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Soil erodibility is one of the key indicators of soil quality and is directly influenced by soil
physical properties. This study aimed to Assessment soil physical quality indices and identify
the most sensitive indicators across different soil erodibility classes in the semi-arid region of
Zanjan Province, Iran. For this purpose, 20 soil physical properties were measured at 68
sampling points, including rangeland (45 points), cropland (13 points), orchard (8 points), and
forest (2 points) land uses. Soils were classified into three erodibility classes based on the
Williams erodibility factor. Differences among physical properties across erodibility classes
were assessed using one-way ANOVA. Soil physical quality indices (SQI) were calculated
using linear and nonlinear scoring functions with both simple and weighted approaches for the
total dataset (TDS) and minimum dataset (MDS), and were compared using discriminant
analysis. Principal Component Analysis (PCA) identified three main components explaining
83% of the total variance. In the TDS, sand content, mean weight diameter of primary particles
(MWDp), and mean weight diameter of dry aggregates (MWDdry) had the highest weights
(W =0.12, p < 0.01). In the MDS, sand content was the most important factor (W = 0.57, p <
0.01), followed by wet mean geometric diameter of aggregates (GMDwet) and MWDdry (W
=0.32 and 0.10, respectively). These findings indicate that, in the TDS, primary particle-size
distribution, particularly sand content, together with aggregate size, especially MWDdry, were
the main determinants of soil physical quality based on the soil erodibility index, whereas in
the MDS, sand content was the dominant indicator. Discriminant analysis indicated that the
best soil physical quality index for erodibility assessment was the weighted linear scoring
method based on the TDS (SQI-2). Overall, soil structure stability and PSD were identified as
effective tools for monitoring soil physical quality.
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EXTENDED ABSTRACT

Background and purpose

Soil physical quality is a key component of soil quality and plays an important role in ecosystem
sustainability and land productivity. Soil erodibility is one of the most important indicators of physical soil
quality, reflecting soil susceptibility to erosion processes. However, comprehensive assessments of soil
physical quality indices in relation to soil erodibility have received limited attention in semi-arid regions of
Iran. Accordingly, the overall objectives of this study were to: (1) quantitatively and comprehensively evaluate
soil physical quality indices using discriminant analysis based on the Total Data Set (TDS) and the Minimum
Data Set (MDS), employing both linear and non-linear scoring methods across different soil erodibility classes
defined by the Williams erodibility factor; and (2) identify the most sensitive soil quality indicators under both
datasets in selected soils of the semi-arid region of Zanjan Province, Iran.

Materials and methods

This research was conducted in the semi-arid region of Zanjan. In order to quantitatively evaluate the
physical quality indicators of soil in different erodibility classes, the sampling operation was designed to be a
comprehensive representation of the soil conditions in the studied semi-arid region. Sampling points were
determined by considering criteria such as land use type, vegetation cover, soil texture, and information
obtained from soil maps and field surveys. In total, disturbed soil samples (depth 0 to 60 cm) and undisturbed
soil samples (depth 0 to 30 cm) were collected from 68 selected points. A total of 20 physical properties were
measured for this research. To measure soil permeability in the field, experiments were conducted using the
double-ring infiltrometer method. The cumulative water infiltration was measured at time intervals of 0, 0.5,
1, 2, 3,5, 10, 15, 20, 30, 45, 60, 80, and 90 minutes until steady-state infiltration was reached. Based on the
obtained data, water infiltration indices including Cumulative Infiltration (CI), Final Infiltration Rate (FIR),
and Mean Infiltration Rate (MIR) were calculated. The particle size distribution of particles larger than 0.05
mm was obtained using the dry sieving method according to the standard guidelines of Gee & Bauder (1986).
Particles smaller than 0.05 mm were measured by the hydrometer method based on the method of Yavari et
al. (2021). Furthermore, the standard methods presented by Gee & Bauder (1986) were used to measure
particles larger than 2 mm. Bulk density was measured using a metal cylinder (Culley, 1993). Electrical
conductivity and soil reaction were measured in the saturated paste extract (Thomas, 1996), along with organic
matter (Walkley & Black, 1934) and calcium carbonate equivalent (Page et al., 1982). The weighted mean
diameter (MWD,) and geometric mean diameter (dg) of primary soil particles were calculated using the results
of the primary particle size distribution. The wet sieving method was used to determine aggregate stability,
and dry sieving was used for the mean weight diameter of aggregates. For this purpose, the weighted mean
diameter (MWDwet and ary) @and geometric mean diameter (GMDuwet and ary) OF aggregates were measured in both
wet and dry conditions. Soil Structure Stability Index (SSI), Degree of Compactness (DC), Relative Aggregate
Stability Index (SI), Overall Aggregate Stability (OAS), and Effective Infiltration Depth (EID) were also
calculated.
Soil erodibility (K) was determined using the method of Williams (1990). In order to reduce data dimensions
and identify suitable properties for developing a soil quality index, Principal Component Analysis (PCA) was
performed on the Total Data Set (TDS) to derive the Minimum Data Set (MDS). For this purpose, the number
of selectable components was determined based on the scree plot and the break point of the eigenvalue curve
(Askari & Holden, 2015; Brejda et al., 2000). The SQI index was calculated using two methods Simple and
Weighted and with two scoring approaches Linear and Non-linear for both data sets: the TDS and the MDS.
To examine the correlation between soil physical properties, the Pearson correlation matrix was calculated. To
better understand the internal structure of the data and reduce the dimensions of correlated variables, Principal
Component Analysis (PCA) was utilized. Finally, the comparison and significance of differences in the
obtained SQI index values were evaluated using discriminant analysis. Data analysis, graphing, and
comparison of means were performed using Excel (2016) and SPSS (2022) software.

