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Abstract 

The geographical variability of a variety of soil physical and chemical characteristics was investigated in 

agricultural regions with saline-alkaline soils. The characteristics that were analyzed included pH, 

magnesium (Mg), sodium (Na), exchangeable sodium percentage (ESP), sodium absorption ratio (SAR), 

bulk density (BD), calcium (Ca), available phosphorus (AP), available potassium (AK), electrical 

conductivity (EC), soil water content (WC), gypsum content, organic carbon (OC), and soil texture fractions. 

Soil samples were collected at five different depths (0–250 cm) at many places. To evaluate the geographical 

distribution of these soil qualities, the data were examined using geostatistical techniques, particularly 

semivariogram models. The results revealed significant spatial variability, with varying levels of spatial 

dependence across the research area. Electrical conductivity (EC) exhibited the highest spatial variability, 

highlighting its critical role in soil salinity and environmental pollution. pH and Available Potassium (AK), 

varied less throughout the research region. The spatial distribution of soil texture, SAR, and ESP exhibited 

strong spatial dependence. OC, BD, and Gypsum Content, however, showed moderate spatial dependence. 

The spatial dependencies of soil properties include external aspects, such as the composition of the bedrock, 

environmental pollution, agricultural pollution, drainage, and groundwater levels. Understanding these 

would be fundamental for assessing the impacts of salinization on the availability of nutrients and the 

productivity of agriculture. 
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Introduction 

Soil salinity is one of the major environmental pollution causes of losses in agricultural productivity worldwide 

(Zhue et al., 2024). There are numerous natural and anthropogenic causes of soil salinization. Normally, 

saltiness arises due to the weathering of parent rock material. This occurs mainly in arid and semi-arid regions, 

where a deficiency of rainwater does not facilitate the washing away of salts (Eswar et al., 2021). Groundwater 

also provides an additional contribution to environmental pollution bringing dissolved salts through capillary 

action to the surface. Over-irrigation, saltier water application, and poor drainage have enhanced the 

accumulation of salts in the soil, reducing productivity for agriculture (Hopmans et al.,2021). Salts can 

accumulate through many process, concentrating the root zone. The evaporation of moisture in the soil is 

another mechanism that deposits the salts on the surface (Al-Jashaami et al., 2024). If the water cannot leach 

adequately to pass through the soil profile, it becomes a condition referred to as inadequate leaching and builds 

salts with the root zone (Lai et al., 2021).   

 

Figure 1. Impact of soil salinity on nutrient availability and agricultural productivity 

Figure 1 explains how soil salinization is taking place and influencing nutrient availability along with 

environmental pollution (Balagopal, 2019; Knežević & Knežević, 2019). The high salinity of soil brings many 

variations to the physical and chemical qualities of the soil. The soil particles disperse, its porosity decreases 

and the soil becomes dense and hard. It minimizes the infiltration and retention of water in the soil, 

withholding the access of moisture to crops (Hafez et al., 2021). Low soil salinity suppresses the rate of uptake 

of the most significant nutrients required in the survival processes of plants. Higher salt levels at times limit 

the uptake and absorption of particular essential macronutrients, such as nitrogen phosphorus, and potassium 

among others creating limiting factors for plants to grow adequately. Salting causes a deformity of this 

micronutrient, including zn, Fe, and Cl are present in plant survival processes. Furthermore, high 

concentrations of Na+ and Cl- ions are toxic to plants, thus slowing the uptake of water and nutrients (Xie et 

al., 2022). Environmental pollution, particularly soil salinity affects the production of crops, it affects plant 

health and growth (Nasrallehzadeh Saravi et al., 2023). It reduces seed germination, stunted plant growth, 

and decreases crop output. High salt levels cause cell malfunction that affects crop quality. Salinity also 
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lowers plant resistance to insects and diseases, increasing the chances of infection and infestation leading to 

low productivity in agriculture (Mukhopadhyay et al., 2021; Sahab et al., 2021). Soil salinity can involve both 

physical, chemical, and biological approaches. Leaching and efficient drainage systems help remove extra 

salts from the root zone. Saline-tolerant crops are another adaptive approach to ensure agricultural 

productivity does not decline in saline environments (Bosco et al., 2018). Soil amendments, like gypsum, 

organic matter, and biochar, improve the soil structure and nutrient accessibility and are therefore beneficial 

in checking the harmful effects of salinity (Mishra et al., 2023).  

