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4- Equal-area spline functions
5- Knot
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1- Predictive model
2- Discontinues functions
3- Smoothing splines functions
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1- SCORPAN

2- Soil attributes

3- Soil class

4- Auxiliary variables
5- Area of interest
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1- Altitude above channel network

2- Modified catchment area

3- Mid-slop position

4- Valley depth

5- Wetness index

6- Multi-resolution Valley Bottom Flatness
7- Multi-resolution Ridge Top Flatness

ay by s (S oSS, lusgad S, dolee (ol )
i ol lS s b ool ol b S ks 1 &8 S cledl
T o Sl cdled adon 5l 055 Cldgz g0 10 cuuldl € ] oo s
CopBge M g (loj i 53l dlgo P o B)S095 b giks 5 (e
3L asbp b o o)l qanaib SO f @b il o S
S Gluogas Suin ¢l ol e o olis 1) oad o)l
Cnlpbr Al (Ve oV )lSen 5 (lue) (5553 (g5 Slgi
la pxio « S slaodly Jolid (8wl ddolee Lol 53> dw
T B e )90 LBlaie o5 Wil oo 650k Al g (ae
XS

E{EWXIX

8,8 plool dalate )5 aladi VoV I gyl diged Bais opl )
aSs SOAICGIS 58l oy oo )0 il ladiged cuildy (sly
ailaio ETM" (shojlsale yi0m g9y 2 520 VO Jeolgd 4y plais
L g &S blss cliae wlol p w5 03 )8 )45 5550
a3 (et e Lo (o ladiged JoeGPS oSy I eolaiuwl
Ot Jolsh 3 5 (Bolal g0 4 abail YA 5 e 1> S )90
Glad s pow Ab 48,5 a5 5 de yan gl plaie aSd bl
A Cadld y odds Glasl gla Jore 5l gyie Bl Voo Gee U S
S adiges 00,5 Jatie oBiulojl 4 cam lilllas (¢l 9
b 0ol jeue gy te e ¥ Sl g 0aneS i Siid e
285 plonl gl g9y 2 @y bord 9 (S5 o5 g
5 Sh g (g g an (Al osle ciogyiun b9y 4 S 8l
ot o (55031l prigel il b gludl g, 4 CEC
sl e SUS Glael 0,8 5kl 4 5l SeslS oo cud b
195 b el g9 51 S Gos dlas Sl Ban 4 s
dawgy Clep Mol adsleo o) (F VA) 355 )5 eolasinl LS
2ol Lass Lyl dloles il o (F) o)) o Gl Jdo asdly
agibl dgapy ddlre S o (605 e 38l o 1) S o guas
Vbl polol pr (das pp 53 (G955 s )l (3L 090
2.)9;.3@ dw.»l?u

yi=fite (v)

a5 50 0l Bl el Bes > odd e e Yy o]
o (P e Ay Caud SB Oluogas Gl s o 88
02805 i (2l Cyge @ g |y der (p) WS e
ly S adly Jlade aS Goe b f(X) SB GoeX a5 usS

Sacie £ il o pin e f(X) Cpiomed g A dtwge



AT 6o - 43T Bejlos YA Wl (S gl ag i YooY

Sl Ol Ay ooy a3 3)90 0)5 4 & pladigel (ale
Dy o iS5t wiilay (Bl diged jl oS i b g Al ansly
Do oo dwbrs ¥ alaly oozl b jlee Byl il

SDR = sd(T) — Z% ()
x sd(Ti)

5 Aok sy 0,5 4y &S el lnaiiges JoltT ¥ alal, ;o
o ] s 0,5 5358 a5 §) &S ] b gareaTi
Slog! 5l s il Hlime Gyl )'thd lode] Cowd 4y bl
2 e opl 2gde wble laiz (oS (95 Jre So ey
Locsppy p oS Slho ol go,S ol 4 auly claodly
dn s po 50 945 0 bl (lad S 15 ealil 590 0,5 o A,
Ll s &5 glio il S | o s gmm5) sl Joo
o] 3 o g o (gjloonles e s il ials sy
3y9-0 (305 orp Clides plodl gl €8)055 8 «gjloosls
2t Jhe sl oad 03] (a5 sl 51358 (0 518 (y
il s et S sl b SasS (S5
Nogl «2)5 poyn Oldes Slan 90 oy CE 355
odb oy S laS p )3 pbme (b b e (6L
Sy el Jie MO 15 (g5l lgen ab1)3 )3 4 oo Sl
cladao LSy ol o a8 osel cand 4 Jao 10,5 Sy 51 Sy
PS5 an oY o s &y cogypo S B Ay s )3 35290
S Jssls Jols cud )b slaodly (pysSul Jdo o &S 0L 0
Olyie o (ae laodls g dtuly piie (lgis @ Ges gy 5
O bl (553 gmesS) Jhe g Bad a5 e > Jits pite
as Laodly ¢ oy cpl 0 (Jde byl (gl 00l o0 Canits 1) o]
0925l 9 (0305 (I3 mdiges (slaodls I luoydAe) ibigel diwd g3
s (B3l jobo dy (00 (gl paiged (slaedlsy 5l asyd V)
g o) sl (sl yusito 390 5> Juo 3 )Shos gy gl 250
5 Siamad oyl (3,5l w] Gas gy o S SeslS Jols