Results

Among the 20 measured properties, 10 showed significant differences among soil erodibility classes (P
< 0.05), including sand and silt contents, MWDy, dg, MWDgry, MWDyet, GMDuwet, SSI, Sl, and EID. Principal
Component Analysis identified three principal components explaining 83% of the total variance. Sand content,
GMDuet, and MWDgry Were selected as the most representative indicators of soil physical quality in the MDS.
Sand content showed the highest contribution (weight = 0.57), followed by GMDue: (0.32) and MWDy (0.10).
Discriminant analysis demonstrated a strong capability of SQI for differentiating soil erodibility classes, with
the first discriminant function explaining 92.48% of the total variance. Among the evaluated methods, the
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weighted SQI based on the TDS with linear scoring exhibited the highest discrimination coefficient (33.04).

Conclusion

The studied soils were predominantly classified as moderately to highly erodible. Soil physical quality
decreased with increasing erodibility, highlighting the close relationship between soil degradation and erosion
susceptibility. Indicators related to particle-size distribution and aggregate stability were identified as the most
influential factors controlling soil erodibility and soil physical quality. The results demonstrate that soil quality
indices, particularly those based on weighted approaches, can serve as effective tools for monitoring soil
degradation and supporting sustainable soil management in semi-arid regions.

Funding

This study was conducted with the equipment support of the Department of Soil Science and Engineering
and with the financial and moral support of the Vice Chancellor for Research of the University of Zanjan.
Financial support for this research was provided by the Faculty of Agriculture, University of Zanjan, in the
form of a graduate thesis grant for the first author and research grants for the co-authors.

Authorship contribution

All authors contributed substantially to the study. They participated in the design and implementation of
the research, data collection, statistical analyses, interpretation of results, manuscript preparation, revision, and
final approval of the manuscript. The contributions of the authors in this thesis-derived manuscript were
approximately as follows:

- First Author (Graduate Student): Sample preparation, conducting experiments, data collection,
performing calculations, statistical analyses, interpretation of results, and preparation of the manuscript draft.

- Second Author (Supervisor): Research design, supervision of the research process, evaluation of results,
manuscript revision, and finalization of the manuscript.

- Third Author (Advisor): Research supervision, manuscript review, and revision

Declaration of Generative Al and Al-assisted technologies in the writing process

This manuscript is the result of field research and direct writing by the authors. No generative artificial
intelligence or Al-assisted technologies were used at any stage of the research or manuscript preparation. The
authors take full responsibility for the content of the manuscript.

Data availability statement
The datasets generated and/or analyzed during the current study are available from the corresponding
author upon reasonable request.

Acknowledgements
The authors would like to express their sincere gratitude to the Vice Chancellor for Research of the

University of Zanjan for the financial support provided for this study.

Ethical considerations

This research was approved by the Department of Soil Science and the Faculty of Agriculture Council of
the University of Zanjan in accordance with the relevant regulations. The authors confirm that all ethical
principles related to conducting and publishing scientific research have been fully observed.

Conflict of interest
The authors declare that there is no conflict of interest regarding the publication of this manuscript.



