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1. Soil moisture characteristics curve (SMC)
2. Pedotransfer functions (PTFs)

3. Plasticity

4. Liquid Limit (LL)

5. Plastic Limit (PL)

6. Plasticity Index (PI)

7. Atterberg Limits
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1. Multiple regression

2. Stepwise

3. Coefficient of determination (R2)
4. Root mean square error (RMSE)
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Tablel. Statistical values of both training (calibration) and validation data

Calcium . i . ..
Variation range Clay Silt Sand carbonate Organic L|_qu'|d PI_aspc PI?St'C'ty BUI.k
- carbon  limit limit index density
equivalent
% (g cm®)
Minimum 11 9 20 0.9 0.06 0 0 0 1.2
Trainin Maximum 46 38 80 43.53 1.9 4279 25.04 20.95 1.8
data g Average 32.32 26.03 41.64 19.94 0.67 30.31 17.58 12.72 1.4
Standard 07 771 1690 1288 041 1067 579 5.72 0.15
deviation
Minimum 8 6.5 17 0.7 0.38 0 0 0 1.08
Testin Maximum 57 52 82 40.73 2.24 32.5 27.10 13.90 1.62
data 9 Average 28.05 27.71 44.24 23.75 1.09 18.52 11.26 7.27 1.35
gtar.‘d"?“d 1356 1279 2127 1166 053 97 876 380 0.6
eviation
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Figure 1. Distribution of soil textural classes of the studied soil samples
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Table 2. Pearson correlation coefficient among independent variables

Soil Property Clay Silt Sand Bd CaCOs3 oC LL PL Pl
% gcm?® %

Clay (%) 1

Silt (%) 0.80™ 1

Sand (%) -0.96™  -0.93™ 1

Bd (g/cmd) -0.59™  -0.68™ 0.66™

CaCOs3 (%) 0.44" 041"  -0.45" -0.42" 1

OC (%) 0.49™ 0.48™  -0.45" -0.49™ 0.26 1

LL(%) 0.79™ 0.67" -0.77" -0.46" 0.45" 0.36 1

PL(%) 0.63™ 0.62™ -0.66"  -0.48™ 0.43" 0.35 0.93" 1

Pl (%) 0.83™ 0.63™ -0.79™ -0.37" 0.40" 0.32 0.93" 072" 1

“and ™ Correlation is significant at the 0.05 and 0.01 levelas,s < 5 gy o o ls e ** 5 *
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Table 3. Pearson correlation coefficient between independent variables and moisture content in different suctions

Volumetric
moisture in Bd Clay Silt Sand CaCO; OC LL PL PI
different suctions
(cmd.cm®) (gcm?d) %
0s -0.98" 057" 0.65™  -0.64™ 040" 048" 045" 047 0.36
0100 -0.60™  0.65™ 0.58™  -0.65" 048" 021 0.65™ 0.65™ 056"
6200 -0.70™  0.71™ 0.66™  -0.73" 0.44" 0.30 072" 073" 061"
6300 -0.64™ 072" 0.63"  -0.71" 0.44" 0.25 0.69™ 0.69™  0.59™
0400 -0.65™  0.70™ 0.61™  -0.70™ 0.42" 0.28 0.66™ 0.68™  0.56™
01000 -0.66™  0.75™ 0.68™  -0.76™ 0.41" 0.28 0.69™ 0.67" 0.60™
62000 -0.64™  0.74™ 0.69™  -0.75" 043" 0.28 0.70™ 0.69™  0.60™
63000 -0.63™  0.76™ 0.71™  -0.76" 0.40° 0.25 0.75™ 072" 0.68™
65000 -0.67"  0.73" 0.68™  -0.74™ 045 0.22 0.75™ 073" 067"
610000 -0.67" 071" 0.64™ -0.71" 053" 0.18 0.80™ 0.80™ 0.68™
615000 -0.71™ 072" 0.65™ -0.72"" 0.52™ 0.18 072" 071" 0.63™

Db oo o e il o S0 o] 40 Cusb, e sasmoylis B el 5 glosl Cushs, Os
0 is saturated water and the subscripts of 6 shows the water content at subject suction head (cm water)

Glprie o Az bew,S, kily, (F) Jeox
LA )0 Wj-b) eSS LS‘)'.‘ ‘) 41*"-:"5 9 J‘““"‘““’

