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Abstract

:

The secondary salinization of irrigated areas poses a direct threat to both the sustainable development of oasis agriculture and ecological stability in arid regions. In this study, we conducted an experiment to examine alterations in groundwater levels and soil salinity within the plow layer, as well as their combined impact, in arid regions following extended reclamation in standard diversion irrigation areas. For this experiment, the Karamay irrigation district was selected. Four different years, namely, 1996, 2006, 2016, and 2021, were selected for soil sampling and groundwater monitoring data. Descriptive statistics, along with the use of GIS technology and Pearson’s correlation, were employed to analyze the data in order to discern the patterns of soil salinity and groundwater depth within the plow layer. Additionally, this approach helped establish the correlation between these factors over the last 25 years of reclamation in the Karamay irrigation district. The results showed that, (1) due to an increase in the reclamation duration, the groundwater depth in the irrigation area decreased year by year, and the salinity of the arable soil showed an overall decreasing trend, but it increased in local low-lying areas; (2) the influence of the groundwater depth on the salinity of the arable soil had a threshold value. It decreased from 3.1 m in 2016 to 2.4 m in 2021, and a significant negative correlation was observed between salinity and the depth of groundwater. When the groundwater depth was shallower than the threshold value, the soil salinity in the plow layer was negatively correlated with the groundwater depth. In the arid irrigation zone, inadequate drainage facilities resulted in a significant rise in the groundwater table due to the excessive amount of irrigation water. This created secondary salinization of the arable soil. It is thus concluded that implementing adequate drainage systems in arid irrigation regions will help prevent secondary salinization and promote the sustainable development of agriculture in these areas.
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1. Introduction


Soil salinization is one of the most serious problems in arid and semi-arid zones. It has seriously threatened local agricultural production and oasis ecological stability [1,2]. According to the Food and Agriculture Organization of the United Nations (FAO), about 833 million hectares of land are under saline conditions, covering 8.7% of the entire Earth’s land area. Most saline soils are distributed in arid or semi-arid zones in Asia, Africa, and Latin America [3]. In China, Xinjiang has the largest saline soil resources, as almost one-third of the land in Xinjiang, i.e., 1.62 × 106 hm2, is saline [4]. Soil salinization has led to problems such as reduced soil fertility and crop yield and the deterioration of the ecological environment [5]. It is statistically estimated that crop yields are reduced by 10–15% annually due to the salinization of arable land [6].



Secondary soil salinization is caused by various human factors or changes in natural conditions. There are many factors causing soil salinization, such as groundwater depth, irrigation volume, rainfall, soil lithology, and vegetation coverage [7]. Poor irrigation systems, the rise in phreatic water depth caused by unsound water diversion, and poor drainage projects are the main reasons for the secondary salinization of soil [8]. The comprehensive effect of these factors, which intersect, restrict, and superimpose each other, is bound to continuously change the process and condition of water and salt circulation in irrigation areas [9]. During water diversion and irrigation, the groundwater level is raised and exceeds the threshold depth, so phreatic water continuously evaporates, and a large amount of salt accumulates on the surface. Therefore, controlling the phreatic water levels in irrigation areas is an effective measure to prevent secondary soil salinization. In recent years, many researchers have conducted extensive studies on soil water and salt transport from the perspective of improving saline–alkali soil and developing oasis ecological agriculture, which has laid a certain theoretical foundation and practical guidance for the improvement in salinized land and the development of agricultural production in Xinjiang [10]. However, most of the research work only focused on the soil salt content and groundwater depth, but the correlation between these two factors has been less investigated. In order to realize the sustainable development of agricultural production, it is essential to study the response of soil salinity to the change in groundwater depth and determine the appropriate threshold of groundwater depth.



Building on previous research, the aim of this study was to examine the evolving traits of topsoil salinity and the depth of phreatic water over a span of 25 years of reclamation. Additionally, it sought to analyze how alterations in the phreatic water depth affect topsoil salinity. This paper examines the patterns of soil salinization following extended reclamation in an irrigation area situated downstream in an arid region. Its purpose is to furnish a scientific foundation for the sustainable advancement of agriculture in such arid regions.




