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1-Mean weight diameter
2-Water dispersible clay
3-Geometric mean diameter
4-Soil spatial prediction function
5-Artificial neural network
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Table 1- Descriptive statistics of the measured parameters for training and test data in Ardabil Plain soils.

Qyﬂ osls ‘5;2))'5.01 sosls
Test data Training data
Syl 8l
LIRES Al Ol o st S8l Al eSilee s st b ol )y
Minimum Maximum Average standard Minimum Maximum Average  standard parameter
deviation deviation
3.8 42.2 19.18 9.03 4.4 42.9 20.61 9.3 Clay (%)
28.3 49.9 36.41 10.96 24.4 57.6 37.93 7.75 Silt (%)
28.3 65 44.4 8.42 24.4 68 41.45 8.3 Sand (%)
0.37 1.09 0.69 0.2 0.31 1.52 0.85 0.25 OC (%)
6.25 21.25 14.4 3.67 3.75 375 14.92 5.3 CaCOs3 (%)
2.53 2.7 2.6 0.05 25 2.7 2.58 0.04 Dp (g cm®)
1.15 1.6 1.38 0.15 1.04 1.7 1.35 0.14 Db (g cm™®)
0.27 0.72 0.49 0.12 0.21 0.8 0.512 0.126 MWD (mm)

Dp: particle density; CaCOs: calcium carbonate equivalent; MWD: mean weight diameter of aggregates; dq: geometric mean
diameter of particles; o,: geometric standard deviation of soil particles diameter.

(MWD) &ilass jlad 55 (ufilen b Jisamo (5L o (y (g3 o, (S <t 36 = ¥ Jgoi
Table 2- Pearson correlation coefficient between independent variables and mean weight diameter
(MWD) of aggregates

Dy Dy CaCOs3 0oC silt sand clay MWD  parameter
-0.579™ -0.41™ 0.538"™ 0.239" -0.329™ 0.667" 0.869™ 1 MWD
-0.504™ -0.53™ 0.648™ 0.037 -0.538"™ -0.618™ 1 clay
0.457™ 0.348™ -0.253" -0.241" -0.329™ 1 sand

0.116 0.263" -0.507™" 0.214 1 silt
-0.258" 0.199 -0.021 1 oC
-0.246" -0.297" 1 CaCOs3
0.326™ 1 Dy

1 Dy

** and * indicate significant at 0.01 and0.05, respectively
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Figure 1- Relation between mean weight diameter (MWD) of aggregateswith clay percentage(A), - Relation between calcium
carbonate equivalent (CCE) percentage (B), Relation between sand percentage (C) and bulk density (Dy) (D)
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Table 3- Derived regression equation for estimation mean weight diameter of aggregates

Sy bt DYl Jis sl s Joe oyles
Linear regression egs. Independent variables Model No.
MWD=0.519+0.01Clay-0.164D, Clay-Dy 1
MWD=1.124+0.0470C-0.481D}, OC- Dy 2
MWD=0.373+0.011Clay+0.0860C-0.115D}, OC-Clay- Dy 3
MWD=1.448-0.012Sand-0.01Silt+0.0740C-0.1D, Sand-Silt-OC-Dy, 4
MWD=0.009CaCO, -0.009Sand+1.012 Sand-CaCOs 5
MWD=0.008CaCO, -0.252D}, -0.007Sand+1.012 Dy -Sand-CaCO3 6
MWD=1.441-0.013Sand-0.01Silt Sand-Silt 7
MWD=0.0850C-0.01Silt-0.013Sand+1.363 OC-Silt-Sand 8
MWD=0.0920C-0.822D; -0.373D +3.067 D,-OC- Dy 9
MWD=-0.301Dy, -0.008Sand+1.24 Dy -Sand 10
MWD=0.995-3.882d -0.226Dy, Dy -dg 11
MWD=0.842-3.273d -0.219D}, +0.006CaCO3 CaCO3- Dy-dg 12
MWD=0.0320, +0.1510C-0.057 OC- oy 13
MWD=0.305+0.0285, +0.1170C-0.202Dy, Dy -OC-o4 14

OC: organic carbon; Dy nuk gensity; Dp: particle density; CaCOs: calcium carbonate equivalent; MWD: mean weight diameter of
aggregates; dgy: geometric mean diameter of particles; o,: geometric standard deviation of soil particles diameter.

