


The role of leaching type in the reclamation and sustainability of soils irrigated with saline well water in Nineveh Governorate


Abstract 
      Well water Water samples and surface agricultural soil samples (0-15 cm) were taken, irrigated with the same well water from three sites in Nineveh Governorate (Hamdanya, Namroud, and Mahlabia) to assess the quality of well water and determine its suitability for irrigation. The results showed that the electrical conductivity values of well water ranged from 2.7 dS m-1 (Hamdanya 2) to 5.7 dS m-1 (Namroud 1). The results indicated that well water used for irrigation in all study sites can only be used in well-permeable soils, with emphasis on leaching  requirements and the selection of crops with high salt resistance. The results showed that the effect of soil depth to the depth of leaching  water (Dw/Ds) on the electrical conductivity values (ECt/ECo) for the outflow of washed salts. It is noted from the figure that there is a decrease in the ratio (ECt/ECo) for the outflow in two stages in this path. The first is fast, which includes the rapidly soluble salts, and the second is slow, reflecting the dissolution of the sparingly soluble salts. These curves also reflected the difference in salt leaching according to the soil texture, as Hamdaniya 3 and Mahallabiya 3 are characterized by high water conductivity compared to the other study sites, and thus increased movement of water and washed salts from them, due to their soft, clayey texture, which is characterized by low water conductivity and thus low movement of water and salts due to the presence of small pores. In the final stages of leaching , the values (ECt/ECo) for the outflow were characterized by convergence and stability in the decrease, and this reflects the dissolution of the sparingly soluble salts present in the small pores and narrow capillary tubes. After analyzing the type of salts through the Hypothetical combinationof the prevailing salts before leaching  After completing the leaching  process, the results showed an increase in the percentage of chloride and sulfate salts before leaching , at rates reaching (40%) compared to bicarbonate salts, which did not exceed (11%). After completing the continuous and intermittent leaching  process, the percentage of chloride and sulfate salts decreased significantly, and new salts appeared, namely (Na(HCO3)2, Mg(HCO3)2), especially after intermittent leaching , which indicates that the soil was washed and made suitable for agriculture.	Comment by DIMPLE KAMBOJ: Write the Sodium bicarbonate and magnesium bicarbonate
Keywords: irrigation ,well water, soil salinity, ,SAR , CROSS.	Comment by DIMPLE KAMBOJ: Write full form of SAR




Introduction
    Saline soils are one of the biggest challenges facing agricultural production, especially in arid and semi-arid regions, where soluble salts accumulate in the root zone due to high evaporation and poor irrigation and drainage management. One of the most effective methods for reclaiming this type of soil is leaching, a process that aims to remove soluble salts from the soil by using additional irrigation water to push these salts deeper into the root zone, where they are no longer harmful to plants. The effectiveness of leaching depends on several factors, including the nature of the soil, its initial salinity, the quality of the irrigation water used, and the depth of the soil to be leached. Lighter soils (such as sandy soils) allowed for faster water penetration and easier leaching of salts. Heavier textured soils (such as clay soils) require careful management due to their slow water movement (Lyu et al., 2024).
[bookmark: _GoBack]    Saline soil leaching is typically performed using one of two methods. The first is continuous leaching, in which the soil is immersed in water for extended periods until the salt concentration is reduced to the desired level. The second method is intermittent leaching, in which smaller quantities of water are used in batches, interspersed with drying periods. This reduces water consumption and improves leaching efficiency, especially in low-salinity soils (Zhao et al., 2023). Recent studies have shown that intermittent leaching is, in many cases, more efficient than continuous leaching, as it can reduces water usage by up to 30-60%, without reducing the efficiency of salt removal. For example, a study by Karandish and Simunek (2024) in Iran showed that applying water quantities equivalent to 3 to 5 times the soil pore volume resulted in a significant reduction in salt concentrations, especially when using a continuous irrigation model supported by an efficient drainage system. To enhance leaching effectiveness, recent research recommends adding organic amendments such as compost or biochar. These improve soil structure and increase porosity, facilitating water movement within the soil and thus speeding up salt removal. An effective groundwater drainage system is also crucial to the success of leaching, as it prevents re-salinization of the soil due to rising salt-laden groundwater. Although leaching is important, it can have negative environmental impacts if not managed sustainably. Salt-laden leaching water can seep into waterways or groundwater, causing long-term pollution. Therefore, recent research recommends reusing agricultural drainage water for leaching  within closed circuits (primary treatment), to reduce the use of fresh water, and using evaporation ponds or halophytes to treat salt-rich wastewater, with periodic monitoring of groundwater quality during and after the leaching  process, especially in large-scale projects (Ahmad et al., 2022), In conclusion, reclamation of saline soils through leaching is an environmentally and economically viable option when adequate water and drainage are available. It becomes even more sustainable when combined with smart irrigation water management and the use of halophytic or salt-tolerant crops in the transitional phases. Instead of relying on chemical inputs, leaching offers a practical means of restoring soil fertility and reducing the impact of salinization on agricultural production.s