23,5 odlatwl as lay o dil s

Louls (s ,kel dadla
©)gmo dg SLS G918 Jols byl (o098 il ants sl
adsleo L abogsye DSY s 0p59) Cowd 4 5L5 Il (gam dw
J=5 lp Bl SB Gas dblao b opil 0ad (LS (2l
2B Ve L efevee) 5l glaely oS calisee ol s Can oyl &
sbodls (g9 Jao b)) @ls (wlul p g 2385515 (b5l 3590
S 2b pasudie SB Gee Slade Spar yadl (pied 9 (9]

VYO0 DIl «yag So +[A o=+ INE ¥ Sl ) tag So
Cyorod ol 00 oSS (iogySuo YIYO=Y/ A V8L ¢ o o
JSr oL (s oo f (S8 L Sl slaaY plos
plol gl g wass ags SB Sles o )libiol b sllae (g4 Qe

2505 o3lel abgyye (lay)38le 5 55 (o5lo Jde )3

SSeJae
oS )0 45 Wbl o JlKe e o yeSinl ddlrs 3 peogus
g b (555 Jae b 4B )S 0y (B3 Sl pSl
ot 4 B 8 Sl oS (6 yallU B9y o 9T
il (sbaysio b (SB (595 ol b jb) (o8 (slo it
ot $yiie I Slasgerme bl (SB lapYS) on
9 o= by gy oml sk Oyl el sl (A4S (oS 018
=S8 S premiad s yd b o3y i uS () ol )LSen
5 Glial i 4 S 05l o (59LS 0l> sLa by, cp il
7= NS 530 sl yiel)ly Lo )90 3 00 plonil (slags ySojlal
g Lagl jlg 0350 (ailyd IS5 & 1y i )50 oy S ks
S Dl b 55 ool €350 A8 (o0 3Ll sl polate
sboosls (Jlyw ool Clox sl Ko 3lie (e 9 Jlgw 60
So 4 Caled 3 g 03l ES 39290 slajane )3 |y ) 1 6399
SLeSe (S (Ken Sy 3 aB)S )3 sosls bl o0 S
maiib g5 90 4 S el O3> el Sy (Shs ol 5 )b
Ty e S48 Cpgo (nl 4 g manndll (Fgmm)S) 5 (S0
palie sy a8 Slaj g it ol 4 A3l atanS (g)lude
Ol i3 oo s o & 1y Ss)S ) £95 NS ity 1) Atogey
ol se g 0iS o i Sy slao,S jo y olael s s
gy S o3latul 103 laJue b cl b (ad (Susen Jie
S Ml oo A dlael (ntn (gmsSy O35 3 65k
slmodls ay jli (505 Jue gy (el 2 (53l e sl 8 plos]
3 g Bl e (a8 sloosls 5 (G958 ol cud b) (Lol
5,lg Laoslsy ¢ Ly ygo 4 SleMbl glaasy (pl g5l odlo]
ol 50 05,8 dusbre (555 Jde 9 13,5 (V4) CangsS l58lp 5
Oygmo Aoy dged Ludd (35 e LMD (3553 Jie o )5)
Sl Gl o ol il o (SomsS) CE > S (S
90,5 b ady) 5l jolie (S9)0 (shasgacmay; Clymss (3,5 4ieS
Slame GBlyoil dliwg o Gly 355 (0 ©y50 eSS e |
sbhs pials aulxe b wloduw 0,5 po & ady) jl &8 (¢ polde
=03l g o Jeols 0,5 ol o bl 5l &S laxl 590
i |y sl 390 slad (ialS (e &5 (ho D95 00 55
29 e &5 (Gyp0 3 gilulia )b 098 o Sl S



