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Soil water characteristic (SWC) curve is a fundamental soil property. However, its measurement is 
expensive and time-consuming. Therefore, many physical and mathematical methods were derived for 
its estimation instead of its measurement. One of these methods is Arya et al. (1999) model which 
estimates SWC curve from soil particle-size data assuming a constant void ratio. In this paper, SWC 
curves of thirty Iranian soils were estimated by using the model of Arya et al. (1999) based on local void 
ratio, and then the proposed model was validated for eighteen different soils by using a new derived 
equation for considering local void ratio. The results indicated that the local void ratio approach 
improved the estimation of SWC curve. 
 
Key words: Soil water characteristic curve, soil-particle size distribution curve, local void ratio, logistic, linear, 
scaling factor.  

 
 
INTRODUCTION 
 
Soil water characteristic (SWC) curve is a fundamental 
soil property that is important in irrigation and drainage 
modeling. Laboratory and field methods used to measure 
the SWC curve are expensive and time-consuming. 
Therefore, many investigators have presented physical or 
mathematical methods to estimate SWC curve (Gupta 
and Larson, 1979; Arya and Paris, 1981; Haverkamp and 
Parlange, 1986; Saxton et al., 1986; Kravchenko and 
Zhang, 1998; Schuh et al., 1988; Tomasella and Hodnett, 
1998; Arya et al., 1999; Bird et al., 2000; Tomasella et al., 
2000; Zhuang et al., 2001; Fooladmand et al., 2004; 
Groenevelt and Grant, 2004; Rajkai et al., 2004; Buczko 
and Gerke, 2005; Huang and Zhang, 2005; Vaz et al., 
2005; Huang et al., 2006; Hwang and Choi, 2006; Nemes 
and Rawls, 2006; Fooladmand, 2007; Sepaskhah and 
Rafiee, 2008; Ghanbarian-Alavijeh and Liaghat 2009; 
Fooladmand, 2011; Fooladmand and Hadipour, 2011).          

Arya and Paris (1981) proposed a physicoempirical 
model to estimate SWC curve from particle-size distribut-
ion and bulk density data with a constant scaling factor of 
a (equal to 1.38). Then, Arya et  al. (1999)  proposed  two  
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different methods to indicate the variation of a in different 
parts of the soil particle-size distribution. These methods 
were logistic and linear with specific coefficients for some 
soil textures such as sand, sandy loam, loam, silt loam 
and clay (Arya et al., 1999). Therefore, soil particle-size 
distribution curve is required to estimate SWC curve as 
proposed by Arya et al. (1999). However, many soil data 
bases have only the percentages of clay, silt and sand 
and as such, it is essential to estimate soil particle-size 
distribution curve with available percentages of clay, silt 
and sand. For this purpose, the proposed model by 
Skaggs et al. (2001) which has been modified by 
Fooladmand and Sepaskhah (2006) can be used. The 
original model of Skaggs et al. (2001) was based on clay, 
silt, and one sand subclass (the very fine plus fine sand 

fractions) with an extreme radius of 125 µm. This model 
was easy to use, but the values of very fine plus fine 
sand fractions must be available (Skaggs et al., 2001). 
However, for most conditions, only the value of all sand 
subclasses is available and as such,  Fooladmand and 

Sepaskhah (2006) proposed using the radius of 999 µm 

(near the radius of 1000 µm corresponded to the extreme 

value of the radius for sand particle) instead of 125 µm. 

The results indicated that using the radius of 999 µm 
tends to estimate the particle-size distribution curve much  
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better than using the radius of 125 µm (Fooladmand and 
Sepaskhah, 2006). Also, Fooladmand and Sepaskhah 
(2006) obtained the adjusted coefficients for only the radii 

less than 25 µm (clay and silt contents) for improving the 
estimation of soil particle-size distribution curve for the 
soils with less and more than 60% silt content, 
separately.  