Objectives of the study
1 To study the effect of salinity of irrigation water used on the surface and subsurface layers of the study soils.
2 To study the besteffective leaching  method for removing salts from irrigated soils.
3 To determine the effect of leaching  type and leaching  water on some soil properties.
Materials and Methods
Soil Sample Collection and Preparation for the Study
   Three sites were selected within Nineveh Governorate (Al-Hamdaniya, Al-Nimrud, and Mahlabiya). These sites are important agriculturally, being cultivated with cereal and vegetable crops and receiving supplemental irrigation. Sample collection began on 13/9 /2024 and ended on 21/ 9/2024 . Natural surface soil samples were taken to a depth of (0-15 cm). Three sites were studied for each study area (Al-Hamdaniya, Al-Nimrud, and Mahlabiya): a site without irrigation and two sites with supplemental irrigation using well water. Well water samples were taken from the same wells from which the soil is irrigated, to prepare them for analysis to determine their salinity and confirm whether this was the cause of the salinization of the study sites' soils, according to the methods described in (Salem and Ali, 2017).
	NO.
	location
	Geographical location
	Crop type
	Irrigation type

	1
	Hamdanya
non salty
	36145523 N
432321.13 E
	Field crops
	Dewdrop 

	2
	Hamdanya
1
	36º1270.13 N
43º3341.01 E
	vegetables
	Supplementary

	3
	Hamdanya
2
	36º1013.09 N
43º2729.92 E 
	Field crops
	Supplementary 

	4
	Namroud
non salty
	36º0500.75 N
43º2214.95 E
	Field crops
	Dewdrop 

	5
	Namroud
1
	36º0703.69 N
43º2445.62 E
	vegetables
	Supplementary 

	6
	Namroud
2
	36º0706.93 N
34º2534.92 N
	Field crops
	Supplementary 

	7
	Mahlabia
non-salty
	36º1627.1 N
42º4110.18 E
	Field crops
	Dewdrop 

	8
	Mahlabia
1
	36º1557.92 N
42º4124.13 E
	vegetables
	Supplementary 

	9
	Mahlabia
2
	36º1620.44 N
42º4109.62 E
	Field crops
	Supplementary 


Table (1) geographical location of the study sites and the type of crops grown.
1.1. Laboratory Tests
soil analysis
soil extract (1:1) is used to measure the following soil properties:
1. Soil pH and electrical conductivity (EC).
2. Dissolved positive ions, including: (Na+, K+, Ca+2, Mg+2).
3. Dissolved negative ions, including: (Cl-, CO3-2, HCO3-, SO4-2).
Well water analysis
measure the following well water properties:
1. electrical conductivity (EC) and pH .
2. Dissolved positive ions, including: (Na+, K+, Ca+2, Mg+2).
3. Dissolved negative ions, including: (Cl-, CO3-2, HCO3-, SO4-2).
The Criteria Used in the soil sample 
1. Sodium Adsorption Ratio SAR  (Richards,1954).