SKira e it aosls 35 Sl )
P o) Gk Sl See Sy iledse  pladl (S
sl o oyl & Jites sloyiie b plS 4
A Bl Jae 5l og o sae duoye gl S (g k]

sb ) (oo sosld 3l solisiw! b ouds  riuwlg il sl JiSo j0 S5 Cagb )y Hlado o gl slabais JUES! aoled —F Jgus
Table 4. Point pedotransfer functions (PTFs) for estimating soil moisture at different suctions calibrated using

the data of SMC
Volumetric Coefficient of Root mean
moisture Regression equation determination square error
cm® cm’®) (R (RMSE)

0s 0.46+0.004Clay-0.99 Clay/Silt 0.50 0.042
0100 0.3+0.002LL -0.045Bd? 0.54 0.037
6200 0.156+ 0.041 InClay — 0.035Bd? + 9.163*10° PL2 0.73 0.022
0300 0.104+ 0.06 InClay -0.032 Bd? 0.62 0.026
0400 0.133+0.057 InClay — 0.037 Bd? 0.61 0.033
061000 0.401-0.062 InSand + 0.003PL 0.66 0.029
02000 0.374-0.057 InSand + 0.003PL 0.66 0.023
63000 0.2+ 4.97*10°° LL.Clay-0.026Bd? 0.68 0.023
65000 0.196+4.644*10°° LL.Clay-0.031Bd? 0.70 0.022
010000 0.222+0.004PL -0.092Bd 0.75 0.019
015000 0.199+4.05*10° LL.Clay — 0.043Bd? 0.71 0.023
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Figure 2. Relationship between the measured and estimated volumetric moisture content (cm3cm3) using the
point pedotransfer functions (PTFs) of testing soils
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Table 5. Result of data validation through leave-one-out cross validation procedure

Testing data

Training data

Root mean square

Coefficient of

Root mean square

Coefficient of

Volumetric moisture

error (RMSE) determination (R?) error (RMSE) determination (R?) (cm® cm®)
0.041 0.57 0.038 0.62 s 0
0.025 0.72 0.042 0.61 1000
0.077 0.61 0.051 0.59 2000
0.065 0.62 0.034 0.58 3000
0.034 0.60 0.031 0.61 4000
0.023 0.81 0.023 0.72 10000
0.031 0.79 0.024 0.71 20000
0.028 0.83 0.022 0.76 30000
0.024 0.81 0.021 0.75 50000
0.022 0.87 0.024 0.81 100000
0.025 0.85 0.019 0.79 150000
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Figure 3. Overview between the measured and estimated volumetric moisture content (cm3 cm3) using the point
pedotransfer functions (PTFs) at the all of the suctions
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Point Estimation of Soil Moisture Characteristics Curve Using Some Soil
Physical and Mechanical Properties
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Abstract

Soil moisture characteristic curve (SMC) is a fundamental soil property for predicting and modeling
water flow and solute transport in the unsaturated soil, but its direct measurement is tedious and time
consuming. Therefore, various indirect methods (e.g., pedotransfer functions, PTFs) have been
developed to predict SMC from easily available soil properties (EASP). We develop a procedure to
predict SMC from ESAP and soil liquid limit (LL), and plastic limit (PL). Forty three soils were
sampled from north-west of Iran. All of soil samples were divided in two groups; 28 and 15 soils
samples were used to train and evaluate of the models, respectively. The SMC, (water content at the
suctions 0.1, 0.2, 0.3, 0.4, 1, 2, 3, 5, 10 and 15 bar) and LL, PL and ESAP were measured through
standard methods. Multiple linear regression analysis was used to make correlation between LL, PL
and ESAP data as independent variables along with SMC data as the dependent variable, using the
SPSS software and the stepwise algorithm. Results showed that among all measured soil properties,
the clay content, bulk density, LL and PL had high correlation with the soil moisture content at
different suction heads. Values of the coefficient of determination (89%) and root mean square error
(0.028), obtained by the statistical analysis, and indicated the validity of the models in the all of the
suction heads.

Keywords: Atterberg limits; Point pedotransfer functions; Soil water-transmission; Soil properties;
unsaturated soil
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