2. Materials and Methods


2.1. Regional Overview


The Karamay irrigation district is located on the northwestern edge of the Junggar Basin on the alluvial plains of the ancient Manas Lake. It is bordered by the Gurbantunggut desert in the east and the desert plain in the north, as shown in Figure 1. The overall terrain is slightly lower in the middle and slightly higher in the surrounding shallow basin. The climate of Karamay is a typical temperate continental desert climate, with cold winters and hot summers. It is mostly arid, with little rain, strong evaporation, an average annual temperature of 8 °C, an average annual precipitation of 108.9 mm, an average annual evaporation of up to 3008.9 mm, and a frost-free period of 180–220 d [10]. The irrigation area is characterized by sparse vegetation growth, and pike, salt spice wood, large-fruited white thorns, tamarisks, and other arid- and salinity-tolerant plants are the predominant species [11]. The main crops include cotton, corn, pumpkin, alfalfa, sunflower, and gourd [12].



The Karamay Irrigation district has been reclaimed since 1996. At present, the cultivated area is 10,043 hectares. Since 2006, water-saving irrigation has been increasingly used on a large scale. In 2006, the area with water-saving irrigation accounted for only one-fourth of the irrigation area. By 2011, however, all irrigation areas had adopted water-saving irrigation. Since 2016, a large area of dead seedlings and non-emerged areas have appeared in the south of the irrigation area in Karamay. A large number of white salt blocks have appeared on the surfaces of these areas, which has seriously affected farmers’’ enthusiasm for planting in this region.




2.2. Data Sources


2.2.1. Data Collection and Soil Sampling


The data used for this study included soil salinity data from four different periods, i.e., 1996, 2006, 2016, and 2021. The Karamay Agricultural District Management Committee provided data on soil salinity for the years 1996 and 2006, while the soil salinity data for the years 2016 and 2021 were measured with the help of field sampling before planting crops. The whole irrigation district contains almost 100 acres and has many individual fields. Different points were randomly selected in these fields for soil sampling. At every selected point, five soil samples were collected with the help of a soil auger (5 cm in diameter) within a radius of 50 m, and then all five samples were mixed to make one sample for this selected point [13].




2.2.2. Analysis of Soil Samples


The total salts in these soil samples were determined by the gravimetric method. Each soil sample involved the extraction of 10 g of soil with 100 mL, with a detection limit set at 10 mg/kg. For the same sample, three independent determinations were made, and the average value of these three determination results was taken as the final value of the total salt for this soil sample.





2.3. Data Processing


Descriptive statistics of soil salinity samples for each year were calculated with SPP26.0. A normal distribution test was carried out with JMP pro16. Data that failed to follow a normal distribution with JMP pro16 were subjected to logarithmic transformation or Box–Cox transformation to conform to a normal distribution. After that, GS + 9.0 was used to carry out the calculation of the semi-variance function and determine the theoretical model. Based on the semi-variance model, the spatial distribution map of the soil salinity in each period and the spatial distribution map of soil depth were plotted by using origin pro 2021. Furthermore, based on the semi-variance model, ArcGIS10.4 was used to perform ordinary kriging interpolation and indicate the kriging interpolation results on the map of soil salinity and the spatial distribution in each period, as well as the spatial distribution of soil depth. The temporal variation in soil depth and the analysis of its correlation with total soil salinity in the plow layer were also plotted using Origin2021.





3. Results


3.1. Characteristics of and Spatiotemporal Variation in Groundwater Depth


As shown in Table 1, the groundwater depth in different irrigation areas has changed drastically; areas with a depth shallower than 3 m are increasing, whereas areas with a depth of more than 4 m are continuously decreasing. In 2006, the depth of groundwater irrigation was more than 5 m in many areas, but in 2011, the depth was shallower than 5 m in many irrigation areas, as shown in Table 1. Only 10% of the area exceeded the limit of 5 m within the total area. Five years after further reclamation, in 2016, less than 5% of the area had a groundwater depth of more than 4 m. Afterward, the upward trend of the groundwater level in the irrigation areas slowed down, and the results in 2021 showed little change as compared to 2016.



As shown in Figure 2, the average depth of the groundwater table was more than 10 m before the large-scale reclamation of the irrigation area. Since 1996, when the large-scale reclamation of the irrigation area began, the groundwater table has increased significantly, and the groundwater depth decreased from 10.77 m in 1997 to 4.29 m in 2011. The irrigation water volume had dropped significantly in 2012, before the installation of water-saving irrigation systems. Although the groundwater table continued to maintain an upward trend, the groundwater depth decreased from 4.29 m to 3.43 m. After the installation of water-saving irrigation systems, a decrease of 0.86 m occurred in the ten years from 2012 to 2021. At the same time, the inter-monthly variation in the groundwater depth in the irrigation area over the past 16 years can be clearly seen, as shown in Figure 2. The groundwater table increased in the irrigation area mainly in the crop-planting season, from May to October. This is because of the low-lying and closed terrain of the irrigation area. When crops are planted, water cannot be discharged, and it accumulates in the irrigation area, which makes the groundwater level of the irrigation area continuously elevated.



