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L-AHSA is one of the oldest and largest agricultural regions in Saudi Arabia. It was determined 

that thirty soil samples representing the majority of soil types within the region were collected 

and analyzed for their physical and hydraulic properties in a laboratory, including particle size (sand 

percent, silt percent, clay percent), saturation percent (θs), bulk density (ρ), calcium carbonate percent 

(CaCO3), Field capacity (FC), wilting point (WP), and saturated hydraulic conductivity (Ks). A 

comprehensive statistical analysis was conducted to develop a pedotransfer function (PTF) to predict 

potential relationships between physical properties and Ks values based on correlation, stepwise 

multiple linear regression, mean square error (MSE), root mean square error (RMSE), t-test, and Nash-

Sutcliffe efficiency (NSE). In a stepwise analysis, both sand and ρ highly influence the outcome. A 

significant correlation was found with Ks equal to (0.755), MSE equal to 0.045, RMSE equal to 0.194, 

and satisfactory NSE equal to 0.581. Using the spatial interpolation technique of the GIS map 

program, a new model was applied to more than 500 points of soil data in order to develop a new 

spatial pattern map based on the Ks value. The map is designed to provide an easy-to-read and quick-

reach guide for environmental researchers and engineers in determining the Ks value in the studied 

area in Al-Ahsa Oasis. 

Keywords: Al-Ahsa; Pedotransfer; Soil hydraulic; Soil mapping, GIS. 

   

1. Introduction 

Soil-saturated hydraulic conductivity (Ks) is essential 

in all aspects of geotechnical engineering, 

environmental management, water resource 

management, hydrological models, and soil moisture 

balance. Models of water and solute dynamics 

attribute significant importance to saturated hydraulic 

conductivity (Ks), which explains its recognition as 

an input parameter (Perera et al., 2005; Rafie & El-

Boraie, 2017; Zapata et al., 2000). Nonetheless, Ks 

exhibits heterogeneous spatial and temporal patterns 

as well as scale dependency (Santra et al., 2018; 

Sobieraj et al., 2004). A different result can be 

obtained for Ks in the same area, as well as for the 

same sample size, depending on the measurement 

method and scale (Braud et al., 2017). For an 

accurate characterization of the spatial variability of 

Ks in a study area, it is generally necessary to collect 

large numbers of soil samples. The measurement of 

Ks directly is strenuous, rottenly labor-intensive, 

time-consuming, and expensive (Li et al. 2007; 

Zhang et al. 2019). A pedotransfer function (PTF) 

has been developed to overcome these limitations and 

the lack of measured data so that estimates of Ks for 

large regions can be obtained. Increasingly, soil 

surveys and existing soil databases provide an 

alternative to measuring soil properties indirectly, 

such as Ks (Al-Saeedi, 2022a; Pachepsky et al., 2015; 

Tomasella & Pachepsky, 2003). Over the past four 

decades, the PTF models have prospered as 

hydrological and environmental models have 

flourished. Through long-term research, two types of 
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PTF were distinguished in terms of input data, 

namely, class pedotransfer functions were utilized to 

determine the average hydraulic characteristics of 

soil texture classes distinct from one another. A 

continuous pedotransfer function was used to 

determine soil hydraulic characteristics based on 

measures of sand particle size, bulk density, and clay, 

silt, and organic matter percentages (Wösten et al., 

1995). On the other hand, many mathematical models 

have been developed, including regression trees 

(Pachepsky et al., 2015), artificial neural networks 

(Schaap et al., 1998; Trejo-Alonso et al., 2021; Y. 

Zhang & Schaap, 2019), group methods of data 

handling (Ungaro et al., 2005), and support vector 

machines (Twarakavi et al., 2009). Regardless of the 

number of samples and data used, the accuracy of the 

generated PTF is likely to result in poor estimation 

accuracy when applied to soils that are different from 

the soils from which it was generated (Bilardi et al., 

2020; Vereecken et al., 1992; Weynants et al., 2009). 