Vor¥ O el Jols cadyb (gun dw (o098 ()10 pdiiadis

e dad o i (gylael ulis a5 jeblan ol ool 3os
Ve WY ogds 0 Gos g 0 SB sl Jols cud)ls ke
ol ol ade Bas Sl L g 13l p )5 Ve 2 Yl ST
Goe b Joslo doyd yials s 4 Wl o idlS oyl g o
5 (V) Oledmo! adilaio claS 1 0us plosl (glo sy 2Ly
5 e 5 i Siron (1) 0] i e (leSls
oy el Cwd 4 SelS Jols s )b g T odle o pd oy
RS A Ly s iy 3 S S5 Pl e b s
V0 2905 1> (gl jiuS 5 039 YU Sy (o b s )0 Sl 0

Syl pS Ve gy Vg ST ks YO

fem) Sk Zos

4 Sl Laghey cnpie Sl (S 1) ddlae (pl g 03905 03latl
OhlSKen 5 Mo 033, Bym0 S gl pusio (gin dw sloaids
e gt (lp by cn i J (So o8 il gl (VA)
48 i8S don (Ll etonen g Cunl (ol (o) IOV oyl
3)90 ysiie g9 9 Cpple 4 (3L (St celio SNV oy
50 (hos pdlio &y osd ooy il dolee ¥ S5 )0 5,00 adllas
Cowd doy jl Gy 0 o0 odbliie +/Y S o s L S ool
(0=0) o gy ST ilS Jol5 s ol ebles (2]
2 ad gl (e ol FemYee g YemFe Ne=Ye )
o P SB SeslS o5 cud )b claodls (gylo] aoMs Y Jgun

st ppaf ol bac

0 oot aaitat gar

e BN

W

(meg'100g) I3 | Sgudl8 Jols cud b

Ol (2198 b Mol £95 51 Bos ddlae —Y UK

B3 SB alord 5 (S Oluogad 93, lailil Gos gy )3 SB G955 I35 Cud B paalio @ byiyo (5l (sl yial)ly ) Jgua

allao b,,céﬂa&o
proSile ppSila Jgl Sla Ok cups e el fbe Sl Bl (e L) Y

\A7A¥ YA/ Wi oy oly Y-IA \2A o (--0)CEC
Y/ YV/A WiE YY/A o YeIv ¥o/a Yig (a-y-)CEC
YYIV YVY WA Y\ At \DA VD s (v--v+)CEC
AR\ sy WA VolY YA VAID \AvA¥ Ve/R (v--#+)CEC
/Y WiV VRV \o/0 YIv s \ArA Uy (s--\V--)CEC
ov/e - WA <IYA YYIvS S YA SEIRY WY (20,3) oy
YAl AA TR -1 WAIsS oy YONA TV YV/EY (12y3) cdoun
YSISY WAL Yo FVISA \W\as YVAD  BAY FIAY (3u0)3) oy
VA AN <IAY [YN<d RALN AR /Y. A (22y3) JT o)
\aYAYs AR /Ay \tZA v YVAD  YAIYA /%0 (o)) Sal
ne <155 <100 VoY/VY AN <20 YIAS Aai (dsm?) (¢ g0




1Y 6o — 43T Boylods (YA uls (S gl ais Voo

ao byoye |y cde 5 )b SIS asb L) (Siwwods (2 50
Gt ool ol ogMedy iiuily adllas 350 dilaio 04 Hlgen
» Logase el (nySete o)lsale ngluar 45 amd o (LS
O AVl @ deg b (e ile <)) Wil (o S
lodle gext gy cilate S1B xaw sla 4 > Jloske
$95LS Pl cdils e a3 cwlul oS S gt 4
ETM+ o lsnle (slaisl Lawg il 4 b &Y ol o S
lolonlo il YU SIS Lalisks cpsiies al 20 _lulis
13,8 S T slge oty S Slusgad loliss 5 1,

(MY 5V &)