Agricultural regions, especially dry, semi-arid, and coastal areas, are being impacted by climate 

change's effects on soil salinity. To spot patterns and create crop and irrigation plans essential for these 

changes (Corwin, 2021). To evaluate the development of soil salinity, the U.S. Salinity Laboratory has created 

distant images and proximate sensor techniques. Case studies in the Red River Valley of Minnesota and the 

San Joaquin Valley of California demonstrate how climate change has raised the salinity of the root zone soil. 

To track soil salinity at the field, regional, and global levels, infrastructure and procedures are required. The 

different charge surfaces of soil particles and plant roots influence availability in opposing ways (Barrow & 

Hartemink, 2023). For instance, as pH rises, sulfate sorption falls, increasing soil availability but lowering 

plant uptake. The plant impact outweighs the soil effect for phosphate, and absorption declines as pH rises. 

The overall impact is dominated by molybdate adsorption, but cation sorption both increases the absorption 

rate and rises with rising pH. The concentration of uncharged boric acid molecules determines how much 

boron is absorbed. 

Soil salinity is a crucial component in agricultural output, impacting farmers' well-being and the 

region's economic status (Khamidov et al., 2022). Forecasting the dynamics of soil salinization is essential 

for maintaining ecosystems and promoting sustainable development. A thorough statistical framework for 

forecasting the dynamics of soil salinity in the Khorezm area of Uzbekistan was given. According to the 

research, saline soils would decline, moderately saline would rise, and very salty would rise. The findings 

help the government plan future measures by indicating soil salinity is influenced by climate change. Growing 

demand, resource competition, soil salinization, and harmful emissions all pose threats to food security 

(Khasanov et al., 2023). Although agricultural crop yields are expected to be impacted by climate change, 

Uzbekistan's dynamic farmland alterations have not been the subject of any research. According to research, 

mineral fertilizer based on phosphorus increased soil salinity, whereas other agrochemicals had no discernible 

impact. As a result, export rates of wheat and cotton fell sharply, endangering both Afghanistan's food security 

and Bangladesh's economy.  

Due to its semiarid and arid environment, salinity is a significant problem in Pakistan. Microbes and 

plant roots, as well as crop development and yield, are all impacted by excessive salt rates (Syed et al., 2021). 

Sustainable agronomic methods, fertilizers, chemical and biological amendments are some of the tactics used 

to solve issues. These techniques can enhance the efficiency of nitrogen utilization, lessen the impacts of salt, 

and improve soil characteristics. Soil salinization, which impacts 7% of land and 33% of irrigated areas 

globally, is one of the severe environmental pressures brought by global warming (Chele et al., 2021). Global 

food security for the expanding population is at risk due to this problem. Plants have developed defenses 

against salt stress, such as calcium regulatory networks, kinases, phytohormones, and reactive oxygen species. 

A thorough grasp of how plants react to salinity is provided by metabolomics, which also emphasizes the 

detrimental effects on plants and calls for more studies to produce useful conclusions. 

The investigation evaluates maize plants grown in soil impacted by salt in terms of productivity, 

enzymatic activity, physicochemical characteristics, physiological aspects, biochemical analysis, and nutrient 
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absorption (Hafez et al., 2021). According to the findings, using plant growth-promoting rhizobacteria 

(PGPR) enhances maize yield-related traits and productivity while lessening the effects of water scarcity. 