As a result, it is highly recommended to develop 

PTFs from local data rather than from data developed 

outside the local domain (Kotlar et al., 2019; Omran 

et al., 2022; Tomasella et al., 2000; Vereecken et al., 

1992) . The percentage of sand and clay in the soil 

and the bulk density showed a good correlation with 

the laboratory-measured Ks in medium-textured soils 

when compared to other physical and hydraulic 

properties (Borek et al., 2021; Saxton et al., 1986; Y. 

Zhang & Schaap, 2019; Zhao et al., 2016). Abdelbaki 

(2021) performed a comprehensive evaluation of 45 

PTFs, which are described as the best performing 

PTFs. The PTFs were divided into four groups based 

on the input requirements they required. These forty-

five PTFs showed poor performance, for both as total 

soils and when grouped according to texture.  In arid 

climate regions where less precipitation and high soil 

evaporation, which led to rare vegetation blanket, soil 

characterized by almost no organic content with the 

domination of sand fraction and high content of 

gypsum and calcium carbonates CaCO3 (Bahnasawy, 

2017; Francis & Aguilar, 1995). Calcium carbonate is 

commonly precipitated as the size of silt fraction or 

bonds to clay and/or silt particles behave like coarse 

sand (Al-Saeedi, 2022b; Fairbridge and Finkl, 1979). 

Moreover, calcareous soils contain a high amount of 

calcium carbonate in the form of micritic or 

microsparitic crystals. These crystals can develop 

within soils and precipitate gradually in clayey or silt 

micromasses, thereby filling the pores between soil 

particles and aggregates over time (Durand et al., 

2010). Consequently, the soil's hydraulic conductivity 

can be severely reduced due to the reduction in the 

size and number of pores (Karim & Fattah, 2020).    

Al-Ahsa is an agricultural settlement that is among the 

oldest and largest in the region. As of recently, date palms 

have become the dominant crop tree, with more than three 

million trees (Al-Wusaibai et al., 2012). The soil of Al-

Ahsa consists primarily of sand and sandy loam, with very 

little clay and organic carbon present in the cultivated area 

(Al-Barrak & Al-Badawi, 1988); CaCO3 levels are high 

(Bashour et al., 1983), aggregated in the form of sand and 

silt particles (Al-Hawas, 1989). Therefore, the aim of this 

study was designed to provide an easy-to-read and 

quick-reach guide for environmental researchers and 

engineers in determining the Ks value in the studied 

area in Al-Ahsa Oasis.  

2.  Material and methods 

2.1 Soil sampling and testing  

Thirty-six samples were collected from different 

locations throughout the Al-Ahsa region. Samples 

were air-dried and crashed to pass through 2 mm 

sieves.  Saturated hydraulic conductivity Ks was 

measured using a PVC (Polyvinyl chloride) cylinder 

with 5 cm diameter and 20 cm height. A perforated 

screen was fitted to the base of the cylinder, and filter 

paper was placed between the soil and the screen to 

prevent the migration of fine particles during the test. 

A disturbed sample of each soil was poured into the 

cylinder and compacted equally to the bulk density ρ. 

Another filter paper was also placed over the soil 

surface to minimize soil disturbance before exerting a 

constant head of about 15cm. The assembly was held 

in a vertical position using a panel frame. The soil 

columns were set in duplicate in the laboratory at a 

room temperature of 25 ±5 Co. After reaching the 

soil columns to saturated state, the data of effluent 

water was recorded for each sample for a period of 

one hour. Having measured the water discharge. 

Using Darcy’s law, which takes the following form, 

was applied to determine the Ks of each soil eq.1: 

𝐾𝑠 =
𝑄∆𝐿

𝐴∆𝐻
  (1) 

Ks is saturated hydraulic conductivity (cm min-1), 

ΔL is the soil column length (cm), A is the cross-

sectional area (cm2), and ΔH is the difference in 

hydraulic head across the column ends (cm) 

(Reynolds et al., 2002). Acid neutralization method 

was used for determining calcium carbonate 

(CaCO3) contents as described in Rowell, (1994). 

Soil particle size, bulk density ρ, and saturation 

percentage θs were measure in the laboratory 

according to the standard methods of SSSA (Soil 
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Science Society of America) (Reynolds et al., 2002). 