4 B D——
MCA
B D
Bl oo
Wetness Index
Slope Length —
M/VBF D
Catchment Slope mmmm
LS-Factor B
DEM ==
Aspect BN
Flow Path Length =
Convergence Index |

f0-3cm)

o 0 40 60 80 100

MCA :_

NER PRI

Stream Pover E—

SIS 5518 Jol s S iy
Sl S igls Il b ash 425 43 (sl
23,5 oolaiwl ETM+ o)laale gl g cpojpuw slial dilo oo
shb (e sla o jl de a5 ol Gl 30 Jde b
S Gos gy 5> Cuel pl e atd] il o (6l Sl
2 04 ol (g yusie Caodl Mo pd ¥ IS jo bl o glite
04 45 job led Ll oad Bl SB gas gy (350 b e
3 e 33 (il +-0) SLS YLy Gras 3 9o
sl o aS Jbjyd il ash 1) cueal oy i glo)lgale
03y olaid] dgd a1y Jol agy ades o Mol Coalus il
ooy slial a S a0 L (V) oh)len g CBgelip ST ol

Wetness Inder E—
BS o
Slope Length —
Wetness Index D
Convergence  —
Flow Path Length B

Aspect .
DEM B -
LS Factor === (5-16emy
Catchment Slope B
o 20 40 60 80 100

MCA I——]
B! I

Wetness mmmm—" MCA ——
B4 mmem Comvergence Index " Wetness Index  Emmm—
B2 jm— DEM I Comvergence Inder I
Aspect mmmm Aspect Em— Catchment Slope  E—
Catchment — Shope Length E Bl D
LS Factor FlowPath Length I Slope Length I
BS = Wetness Index I MABF
DEM =m Py DEM m==m
FlowPath = o Aspect B
B3 B 1 1
Convergence B (16-30cm) B2 p— (346t Flow Path "“’g”'ﬁ_ .- (68-100cm)
= 1 Bl I 5
Stope Length B Catchment Skope B B3 B
0 20 40 60 80 10 N w 60 s 100 0 0w @ & s 100
5
>
- .
08 (RaF glyalile  crand Cunanl

a5 5l B5 9 B4 B3 B2 BL) 5 lailiw] ok gy 10 S SewlS I Cud b iy )3 e (s puiie Copod] g~V KU
&olgod (as i MIVBF (2 jg s Mol Conluo MCA (g8 ] 088 ) Jao DEM (i Job Slope length couwd cga Aspect o lsale
YL g5 ) ABCN YU S8 an db aiwdy gYU (a3 MIRTF 0,3 os VD 039> i CS ¢y 123 Cl YL S8 as dp Loy
lengthFlow path 9> s catchment slope «ailsdgy oyl ya < ,48 Stream POWer « g (s Wi Wetness Index « owiSa ; aSwd
(21550 ad Wi Convergence index owd 9 Job 13513 LS-Factor ¢yl s> yauno Job

aS a0 s 0 e 1SSl ot bl o VAY o)V /YOGL o
S99 S cladY den )0 (b3l p i L) (e Byl (Sl
5 o8inles] )3 o (6 S0l blis Sy Jloged e 3,
Lacdl,§ ol ol odds 1)l ¥ IS 55 Jae bawgs o (g jlodunds
Slages do boupe (Saphe €83 (VL & md e L
Sy Jao 85 Jlo 3 il o a8l +T+) S

9 OgesS ) Jhe bawgi & (S8 gl puiie I onlinul L

S _3gilS oo byl 3591y a0 pl (¥ USi) 3,8 s
by (paes oy ying a5 2 o (astie Jodo cpl b Billas L]
iy 5l 4y Ly (e il =Y ) (rlaw oS 4,



V020l LS Gl Jols cad )b (guss dus (098 (610 ydiiadi

(VA) ohled g 5o aslosly (5,155 1) e o b 5l slaslie
IV YU s s 058y (g0 padids > ST adly oyl
(M) 23l e Jgome yiiar <10+ 5l Somby sy g pleS
S oYU Ges ¥ lyp Gaios opl 5l odel Cund 0 gl oyl plo
YL ple s pd & w2y e Sl Jg cl Jod LB
Ll (ool dlazel BB ol del s &

el S dy (333 (g )y Jao 5 &S il 4 sag L
dbaia I 53 S igdlS 5 o o e st 4 P18
o) 2 S loglan (B JSC3) 108 3ee i 55 adlas 0
oot S gl 5 e o oty ol e JEH
8 aais Cpix 5 s Bblio > (s il ¥+ Bas 5
La iz ool 0 Sesl8 Jols cudyls 0 YU s Cowl a8 )8
P99 =hi ol wb) lp SB Lld g Fewle
Al o SB Jodle aoyd 098 5V dses

