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ABSTRACT

Azerbaijan’s most important agricultural region is Kur-Araz Lowland, where is mostly soil types and subtypes are irrigated. This agriculture region famous  its crop production and food security. The climate change and deeply irrigation practices have already damaged the structure of all soil formation. In this article evaluates ecological and ameliorative processes on irrigated soils is one of the large territory districs-Kurdamir and Goychay districs of the Shirvan Plain. Soil samples were taken in characteristic areas and laboratory analyses were conducted to determine the physicochemical properties, salinity status, and productivity indicators of the soils in the area. The results of the analyses showed that the soils of Kurdamir and Goychay districts possess a heavy-textured granulometric composition and contain carbonates throughout the soil profile. Analyses in both districs show that the soils are alkaline. In Kurdamir, the pH was determined to be in the range of 7.18-7.53, and in Goychay - in the range of 7.04-8.13. Salinity is the main factor limiting agricultural productivity. In Kurdamir, grain productivity was determined to be 3-5 t/ha, cotton productivity was determined to be 2.8-3.0 t/ha, and in Goychay - 3.0-3.2 t/ha. Determination of absorbed bases in the research area are analyzed in the 0-25, 25-50, 50-75, 75-100, 100-150 and 150-200 cm depth.

Keywords: Geological parameters, soil salinization, agriculture, ameliorative issues, irrigated soils, soil fertility

