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2 - The Unsaturated Soil hydraulic DAtabase
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1- Variance
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Figure 1- Distribution of soil texture. Full and empty circles are development and validation data sets, respectively
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Table 1- statistical descriptive of CEC and some soil properties. (A) and (B) are development and validation data sets,

respectively
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A B A B A B A B A B

Clay _w, % 18.3° 15.8a 15.0 159 1.2 2.0 583 63.1 14.0  10.1

Sand & % 45.6" 47.2a 413 49.0 4.0 4.0 89.8 86.0 29.6 289

Silt e % 40.5 38.4a 382 395 43 39 85.5 70.1 212 233
pH — 5.7 5.5 58 56 33 32 83 8.1 22 23

BD gm’ 1.40a  1.46a 1.45 1.49 1.02  1.07 7.76  1.69 0.18 0.14
OM % 0.70a  0.81a 0.75 0.78 0.08 0.08 7.70  7.50 1.5 2.1
CEC meq/100g  16.5a  20.4a 16.6 233 07 0.7 40.3 37.6 9.4 9.9

Y Jgi> ,> UNSODA LlaSLspH 5  Jloske ¢ g pals J&s Cou g &,w

doyd { T=4/Y+) u_ﬂab‘_.o L CEC & ab lis guls ! odal
9 (r:—~/Y'()) u_w ..\_Ao).) l_’ 9 W M (r=~/a‘\) o)
D)l.) d)bu,—;’“’ u.u9_§\u> M (I‘=—'/\c\) LS)‘Q’I—I" ‘5]1_<>
iy (cdw dop g pH) Loyl )b , K5 L CEC (Y Jgis)
Ol oi )3 00)S ()l S (r=+/0F) u_ﬂoal,a L CEC _Stusod
G o) 22)d b CEC (668 (Sunsa 35 (V) 25y g (Sl yed
as CEC § oy doyd (o (shie Sommed 5 o)35 Jlosle
HLolonl Ul glyls a8™ 51y s ilial b as” el Lo o]
Ao gl s il 8l (F) wh e pials siws b
O Sils8l U ad axeS doslis W canl (6 (gl lade ool58l
Jiosle L CEC i 35 (F) 52 2 S 5 Splotens sy 5
oogSee gadal) 8 do)d Ly g s gadall) ) Lo)d
O o )3 Oy 53,8 smliie ogd (Siuen Jlodle 5 oy doyd
Lstod )y () 9 e slaso ) S ol glial Ko
SS9 80klene GimgR b a5 Cull d929 5yl sine

Syl Slesean (F)

CEC AJ\,Tﬁ#@HJSJeBWﬂ

Vs (oll 5 CEC 3yl (s (g S5 i bl e
284S Jde 3ylg wiisl CEC b e (S 5 ol el )l
bt (Sl Js (glo it o ST ot A0 5005
e g3y 4 Alnin olilyen 9 saalie o3

1 -Multiplealignment

Aad o s 1y s by JIS 4 S b xje ) S
oS Bl WY Gl ST 0 e ealawl SLS laey S
oMS ) lasgas Hlges ol 3k () JSK3) Wyl )3 USDA
5 Coo slaoald aiwd 55 2ujer (sl )8 (SaC) b )
olol 4o () JSKi) 5gr ailiie 8L (cla oS )3 oiw,Liel
Y Jgis 1 S cladiges CEC 4 (s ppls JBs ¢ Joslo il
ol oel

2 CEC 4 pH ( Jlosle cs pnll JSa il il Sl
w2l (g ime Gy i Hliel g oo (slaodld dcgazne 4
039 b 4 S5 by yuiito dilo 5 (pSlo Hlade (p>+/+0) W)k
leodly 13 (N Jodn) col Laodly ajgs 99— Jloy 5l (S
SSLin b oy 5 (o o TS S0k b 5 s
b SLS 8l glial o1y i be cpyeS 4 0)d VAT
4S5 Jloyd Canl 803 OA o) By psboyren () Jga) JS3)
o el (V Jpics) oo o oy AR 4 55 iy
M3 (LS) (ool st 5 (S) (b 1S IS 5 SB- sladigos
bl

VYl lasl gl JBs Jlade svwcows glaodly j»
osle Hlabe Sk sl yuito caSayio o o p)5 VIVE L
Cadybs 3 Slie ol yuxio Mo 2 VIV B o/ A 5l g doyd <[V
L e/ JBlas 5l g p8aopm o Vls (Sl e VE/D SoslS Jols
ool dcgomo 3 p S0 oy Yy S| Lo ¥e/¥ Sl s
aS cowload (mw a5V Jodn) Cunl pstie srwcous
S0l D g Al S e 4 02ld dcgasne 40 &bl Ao
dsgadme 93 (pr ) yiie o slp Bl dne ST (> gl
Ll gzl 030

