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IntrOd UCt|0n Table 1. Evaluation for equations A through F developed with the Artificial Neural Network techniques
Soil bulk density (p,) is a key soil property in soil physics and Entire set Testing set Training set Validation set Improvement*
hydrology. In the absence of field measurements, the p, values Equation N ME RMSE N ME RMSE N ME RMSE N ME RMSE N ME RMSE

are typically estimated using PedoTransfer Functions (PTFs).
Recently, because of the progress of Artificial Neural Network
(ANN) techniques, the suitableness of ANN to develop PTFs for
predicting p, needs further study. Therefore, the objective of
this study was to use a hierarchical approach to develop a
series of PTFs using ANN techniques for predicting p, and

compare the estimates with those obtained using 10 existing

PTFs. *Compared to the 10 published PTFs with the same input parameters. @With Saxton et al. (1986). bPWith Adams (1973). <With Tomasella and
Hodnett (1998), Kaur et al. (2002), Rawls et al. (2004), and Hollis et al. (2012). 9With Bernoux et al. (1998), and Brahim et al. (2012). eWith
Benites et al. (2007). fWith Heuscher et al. (2005).

1,007 0.22 0.32 705 0.20 0.32 151 0.22 0.32 151 0.28 0.31 1,007 0.05% 0.01°
1,007 0.38 0.28 705 0.40 0.28 151 0.39 0.28 151 0.33 0.29 1,007 0.02° 0.01°
1,007 0.44 0.27 705 0.39 0.29 151 0.47 0.26 151 0.36 0.28 1,007 0.05° 0.01°¢
997 0.49 0.26 697 0.40 0.29 150 0.50 0.25 150 0.49 0.25 997 0.06Y 0.01¢
880 0.55 0.24 616 0.47 0.26 132 0.57 0.23 132 0.56 0.26 880 0.14° 0.04°
754 0.72 0.17 528 0.69 0.19 113 0.72 0.17 113 0.76 0.16 754 0.05" 0.02f
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Materials and Methods

2.4
The soil samples (1,007) used in this study came from a series | &~ y=021x + 1.05 y = 0.38x + 0.82 y = 0.46x + 0.72
of soil surveys in Central Chile. The hierarchical approach for = 2 > _
. . . . . =) ~=0.22 “=0.44
predicting p, using ANN was developed by building six different = n = 1007
types of networks (named A to F) based on the number of Bl
input parameters collected from the literature. The first o b
network (A) used sand, silt, and clay content as inputs, 5
whereas the second network (B) used only organic matter =
content (OM) as input. The network C was a combination of | =
networks A and B: it used sand, silt, and clay content in ® 0.8}
addition to the OM content. Networks D, E, and F used the 3
same parameters as network C but included pH, basic cations, &
and soil depth and 0,5y,, respectively, as inputs. The networks I'_'I"JJ)
were evaluated in accuracy (Nash-Sutcliffe model efficiency, . TypeA ~ IypEb - 1ypE G
ME), and reliability (Root Mean Square Error, RMSE). e
N fﬁj ‘*?g y =0.49x + 0.69 y = 0.55x + 0.59 y=0.72x + 0.34
= ' = 0.55 ¥ =0.72
el = n =880 n=754
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Figure 3. Comparison between measured soil bulk density (Mg m-3) and predicted values Eiftod Garye
Figure 1. Location of the soil Figure 2. Soil texture distribution among using the equations developed with the ANN technique for the entire soil sample set. ——— 95% Conf. intervals
data points in central Chile. the 1,007 soil samples used in the study
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The lowest performance was observed when using network A The use of ANN technique proved to be a suitable This research was partially supported with funds
(sand, silt, and clay contents as inputs; ME=0.22). The results method for building six equations for predicting from the National Commission for Scientific and
demonstrated that network B (based on organic carbon content p, across a wide range of soil types and inputs. Techno-logical Research

; OC) predicted the p, values more effectively than those based The ANN developed in this study were two-layer (CONICYT/FONDECYT/Regular 1161045)

on soil particle size distribution, even when used to predict p, feed forward networks with 3 nodes.

for soils with a low OC (ME=0.38). Using network C the This study demonstrates that this technique is REferenceS

prediCtiOn imprOVEd (ME=O44) MOreOver, add|ng the pH and promissory for prediCting SOil properties such as Adams, W.A. 1973. The effect of organic matter on the bulk and true densities of some uncultivated podzolic soils.
basic cations as inputs increased the accuracy of the estimates bulk density. Although the classical regression Bemie%%:vzﬁfgSS.;;‘LI'I_%Z{”:{iis:?‘t%‘golf&cs_ﬁnFéd:(,)?loslumgrgsfr.&ogn%ﬁgzi?.g.eo%ae?;rglggggé_;efotransfer functions for
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content at wilting point as inputs (ME=0.72). With the same | intuitive formulation, the use Of this new set Of ' & Sk syl i 1o s o v g v s o
input parameters, the equations developed with ANN technique equations is highly recommended to produce a |  Furceeansois furosolsc 6396109 @ e estimeting soi bulk density from basi soi
enhanced the quality of estimates compared with the 10 PTFs more robust estimate and reduce the oOVerall .. emes ama . bachepsky. 2004 Efect of soil orasnic carbon on soil hydraulic properties. Dev. Soil Sci

. . 30(C):95-114.
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