1. INTRODUCTION

Agriculture has mainly played a fundamental role in Azerbaijan’s economy due to the country’s favorable climatic conditions, diverse landscapes, and fertility land resources. For many decades, these advantages have supported the cultivation lot’s of agricultural yields and the progress of domestic farming. However, the last decades, a range of global, regional and local provocations - including overpopulation, the gradual decline of pasture, increasing stress on water resources, ecological damage, environmental degradation, climate changeability, and the incident of natural hazards-have established new restrictions for agricultural production and food security (Ahmad et al., 2026; Allahverdi et al., 2026). To address these problem, Azerbaijan has proceeding substantial reforms focused on improving agricultural productivity, promoting systematic resource management, and supporting the national food supply system. Agricultural sector has experienced significant modernization and has become an increasingly important component of the country’s sustainable development strategy. Agricultural production in Azerbaijan is largely dependent on irrigation, as most cultivated lands are situated within the country’s lowland zones, extending from approximately 28 meters below sea level to 100 meters above sea level (Akbarova & Mammadova, 2024; Akhundova et al., 2025). These territories are characterized by arid and semi-arid subtropical climatic conditions, where a long growing season and abundant solar radiation make it possible to obtain two or even three harvests annually. The Kur-Araz Lowland, which constitutes the principal agricultural region of Azerbaijan, encompasses several agroecological zones with diverse soil and climatic characteristics. However, sustained and often unmaintainable land-use practices have resulted in a decline in soil fertility, increased salinization, and various forms of land degradation. These adverse processes have negatively affected soil quality and have consequently reduced agricultural productivity across many areas of the region (Ali et al., 2025; Ali et al., 2026; Bunyatova et al., 2025; Bahram et al., 2025).
The sustainable management of soil and water resources is a essential requirement for maintenance agricultural productivity and solidification food security under changing ecological conditions. In irrigated agricultural areas, the effecting of efficient water-use practices, the protection of adequate drainage systems, and the application of scientifically grounded land reclamation measures play a crucial role in preventing soil degradation and improving the productivity of cultivated lands. These approaches give not only to the conservation of nature but also to the long-term sustainability of agricultural production. The article aims to evaluate the ecological and reclamation status of soils in the Kurdamir and Goychay districts of the Shirvan Plain (Gahramanova et al., 2026; Huseynova, 2022; Huseynov et al., 2026). Research area is one of the main agricultural regions within the Kur-Araz Lowland. The research contests the current condition of soils, identifies the principal factors.  Prescriptive their improving potential, and estimate the extent of reclamation-associated contests. The result are intended to support a scientific-research base for the development of sustainable soil-management methodologies and the implementation of measures aimed at improving soil quality and agricultural productivity in the resaerch area (Huseynova, 2023; Ismayil et al., 2025; Ismayilova et al., 2025a).
The Shirvan Plain is one of the most important agricultural areas within the Kur-Araz Lowland of Azerbaijan. Favorable terrain and extensive irrigation networks have enabled intensive agricultural development across the region for many decades. However, the long-term use of irrigated farming, combined with shortcomings in water management practices, has contributed to the development of soil salinity problems in many parts of the plain. In several areas, excessive irrigation and insufficient drainage have resulted in the accumulation of soluble salts within the soil profile, negatively affecting soil productivity and limiting agricultural use. The plain occupies a vast territory along the left bank of the Kur River, stretching from the Mingachevir Reservoir toward the foothill zones of the Langebiz, Boyuk Harem, and Kichik Harem mountain ranges (Ibrahimova et al., 2024; Ismayilova et al., 2025b; Ibrahimova & Imanov, 2025). With a total area of approximately 859.7 thousand hectares, it includes lands within the Agdash, Goychay, Ujar, Zardab, Kurdamir, and Agsu districts. Owing to its large agricultural potential and the increasing pressure of land degradation processes, the Shirvan Plain represents an important region for investigating soil salinization and evaluating the effectiveness of reclamation measures. The obtained results were used to evaluate the extent of salinity-related problems and their potential impact on soil productivity and sustainable agricultural land use in the study area. Today protection and renovation of soil cover characterise one of the most critical eco-environmental challenges of the XXI centry (Khudaverdi et al., 2025; Macnunlu et al., 2025; Mammadova et al., 2024). Numerous studies show that soils in the worldwide are gradually subjected to anthropogenic forces, important to significant changes in their physico-chemical and biological properties. Deforestation and shrub elimination, uncontrolled shaving on pastures, and the collapse to realise proper soil conservation and agrotechnical methods have collectively augmented soil degradation procedures. Environmental agricultural development needs the balanced utilization of natural resources and the improvement of soil productivity complete scientifically grounded spatial planning of farming production. Effective farming management cannot be realised without studying the natural and social-economical conditions of every one region. Azerbaijan, symbolized by rich natural resources and a extremely diverse soil cover, shows a complex soil formation shape influenced by climatic changes, vegetation process and local geomorphological conditions (Mirzezadeh et al., 2025; Mammadova et al., 2024; Madnee et al., 2025). The heterogeneousness of granulometric composition, soil salinization, soil alkalization, land erosion, and varying degree of soil development, contributes to the spatial diversity of soil properties. Efficient practice of reclaimed soils is a main factor in following stable and high agricultural harvests. In arid and semi-arid regions with incomplete natural drainage, incorrect irrigation practices and insufficient management of irrigation systems frequently lead to the degradation of cultivated areas and their extraction from crop variation. Long-term farming use under such surroundings also provides to a decline in soil organic matter due to the accelerated mineralization of humus (Makki et al., 2025; Mammadova et al., 2025a; Mammadova et al., 2025b; Mammadzada et al., 2025).
Soil salinization and alkalization are among the mainly significant eco-environmental forces in Azerbaijan. These processes are generally spread across basic territories, mainly in the Kur-Araz Lowland, where nearly 60% of the 2.2 million hectares land areas are affected by moderate salinity. Comparable conditions are also seen in Siyazan-Sumgayit, the Ajinohur-Jeyranchol massif, and some local territories the Nakhchivan Autonomous Republic. Approximately 1.326 million hectares, or around 15,4% of the country’s territory, are under by varying degrees of soil salinization. Even though salinization and alkalization are partially natural processes, their concentration and spatial expansion are meaningfully enhanced by artificial-anthropogenic factors (Mammadov et al., 2025; Mammadova et al., 2026a; Mammadov et al., 2025). If timely and suitable reclamation events are not implemented, these processes critically affect agricultural-farming productivity and natural ecosystems, with lowland forests and pasture biocenoses. Consequently, saline land areas are considered environmentally vulnerable and require systematic reclamation events such as drainage development, leaching, physico-chemical amelioration, and suitable administrative and regulatory interferences to mitigate their adverse impacts and recreate land productivity (Mehdiyeva et al., 2026; Mammadova et al., 2026b). The soil salinization and groundwater processes in Kur-Araz lowland is essentially directed by its special natural, hydrological, geograhhical, geological and hydrogeological conditions. The non-existence of a natural drainage system for the groundwater, complex with its superficial occurrence in most territories, contributes significantly to its uninterrupted rise, particularly under expanding horizons of irrigation practices. A important feature of the Kur-Araz lowland is the dominance of sodium in each soils and groundwater, which intensifies chemical-alkalization processes. Consequently, reclamation activities can sometimes lead to raised soil alkalinity, secondary salinization, and the formation of soil surface crusts, thereby important additional chemical amelioration measures (Mammadova et al., 2026c; Nasirova et al., 2026). Effective mitigation plan of soil salinization in soil irrigated lands depends on the proper arrangement and operation of irrigation systems, as well as collector-drainage networks. Uninterrupted maintenance of water canals, drains, and hydraulic structures is basic to ensure efficient water use and to prevent the accumulation of salts in the root zone. Field competence demonstrates that drainage systems can effectively eliminate saline clarifications from the soil profile, thereby diminishing salinity at essential concentrations (Nazim & Oqtay, 2024; Nasirova 2023a).