Greater gains in yield-related characteristics, maize productivity, and nutrient absorption are also achieved 

when Silica Nanoparticles (SiNP) and PGPR are co-treated. ESP and proline concentration decreased, 

whereas soil enzymes, chlorophylls, carotenoids, and relative water content rose when compost and PGPR 

were added (Omara et al., 2022). However, a field experiment examined the effects of PGPR and compost on 

wheat growth and productivity under conditions of soil salinity and inadequate irrigation. The purpose of the 

research was to investigate the regional variation of a variety of soil physical and chemical characteristics in 

saline-alkaline soils. 

Research Contributions 

• Research detects areas with severe salinity issues by providing information on the geographical 

distribution of the main important soil characteristics in saline-alkaline soils, which are significantly 

impacted by environmental pollution. 

• The application of semivariogram models improves the precision of soil property mapping and spatial 

analysis, helping to assess the effects of environmental pollution on soil degradation. 

• The identified factors, such as drainage and groundwater levels, do influence soil variability, thus 

supporting better soil fertility strategies. 

• Research assists in devising targeted interventions, such as improved irrigation and soil amendments, to 

reduce salinity effects and improve agricultural productivity. 

Materials and Methods 

Figure 2 illustrates an organized method for researching soil salinity and how it affects agricultural production 

and nutrient availability, and environmental pollution. It covers the most important steps: sampling soil, 

laboratory analysis of physical and chemical properties, and applications of statistical evaluations-including 

correlation and descriptive statistics for the simulation of soil properties. Geostatistical techniques used include 

semivariogram modeling and spatial interpolation.  

 

Figure 2. Workflow for assessing soil salinity and its impact on nutrient availability and agricultural 

productivity 
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Research Area Selection 

Research emphasizes the identification of saline-alkaline agricultural areas, in which soil degradation by 

salinity and alkalinity is primarily regarded. Environmental pollution plays a crucial role in the deterioration 

of these regions. Saline-alkaline regions are chosen through data from historical soil surveys, remote sensing 

analysis, and field observations. The natural and anthropogenic factors influencing soil properties are well 

understood by considering important factors, such as climate, land use patterns, and underlying geological 

formations. The climatic conditions of temperature, precipitation, and rates of evaporation are considered for 

the evaluation of contribution to soil salinization. Also, land use practices, which include irrigation, cropping 

patterns, and drainage, are analyzed to contribute towards soil salinity and alkalinity. 

Soil Sampling Strategy 

To collect spatial variability, several sampling locations are selected across the land use types, soil conditions, 

and observed salinity levels. The stratified sampling approach is considered to cover the entire research area. 

The depth of the samples is divided into five intervals of 0 to 250 cm to check vertical variations in the soil 

properties. Depth-specific sampling is very important to understand the variation in salinity, moisture, and 

other factors concerning the soil depth. Standardization of soil sampling techniques, such as using an auger for 

sampling, and core sampling is to minimize contamination and assess environmental pollution.  

Laboratory Analysis 

The structured format of Table 1 ensures a clear and concise presentation of laboratory analysis 

methods and applications. 

Table 1. Laboratory analysis of soil properties 

Soil Property Method Used Purpose / Significance 

Physical Properties 

Soil Texture Fractions (Sand, Silt, 

Clay) 

Hydrometer method Classifies soil texture; assesses water 

retention and drainage capacity. 

Bulk Density (BD) Core sampling method Determines soil compaction and porosity, 

affecting root penetration and water 

movement. 

Soil Water Content (WC) Gravimetric method Measures soil moisture availability for plant 

growth. 

Gypsum Content Precipitation and weight loss method Evaluates gypsum's impact on soil structure 

and reclamation potential. 

Chemical Properties 

Electrical Conductivity (EC) Conductivity meter Determines soil salinity levels, which 

impact plant growth and microbial activity. 

pH pH meter Assesses soil acidity or alkalinity, 

influencing nutrient availability and 

microbial processes. 