Fooladmand et al. (2004) used the Skaggs et al. (2001) 
model for estimating the soil particle-size distribution 

curve with two extreme radii of 125 and 999 µm, and then 
they estimated the SWC curve based on the Arya et al. 
(1999) model. The results indicated that using the 

extreme radius of 999 µm was better than using the 

radius of 125 µm for estimating SWC curve of seven 
Iranian soils with different textures (Fooladmand et al., 
2004). Then, Fooladmand (2007) by considering the 

extreme radius of 999 µm, and by using the adjusted 
coefficients for estimating soil particle-size distribution 
curve proposed by Fooladmand and Sepaskhah (2006), 
estimated the SWC curve for nineteen different soils of 
UNSODA soil database. The results indicated that for 
most soils, using the combination of logistic and 
estimation of particle-size distribution curve by using the 
adjusted coefficients was better than the previous 
methods (Fooladmand, 2007).  

In the studies of Arya and Paris (1981), Arya et al. 
(1999), Fooladmand et al. (2004), Fooladmand (2007),  
Sepaskhah and Rafiee (2008) and Fooladmand (2011), a 
constant value of void ratio was considered. However, 
Rakhshandehroo and Eslami (2008) applied a local void 
ratio (or local porosity) approach which considers a local 
void ratio for each fraction of particle-size distribution in 
the Arya et al. (1999) model without considering the 
estimation of soil particle-size distribution curve with 
Skaggs et al. (2001) or Fooladmand and Sepaskhah 
(2006) models.  

Therefore, in this study we tried to improve the 
estimation of SWC curve based on local void ratio, and 
the following objectives have been considered as: 1) 
estimate SWC curve based on the proposed method by 
Fooladmand and Sepaskhah (2006) for estimating soil 
particle-size distribution curve and considering the local 
void ratio instead of constant void ratio, 2) determine the 
best coefficient for using local void ratio in some Iranian 
soils, and 3) derive the equations for using local void ratio 
to estimate SWC curve in two independent soil data 
bases.         
 
 
MATERIALS AND METHODS  

 
Model formulation and calibration 
 
For this study, thirty soils were gathered in depths of 0 to 30 cm 
from different locations in Fars province, South of Iran, and the 
value of bulk density of each soil was measured by using 
undisturbed samples. Also, the clay, silt and sand fractions of each 
soil were measured according to the United State Department of 
Agriculture (USDA) system (Clay: 0 to 0.002 mm; Silt: 0.002 to 0.05  

 
 
 
 
mm; sand: 0.05 to 2 mm) with combination of the hydrometer and 
the wet sieving methods, and the texture of each soil was 
determined. Then, the particle-size distribution curve of each soil 
was estimated based on the modified model by Fooladmand and 

Sepaskhah (2006) by considering the extreme radius of 999 µm. 
The particle-size distribution curve of each soil was estimated for 
nineteen proposed radii of 1, 1.5, 2.5, 5, 10, 15, 20, 25, 35, 50, 75, 

100, 150, 200, 300, 400, 500, 750 and 1000 µm, and the adjusted 
coefficients were used for radii of 1, 1.5, 2.5, 5, 10, 15 and 20 mm 
for soils with less than 60% silt or more than 60% silt, separately, as 
proposed by Fooladmand and Sepaskhah (2006).  

The geometric mean particle-size diameter (dg), and geometric 
standard deviation of the particle-size diameter (sg) for each soil 
were determined by using the following equations (Shirazi and 
Boersma, 1984): 
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Where: dg is in mm, and fc, fsi and fsa are the clay, silt and sand 
fractions of soil, respectively.  
 
SWC curve of each soil was measured with the combination of 
hanging column (for matric potentials of 0, 3, 6, 9 and 12 kPa) and 
pressure plate apparatus (for matric potentials of 30, 100, 500, 
1000 and 1500 kPa) methods. The measured characteristics of the 
soils used in this study are presented in Table 1. 

The SWC curve of each soil was estimated with the Arya et al. 
(1999) model. The complete details of this model have been 
presented in Arya et al. (1999). Thus, only equations required for 
this study are presented here as follows: 
 
The soil matric potential in each segment of soil particle-size 
distribution is (Arya et al., 1999): 
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Where: hi is the soil matric potential in the ith particle-size fraction 
(cm), Ri is the mean particle radius (cm), e is the void ratio, ni is the 

number of spherical particles for ith particle-size fraction (g
-1

), and α 
is the scaling factor which can be assumed constant or determined 
with logistic and linear procedures as presented by Arya et al. 
(1999).  

