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Making management decisions for the quantitative and qualitative improvement of product
production effectively begins with selecting the correct and appropriate set of physical and
hydraulic characteristics in the form of a soil physical quality index. In order to investigate the
physical quality of Shabaster Plain which were under wheat cultivation and to determine the
role of the number and type of properties on the quality of the soils, 94 soils from these lands
until the year 2022, were selected. To determine the soil physical quality index (SPQI), the
minimum data set (MDS) was used by principal component analysis (PCA). 13 physical,
chemical, and hydraulic properties (clay, silt, bulk density, aggregate size distribution,
electrical conductivity, sodium adsorption ratio, pH, organic carbon, hydraulic conductivity
(K_s), conventional plant available water (CPAW), integral energy (EI), dexter index (S_dex),
Kirchhoff potential (M_h0)) were consciously entered into four stages in the principal
component analysis so that the output is not only the minimum data set but also the best data
set. EC appeared as one of the main components in all arrays. The first array was eliminated
from the minimum data set. Comparing the mean soil physical quality index between the arrays
with Duncan's test showed a significant difference at the 99% probability level (p<0.01)
between the fourth array and the second and third arrays. The high sensitivity coefficient of
the fourth array (9.78) with the second and third arrays (5.43) showed that the correct addition
of the Kirchhoff potential to the data set, led to different results in terms of classifying soil
physical quality. As a result, the quality of the soils decreased from 72% of very suitable and
suitable soils and 28% of the soils with severe and very severe restrictions in the second and
third arrays to 41% of very suitable and suitable soils and 59% of soils with restrictions in the
fourth array. This data demonstrates using easily measured properties, to simplify the soil
quality assessment system, does not always produce accurate results.

Cite this article Toluee, R., Zarehaghi, D., Davatgar, N., Neyshabouri, M. R., & Bybordi, A. (2023). Effect of number and type of
soil physical and hydraulic properties on representing the soil physical quality (case study: Shabestar Plain)., Iranian
Journal of Soil and Water Research, 54 (7), 981-1003. https://doi.org/10.22059/ijswr.2023.361033.669516

© The Author(s).
DOlI: https://doi.org/10.22059/ijswr.2023.361033.669516

Publisher: University of Tehran Press.

ISNN: 2423-7833


https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:n_davatgar@yahoo.com
mailto:neyshmr@hotmail.com
https://doi.org/10.22059/ijswr.2023.361033.669516
https://doi.org/10.22059/ijswr.2023.361033.669516
https://orcid.org/0009-0006-0011-0949
https://orcid.org/0000-0002-5530-6141
https://orcid.org/0000-0002-1872-9815
https://orcid.org/0000-0002-4427-149X
https://orcid.org/0000-0003-3474-3956
https://creativecommons.org/licenses/by-nc/4.0/

Y o ki OF 0590 ¢y 91 SB g 0T Wi alono
Homepage: http://ijswr.ut.ac.ir

adlhe) S (S 508 oS aleijl 5 S (S pud g (S 58 S S £ 9 Sland OB

(s a3 263,590

YAFY—YEYY b

£ w A AN . Xy
°83y5m b ol g yaaliind Lo yome § \S19d joli T A gyl 39900 ) olb L,y
roya.toluee@gmail.com :asblly .|yl o 3 oy oKD ¢(65yalisS 0uSisly (SB- cwdins 5 pole 09,5 ¢ Jgius 0diunygi .

davoodzarehagi@yah00.com :asbbl, .l ul ¢ i ¢s 35 ol ¢(g5yalitS 0.Sisly (S cwdino g pole 05,5 .Y
n_davatgar@yaho0.com :aebbl, .|yl « 2,8 «s5,9UsS guay g oj9el Olisios ylojlu ()9S o § SB Cliios duwsge Y
neyshmr@hotmail.com :asblly .yl ysl ¢33 55 €53 55 oK1 o655l 00Siildy «SB- wdigs g pole 09,5 ¥
ahmad.bybordi@gmail.com . l! 525 «55,5W8 gy 9 bigel Slisios ol ¢ Byd b3l (b gilio 5 (55)9US Cligios 38 50 0

oUwS>

4

WJlio ol

gy Yo 4o ggi
B SE (S5 CdS (adld B > (Sgpan 5 (58 la Shy Sl cuslie 5 s dsgeme S
ap B3 L (gl ool g)cnlil sl Joammo 195 (S g (oS o)) Car (e Clogena 3153 e
CedS 2 (Sgphed 5 (S5 b Shy g9 9 MM QA (s g yend Cubd (65ygliS (L3N] (o3 CudS
S 0903 AF Gl (gl i plol )]y canlio o e JLA:J? ol o ganas > jelaie 4 S
JB a5 50 5 oad QLR yind € YN ey Jlo 3 puS et 5 Sl Sl e
& PS by 4 (MDS) sy asgazme Jilis I (SPQI) S (58 cotS padld e (lp 085
P oo g ) Jlie) (Sgyen 5 (plierd (Sjd (Shy W ol b eoliul (PCA) Lol slaaddse
Sedgpten Colin (T oS (S dsanl (ot Ll S 1598 LIS 0310l i (5 ,al poguasie
a5 doge ¥ b (ciged)S rilty 9 JS81 (550 8> (asls lS (gl eolizal LB Cf gl
Colia Al degoome (pcalo @il degazme g JBlis a3l (g U ad 3)ly ol slaadie
OiRgly 250 allate > (S cnl Cumal Sl s ul 9 35 el ol ailge plyieas el plas 53 (S48
b CotS et ld (1S0le dunlie A5 Bl iy dasgerme JBhs dojl i (Sole s 4 al)l g

AR TAVAR RS- PRV W TN b}
VFYIEIVA 16,5050 & U
VEVIEIYY 1wy e )b

VYV W g,

. : : (55 sWaojly
P<e14V) aopd A% Jlois ! prdans 5> (613 imo BB 0l LS STy (glaioly win (903l b L]l 0 S o
59> 4l 4 Cund (WVA) plez )] (VL Comslas o s il 3929 pow 5 pod 4l L pjlaz )] o o) clailge 40 4055
CutsS Oglite (gldn)d 4 oo (odld degosme &y capad)S Juily o adlsl ol L (O/FY 90 yb) pow sl as garee ol
b cbSE oy YA 5 cesbio 5 caslio oy (Sl 3o )3 VY 5l S oS oS g5 s ST Sy58 s oy

S o3 B g cwlio g colio jhuws SBSE 20)d ¥V 4 pow g pgd w13 Lad o 5 LAS Cudgame
pllss 5Lwodbs oS cowl ] saimd ylis cllas cpl s i pyles all )3 0l 9 i Codgdxe b sl
Dy e oo ol 4 lag)) oxigdis pSoilal ol sla S il odlizl b S cuiS )

il p SB (Ssyim g (S5ud sl Shg o5 g ol (5 (VFeY) denl (6350 g (i jheme (g elins £ ol Slga 9403 (ing)lj thgy o ool il

AT V) O ) By o clidu abre (s By iedyme adlas) B Sond cuaS

https://doi.org/10.22059/ijswr.2023.361033.669516
BY NC _ N _ .. . .
Sty © Oyt ol )Ll duaaso 1,50

DOI: https://doi.org/10.22059/ijswr.2023.361033.669516



mailto:neyshmr@hotmail.com
mailto:ahmad.bybordi@gmail.com
https://doi.org/10.22059/ijswr.2023.361033.669516
https://doi.org/10.22059/ijswr.2023.361033.669516
https://creativecommons.org/licenses/by-nc/4.0/

Y (Sgpi g (i GBSy £ 9 S i3 ]y Sed g (5l (g3 — sole)

-

400
e SB curS b el 5l il aste o) Bluss g (6595LiS SLSB ¢ piveapl 5 4 drwgs JIb 13 (sl yguiS
L & 45 o391 S oS (gy550 sladis §1 S olsiedy (SPQ) S S jud oS (Wander et al., 2002) ool (559,
Reynold et ) aas o 1,3 15bcos |y olS ady, adhio 0 O (gjlwe wdd g JEl gla Sy g SB alowul wile (S5 oy
Dexter, ) 31> Sk cuis cldlas > Lol 65 gy0mljl 5 0380 )38 5 35 S Sujolsm 5 (alowd Laulyd p 4L ((al., 2002
(2004

2y Cape) SB ligy g G clagiiSony: 5 I Shg den 3,8 5 (S (S8 S ol o 4 SB cuaS ;)
3,85 L oS bl 008 s g 0390 S o LS5 Jolss ¢ 515 clo Shg 0, 48T (S5 Bl a5 4 dinaly s
Laly 1y e Jolse b e 618 3l 5 0390 S b (sl i e S e (sl Sy 5ttt Cilises
SB sl Sy JS ub S cuas byl s Nadiee (IMaz et al., 2010) .(Karlen et al., 2003) 1S’ o choy SB SO
ol 31 okl sl oS L S b3y 555 e s Linlojl (e0ls s pbosl 4 5o cdls ol )5 05,5 )8 aise Y(TDS)
88 byl S S cunsS Wlgie b Sy i yieS Sl b g odly LialS |y g ySojlul ) S(MDS) o3ls asgase
Slogonas 381 4y Bl o (a3l SO QB 3 byl geess g S i (S5 slo Sy op ke ol (Rezaei et al., 2006)
(VF e lan g (631 (S55) 8T LU S8 ) g plie (e oo

Foo SlaShs Olys & balisl ojlil g s Jole g ple pogase pr o 5 oy e ¢ ile sl ingsy 5
ol i 35 SB by dwsuie Jie ((NOellemeyer et al., 2006; Shukla et al., 2006) sloads zlae S coasS 5
39550 03l S 58 CaieS Slalllas (gl 103528 sl 4 5 (Cullotta et al., 2016) 5,15 S | Sojud CusS s
9 iS5 g ] dtanly S 3Ble @595 o Jbd 4 9 S ledlo & Ol v 9 556 i | ((Magalhdes et al., 2018)
(55 wile gl (slacS Mo ¢ sl lns (da Paixd0 et al., 2009) 3,5 o plos! dblis jl aols o5l 3 iSe b 5 Ol )5
SuSs sl Z(IWC) 1Sl O ibeS S(LLWR) cudgisme s b isb aals F(CPAW) olS (ol axlil L5
Sygl Cuod & e S Sy CobsS e sl SB sy daseine iseie 5 edlizul U 1 AEL) J,S5l 6550  Y(Sdex)

)by dlee s gl (o335 ey S (Van Dam & Feddes, 2000) Lauwgs 4ibldswss pi o5l bl 2 48 (6,505 jlns
99y ol 53 el Cags S il ales Jidd O enlys aole 3 1) olS g S cluoguad pabius ygods B ol sridl )|
Ol ool g 0nd S Jai 3 olS sl o (silopalp (gl SB bl o ble pinge S gldlnd (Sl colin
Van Lier) 5,5 oo cis 5 olS (sl ol ol yd 5l aasls o S Sgyin Slusgas b Glgicds H(Mpg) ciged,S Jasls
4 S Gl el Ol Jsl ol 5l et @b O onld 45 cunl gl (55 ol 2 cind,S sl (et al., 2006
el 03> gl 398 porie )31y (Sgrer calin 9 ST cusb) b blie (iSe Glojen I 5 sl ddy) Cos

g 5} M)
ool oozl cubls s 4 7 (SQI) S cusS slojadls o cul sad 03l dnwgy S cutS Syl sl (630 sla o,
(Andrews et al., 2002) cusl g, 5 gkt (09 (oS g (g pucillasil