13 YA AV o[- 0Y il o Y olads Jas ,o
S sl 5 0 Js) 33 F olad o
L (AIC= —FPY/A) A o,let Jow AIC o el Ll
hls (AT onyS 5l (b (6995 sl i
“FEVIM Y o )leis Joe 4 Card (g 0, Ses
aS og wlass ks Sig uSibae 8,91 5 40 (AIC=

¥ ojload Jao 5o i (53959 sl )by olaas o Lo
O ME cio polie .l A ojlods Jow o S
a0 a5 w0 o QLD Jgaz 50 (03] Al e
=3ly e 5l 5 1) alaSs g lk da oo 0l
Sigel alope j3 a8 (Jyg0 ;5 WS e 35l
4S5 0g i ME e A o ¥ Jow sl (F Jgo)

\ia

(e ASals § (g5 5 (6301 (S J ko gL

MWD 91 2 (5152 (5 giuan
39 oSl 9910 sl bl sla s on e
—ools o R? 3 RMSE ‘_gl.a:o)LoT Ll 5l alaSs s
oy leyite Jold ¥oojlad Joo gl slo
Folad Joog ol ohypy g S I on)S
o5 pr2 9 I oS o ord (sl piie Jols
GRERMSE ,olis 45 (F Jgaz ) el s palls
ol eSS A Syeel slassls o o Joe ol ME
g T o lect e gl —+/e o F o JAY <[+ 0¥
o o ¥ o )lac Joe gl +/ AT o JAY oo+ 00
RYREY PRV L WY 1 SN SUN S I VRNV P Y K



S 60,5 Slagss

el glp RMSE Jlade lawgie 55,5 oslawl
‘;&)’y—l sleools jlazdl sl il cqias omac
APl S sSy g sl g 10PN Rl
- Joe (e sl RMSE jlaie JBlas .owl casay
Ghisel Al ye 43 e )Ty g smas SlaaSed sle
A Lo Jaw aed aS ols Lis MWD o415 0
a0 Cows 5 0mls RMSE § 5YUL R 6y oac
loa il U mls pl aiies Seww S, sl Joe
oS g ganle yal ol JlgSren ldaze ol
sleaSi 6,0 &y (Amirabedi et al., 2013)
a S S ) sla i 69955 Gl yuiis I (gras
09y o=l L Ll ass S eolawl o5 4 o5 i,
1S (Soyeh solyy Sudyb bt bl s o,
ASJ_;»))S U’“’)‘)j 9 .\_30)5 é)jT)g ‘) oolaw! "LSLS 9
63, Shes lylo 0)ls o GALAS O (e—as leass
5 Obve s a3l oo (g by bLE 051 0
3l eolazl Ly (Sarmadian et al., 2011) ), Son
S (Fyian oae S g (Ferw S o
28,5 353l 1y SB b 5 S (L5l gl JUS 5
Y 0 0 Y L pmace glaasis ails by g
Syl sl Joe plw 4 cod 6 5YL Cdo b oo
et g J Al mhaw JLIS )8 aey 00l
O 5 ol S e 0551 liog) slo el
w—as sleasis >l b o (Schaap et al., 1998)
ataly, olonl L g s o3 SYolas 5l ool g4
e Ol 295 9 $99)9 Srosls (el
odgd (e 9 Ay Sla e Gl (oS 8
le o 4 comd (= 0, Slos  pmac oS
u‘)L_io.b 9 b. lLu..A < I as_als ‘5.:5 s)f)
—aSd 45 380 0,91 p e (Minasni et al., 2002)

‘5JL_9.J é—"ﬁ“ A Sl (Lgian o—ac sl
A (59 gy A8 0 Slas 02 13 1) (Sge S
Gl D jgo ool a4y a0l pl o Slae cslazdls &Y
O s 5 09se 40,8 aSd &y (58 il a5

A

3 eS y aslaS e g )l La Jos aao oo ol
solie bosgio oo dy aiiS o 051 ably e
093] ad> o ,0 4z g (jgl al> e j0 4> ME
e (g ladas 5l il slansl wly sl n
S AT Y slados 5995 slorie jl 09—
SRE=- A Jsd B e b 4 ) alass gl
19 4 Sga bltul Glg e WS e Sl (RE= <A
2 RS 50 Gl Sy et syl Sbo
5 I oS e () olie S (gl
9 S 230 3929 (nl b Bl oo 5,0l s 0>
392 68 055 oy 5 5 OB ) 5 S T ol

(¥ Jgo=)
3 =bigel slmosls jo oae b Jae (e
AIC 3 RMSE 4R? a3l Lulul , MWD 541,
9 &AL 05y )2y 6995 Gl yie L Y Js
ME R? RMSE olie sl sy S T 8

oo (8 Jgorm) e +/+FY /A o [-BY
2 Ol i slaie 5 goil ad> o o ME cio
39l slacde oaed (LA i 5 4y (Bjgel Al 5
i yyolie sl _oadly Slaio I e g ey o
al>jo )3 gmae gleaSd sloJos 51 0 ME
4 ol Las (gesl Al pe p3 St piolie 5 el
21 MWD jlads egias ovae slaasies S 5
o5l alye 55 g gafly ok 5l a8 o5l al> e
25V S80S (o 0510 (8l ke 51 e
L bt g3,Shos (Ggems,S 5 sladae o5el Jsb
SySdes 3lge (B yo g MBS (ras glaasn
loasd glaJoas 5l e (Goam S slodae
o3l laools 5l Jae Gt e 0 g1 orae
bly) padis )0 b Jae (eesl ez s ool
- ) 4 el oais cvalie M3 a5 Sleosls
- s=0i90] sloools yo oo oy Ll3ll 5 0,
Mesri ) a_il Seejl sloosls o Jow oy yige Wilgs
«(Rezai & Soltani, 1998) Jlal . 4 Sls, .(2009
,® (Alijanpour et al.,2001) . ,LSen g ,g0loxde