In the model of Arya et al. (1999), the void ratio of each soil was 
assumed constant and equal to the sample void ratio in all fractions 
of particle-size distribution. However, Rakhshandehroo and Eslami 
(2008) assumed that the void ratio was not constant and would 
change in different parts of the soil particle-size distribution curve, 
and they considered the following equation: 
 

m
ii kRe =

                                                                          (6)  
                                                                                                                             
Where: ei is the variable void ratio in each ith  particle-size  fraction,
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Table 1. Some characteristics of the soils used in this study for calibration the model. 
 

Soil no. Soil texture 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

dg 
(mm) 

σσσσg 
Bulk density  

(g cm
-3

) 
Volumetric of saturated soil 

water content (cm
3 
cm

-3
) 

1 Loam 26 50 24 0.027 11.580 1.45 0.441 

2 Loam 10 49 40 0.082 9.840 1.08 0.492 

3 Loam 14 47 39 0.067 11.206 1.25 0.407 

4 Loam 15 42 43 0.076 12.236 1.18 0.469 

5 Loam 13 49 38 0.070 10.467 1.27 0.539 

6 Loam 9 40 51 0.127 10.024 1.66 0.482 

7 Loamy sand 4 16 80 0.431 6.208 1.55 0.431 

8 Loamy sand 4 17 79 0.416 6.328 1.61 0.373 

9 Loamy sand 6 18 76 0.349 7.674 1.63 0.456 

10 Loamy sand 1 24 75 0.396 5.425 1.55 0.437 

11 Sandy loam 7 30 63 0.151 8.945 1.60 0.466 

12 Sandy loam 9 28 63 0.210 9.136 1.67 0.450 

13 Sandy loam 6 40 53 0.196 10.157 1.69 0.377 

14 Silt loam 26 56 18 0.022 9.685 1.17 0.547 

15 Silt loam 12 52 36 0.066 9.922 1.37 0.431 

16 Silt loam 24 56 20 0.025 9.878 1.33 0.425 

17 Silt loam 27 55 18 0.021 9.885 1.16 0.470 

18 Silt loam 13 52 36 0.064 10.115 1.30 0.428 

19 Silt loam 15 54 32 0.051 10.210 1.43 0.505 

20 Silt loam 13 56 31 0.053 9.498 1.25 0.490 

21 Silty clay 42 50 8 0.009 8.116 1.18 0.444 

22 Silty clay 46 50 4 0.007 6.661 1.43 0.456 

23 Silty clay loam 30 62 8 0.013 7.020 1.39 0.458 

24 Silty clay loam 32 56 12 0.014 8.650 1.24 0.499 

25 Silty clay loam 28 62 10 0.015 7.436 1.30 0.523 

26 Silty clay loam 39 53 8 0.010 7.889 1.34 0.453 

27 Silty clay loam 34 60 6 0.011 6.725 1.35 0.446 

28 Silty clay loam 30 58 12 0.015 8.375 1.18 0.467 

29 Silty clay loam 28 54 18 0.020 10.082 1.18 0.457 

30 Silty clay loam 34 54 12 0.013 8.912 1.17 0.477 

 

 
and k and m are the constant coefficients. Therefore, the void ratio 
in the ith particle-size fraction with radius of Ri can be determined by 
knowing the values of k and m. In Equation (6), k is defined as the 
mean values of all different void ratios (ei) equals constant void ratio 
(e) of the soil (Rakhshandehroo and Eslami, 2008). Therefore, in 
this study by considering nineteen segments of soil particle-size 
distribution (radii of 1, 1.5, 2.5, 5, 10, 15, 20, 25, 35, 50, 75, 100, 