1o 28l sl slosioy b SsslS Jol5 by Sinan



FAV  Sal5 Jols cadyb 3,90 o 0 ailfuiay Jhs g (3559 a5 ) sloghs) U35

S Slogas j1 S p b CEC Siupd calps -V Joua
Table 2- Correlation coefficient of CEC with some soil

properties
“l . A
St CEC Bd OM pH <% N il
Clay Silt  Sand
CEC 1.00
Bd -0.41*  1.00
OM 0.70*  -0.57* 1.00
pH 0.13 0.15 0.09 1.00
i 0.59*  -0.12 0.45* 020 1.00
Clay
w 0.14 0.08 0.02 0.03 0.19 1.00
Silt
o -0.35%  -0.03 -0.21 0.15 -0.49* -0.88* 1.00
Sand

Amd o L 1y 70 g 4> (gl gxe”
* shows significant in 5% level.
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Figure 2- tree structure of CEC estimation using clay and organic matter. Mu: CEC value in each node, OM: Organic
matter, Clay:% Clay
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Figure 3- 1:1 line observed versus estimated CEC using linear regression methods (suggested model, Bell and VanKolen
and Breeuwsma et al) and tree regression in developing data set.
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Table 3- evaluating indices R2, RMSE, ME and GMER tree regression and linear regression methods in developing data set.
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Figure 4- 1:1 line observed versus estimated CEC using linear regression methods (suggested model, Bell and VanKolen
and Breeuwsma et al) and tree regression in validating data set.
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Table 4- Evaluating indices R2, RMSE, ME and GMER tree regression and linear regression methods in validating data set.
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Introduction: Estimation of cation exchange capacity (CEC) with reliable soil properties can save time and
cost. Pedotransfer function (PTF) is a common method in estimating certain soil properties (e.g. CEC) that has
been wieldy used for many years. One of the common techniques that have been used to develop PTFs is
multiple linear regressions. In this method, all easily obtained soil properties are linearly related to certain soil
properties. In addition to multiple linear regressions method, more complex techniques such as artificial neural
networks and regression tree have been used to develop PTFs. The regression tree method is a well-known
method for analyzing the environmental science which determines optimal separation point of independent
variables.The purposes of this study were to evaluate and compare tree and multiple linear regressions in
estimating cation exchange capacity with reliable soil properties.

Materials and Methods: For this work, 106 soil samples of Unsaturated Soil hydraulic database
(UNSODA), which contain a wide range of soil texture classes, were used. The examples were divided into 2
sets including 81 and 25 soil samples for developing and validating multiple linear regression and tree
regression, respectively. For estimating CEC with tree and multiple regressions, soil texture properties, organic
matter, pH and bulk density were used. To develop multiple linear regressions and create the tree structure, at
first, correlation between cation exchange capacity with other soil properties were evaluated; then, soil properties
that had significant correlation were chosen to introduce software. As well, the suggested linear function and tree
structure were compared with 2 famous pedotranser functions including Bell and Van-kolen and Breeuwsma et
al., which have been used for estimating CEC.For investigating the performance of multiple linear regression
and tree regression to estimate CEC 1:1 lines, determination coefficient (R2), mean error (ME), root mean square
error (RMSE), and geometric mean error (GMER) were used. Statistica 8.0 software that was developed by ESRI

was used to develop multiple linear regressions and generate tree structure.

Results and Discussion: The results showed for developing multiple linear regression model to estimate
CEC among all inputs parameters (sand, silt, clay, organic matter, pH and bulk density) only just two parameters
including organic (with r=0.70) and clay percentage (with r=0.59) had a significant coefficient, so organic and
clay percentage appeared, and suggested multiple linear regression models based on this two parameters, with
coefficient of 3.183 and 0.274, respectively, were developed. Also, only organic matter and clay percentage from
inputs parameter in tree were shown. In tree structure most nods were divided into 2 Childs nods based on
organic matter and only in the left side of tree structure in the second level clay percentage was appeared.
Regression tree in two data sets (validation and development) based on R%, RMSE, ME and GMER had a high
quality for CEC estimation than regression methods. Proposed linear regression model had high performance
than Bell and Van-kolen and Breeuwsma et al. to estimate CEC.

Conclusions: The main aim of this study was to investigate the efficiency of multiple linear regression
model and regression tree to predict cation exchange capacity (CEC) based on relationships between CEC and
easily measurable soil properties. For this work, 106 soil samples of UNSODA data set were used. Results
showed that just clay percentage and organic matter that had higher correlation with CEC appeared in suggested
linear regression and tree structure. Based on 1:1 lines, R? ,RMSE, ME and GMER, tree regression model had
higher performance than all linear regression models (suggested function , Bell and Van-kolen and Breeuwsma
et. al.) to estimate cation exchange capacity. As well, suggested function had more efficiency than Bell and
Van-kolen and Breeuwsma to predict CEC.
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