Slagyo ddyy (ple b ooy o Sl ) oy ooy (53
o=l ey L At (pl (e Blo £e=Y e e conl asl YNS
Sy as LB lase sla e I slas gasre a5 bl o 4SS
- S Glasl pp SB Sl ol cod b b cunlio bl
S olie g ol dslee polie (S]S wiged lpie il
53 g yS ) Jde by S G951 Pl ) ond o
4 jobylen owl oasd S il & Ui Sldlae dais ¥ (4l
$95LS Pl cad )b s Sl gl (e d9 o0 dlas e
o Bl Voo 3ae L SIS mow jl (s3g0e Sygo 4 ) S
0l Lol 350 (yaewyS ) Jdo oS day o sl 4y Lpudly dtil
Iy SB Se0lS Jols cudyls 098 il oS Cuwl dtwilys 53 &
Goe U g 3l s oy polie a8 (gjludind dmy dw
L duslio jd oS Wyls /A JI /55 g0 5 glaely S pjlas
OHlSer o 5Ll bl o Jad BB (claisly piisee ol gl
o5 (WA) S 5 580e 5 (1) oS 5 Sy {7)

(09051) 5853 9amw 5 ) gy bl o s (5,0 (61 lmo gl Y Jgaa

ks ple  pod cupo s Olaypo adyy

(o) o

AR +[A¥
—-/a¥ <[A¥Y
—-/aY <[A¥Y
—./50 Is5
—./54 "

VYo (—0) CEC

W (3-1-) CEC
W (--¥-) CEC
Y/ (v--$-) CEC
YIS (--1-+) CEC

S
! _as Ri-ggs
R 684 - R 034 -
= H
PR a a
& § ¥
< rd
L o
e u ™ - -
Ll Lo ™
3 e e vt
= - 2 «”
-g {B-Semj {5-idemp
4
N
'g ™
3
2 ®'= 084 w R -0.66 R°=0.27
& LS s
=
= .
g iR ’ M Y
é L b .
[ 7 1 [ s
L
(16 200my (26-58cm} "1 (60-10cm)

v

fmeg/L00g) adws (g ga¥ ojloil wmolia

b (5w Bl 3> S S8 Jold Cud )b oud (g S0 jl0l palile MiS Ty gl —€ JSC



QY 60— 43T Bosleis YA Wl (S gl apis Voo f

N 16 8 2 22 g 10 20 30 a in 28 35 1% 2 21 22
6 4 H 6 ] f
an 40 A0 E“‘. in

T

{em) S o
&

J..l.n h.u.l’..l- & ﬁ.! " ~ Hﬁ'j_n - —

4

o

£

i

B

60 4 60 E 60 60 i 73:
. . B %
o i o . \ 3
T 2|0 g 2
. - i & 80 4 | 3
i %0 %5 ,,:

h B o ! ﬁ T i 3

v

25bas Lo3ld) ol 9 (553 (aaw )5 ) Jde dlewigy (5 i il Vo ¢ Bos U ol (55w il 3 0 (554505131 Lo —0 JSLud
(Wows b dslas

_ — @
. 5 s h Wy Kl ienly
(ST I 4 “w
lm«:"-ﬂ O . | [T i glimete it X O
] 5 S, e S 7w
. s . 1 BE oottt <

L L——r_—ﬁ

(10-3tcm)

CEC (meg/100g)
b

-

CEC (meq/100g)
m
-

o 08 1 2

CEC (meg/100g)
LR

o 85 1

LS"’")' ‘5)-2)‘5 9 %‘.\3[’&»‘ Gos &9 0 sk c.?’%“ﬂs J’w ""‘L‘B)'b LS‘°9§) A _1&]&“‘3



VooV LS Sl Jols cad b (guns duw (098 (10 ydiiadi

as sl pLS )y s yo s Jae ol (slynt 00,3 1 yeSul
slaSL5 o)y sdagel a4 pladl Jimghy cpl j3: S slaoaly
G958 L5 b 6ol oS (da V¥ i
o3l il ool ay LSy (Ao b Ml Yolee da S )
Pl g b gl sl g duolre d)luilinl s Bas (0 polds o
lodly mlie glol 51 pols imet i Jae cileMbl ags ipgd
el SLeMbl 8 5l (5lusB (gla e (Bunles b (SeS
IS 13 45 oyt (s 35 1) (i i 5 (Sl
S S cloodls 5 ame (b ol ol bloyl s soSe3ls pau
b 35 ol (S el ge o2latnl (3550 (ygu )5 HSGSS
Db &l e ol @ ole o