3985 g ol 43 b aaliSs (g als jogase py S I pyS Jre ola She 55,5 oleie (Shukla et al., 2006)

1. Soil physical quality (SPQ)

y. Total Data Set

. Minimum Data Set

. Conventional plant available water
o. Least limiting water range

5. Integral water capacity

v. Dexter index

A. Integral energy

a. Kirchhoff potential

y-. Soil quality index (SQI)



(‘:w.?e”a— u-olc) VLY b‘.e,{,e n's b)w 0% 8,9 “’,‘).3“ Jlégui UW LV.¥3

Digh blod SB cuaS shg lopadls plyis 4 Ll g 1S o e (pde Slles 4 g b e

Ol) SB oy ;> Cagby Jlade (6puSojlul oy, dw g yiuSd adld o bly, )y (Asgarzadeh et al., 2010)
sl 4l Hb sxe BMB K056 b wilgh o bacuglas pl g 039 mpbeo Hluasss ol sl GinleS g Codgasme JBlasly suebs ) diels
035 (] (g1 colin Sl s & bl gy S (el 5 S eyt 3 Cushy pilie o ()b sine Ay 53 (53
ol SB- o pod )3 Cugly jlade (6 pdy sl s Sl (S5 oS

o )3 M)tk g PSS 5 o) 0 S CadsS sl asls b)) yshate 4 (sladllao 5 (Seker et al., 2017)
ol S CodeS Jadld dxwgi jolate & S (Syjolsn 5 (alord ((Sojed Biie (b Sy jl S )5 55y5liS e 3blo
s PH Game (39555 Jlb 008 (T oolo cas g (oo 355 Cunglie wolS gl odlizal i Ol S (5l 08
ShIS cp @ paise g paS ClS 5 (Sl Ndg () 3)90 S Sy 955 ol g miie el coda LB jhud
S Shg dame Kol (Sofdom 9 (S5 dn pd pogad 4 CuaS b polie & 3y plgie Ll g oS g bwgie CuiS
A3l S ezl dgu b SB

P SB cuas (S sla adls olee 4 Sy adls g SB usb dasie e | (Magalhdes et al., 2018)
olS (ely odlanl bl O jlade Wil o S Ciglite o pie a8 sl LS o] zols 3905 oalin] JSis cglite oo g9 i
Al s Sy (adld jo g (Sugb) (odie JSB doml 3 g 03y pu Wl (S3yef 9 asyie Cudb Cusby pu )b S,
Sges

535 )l a5 (e S (K58 CuaS sl padls o)l Baa L) pdagl (YY) o Sen o Jlaze
A ol i adls p cuiS g9 g SB slaaY 156 S ol Lol claadlge 4 a5 3l plos] deg,l cubs ol Kbl
IS Ol (S wodgiome Jlis b gb) atels ol (gl oalitl b Ol a8 (sl Jols (S5 coaS slapasls
S padld b polie 5 (s 6l (JBe (Vb pélie gy (s (2) GRS 5 (luges Y (o s b S
SE Cind (o) S oamdglis Vb gslaw s o 05 ol 5> JISBI Ol (alxiS g Codgazee Jolus b (gugb) atel>
D92 sy 390 Eilie 3 (Plaw s

3 sy ol g il )3 S g lansgio 8l L (SE (S58 b (adld e &l (V0 0) o) en 5 (oL] S5
OUiS gls 008 gl sl 1) SB cudS » fse G Shy onimke (hol slaadlpe 4 435l oalatul b (So58 (Shg Y0 o
55 (o il Voo (S )3 de e byl oS (gl oolital B o cddlio o (1 Sole Jold S (038 Sy (i g ol
OIS 3 4o b)) ol (gl oolital BB Of g BluSE (gl (adls wydgaze JBlas b b, aiely ISl (6551 (S
S S 1t ld duobre iz (gla g duslie .00)S a5 |y dddllas )50 (SSB Ggles Mo yd Ar dgas o o Sl YV
blag] o230 5 ol (slaadlse 4 430 5l oalitul L b S5g Bl (by) 4 baye Comlus o pd oyt o8 ol oLt SB
P9 Sy g Ho 039850 )3 (d3jlkel (D) I e3litul

o S g b obigbis Sl ool b ol 395 sla S5 5l oolisel S5 S5 e LSl s (5l eyl (sl Lo o
ssbods dasySojluil loj 5 asm 5 (63909 SoShy £ 4 A2 gk ) Gloj 5 Al se Bpody Sl lagl (g Sejll oS il o
B )3 Sp g )98 Sl Shy Sl gy L SB (S38 CudS el e > o5 (Jbyd sl 4Bl b S glosil
el (2Ll (slacsxSoilul loj g 4izjn altuws 1S3 (gm0 il g (SB Lo 031l 555 b ey (sl S oases) padls S
5 0333 Soill oLl slaShs) g55 ol b &S wliee i Gl ol aycalil 25 blint aShy bl )3 555 e
GBI 1y S cdeS SIS (yie 9 SleMbI oyt (e cole) 9 dipe Al (38,5 e )3 g b Shy S 5 g (<8l po
D9 LI S CudsS I Folite 5 cuwslio gl & Cunl a2y LB Sloj polej g palia o Shy 255 4Ll B)b 5l 2ges
ahl ey » SB sla S disly ool )3 0 sals on SB (S8 CodS ] ganan s Ol col gaoge ol b
kol soadlge 4 4525 3)ly PB4 ©jp0 ) (€l > (i Sl Sha U cdlg) (pliond 5 (Sjud laShy jl) b
39 QLal slasl lide 3 5yt (i laylipaS 3 SB (58 ot e Sln B SRy oS5 oyt U A



N0 (Sgpi g (i B S5y £ 9 S S ]y ed g 5l (g3 — sole)

O a5le SB g dmseie e b bl s Ol eslp Gilises colayasls ) ostein lagingsy o 0 bbb
Seid CaieS (LS s slp JST T JbS g Cadgusme il b gl atels (JSE1 550 olS (sl oalisl 8
potie )3 1y (Slgyhen colan 5 B cugh, b jBlite 18 Glajen 51 &S asls | ingh g o Jg ol 0ad odlizal S
2 83939 SRy 5 e Olgis & cindyS Jowily a3l I Gimgh ol )3 pslaie i sl 0ad o3litl (Bl oS g5

b oMl SB (958 CadeS ) 8B oy Sl ol loadlge 4 4 o0

Lvgygdlgo

OB 3,90 dilaie

B el Gl ) @Bly dregyl dlys (b Jlod bl )3 ¢ud i b Gl I jund S ¢ SimgSy 390 03540
Colus ol Jlad (5,2 YA VY UYA 20 o 3y Job ¥ Y8 U YS +0 Lidgh )90 0dga5we oldl i Slaisws (Adb o
dog by adlaie Vlo (S0, baugie im0 St (o) (1) ol @pe stoglS VXD &S 035 20 stoslhS YORNY s i
dilaio wold] o] el Sloipoaldl (Gaypanad B> g 00d 1S yro oo YO+ 290> s cwlidlyn oSyl 4535 Jlo Ve bl 4
Cawl 1o WY+ 3905 33 Lol 3 olj] o 5l ddlaie li5,] bawgio g ogb po dewd Jine

A AS (pAS olS ) e Bes) (gyta Bl +=Yr Bes Sl HIST A 53 03555 g 03)95 Cawd g0y bl pdiges

(PEslogl 315
o 1918 SIS g s A5 0305 y3:0 6y e 9 SIS pdngS 31 g g 008 St g i) 0355 s (SlacS 1S Ligad
a JI 525 (Flint & Flint, 2002) yieio b9y 4 (s> (ogase py> (Gee et al., 2002) (¢ yiog)iud 59y 4 il ojl]
o g gLl IS 0 S STy cglusl S ojlas p SB (S Sl colis ((Nelson & Sommers, 1983) 5 jislusT os,
ExSoilul gl as (s Soslul (Page et al., 1982) elusl S ojlas 15 Jsbro oo juio 5 pamdS cuaius jl odlitol b e Cls
(Nimmo & Perkins, 2002) 5. 031> joue (gyi0 oo A S 51 s Sl g 1 dny adiged ¢ 5 S gy 4 aliSE (g Il
Sladiged jl odlaol b b cudldy yio il O Hlad o O/ gl W Sko b (658 sladlgiul lawgs 03)550cuws S dges
Reynold et ) sl L jigy 4 gl SJgyhm colaa o (Jeffries, 1941) dlgwl jogy & (syals joanse py> wdye50cuw
A s pSo3lul (al., 2002
BS Ve 9 VY S 1 v Lagy ISl oS Ve 0 ) v S uslis 53 S g amiets ixie (S0l
olSiwd lawg JSwl oS V0o 5 B Fer 58 polae > g 0d)g5cund sladiged (59 (o)lid dorio oKiwd lawy JKwl
ey plasl 4 VFY Jlo jo0 0 )0 (0,50 Slalllas plodil i plosl (Dane, 2002) 6595 cawd sladiges (59, (5ylid axan

SB (Sgpud Culid g SB g aasudo (S gl el 34912

N3dle y lwe S ugb ) dastine e slaodly » (Van Genuchten, 1980) 365 s Jdo (b3lp b gl ol 5o
b s ) alaly Sl eslael b Jae sla el ((Van Genuchten et al., 1991) RETC

_ Ony — Or _ 1

0;—6, (1+ (ah)r)™

S gltl g oxlo 3l oz Cagby dh S b Blie S o> Cashoy w5 2 B 5 01 « O csige glusl S o] 3 o
3lie 0}l @95 Laslo m gn (1.cm ™) lgn 39,9 abais )3 [iSe wSe b bidye o (cm) S K ple iSe h ((cm®. cm™3)
ol 015 &3S Ja3 3 = 1= = 5oyl )5 Atk Jay 9k 5 S

RETC )l33le 5 5l eslazwl b 5 (Van Genuchten, 1980) plee— 365 15 Jdo bl p gl  Sdgyden colia  doxie
b e ¥ odaly 3 (Van Genuchten et al., 1991)

Se (\ alal,




(‘:w.?e”a— u-olc) VLY b‘.e,{,e n's b)w 0% 8,9 “’,‘).3“ Jlégui UW At

2
Ky = Ky x Se* x [1— (1 — se/™)"| (¥ ala,
2l 050 el )b A (cm.day'l)h U0iSe b jblie S gluil g gluslpue  Sgyaun colia cui g 4 Kg 9 Kigy OT P
obS (gl o5l Il O duslxo
:(Peters, 1965) wis (yuss ¥ alaly 51 PWP (> (55,05 dlads

CPAW = FC — PWP (W
5 45,8 s 5 (M. em™3) Sl obS N0+ + 5 Ve i 33 S oo Cagly iy 4 PWP o FC calal, oyl 5

2 oddedly ol i3S e Jao sbayielb ydlie I calac dadi )0 S ugby Sotie cad (lais 4 Sgex iwSd (asli
:(Dexter, 2004) 1 apwloe o dayly o SB ish ) dasuie oo 0l S0l slaodls

1,
Zn—l]n (¥ akayl,
n—1

Sqex = —n X (0; — 6,) X [

Lo

IS 651 oo
0 daly ;I edlitwl b wlS (gly ooliwl BB Ol o3game 15 Ol o sl Gls gl 5Lisyge (5,50 e El ¢ JI,S5) (6550 lade
:(Minasny & McBratney, 2003) 1 s

1 Oi
El [Bi, Bf] = m-]‘g h(g)dg (0 d.ia.:‘)
f

(cm3.cm™3) Il olS V8- g Ve [iSe ;0SB ez Cugby cud i 4 0r 05 (J kg TY) ISl o550 EL T s a8
i plosl Excel 2013 58la 5 y> JIS5l (65,1 JSKsl &Yoo o wcal (KPa) Gasiie Cagby s S5 5le (38 higy 5
end 5 Jrd By o
:(Van Lier et al., 2006) s (youns & alasly 5l odliiw] b Mpg cciged S Jauasly jlads

h
MhO =.[ K(h)dh (;' d.ia.:‘)
ho

ahg gh .cwl(em.day ™) S glasle (Sgyam colis U Ky o (cm?. day ™) Giges S Jwiliy Mpg ol 5 a5
5 plol EXCEl 2013 133155 15 i S by JLS51 S¥slas s nl JSiuly ok 10+ + 5 shao 33 S5 o cas s
S\ m“‘“ UA&L‘“’ T )

aas) & SB oS s Shy hois) (230,03 (Y da Shg GBI (V 10l asuds als po du > SB oS (a3 ld (g
(Andrews et al., 2002) S cuasS (edls S 4 oS slbas, Bl (Y g (S

b S9!