2. Adjusted SAR 


3. Monovalent Cation Adsorption Ratio MCAR  (Marchuk, 2013)

4. Cation Ratio of Soil Structural Stability  CROSS (Marchuk, 2013)


Preparation and Setting of Undisturbed Soil Columns
   The soil columns are prepared naturally (undisturbed soil columns) using the Core Sample method, with (3) columns per site, each to a depth of (0.2 m) and a diameter of (0.075 m). They are made of heavy-duty plastic (PVC). The columns are compacted into the soil to a depth of (0-0.20 m). 0.04 m is left at the top of the columns for the water compressor and (0.01 m) is used to install the filter at the bottom of the column. Gravel, well washed with HCl (1 M), with a thickness of (0.01 m), is used as a filter. The pore volume is are measured using the capillary action method, then the mass of the wet soil column is recorded. The pore moisture content of the soil (PV) is calculated using the arithmetic difference between the weight of the wet and dry soil column, as stated by (Sellassie et al., 1992). The inner wall of each column is coated with silicone oil to reduce the effect of the walls 
on flow.
Leaching  Process
    Soil columns are washed using fresh water (Tigris River) using a gentle flow method under the influence of a constant water column level (0.04 m) above the soil surface to ensure uniform soil hydration. The outflow filtrate is collected in batches (PV) of pore volume. The collection of the wash filtrate continues, with time being measured and electrical conductivity (EC) measured simultaneously until the salts are completely washed from the soil. The concentrations of positive and negative ions, electrical conductivity, and reactivity of the outflow filtrate from the wash columns are measured.
Intermittent Leaching
     The intermittent leaching was divided into seven batches, each equal to one pore volume. The columns were allowed to rest for ten days between washes, with a constant water column height above the soil surface of 0.04 m. The leachate was collected using the same mechanism as the continuous leach process. After the continuous and intermittent leach processes were completed, the soil samples were separated from the columns. The soil samples were air-dried, ground, and passed through a sieve with 2 mm holes. They were then packed in plastic bags for later analysis.
Continuous Leaching
    Saline soil columns were washed using fresh water (Tigris River), the properties of which are listed in Table (4), using a gentle flow method under the influence of a constant water column pressure (0.04 m) above the soil surface to ensure uniform soil hydration. The outflow filtrates were collected in batches (PV) from the pore volume up to the seventh pore volume. The process of collecting the leaching  filtrates continued, with time being calculated and electrical conductivity (EC) measured simultaneously until reaching the seventh pore volume after ensuring that salts had been removed from the study soil.


Table (2) Chemical analysis of Tigris River water used in the leaching process
	Classification
	pH
	EC dS m-1
	SAR

	C2-S1
	7.4
	0.53
	0.30

	dissolved ions (mmolc L-1)

	Ca+²
	Mg+²
	Na+
	K+
	Cl-
	CO3-2
	HCO3-1
	SO4-2	Comment by DIMPLE KAMBOJ: Write 2 -, 1-, 2+

	3.10
	2.0
	0.40
	0.05
	1.50
	Nil
	3.17
	0.88


	
Calculations performed after the leaching  process is complete include:
1. ECt/ECo ratio.
2. Hypothetical combination of salts before and after leaching . 
Results and discussion
Soil Analysis of Study Sites
    The results of Table (3) showed the at electrical conductivity, degree of interaction, and concentration of cations and anions in the study site soils. The results showed higher electrical conductivity values ​​in all study sites irrigated with well water compared to sites where irrigation is not used (rain-fed). In the Hamdanya site, electrical conductivity values ​​increased from (1.80 dS m-1) in the comparison sample, the rain-fed site, to (8.43 dS m-1) in the Hamdanya 1 site and             (2.70 dS m-1) in the Hamdanya 2 site. As for the Namroud site, electrical conductivity values ​​increased from (0.50 dS m-1) in the comparison sample, the rain-fed site, to (9.50 dS m-1) in the Namroud 1 site and (8.43 dS m-1) in the Namroud 2 site. Finally, in the Mahlabia site, electrical conductivity values ​​increased from (0.50 dS m-1) in the comparison sample, the rain-fed site, to (8.42 dS m-1) in the site (Mahlabia 1) and (3.3 dS m-1) in the site (Mahlabia 2). The results showed that the use of well water with high concentrations of salts and basic cations leads to an increase in the electrical conductivity values ​​of the soil, especially when not opening drainage networks and not using leaching  requirements. The results show that the electrical conductivity values ​​​​are higher than the critical level (4.0 dS m-1) in most of the study sites irrigated with well water, especially in the sites (Hamdanya 1, Namroud 1, Namroud 2, Mahlabia 1).
     The results also showed an increase in the concentration values ​​of sodium and magnesium in the liquid phase of the study soils, as the sodium values ​​ranged between (1.10 Cmolc l-1) in the comparison sample at the site (Namroud) to (61.5 Cmolc l-1) at the site (Namroud 1), while the magnesium values ​​ranged between (1.0 Cmolc l-1) in the comparison sample at the site (Mahlabia) to (35.5 Cmolc l-1) at the site (Mahlabia 1), while the chloride values ​​ranged between (2.0 Cmolc l-1) in the comparison sample at the site (Namroud) to (46.5 Cmolc l-1) at the site (Namroud 1), and the sulfate values ​​ranged from (1.5 Cmolc l-1) in the comparison sample at the site (Mahlabia) to (37.9 Cmolc l-1) at the site (Namroud 1).	
	