(s 255 b o) ST 3me sk et 3,008
oS odls ojlal Lo s (50 (g yS)) (5288 5l Jio
P b s 5 (os Sy s oy 0 ol )
il SB Jssls

& s 035 Mol 0355 Crlus g (lolanlo g duo il
oad oLzl sl jiallly o Smaee ol 4 )] (og8) Je
$9lS Jls cd )b suiding Car (B3 (g )5y JAe bawg
Azl e S

SleMbl o edliiwl oy Hliwe SB sas I3l L
ioin Jde 53 (i sl doyd lie )3 5 4nalS glojlgale
sl 03,8 g oli8l S SaslS oo ey b Sl

byl SSLSS )00 Cjlie 4 b (giegdy SSUSS
Sloyus 1) LaS s (o)l i a6 wilys o S 0gd,
03> plosl o)iSe dn (b (2)lgs 455 o I Sidite g g
21y Loasss (el g oo ooy conptise <l 1) i by,
o 1y gl oolazul culss g osls il leMbl o Laodly Ul

les ply el (pole (slaed s I (g 28

YU (sl )50 Jele Slgie 35 o) dopd (92 YU e

Cad il 39 oml A8l iz pl > Ge8lS Jols cd )b g
YL o & b ye Yl ddlio B)d isu 0 JeslS Jols
Jols cod b o cdbs pae g ol cpl SB 3 3990 Sal
rbw Gl Pl cad )b (392 b bl o S (J9sS
90y By 93 13 SV gedyd cdl 4 bayye Llgi oo ciomd
5 el D5 L ys acilaie p3 a8 w5l OUl JoS g 0y g,
Syl g oy dopd O ) 9 St (Stuman (V) oy Sen

s & Wlgi o ol &S cunl glite  SolS ol cud )b il yuss
o=l 2 SesS Pl cd )b a0 Jae 85 (9 Sl
Jds a0 lael ol o S1B ol (g Solite pimad 5 los]
SLs 31 385 Sledlbl & i (s 5 (L) oalS e sl
SyiaBlw Voe Goe U S Sesl8 Jols cd )b poga
sl oS g (Hoe ol L sy e S5 & (plpli Sl e
Olojen o3kt S (3os g (law Olyuss) (an dw (giloJio
5eo5 ol bl S es OYoleo s S 098, (o) paias |
9038 b Je plie 4 (5550 (gee )5 &S 0 (U 5l
339l St 53 3e3y8 (g)l5) LS (2l L Mgl Alas
oS hes g S Glyudd gy sy alie SSS 5l 55 (YY)

2,8 odlatwl S (g0 4 uﬂ

(S 30 Aoyl
DL cod )b o8,y i ags 4 plidl pols adllas 5
SIS cal bl gl Glisl 29y dilate )3 S JeslS

&l

1- Akramkhanov A., Martius C., Park S.J., and Hendrickx J.M. 2011. Environmental factors of spatial distribution of
soil salinity on flat irrigated terrain. Geoderma, 163: 55-62.

2-  Amini M., Abbaspour K.C., Khademi H., Fathianpour N., Afyuni M., and Schulin R. 2005. Neural network models
to predict cation exchange capacity in arid regions of Iran. European J. Soil Sci., 56: 551-559.

3- Baker L., and Ellison D. 2008. Optimization of pedotransfer functions using an artificial neural network ensemble
method. Geoderma, 144: 212-224.

4- Bishop T.F.A., McBratney A.B., and Laslett G.M. 1999. Modelling soil attribute depth functions with equal-area
quadratic smoothing splines. Geoderma, 91: 27-45.

5- Breiman L., Friedman J.H., Olshen R.A., and Stone C.J. 1984. Classification and regression. Tress. Wadsworth,
Belmont, CA.

6- Dehni A., and Lounis M. 2012. Remote sensing techniques for salt affected soil mapping: application to the Oran
region of Algeria. Pro. Engi. 33: 188- 198.

7-

Dwivedi R.S., and Sreenivas K. 1998. Delineation of salt-affected soils and waterlogged areas in the Indo-Gangetic



IFAY 6o — 43T Bejlods YA wls (S gl a s Ve e A

14-

15-
16-

17-

19-

20-
21-

22-

28-

29-

30-
31-

plains using IRS-1C LISS-111 data. I. J. Rem. Sens, 14: 2739- 2751.

