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Abstract

Using artificial neural networks (ANNS) and regression pedotransfer functions to predict the
surrogate soil properties such as aggregate stability reduces time and cost needed for their direct
measurements. In this research, 100 soil samples were collected from the forest soils of Guilan
province. Organic matter, bulk density, equivalent carbonate calcium, particle density, porosity, soil
mechanical resistance, clay, sand, silt, pH and electrical conductivity all were measured as
independent variables. Geometric mean diameter (GMD) was computed as dependent variable by
appropriate method. The samples were divided into two data subsets randomly: 80 for model
calibration and 20 for model test. Regression pedotransfer functions were generated by stepwise
method. For establishing ANNs we used Marquardt-Levenburg training algorithm and a 3-layer
perceptron structure with 6 neurons in one hidden layer. According to the correlation matrix
between GMD as dependent variable and independent variables, 10 groups input variables were
selected. The were employed once by multi-variate regression pedotransfer functions and once by
artificial neural networks. According to the adjusted coefficient of determination (Rzady), root mean
square error (RMSE) and relative improvement (RI) a model resulted from applying ANNs and
using input variables of pH, particle density, silt and soil mechanical resistance turned to be the best

model for predicting GMD of the examined soils.

Keywords: Aggregate stability, Artificial neural networks, Geometric mean diameter (GMD)
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GMD'=6.333+ 0.114L 0ad®+0.007Si-2.414PD* Load-Si-PD
GMD=-0.128+ 0.124L 0ad+0.009Si-0.015 CaCO% Load-Si- CaCO;,
GMD=6.667+0.110L 0ad-0.005S2"-2.352PD Load-Sa-PD
GMD=0.553+0.119L 0ad-0.007Sa-0.016 CaCO;, Load -Sa-CaCOs
GMD=7.402+0.111L 0ad-2.650PD-0.016 CaCO;, Load -PD-CaCOs
GMD=10.572+0.009Si-3.613PD-0.024 CaCO; Si-PD- CaC0;
Sa-PD- CaCO;

GMD=10.751-0.008Sa-3.429PD-0.024 CaCO,

GMD=6.524+0.108L 0ad+0.006Si-2.416PD-0.015 CaCO3

GMD=6.834+0.105L 0ad-0.005Sa-2.348PD-0.015 CaCO;

GMD=7.239+0.117L 0ad-2.658PD

GMD=6.764-0.010pH-2.364PD-0.005Sa+0.109L oad
GMD=6.486-0.013pH-2.432PD+0.006Si+0.112L oad

GMD=11.468-0.112pH-3.546PD-0.007Sa
GMD=11.558-0.127pH-3.731PD+0.006Si

GMD=0.328-0.007pH-0.007Sa+0.126L oad
GMD=-0.37-0.007pH+0.009Si+0.130Load

GM D=6.143-0.007pH-2.395PD+0.003Si +0.098L 0ad+0.01Cl” +0.060M?®

Load-Si-PD- CaCO3
Load-Sa-PD-CaCO3
Load-PD

pH -PD-Sa-Load

pH -PD-Si-Load
pH-PD-Sa

pH-PD-Si

pH —Sa-Load
pH-Si-Load
pH-PD-Si-Load- Cl -OM

'GMD: Geometric mean diameter (mm)
?|_oad: Soil mechanical resistance (kg N)
*Si: Silt (%)

*PD: Particle density (g/cm®)

°CaCO3: Equivalent carbonate calcium (%)
®Sa: Sand (%)

'Cl: Clay (%)

80M: Organic matter (%)
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® 4 Radj RI(c®) ad RMSE(c)  Rlg(c) ad RMSE(C)  RI"(c)
0/299 0/35 96/25 0/39  0/294 272 0/98  0/011 54/54 | oad-Si-PD
0/175 0/62 93/29 0/35 0/313  8/62 0196  0/021 76/19 (L:ggdc-)g-
3
0/306 0/33 96/55 0/40  0/290  1/37 0/98  0/010 50/00 | oad-Sa-PD
0/132 0/71 96/09 0/37 0/307  6/84 0/98  0/012 58/33 (nggdo-sf*
3
0/369 0/20 91/06 0/40 0291 71 0/94  0/026 80/77 éggddPD-
3
0/359 0/22 89/97 0/22  0/379  24/53 0/92  0/038 86/84  Si-PD- CaCO,
0/291 0/37 92/66 024  0/368  22/28 0/94  0/027 81/48  saPD- CaCO;
0/210 0/54 96/20 0/40  0/290  1/37 0/98  0/011 54/54 '(-:gf:dc-)Si-PD-
3
0/342 0/26 97/90 0141  0/286 - 0/99  0/006 16/66 '(-:ggdc-)S&PD-
3
0/482 0 81/75 0/39  0/296  3/37 0/87  0/054 90/74 L oad-PD
0/481 0/01 97/61 0/39 0294 272 0/98  0/007 28/57 EE';D‘S&
0/323 0/30 98/32 0/38  0/298  4/02 0/99  0/005 - E;‘ ;D-S'-
0/447 0/03 91/79 022 0/378  24/33 0/93  0/031 83/87  pH-PD-Sa
01271 0/41 66/06 020 0/386  25/90 0/72 0131 96/18  pH-PD-Si
0/109 0/76 76/89 0/35 0/316  9/49 0/87  0/073 93/15  pH -SaLoad
0/095 0/79 91/90 0/34  0/321  10/90 0/95  0/026 80/76  pH-Si-Load
pH-PD-Si-
0/096 0127 94/31 0/38  0/299  4/34 0/95  0/017 7058 L oad-
Cl -OM
Load-Si-PD-
0/480 0/01 92/73 0/40  0/289  1/03 0/93  0/021 76/19  CacO.-Cl—
OM

! Artificial neural networks
2 Regression pedotransfer functions
® Root mean square of residual

+Rag = Adjusted correlation coefficient
Test

6 Calibration

" Relative importance
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