VAYY—YFYY Ll A 030 QY 0498 ¢yl Y1 S g T Wi aloxo

Homepage: http://ijswr.ut.ac.ir

by ad b (Glaoys (6l il s Aliee (G WIS )0 SB (S 500 CudS s pad b (oL ;)]
(Ols; bl (53,90 axllia)

Y . XMy s Y g .
& Swms Glososo [T (555l (o g0 | Jasly Loy e
vaezi.alireza@gmail.com; :asbLly .oyl ¢o)bxij (o)) olRiily (g5)5liS 0a8Liils «SB wdige g pole 095 .)
vaezi.alireza@znu.ac.ir

mortazayavari90@gmail.com :aebll, .l ul (o5 ¢ oo ; sl Sl ¢ gyaliS 0uSiisly «SB- awdigo g pole 09,5 .Y
askari@znu.ac.ir :asbLl, .oyl ()b (ybs; sl8iily ¢ 55y9liS a8l (S5 wdipe g pole 09,5 ¥

oS> Ao SN

4

‘ gy Yo 4o ggi
5 S Soied sl Sizg b 0w & Cusd S5 S 1lS sloasls ) S S gy inko s
Sl g ol Soanlis (e (Lol 5 SB (Kb oS slagadls b)) Gl ol Baa ol e v el s g
A S (S5 (Sha Ve oo ps Cunl olod; Siddeays ddlaio )3 (6 pdy yiolu,d e gl WwMS VL OI0IN 106 5553
ool g Sl (A Y 5 A AV D ey SR g el wiye o)) bntipe ABB g 55
SN 0 (K5 laShy Clis Wl gl WS aw el opdipled ble
S oslizal b (SQI) S So5b S slaymsls 1 ploo] ANOVA o 31 aslizel by s iy il
o3> dsgere o (TDS) JolS” o3l asgocne (sly (Sj9 5 0l sl b g (hd e 5 (s (md0ye5 @y

VE- /AN £y Ui G

355 ololia 1y Lol alge dw PCA Lo ol 50 duglie st b b g dpulxs (MDS) Jilas (5l o3l
(MWDP) adgl l)3 jad 559 pSoke 0w 2uoyd TDS 13 3405 e |y Wnodls IS uils)lg 5l duoyd AY o dodib S gyl
W =0.12,) msls (ol 53 4 1y s opiiey (MWDARY) s I baashoS B b s ko 5 bl
e . _ : SE Sl
u&:LA OI )'| U 909 J.oLc. PP (W =0.57, p< 0.01) s o yd MDS)J Cred P < 0.01). o Ktk o e

p <0.01; W =032, csypa)sss s MWDdry 5 (GMDwet) 5 I L abSt jhi  wie
LALSE ojlul Lawgio 5 3 doyd 0319y S adgl lyd 05101 21595 TDS ywlido ;o ol 5op. (W=10.10
2 SB (Kb CadsS il oS s Jalge (e (b 2oy 15 MDS (plide ;> s MWDrY o594,
S5 kS b iy 4 35 0L 35 s o 3] ol gl tings (5 s sl S sl
SE plaislo g5lub (SQI-2) 39 TDS 13 (559 dey b (ad (p30y0 s baaje SB (s pdyali b 4l

i (€ iyl yd Slse g ST (S5 CudS b sl e s)IRIPSD

wchS el (p20y0i

Slisny sl il SlapdlS 5 B (058 Sk Sloasls il (1£:0) (galotams f0s,5us (oo 15k L ple 5 sl izl
YVONFT N O b OB s o] clibe dee by bl wvpe adlas) el asls
m https://doi.org/10.22059/ijswr.2026.412666.670121

OBy © Lol ol ol )Ll Ao 1,50

DOI: https://doi.org/10.22059/ijswr.2026.412666.670121



https://ijswr.ut.ac.ir/
https://ijswr.ut.ac.ir/
mailto:vaezi.alireza@znu.ac.ir
mailto:askari@znu.ac.ir
https://doi.org/10.22059/ijswr.2026.412666.670121
https://doi.org/10.22059/ijswr.2026.412666.670121
https://creativecommons.org/licenses/by-nc/4.0/

VoV SB (Spmd ColS sl pad bl obj)l 1ol Ken g Jasly (ig3s — sole)