150, 200, 300, 400, 500, 750 and 1000 µm), the following 
procedure was used for determining the value of k in each soil: 
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Rakhshandehroo and Eslami (2008) assumed five constant values 
of –2, -1, 0 (constant void ratio), 1 and 2 for the coefficient of m. 
However, in this study, the best value of m for each soil with logistic 
and linear procedures were determined separately by using the 
Solver menu of Microsoft Excel. To do this, the minimum 
differences  between  measured  and   estimated  SWC curve  were 

 
established. Therefore, in each soil, the best value of m was 
determined with logistic and linear procedures separately, and then 
by knowing the value of e, the value of k can be determined by 
using Equation (7). Finally, Equation (6) will be replaced in Equation 
(5) instead of constant e for estimating SWC curve. Therefore, in 
this study SWC curve of each soil was estimated with four 
conditions: 

 
1. Using local void ratio and logistic procedure for determining the 

scaling factor of α as described by Arya et al. (1999). 
2. Using local void ratio and linear procedure for determining the 

scaling factor of α as described by Arya et al. (1999).  
3. Using constant value of void ratio and logistic procedure for 

determining the scaling factor of α as described by Arya et al. 
(1999).  
4. Using constant value of void ratio and linear procedure for 

determining the scaling factor of α as described by Arya et al. 
(1999).  

 
To do these, the following points were considered: 

 
1. Some coefficients must be available for determining the scaling
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Table 2. The coefficients of logistic and linear procedures for determining the scaling factor of α �for 

different soil textures. α 
 

Soil texture a* b* (Log Ni)i** (Log Ni)f ** µµµµ** ∆∆∆∆Log Ni** ∆∆∆∆Log ni** 

Sand -2.478 1.490 0.996 16.602 0.609 1.734 0.00032 

Sandy loam -3.398 1.773 0.559 16.983 0.553 2.492 1.849 

Loam -1.681 1.395 0.628 16.614 0.510 2.242 1.977 

Silt loam -2.480 1.353 0.719 19.686 0.457 1.902 0.684 

Clay -2.600 1.305 1.993 21.685 0.289 4.766 2.648 

Silty clay -2.560 1.321 1.568 21.019 0.345 3.811 1.993 

Silty clay loam -2.520 1.337 1.144 20.352 0.401 2.857 1.339 

Loamy sand -2.938 1.632 0.778 16.793 0.581 2.113 0.925 
 

*Coefficient of linear procedure, **Coefficient of logistic procedure. 
 
 
 

factor of α to use the logistic and linear procedures. α  Arya et al. 
(1999) reported those only for textures of sand, sandy loam, loam, 
silt loam and clay, and Fooladmand et al. (2004) obtained those for 
textures of silty clay and silty clay loam, and for this study, those 
were obtained for the texture of loamy sand by assuming the mean 
values of these coefficient for textures of sand and sandy loam. All 
of these coefficients for logistic and linear procedures are presented 
in Table 2, and the detailed explanations are reported by Arya et al. 
(1999) but not presented here. 
2. The best value of m for each soil with logistic and linear 
procedures were determined separately according to the mentioned 
theory by using the Solver menu of Microsoft Excel. Then, the value 
of k in each soil was determined by using the Equation (7). 
3. For each condition, the value of standard error (SE) was 
computed for different soil matric potentials as follows: 
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Where: θm and θe are the measured and estimated volumetric soil 
water content at each soil matric potential, and N is the number of 
measured soil moisture content at different soil matric potentials in 
each soil (equal to 9). The best condition will give a smaller SE.  
4. The coefficients of k and m in each soil must be available to 
estimate the SWC curve based on the local void ratio as mentioned 
in this paper. In this study, these coefficients were obtained for 
thirty soils by using the measured SWC curve. However, these 
coefficient must be available for the other soils with no measured 
SWC curve. Therefore, in this study new equations were derived for 
estimating the value of m based on the percentages of clay, silt and 

sand, and the values of dg, σg and soil bulk density by using these 
available data of thirty used soils in Fars province, South of Iran.  
 