Elnaggar A.A. 2007. Development of predictive mapping techniques for soil survey and salinity mapping. Ph.D.
dissertation, Oregon State University, Corvallis, Oregon.

Erh K.T. 1972. Application of spline functions to soil science. Soil Sci., 114: 333-338.

Florinsky 1.V., Eilers R.G., Manning G.R., and Fuller L.G. 2002. Prediction of soil properties by digital terrain
modelling. Env. Modell. Soft. 17: 295- 311.

Ghanbarian-Alavijeh B., Taghizadeh-Mehrjardi R., and Huang G. 2012. Estimating Mass Fractal Dimension of Soil
Using Artificial Neural Networks for Improved Prediction of Water Retention Curve. Soil Sci., 177: 471-479.
Grimm R., Behrens T., Marker M., and Elsenbeer H. 2008. Soil organic carbon concentrations and stocks on Barro
Colorado Island — digital soil mapping using Random Forests analysis. Geoderma, 146: 102-113.

Grunwald S. 2009. Multi-criteria characterization of recent digital soil mapping and modelling approaches.
Geoderma, 152: 95-207.

Hengl T., Rossiter D. G., and Stein A. 2003. Soil sampling strategies for spatial prediction by correlation with
auxiliary maps. Geoderma. 120: 75-93.

Jenny H. 1941. Factors of Soil Formation. McGraw-Hill, New York.

Lagacherie P. 2008. Digital soil mapping: astate of the art. P. 3-14. In: A. E. Hartemink et al. (ed.) Digital Soil
Mapping with Limited Data. Springer Science, Australia.

MacMillan R.A., Moon D.E., and Coupé R.A. 2007. Automated predictive ecological mapping in a forest region of
B.C., Canada, 2001-2005. Geoderma, 140: 353-373.

Malone B.P., McBratney A.B., Minasny B., and Laslett G.M. 2009. Mapping continuous depth functions of soil
carbon storage and available water capacity. Geoderma, 154: 138-152.

Manrique L.A., Jones C.A., and Dyke P.T. 1991. Predicting cation-exchange capacity from soil physical and
chemical properties. Soil Sci. Soc. Am. J., 55: 787-794.

McBratney A.B., Mendonga-Santos M.L., and Minasny B. 2003. On digital soil mapping. Geoderma, 117: 3— 52.
Metternicht G., and Zinck J.A. 2003. Remote sensing of soil salinity: Potentials and constraints. Rem. Sens. Env.
85: 1-20.

Minasny B., McBratney A.B., and Hartemink A.E. 2010. Global pedodiversity, taxonomic distance, and the World
Reference Base. Geoderma, 155: 132-139.

Minasny B., McBratney A.B., Mendonca-Santos M.L., Odeh 1.0.A., and Guyon B. 2006. Prediction and digital
mapping of soil carbon storage in the Lower Namoi Valley. Aus. J. Soil Res., 44: 233-244.

Moran C.J., and Bui E.N. 2002. Spatial data mining for enhanced soil map modelling. I. J. Geo. Info. Sci., 16: 533-
549,

Nyssen J., Tmesgen H., Lemenih M., Zenebe A., Haregeweyn N., and Haile M. 2008. Spatial and temporal
variation of soil organic carbon stocks in a lake retreat area of the Ethiopian Rift Valley. Geoderma, 146: 261-268.
Odeh I1.0.A., and Onus A. 2008. Spatial Analysis of Soil Salinity and Soil Structural Stability in a Semiarid Region
of New South Wales, Australia. Env. Manag., 42: 265-278

Odgers N.P., Libohova Z., and Thompson J.A. 2012. Equal-area spline functions applied to a legacy soil database to
create weighted-means maps of soil organic carbon at a continental scale. Geoderma, 190: 153-163.

Parasuraman K., Elshorbagym A., and Si S.C. 2008. Estimating saturated hydraulic conductivity using genetic
programming. Soil Sci. Soc. Am. J., 71, 1676-1684.

Ponce-Hernandez R., Marriott F.H.C., and Beckett P.H.T. 1986. An improved method for reconstructing a soil-
profile from analysis of a small number of samples. J. Soil Sci., 37: 455-467.

Quinlan J.R. 2001. Cubist: An Informal Tutorial. http://www.rulequest.com.