The groundwater depth data for 2006, 2011, 2016, and 2021 were interpolated by kriging, and the results are shown in Figure 3. As a whole, the groundwater depths of the irrigation area in different years were distributed in strips, with a rising trend in general. Locally, the groundwater depth in the south is obviously shallower than in other areas, and the depth gradually increases from south to north. In 2006, the groundwater depth was generally deep; only the southeast and northeast regions had shallow groundwater depths. The groundwater depth in the middle of the irrigation area was shallow, forming a spatial distribution pattern of shallow in the middle and deep in the area around it. Comparing 2011 with 2006, the spatial distribution of the phreatic water depth changed significantly. On the basis of the overall rise in the groundwater table in the irrigation area, the low point of the groundwater depth originally located in the southeast of the irrigation area moved to the southwest, and the high point of the groundwater depth moved from the middle to the northwest. In 2021, the distribution of the groundwater depth changed little; the groundwater accumulation peak was still located in the southwest of the irrigation area, and the area showed a trend of first decreasing and then increasing.




3.2. Salinization Status and Spatiotemporal Variation in Arable Soil


Following the classification criteria outlined in the specification for the geochemical evaluation of soil quality in Xinjiang [14], the soil salinity in the arable layer of the irrigation area was categorized into five types, depending on the degree of salinization, namely, non-salinized soil (<5.54 g/kg), mildly salinized soil (5.54~7.27 g/kg), moderately salinized soil (7.27~8.66 g/kg), severely salinized soil (8.66~13.45 g/kg), and saline soil (>13.45 g/kg).



As shown in Table 2, there was a substantial range of variation in soil salinity across the sampling results from the four phases of the irrigation area. Due to the increase in reclamation years, there was a consistent decrease in the mean value of soil salinity from one period to the next. Although there was a notable increase in its coefficient of variation, suggesting the heightened spatial heterogeneity of soil salinity in the plow layer of the irrigation area, the trends of changes in soil salinity varied across different areas.



The mean value and the coefficient of variation can briefly describe the overall situation of soil salinity changes in the irrigation area. However, the effect is very disappointing for analyzing the characteristics of local soil salinity changes in the irrigation area. In order to show the spatial distribution of soil salinity in the arable layer more intuitively and compare the differences in the soil sampling results between the four phases, the soil sample results for the four phases in the four years, 1996, 2006, 2016, and 2021, based on the theoretical model of the semi-variance function and relevant parameters are shown in Figure 4. Based on the theoretical semi-variance function model and related parameters, the soil samples of four years, 1996, 2006, 2016, and 2021, were subjected to ordinary kriging interpolation. The color-coded results for the four periods show the spatial distribution of salinity in the tillage layer of soil in the irrigation area in Figure 4.



In Figure 4, except for the existence of patches of salinity in some areas, the kriging interpolation results of soil salinity in the four phases of the irrigation area were higher in the south as compared to the north. While the trend was the same as that of the groundwater depth in the irrigation area, the soil salinity was distributed in strips and gradually increased from south to north. Therefore, at the same time, there was a significant accumulation of salinity near the desert edge in the southern part of the irrigation area. From the perspective of the time series, the salt content in the topsoil in the total irrigation area decreased significantly in the first ten years of crop planting in the irrigation area from 1996 to 2006. In the second decade of reclamation, from 2006 to 2016, the soil salinity distribution in the southern part of the study area did not change significantly, but salt accumulation existed only in some small areas. Furthermore, the soil salinity condition in the northern area was further alleviated, but the area of salt blocks, originally existing in the north and east, was significantly reduced. Comparing the interpolation results for 2021 and 2016, most of the northern part of the irrigation area still maintained soil salinity. In 2021, only one serious salt block area appeared in the northeast, and the soil salinity in the southern part of the irrigation area showed the opposite trend as compared to the previous two decades. Therefore, the area near the edge of the oasis in the southern part of the irrigation area experienced an increase in the degree of salinization as well as an increase in the saline area.