Moisture at field capacity FC (-33 kPa) and Wilting 

point (-1500 kPa) were extracted from soil water 

characteristics curve (SWCC) using filter paper 

methods (Al-Khafaf & Hanks, 1974; Al-Saeedi, 

2022b; Bulut & Leong, 2008). A descriptive 

statistical summary of the soil data is shown in Table 

1,  

 

Table 1. Descriptive statistics of the saturated hydraulic conductivity Ks, CaCO3, percentage of soil size class (Sand, 

Silt, and Clay), bulk density (ρ), saturation (θs), field capacity (FC), and wilting point (WP). 

Variable Obs. No. Minimum Maximum Mean SD 

Sand % 30 12.000 95.380 47.078 23.804 

Silt % 30 1.610 86.000 47.854 24.607 

Clay % 30 1.000 19.000 5.068 4.590 

CaCO3% 30 1.250 71.233 30.069 22.642 

ρ (g.cm
-3

) 30 0.960 1.550 1.233 0.197 

θs (cm
3
.cm

-3
) 30 0.233 0.566 0.410 0.093 

FC (cm
3
.cm

-3
) 30 0.031 0.366 0.210 0.082 

WP (cm
3
.cm

-3
) 30 0.024 0.206 0.121 0.044 

Ks (cm.min
-1

) 30 0.004 1.000 0.227 0.333 

SD: Standard deviation 

     

2.2 Statistical analysis  

Two types of analysis were performed. Firstly, 

identify the relationship between the data. Secondly, 

using these relations to establish a potential 

estimation equation for Ks. The correlation 

coefficient using equation (2) was tested between all 

hydraulic properties and parameters. 

𝑅 =  
∑(𝑥𝑖−�̅�)(𝑦𝑖−�̅�)

√∑(𝑥𝑖−�̅�)2 ∑(𝑦𝑖−�̅�)2

   (2) 

The xi and yi are measured and estimated variables, 

respectively, x ̅ and y ̅  are the mean. 

A stepwise regression equation (limited for tow 

variables maximum) was used to estimate the Ks 

using equation (3). 

𝑦𝑖 =  𝛽0 + 𝛽𝑖1𝑥1 + 𝛽2𝑥𝑖2 + ⋯ + 𝛽𝑛𝑥𝑖𝑛  (3) 

β is the slope. 

Lowest mean square error (MSE) equation (4) was 

used to select the best equation among tested 

properties. 

𝑀𝑆𝐸 =  
1

𝑛
∑ (𝑦𝑖 − 𝑦�̅�)

2𝑛
𝑖=1   (4) 

Root mean square (RMSE) is a common metric used 

to determine the variance between predicted and 

measured values. The ideal model should have a 

minimum RMSE value that is positive in comparison 

with other models (Schaap, 2004). 

RMSE =  √∑
(𝑥𝑖−𝑦𝑖)

𝑛

2
𝑛
𝑖=1    (5) 

Among the most appropriate objective functions to 

provide reliable information about the overall 

goodness of fit of a model is the NSE (Nash–Sutcliffe 

efficiency) (Legates & Mccabe, 1999; McCuen et al., 

2006; Nash & Sutcliffe, 1970). The Nash-Sutcliffe 

efficiency (NSE) is a statistic indicating the relative 

magnitude of residual variance ("noise") with respect 

to the predicted data variance (Moriasi et al., 2007). 

An NSE is described by Nash and Sutcliffe (1970) as 

a measure of the compliance between a predicted 

data plot and the measured data plot, with a 

coefficient of efficiency that ranges from minus 

infinity to one (0.01 to 1.0), with higher values 

indicating a higher degree of agreement. A value of 

zero indicates that the observed mean is as good a 

predictor as the model, and a negative value indicates 

that the observed mean is a more reliable predictor 

than the model (Wilcox et al., 1990).  The literature 

indicates that NSE values can be classified into four 

general categories: less than 0.5 is considered 

unsatisfactory, 0.50 - 0.70 is considered satisfactory, 

0.70 - 0.80 is considered good, and > 0.80 is 

considered very good (Moriasi et al., 2015). The form 

of NSE equation: 

 

NSE = 1 −
∑ (ȳ𝑖−𝑦𝑖)2𝑛

𝑖=1

∑ (ȳ𝑖−𝑌)2𝑛
𝑖=1

   (6) 
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2.3 PTFs selection 

This study selected the best performed PTFs for the 

non-grouped texture dataset (2 equations) 

(Abdelbaki, 2021), namely, Cosby et al., (1984) 

equation 7 and Ottoni et al., (2019) equation 8. 

