 at the surface depth of treatment B2-PV10, and the highest value was recorded at the same depth for treatment B2-PV5, amounting to (3.55) meq L-1, with an increase rate of 231.77% in the clay soil. As for the clay loam soil, the lowest value was (1.95) meq L-1 at the subsurface depth of treatment B2-PV10, while the highest value was (3.79) equivalent L-1 at the surface depth of treatment B3-PV5, and the increase rate was 94.35%. As for the SAR as an average, its value ranged from the lowest value (1.66) in the subsurface depth of treatment B2 in clay soil to the highest value (3.20) in the surface depth of treatment B3 in clay loam soil.
Table (7): Effect of soil texture type and biochar level on SAR values ​​of dissolved ions in the study soils
	Average
	Hydration cycles
	Level of Biochar
	Depth
Cm
	Soil Texture

	
	PV10
	PV5
	PV1
	
	
	

	2.57
	2.54
	2.86
	2.31
	(B1) 0 %
	Surface
(0-10)
	Clay


	2.46
	1.07
	3.55
	2.77
	(B2) 2 %
	
	

	2.58
	1.65
	3.42
	2.67
	(B3) 4 %
	
	

	1.92
	1.50
	2.46
	1.80
	(B1) 0 %
	Sub Surface 
(10-20)
	

	1.66
	1.12
	2.15
	1.71
	(B2) 2 %
	
	

	1.85
	1.98
	2.00
	1.57
	(B3) 4 %
	
	

	2.95
	2.44
	3.48
	2.93
	(B1) 0 %
	Surface
(0-10)
	Clay Loam

	2.99
	2.62
	3.42
	2.92
	(B2) 2 %
	
	

	3.20
	2.63
	3.79
	3.19
	(B3) 4 %
	
	

	2.77
	2.10
	3.36
	2.85
	(B1) 0 %
	Sub Surface 
(10-20)
	

	2.50
	1.95
	3.09
	2.52
	(B2) 2 %
	
	

	2.45
	2.14
	2.58
	2.62
	(B3) 4 %
	
	



The high SAR values ​​in the treatments for the two study soils clearly reflect the role of the various processes that lead to an increase in the sodium content values ​​in the soil solution and the significant role of the exchanged sodium on the surface of the solid phase in supplying the liquid phase with sodium and thus raising the SAR values ​​of the equilibrium solution (Al-Hadidi, 2021).
2-2 Monovalent Cation Adsorption Ratio for dissolved cations (MCAR)
       Both (Rengasamy and Marchuk, 2011) and (Rengasamy, 2018) pointed out the importance of expressing the effect of single ions (Na:K) relative to the ratio of two ions (Ca:Mg) within the concept of MCAR, as it has importance in the dispersion of clays and the deterioration of the physical (hydrostatic) properties of the soil. The results shown in table (8) showed that the number of wetting cycles, biochar levels, and ionic strength of irrigation water have an effect on the difference and variation of MCAR values ​​in the two study soils. When the soil was moistened with water, the lowest value of MCAR (1.63) meq L-1 was recorded at the surface depth of treatment B2-PV10, and the highest value was recorded at the same depth for treatment B3-PV5, amounting to (5.31) meq L-1, with an increase rate of 225.76% in the clay soil. As for the clay loam soil, the lowest value was (2.69) meq L-1 at the subsurface depth of treatment B2-PV10, while the highest value was (5.82) meq L-1 at the surface depth of treatment B3-PV1, and the increase rate was 116.35%. As for the MCAR as an average, its value ranged from the lowest value (2.46) in the subsurface depth of treatment B2 in clay soil to the highest value (5.28) in the surface depth of treatment B3 in clay loam soil.
Table (8): Effect of soil texture type and biochar level on MCAR values ​​of dissolved ions in the study soils 
	Average
	Hydration cycles
	Level of Biochar
	Depth
Cm
	Soil Texture

	
	PV10
	PV5
	PV1
	
	
	

	3.03 
	2.97 
	3.32 
	2.82 
	(B1) 0 %
	Surface
(0-10)
	Clay


	3.42 
	1.63 
	4.57 
	4.07 
	(B2) 2 %
	
	

	4.38 
	3.14 
	5.31 
	4.71 
	(B3) 4 %
	
	

	2.51 
	2.20 
	3.15 
	2.20 
	(B1) 0 %
	Sub Surface 
(10-20)
	

	2.46 
	1.69 
	3.05 
	2.65 
	(B2) 2 %
	
	

	2.88 
	2.82
	3.14 
	2.69 
	(B3) 4 %
	
	

	4.29 
	4.02 
	4.78 
	4.09 
	(B1) 0 %
	Surface
(0-10)
	Clay Loam

	4.84
	4.32 
	5.45 
	4.75 
	(B2) 2 %
	
	