Location
	EC
ds m-1
	pH
	Na+
	K+
	Ca+2	Comment by DIMPLE KAMBOJ: 2+ write in all dissolved cation or anion
	Mg+2
	Cl-
	HCO3-
	CO3-2
	SO4-2

	
	
	
	Cmolc  l-1

	surface layer (0 – 15) cm

	Hamdanya 
control
	1.80
	7.3
	5.21
	0.46
	7.5
	6.50
	5.0
	4.10
	Nil
	10.50

	Hamdanya 1
	8.43
	7.0
	33.13
	0.48
	25.5
	24.5
	39.0
	7.50
	Nil
	37.0

	Hamdanya 2
	2.70
	7.2
	13.56
	0.30
	8.5
	7.5
	9.40
	5.0
	Nil
	15.4

	Namroud
control
	0.50
	7.5
	1.10
	0.25
	2.50
	1.50
	2.0
	1.20
	Nil
	2.10

	Namroud 1
	9.50
	7.1
	61.56
	0.46
	18.5
	13.0
	46.5
	9.0
	1.0
	37.90

	Namroud 2
	8.43
	7.3
	44.34
	0.33
	19.0
	20.50
	40.0
	7.50
	Nil
	36.60

	Mahlabia
control
	0.51
	7.4
	1.17
	0.28
	2.50
	1.0
	1.50
	1.80
	Nil
	1.50

	Mahlabia 1
	8.42
	7.2
	27.51
	0.35
	24.0
	35.50
	44.5
	8.0
	Nil
	34.50

	Mahlabia 2
	3.30
	7.3
	13.43
	0.38
	11.5
	9.0
	12.0
	4.50
	Nil
	17.70


 Table (3) Chemical properties of the liquid phase of the soils of the study sites

Indicators used to assess the suitability of well water
    Table (4) shows that the electrical conductivity values ​​of well water ranged from 2.7 dS m-1 (at Hamdanya 2) to 5.7 dS m-1 at (Namroud 1), The results indicate that well water used for irrigation in all study sites can only be used in well-permeable soils, with emphasis on leaching requirements and the selection of crops with high salt resistance. This is because the electrical conductivity is greater than 2.25 dS m-1 (Al-Zubaidi, 1992). The higher amount of dissolved salts in the studied sites is due to several factors, including the pumping rate or the layer through which these wells pass (Al-Araji, 2022). Several indicators were used to assess and determine the suitability of well water in the sites under study, as shown in Table (3), which shows that the sodium adsorption ratio (SAR) ranged from (2.8 – 8.4) meq l-1. This clearly indicates that all well water used falls within the (S1) category for assessing sodium hazards. This makes it possible to use this water without fear of alkalinity risks, with the exception of the Namroud 1 and 2 sites, where the values ​​are higher than (6.0), the level at which the risks of sodicity begin. The values ​​of the sodium adsorption ratio (SAR) are high and could lead to sodicity risks, according to the classification proposed by the American Salinity Laboratory (Richards, 1954). The results in Table (3) showed that the adjusted sodium adsorption ratio (adj.SAR) values ​​ranged from (8.3 – 26.0) and were higher than the original sodium adsorption ratio (SAR) values. This indicates that irrigation water contains a significant amount of bicarbonate, which increases its ability to precipitate a portion of calcium. And magnesium when in contact with the soil (Osman, 2018).
     When using other modern indicators by (Marchuk and Rengasamy, 2011) to evaluate the risks of sodicity and alkalinity, the term mono- to di-ion ratio (MCAR) and the ratio of the effect of cations on soil structure (CROSS) were used. They also did not give a high risk percentage except for the first and second Namroud sites to confirm the risks of sodicity or alkalinity, as the values ​​of (MCAR) ranged from (2.9 – 8.4) meq l-1, while the values ​​of (CROSS) ranged from (3.1 – 9.5) meq l-1. As noted in the table, the high values ​​of (MCAR) and (CROSS) compared to SAR gave a higher prediction rate for the risks of sodicity or alkalinity, especially the values ​​of (CROSS) that gave an indicator of the risk of sodicity and the effect of mono-cations for the two regions (Hamdanya, Namroud) and for the first and second sites were higher than level (6) at which the risk of the effect of mono-cations begins (Rengasamy, 2018), and when calculating the saturation index value, the results in Table (3) showed that the saturation index values ​​in all studied sites were positive, and this confirms the tendency and ability of these waters to precipitate calcium carbonates in all studied sites (Al-Zubaidi, 1992).
    The results in Table (4) showed that the remaining sodium carbonate values ​​were negative and ranged between (-22.0 , -11.0) meq l-1, indicating that the concentration of calcium and magnesium ions is higher than the concentration of carbonate and bicarbonate ions. This indicates that the effect of sodium ions is less on soils irrigated with water from these wells. This is consistent with the results obtained by (Al-Araji, 2022 and Al-Rawi, 2022). As for the potential salinity values ​​(PS), they ranged from (8.5-27.0) meq l-1. According to this criterion, the site that exceeded the permissible limit of (20) meq l-1 is (1 Namroud). This indicates that there is an increase in chloride and sulfate ions in the water due to the increase in its salinity, which in turn limits its suitability for irrigation purposes (Yadav et al, 1970). These results are consistent with what was obtained by (Al-Araji, 2022 and Al-Rawi, 2022) when studying the evaluation of some irrigation water sources in Nineveh Governorate. If the percentage of sodium is adopted as an indicator of sodium hazard, as shown in Table (3), and according to the value determined by (Kovda, 1973), who considered water containing 60% to be hazardous, we can conclude that the water is far from the risk of toxicity to plants irrigated with this water, with the exception of the Mahlabia 1 site, where the percentage was (72.2%), and the Namroud 1 and 2 sites, which are close to the hazard at (53-50%) for the first and second sites, respectively. Table (4) also shows that the percentage of magnesium ranged from (43.1) to (56.3)%. With reference to what was determined by (Daniel et al.,2020), which should not increase magnesium by more than 50%, this water causes harm to the plant, except for the first and second Mahlabia sites, which were less than the critical level and did not cause harm to the plant, but they were close to the critical level, whose concentration was (43.1 - 44.7)%. This is consistent with what was obtained by (Al-Hadid et.al, 2022).
	Class
	SI
	TDS
	PS
	RSC
(-)
	Mg
	Na
	CROSS
	MCAR
	adj.
SAR
	SAR
	EC