𝐾𝑠(𝑐𝑚 𝑚𝑖𝑛⁄ ) = 0.0423 × 10(−0.6+0.0126×𝑆𝑎𝑛𝑑%−0.0064×𝑐𝑙𝑎𝑦%)    (7) 

 

𝐾𝑠(𝑐𝑚 𝑚𝑖𝑛⁄ ) =  
10(3.998−0.0101×𝑆𝑖𝑙𝑡%−0.0152×𝐶𝑙𝑎𝑦%−1.163×𝜌

1440
       (8) 

 

The performance of these PTFs (eq.7 and 8) will be 

statistically compared with the new PTF that is 

generated through stepwise regression using the 

minimum inputs of accessible local soil data. 

 

2.4 Mapping Ks and GIS Interpolation Method 

Soil data were provided by Elprince et al. (2003). 

Five hundred and sixty-six grid nods (380 m by 500 

m) were used to collect one composite sample, which 

included samples from 0 to 20 cm depth. The 

samples were ground into element gravels after they 

had been air-dried, ground, thoroughly mixed, and 

passed through a 2 mm sieve. According to the 

standard hydrometer method, soil texture (percentage 

of sand, silt, and clay) was determined (Gee & 

Bauder, 1986). Soil bulk density was determined 

using the Al-Saeedi, (2022b) well-tested local 

statistical equation. 

Geographic information systems (GIS) are 

computerized systems that contain rules and 

procedures for analyzing and processing geographical 

data. These algorithms are designed to link 

geographical data to their coordinates and to group 

data into layers based on their locations and display 

the data on a map to illustrate the geographical 

characteristics of an area. The spatial and 

geotechnical data for each sample point are arranged 

and tabulated in an Excel sheet in a manner 

compatible with ArcMap 10.4. 

In general, interpolation refers to the estimation of a 

value based on the relation between two known 

values in a sequence of values, i.e., a method of 

predicting grid values in specific locations where 

samples are not readily available (Childs, 2004). Due 

to the high density of data in the study area, inverse 

distance weighting (IDW) is the most appropriate 

method for interpolating dense data (Childs, 2004). 

Using IDW, values are estimated at unmeasured 

points by combining values at nearby measured 

points (Longley & Frank Goodchild, 2020). 

Interpolation in two dimensions can be performed 

based on parameter measurements at non-scaled 

locations zi to determine the parameter z in non-

scaled locations. The parameter can be used to 

represent any property of soil. Based on the equation, 

the IDW algorithm is used: 

𝑍𝑖 =  
∑ 𝑍𝑖

𝑁
𝑖=1 .𝑑𝑖

−𝑛

∑ 𝑑𝑖
−𝑛𝑁

𝑖=1

   (9) 

Using Z0 as the estimation value of the variable z in 

point i, zi as the sample value, di as the distance 

between the sample point and the estimated point, N 

as the coefficient determining weight based on 

distance, and n as the total number of predictions for 

each validation case. 

 

3. Results 

3.1 Soil properties statistics 

As shown in Figure 1, the samples in this study 

include sandy loam (SL), loam (L), sandy (S), silty 

loam (SiL), and loamy sand (LS). The sand% ranged 

from 12% to 95.380%, with a mean of 47.078% and a 

standard deviation of 23.804%. With a maximum 

value of 86.000% and a low value of 1.610 %, silt 

was closer to sand with a mean of 47.854 and a 

standard deviation of 24.607. Clay is low in most 

samples, with a mean of 5.068%, three samples 

above 10%, a maximum value of 19.000%, and a 

minimum value of 1.000% with a standard deviation 

of 4.590%. Several studies have reported that sand 

dominates other soil elements in arid and semi-arid 

regions (Al-Barrak & Al-Badawi, 1988; Al-Hawas et 

al., 2020; Al-Sayari & Zötl, 1978; Francis & Aguilar, 

1995). 