Table 3 shows the area proportions of different types of soil salinization in different years in the irrigation area. In 1996, at the beginning of reclamation in the irrigation area, there were no non-saline, mildly saline, or moderately saline soils distributed in the irrigation area, but soil with above moderate salinity accounted for 79% of this irrigation region. However, in 2006, the area with above moderate salinity significantly decreased by almost 16.8%, and the saline soil area almost disappeared, but the area of non-saline and mildly saline soil increased by up to 83%. After ten years of continuous crop planting, the remaining soil salinization areas had not changed significantly, except that some areas with mild salinity changed to non-saline. After 25 years of reclamation, the area of non-saline soil increased significantly by up to 64.25%, but the area of mild and moderate soil salinity decreased significantly. Therefore, the saline soil area again increased by up to 7.27%, showing a more obvious situation of “global reduction, local aggravation”.




3.3. Correlation between Soil Salinity and Groundwater Depth


The soil salinity and groundwater depth of the irrigation area in 2016 and 2021 were fitted by using curve-fitting techniques. By comparing the goodness of fit (R), it was determined that the fitting model of groundwater depth and soil salinity in 2016 with the best fitting effect was the Boltzmann model, and the R-value was 0.75. In contrast, for 2021, the R-value of the log-normal model is 0.85, and its fitting effect is the best. As shown in Figure 5, the inflection point of the fitted curve for 2016 is a depth of 3.1 m, indicating that when the depth of groundwater is less than 3.1 m, the soil salinity decreases rapidly with the increase in the depth of groundwater. When it exceeds 3.1 m, the relationship between the two tends to be gentle. The inflection point of the fitted curve for 2021 is 2.4 m. When the groundwater depth is less than 2.4 m, the soil salinity decreases sharply with the increase in groundwater depth. When it is more than 2.4 m, the change in soil salinity with the increase in groundwater depth is not obvious. In comparison, the inflection point of the fitted curve of the correlation between soil salinity and groundwater depth in the irrigation area decreased by 0.7 m in the five years from 2016 to 2021. This indicates that the critical depth of the groundwater table in 2021 was shallow, and the risk of secondary salinization in the entire irrigation area was further increased in the five years.



In order to further verify the correlation between soil salinity in the plow layer and the critical depth of groundwater, the groundwater depths in 2016 and 2021 were interpolated by using the kriging method, taking 3.1 m and 2.4 m as the threshold values, to obtain spatial distribution maps of the probability of submerged depths in the irrigation area in 2016 and 2021. The results are shown in Figure 6 and Figure 7, It was compared to the distribution maps of different soil salinization types in the irrigation area in 2016 and 2021. In the spatial distribution map of the depth probability in 2016, high-probability (above 0.6) areas with a depth less than the critical depth (3.1 m) are mainly concentrated in the middle and south of the irrigation area. The low-probability areas are mainly concentrated in the north. In the distribution map of different soil salinization types in 2016, areas with more than moderate salinization are also located in the middle and south of the irrigation area, which has a closer correspondence to high-probability areas with a depth less than the critical depth and high-probability areas with the non-saline soil type. There is a closer correspondence between non-saline areas and low-probability areas with less than the critical depth to some extent.



In the 2021 results, the area of the high-probability region with a groundwater table exceeding the critical depth (2.4 m) had expanded in size compared to 2016, but it was still concentrated in the south-central part of the study area. Meanwhile, the range of the high-probability area covered the areas with above-moderate-salinity soil types in 2021. Therefore, the coincidence between the two was further improved compared to 2016, which indicates that the rise in the groundwater table played a great role in the aggravation of the secondary salinization of soils in the south from 2016 to 2021.