Organic Carbon (OC) Walkley-Black method Evaluates soil fertility and organic matter 

content. 

Exchangeable Sodium Percentage 

(ESP) 

Calculation from exchangeable Na 

and Cation Exchange Capacity  

Assesses soil sodicity, which affects soil 

structure and permeability. 

Sodium Absorption Ratio (SAR) Computed from Na, Ca, and Mg 

concentrations 

Evaluates sodium hazard in irrigation water. 

Available Phosphorus (AP) Olsen’s method Measures phosphorus availability for plant 

uptake. 

Available Potassium (AK) Flame photometry Determines potassium levels, essential for 

plant growth and soil fertility. 
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Geostatistical Analysis 

The geographic variability of soil moisture and salinity was investigated using geostatistical techniques. An 

essential function for researching soil variability is the semivariance function, which is a fundamental 

geostatistical technique. Numerous crucial factors are included in the function, including range (𝐵0), nugget 

impact 𝐷0/(𝐷0 + 𝐷1)sill (𝐷0 + 𝐷1), and nugget (𝐷0). The estimation is given in equation (1): 

𝛾(𝑔) =
1

2𝑀(𝑔)
∑ [𝑌(𝑊𝑗) − 𝑍(𝑊𝑗 + 𝑔)]

2𝑀(𝑔)
𝑗=1      (1) 

𝑌(𝑊𝑗) 𝑎𝑛𝑑 𝑍(𝑊𝑗 + 𝑔) were used in the research to represent the observed values of sample points 

at various geographical locations. The variation brought by random causes and the spatial dependence of soil 

qualities are measured using the semi-variance of samples, 𝑔, and 𝑀(𝑔) environmental pollution significantly 

influences soil moisture and salinity variations. At  𝐷0/(𝐷0 + 𝐷1)< 25%, structural factors contribute to large 

spatial connections, at 25% both structural and random factors contribute to medium spatial correlation. 

Statistical Analysis 

The SPSS version of 29 applies to the examinations of relationships and distribution of some key soil properties 

influencing salinity, fertility, and structure. Correlation analyses show strong interplay among different salinity 

indicators, while a descriptive statistic exhibits variability in the moisture, organic matter, and nutrient content 

with the soil; these are considered important findings concerning soil health and strategies. 

Results 

Spatial variability in the research area is highly significant, and hence, the outcome of the investigation. It is 

represented in soil properties. Key findings include varying degrees of spatial dependence, and factors affecting 

salinity, alkalinity, and nutrient availability in soils.  

Semivariogram Modeling 

A semivariogram is a fundamental tool in geostatistics used for quantifying a spatial dependence and 

variability of soil properties over a given area. This tool helps provide insight into the change in soil 

properties with distance and can help in the preparation of accurate spatial predictions through kriging 

interpolation techniques. 

Table 2. Results of semivariogram analysis across different depths (0–250 cm) 

Soil 

Property 

Depth (cm) Nugget (𝐷0) Sill (𝐷0 + 𝐷1) Range (α) (m) Best-fit 

Model 

Spatial 

Dependence 

EC 0–50 0.15 1.60 380 Exponential  Strong  
50–100 0.12 1.50 340 

100–150 0.10 1.40 320 

150–250 0.08 1.30 310 

WC 0–50 0.09 0.80 300 Gaussian  Moderate  
50–100 0.08 0.75 280 

100–150 0.07 0.70 270 

150–250 0.06 0.65 260 

GC 0–50 0.11 0.90 320 Spherical  Moderate  
50–100 0.10 0.85 300 

100–150 0.09 0.80 290 

150–250 0.08 0.75 270 

OC 0–50 0.10 0.80 310 Gaussian  Moderate  
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50–100 0.08 0.70 290 