 
Model validation 

 
To validate the obtained equations for estimating the value of m, 
two independent soil data bases with different textures were used: 
five soils in Fars and Boushehr provinces, South of Iran 
(Keshmiripour and Niazi, 2000), and thirteen soils of UNSODA soil 
database. The characteristics of these soils are presented in Table 
3. For each of these soils, SWC curve were estimated with four 
conditions as highlighted: 

1. Considering the obtained m values based on the logistic method, 
and using the logistic procedure for determining the scaling factor of 

α.  
2. Considering the obtained m values based on the linear method, 
and using the inear procedure for determining the scaling factor of 

α.          
3. Using constant value of void ratio and logistic procedure for 

determining the scaling factor of α.  
4. Using constant value of void ratio and linear procedure for 

determining the scaling factor of α.  

 
Finally, for each soil, the best condition was determined by 
computing the values of standard error (SE).  

 
 
RESULTS AND DISCUSSION  

 
The best values of m for thirty soils in calibration stage 
due to logistic and linear procedures are presented in 
Table 4 separately. As shown, the values of m for logistic 
procedure ranged between 0.222 to 0.202 with an 
average of 0.014, and for linear procedure ranged 
between 0.372 to 0.155 with an average of –0.035. 
These values of m were different from the proposed 
values of –2, -1, 0, 1 and 2 by Rakhshandehroo and 
Eslami (2008). Also, the results indicated that for soils 
with textures of loam, sandy loam and silt loam, the 
values of m with logistic and linear procedures were 
positive or negative; however, for soils with texture of 
loamy sand, the values were negative, and for soils with 
textures of silty clay and silty clay loam, the values were 
positive. Furthermore, the values of SE for these soils 
and for four conditions of estimating SWC curve are 
presented in Table 4. The averages of SE according to 
the local void ratio with logistic procedure, local void ratio 
with linear procedure, constant void ratio with logistic 
procedure and constant void ratio with linear procedure 
were equal to 0.034, 0.031, 0.077 and 0.065, 
respectively. Therefore, the results indicated that using 
local void ratio were more appropriate than using 
constant void ratio, and using local void ratio tended to 
improve the estimation of SWC curve.   

On the other hand, by using the obtained m values for
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Table 3. Some characteristics of the soils used in this study for validation the model. 
 

Soil no. Soil texture 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

dg 
(mm) 

σσσσg 
Bulk density  

(g cm
-3

) 
Volumetric of saturated soil 

water content (cm
3
 cm

-3
) 

31 Clay* 53.2 38.2 8.6 0.006 8.942 1.65 0.425 

32 Silty clay* 49.2 42.2 8.6 0.007 8.796 1.72 0.411 

33 Sandy loam*  16.7 15.7 67.6 0.181 14.461 1.41 0.332 

34 Loam* 20.6 43.4 36.0 0.050 13.111 1.60 0.365 

35 Silty clay loam* 36.6 45.4 18.0 0.015 11.661 1.33 0.455 

36 Clay** 58.0 37.3 4.7 0.005 7.102 1.45 0.463 

37 Clay** 49.0 34.5 16.5 0.010 12.672 1.61 0.390 

38 Clay** 54.0 35.5 10.5 0.007 9.916 1.57 0.405 

39 Loam** 22.6 32.4 45.0 0.065 15.845 1.36 0.484 

40 Loam** 15.7 43.3 41.0 0.070 12.090 1.46 0.447 

41 Loam** 18.6 27.9 53.5 0.101 15.041 1.62 0.400 

42 Silt loam** 14.0 76.7 9.3 0.023 5.217 1.56 0.416 

43 Silt loam** 21.9 56.6 21.5 0.028 9.826 1.62 0.387 

44 Silt loam** 11.0 53.0 36.0 0.068 9.563 1.53 0.628 

45 Sandy loam**  18.1 26.9 55.0 0.109 14.903 1.64 0.348 

46 Sandy loam**  6.7 22.2 71.1 0.285 8.497 1.56 0.400 

47 Sand**  2.4 4.6 93.0 0.733 3.630 1.67 0.357 

48 Sand**  1.5 3.0 95.5 0.827 2.827 1.70 0.374 
 

*Soils in Fars and Boushehr provinces, South of Iran (Keshmiripour and Niazi, 2000), **UNSODA soil database. 
 