MATERIALS & METHODS

In this article is has given soil research about on agricultural lands located in Sor-Sor village of the Kurdamir district and Chakhirly and Inje villages of the Goychay district which are located within the Shirvan Plain of the Kur-Araz Lowland, Azerbaijan. The research highlights were elected due to their planned agricultural significance and the frequency of soil decline and reclamation challenges involved with arid and semi-arid ecological-environmental conditions and continuing irrigation events. Complete areas examines undertaken estimates the ecological and ameliorative quality of the soils (Nasirova 2023b). Characteristics soil samples were collected from selected research field locations which are reflected the dominant soil characteristics. The geographic coordinates of all siol sections were given using a GPS, providing precise spatial data for mapping, analysis, and future monitoring of soil conditions. The collected soil samples were analyzed at the Ecology laboratory, at the Azerbaijan State University of Economics under modern standard methods commonly applied in soil science and land reclamation studies in our country. The analyses included the determination of dry residue (total soluble salts), soil reaction (pH), exchangeable cations, absorbed bases, and other physicochemical properties relevant to evaluating soil fertility and reclamation status in the arid subtropical areas. To measure the reclamation ailment of the soils, individual attention was given to the categorization of soil salinity. The gradation of salinization and the dominant types of solvable salts responsible for soil degradation were determined through laboratory analyses (Rzayeva et al., 2026; Shukurov et al., 2025; Sadigov et al., 2026). 

RESULTS 

Across the Shirvan Plain soil salinity shows considerable spatial variability. Mostly areas, the salt content in the upper one-meter soil layer ranges interval 0.15% - 3%. In river alluvial cones exhibit the highest salinity levels can reach in the 2-3% interval.  There are contrasts between the western and eastern areas of the Shirvan plain in terms of salinization intensity. Table 1 presents the results of the analysis of the granulometric composition of a soil sample taken from the Sor-Sor village of the Kurdamir region. It is also clear from the table that the soils are heavy and medium clay soils. 

Table 1: Granulometric composition of soils in the experimental plot of Sor-Sor village, 
Kurdamir district
	Depth, cm

	Particle diameter, mm

	
	1-0.25
	0.25-0.05
	0.05-0.01
	0,01
	0.005-0.001
	< 0.001
	<0.01

	0-30
30-57
57-92
92-120
120-150
150-170
170-200
	0.72
2.23
1.36
1.50
0.41
0.75
0.35
	1.49
4.57
2.24
13.57
1.05
5.93
3.13
	2.72
3.28
3.46
2.36
1.68
2.76
3.32
	9.47
10.9
7.82
6.92
7.92
2.49
8.49
	5.56
9.52
16.32
11.08
9.44
14.68
14.60
	17.44
23.68
18.80
10.48
18.12
17.32
10.86
	62.60
55.92
50.00
54.09
61.48
57.07
59.25