100–150 0.07 0.65 280 

150–250 0.06 0.60 260 

pH 0–50 0.04 0.50 260 Gaussian  Moderate  
50–100 0.03 0.47 240 

100–150 0.02 0.45 230 

150–250 0.02 0.43 220 

Mg 0–50 0.07 0.60 250 Exponential  Weak  
50–100 0.06 0.55 230 

100–150 0.05 0.50 220 

150–250 0.04 0.45 210 

Na 0–50 0.14 1.50 350 Spherical  Strong  
50–100 0.12 1.40 330 

100–150 0.11 1.30 310 

150–250 0.10 1.20 290 

ESP 0–50 0.20 2.00 430 Spherical  Strong  
50–100 0.18 1.85 410 

100–150 0.16 1.75 390 

150–250 0.14 1.60 370 

 SAR 0–50 0.18 1.80 420 Spherical  Strong  
50–100 0.15 1.70 390 

100–150 0.13 1.60 370 

150–250 0.10 1.50 350 

BD 0–50 0.12 0.95 290 Gaussian  Moderate  
50–100 0.10 0.85 270 

100–150 0.09 0.80 260 

150–250 0.08 0.75 250 

Ca 0–50 0.06 0.65 280 Exponential  Weak  
50–100 0.05 0.60 260 

100–150 0.04 0.55 250 

150–250 0.04 0.50 240 

AP 0–50 0.08 0.85 280 Gaussian  Moderate  
50–100 0.07 0.75 260 

100–150 0.06 0.70 250 

150–250 0.05 0.65 240 

AK 0–50 0.06 0.65 210 Exponential  Weak  
50–100 0.05 0.60 190 

100–150 0.04 0.55 180 

150–250 0.04 0.50 170 

Table 2 semivariogram analysis reveals strong spatial dependence in EC (0.15, 1.60, 380 m), SAR 

(0.18, 1.80, 420 m), and ESP (0.20, 2.00, 430 m), suggesting significant salinity effects across depths. WC 

(0.09, 0.80, 300 m), OC (0.10, 0.80, 310 m), BD (0.12, 0.95, 290 m), and GC (0.11, 0.90, 320 m) have 

moderate spatial dependence, with effects of soil structure and water retention. Weak spatial dependence 

shows uniform distribution in the following variables: pH (0.04, 0.50, 260 m), Mg (0.07, 0.60, 250 m), Ca 

(0.06, 0.65, 280 m), and AK (0.06, 0.65, 210 m). The range for Na (0.14, 1.50, 350 m) and AP (0.08, 0.85, 

280 m) indicates different kinds of variations. Geochemical conditions are driving the Ca range (240–280 m) 

and the Mg range (210–250 m). The investigation emphasizes the fact soil depth-wise salinity and on-site 

nutrient optimizations are necessary in saline-alkaline agricultural lands. 

Spatial Interpolation Results (Kriging Maps) 

Key soil characteristics' spatial distribution maps were produced using kriging. By highlighting areas of high 

and low concentrations, these maps aid in directing soil and precision farming techniques. 
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Table 3. Statistical performance of kriging for soil properties 

Soil 

Property  

Topsoil (0–100 cm) Subsoil (100–250 cm) 

RMSE ME R² Direction 

(°) 

Transform RM

SE 

ME R² Direction 

(°) 

Transform 

EC 0.34 0.02 0.85 45° Log 0.29 0.01 0.80 48° Log 

WC 0.18 0.01 0.70 40° None 0.16 -0.01 0.67 41° None 

GC 0.22 0.01 0.72 38° Log 0.19 -0.01 0.69 37° Log 

OC 0.21 0.01 0.74 35° Square Root 0.18 -0.01 0.70 34° Square Root 

pH 0.12 0.01 0.65 30° None 0.10 -0.01 0.61 32° None 

Mg 0.14 0.01 0.58 28° None 0.12 -0.01 0.54 27° None 

Na 0.29 0.02 0.80 50° Log 0.26 0.01 0.75 49° Log 

ESP 0.32 0.02 0.84 55° Log 0.28 0.01 0.80 53° Log 

SAR 0.34 0.02 0.86 60° Log 0.29 0.01 0.81 59° Log 

BD 0.19 0.01 0.71 40° None 0.17 -0.01 0.68 42° None 

Ca 0.13 0.01 0.60 30° None 0.11 -0.01 0.57 32° None 

AP 0.17 0.01 0.68 37° Square Root 0.15 -0.01 0.65 39° Square Root 

AK 0.11 0.01 0.55 25° None 0.09 -0.01 0.52 27° None 

Table 3 displays the statistical performance of Kriging for the different soil properties in topsoil (0–