	
Location 

	
	
	ppm
	meq l-1
	%
	meq l-1
	d Sm-1
	

	C4S1
	1.3
	2248
	13.5
	11.0
	54.5
	49.0
	6.53
	5.91
	15.9
	5.90
	3.2
	Hamdanya 1

	C4S1
	1.1
	1728
	12.5
	12.0
	51.0
	48.0
	6.69
	4.70
	10.7
	4.67
	2.7
	Hamdanya 2

	C4S1
	1.7
	3548
	27.0
	17.5
	56.3
	53.0
	9.58
	8.46
	26.0
	8.43
	5.6
	Namroud 1

	C4S1
	1.0
	3520
	14.0
	22.0
	51.7
	50.0
	9.38
	7.69
	22.2
	7.67
	5.5
	Namroud 2

	C4S1
	1.4
	1948
	10.5
	14.0
	44.7
	72.2
	5.0
	4.55
	12.1
	4.51
	3.1
	Mahlabia 1

	C4S1
	0.2
	1920
	8.5
	16.0
	43.1
	30.1
	3.19
	2.91
	8.3
	2.88
	3.0
	Mahlabia 2


Table (4) The bases adopted for evaluating water  well

The effect of Soil depth : water depth on electrical conductivity values
    Figure (1) shows the effect of the depth of water added per unit soil depth on the behavior of the leaching process, expressed as the effect of the soil depth to the depth of the leaching water (Dw/Ds) on the electrical conductivity values (ECt/ECo) for the outflow of the leached salts. The figure shows a decrease in the (ECt/ECo) ratio for the outflow in two stages in this pathway. The first is rapid, which includes the rapidly soluble salts, and the second is slow, reflecting the dissolution of the poorly soluble salts. These curves also reflect the variation in salt leaching depending on the soil texture. Hamdaniya 3 and Mahallabiya 3 are characterized by high water conductivity compared to the other study sites, and consequently, increased movement of water and leached salts. This is due to their soft, clayey texture, which is characterized by low water conductivity and, consequently, reduced movement of water and salts due to the presence of small pores. In this regard, Bahia et al. (2017) indicated that the salt leaching efficiency of coarse-textured soils is superior to that of coarse-textured soils. Soft texture. In the early stages of leaching , a large dissolution and displacement process occurred for highly soluble salts present in the large pores of the soil, thus pushing the salts through piston flow, which is clearly shown on the leaching  curve. The results we obtained confirm what was obtained by (Lyu.,et al 2024 ؛ Li et al., 2025)
     In the final stages of leaching , the (ECt/ECo) values for the outflow were characterized by convergence and constant decrease. This reflects the dissolution of the slightly soluble salts present in the small pores and narrow capillary tubes. This stability in the values of the removed salts indicates the occurrence of a state of salt equilibrium. In other words, the amount of salts entering the soil body through the leaching  water is equal to what exits it through the outflow water (filtrate). These small percentages of washed salts were compatible with the low electrical conductivity values in the leaching  filtrates, with the aim of reaching a safe salt level below (4 dSm-1). Here lies the main goal of these results, which is to make the root zone Dedicated to growth away from the effects of salinity (Al-Ibrahimi, 2004). And obtaining non-saline soil suitable for agriculture.




suitable for agriculture.

