4. Discussion


4.1. Temporal and Spatial Variations in Topsoil Salinity in Irrigation Area


The results of this study illustrate that the soil salinity of the soil layer in the irrigation area showed a trend of decreasing in the whole area at first and then increasing, with salt blocks even occurring in local areas. As a whole, the average soil salinity of the soil layer in the irrigation area decreased from 14.424 g/kg to 5.109 g/kg, but the coefficient of variation increased from 77.74% to 160.45%, which indicates obvious heterogeneity characteristics. The main reasons for this change are as follows: (1) From the reclamation of the irrigation area to 2006, the method of flood irrigation was adopted in the irrigation area. The irrigation water could clean the topsoil. With continuous irrigation cleaning and crop improvement, the soil salinity decreased rapidly, and many sub-regions could return to a state of non-salinization or mild salinization. After that, with the change in irrigation mode from flood irrigation to water-saving drip irrigation, the cleaning efficiency of irrigation water was seriously weakened, and the phenomenon of “returning salt” began to appear in some areas [15]. (2) Due to the low-lying and enclosed terrain, along with the specific topographic conditions of the irrigation area, the irrigation water remains within the study area and cannot be discharged [16]. It converges with the underground runoff in the lower-lying southern region, where the groundwater depth is significantly shallower than that in other regions. Because of the strong evaporation in the irrigation area, the capillary effect of the soil has been greatly enhanced. The soluble salts in groundwater accumulate on the surface of the topsoil after evaporation and concentration in the topsoil, forming a white salt shell with a thickness of 2–5 cm [17]. This increase in salt in the topsoil greatly inhibited the growth of crops [18] and further aggravated salinization in some regions [19].




4.2. Effect of Groundwater Depth on Soil Salinity in Irrigated Area


Groundwater is the carrier of salt transfer in the topsoil; the movement and accumulation of salt ions in the soil layer are realized through the migration of groundwater [20]. In this study, we found that there is a threshold value for the influence of soil depth on the salt content of the arable soil. It is in the process of constant change, and the threshold value of soil depth decreased from 3.1 m in 2016 to 2.4 m in 2021. In the area where the depth is less than the threshold value [21], the salinity of the arable soil and the depth have a highly significant negative correlation. When the depth is more than the threshold value, the correlation is non-significant [22], and the reasons are as follows. (1) When the depth of groundwater is lower than the threshold value, the groundwater zone and the capillary zone are connected for a long time, and the saltwater’s movement path is smooth. Moreover, the shallower the depth of phreatic water, the more reliable the connection and the less likely it is to be interrupted [23]. Because of the action of strong evaporation, groundwater continuously moves to the surface through capillaries in the soil and continuously transfers the base ions in the groundwater and deep soil to the surface for accumulation [24,25]. Therefore, in the shallow groundwater area, the soil salinity in the topsoil increases with the decrease in groundwater depth. (2) When the depth exceeds the threshold, the connection between the capillary zone and the diving zone in the soil is not stable [26,27,28]. The capillary zone is even in a state of rupture in some areas where the diving depth is deeper, and at this time, the energy consumed by diving to the surface is higher. Water and salt transport is relatively difficult, and water transported to the surface through the action of capillaries is greatly reduced. This leads to the transport of water to the surface and then to a reduction in water transported to the surface [29,30]. The water transported to the surface through capillary action was greatly reduced. This led to the same reduction in salt transported to the surface for accumulation, which is inconsistent with the results reported by Kang Manping [31]. This was due to drought in the irrigation area, with little rainfall and intense evaporation. Additionally, the local farmers’ irrigation method does not work in a short period of time; effects are observed more quickly with large-scale water flood irrigation but take a long time to appear with drip irrigation. Relevant research work also shows that the wetting peak of drip irrigation can reach the surface of the ground at about 50 cm [32], so in the case of the fracture of the capillary zone, the soil in the tillage layer of the soil is not as dry as it was in the past. Therefore, in the case of capillary zone fracture, the salts in the soil of the plow layer can be transported to the lower soil layer with drip irrigation water. The soil sampling depth of this study is 0–30 cm, so when the depth exceeds the threshold value [33,34], the correlation between the depth and the soil salts in the plow layer is non-significant.





5. Conclusions and Prospects


5.1. Conclusions


After analyzing the variation patterns of soil salinity and groundwater depth in the arable layer over the 25-year reclamation period in the Karamay irrigation district, along with their interactions, the following conclusions can be drawn:



(1) After a long period of reclamation in the Karamay irrigation district, the overall salinity of the plow layer in the whole area of Karamay decreased gradually in the first two decades of reclamation. In the last five years, while the soil salinity in the northern part of the study area still maintained a decreasing trend, more serious secondary salinization occurred in the southern part, and the area was significantly enlarged while the degree of salinization was aggravated.



(2) The change in soil depth caused the non-homogeneous characteristics of soil salinity in the arable layer, and there are threshold values for its influence on soil salinity in the arable layer. These threshold values are not constant. When the soil depth is shallower than the threshold value, there is a highly significant negative correlation. When the soil depth exceeds the threshold value, their correlation is non-significant.