100 cm) and subsoil (100–250 cm). Some of the main parameters, include RMSE (prediction accuracy), ME 

(bias), R² (goodness-of-fit), direction (°) (spatial anisotropy), and transformations (e.g., Log, Square Root) 

applied to normalize data distributions. The results show the EC, Na, ESP, and SAR values needed log 

transformation because it showed high variability while pH and WC were normally distributed. RMSE 

generally tends to be higher in the topsoil compared to subsoil, indicating higher variability. The angles of 

the direction of spatial trends, SAR, and ESP are found to be highly dependent on space.  

Statistical Analysis of Soil Properties 

Research investigates the relationships and distribution of key soil properties affecting salinity, fertility, and 

structure. Through correlation analysis, high interaction is presented among the salinity indicators; descriptive 

statistics point to variability in moisture, organic matter, and nutrient content. The overall findings help to 

understand better soil health and strategies. 

 

Figure 3. Soil properties of correlation matrix 
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Figure 3 displays the correlation coefficients between the important soil parameters. EC, Na, ESP, 

and SAR are strongly positively correlated with each other (>0.70), indicating the close relationship in soil 

salinity dynamics. WC and SAR are moderately correlated with each other (0.68), suggesting higher water 

content influences sodium accumulation. pH is negatively correlated with EC (-0.29), Na (-0.48), ESP (-0.50), 

and SAR (-0.52), which means an increase in salinity reduces soil pH. BD is weakly correlated with other 

properties because it is highly affected by soil compaction rather than chemical composition. OC is 

moderately correlated with EC (0.37) and Na (0.50), which indicates its role in soil fertility. Ca exhibits a 

weak correlation with pH (-0.33) and SAR (0.54). Ca is more feasible as a buffer in alkaline soils. Major 

interactions affecting soil quality and salinity are highlighted by the overall matrix.  

Table 4. Descriptive statistics for soil properties including mean, median, standard deviation, and distribution 

characteristics. 

Soil Properties Mean Median Min Max Std. Dev. Skewness Kurtosis 

EC (dS/m) 0.80 0.76 0.30 1.75 0.31 0.41 -0.60 

WC (%) 14.6 14.3 9.8 20.5 2.28 0.11 -0.87 

GC (%) 2.0 1.9 0.7 4.3 0.72 0.50 0.40 

OC (%) 0.85 0.83 0.45 1.45 0.18 0.34 -0.24 

pH 7.3 7.2 6.5 8.2 0.31 0.17 -0.73 

Mg (mg/kg) 115.6 113.7 80.3 160.2 17.9 0.21 -0.57 

Na (mg/kg) 53.0 51.6 28.0 95.4 12.0 0.63 0.79 

ESP (%) 7.8 7.5 4.1 15.3 2.0 0.49 0.21 

SAR 9.8 9.5 5.3 18.2 2.8 0.36 -0.43 

BD (g/cm³) 1.34 1.33 1.10 1.55 0.07 0.29 -0.61 

Ca (mg/kg) 227.9 223.0 170.5 320.0 24.1 0.26 -0.49 

AP (ppm) 14.7 14.0 7.9 28.0 3.3 0.42 0.09 

AK (ppm) 81.8 79.1 55.2 120.5 11.7 0.37 -0.21 

Table 4 illustrates the summary of key soil properties with important statistical parameters, such as 