Figure (1) Change in ECt/ECo values of the outflow over time at the study sites using the continuous and intermittent leaching  methods.
Table (5) show the type of dominant salts in the soils of the study sites, which we obtained through the Hypothetical combinationof cations and anions in the soils of the study sites before leaching . The results showed that the dominant salts before the continuous and intermittent leaching  process in the study soils before leaching  at the Hamdaniya 2 site were (MgCl2, Na2SO4, CaSO4.2H2O, NaCl, Ca(HCO3)2, K2SO4) with percentages of (29, 22, 21, 17, 8, 0.5) respectively. As for the Hamdaniya 3 site, the Hypothetical combinationshowed that the formed salts were (Na2SO4, MgCl2, CaSO4.2H2O, Ca(HCO3)2, MgSO4, K2SO4) with percentages of (40, 24, 20, 11, 2) ,0.6) respectively, while in the Nimrud sites (2,3) the dominant salts were as follows (Nacl2, Na2SO4, MgCl2, CaSO4.2H2O, Ca(HCO3)2, K2SO4) and (Na2SO4, NaCl2, MgCl2, CaSO4.2H2O, Ca(HCO3)2, K2SO4) and percentages (35, 29, 13, 10, 1, 0.5) and percentages (28, 24, 23, 13, 9, 0.3) for each of the Nimrud sites (2, 3) respectively, and in the Mahlabiya site (2) the results of the Hypothetical combinationshowed that the dominant salts were (MgCl2, Na2SO4, CaSO4.2H2O, NaCl2, Ca(HCO3)2, K2SO4) and percentages (40, 21, 18, 10, 1 0.5) respectively. As for the Nimrud site (3), the dominant salts are (MgCl2, Na2SO4, CaSO4.2H2O, NaCl2, Ca(HCO3)2, K2SO4) and at a percentage of (40, 21, 18, 10, 1, 0.5). As for the Mahalabiya site (3), the dominant salts according to the results of the Hypothetical combinationwere as follows: (Na2SO4, MgCl2, CaSO4.2H2O, Ca(HCO3)2, NaCl2, K2SO4) and at a percentage of (37, 25, 16, 11, 8, 0.5).
The results of the Hypothetical combinationafter completing the continuous leaching  process Table (6) showed that the dominant salts in the Hamdaniya (2) site were (Na2SO4, CaSO4.2H2O, MgSO4, Ca(HCO3)2, K2SO4) with percentages of (42, 31, 15, 9, 1) respectively. As for the Hamdaniya (3) site, the dominant salts were (Ca(HCO3)2, MgSO4, Na2SO4, MgCl2, K2SO4, and CaSO4.2H2O) with percentages of (1, 2, 18, 19, 20, 38) respectively. In the Nimrud (2) site, the dominant salts were (Na2SO4, Ca(HCO3)2, MgCl2, CaSO4.2H2O, MgSO4, and K2SO4) with percentages of (1, 3, 7, 17). ,23, 47) respectively, as for the Nimrud site (3) the salts that appeared were (Na2SO4, Ca(HCO3)2, MgSO4, MgCl2, CaSO4.2H2O, and K2SO4) and percentages (0.9, 3, 11, 15, 27, 41) respectively, as for the Mahlabiya site (2) they were (Na2SO4, MgSO4, Ca(HCO3)2, CaSO4.2H2O, MgCl2, and K2SO4) and percentages respectively (1, 7, 15, 22, 22, 29). As for the Mahlabiya site (3), the salts that appeared after continuous leaching  were (Ca(HCO3)2, Na2SO4, MgSO4, CaSO4.2H2O, MgCl2, and K2SO4) And at a percentage of (1, 8, 16, 23, 23, 26) respectively These results are consistent with what was obtained by (Wang et al , 2023 , Al-Hadede et al., 2025).
      As for the results of the Hypothetical combinationusing the intermittent leaching  method, Table (7) shows that the dominant salts in the Hamdaniya (2) site were (Ca(HCO3)2, Na2SO4, CaSO4.2H2O, MgSO4, and K2SO4) with a percentage of (1, 10, 23, 25, 38) respectively. As for the Hamdaniya (3) site, the salts shown by the results of the Hypothetical combinationwere as follows (Ca(HCO3)2, Na2SO4, Mg(HCO3)2, NaCl, and K2SO4) with a percentage of (2, 4, 25, 31, 37) respectively. In the Nimrud (2) site, the infiltration of the salts that appeared from the highest value to the lowest value was (Na2SO4, Ca(HCO3)2, NaCl, MgSO4, and K2SO4) with a percentage of (2, 17, 24). , 25, 30) respectively, as for Nimrud (3), the salts were from the highest value to the lowest value (Na2SO4, Ca(HCO3)2, CaSO4.2H2O, MgSO4, MgCl2, and K2SO4) and at percentages (0.9, 7, 15, 19, 23, 33) respectively, as for the site of Mahlabiya (2), the salts that appeared were (Ca(HCO3)2, Na2SO4, NaCl, Mg(HCO3)2, Na(HCO3)2, K2SO4) and at percentages (2, 16, 16, 16, 18, 29) respectively, as for the site of Mahlabiya (3), the last, the salts were (Na2SO4, Ca(HCO3)2, MgCl2, CaSO4.2H2O, MgSO4, and K2SO4) And at percentages (1, 3, 19, 20, 20, 34) respectively. The results we obtained through the Hypothetical combinationof salts before the leaching  process and after completing the continuous and intermittent leaching  process showed that the salts that were dominant and in high concentrations and percentages were chlorides and sulfates salts and low concentrations of bicarbonates and with the lowest percentage of participation in the saline composition of the soils of the study sites. The dominance of the chloride phase in the study sites indicates the reason for the high electrical conductivity in the soils of the study sites. These results are consistent with (Wang et al., 2023؛Al-Hadethi, and Al-Alwani, 2020).
Table (5) Type and concentration of salts in the soils of the study sites before leaching 
	Type of 
salt
	Hamdanya 2
	Hamdanya 3
	Namroud 2
	Namroud 3
	Mahlabia 2
	Mahlabia 3