I olel o 1) S cudS adls o Siimggy 5l (B ges W5 plgie |y 152,50, 99 CudS L badye sla Shg ool
S8l b paonsd dline ¢ baslyd Choogi p (iiee 3,09, cpogs [(DOFaN & Parkin, 1994) ais’ o s (TDS) S cla S
P8 los g aua Has 1 (SB cudS 5 She cla g ol ) edld acgeze Jslis jl eslitwl .l (MDS) ba Sig dlass
.(Govaerts et al., 2006; Qi et al., 2009) c.l



WY Sy pimd 9 (Ko 5nd GBSy £ 9 Dl i 1)Ko g £5lb (ig3s — sole)

ANdrews) ai osltwl wdld degoxe J8lis g S50 sla Shg cund sl ((PCA) Lol slaadlie 4 4355 il imgh opl
.(etal., 2002

hol ity 4 a520 4 e3liil (gl SE (S Sy saull gl

4o gazmo Jilio oMo (295 b 18 Lol (gladilie 4 4y 5o 5y ciliseo 4l Jlog 53 008 llai 5 pB 4l & jg0t; b S
wlyl ol pgd al)] c0xigd ¢ pSojlil lol olowd 5 (Sojud sla Sig Jobs Jol al)] sl 55 03> dcgemmo oy calio wdld
olyon 43 pgd )l Jold pgus il (olS (sl odlisal BB o g gLl (Sdgun colin) S (Sgyam cla Shy olyor 4 Jsl
Grdio (S olyen & pow bl ol p)lag 4l o (ISl (65,0 9 a8 (asls) sk, dasule ois od 5Lie sl Shy
Gpo a5l U )l 4 Cons ] o (sla Sy cpSeilul dlp g (ciged)S Jamilty) SB (Sg b colin imie ) oud
4 S (S5 CabS e 3 (Sdgyen Culin g sk dasule (sla it Cuetl Cul iy da ol g (e duje g oo
2ok 3ly (Sgphen g olerd (38 Sla Shy S F gl sl S Jlke oflul @i 4 (Foie 93 pa Sty
b el (L Y g 3 abl ke sl Ghol loadlye 4 425

2315 asgozme Jlas ST 5l l,l 5l 2 S CodS (aB LS 5 Fje S Sy jede - Jo>
My, EI Sg, CPAW K, OC pH SAR EC MWD p, Si C

* * * * * * * * J9| 4,])1

* * * * * * * * * * f°93 4)])1

* * * * * * * * * * * * fp}.,) AAI)T
* * * * * * * * * * * * * P)LQ) ~|)]

S gy 45 asliSE o5l6) 2595 MWD {(gr/cm?) (s 0l jogasto py> Pl b 5 oy &3 0318l loyd 55 4 :Si 4 C
ol Ko ¢ JT )8 20,3 :0C 4S5 aniuwl pH {(meq/D %S b Gls cows :SAR {(dS/m) (xSl colan EC mm) 5
My {IIKG) IS5l 50 El (=) s> adld Sgex 9LS (glp odlil B Ll aoys :CPAW {m/day) slusl SJg,hn

(em?/day) g S Juuily

o529 085l 9 T(PC) Lol laadlye (Lol (slaadlye & 4y jos b9y 4 SB CtS 2 S5e s Shy Sl bl Gl
Sss s ) 3,8 by 51 (Ko g W8 o ol ) Jole o Aluwsgs 00 s (el )lg ljee 09 B3] b edlisl a | T(EV)
O3 b eleailie > b Blo s 1l 5 0395 o giae (bl il G 1 208 02y 351 L ol (slaadlge unladdlye
b Qbl (ol (Shy) S cudsS p S sl Shy S lpiear adlie o ) ale sl cp VL L (Shg oo ) VL ofy
ool cogllan 15 ) 5532 5 JoB B 15 5 +I¥ cyy fole 394 0 48,8 5 > cigns ey cxil ¥ a8 Lale 81
b (S5 550 @ddie b > Lol (She bl jlam b edlatwl < /8 Lole jb 5l yiaed cpl yd e bles! 4y (Kline, 2005)
Andrews et al., 2002; Masto et ) sus obasl o asly 13 Jole jb cpyiin b (She Gllae do dopd Vv odgiowe jo &S
(al., 2007

Gis pae b Gl s ey oSy ol o s (Stuused Sl e JBb (Shg o Gl o plaeilzo 3
JF 5l e am S Sha b kel (Shy o (dad (Kot copd & 63)l90 ) b o3kl (Lol (S il g sy Sk
b Lol (Shy om (had (Nared cupd ST Jg 9800 B> 03 (Shy g Slogee 03 dcgome Pl 3 ol (Shg crily
gign S a5 53 ool asgarme Jihis 5> (S 55 0 a3l /8 S sie (Shs

(Kaiser, 1974) TKMO o 3l osls Siagls b)) yskaiods o shol (sloalye 4 55 plogl 5l iy sl 1S5 4y p3Y
el VI o 5 KMO gy 0390500 .05 oolil (Bartlett, 1954) i)l cus,S oysejl jl b S o 55 dasly syt gl s

*. Principal component analysis
¥. Principal component

*. Eigen value

¥. Kaiser-Meyer-Olkin



(‘:w.?e”a— u-olc) VLY bLe,.QA n's b)w 0% 8,9 ‘G‘).ﬂ Jlégui UW AAA

Sygo g iyl Cog)S 905l (Jolliffe, 2002) 39y winlgd canlio ol Julo (ol lmodls sl /5 I jide oS Sy90y3
[(Pallant, 2020) cuol cuslio Jole Julos (gly (P<+/+0) 203 A I i ()5 iz

(o sy s SB 08 (Sl Tag Jra5) (23000
Sk dges s LS‘)% ol dl.m‘_sf}” (OJ)'{ A ‘_’)93.3) d)'L,:J)IAJt’wl d‘).f SVATY u.:9l.m db:»-lg db‘b sl dbbuf}’gj
Gl b (S oS gl cgllas o yiden) SO B (S oS (gl Cngllas o 5iaS) Shio dmy (g 4l )3 5 00l (230505
Masto et al., ) ui plosl V dasly j3 onisaddl)] Jas e 230 408 @b bawes da Sy (230, < idgh opl ,> .(Qi et al., 2009)
:(2007
_ 1

1+ e~b(x-4)

Ol oy S VSB Shg sl Hlie A ( Sy b ose Hlade X daodly ad e b 5l g ba Shg polie Y ol 5o
oS (¥ eyt b () 205005 @l o by ) 31 o2lizol ol s b D g sl 5 YUt o (seilio S5 Ly | /0

(v ala,

P0yel (gomie | i e8! Sl etute i b (o003 Goie |y "y il Sl S s g ci ey e (V9 e
oy slase Sl olisl b (g 3)90 (sla Sy (o d90 ailedged by 93y Sl (oS 5y it clo g ke b b
o) 0055 8] g8 a5 JLS5] 65,50 sl (o 90 5355 ailplon] lalllan )3 0 asuda ¥ Jods 5 oasal)
4 )5S Ol g S i duge liims (wlid)§ Cllai g dilaie bylyd 4 a2 b o Sy ool onl s YU 2920 pglate oy

ol Cawd

& 5 ookl Jlyou dgd g (b ped (230505 U glo il g £95 Y 9o

= @ B Ve omba aligy sl Sy
(Institute, 1998) AR VY- St oS g/cm? Pb
(Lal, 1994) Yoo o YISY  ¥[ee v/ S%e S dS/m EC
(Lal, 1994) (AT IRPYAY VA -/o gy A oC
(Topp etal,, 1997) y+/- V-5 \o/- o/ gy YA CPAW
(Dexter, 2004) <YYo Yo AT ofoY- i i - Sdex
Author’s Opinion V- -IYs VY \ax o yaS J/Kg El
Author’s Opinion ay NN V) AY sgg b cm?/day My,

S CodS (ot Sy @ A8 sbad, 58
:(Qi et al., 2009) 15 s A alasly 5 (1QM) 005 230j5 2050 CsS a5l ord bl olo Shg o005 )l day
101, = ln=nl WiN;
i=1 Wi
Cand & (gly D9 55390 sla Shg dlami N g (Shy ya 4 4l 3l 005 Ni o Shy po & 4l 3lo o)y Wi ol o &
20 odlatwl gy aw I Wy 4]
sloailgo son Ll JS 51as & (Lol (sloalho o o8 gy 5l Jols) alge o il ly sl Coms gl g,
o yldde Cuns pod gy ,d (Andrews et al., 2002) i yusd (Sho & (yjs Hlgieds w0ld degerme Jilis (gly saiobl
Ortega) 43 (s Sy » 0y Olpiedr w3l Sl degacne 1o )3 I Sy J§ ©lpud o pd polie ggeome 4 (Shg o Sl
4 (ol gadlie & ajo gy il Jols) (Sho o LSt iil phaw Hlade Cuns pow g, 53 (& Santibanez, 2007
(Guo etal., 2017) us s (Shis 2 0jy Olgisd 03l Jlis dsgaoms 1o )3 o iy IS 6 STyl phew polie ggoome
Masto et al.,) 15 osliul Cuwlus cops 5l SB (So5b cutsS [adls dmlne ,d da Sy caliste claal)] awlio <l
(2008

(A o)

\. Baseline



W (Sgpi g (i GBSy £ 9 S i3 ]y Sed g 5l (g3 — sole)

[Qlmax

IQImin

Sensitivity = (R dayl,

ol yige 1y albse dlmfb On st g 0392 ywlie ‘)"6))’ Copmlus 35 )’JL"-" L lebws) ‘uvlw‘ u,\ D92 09
.(Masto et al., 2008) 1> .»