 
 

each soil and associated percentages of clay, silt and 

sand, values of dg, σg and soil bulk density, some 
equations were derived by using the Solver menu of 
Microsoft Excel for estimating the value of m. This 
approach was done to estimate SWC curve of the other 
soils based on local void ratio. The best equations with 
logistic and linear procedures are as follows and the 
other equations are not presented because of the low 
accuracy: 

 

7.967.73δm
0.01

gLog −=
  (SE = 0.109)               (9)                                                                                                

 

82.8δ27.8m
0.03

gLin −=
           (SE = 0.131)     (10)                                                                                                 

 
Where: mLog and mLin are the estimated m values for 
logistic and linear procedures, respectively, and dg is the 
geometric standard deviation of the particle-size 
diameter.  Then, the value of m was estimated by using 
the Equations (9) and (10) for logistic and linear 
procedures to estimate the SWC curve in two 
independent soil data bases containing eighteen soils. 
The values of SE for these soils and for four conditions of 
estimating SWC curve are presented in Table 5. The 
average of SE according to the local void ratio with 
logistic procedure by using the Equation (9), local void 
ratio with linear procedure by using the Equation (10), 
constant void ratio with logistic procedure and constant 
void ratio with linear procedure were equal to 0.037, 

0.057, 0.038 and 0.045, respectively. Therefore, the 
results indicated that using logistic procedure with local 
void ratio estimated by Equation (9), and logistic 
procedure with constant void ratio were better than using 
linear procedure with local void ratio estimated by 
Equation (10), and linear procedure with constant void 
ratio. However, according to the obtained results in 
calibration stage, it is found that using logistic procedure 
with local void ratio estimated by Equation (9) is the best 
condition for estimating SWC curve. Therefore, Equation 
(9) can be used to determine the value of m for each soil 
to estimate SWC curve based on local void ratio by 
considering the logistic procedure for determining the 

scaling factor of α. According to the Equation (9), if the σg 
of a soil equals to 18.77, the value of m is zero, and 
consequently constant void ratio is appropriate for 

estimating SWC curve. However, for soils with σg less 
than 18.77, the value of m was negative, and for soils 

with σg more than 18.77 the value of m was positive.    
  
 
Conclusions  
 

The main objective of this study was the improvement of 
SWC curve estimation based on soil-particle size 
distribution curve. By using thirty soils for calibration and 
eighteen different soils for validation the model, the 
results demonstrated that using local void ratio was better 
than constant void ratio. Rakhshandehroo and Eslami 
(2008) assumed five constant values to indicate the local 
void ratio. However, in this study, different variable values  
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Table 4. The best values of m and associated standard error for all soils in calibration stage due to logistic and linear procedures. 
 

Soil no. Soil texture 
m 

(Logistic) 
m 

(Linear) 
SE (local void 

ratio and logistic) 
SE (local void 

ratio and linear) 
SE (constant void 
ratio and logistic) 

SE (constant void 
ratio and linear) 

