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1 . Mean Weight Diameter (MWD)
2. Pedotransfer Functions (PTFs)
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Table 1. Descriptive statistics of soil variables in the studied area.

Variable Unit (CV, %) Mean Max Min

Sand % 51.47 41.65 80.04 2.62
Silt % 30.34 41.04 65.91 16.48
Clay % 73.23 17.29 51.41 3.31
oC % 58.46 1.78 5.07 0.09
CaCOs3 % 22.14 24.94 35.27 16.69
pHe - 5.43 7.97 9.37 6.81
ECi25 dS m? 117.05 1.61 9.67 0.26
SAR1:25 (megq 115 167.86 8.24 63.99 0.53
BD gcm?3 9.99 1.29 1.57 0.96
PD gcm? 473 2.54 2.84 2.31
TP cm®cm® 9.05 0.49 0.61 0.39
MWD mm 56.91 0.69 1.74 0.03

OC: Organic carbon; SAR: Sodium adsorption ratio; EC: Electrical conductivity; BD: Bulk density; PD; Particle density; TP: Total
porosity; MWD: Mean weight diameter of aggregates; CV: Coefficient of variation.
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2. Variance Inflation Factor (VIF)
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Table 2- Pearson correlation (r) between studied variables (n=100).

Variable MWD  BD TP CaCO; Sand Silt Clay oC pHe EC SAR
MWD 1 -0.25* -0.008 -0.38" 0.60™  -0.54™ -048™ 058" -0.31" -056" -0.57"
BD 1 -0.88™  0.45™ -0.47"  0.40™ 0417 -033" 045" -0.01 0.18
TP 1 -0.21" 0.15 -0.12 -0.14 0.11 -0.23"  0.22° 0.06
CaCOs3 1 -0.78" 0.80™ 054™ -0.13 0.68™ -0.17 0.40™
Sand 1 -0.86™ -084™ 0.43™ -0.66" -040" -0.60"
Silt 1 0.46™ -0.40™ 057" 029" 041"
Clay 1 -0.33"" 0.56™ 0.40™ 0.60"
oC 1 -0.23"  -041" -0.38™
pHe 1 0.15 0.61"
ECi25 1 0.56™
ol 005 03,51V g1 05 53 ajite oMo o ho 3D 9 ) et gaus )3 )l hae iy e g

Variable symbols description is available under Table 1. ™™ Significant at P < 0.05 and P < 0.01, respectively.
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Table 3. Derived regression PTFs for estimating mean weight diameter of aggregates (MWD)

PTF number Max VIF Regression PTFs

1 1.2 MWD=0.192+0.132 OC +0.007sand

2 1.7 MWD=0.350-0.007SAR +0.1230C +0.005sand

3 2.1 MWD=0.362-0.105EC -0.003SAR +0.1130C+0.007sand

4 2.1 MWD=0.531-0.115BD -0.109EC-0.003SAR+0.1090C+0.006sand

5 2.2 MWD=1.094-0.004clay-0.290BD-0.089EC-0.002SAR+0.1220C

6 2.2 MWD=1.204-0.019 CaCOs-0.001clay -0.074BD -0.104EC-0.002SAR+0.1340C
7 2.2 MWD=1.292-0.010silt-0.002clay-0.143BD -0.111EC-0.002SAR+0.1030C

Variables description is available under Table 1.
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Table 4. Evaluation criteria for regression PTFs in estimating mean weight diameter of aggregates (MWD)

Input variables Training set Testing set
ME RMSE ) ME RMSE R
(cmmin?t)  (cm min) (cm mint) (cm min)

sand, OC -1.1x10°%6 0.29 0.36 -0.166 0.22 0.83
sand, OC, SAR -5.8x10°Y 0.29 0.39 -0.122 0.19 0.84
sand, OC, SAR, EC -3.7x10°Y 0.27 0.45 -0.002 0.26 0.68
sand, OC, SAR, EC, BD -5.7x10°Y7 0.27 0.45 -0.008 0.27 0.67
clay, OC, SAR, EC, BD -1.8x107 0.29 0.39 -0.036 0.21 0.74
clay, OC, SAR, EC, BD, CaCO3  1.71x101¢ 0.28 0.44 -0.059 0.26 0.64
clay, silt, OC, SAR, EC, BD 5.55x10Y 0.27 0.46 -0.192 0.34 0.64

Sl 0 03yl V gz iy L puie ol .y G po R? s OSbe ME ks claype OSle jgdone : RMSE
RZ coefficient of determination; RMSE: root mean square error; ME: mean error; Variables description is available under Table 1.
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Table 6- Evaluation criteria for ANN PTFs in estimating mean weight diameter of aggregates (MWD).