S ((+IVA ) i) ol o oS Ly Sy oIS 1M Sz 3 SB oS Lasls e el Gilizs clacSl
s Cudgaze b jlan pMS 10 +/0A I a8 1i0lie o (+/OA=+[FA) 10 Cudgasre b duws (oS o+ /FA=+VA) Cunlio STy 90
(Qietal., 2009) xz5,5 )|,5 1,05

S5l Jalosi g 4500

c&‘,:,,o’" w).«o 9 ‘;AMS c‘_SJ? ‘)Lﬁm c_él).xi‘ Aﬁl,,o ‘w.i:lm Jgh.u L)“'“B)’ dy90 LngJl;& Lghbu’fjw u"-"“’y L;LM)LJ Oy dl)g
e S bS50 sla Shg S CLl SB (Sg)an g alend (K38 G Shg o (1) g (oS (Stesen
A o3lazwl SPSS 26 )l 38le 5 5l b xSl aulie g (Lol (slavddie 4 455 g, 4 adlie yuib)lg 9 s p b STyl

w9 b

S 8l S gl SIS iy o ol L5 S el e 5 Limgy 590 sl Gsai S o gujgh LS
5 (509 P 20 V) (o) pod 203 VF) (sogd (103 V) (b po (8L (IS (i > S (pl () JSB) 092 oo U
Al 18 (03 V) (e 9y 5 () i ST g (w03 A)

\
' \ \C//Lonm\ /\/ACIIH.\?Z
30
o

\Sln Ch:!-oom ‘
\

R S LS
S Vi T

90 30 70 [P

S Cdl Clio > iRgi dy90 (WS diged lyd e,l.»! &35 Sy -y S

Lo Y5 BV awsy a SB b g cduw ooy Olpess diold .ad 03l Ui ¥ Jgds 0 SB gla S oy slao,bl

soad s a5 39 b Mo yd B0 ke b o d YA LB S 5 s 1oy YOIY 0k b duo)d Y B A ¢ oy duo )0 VAR 1S5lee
Oylje gdndib piw b a8 ol lis alyd e wdie pwSle Ol g0 g cpd g Claw (uy polie ol Gl
yodeo VB /Y o allaS s Sk s dg9as sl bawgie pi U i 03 45 <l jhad HUSDA) I el (65,9l
2 Caol S5 4 p5Y 0168 5 Jawgie g)lul il S & o L balSB s 1, Sle polie g yio Juo +/OY 1SSk b
JO-A s b dliSB o g o> AD o Lio + =+ /0 Hlad b claaslSE phuw o Sl gy alSE 03l) 1565 (655 0510]

1, United states department of agriculture



(‘:w.?e”a— u-olc) VE+Y sloypo VY b)w ©F 8,93 ¢yl ) Jlégui oludss 44

S egaste pr Dl Cops b gl Slien g alss jlad (1 S0lke Hlade b gl (ul 45 39 0053 VO e e
Opidie b jgy 03 e VIOV B o/ N0 oy gLl (Slgyien ol podlie ) (apuwg diels 390 )1a)55 5 ddlate )3 (oS (5198 58
A odalie b She o 50 (o A) Ol o s

o MY o YIED iy & (Sho opl dle g 36ke joolie ¢ iagh dy90 S )0 (S sl colan ol diels 2930l
S 6,5 13 LS 1oy FY dosstie YL lulib S drels GbMawl dies ganddb 4l pob (i o p uies)
31 78 PH 530 (Mea/D% j) 58w Qi Cod 3ta 2 (o o3 ¥ 5l o8 (oSl culin) Cadgazee (3 5 ok
IS e Ol G ey uton) (w3 V5 it (Sl Colia) b oS 0g)S 3 S ao ) YT (AD
2 omienj 00 V5l g (oSl Colin) ogdu 58 SIS 09,5 1 S Aoy ¥ g (MD ) a8 PH 5 V0 (meq/1)°
Slgicen |y TFA :Silo b S T )8 o8 Jlade .cuily 1,3 (M 51 5268 pH 930 (Meq/1) % 51yt madw ol Cans et
A s ddlaio b S 1) 4

S<4/+Y | S5 (Dexter, 2004) 5S> (5109)5 a0k yrocudld )5 /o YF wlio by +/+5 b +/+F alely )3 1S jasls
5 @ Suid oS bl [ YOSS/0 s (Sojd kS b /A VSS<H/YD s LB (g kS b
oM 5 S cladiges jl do s YA (Dexter, 2004) caudib 4 v b il o sd LS Susd CuisS )y S>4/40

...\.3.)9.} u9>L;L_'>9u9> U"MS)‘) M)‘D;'VB‘W

D (6350315 (Sg o g (otlhonnd (S8 S Shg aogi Hlol T Jgu

ks s kS Mg eedlpdl  ale ol Sle Bl sl S
ya Y/ V¥ YIA- W/ ARVA Y5/ /- % C
¥ —+/YY -Jo¥ Velye Y¥/o AIVAY INTR N - % Si
ya o[sY -/ \YZRE QA+ NN YA/ e % Sa
AR —+/A¥ <IYA o[ +YA AN <Y ¥ ofee¥ mm dg
I ST R Ao Y50 Y50 YISA Y/ g/cm? Pp
o o[-¥ -/ of-A oy Vo- \IEY A g/cm? P
Al —+/0A Y5 <Yy I¥0 Joy Vo Iy mm MWD
A4 AR 55 VIAA VIvY Y/¥¥ a/y- IY5 dS/m EC
AN YIFY VA ¥/o- Y- ¥/ VEIFE JAf (meq/D%S  SAR
A =+ /¥y AR <A MN<A N+d NYA U - pH
Yo o[-¥ -/¥a <INy NArd <I¥A A4 /Yy % oC
A <Ay VY FAR IYVF <IYYA VAT YR m/day Ks
YA AR N4 YIVA VE/YA \o/fF Yy WIYE % CPAW
X /%0 <3A oo S YA fese ey - Sdex
AR —/VY —+f-¥ YAV Watlzs NAVZSY YVO/A- WEIOY ]/Kg El
Yo —/N0 —+/0) Y.y av/ay ISV/Q) VOV WIYs cm?/day Mpo

MWD ((g/cm?) g,nlls 5 i (ogass py cud i 4 Pp 5 Pp {(MM) 3 Jhd iz 5:S0ke g (05 5 Shows <oy S 0jl01 8o > i 44 S 4 Si C
colis Ky ¢ T 50,8 20,3 :0C ¢(-) S agyipl PH (meq/D O paw Gis cuns SAR (dS/m) S S cylia EC {MM) baluss ojlul aje

)...al)L: n fbl..s ‘_5‘).3 o)l&.u:‘J;lB uj Lo yd CPAW ‘J&JL\ }LS AYARRS 9 R dlﬁ)w Pl W}b) Lo yd A.A.:J)J 4 :91500Kpa 9 910](1:3 ‘(m/day) &L.w‘ &5),\.:2
(cm? /day) cigs,S Jasls :Mpg (3/KG) LS5l 6550 Elg-) jmu8s jasls Sgex M/ M) Ligb, oo JSB yial )l 10 §(=) Lsby oxie JS

Sy50 (S )0 S (asld ) phe 4SS b 03l L (F Jods) p0 i dddlles sla Sy o  Siued Copd s
b ol o ne g e (Siamen g (Juoyd o Jloin] gdaw )3 1=2/VF) oy polio b (a3l oyl jl5 e g Cutte (Siuamed (ibo
Js & 1y g (adls (oli8l ¢y pwolie Lli8l aSB ) 0 &8ly 10 0e (1o)y S ! wdaw o I==+/A) 5 polis

\. The terminology committee of soil science society of america



ARY e (Sgpi g (i GBS g £ 9 S S ) ed g 5l (g3 — sole)

owli8l Jole ) S8 50 0L wy 2935 (WWAY) e 5 olol .l oniodly jlis s opl oo Sladllas 1 65k jd &S il
Rahimi ) .cauly yuss jadls o calac b )3 Juob) (dodie cad ilS cael dont 1 g (Sloid b d3le &y 8l J8Lie Canund
sl gy adls el g sledle ylbl Jole 1y obs uy b slacSE j5 W oy e oL asdls 3954 ;0 (et al., 2000
Q) Lidgh dy50 S b dilo g (w4 Cond (Muo)d WD 9 VAR iy &) )y dilo 5 1k i Callas pils
O ©hd e oy Yl Cpl Demg gy )05 b pd A Cansd (65508 oy polie Sl b SB aS ol LS (wo > DA+ 5 0/ iy
Nuanrod 4505 5D 5 o D o — 8L MBlie 4 G S 68 Slaitlo B8l opsd— Sleadln Bl ili8l el SB ) o
FuSd (asld o )b dme Gt (Siuwed &5 35 1y Cuedl Sloj Clas opl (Dexter, 2004) 58 laie Soo8  Sleis b 8le
r=+/¥4) S5 S colia (o yd g Jlossl gdaww 1 1=+ /VY) I ) (o3 6 Jlosis] o p3 =+ /5F) Joleo uadlS Sl S
Bronick & Lal, 2005; SU ) .. saline (1o &6 Jlis] gdaw j3 1=+ /FY) miw Cls Cuns g (doyd S§ Jlois! o 5o
5 Sid Sy cbalSh LS 15 Pge g pre Jolge 51y Jolee paadS SluyS g JI edle cliw «ywy Hlade (et al., 2007
10055 o SaS sl LSis 4 5 aiS SB leidlo gyl il cel 50 SB 0 39550 Mol losly oyl Siddoy
blagg g9 @ Sorsllcolia g 8y (adld (o (Stusen atdl b oo Gl 55 S (adld (S psdl cobia (Ll31 L
(et Ol Cand g (Sl colin il L aSol d do g b sy o pas &0 (VAR ) ) 5 olol) 35l (St 35 b Sad g9
&lg 1> gy wadew Ay Cond v 0 9 paaailS (gla 9l imgh Dj90 (S Mol j3 cunl Bl yiol8l 15 Sy adls
b Sl el 00,8 SaS S jo 1Sy (adls LialS g ugb) v cud i 4 Jelss cpl plod ol yan 4 )
ekl 0l (dopd S Jlain ] pdaw )0 1=+/YY) LSl (655 5 jiuSd (adld o ()b bxe g Cute (Siinod s &S
(didd o Cawd jl  SLSL jobay pre iSe aiald S o 1y 093 Cugby o5 HILLL el b Siw <8l b sla S e ail Cllas
Clo (glp yieS (5l o piliue ayd g 03 (i b b (SB 4 Cans (gt (hgby dasuie (Jote cud )b
Cle a4y 50358 (SSL Ojgo 4 Cugby zgy3 il Hlul g calie plaidle )b Sw il &8 Sl Lol s S ol sl
Sy (659 «SB g 03,8 Iy ialS sy (s ls YU jo o ol (giledlaSB 0 e Jolse 5l S cugby potie cud Jouss
Conl SB (S50 iS5 aadli 3o olS (sl odlazul 8 T J(Jiang et al., 2005) w8’ o byne S Ol asly Cls (<l
(32> S5 Jlon] g )3 F=2/A) o dxe g e (Siunod 3939 b oo )38l 1uSd (adls Wil i o] Jlade ds ya o
S o0 436 1) 055 cnl ( Sk 9 nl o

o (o> & Jloan! paw 3 r=—+/0+) slil  Sdgyan colun g olS (cly odlitul bB Ol fpo )l dme g bte bLS)
b L F Jgds 03,5 (o & Jlessl adaw j3 I=+/50) ol (gl ool B O b JI,S51 (6550] Cuto g I3 dxe b))
Canl (S0 288 Jla5 53 ob I Jita 1) SB (Sgyien colin g olS sl oalitl BB Of 1l olS g S Ol Gl (o)
395 Ol Hlade led Gl (gl ol i (6553 B yo o 3¢5 a5 b asly yieS (Sg,dud Colia wwlio Cugby 3939 b SB-
UESe 5 (Sdgrden Colin Sl a5 A8 plae Cagd S Jewily el (ieg cnl 3 (Ole ol &) Gl (YA ol o (215)
B > (Sgpin Colis g S Cagby b Blie 4Se plejer (3,5 Bld F Joio Billae 035 0 5 5 (lojen | S
oy asecs 1y ISl (6550 5 cagas S Jumnilly o o(do pd S e ] gl p3 ==+ /04 ) )by izo 5 e (Sinad g S Jummiliy
2l 1l oS Loy ST 51 el p3Y (5551 i gty I3 b Conlins (] 4 45