1 Loam 0.161 0.135 0.037 0.023 0.131 0.103 

2 Loam 0.053 -0.014 0.016 0.044 0.035 0.045 

3 Loam 0.009 -0.052 0.025 0.022 0.026 0.035 

4 Loam -0.029 -0.092 0.030 0.017 0.035 0.056 

5 Loam 0.037 -0.010 0.031 0.024 0.041 0.025 

6 Loam -0.132 -0.212 0.018 0.050 0.061 0.095 

7 Loamy sand -0.095 -0.307 0.023 0.036 0.026 0.060 

8 Loamy sand -0.192 -0.372 0.021 0.036 0.030 0.063 

9 Loamy sand -0.068 -0.268 0.018 0.020 0.023 0.054 

10 Loamy sand -0.222 -0.289 0.046 0.052 0.046 0.065 

11 Sandy loam -0.029 -0.053 0.022 0.015 0.024 0.022 

12 Sandy loam 0.028 0.025 0.019 0.013 0.021 0.015 

13 Sandy loam -0.044 -0.051 0.011 0.023 0.018 0.028 

14 Silt loam 0.009 -0.001 0.042 0.020 0.043 0.020 

15 Silt loam -0.079 -0.074 0.027 0.031 0.054 0.050 

16 Silt loam 0.060 0.051 0.048 0.011 0.068 0.040 

17 Silt loam 0.115 0.107 0.034 0.017 0.109 0.093 

18 Silt loam -0.165 -0.177 0.023 0.047 0.104 0.108 

19 Silt loam -0.105 -0.100 0.020 0.051 0.085 0.087 

20 Silt loam -0.042 -0.037 0.011 0.056 0.032 0.061 

21 Silty clay 0.071 0.036 0.026 0.021 0.085 0.045 

22 Silty clay 0.076 0.052 0.043 0.015 0.107 0.066 

23 Silty clay loam 0.123 0.071 0.063 0.091 0.120 0.099 

24 Silty clay loam 0.088 0.046 0.066 0.024 0.120 0.056 

25 Silty clay loam 0.143 0.090 0.046 0.067 0.147 0.107 

26 Silty clay loam 0.086 0.054 0.056 0.021 0.113 0.063 

27 Silty clay loam 0.069 0.037 0.062 0.026 0.102 0.050 

28 Silty clay loam 0.160 0.118 0.048 0.018 0.165 0.111 

29 Silty clay loam 0.202 0.155 0.039 0.026 0.173 0.124 

30 Silty clay loam 0.137 0.096 0.056 0.025 0.154 0.099 

Average 0.014 -0.035 0.034 0.031 0.077 0.065 
 
 
 

were obtained to indicate the local void ratio, and 
a new equation based on the geometric standard 
deviation of the particle-size diameter was derived 

for this purpose. Therefore, it is possible to use 
the equation (9) and mentioned theory in this 
paper for considering the local void ratio with 

logistic procedure for considering the scaling 

factor of α in Equation 5. Also, for estimating the 
soil-particle size distribution, it is proposed to use



Fooladmand and Habibi           2203 
 
 
 

Table 5. The values of standard error for all soils in validation calibration stage due to logistic and linear procedures. 
 

Soil no. Soil texture 
SE (local void ratio by 

equation (9) and logistic) 
SE (local void ratio by 

equation (10)  and linear) 
SE (constant void 
ratio and logistic) 

SE (constant void 
ratio and linear) 

31 Clay 0.031 0.014 0.025 0.030 

32 Silty clay 0.023 0.010 0.024 0.040 

33 Sandy loam 0.046 0.058 0.033 0.037 

34 Loam 0.050 0.087 0.030 0.058 

35 Silty clay loam 0.026 0.040 0.064 0.021 

36 Clay 0.032 0.129 0.019 0.009 

37 Clay 0.029 0.047 0.026 0.020 

38 Clay 0.018 0.017 0.014 0.018 

39 Loam 0.023 0.025 0.062 0.057 

40 Loam 0.010 0.024 0.030 0.028 

41 Loam 0.022 0.045 0.022 0.040 

42 Silt loam 0.022 0.078 0.021 0.060 

43 Silt loam 0.032 0.021 0.020 0.022 

44 Silt loam 0.057 0.155 0.070 0.144 

45 Sandy loam 0.042 0.047 0.025 0.024 

46 Sandy loam 0.051 0.051 0.053 0.043 

47 Sand 0.067 0.073 0.065 0.071 

48 Sand 0.084 0.101 0.080 0.089 

Average 0.037 0.057 0.038 0.045 
 
 
 

the extreme radius of 999 µm and adjusted coefficient 
which was reported by Fooladmand and Sepaskhah 
(2006).  

In this paper, an appropriate range of soil textures were 
used for calibration and validation of the proposed model 
for estimating SWC curve. Therefore, according to the 
obtained results, it is possible to use the proposed theory 
in this paper for estimating the SWC curve with more 
accuracy; however, it is proposed to test the existing 
model for whole soil textural classes with more soil data 
sets at different locations of the world.  
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