Rossiter D.G., Geomatica S., and Bogota S. 2005. Digital soil mapping: towards a multiple-use soil information
system. I. J. Geo-inform. Sci.

Russell J.S., and Moore A.W. 1968. Comparison of different depth weightings in the numerical analysis of
anisotropic soil profile data: Transactions of the 9" International Congress of Soil Science, vol. 4, pp. 205-213.
Ryan P.J., McKenzie N.J., O’Connell D., Loughhead A.N., Leppert P.M., Jacquier D., and Ashton L. 2000.
Integrating forest soils information across scales: spatial prediction of soil properties under Australian forests.
Forest Eco. Manag. 138: 139-157.

Scull P., Franklin J., Chadwick O.A., and McArthur D. 2003. Predictive soil mapping: a review. Prog. Physical
Geog., 27: 171-197.

Stoorvogel J.J., Kempen B., Heuvelink G.B.M., and Bruin S. 2009. Implementation and evaluation of existing
knowledge for digital soil mapping in Senegal. Geoderma, 149: 161-170.

Sulaeman Y., Sarwani M., Minasny B., McBratney A.B., Sutandi A., and Barus B. 2012. Soil-landscape models to
predict soil pH variation in the Subang region of West Java, Indonesia. P. 317-325. In B. Minasny et al. (ed). Digital
Soil Assessment and Beyond. CRC Press.

Taghizadeh-Mehrjardi R., Minasny B., Sarmadian F., and Malone P.B. 2014. Digital mapping of soil salinity in
Ardakan region, central Iran. Geoderma, 213: 15-28.



Vool LS1 Sels Jold cud,b gom dw (o058 (6,10 yadidis

38- Vasques G.M., Grunwald S., and Sickman J.O. 2009. Modeling of soil organic carbon fractions using visible/near-
infrared spectroscopy. Soil Sci. Soc. Am. J., 73: 176-184.

39- www.cgiar-csi.org/data/srtm-90m-digital-elevation-database

40- Zhu A.X., Hudson B., Burt J., Lubich K., and Simonson D. 2001. Soil mapping using GIS, expert knowledge, and
fuzzy logic. Soil Sci. Soc. Am. J., 65: 1463-1472.



Journal of Water and Soil (83:9LS @iliuw g pale) SIS g O 4 i
Vol. 28, No. 5, Nov.-Dec. 2014, p. 998-1010 i Q9A-101e .o ATAY oo — 13T .8 olacis YA ol

3D Digital Mapping of Soil Cation Exchange Capacity in Dorud, Lorestan
Province

R. Taghizadeh Mehrjerdi'*- A. Amirian Chekan? F. Sarmadian®
Received:03-11-2013
Accepted:16-09-2014

Abstract

There is an increasing demand for reliable large-scale soil datato meet the requirements of models for
planning of land-usesystems, characterization of soil pollution, and prediction ofland degradation. Cation
exchangecapacity (CEC) is among the most important soil propertiesthat are required in soil databases. This
paper applied a novel method for whole-soil profile predictions of CEC (to 1 m) across Dorudlocated in
LorestanProvince. At present research, we combined equal-area spline depth functions with digital soil mapping
techniques to predict the vertical and lateral variations of CEC across the study area where limited soil
information exists (103 soil profiles). To model the relationship between CEC and environmental factors (i.e.
Representative soil forming factors), derived from a digital elevation model and Landsat imagery, a regression
tree was applied. Results indicated that some auxiliary data had more influence on the prediction model (i.e. B3
and modified catchment area). Our results also confirmed the regression tree model predicted target variable at
the five specific depths with coefficient of determination of 0.84, 0.84, 0.84, 0.66, 0.27 and root mean square of
1.75, 1.84, 1.84, 2.11, and 2.16, respectively. Results showed a reasonable R? in first four depths ranged from
0.66 to 0.84; while, it decreases to 0.27 in the last depth. Our results also confirmed that the regression tree as a
predictive model, digital soil mappingtechniqueand equal area splinesare powerful tools to predict lateral and
vertical variation of CEC.

Keywords: Regression tree, Soil depth function, Digital soil mapping

1-Assistant Professor, Faculty of Agriculture and Natural Resources, University of Ardakan

(*- Corresponding Author Email: Rh_taghizade@yahoo.com)

2- Assistant Professor, Faculty of Natural Resources, Behbahan Khatamolanbia University of Technology

3- Professor, Department of Soil Scince, College of Agriculture and Natural Resources, University of Tehran