OiR93 290 RS Sy ) 5 (olomd (S5 S S g (b (Sumod cul i —€ Joun

My, EI Sdex CPAW K, ocC pH SAR EC MWD Pb Si C 3T
\ C
) N Si
\ SfPaEE Ly b

\ —efee¥ =W <[y MWD




(‘:w.ég)-’— u-olc) VE-Y bLe,.QA ' b)Lo.s:' 14 0,90 ‘G‘).ﬂ Jbgui Oladss 44y

\ Sy LfyAER L fpyEs | fpyes EC
\ JAREE/RYR O LYAT vt LFY™ SAR
) B A 1Y A Y | 7SR /" YA & S o)
) AZSAEERYAR -[ys® N Y A A s L 1 A oc
\ Y N S I AT YL 4 oo B S SR L ZU /N o SV SR K,
\ 0T JYE RNyt A ey Ve apee CPA
\ /NS IRY A 7SR 4 ST | /NSO L 2 S (R ofeN /A SR (AL Y A7 Sdex
\ A S na Y 2 SRV 7 N <A DA JysEE L yeEE RY, SJOFE parE L jpse El
\ B S[yyEE . yyEE JYyE S/yYE NAYS —/\Y —. YV Y s . yyEE B Mpo

2oV g0 Jlisl waw )3 )bdne w4y
SB ColsS adll g 831> acgasme J8las (pasi
B sizme dod gy 5 S o] zakaw (0 cds VA 4l asslie cis £Y 0l i (SB sla She o S (Siwed G plo
il e edly olaw ials (gl Lol sladddie 4 4350 duw)y oo Jas 4 gy cplil (¥ Jads) Mg
Jol al,f
5 i) IV plp wll cpl 3 KMO Coys ol osd o3ls (L5 & Jgis 3 Jgl all (gl Lol (sladdlge & 4555 oo, gl
o3> dlaw yialS (ol Kl o ol claadlie 4500 yog, Sl Lis aS A 5 gae doyd K pdaw 53 iyl Cug)S ygesl g (15
A8l S5 ik )90 S S 9

Sl d(Hialos oo gyt |y Slyss 1 003 0 &) S 1 550 0509 (0551 L Ao 93 (ol laadie 4 4 jo5 ol I e
b Sl g oy s ol pogase pr il dn (B Jgi2) 8 Bl ol (Shs plgisar g 39 (- AVA) ele )b cp e
Copd gl (S5e 90 pl Sul o bl Jl,8 Lol Shg sllae o duopd Ve 0dgame j0 oy ki Lol wdg i Jole
olysar Jble )b i b g plb pogase pa g b Bls () (F Joi2) 92 (+1F 1 i) = VO il (ad (Sten
S8 i Jele Hb cldE —gy08 bbby sla S pod ol addie 3 .ad Gl ooy dcgeme JBlis > gl (Lol ddlie
(1A ole )b oy yndin clls (oSl colam a8 s ] 5163905 2o i 1y ubylg ST 51 oy YA (PCy) Lol adlge oyl izl
155 ol (S5rs e 3> 5oy V- o3gima 3 s o o L o S0, Culin oy 8 Sl Lol (S st o
Bl (o ol S ¥ Jodn) W39 (15 51 L) /AR ply (Jad  Stied o pis gyl (Sho o0 opl &S0l 4 o b il
i ol ool asgase JBlas (3 pod Lol adlie 4y lole jb pyrin U (S5 colan g

49 W J).Lu gi’ iy ).n..o )J.)LO.A 4 (V :L‘a;‘)) ‘-;b.'>).A-c J).LJ é’l-’ )1 oolasiwl l; o..\wul?w] dLCb‘;)Js )] g_ga pL. w))‘ e
99y 4w 4 o3l dcgeme JBls (sla Shg (23059 5l de o imgd dyge SB diges o glp S cuaS (asls Jhade ol JLod
5 a8 ST o 9 Slpes o pd bl

ol sailie 4 500 gy 4 i il Jole ()l g (cread 9 JS il ylg 0fag p3lie -0 Joua

Jol 4l sl
ol,lg STESl PC, PG
- YYS  YIAVY STHRNIVA

- vaiyey o va/ave (%) JS byl
- FOINY X0 (%) Lrezs Luibylg

b Shs
/YA —+JAYA b
JVY¥ AT - Clay
-5y JYAY - /YYA Silt
NAYZA ./Yay oC

<IAV¥ <A <IYAY EC




WY (Sdgpid 9 (b W Sy £ 9 dlanT (i 1, g s okl (ig3s — sole)

<IVA- VA Eea SAR
NISAY —JSAY /YYD MWD
AR —[S¥Y —J¥VE pH

15445 0ld u‘-““ L;);.\JJI):..»I e 9
1Qlyy = (0.36 py, + 0.29 EC)/0.65 — IQly, = 0.55 p, + 0.45 EC

(Ve akal,
1Qlicy = (5pp +77 EC)/82 — IQl1cy = 0.06 p, + 0.94 EC (VY abasl,
1QI1com = (0.780 p, + 0.874 EC)/1.654 — 1Ql1com = 0.47 p, + 0.53 EC (VY aaily

Sglas VY alagly (5 a8 Jlb > 609 o5 b 4 (S Sl Colin g sl paase pa o Sy ol s VW g Ve gy o
b9y 4w sl Comlus o pd polie dulie )3 3929 ilodd Jols Gl o pd Bo)b 145 (Shy 93 slagyjy om (ewgmone
s ) B G SB (i SWBT 5 039 2V Comlus G GliudS oo (o) 4 (230)5 & 3b (LS (P Jgix) (2305
O ey 3 S S Colin 35 s 5 60l g oy o5 e gmesS s it & 455 b (Y JS5) 22 10 e
Bdas (05 Hlor Cadgione b clocS1S 5 caslio jlans SS 09,5 93) Limas 3y90 4l > S ot canaib 4l oyl
s 1) b Shg ) 39390 Gledbl 5 angi |y aodly 13 35390 Sl anl by Shg | SogS dcgomme g S 60 51 5lio
1 03l 03113l i Canl S 03> dcgae Bl a8 canl o] gy o) colee | S Jg (Jiang & Thelen, 2004) sl
aibio S  Soib cutsS wyp 0 wl)l ol jobite Cpen 4 (Jgl aly] ale) 1S A g 1) Wnodld ) dgnge il s Wlg 5 3l
A5 Bl

Jol &yl 53 (230359 (SS9, Comlus o ps - Joa>

Combs cupd MQmax  TQmin 23059 (5,
\WEA A VAT bl
VIFA/¥ Voo Ay -F KRJWE FUTS
VEV/A R AT Sl g

1%

Fowbo jlowws T owlbe T oagad codguxe R g e

Jol al,l 13 0313 asgesme Jilas (g, 41 S 2050 CaS s ld wlwl p DS gubaib - IS5
(Qi et al., 2009)



(‘:w.?e”a— u-olc) VLY bLe,.QA n's b)w 0% 8,9 ‘G‘).ﬂ Jlégui UW a4

095 &yl
SIVEY bl cpl 0 KMO o ps jlade sl o o3l Lis ¥ Jodo jd pod al)] oy Lol (claddlge & ajos g, guls
ol loailze 4 4325 gl odly (39 calio 1 Lt 4 0 o ine b0 )> S o 3 il g S ygel 5 (<17 51 i)
ISPy

o5 (gl (5390300 gy |y Ol Jl a0 )d YV 4S) S 5l 35S )50 0505 6051 b adlfe dws ¢ Lol (slaadlhe & 4o 5l am
s olS (gl ooliznl B Of S o i |y wibyly JS 5l aoys Y8 oS (PCy) Jgl Lol adlhe 1 (Y Jodo) Sus Sl
2 Lo )d Vo adgde )3 )y badd wlS (glp edlatul b8 Ol 5l aw i bl Lol (S olgied g 390 (+/AVY) ele ,b o i
> Sy 90 ol Sl drgi Lao ol a4 o adye 5 SB 0 Ol (6)uaSs o pare S8 ) il )8 Lol (S 3llas
oo 5> el )l oyt b ol (el o0lanal LB O g Bl o) ¥ Jgi) 92 (17 5] tin) AF s (ot (Stiam 0
Ot gy (S sl culin S o o i 1) uilylg JS 5l o jd Y8 &S (PCy) peo ol addie 10 0y )3 Glol oald dsgazes
J> Lopd Ve edgare 4O wadew ol s i ¢ SO Sl colia il aw s bl Lol (S oleied g 0g (+/AVY) ele L
3 ol 4S8 & g b2 B 5 (5,50 b bl 5 el ) wilo Bl oSy & g b cudls 5 ol (S s
b (oSl colin g ad Bl e ©la S (F Joia) 390 (417 5l Gln) TAR i (ad (Sied b s (S
IS 51 ao 2 VY dgus &S 5.5 (PC3) pow ol ddlio )0 .050,5 Gl o3l dcgoome J8las )3 pgd Lol adle o ole )b oy i
2 5 Sy g b S5 Lol (Siag olsieds 5 33 (+IAVY) lale Sl ity il T 0 5 o 295 |y ol
& (sue Cusbas g IS5 sy wyp 4 (Zangiabadi et al., 2020) .cusly )3 Lol (Shg sles d> sy Vv odgare
by s ld p codgasme JBlas b gl y aiald § oS (gly odlitnl b O b S S5 pae Comogad O lgie 4 38lo ol
aals 5 oS (glys olil LB T by 38lio o)1l 555 e (Ser o shae ol dblis b ol Silie ctilio &S b 5 doe
SB cuas Hasls objyl o (Cullottaetal., 2016) .5l jls xe ( Stwwed yio Sl ¥V (186 )0 Codgizme JBlis b ugbs,
33y odlisl 8> (adls g Ble w595 9 JSB ((Sdgpan culin SB gh) dasie o jlaglite (605 g5 90
ol 3 Ol 1y Sl 51 (gl 125 2y pb (S5 oS (adli cppinte olyie 4 1) SB g, dasuie e gl
Dygl Cawd &y i

SRSl e § Olyess copd (uib)ly gy w4 03l dsgecme Jilis (sla g (230)j9 48 3L Gl )3 & psbolen
5 plog

kol Bailie & 525 Gy 4 g Bl (Jole (51l g (2ead 9 S udl)lg 0329 52300 -V Jgaa
p9® 4l sl
owil,lg SRS PGy PC; PCy
- VASY YiSVA v ooy o sl
- VV/EYY Yeae o volavs (%) JS bl
- YYADY  SVVYe XBIaYSE  (Y0) (e il

b S
- /Ay <NOA AR\ ERTANN] CPAW
<IvvY QA NEe A Clay
-Ivvs —I¥e5 =AW —/ASA Pb
AT JYYe e IAY Silt
-[§50 Y e AN N A ls Ks
-[3-y TA\is RAMERYA A0y EC
-y SNV Y SAR
<I5VY —-/yYY —IVVY Yy pH
L) </OYA —-fave /Y MWD