	
	Conc.
	%
	Conc.
	%
	Conc.
	%
	Conc.
	%
	Conc.
	%
	Conc.
	%

	MgCl2
	25.0
	29
	12.4
	24
	12.9
	13
	19.8
	23
	34.6
	40
	13.9
	25

	Na2SO4
	18.5
	22
	20.5
	40
	27.9
	29
	24.1
	28
	18.1
	21
	20.8
	37

	CaSO4.2H2O
	18.0
	21
	10.5
	20
	9.5
	10
	11.5
	13
	16.0
	18
	9.0
	16

	NaCl
	14.6
	17.0
	---
	---
	33.5
	35
	20.1
	24
	9.3
	10
	4.6
	8

	Ca(HCO3)2
	7.5
	8
	6.0
	11
	9.0
	1
	7.5
	9
	8.0
	9.0
	6.5
	11

	K2SO4
	0.48
	0.5
	0.33
	0.6
	0.46
	0.5
	0.33
	0.3
	0.35
	0.4
	0.38
	0.6

	MgSO4
	---
	---
	1.0
	2
	---
	---
	---
	---
	---
	---
	---
	---














Table (6) Type and concentration of salts in the soils of the study sites after continuous leaching 

	

Type of salt
	Hamdanya 2
	Hamdanya 3
	Namroud 2
	Namroud 3
	Mahlabia 2
	Mahlabia 3

	
	Conc.
	%
	Conc.
	%
	Conc.
	%
	Conc.
	%
	Conc.
	%
	Conc.
	%

	Na2SO4
	11.7
	42
	2.6
	2.6
	13.4
	47
	10.8
	41
	7.8
	29
	5.9
	23

	CaSO4.2H2O
	8.5
	31
	0.2
	0.2
	2.0
	7
	1
	3
	4.0
	15
	4.0
	16

	MgSO4
	4.2
	15
	2.8
	2.8
	1.0
	3
	3.9
	15
	6.0
	22
	5.9
	23

	Ca(HCO3)2
	2.5
	9
	5.3
	5.3
	6.5
	23
	7.0
	27
	6.0
	22
	6.5
	26

	K2SO4
	0.3
	1
	0.2
	0.2
	0.3
	1
	0.2
	0.9
	0.3
	1
	0.3
	1

	MgCl2
	---
	---
	2.5
	2.5
	5.0
	17
	3
	11
	2.0
	7
	2.0
	8


Table (7) Type and concentration of salts in the soils of the study sites after intermittent leaching 
	

Type of salt
	Hamdanya 2
	Hamdanya 3
	Namroud 2
	Namroud 3
	Mahlabia 2
	Mahlabia 3