Therefore, effective drainage and scientifically based irrigation management are essential for maintaining soil productivity and preventing further salinization. The composition of absorbed bases in the soil profile indicates that the soil adsorption complex is predominantly saturated with Ca2+ and Mg2+ ions. The sum of absorbed bases (SAB) varied from 30.40 to 40.60 mg-eq per 100 g·soil, reflecting a relatively high cation exchange capacity and a considerable ability of the soils to retain nutrient elements (Table 2). Ca was the dominant exchangeable cation throughout the profile. Its content ranged from 7.95 to 19.90 mg-eq/100 g·soil, accounting for 26.15–49.02% of the total absorbed bases. The highest Ca concentration was recorded in the 75–100 cm layer, indicating a greater accumulation in the subsurface horizon.
Table 2. Determination of absorbed bases in experimental site soils
	Depth, cm

	Mg.eq.
	SAB, mg.eq.
	%
	pH

	
	Ca
	Mg
	Na
	
	Ca
	Mg
	Na
	

	0-25
25-50
50-75
75-100
100-150
150-200
	9.00
8.50
7.95
19.9
14.4
11.9
	21.0
21.0
22.45
19.40
21.60
20.20
	1.40
1.30
1.50
1.30
1.20
1.40
	31.40
30.80
30.40
40.60
37.20
33.50
	28.66
27.59
26.15
49.02
38.70
35.22
	66.87
66.87
73.84
47.78
58.06
60.29
	4.47
3.60
4.94
3.20
3.24
4.49
	7.51
7.53
7.46
7.18
7.24
7.24



The analysis of water-soluble salts revealed considerable variation in salinity levels among the investigated soil profiles. The dry residue content, which reflects the total concentration of soluble salts, ranged from 0.10% to 0.93%, indicating the presence of soils with varying degrees of salinization (Table 3).
Table 3: Salt content in experimental area soils in Sor-Sor village, Kurdamir region
	Soil sect.
	Depth, cm

	%
	Dry residue%

	
	
	CO3
	HCO3
	Cl
	SO4
	Ca
	Mg
	Na+K
	

	Section-1
grain
	0-25
25-50
50-70
75-100
100-150
150-200
	
-
	0.048
0.012
0.048
0.036
0.036
0.036
	0.028
0.014
0.021
0.021
0.021
0.028
	0.125
0.036
0.125
0.156
0.384
0.084
	0.020
0.025
0.020
0.040
0.060
0.055
	0.009
0.003
0.003
0.003
0.009
0.003
	0.003
0.002
0.004
0.051
0.125
0.003
	0.22
0.10
0.21
0.37
0.75
0.77

	Section-2
grain
	0-25
25-50
50-75
75-100
100-150
150-200
	
-
	0.043
0.055
0.058
0.052
0.049
0.046
	0.071
0.053
0.036
0.071
0.053
0.071
	0.120
0.225
0.138
0.162
0.123
0.244
	0.045
0.050
0.043
0.048
0.040
0.057
	0.011
0.014
0.017
0.015
0.012
0.017
	0.090
0.075
0.030
0.059
0.042
0.082
	0.50
0.58
0.34
0.43
0.34
0.54

	Section-3
cotton
	0-25
25-50
50-75
75-100
100-150
150-200
	-
	0.048
0.048
0.046
0.049
0.036
0.036
	0.035
0.035
0.071
0.053
0.021
0.021
	0.204
0.144
0.244
0.123
0.084
0.384
	0.035
0.045
0.057
0.040
0.050
0.060
	0.012
0.003
0.017
0.012
0.003
0.009
	0.075
0.052
0.082
0.042
0.495
0.125
	0.58
0.62
0.65
0.49
0.76
0.85

	Section-4
cotton
	0-25
25-50
50-75
75-100
100-150
150-200
	-
	0.036
0.048
0.036
0.036
0.048
0.036
	0.021
0.035
0.021
0.021
0.048
0.021
	0.156
0.204
0.384
0.084
0.204
0.156
	0.040
0.035
0.060
0.060
0.051
0.040
	0.003
0.012
0.009
0.009
0.012
0.003
	0.051
0.075
0.125
0.495
0.076
0.051
	0.47
0.60
0.80
0.93
0.56
0.41