<IY¥s <IAYY Aare oC




A0 (Sdgpiud 9 (b W Sy £ 9 dlanT (i 1o g ool (ig3s — sole)

e 4 STl ohes 9 Slpndl cops uibyly (059 Sty Sl S e SSE 4 S read CudS 2t Ll
104 001y LEs V0 9 VT Y Laslgy yo
101,y = (0.36 CPAW + 0.26 EC + 0.12 0C)/0.74 — [QL,y (OF aba,
= 0.49 CPAW + 0.35EC +0.16 OC

1Qlycy = (18 CPAW + 77 EC + 25 0C)/120 - I1Ql,¢y (VF alas
= 0.15 CPAW + 0.64 EC + 0.21 0C

101, 0om = (0.892 CPAW + 0.907 EC + 0.746 0C)/2.545 = I1Q1,com (V0 alas
= 0.35 CPAW + 0.35 EC + 0.30 OC

8 ey Sl (1> Slysss Copd (o) 41 (23059 4 3 (LS (A o) (230159 b9y 4w (sl sl 35 duglie

Ghls Cus 4 Jimgn 390 B 5l aoyd Ve 9 Y pg al)] sillae md o LSy |y ciliste slaSE py BMIB] 4 039
Colia p 958l pod lyl 5o (Y JSKS) Wdg b Hlan Codgazme clyls S 1o YV g Cawlio g comlio jlws (SO b coiS
msS s oty 4l S S alan e a3 3y S S sl 3 Sl oozl BB o 5 o550

Casld (& pdind Cuodd |

9% 41l1 )3 (230159 S g, Cumwlus cu b A Jgsa
Comlus Cy o IQInax  1QImin 230139 039)

VYA <[AY AR osblg
oY A D Sl s
YA N Y STl v

B cewlio jlowo ™ cawlio ™ wuald codguzxe T asuid Hlews o dguzxe

093 dl,yl 43 031y Acgemme Jilus pigy d S rezd CuS (bl (wlwl p LSB guivald -Y IS
(Qi et al., 2009)

Py 4l

Py all cpl 0 KMO Cups jlade .ol oad o3l Lis & Jgds 0 pow aly] (sl Lol claadlge & a355 oy, ol
g Jdos (lp SleMbl 39 canlio 1 Lis a5 0 5 e duo)d S law p> iyl g S g0l g (+18 5) i) +/VAY

Jeo (gl (539030 upi |y Sl Sl Ao > VY 85) S 5l 55 0509 6051 b adlhe dw ¢ ol slaadlhe & 4o Sl am
Jol adlge o9 ] len &8y dgs pod bl (claadlhe auds Lol adlhe dw o 45 39 oyl vl aSS LA Jgis) b Ll
ll 525 5l " S T 8" 5 "B 5 658" o 2 50 ol 5 ST 3 o g plsiees i 4 g 5 o2
sadie 3)ls cidgd Lol (Sha slas do loyd Vo odgie ;0 aSL] s 4 Sy (asls g JISl (6550 csl (S @ p5Y



(‘:w.?e”a— u-olc) VE-Y bLe,.QA ' b)w 0% 8,9 ‘G‘).ﬂ Jlégui Oladss 447

Loyl pib 4o )y 9 S ghy dastie goxie 1 awlio 0airled 395 0lS (sl odlatul b OT sy oo Jlas 4y 8,k 5l s Lol
o5 5 23S sl S (abls 5 S5l (551 @ o ol ol ipon g ol S (K38 S o oy S il
oy olS oy odliinl BB O) S o (Shg VY g 5S> 4asld awlie b (Pulido-Moncada et al., 2015) .cwl \b;
2 g by (S plabls (pa CubS Coopad w2 o SB Jlosle e gludl (Sdgyam Colin ased sl ogase

25 51 > sl 4 1S ol S (Seisd S i) sl o 905 ol il

kol Salie a 5005 (pg) 4 badE] Sl (ol oyl g (Read g JS byl 0329 523le A Jgua

o alyl sl
- \VARCIR 1/ F 1/ a0\ ST

- a/ass Yy/oy o yanes (%) JS by
- VAV SVY-A YN0 (Y0) (meos il

Sk
< JANA FANR ARSI AN\ g CPAW
IveY -\s¥ O JAYY Clay
-/vsA CUWE e VBY AW P
X <IYEY <IAN Silt
-Jvov - /Y¥o AL\ A% Sdex
Joss IR - IVEY El
N JJEYY —\E¥ = [5\¥ Ks
.Ja.y NIt AR A A EC
IVVE /S SAR
.54 Y 25 SR L PR Y pH
IR /v, A LRy AV 4 MWD
NN < IY¥ AN/ IRYA N ocC

55 4 SRSl e 5 Slyas cups (pb)ly (23059 sty I Se B S 4 SB meaS CudS ja3LS
Rt W) o)l.) OLMA.; YA 9 VWS Ja)'b) ).)

1Q15y = (0.39 CPAW + 0.22 EC + 0.10 0C)/0.71 - Q13 (15 aa
= 0.55 CPAW + 0.31 EC + 0.14 0C -

= 0.15CPAW + 0.64 EC + 0.21 0C -

IQscom = (0.889 CPAW + 0.902 EC + 0.569 0C)/2.360 = IQLs¢om (A
= 0.38 CPAW + 0.38EC + 0.24 0C i
I g il 99 Alon Sl s g 4 (22059 4 0> LS (83059 Uy 4w (sl Comlus o b duglio
203 Ve 9 5Y cpod all aliie 35 pow al)l 13 (Ve Joan) dmd o lis yiao |y calise (oS o VS g 039 (oYU ol
W09 L Hlows Cudgdme i S 1o 3 VY 5 canlio g cavlio jlaws (S5 CorsS Gl cud b & Lidg )50 S ]

Ao ealy lis was S asl pl gl gy0p!

ey al)f )3 (23059 G Ny) Cawlis Capd -V e Josr
Combuss i ps 1Qmax  1Qmin 235359 B9,
VISY JAS oy bl
WARE AR AT Sl pss g
Y/-A NE Y il e




QY Sy g (i GBS g £ 9 S S ) ed g S5l (g3 — sole)

ekl
KMO (o i jlaio oy claa]] ailon ol o ools (L3 VY Jodo ) pylas al)] (¢l Lol (sloadlgn 0 4355 oo, gl
Gl OleMb] 39 Canlio | s a8 A I3 sime duoy> S5 o > <l ug,S geil g (<15 51 yiw) <YV plp Jae opl o
P2 oo

Sl (39030 gyt |y Sl 20> V8 45) G5l 55 oag 855 L adlhe e kol slaadlie 4 435 5l
okl b Ol (yiuSs [asls Wi o an g 1y Luibyly JS 5l aoyd YA &S (PCy) Jol Lol adlie 13 (VY Jsdo) s Gl Judos
SB ugby cuslinS sladasino b bl jd g oo 1y adlie pl egids B39 Jole Jb op i syl claw 9 oy olS slp
aSd Gasls 5l am b Ol Lol (She olesa 509 ((/AFY) ole jb cp i oyl 1Sy adls (gl adlie ) el
Gupd ShI (Shy 9o cnl Sl 4 deg bl JIE (Lol (Shy sllae s> 003 Ve dgae 3 b jogase p i laib
cshole DL it by (adld 5 b Bl gl jogaste p (V Jgi2) K390 (417 5l ) =+ /AY ply (b (Stesen
3 o Hlis S J8le il g 05lul 51 sk y domie Db (6l 8l aal Gl ooy degerme JBlis > ol ol adlhe lgicay
S5 s 3585 b S oS il shain 0358 oSt S5 205 adl5) il ol )3 e () s oS
)5 oy |y wibyly JS 5l o3 Ve &S (PCy) pod Lol adlge ,> (Dexter, 2004) 5550 olS sy Clgpus p &5 Sl (55,08
el gy sl (SerS Calin e il 53 il 5 Sl 5 9 b baye (o Sy e (sladl] ilas
Shelas d> doyd Ve edgaome ) e wds Cud ks o S S Colia jlae b Ol Lol (Sha oleied g 04 (+/ARF)
il G (Y Jgia) w39 (41751 Gaa) <TAX iy (s (Stsed oo SIS Sy 9 nl <l 4 dagi bty 18 Lol
pow kol adlio ;3 0 QL] 0old acgosme JBlas 3 pgd Lol adlie lgicds Jole jb i b (S S colin g Bls o
ity 5 551 5,) 85 Lo T e (551 5 B b bye (sla g 5 225y oslily S 51 oy WV 8 (PC)
bl (i olssar 9 39 (V) ole )l e sl o ISl (65,00 adlgo cal 5 535 (ol Jl ot (gl (i
g b cadls 5 ol Sy sl 13 o> V- agaonn 53 S ciggdsS Jpuily, b o] S5l (551 J ey 15 ol
Sl deguna 13 55 g5 Sty {F Jpiz) 331 (-15 ) aS) —oIOF plyy b Sirmd b sllS Sp 39 0] S ) &
A ol acguna Jiin 3 53 5 ol Sy Oyt i & itedyS Jpuilly 5 ele i onstir b ol 3 550 5 0o
(+/AYA) ole )l cmyiir gyl I )8 S oo it ) uilly S 5103 8 0935 &8 55 (PCy) plaz (Lol adlge 10 08
Andrews et ) .cusls jl3 Lol (Shg llae do o> Vo odgdze )d (65500 (Shg gub b bl Lol (S oleicds 909
Ol bl Wes Glsasl dad il iy 4 ) cuaS Glss oS ol Shy ol «SB cuas” oLl sl Laiee (al., 2002
SE S Ol (oopp slp ) She Ve 09 S CldS @ bgrpe bily) g (cotunwsST sa Sho L byl > & (Shy A
WS an sl (Sl BB matw ¢ JI dlge (el glul jadls «SB o Sy o ) (Sione et al., 2017) 15,5 Ll
yobate 4 ((VFee) L en g (0oLl 555 050905 S5l 03> dcgazme JBlis lgie a1y (SO0l colan o slsl Sy colin
Shg s 3,8 odlil Lol slaailge 4 a5 5l daodly degosme JBlis p3,9] Cand 4 glp S S curS asls oL
D)5 o gy S Gls oo A oS Blo 8L adge > JILS0l (6550 5 edliiw] B cogb, ile S Jéle I lie

i STl e g Sl cops (ibly (23059 Glagbe) S S pp SSE 4 S (reaS LS a3l
04 031y LIS VY 9 ¥ A Laslgy jo
QL = (0.29 Sgpy + 0.20 EC + 0.17 EI + 0.17 Mg + 0.09 0C)/0.92 - IQ1,y

Va ala|

= 0.31S4px + 0.21 EC + 0.19 EI + 0.19 M,y + 0.10 OC ( i

= 0.09 Sgex + 0.48 EC + 0.07 EI + 0.21 My + 0.15 OC i

1Q4com = (0.930 Sypr + 0.904 EC + 0.769 EI + 0.630 My, + 0.770 0C)/4.003 = IQlycom (¥
2D

= 0.23 Sgey + 0.23 EC + 0.19 EI + 0.16 Myg + 0.19 0C
9 039 8y Camlus (Ll Glyuss Copo (g 4 (230459 45 3 LS (830159 B9y dw lp Camlus Cops dwslie