Training set Testing set

PTF Input variables ME. ) RMS.E_ 2 MFT ) RMSE_ R?
number (cmmin?)  (cm min?) (cm min) (cm min)

1 sand, OC -0.008 0.29 0.38 0.012 0.20 0.82
2 sand, OC, SAR 0.008 0.27 0.47 0.030 0.15 0.84
3 sand, OC, SAR, EC 0.016 0.29 0.40 0.093 0.18 0.83
4 sand, OC, SAR, EC, BD 0.038 0.29 0.39 0.097 0.19 0.87
5 clay, OC, SAR, EC, BD -0.019 0.29 0.40 -0.007 0.17 0.83
6 clay, OC, SAR, EC, BD, CaCO3 0.032 0.29 0.39 0.132 0.21 0.81
7 clay, silt, OC, SAR, EC, BD -0.063 0.29 0.44 -0.004 0.18 0.80

ool 00 53)91\‘ 9 ) Jolis 5 0 oMe g b piio Canogs

Variables and symbols description is available under Tables 1 and 4.
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Table 6. Evaluation criteria for Neuro-Fuzzy PTFs in estimating mean weight diameter of aggregates (MWD).

Training set Testing set

E;Jrrlr:]ber Input variables (cmMmEn-l) (?rx )nS;E] R? (cmMmEn-l) ( cIrQanSiri) R?

1 sand, OC 4.4x10°® 0.277 0.45 -0.156 0.218 0.85
2 sand, OC, SAR 9.31x107 0.263 0.50 -0.161 0.215 0.87
3 sand, OC, SAR, EC -5.9x107 0.24 0.58 -0.099 0.324 0.52
4 sand, OC, SAR, EC, BD -6.7x107 0.208 0.68 -0.864 2.75 0.35
5 clay, OC, SAR, EC, BD -6.88x10® 0.108 0.92 0.271 1.99 0.05
° clay. OC, SAR, EC, BD. 127x10° 0015 099 -0.556 16 0.07

CaCOs3
7 clay, silt, OC, SAR, EC, BD 2.55x106 0.003  0.99 0.236 1.13 0.24

ol 0 03)g ¥ gV Jghin 5 50 oMo g oo Chiogs

Variables and symbols description is available under Tables 1 and 4.
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Table 7- Comparison the precision of PTFs in estimating mean weight diameter of aggregates (MWD)
according to the best function in testing data set.

PTF number Input variables ME (mm) RMSE(mm) R?

Regression 2 sand, OC, SAR -0.122 0.192 0.84
ANN 2 sand, OC, SAR 0.030 0.154 0.84
Neuro-fuzzy 2 sand, OC, SAR -0.161 0.215 0.87

ol 005 03,91 ¥ 9V Jghiz 5 50 wMe g b puiie Lo

Variables and symbols description are available under Tables 1 and 4
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Figure 1. 1:1 diagram of measured and estimated values of mean weight diameter of aggregates (MWD) for
the testing data set (n=20) based on the best regression, ANN and neuro-fuzzy PTFs. Table 7 provides

detailed information about each PTF and

input variables. The dashed lines indicate the 1:1 diagram.
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Abstract

Direct measurement of mean weight diameter (MWD) of wet aggregates in the laboratory is time
consuming, laborious and expensive. The objective of this study was to derive regression, artificial
neural networks (ANNSs) and neuro-fuzzy pedotransfer functions (PTFs) to estimate the wet MWD
in the northwest of Lake Urmia. Total of 100 disturbed and undisturbed soil samples were taken from
0-10 cm soil depth for determining some readily available soil variables in bare and agricultural lands
of Shabestar region. The MWD of wet aggregates was measured by wet sieving in the laboratory.
The data were divided into two series, so that 80 data points were applied for training and remaining
20 data points as testing set. There were found positive and significant correlations between sand and
organic carbon (OC) (0.43™) and also between clay and sodium adsorption ratio (SAR) (0.60™).
There were found positive and significant correlations between the MWD with sand (0.60™) and OC
(0.58™) and negative and significant correlations between the MWD with clay (-0.48™) and SAR (-
0.57™). The results of PTFs showed that OC, sand and SAR were the most important readily available
soil variables to estimate the MWD. The values of R?, root mean square error (RMSE) and mean
error (ME) were obtained to be 0.84, 0.192 mm, -0.122 mm and 0.84, 0.154 mm, 0.030 mm and 0.87,
0.215 mm, -0.161 mm for the best regression, ANNs and neuro-fuzzy PTFs, respectively, in
estimating the MWD according to testing data set. Therefore, the performance of the ANNS in
estimating the MWD was more than regression and neuro-fuzzy PTFs in the soils of studied region,
since they had lower RMSE and ME values.

Keywords: Artificial neural network, Mean weight diameter of wet aggregates, Neuro-Fuzzy,
Regression, Soil pedotransfer functions
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