Combined with the results of this study, the following suggestions are made to address the widespread problem of rising groundwater tables and the secondary salinization of soil in water diversion irrigation areas:



(1) Groundwater drainage should be carried out to achieve the goal of “salt goes with water” to reduce the groundwater table in the irrigation area. (2) In the southern area, where the groundwater is shallow and the degree of salinization is heavy, the installation of underground pipe drainage facilities can reduce the infiltration of irrigation water into the groundwater, and this can take away the salt in the soil. (3) According to different degrees of salinization, selecting suitable salt-tolerant crops or salt-accumulating plants can effectively slow down the secondary salinization trend and realize the sustainable development of irrigation areas.




5.2. Prospects


While this paper has presented a comprehensive investigation on how topsoil salinity responds to changes in groundwater depth in the Karamay irrigation district and has provided pertinent suggestions for the current situation in the area based on the research findings, it is crucial to acknowledge that these recommendations are currently theoretical and have not undergone practical testing in the irrigation area. Following this, further research on groundwater drainage can be conducted in the heavily salinized region located to the south of the irrigation area. The monitoring of soil salinity post-drainage can be carried out to ascertain whether an increase in phreatic water depth can mitigate the occurrence of secondary salinization in the soil.
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Figure 1. Different elevations and sampling points within the study area. 
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Figure 2. Inter-annual and inter-monthly variations in groundwater depth in the study area. (a) Inter-annual variation in groundwater depth; (b) inter-monthly variation in groundwater depth. 
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Figure 3. Spatial distribution of groundwater levels in the study area in 2006, 2011, 2016, and 2021. 
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Figure 4. Changes in soil salinity of topsoil in the study area in different years. 
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Figure 5. Fitting results of soil salinity and groundwater depth in soil layer in 2016 and 2021. 
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Figure 6. Probabilistic spatial distribution of groundwater depths under different threshold conditions in the study area in 2016 and 2021. 
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Figure 7. Distribution of soil salinization types in the study area in 2016 and 2021. 
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Table 1. Changes in different groundwater depths of different irrigation areas.






Table 1. Changes in different groundwater depths of different irrigation areas.





	Year
	<2 m
	2–3 m
	3–4 m
	4–5 m
	5–6 m
	>6 m
	Total (%)





	2006
	0
	0
	0
	0
	30.85
	69.15
	100



	2008
	0
	5.99
	26.96
	33.19
	17.87
	15.99
	100



	2009
	0
	23.75
	32.32
	21.52
	11.57
	10.84
	100



	2010
	18.78
	28.15
	24.00
	18.17
	6.10
	4.79
	100



	2011
	23.72
	26.83
	26.03
	13.28
	6.33
	3.80
	100



	2012
	32.41
	26.60
	20.39
	13.91
	4.50
	2.20
	100



	2013
	27.17
	36.40
	30.57
	4.34
	1.52
	0
	100



	2014
	25.99
	33.47
	29.76
	9.00
	1.79
	0
	100



	2015
	22.28
	54.61
	19.95
	3.16
	0
	0
	100



	2016
	20.00
	36.62
	38.40
	3.60
	1.38
	0
	100



	2021
	10.84
	69.03
	15.57
	3.57
	0.99
	0
	100










 





Table 2. Descriptive statistics of soil salinity in different years.
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Project

	
Year

	
Maximum

g/kg

	
Minimum

g/kg

	
Range

g/kg

	
Mean

g/kg

	
Standard Deviation

	
Variance

%

	
Skewness






	
Soil

salinity

	
1996

	
56.747

	
0.454

	
56.293

	
14.424

	
11.213

	
77.74

	
1.169




	
2006

	
30.800

	
1.400

	
29.400

	
11.418

	
6.052

	
108.00

	
1.488




	
2016

	
73.950

	
0.370

	
73.580

	
5.188

	
7.216

	
139.08

	
6.238




	
2021

	
46.480

	
0.490

	
45.990

	
5.109

	
8.198

	
160.45

	
3.078











 





Table 3. Percentage of soil salinization area in the study area in different years (%).
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	Degree of Salinization
	1996
	2006
	2016
	2021





	Non-salinization
	0.00
	47.07
	49.33
	64.25



	Mild salinization
	20.95
	36.07
	30.62
	13.87



	Moderate salinization
	38.83
	8.44
	12.61
	6.59



	Severe salinization
	29.51
	8.43
	7.35
	8.02



	Saline soil
	10.71
	0.00
	0.10
	7.27
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