The CaCO3 percentage ranged from 1.250% to 

71.233%, with a mean of 30.069% and a standard 

deviation of 22.642%. As a constituent element in 

Al-Ahsa soils, calcite CaCO3% is either formed 

directly from the parent material or precipitated by 

direct irrigation water or water rising through 

capillarity (Elprince, 1985). Table 2 illustrates that 

CaCO3 percentage was highly positively correlated 

with silt percentage, which implies the size of CaCO3 

particles was reflected in the size of silt particles. 

This finding is consistent with other studies in arid 

regions.  

(AlJaloud, 1983; Chaudhari et al., 2013; Chen et al., 

2020; Hafshejani & Jafari, 2017).  
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Fig. 1. Texture classes of the soil samples of Al-Ahsa (clay (≤2 μm), silt (2–50μm), sand (50–2000 μm)] 

according to USDA classification. 

 

The bulk density ranged between 0.960 g.cm
-3

 and 

1.550 g.cm
-3

 with a mean of 1.233 g.cm-3 and a 

standard deviation of 0.197 g.cm-3 (Table 1). The 

value of ρ increased as the percentage of sand 

increased, whereas the value decreased as the 

percentage of CaCO3%, silt%, and clay% increased. 

This is known as the increase of CaCO3% in soil, 

which is well documented to have a low density as 

reported by (Chaudhari et al., 2013; Chen et al., 

2020)          

The soil saturation coefficients ranged from 0.233 to 

0.566, with a mean of 0.410 and a standard deviation 

of 0.093%. As shown in Table 2, saturation (θs) was 

negatively correlated with sand percentage and ρ with 

R values of -0.800 and -0.903, respectively. Unlike 

silt and CaCO3 percentages have a high positive 

correlation of 0.806 and 0.753, respectively. The 

results agree with the benefits of both the pore ratio 

and the fine particles (Chaudhari et al., 2013; Du, 

2020; Saxton et al., 1986; Sun et al., 2020). 

It was found that the field capacity FC and wilting 

point WP ranged from 0.031 and 0.024 cm3 cm-3 to 

0.366 and 0.206 cm3 cm-3, with a mean of 0.210 and 

0.121 cm3 cm-3, and SD of 0.082 and 0.044 cm3 cm-

3, respectively (Table 1). Both parameters were 

positively correlated with CaCO3, Silt, and θs. 

Conversely, a negative result is a Sand and ρ (Table 

2).  As a result of this study, soils for which sand and 

CaCO3 dominant soil is showing that ρ has more 

influence over clay percentage for moisture content 

under high soil potential than sand and CaCO3. An 

earlier study supporting this finding examined the 

effect of pores ratio and density on a wide range of 

soil potentials. (Gao & Sun, 2017; Ostovari et al., 

2015; Shiri et al., 2017).  

According to Table 1, saturated hydraulic 

conductivity Ks ranged from 0.004 to 1.000 cm.min
-1

 

with a mean of 0.227 cm.min
-1

 and a standard 

deviation of 0.333 cm.min
-1

. As Ks showed no 

correlation with Clay, FC, and WP, however, Sand 

and Silt exhibited a high correlation of 0.630 and 

0.588 respectively and a fairly weak correlation with 

CaCO3, θs, and ρ with values of (-0.397), (-0.325), 

and 0.316 respectively. In sandy-dominated soils the 
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macro pores have more effect than micropores on 

determining the value of Ks (Abdelbaki, 2021; 

Dabral and Pandey, 2016; Shwetha and Prasanna, 

2018). 

 

3.2 PTF development and assessment 

Using a comprehensive stepwise regression analysis 

using the Lowest Mean Square Error (MSE) as a 

criterion factor with only two variables were retained 

in this model. Table 3 shown the standard error and t 

value significancy of the tested parameters, only 

Sand% and ρ showed significant effect on the 

prediction value of Ks. Equation 10 consequently 

was generated from the stepwise analysis ,  with a 

high significant correlation of 0.755 and low MSE 

0.045. 