=550l sLwosls 3l Sew Iy oo o e e



a5 00 S 55 etz (pl allige (Gge S,
alasls gl 3590 5o emas a0 Joe o e
D9 Sl pH 9 TQ.JD o)_»3 e = su.l.._..n S0 0
oolaiwl b (Khazaee et al., 2008) ., Kan 5 ol
e Sl 5 IS o) 69305 Sl sewiis |
8 (55 Sl 0551 30 |y (Fge )5 Jos
Tamari, ) oL, 5 ,Lb 0o )5l conss laaslass
-oals (g,lubl as” Sley wis ST 155 (et al., 1996
Esian mar Al clb Jas gl ail YU b
S Sloj Lol 39 aalyzs (Goem 55 slodae 51 2
-4 @.Llf Qigd 00y, 4 YL cEs b plaools
Khalilmoghadam et al., ) Se8l g paie Jd>
s—as SLaaSil 5 (Sorw S plahy, )5 (2009
Calon 3550 jaline 4 S Jlisl il LS5 o
il 1y S5 5o oSy s gl (Solg e
oolitisl ISl s e ) 51 LT G i,
oo an (ALS Ads 5 Bl ny sla S )
Sl cBbogy sl Sy plare 4 S Sla Sy
DS 505 S gl (Sdgyae colas oyl
S e @S bl mas sloasil o5 wio )5
Coloa 0,51,y (at o psed > e S

Dy SBelldl (S e

dlie g5 Glyesie b e 00l (6 S o3l
QB ooy (299 ]) ASD (Fh9 mlpd 9 WS o
sod_w ‘r.uw.._u).)oLMu.a_)Jb‘ u.:)...n.sds
OHlSen g (S—ezly o il ou i (5, Soslal
slao,Lsl 5l oslaxul L (Pachepsky, et al., 1996)
4o Llas Sl ye (Sl aly) 5 (Sod o 0
OS5 Ul 5 epras sras GoaSid o)
359l (omae sloaSiis 08 )5 ass Ll axisls
SBbogy slaosls (bl s yeS s> L g e
cole (Mesri, 2009) () ,LSos 5 g yaes,ls ST
el A Caud cmar sloaSih 55580 o4
cleaSs ;a8 Coal 1) g S, JLi!
Olgme Laosls s ;0 35250 bl jon 4 oac
G,ya8 0 (6 aS il Jelae cplanzale Lo g Wo S
Yilmaz, & ) M}: 9 )Lo.la .b)‘;\j‘sa LQ;] »))9]).3
S5 sleJuw Ko,5 45,155 (Yuksek, 2009
O b by pan i 4 jol8 L as
bly) aziliz 5w Jies 5 atuly sl it
salS Al LB o a4 o Jow opl (o115 sl
Alijanpour et al., ) ;| Lo 5 joil> e ol oo
bl JKir bl o 1) alaSl gl (2011
SLRaSt 5 g T ) (sl Jute 3l soliiul b LS
4 a5e S hyl5S 5 a8e S 09l egtan uas
&b 550 )0 egias orae slaasls LS
sl o 5l 5 gt ladasde LB jab a4y ailas>

0 g PTF
0.8 '
x - 0.7
= 206
f; =2 0.5
1 204
< %03
0.2 .
01 | -
5 L
0 0.5 1

ol ‘5};5 oyl

ok 5,9

1.2
ANN

1 p

0.8 <
3 Al

20.6
o

0.4
0.2

0 L
0 0.5 1

s ‘5; A)".JJ‘

9 (REG) (Sgmuw 55 Jio 039 yidg 31 o0lisias! b (MWD) &l jlad (5 ¢rilon 0d 0591 31 9 (5 oS0 31l polia ¥ S

(ANN) S Pan (mas A
Figure 2- Measured versus predicted values (1:1) of Mean Weight Diameter of Aggregate, using the best
regression model and artificial neural network
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Table 4- Evaluating statistics for different regression and artificial neural network (ANN) models for
training data in estimating Mean Weight Diameter Aggregates.