(U.wdg};— @-LG) V€Y bb){ﬂ ' D)Lo-w I1-23 8,93 ‘a'ﬂ' 5&55’4‘ wladss  A4A

(¥ JS5) 0090 i Hlans 9 A Codgasme ghyld S 1o 0 ¥ 9 VY 5 cunlio 5 cawlin jlons (308 cutS

kol adlge a1 a5 () &1 0l gl Sl Jole (Slayb g (2o 9 U5 (ilylg 0329 j3le VY oo

Pk 4yl sl
owlylySIail  PC,  PC;  PC, PGy
- VAOR Y/YYA Y/ENR YIAY o}y yde

- AMOA VY YeDae YUSEY (%) JS byl
- YOIVYY - SEIAMY ¥R/0AY  YANYY (%) Lxeos uills

b Sk
/Ay DA AYY Sdex
<JAYA =[N =YY =AYV = ASY Pb
/MY SN0 CINAY o JAYY CPAW
<Ay AR\ EEEEYAL S ERYA7N Clay
- Ivoy DA\ SR A o < [500 Silt
-[a-¥ AL SIS Yy EC
-/ SINEY ARy SAR
-ISVY —IVNd = VEY -V e Yes pH
-/ob) -/ya0 A R AN MWD
-JvsA SNE VA /YA El
NAR AR YA ALY A Mo
NISE SVOF = [EEY = NAY =< /YYA K
/vy /N7 N A TS SERYAN74 ocC

Pk 4l )3 (Ra055 sy Camilues ups —VT Jga
"“.’.""L"‘"’ ‘.".’.)‘“é IQImax Ilein e®3059 055)

Y/-¥ A Iy bl
/YA -IAD .J-a s gy
YIS -IAY VY STl s

A

B wobo jlaw ol T asid codguxe Qo lews g dguxe

ok l)l )3 0313 asgazme JBlan (g, 4y SB creadd CuS (bl wlul p BSE gubyal b £ S
(Qietal., 2009)



AR (Sgpp 9 (S5ud GBS g £ g dlaad LAl 1]y ed 5 ool (ig3s — sole)

Wl (o (5l i
(W i) il ls 55 Jsis s dags b a5 eolizal (ANOVA) Ll s 4355 o) 51 aasly] o c6plel ST duylie gl

Gisee (Bal,l dmglio wiliylg 41500 Jgda VY Joua
Olpds i 301423 Slayye (Kl

al,l Y - [Ab*®
a3 Y¥A of+A
Js 7)) Lo

(p<e/+Y) 20,3 A Jloiis! ghaaw 3 (5,15 ke 3

Sl duglio zuls o9 (+/00) pylea al)l g (+/5Y) pow g pgd wl)T ((+/VY) Jgl aul)] 13 S S 5ub cuiS (adlis Sl

pow 9 pgd slaasll o a8 ol LS (B JSK) Sy (lassld dix yg05] 5 edlizl b calisce (slaall o (Sosb cutS jasli
2 Sy (asls o (JLSl g5l b Blsl & Lae (ol & bl dgag (P<+/+V) doyd A0 Jlais] o )3 (g0 sixe iglas
Gl ool B T g il B Sojud cutsS 0Sle 53 (6 p9d il 4 s yiitin o g (65,5) By 3939 b cpgu ol
3 6o e gls aalyl 4 b pyles wl)] g g o] Blie Lol 9 S igby dastie boxie 5l awlio sables 395 olS
S agy b s S o (55,5 B it ey o8 L3 il 35 (P-141) 2oyp 48 o) g
45058 ol @Blgyd b plonl SB (S5d S o Shy Cunpd bl IS0 Gaa b el bl )3 (g colin
Solite g cuslio @l Ll ploj g dajh Bpo b (> ¢ ol (slaaile 4y 4328 )3 oo sla Sy 39)5 ©ygeo 3 45 A5 (5]
LS 2o VY 5 caslio jlws SB 20 #Y 5l S cuas ob i ol Dgb 0 Jols SB (S cuas
Jas p)le )] g3 b o codgame b duoyd ¥ g calio jlaws cbSB 0o 3 ¥F @ pow 5 p9d wl] 15 Lad jluws Codgiome
Olys & l) diea (o pde Slial oS (uSaie 9 SB CudS I e ol oS SB 1 ala Shy ohRdegh 5l )l 3
Camlus o ppdo dy Connd &S 3940 0dlal Sbd Sha wwl aoei (5 0008 slpiudiny SB CuasS 1 g0 (slaodly dcgoomo Jilas
o by She JS 5l eolanwl a8 ) 2g5 9 b Wadize (Qi et al., 2009) .(Imaz et al., 2010; Masto et al., 2007) w,l> (¢ yuia

Iy dojp g Gy 0 (2954 po 0db dcgosme J8las 3l odlatul L S cuas (adls doulowe (Jg 35,5 0 (65380 ol Joas &

Sy Jls &
0.8 1
3 07 ;
“i 0.6 -
3 05 -
3 04
\:i 0.3 +
J 0.2 -
9 01
0
Jol aslyT e9o aslyl pow &yl Hu;m,
0 Jss
Byl o SB CadsS pad b (4l g lie -0 S
b 1S5k o (6413 Ao LgleT pus b LS S plio By
S 5 And

Jols gy 5l eolaiwl b s cudd slayljpas ;o S (SH5d cusS b Sho g9 g ol il s Baa b aslllas oyl
Ol hb Sl oy gy 4 (305 b QU (3059 () A (m Calus o pd @l b Pl o3l dcgeone



(‘:w.?e”a— u-olc) V€Y b‘.e,{,e ' b)w 14 8,9 “’,‘).3“ Jlégui Oldsd Yoo

9 p95 sl T L (AVA) &l cpl (oYU colus s g i slaasl)T L gyl al)] (P<<e/4Y) Iy sme BB sl Coolis

3929l dodls degacme 4y adld o (JLSH (655l ol e 4 Cagd ) Jonnsly oo (b a8lal 4l (LIS (B/FY 95 y) pows
SBSE 2o VY JTBSE Cudss &S5k b S (0528 CudsS I (Slite § calio bt & joxie il (loj g Al jo By
Canlio Hlaws S 0o > FY @ pow g pgd wlyl 50 Wl Hlws 9 LS Codgaze b sl S do ) YA g ccwlio 5 cunlio jluws
ilwodkes & ol ol oximdlis cllae cpl s o pyles Al )3 s Hlan 9 s Cudgaze b (oS 2o yd O g ccanlio
ol gl @SS 098 00 (Rike gurme @l & Logi) odigd (655 0jlul el o Shy il edlaiel b SB cudS b)) pllas
Ohgf 290 ddlais ) (S ol Caeal I Ui pl g 09 (Lol laadlye S| (S lgisa ol ples o (K pSIl colan gl
..)y

023 (e gl (ol laadlie 4 4 o0 1> SB (58 cla Sho jl o) dlax 599 kb ol (L hegdy ol @l
ols 15 ke |y 4S5 At el g 0395 o Mo S S0 506 sl
SH9)B 9 (958 SS9 5l cewlie g gune dsgene L
59 sx505lal ploj g 4k 32
e e Olaeuad (585 4 Wl g (S (asls G LB 3 gl gens 5 SB (S5 sla Sy o pceslie ol
Sl S il Sl kulyd jl e (Bl Jolgs (e Cloranal g SB CudsS () )0 &5 398 o g8 (ks anll L elosly (ool))
S (SIS ) e 50 Co e slaailie 5 (B S g8 baylpd ol CoaS adldl byl b Jpamme g5 alonl cadlais > S

"3 392 (B Mm gl (o @lie 055 S "

&bw
FEXU (WA Gl SB 5 o liixs dlxo . Sal g 95 cSE 5l ool SB

Ui S CuhS (S5 o Sh | odm g Gsk) (Sote b o bailyy ey STAY) ehe o2 ee 9 el (b3S e ol
AR AR A (| R P

Eldlpe (Sgyhd Colan g (Sauiso p e 9 698 U (w0 (WWAY) (B e (olud g (5 leprd e (s)lall e o 215
YWY (VWY B 5 of 4 i

ol Sl )3 S g Lagin <l b oSl (S5 oS Gabl et (o) o 1318 5 agie (25 st (UL
MNANY (VWO SB g o 4 puiti 595,

9 o, okl cusS 5 xaw ;g (xaw SB S8 cuiS b ad s dwlie (VWA &5 wdljinl g e 03l S cogl ( lete
YASYVY (VI B sl jing s dlo oS

o SB (Sajd S Sloadld obj)l g o 3 Glas)ie cablls Casby J1(VTRA) sy (B e 5 debld (g (S
AFE-NYS (F)00 ol SB 5 o cliios

REFRENCES

Andrews, S. S., Karlen, D., & Mitchell, J. (2002). A comparison of soil quality indexing methods for vegetable
production systems in Northern California. Agriculture, Ecosystems & Environment, 90(1), 25-45 .

Asgarzadeh, H., Mosaddeghi, M. R., Mahboubi, A .A., Nosrati, A., & Dexter, A. R. (2010). Soil water availability
for plants as quantified by conventional available water, least limiting water range and integral water capacity.
Plant and soil, 335, 229-244 .

Bartlett, M. S. (1954). A note on the multiplying factors for various y 2 approximations. Journal of the Royal
Statistical Society. Series B (Methodological), 296-298 .

Bronick, C. J., & Lal, R. (2005). Soil structure and management: a review. Geoderma, 124(1-2), 3-22 .

Cullotta, S., Bagarello, V ,.Baiamonte, G., Gugliuzza, G., lovino, M., La Mela Veca, D. S., Sferlazza, S. (2016).



Yoo) o (Sdgyiad 9 (S 5ud G S 59 £ 9 M i 1], Re g S5l (ig3s — sole)

Comparing different methods to determine soil physical quality in a Mediterranean forest and pasture land.
Soil Science Society of America Journal, 80(4), 1038-1056 .

da Paixdo, F. J., de Andrade, A. R., de Azevedo, C. A, de Lima, V. L., & Dantas Neto, J. (2009). Uso da
aproximacdao fractal no ajuste da curva de retencdo de agua no solo. Revista Brasileira de Engenharia Agricola
e Ambiental, 13(3), 282-288 .

Dane ,J. (2002). Water retention and storage. Physical Methods, 671-720 .

Dexter, A. (2004). Soil physical quality: Part I. Theory, effects of soil texture, density, and organic matter, and
effects on root growth. Geoderma, 120(3-4), 201-214 .

Doran, J. W., & Parkin, T. B. (1994). Defining and assessing soil quality. Defining soil quality for a sustainable
environment, 35, 1-21 .

Emami, H., Shorafa, M., Neyshabouri, M. R., & Liyaghat, A. M. (2009). Determining soil quality index using the
easily measured soil properties in salin and calcareous soils. Iranian Journal of Soil and Water Research,
39(1), 39-46. (In Persian)

Emami, H., Lakzian, A., & Mohagerpour, M. (2010). Study of the relationship between slope of retention curve and
some physical properties of soil quality. Journal of Water and soil, 24(5), 1027-1035. (In Persian)

Flint, A. L., & Flint, L. E. (2002). 2.2 Particle Density. Methods of soil analysis: Part 4 physical methods, 5, 229-
240 .

Gee, G.,Or, D., Dane, J., & Topp, C. (2002). Methods of soil analysis. Part 4. Physical methods. Soil Science Society
of America, Inc, 255-293 .

Govaerts, B., Sayre, K. D., & Deckers, J. (2006). A minimum data set for soil quality assessment of wheat and
maize cropping in the highlands of Mexico. Soil and Tillage Research, 87(2), 163-174 .