	5.28
	4.33 
	5.69 
	5.82 
	(B3) 4 %
	
	

	3.90 
	2.87 
	4.59 
	4.25 
	(B1) 0 %
	Sub Surface 
(10-20)
	

	3.60 
	2.69 
	4.30 
	3.83 
	(B2) 2 %
	
	

	3.76 
	3.30  
	3.88 
	4.12 
	(B3) 4 %
	
	



     The high values ​​of MCAR in the two study soils indicate a high value of sodium and potassium in the soil solution relative to the values ​​of calcium and magnesium in the solution and the role of the exchangeable single-charged ion present on the surface of the solid phase in supplying the liquid phase with these ions and thus raising the MCAR values ​​(Al-Hadidi and Al-Abidi, 2021).
2-3 Cation Ratio of Soil Structural Stability for dissolved cations (CROSS)
      The concept of the ratio of single ions responsible for the stability of soil aggregates (CROSS) is a more realistic concept than the MCAR concept, as it takes into account the effect of potassium and magnesium ions after introducing some modifications based on the principles of physical chemistry and the ability of each ion to disperse, as the dispersion process is related to the following factors, including the electrochemical adsorption surface properties (Li and Shi, 2019). The effect of bond strength on surface binding (Liu et al., 2014), clay behavior in aqueous suspension (Marchuk and Rengasamy, 2011), electrolyte concentration threshold and diffusion potential (Marchuk and Rengasamy, 2012), organic matter content, clay mineral type and soil reaction degree (Marchuk, 2013). The results in table (9) showed that the number of wetting cycles, biochar levels have an effect on the variation and variance of CROSS values ​​in the two study soils. When the soil was moistened with water, the lowest value for CROSS (1.52) meq L-1 was recorded at the surface depth for treatment B2-PV10, and the highest value was recorded at the same depth for treatment B3-PV5, amounting to (4.94) meq L-1, with an increase rate of 225.00% in the clay soil. As for the clay loam soil, the lowest value was (2.66) meq L-1 at the subsurface depth for treatment B2-PV10, while the highest value was (5.38) meq L-1 at the surface depth for treatment B3-PV5, and the increase average was 102.25%. As for the CROSS average, its value ranged from the lowest value (2.33) at the subsurface depth for treatment B2 in the clay soil to the highest value (4.84) ​​at the surface depth for treatment B3 in the clay loam soil.
       As we note from tables (8) and (9), the MCAR values ​​are superior to the CROSS values ​​in dispersion. The reason may be due to the role of mono-ions to di-ions according to Schofield’s law of proportions, which did not take into account the modifications and alterations to the values ​​of both potassium and magnesium ions in their ability to disperse, as is the case in the CROSS concept (Smith et al., 2015).
Table (9): Effect of soil texture type and biochar level on CROSS values ​​of dissolved ions in the study soils
	Average
	Hydration cycles
	Level of Biochar
	Depth
Cm
	Soil Texture

	
	PV10
	PV5
	PV1
	
	
	

	3.11
	3.04
	3.42
	2.88
	(B1) 0 %
	Surface
(0-10)
	Clay


	3.31
	1.52
	4.59
	3.82
	(B2) 2 %
	
	

	3.93
	2.72
	4.94
	4.14
	(B3) 4 %
	
	

	2.47
	2.05
	3.14
	2.24
	(B1) 0 %
	Sub Surface 
(10-20)
	

	2.33
	1.59
	2.95
	2.47
	(B2) 2 %
	
	

	2.69
	2.70
	2.95
	2.44
	(B3) 4 %
	
	

	4.14
	3.71
	4.70
	4.02
	(B1) 0 %
	Surface
(0-10)
	Clay Loam

	4.49
	4.02
	5.08
	4.37
	(B2) 2 %
	
	

	4.84
	3.98
	5.38
	5.18
	(B3) 4 %
	
	

	3.81
	2.85
	4.53
	4.05
	(B1) 0 %
	Sub Surface 
(10-20)
	

	3.52
	2.66
	4.27
	3.64
	(B2) 2 %
	
	

	3.54
	3.10
	3.69
	3.84
	(B3) 4 %
	
	



Conclusion
     The values ​​of dissolved positive ions (calcium, magnesium, sodium, and potassium) increased with increasing biochar addition rates (0%, 2%, and 4%) in the two study soils, increasing the number of water wetting cycles (from cycle 1 PV1 to cycle 10 PV10) led to an increase in the values ​​of dissolved divalent positive ions (calcium and magnesium). as for the dissolved mono ions (sodium and potassium), they did not have a clear behavior. In some treatments, the values ​​increased until the tenth wetting cycle PV10, and in others, they increased until the fifth wetting cycle PV5.
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