ANN PTF
J.a....we L.gLQ)M J.\A o)l.a..f:
AIC RMSE R? ME AIC RMSE R? ME |ndependent Model

variables Number
-495.3 0.045 0.86 -0.001 -453 0.059 0.78 0.0096 Clay-Dp 1
-371.3 0.098 0.38 -0.00007 -366.4 0.1 0.34 0.00005 OC- Db 2
-505.7 0.042 0.88 -0.00006  -464.2 0.054 0.81 -0.0047 OC-Clay- Do 3
-488.8 0.046 0.86 -0.00006 -461.8 0.055 0.81 0.013 Sand-Silt-OC-Dp 4
-415.1 0.075 0.64 0.0004 -206.3 0.2 0.58 -0.26 Sand-CaCOs 5
-450.8 0.059 0.77 -0.0006 -413.6 0.075 0.64 0.01 Dp -Sand-CaCOs 6
-469.8 0.053 0.81 -0.00002  -453.3 0.059 0.78 -0.01 Sand-Silt 7
-491.3 0.046 0.86 -0.0002 -463.8 0.055 0.8 -0.004 OcC-Silt-Sand 8
-421.5 0.071 0.67 -0.0005 -374.5 0.095 0.42 0.0007 Dp-OC- Dy 9
-402.7 0.081 0.58 -0.0002 -393.5 0.085 0.63 0.011 Dy -Sand 10
-451.8 0.059 0.77 -0.00004 -394.2 0.085 0.63 -0.039 D» -dg 11
-469 0.053 0.82 -0.0001 -420.9 0.071 0.67 -0.006 CaCO3- Dp-dg 12
-440.3 0.064 0.73 -0.0004 -419 0.073 0.65 0.002 OC- oy 13
-472.3 0.052 0.83 -0.0005 -427.1 0.068 0.69 -0.0018 Dy -OC-gy 14

OC: organic carbon; Dy nuk gensity; Dp: particle density; CaCOs: calcium carbonate equivalent; MWD: mean weight diameter of
aggregates; dy: geometric mean diameter of particles; og: geometric standard deviation of soil particles diameter.
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Table 5- Evaluating statistics for different regression and artificial neural network (ANN) models for
testing data in estimating mean weight diameter of aggregates

ANN PTF
s loyuiio Joke oleud
RMSE R? ME RMSE R? ME Independent Model

variables Number
0.1 0.87 -0.09 0.048 0.85 -0.015 Clay-Dp 1
0.065 0.74 -0.006 0.081 0.55 0.003 OC- Dp 2
0.057 0.89 0.042 0.039 0.9 0.008 OC-Clay- Do 3
0.053 0.84 0.023 0.051 0.87 0.028 Sand-Silt-OC-Dp 4
0.077 0.61 0.007 0.26 0.55 -0.24 Sand-CaCOs 5
0.065 0.72 0.008 0.077 0.66 0.022 Dp -Sand-CaCO3 6
0.062 0.74 0.013 0.053 0.8 -0.007 Sand-Silt 7
0.052 0.85 0.023 0.046 0.86 0.011 OC-Silt-Sand 8
0.089 0.71 0.039 0.076 0.63 0.022 Dp-OC- Do 9
0.076 0.62 0.0047 0.087 0.55 0.025 Dy -Sand 10
0.062 0.75 0.01 0.081 0.64 -0.022 Dy -dg 11
0.061 0.75 0.008 0.071 0.7 0.007 CaCO3- Dp-dg 12
0.068 0.71 0.019 0.064 0.74 0.018 OC- oy 13
0.058 0.77 0.012 0.056 0.79 0.013 Db -OC-gg 14

OC: organic carbon; Dy i density; Dp: particle density; CaCOs: calcium carbonate equivalent; MWD: mean weight diameter of
aggregates; dgy: geometric mean diameter of particles; og: geometric standard deviation of soil particles diameter.
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Abstract

Direct measurement of soil physical properties is time consuming, costly and sometimes
unreliable because of soil heterogeneity and experimental errors. Stability of aggregates could
be estimated from surrogate data such as soil texture, bulk density, organic carbon and CaCO3
using pedotransfer function (PTF).The objective of this research was to present regression PTFs
and artificial neural network models to predict mean weight diameter (MWD) of aggregate from
limited sets of soil properties and to assess the efficiency of the presented models to predict the
MWD with the statistical criteria including the coefficient of determination (R?) and root mean
square deviation (RMSE). In total, 100 soil sample were collected from Ardabil plain and
analyzed for their physicals and chemicals properties. Soil samples were divided into two
groups, so that, 80 samples were used for the development and remaining 20 samples for the
validation of PTFs. The values of R? and RMSE for regression PTFs and artificial neural
networks were, respectively, 0.88, 0.42 for neural networks and 0.81, 0.054 for regression PTF.
Results showed that two methods could be applied to predict the MWD in Ardabil plain.
However, artificial neural networks performed better than regression model in this study.
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