In Section 1 (grain field), the dry residue content increased with depth from 0.10–0.22% in the upper horizons to 0.75–0.77% below 100 cm. According to commonly accepted salinity classifications, the upper part of the profile can be considered slightly saline, whereas the deeper layers are moderately saline. The dominant anions were chloride (Cl⁻) and sulfate (SO₄²⁻), while Na and K constituted the major soluble cations. In Section 2 (grain field), dry residue values varied between 0.34% and 0.58%, indicating generally slightly to moderately saline conditions throughout the profile. Cl⁻ concentrations reached 0.244% in the deepest layer, suggesting a tendency for salt accumulation in subsurface horizons. The relatively high proportion of sodium salts indicates the influence of irrigation water and groundwater on soil salinity development.
In Section 3 (cotton field), salinity levels were somewhat higher, with dry residue contents ranging from 0.49% to 0.85%. The maximum value (0.85%) was observed at a depth of 150–200 cm, reflecting substantial salt accumulation in the lower horizons. Elevated Cl⁻ and SO₄²⁻  concentrations, together with increased sodium content, indicate the predominance of Cl⁻ -  SO₄²⁻ salinity. Such conditions may adversely affect crop growth if salts migrate into the root zone. In Section 4 (cotton field), the highest degree of salinization was recorded. Dry residue values ranged from 0.41% to 0.93%, with the maximum value occurring in the 75–100 cm layer. The profile exhibited increased concentrations of Cl⁻, SO₄²⁻, and Na⁺, confirming the development of moderate salinity. The accumulation of soluble salts in the middle and lower horizons suggests inadequate leaching and limited drainage efficiency (Fig. 1). Across all profiles, Cl⁻ and SO₄²⁻ were the dominant anions, whereas Na⁺+K⁺ represented the major soluble cations. Carbonates were absent or not detected in the analyzed samples, while bicarbonate concentrations remained relatively low. The predominance of chloride and sulfate salts indicates that the soils are mainly affected by chloride–sulfate salinization, which is characteristic of irrigated soils in the arid and semi-arid regions of the Kur–Araz Lowland.
The results demonstrate that the soils of the Sor-Sor experimental area exhibit slight to moderate salinity, with salinity generally increasing with depth. Higher salt accumulation in cotton-growing fields compared with grain-growing fields suggests differences in irrigation regimes, crop water requirements, and drainage conditions. These findings highlight the necessity of improving irrigation management, maintaining effective drainage systems, and implementing regular soil reclamation measures to prevent further salinization and sustain agricultural productivity.

[image: ]
Fig. 1: Diagram of salt content changes in the experimental area in Kurdamir district

Table 4: Amount of salts in soil in experimental plots in Goychay district
	№ of soil section
	Depth, cm

	%
	Total salts,%
	Dry residue%

	
	
	CO3
	HCO3
	Cl
	SO4
	Ca
	Mg
	Na+K
	
	

	Chakhirli village
(meadow area)
Soil sect.-5
	   0-25
25-38
38-56
56-72
	

-
	0.024
0.012
0.024
0.024
	
0.070
0.056
0.035
0.021

	
1.188
1.185
1.176
1.552

	0.020
0.025
0.020
0.040
	
0.102
0.111
0.141
0.015

	0.325
0.391
0.267
0.235
	2.00
1.78
1.67
0.87
	2.23
1.87
1.90
0.91

	Inca village (grain field)
Soil section-8
	0-27
27-39
39-67
67-68
	-
	0.024
0.012
0.012
0.012
	0.035
0.042
0.075
0.007
	