 

 

 

 

 

          

   
Table 2. The Matrix correlation coefficient between soil physical properties sand%, silt%, clay%, and bulk density (ρ), 

saturation (θs), field capacity (FC), and wilting point (WP), and saturation conductivity (Ks). 

  CaCO3, % Sand, % Silt, % Clay, % ρ (g.cm-3) θs (cm3.cm-3) FC (cm3.cm-3) 
WP 

(cm3.cm-3) 

Sand %  -0.826***               

Silt %  0.843***  -0.982***             

Clay %  -0.238ns  0.081ns  -0.265ns           

ρ (g.cm-3)  -0.812***  0.849***  -0.864*** 0.228ns         

θs (cm3.cm-3)  0.753***  -0.800***  0.806***  -0.173ns  -0.902***       

FC (cm3.cm-3)  0.554***  -0.550***  0.558***  -0.138ns  -0.658***  0.665***     

WP (cm3.cm-3)  0.440**  -0.450**  0.437**  -0.014ns  -0.582***  0.606***  0.904***   

Ks (cm.min-1)  -0.397**  0.630***  -0.588***  -0.114ns  0.316*  -0.325*  -0.165ns  -0.143ns 

* Significant at p< 0.1; ** significant at p< 0.05; *** significant at p< 0.01 levels of probability, ns not significant 

 

 

Table 3. Saturated conductivity (Ks) stepwise regression analysis for soil variables significancy using t-test results. 

Correlation coefficient (R) and mean standard error (MSE). 

Variable St. Error t Pr > |t| 

Sand, % 0.003 5.433 <0.0001 

Silt, % 0.000 

  Clay, % 0.000 

  CaCO3, % 0.000 

  ρ (g.cm
-3

) 0.405 -3.292 0.003 

θs (cm
3
.cm

-3
) 0.000 

  FC (cm
3
.cm

-3
) 0.000 

  WP (cm
3
.cm

-3
) 0.000     

R 0.755
***

 

  MSE 0.045     

*** Significant at p< 0.001 levels of probability 

 

𝐾𝑠(𝑐𝑚 𝑚𝑖𝑛⁄ ) = |1.015 + 0.018 ∗ 𝑆𝑎𝑛𝑑% − 1.333 ∗ 𝜌|          

(10) 
 

(Absolute value was used to avoid any negative 

values for Ks particularly in the fine side soils). 

According to Table 4, the correlation values for the 

three used models were high and significant, and the 

RMSE for model 10 is lower than that for models 7 

and 8, with 41% and 42% respectively. Both models 

7 and 8 had negative NSE values, indicating that they 

were invalid for estimating Ks (Moriasi et al., 2015; 
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Wilcox et al., 1990). A satisfactory result was 

obtained for model 10 with R equal to 0.766, MRSE 

equal to 0.193, and NSE equal to 0.581. There is a 

strong correlation between coarse particles and large 

pores in sandy soils, which contributes significantly 

to the structure of the suggested models. This is in 

conjunction with numerous studies that attempted to 

estimate Ks based on soil physical parameters. 

(Abdelbaki, 2021; Shwetha and Prasanna, 2018). 

3.3 Mapping Ks   

Figure 2 shows the spatial pattern of saturation 

conductivity Ks. High values of Ks ranged between 

0.44-0.68 cm min
-1

 were depicted in Figure 2 in the 

northeast side of the oasis. Most of the rest area Ks 

ranged between 0.025 and 0.0081cm min
-1

. The 

lowest Ks values were in the northwest with a range 

of 0.0081 to 0,16 cm min
-1

. 

    
Table 4. Statistical evaluation of the used models, correlation coefficient (R), root mean square error 

(RMSE), and Nash–Sutcliffe efficiency (NSE). 