	
	Conc.
	%
	Conc.
	%
	Conc.
	%
	Conc.
	%
	Conc.
	%
	Conc.
	%

	Na2SO4
	5.0
	25
	1.2
	31
	4.4
	30
	8.6
	33
	2.2
	18
	9.1
	34

	CaSO4.2H2O
	4.5
	23
	---
	---
	---
	---
	5.0
	19
	---
	---
	5.0
	19

	MgSO4
	2.0
	10
	---
	---
	2.5
	17
	3.9
	15
	---
	---
	0.9
	3

	Ca(HCO3)2
	7.5
	38
	4.5
	37
	3.5
	25
	6.0
	23
	3.5
	29
	5.5
	20

	K2SO4
	0.3
	1
	0.2
	2
	0.3
	2
	0.2
	0.9
	0.2
	0.3
	0.3
	1

	MgCl2
	---
	---
	---
	---
	---
	---
	2.0
	7
	---
	---
	5.5
	20

	NaCl
	---
	---
	3.0
	4
	3.5
	24
	---
	---
	2.0
	16
	---
	---

	Mg(HCO3)2
	---
	---
	3.0
	25
	---
	---
	---
	---
	2.0
	16
	---
	---

	Na(HCO3)2
	---
	---
	---
	---
	---
	---
	---
	---
	2.0
	16
	---
	---
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·  
Hamdannya 3
continuous Leaching	4.05	8.92	13.38	17.84	22.3	26.76	31.22	0.5490196078431373	0.39215686274509809	0.31372549019607848	0.19607843137254904	0.19607843137254904	0.17647058823529413	0.17647058823529413	intermittent Leaching	4.05	8.92	13.38	17.84	22.3	26.76	31.22	0.88235294117647067	0.62745098039215697	0.49019607843137258	0.23529411764705882	0.23529411764705882	0.13725490196078433	0.13725490196078433	Ds/Dw

ECt/ECo


Hamdanya 2
continuous Leaching	0.27	0.62	0.94	1.25	1.56	1.88	1.59	0.5357142857142857	0.46428571428571425	0.33333333333333331	0.23809523809523808	0.21428571428571427	0.19047619047619047	0.16666666666666666	intermittent Leaching	0.27	0.62	0.94	1.25	1.56	1.88	1.59	0.80952380952380942	0.76190476190476186	0.6428571428571429	0.21428571428571427	0.15476190476190477	0.13095238095238096	0.11904761904761904	Ds/Dw

ECt/ECo


Namroud 2
continuous Leaching	0.34	0.69	1.03	1.38	1.72	2.0699999999999998	2.41	0.71578947368421053	0.73684210526315785	0.42105263157894735	0.21052631578947367	0.21052631578947367	0.18947368421052632	0.18947368421052632	intermittent Leaching	0.34	0.69	1.03	1.38	1.72	2.0699999999999998	2.41	0.94736842105263153	0.92631578947368431	0.55789473684210522	7.3684210526315783E-2	4.2105263157894736E-2	4.2105263157894736E-2	4.2105263157894736E-2	Ds/Dw

ECt/ECo


Namroud 3
continuous Leaching	0.36	0.73	1.1000000000000001	1.46	1.83	2.2000000000000002	2.56	0.70238095238095244	0.72619047619047616	0.41666666666666663	0.29761904761904762	0.23809523809523808	0.20238095238095236	0.20238095238095236	intermittent Leaching	0.36	0.73	1.1000000000000001	1.46	1.83	2.2000000000000002	2.56	1.0119047619047601	1.1071428571428572	0.91666666666666663	0.48809523809523803	0.41666666666666663	0.36904761904761907	0.35714285714285715	Ds/Dw

ECt/ECo


Mahlabia 2
continuous Leaching	0.3	0.61	0.92	1.23	1.54	1.85	2.16	0.5	0.41666666666666663	0.36904761904761907	0.33333333333333331	0.29761904761904762	0.23809523809523808	0.23809523809523808	intermittent Leaching	0.3	0.61	0.92	1.23	1.54	1.85	2.16	0.5714285714285714	0.76190476190476186	0.65476190476190477	0.32142857142857145	0.22619047619047616	0.21428571428571427	0.20238095238095236	Ds/Dw
ECt/ECo

Mahlabia 3
continuous Leaching	0.32	0.65	0.98	1.31	1.63	1.96	2.2799999999999998	0.90909090909090906	0.65454545454545454	0.54545454545454541	0.4	0.36363636363636365	0.36363636363636365	0.36363636363636365	intermittent Leaching	0.32	0.65	0.98	1.31	1.63	1.96	2.2799999999999998	1.4000000000000001	1	0.72727272727272729	0.5636363636363636	0.49090909090909096	0.41818181818181815	0.41818181818181815	Ds/Dw

ECt/ECo
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