1.152
1.164
1.188
1.128

	
0.105
0.085
0.075
0.125

	
0.069
0.054
0.051
0.081

	0.330
0.388
0.431
0.292
	1.73
1.75
1.83
1.43
	1.92
1.89
1.97
1.99



Comparison of the two sites shows that the meadow soil of Chakhirli village exhibits greater variability in salt distribution, whereas the cultivated soil of Inca village maintains a uniformly high salinity level throughout the profile. In both cases, Cl- ions represent the major anionic component, while Mg2+ and Na⁺+K⁺ ions dominate the cationic composition. Carbonates were not detected, and bicarbonate concentrations remained relatively low, indicating that the salinity is mainly associated with neutral salts rather than alkaline salts. 
                                        [image: ]
Fig. 2: Soil sections and their coordinates within the research area (Soil sections 5 and 8)
The soils of the Goychay district are characterized by moderate to strong chloride-dominated salinity, with total soluble salt contents considerably higher than those observed in the Sor-Sor area of Kurdamir district. Such salinity levels can significantly reduce crop productivity, impair soil physical properties, and limit water uptake by plants. Therefore, the implementation of effective drainage systems, periodic leaching irrigation, groundwater level control, and scientifically based reclamation measures is essential for reducing salt accumulation and ensuring the sustainable use of these agricultural lands. 

DISCUSSION

Hydrogeological locations significantly impact land reclamation processes in Shirvan plain. Groundwater structure is intensely affected by river penetration from northern catchments, along with irrigation return runs and arable water inputs (Shukurov et al., 2025). While groundwater occurs at greater depths in the northern and foothill zones, it is highly mineralized in the central plain, with salinity levels ranging from 25-50 g/l to 50-100 g/l. The physico-chemical composition of groundwater is further shaped by each natural river inflows and anthropogenic irrigation practices, highlighting the need for integrated water and soil management strategies.
[bookmark: _GoBack]A key reason in soil salinization in the Shirvan Plain is the presence of mineralized groundwater. Groundwater occurs at varying depths, and in some areas it reaches the soil surface. In zones where groundwater is located at depths of approximately 1.5-3 m, capillary rise and intense evaporation lead to the accumulation of salts in the upper soil layers. Over time, this process results in secondary salinization and land degradation, rendering soils unsuitable for agricultural use. Calcisols are mainly formed in the Kur-Araz Lowland (Shukurov et al., 2025; Sadigov et al., 2026). The morphological structure and physical and chemical properties of these soils differ significantly from the gray soils formed in both Central Asia and Iran on the southern border of the country. The main indicators of these soils are characterized by low humus content, weak adsorption capacity, and carbonate content. Organic matter is mainly concentrated in the upper soil horizons, while carbonates accumulate in deeper layers (Ali et al., 2025; Ali et al., 2026). Na⁺ salts predominate, and their granulometric composition is generally medium to heavy clay, which further affects their physical behavior. Table 1 presents the granulometric analysis showed that the soils of the Sor-Sor experimental plot are predominantly composed of fine particles. The content of the physical clay fraction (<0.01 mm), which is an important indicator of soil texture, varied from 50.00% to 62.60% throughout the soil profile. According to these values, the soils can be classified as heavy clay to clay loam textured soils, indicating a high capacity for water retention but also a greater susceptibility to salinization under improper irrigation and drainage conditions. The highest proportion of physical clay (62.60%) was observed in the 0–30 cm surface layer, while the lowest value (50.00%) occurred in the 57–92 cm layer. Nevertheless, the physical clay content remained above 50% in all horizons, confirming the generally heavy texture of the profile. The coarse sand fraction (1–0.25 mm) was present in very small amounts, ranging from 0.35% to 2.23%, indicating that coarse particles play only a minor role in soil formation within the study area. Similarly, the fine sand fraction (0.25–0.05 mm) varied between 1.05% and 13.57%, with the highest content recorded in the 92–120 cm horizon. The silt fraction (0.05–0.01 mm) remained relatively stable throughout the profile, fluctuating between 1.68% and 3.46%. Among the finer fractions, particles of 0.01–0.005 mm accounted for 2.49–10.90%, while the 0.005–0.001 mm fraction ranged from 5.56% to 16.32%. The clay-sized particles (<0.001 mm) represented a substantial portion of the soil mass, varying