EC, WC, GC, OC, pH, Mg, Na, ESP, SAR, BD, Ca, AP, and AK. The EC has moderate salinity variations, 

ranging from 0.30 dS/m to 1.75 dS/m, with a mean value of 0.80 dS/m.WC ranges between 9.8% to 20.5%, 

and mean value of 14.6%. This suggests the moderate content of soil moisture. OC range between 0.45% to 

1.45% and mean value of 0.85% with an organic matter content. ESP range between 4.1% to 15.3% and mean 

value of 7.8 % and SAR range between 5.3% to 18.2% and mean value of 9.8% vary moderate respectively. 

Ca and Na show significant variation, with a maximum of 320 mg/kg for Ca and 95.4 mg/kg for Na, causing 

variations in soil structure and fertility. 

Soil Salinity and Moisture Prediction 

Figure 4 demonstrates soil salinity (EC) and moisture content (WC) were measured to validate the 

predictability in the accuracy of the respective model representations, RMSE, Mean Error (ME), and R². EC 

was highly predictable (R² = 0.85, RMSE = 0.34), while WC showed modestly good predictive model accuracy 

(R² = 0.70, RMSE = 0.18). 
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Figure 4. Prediction accuracy for soil salinity (EC) and moisture content (WC): (A) RMSE; (B) ME; (C) R2 

Discussion 

The semivariogram modeling results show there is strong spatial dependence in the soil salinity indicators, 

with significant salinity effects at all depths. Moderate spatial dependence is observed in soil moisture and 

organic matter, which reflects the role in soil structure and water retention. Weak spatial dependence in pH 

and some nutrients suggests a more uniform distribution across the landscape. Interpolation using Kriging 

results showed the method was successfully used for spatial prediction of soil properties, except for salinity 

indicators, which needed logarithmic transformation due to high variability. Higher values for the topsoil 

indicated a greater variance than the subsoil, and clear directional trends for SAR and ESP illustrated strong 

anisotropy associated with spatial properties. 

Statistical analysis shows the following strong relationships among salinity-related properties, 

with EC, Na, ESP, and SAR showing significant positive relationships. There is a moderate 

relationship between soil moisture and salinity, whereas pH is negatively correlated with salinity 

indicators, signifying its buffering effect. There are weak relationships between bulk density, which 

mainly depends on compaction rather than chemical composition. Descriptive statistics show 

moderate variability in salinity, moisture, and organic matter content. Sodium as well as the 

percentage of exchangeable sodium show notable variation. This affects soil strength and fertility, as 

calcium distribution is relatively stable, whereas the organic carbon is very low, indicating very little 

fertility improvement. Soil salinity and moisture prediction demonstrated high predictability for 

salinity but moderate accuracy in estimating moisture. Spatial analysis proved to be important for 

site-specific soil, especially in saline-alkaline environments. 

Conclusion  

Soil salinity disrupts the balance of essential elements of nutrient availability and undesirably affects plant 

growth and crop yields. Environmental pollution caused by excessive salt accumulation further exacerbates 

soil degradation. Salinity requires better drainage, soil amendments, and salt-tolerant crops to sustain 

agricultural productivity. The research points out the necessity to understand the spatial variability of soil 
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properties in saline-alkaline agricultural areas. The strong spatial dependence of EC, SAR, and ESP indicates 

targeted soil practices are required to mitigate salinity effects. To enhance soil fertility and maximize 

agricultural productivity in the impacted regions, factors that affect soil variability can be identified. Variability 

in the composition of soil, climate conditions, and land practices often poses a challenge to research about soil 

salinity. Due to site-specific factors, effective mitigation strategies at different sites could vary, thereby 

hindering generalized solutions. Salinity-tolerant crop varieties could be generated by biotechnological 

advancements and enhanced productivity through precision agriculture in saline soils and more efficient 

remote sensing and AI-driven soil monitoring for salinity and environmental pollution.  
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