Guo, L., Sun, Z., Ouyang, Z., Han, D., & Li, F. (2017). A comparison of soil quality evaluation methods for Fluvisol
along the lower Yellow River. Catena, 152, 135-143 .

Imaz, M ,.Virto, |., Bescansa, P., Enrique, A., Fernandez-Ugalde, O., & Karlen, D. (2010). Soil quality indicator
response to tillage and residue management on semi-arid Mediterranean cropland. Soil and Tillage Research,
107(1), 17-25.

Institute, S. Q. (1998 .(Soil quality test kit guide. Soil Quality Institute, National Resources Conservation Service,
us....

Jeffries, C. (1941). A method of preparing soils for petrographic analysis. Soil Science, 52(6), 451-454 .

Jiang, P., & Thelen, K. (2004). Effect of soil and topographic properties on crop yield in a North-Central corn—
soybean cropping system. Agronomy Journal, 96(1), 252-258 .

Jiang, Y., Liang, W., Wen, D., Zhang, Y., & Chen, W. (2005). Spatial heterogeneity of DTPA-extractable zinc in
cultivated soils induced by city pollution and land use. SCIENCE IN CHINA SERIES C LIFE SCIENCES-
ENGLISH EDITION-, 48, 82 .

Jolliffe, 1. T. (2002). Principal component analysis for special types of data. Springer .

Kaiser, H. F. (1974). An index of factorial simplicity. psychometrika, 39(1), 31-36 .

Karlen, D. L., Ditzler, C. A., & Andrews, S. S. (2003). Soil quality: why and how? Geoderma, 114(3-4), 145-156 .

Khazaei, S., Ansari, H., Ghahraman, B., & Ziaee, A. N. (2013). Evaluation of water salinity and sodicity effect on
diffusivity and unsaturated hydraulic conductivity. Journal of Water and soil, 27(2), 304-312. (In Persian)

Kline, R. B. (2005). Principles and practice of structural equation modeling 2nd ed. New York: Guilford, 3.

Lal, R .(1994) .Methods and guidelines for assessing sustainable use of soil and water resources in the tropics .

Magalhdes, W. d. A., Freddi, O. d. S., Wruck, F. J., Petter, F. A., & Tavanti, R. F. (2018). Soil water retention curve
and s index as soil physical quality indicators for integrated production systems. Engenharia Agricola, 38, 64-
73.

Masto, R. E., Chhonkar, P. K., Singh, D., & Patra, A. K. (2007). Soil quality response to long-term nutrient and
crop management on a semi-arid Inceptisol. Agriculture, Ecosystems & Environment, 118(1-4), 130-142 .

Masto, R. E., Chhonkar, P. K., Singh, D., & Patra, A. K. (2008). Alternative soil quality indices for evaluating the
effect of intensive cropping, fertilisation and manuring for 31 years in the semi-arid soils of India.
Environmental monitoring and assessment, 136(1), 419-435 .

Meskini-Vishkaee, F., & Mirkhani, R. (2019). The Effect of Field Capacity in Determination and Evaluation of the
Soil Physical Quality Indices. Iranian Journal of Soil and Water Research, 50(4), 836-846 . (In Persian)
Minasny, B., & McBratney, A. (2003). Integral energy as a measure of soil-water availability. Plant and Soil,

249(2), 253-262 .

Nelson, D. a., & Sommers, L. E. (1983). Total carbon, organic carbon, and organic matter. Methods of soil analysis:
Part 2 chemical and microbiological properties, 9, 539-579 .

Nimmo, J. R., & Perkins, K. S. (2002). 2.6 Aggregate stability and size distribution. Methods of soil analysis: Part
4 physical methods, 5, 317-328 .

Noellemeyer, E., Quiroga, A. R & ,.Estelrich, D. (2006). Soil quality in three range soils of the semi-arid Pampa of
Argentina. Journal of Arid Environments, 65(1), 142-155 .



(uaw.ég)a— u-olc) V€Y b‘.e,{,e ' b)w 14 8,9 ‘&b.:‘ Jlégui Oldsg YooV

Ortega, R. A., & Santibanez, O. A. (2007). Determination of management zones in corn (Zea mays L.) based on
soil fertility. Computers and Electronics in agriculture, 58(1), 49-59 .

Osmani, A., Asgarzadeh, H., & Asadzadeh, F. (2020). Comparison of Physical Quality Indices of Topsoil and
Subsoil under Wheat and Sunflower Cultivation. Iranian Journal of Soil Research ,34(3) ,373-386 . (In
Persian)

Page, A., Miller, R., & Keeney, D. (1982). Methods of Soil Analysis, Part 2: Chemical and Microbiological
Properties. American Society of Agronomy, Inc., and Soil Science Society of America. Inc., Publisher,
Madison, Wisconsin USA .

Pallant, J. (2020). SPSS survival manual: A step by step guide to data analysis using IBM SPSS. Routledge .

Peters, D. (1965). Water availability. Methods of Soil Analysis: Part 1 Physical and Mineralogical Properties,
Including Statistics of Measurement and Sampling, 9, 279-285 .

Pulido-Moncada, M., Ball, B. C., Gabriels, D., Lobo, D., & Cornelis, W. M. (2015). Evaluation of soil physical
quality index S for some tropical and temperate medium-textured soils. Soil Science Society of America
Journal, 79(1), 9-19 .

Qi, Y., Darilek, J. L., Huang, B., Zhao, Y., Sun, W., & Gu, Z. (2009). Evaluating soil quality indices in an
agricultural region of Jiangsu Province, China. Geoderma, 149(3-4), 325-334 .

Rahimi, H., Pazira, E., & Tajik, F. (2000). Effect of soil organic matter, electrical conductivity and sodium
adsorption ratio on tensile strength of aggregates. Soil and Tillage Research, 54(3-4), 145-153 .

Reynold, W., Elrick, D., Youngs, E., Amoozegar, A., Booltink, H., & Bouma, J. (2002). Saturated and field
saturated water flow parameters. pp: 797-878. Methods of soil analysis. Parth, 4 .

Rezaei, S. A., Gilkes, R. J., & Andrews, S. S. (2006). A minimum data set for assessing soil quality in rangelands.
Geoderma, 136(1-2), 229-234 .

Seker, C., Ozaytekin, H. H., Negis, H., Giimiis, 1., Dedeoglu, M., Atmaca, E., & Karaca, U. (2017). Assessment of
soil quality index for wheat and sugar beet cropping systems on an entisol in Central Anatolia. Environmental
monitoring and assessment, 189, 1-11.

Shukla, M., Lal, R., & Ebinger, M. (2006). Determining soil quality indicators by factor analysis. Soil and Tillage
Research, 87(2), 194-204 .

Sione, S. M. J., Wilson, M. G., Lado, M., & Gonzélez, A. P. (2017). Evaluation of soil degradation produced by
rice crop systems in a Vertisol, using a soil quality index. Catena, 150, 79-86 .

SU, Y.-z,, Fang, W., ZHANG, Z.-h., & DU, M.-w. (2007). Soil properties and characteristics of soil aggregate in
marginal farmlands of oasis in the middle of Hexi Corridor Region, Northwest China. Agricultural Sciences
in China, 6(6), 706-714 .

Topp, G., Reynolds, W., Cook, F., Kirby, J., & Carter, M. (1997). Physical attributes of soil quality. In Developments
in soil science (Vol. 25, pp. 21-58). Elsevier .

Van Dam, J. C., & Feddes, R. A. (2000). Numerical simulation of infiltration, evaporation and shallow groundwater
levels with the Richards equation. Journal of Hydrology, 233(1-4), 72-85 .

Van Genuchten, M. T. (1980). A closed-form equation for predicting the hydraulic conductivity of unsaturated soils.
Soil Science Society of America Journal, 44(5), 892-898 .

Van Genuchten, M. v., Leij, F., & Yates, S. (1991). The RETC code for quantifying the hydraulic functions of
unsaturated soils .

Van Lier, Q. d. J., Metselaar, K., & Van Dam, J. C. (2006) .Root water extraction and limiting soil hydraulic
conditions estimated by numerical simulation. Vadose Zone Journal, 5(4), 1264-1277 .

Wander, M. M., Walter, G. L., Nissen, T. M., Bollero, G. A., Andrews, S. S., & Cavanaugh-Grant, D. A. (2002).
Soil quality: science and process. Agronomy Journal, 94(1), 23-32 .

Zangiabadi, M., Gorji, M., & Keshavarz, P. (2021). Determination of Soil Physical Quality Index in Medium to
Coarse-textured Soils of Khorasan-Razavi Province. Water and Soil, 35(1), 107-119 .(In Persian)

Zangiabadi, M., Gorji, M., Shorafa, M., Khorasani, S. K., & Saadat, S. (2020). Effect of soil pore size distribution
on plant-available water and least limiting water range as soil physical quality indicators. Pedosphere, 30(2),
253-262 .



Yoo¥ o (Sdgyiad 9 (S5ud G S 59 £ 9 dand i 1], Re g (S5l (ig3s — sole)

The effect of number and type of soil physical and hydraulic properties on
representing the soil physical quality (case study: Shabestar Plain)

EXTENDED ABSTRACT

Introduction

Making management decisions for the quantitative and qualitative improvement of product production
effectively begins with selecting the correct and appropriate set of physical and hydraulic characteristics in the
form of a soil physical quality index.

Materials and Methods

In order to investigate the physical quality of Shabaster Plain which were under wheat cultivation and to
determine the role of the number and type of properties on the quality of the soils, 94 soils from these lands
until the year 2022, were selected. To determine the soil physical quality index (SPQI), the minimum data set
(MDS) was used by principal component analysis (PCA). 13 physical, chemical, and hydraulic properties were
consciously entered into four stages in the principal component analysis so that the output be not only the
minimum data set but also the best data set. The first array includes 8 soil properties that are easily measured,
the second array includes properties of the first array along with conventional plant available water (CPAW)
and hydraulic conductivity (Ky), the third array includes properties of the second array along with integral
energy (EI) and dexter index (Sqex), and the fourth array includes properties of the third array along with
Kirchhoff potential (My,).

Results and Discussion

The first array was discarded due to the oversimplification of the minimum data set, as it could not
properly justify the information of variables. Despite spending more time and cost on the third array than the
second array, in both arrays, the three components (CPAW, EC, and OC) remained in the minimum data set
and no significant difference was observed in the average of physical quality index between the two arrays.
While in the fourth array, the inclusion of My, as a property that includes the suction corresponding to soil
moisture and hydraulic conductivity at the same time, caused the effect of other properties to be revealed
correctly. Comparing the mean soil physical quality index between the arrays with Duncan's test showed a
significant difference at the 99% probability level (p<0.01) between the fourth array and the second and third
arrays. The high sensitivity coefficient of the fourth array (9.78) with the second and third arrays (5.43) showed
that the correct addition of the Kirchhoff potential to the data set, led to different results in terms of classifying
soil physical quality. As a result, the quality of the soils decreased from 72% of very suitable and
suitable soils and 28% of soils with severe and very severe restrictions in the second and third arrays to 41%
of very suitable and suitable soils and 59% of soils with restrictions in the fourth array, it got really, high
intense. The important point was the presence of EC in all arrays as one of the main components, which was a
sign of the importance of this property in the studied region.

Conclusion
This data demonstrates that using traits that can be easily measured to simplify the soil quality assessment
system does not always produce accurate results.

Keywords: Kirchhoff Potential, Minimum Data Set, Principal Component Analysis, Sensitivity Coefficient.