from 10.48% to 23.68%. The highest clay content was observed in the 30–57 cm layer, indicating a zone of increased fine-particle accumulation. Granulometric composition demonstrates that the soils of the Sor-Sor area are characterized by a predominance of fine-textured material and a high physical clay content. These properties contribute to relatively low permeability and slow water movement through the profile, which can promote the accumulation of soluble salts under irrigated conditions. Mg content varied between 19.40 and 22.45 mg-eq/100 g·soil, representing 47.78-73.84% of the adsorption complex. Mg was the predominant absorbed cation in most horizons, particularly in the 50–75 cm layer, where its share reached 73.84%. This dominance reflects the influence of magnesium-rich parent materials and irrigation-related processes on soil development. Exchangeable sodium was present in relatively low amounts, ranging from 1.20 to 1.50 mg-eq/100 g·soil and constituting only 3.20–4.94% of the total absorbed bases. These values are well below the threshold commonly associated with sodic soils, indicating that the studied soils are not significantly affected by exchangeable Na+ accumulation. pH values ranged from 7.18 to 7.53, indicating a neutral to slightly alkaline environment throughout the profile. The highest pH value 7.53 was observed in the 25–50 cm layer, while the lowest (7.18) occurred at a depth of 75–100 cm. Such pH conditions are generally favorable for plant growth and nutrient availability. The results demonstrate that the soil adsorption complex is dominated by calcium and magnesium, while exchangeable sodium remains at a low level. The neutral to slightly alkaline reaction and the relatively high sum of absorbed bases suggest favorable physicochemical conditions for agricultural use. However, continued monitoring of salinity and irrigation practices is necessary to prevent potential soil degradation under long-term irrigation. The analysis of water-soluble salts in the soils of Goychay district revealed relatively high salinity levels in both investigated sites. The total soluble salt content (dry residue) ranged from 0.91% to 2.23%, indicating that the soils are affected by moderate to strong salinization.
In the Chakhirli village meadow area (Soil Section 5), the dry residue content varied between 0.91% and 2.23%. The highest salinity level (2.23%) was recorded in the surface horizon (0–25 cm), while the lowest value (0.91%) occurred in the deepest layer (56–72 cm). This distribution suggests that soluble salts have accumulated primarily in the upper part of the profile, likely as a result of intense evaporation and capillary rise of saline groundwater. The chloride content reached 1.188%, indicating substantial chloride accumulation throughout the profile. Sulfate concentrations were comparatively low, ranging from 0.020% to 0.040%. Among the cations, Mg2+ and Na⁺+K⁺ ions predominated, reflecting the development of chloride-type salinity (Table 4,  Fig. 2). In the Inca village grain field (Soil Section 8), the dry residue values ranged from 1.89% to 1.99%, indicating a consistently high degree of salinity throughout the profile. Chloride concentrations varied from 1.128% to 1.188%, while sulfate content ranged between 0.075% and 0.125%. The relatively uniform distribution of salts with depth suggests long-term salt accumulation under irrigated agricultural conditions. The high concentration of Na⁺+K⁺ ions further confirms the dominance of readily soluble salts in the soil solution. 

Conclusion
The investigated soils of the Shirvan Plain and adjacent areas of the Kur–Araz Lowland are characterized by heavy-textured granulometric composition, with physical clay contents generally exceeding 50%, indicating low permeability and a high potential for salt accumulation. The adsorption complex is dominated by Ca and Mg ions, while exchangeable sodium occurs in relatively low concentrations, suggesting that sodicity is not yet a major limitation. Analysis of water-soluble salts revealed varying degrees of salinization across the study sites. The soils of Sor-Sor village showed slight to moderate salinity, whereas the soils of Goychay district exhibited moderate to strong salinity, with total soluble salt contents reaching more than 2%. Cl- and SO4- ions were the predominant anions, while Na and Mg were the main soluble cations, indicating a chloride–sulfate type of salinization. The results demonstrate that soil salinity remains a significant ecological and reclamation problem in the study area. Effective irrigation management, improvement of drainage systems, periodic leaching, and continuous monitoring of soil salinity are essential for preventing further degradation and ensuring the sustainable use of agricultural lands in the region.
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