 

Eq. 7 Eq. 8 Eq. 10 

R  0.690***  0.748***  0.766*** 

RMSE 0.320 0.331 0.194 

NSE -0.148 -0.227 0.581 

*** significant at p< 0.01 levels of probability 

 

 
 

Fig. 2. Spatial pattern of saturated conductivity (Ks) over the study area in Al-Ahsa. 

 

4. Discussion 

Sand dominates other soil elements in arid and semi-

arid regions in general and in Al-Ahsa in particularly 

as reported by several studies (Al-Barrak & Al-

Badawi, 1988; Al-Hawas et al., 2020; Al-Sayari & 

Zötl, 1978; Francis & Aguilar, 1995). 

As a constituent element in Al-Ahsa soils, calcite 

CaCO3% is either formed directly from the parent 

material or precipitated by direct irrigation water or 
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water rising through capillarity (Elprince, 1985). 

which implies the size of CaCO3 particles was 

reflected in the size of silt particles more than clay 

particales. This finding is consistent with other 

studies in arid regions (AlJaloud, 1983; Chaudhari et 

al., 2013; Chen et al., 2020; Hafshejani & Jafari, 

2017). 

The value of ρ increased as the percentage of sand 

increased, whereas the value decreased as the 

percentage of CaCO3%, silt%, and clay% increased. 

This is known as the increase of CaCO3% in soil, 

which is well documented to have a low density as 

reported by (Chaudhari et al., 2013; Chen et al., 

2020). 

The results of θs agreed with the benefits of both the 

CaCO3 and silt percentage in the high calcareous soil 

this effect as already shown on ρ values, this finding 

supported by many researches (Chaudhari et al., 

2013; Du, 2020; Saxton et al., 1986; Sun et al., 

2020). 

As a result of this study, soils whereas sand is a 

dominant the ρ shows more influence than clay 

percentage in determining the moisture content under 

soil potential. An earlier study supporting this finding 

examined the effect of pores ratio and density on a 

wide range of soil potentials. (Gao & Sun, 2017; 

Ostovari et al., 2015; Shiri et al., 2017). 

Ks value in sand-dominated soils, as Al-Ahsa, for 

sensitive for the losing structure and macro pores, 

which were resulted from the high percentage of sand 

percentage, even with the existing of CaCO3 to the 

micropores (Abdelbaki, 2021; Dabral and Pandey, 

2016; Shwetha and Prasanna, 2018). 

The stepwise regression analysis showed a strong 

correlation between coarse particles and large pores 

in sandy soils, which contributes significantly to the 

structure of the suggested models, this was reflected 

in the value of correlation and the significancy of t 

values for both sand percentage and ρ in the stepwise 

multi regression test. Equation 10 was generated 

based on this result. This is in conjunction with 

numerous studies that attempted to estimate Ks based 

on soil physical parameters. (Abdelbaki, 2021; 

Shwetha and Prasanna, 2018). 

Model 10 showed a better estimation result with 

RMSE lower than that for models 7 and 8, with 41% 

and 42% respectively. The negative values of NSE in 

model 7 and 8 indicating that they were invalid for 

estimating Ks (Moriasi et al., 2015; Wilcox et al., 

1990). A satisfactory result was obtained for model 

10 with R equal to 0.766, MRSE equal to 0.193, and 

NSE equal to 0.581. 

The general Pattern of Ks map was highly affected by 

the high content of sandy soil (Al-Saeedi, 2022c). 

The decrease in Ks occurred as the land depressed 

toward the east toward increasing silt percentage and 

CaCO3 content values, as reported earlier in (Al-

Saeedi, 2022c), this resulting in a reduction in the 

value from 0.16 cm. min
-1

 to 0.0081 cm. min
-1

 . In 

general, the value of Ks is relatively high due to the 

high sand content (AlJaloud, 1983). 

 

5. Conclusion 

Sand dominates the soil particle size inAl-Ahsa, 

while clay is scarce, which affects the distribution of 

macropores that control the flow of water in the 

saturation state (Ks). To improve the performance 

and accuracy of any given model, more and more 

detailed research must be conducted to include a 

greater number of samples. A GIS-based digital map 

allows field researchers and planners to study any 

location quickly and accurately. 
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