-

4AodR0
Sge ad > 3 wll iE 0ns; g ge Codlus g s polas (gl 3V Lol il 3 S el 8 U &S ol 0lS by s oy pete S
23S oo Wl @l Joass g (08 (glwe b ol LW dmori¥T (il Jlb i olS glie polic (el g 0y (ST oole g oli2
(2 dlge ad > (T sl g cuilinSS ) et Lib Al (S a3 libpg g i) o oliowd (S jud sla Sy (Lal, 2016)
CutS adli (Lal, 2016) aiS o S |y SB otunwsST 5,Slos gg00me 53 9 LS o ol 0lS My g pul8l pudais (Llay & o0
s 31 cblis 5 olse 5 obS Codls ((Seflser g0 i sl hupuss] S50 3,Skae 5 S Ul 4 IS sy ST
sl 23l (Ritzetal., 2009) 355 oo iy o5 S sl Sloe ol yy (23ls -yl (Doran & Parkin, 1994) 355 0 sMbl Cawsj
(Askari & Holden, 2014) 1S o bas a0 )b adls G a |y SB sl Shy &5 siwn sbaylpl (SQ) SB cuas
Qi et cul a3 LSS jadlis 6y pleal g o] adjliel cgalS (slaanlis wlsal Jolis \/w SB cuas sla jasli dxwes
Cuol SB cuas gulS glinl 51 (6 SB (SG58 cuas lecplys al., 2009; Bastida et al., 2006; Askari & Holden, 2014)
Pal & Bhattacharya, ) cul Sl jlub (65,0liS (gl g aidly bpiummwsST (5590500 9 (IS oM jd (gloniiS pund (ids &S
Jil g (Sashis & SB Conles 1Sy (Shy ol ool ppsisislio SB (Soisb CubS slodoliss o 5ot 1 (S (2024
.(Poesen, 2018; Biinemann et al., 2018) 1ib .o blgy o (5,b o3gas dolwyd Joloe 31 > el

AoalbcSs (6l e ol i x5 S ol 5 (S5 S Sg b o0 s ooty S (5 iy il
oleaitl o565 b Yooms Vb (i yinloy b sS1s (Biinemann et al., 2018) 3, )l,5 &y (o cladisn g5 5 T ok
oldle b oS Lo plys (Poesen, 2018) wiiws ol yor (gisdiols cél § (odaw Cllgy iul8l (g piydets (ials «SB
Morgan, 2009; Poesen et ) 1)l yislo,d wly 33 1) (o bl (pyidu oS Jodsd 5 0L o515 dadhbhSB oS o)lul cams
o)l (Wuetal., 2024) 595 o sl yd ad iol3bl Coge 3o sl (68 s 9 SB ST osle zalS ¢ puien (al., 2003
h SB cots s (Sdgpap colin g JBS daab S (gilul 5ol S wile S (58 slagadls (o5 o))
Binemann et al., ) oS o palyd 55 1) oyt wlees cSB Slolis 5 gpd Gilwd o i oSl 4l wad o ol
adlee 4 lgi o &S Cunl o Sl)l S gpdy yioloyd (adls oL glp elisee ©Yslee .(2018; Costantini et al., 2022
oolaol Jdods 5eldsg dolee oyl (ol )3 23,5 o,Lil (Williams, 1990) ;0LL ¢ o (Wischmeier & Smith, 1978) cuewl 5 yleuisg
ol o3l BB Slolas (] 52,5 9 adgl b 0308l @595) (o yiwd b (clmodls

ohe ool 3l 0 gl OIS gy b S kS bl 5 poinled popas 5 (Al lilles

5 S odbe b SB olul «(SB col ula sl S oS Wledly olis Poesen et al., (2003) 3 Morgan, (2009) sl g
Slealy lis 35 Wuetal., (2024) (505 dwgh 5o diwd SB (gpdy yioloyd 0aiiS IS Jolse op pnte jl (Sdgyiud colin
Bunemannetal. .x5gs S cudS Sials g g pd ol (il coge wlg o SB ol jials g sly) ()8 o oS
ogMe it bpiunwsST ()lul g SB cods byl sl omolio slaylil S curS sla jadls a5 10,8 Lo 5.5 (2018)
cdd bas yeus odly JBlis das gooro 1 edlaiwl 45" widly Lis Askari & Holden, (2014) 4 Bedolla-Rivera et al. (2023) ! 5
ol ploxl S g pdials dine 3 alie Sl iagh jo olnl 20 e (K] S cuis Gl slaan e (b))
sobds Sislwyd a4 S Cuwlue a5 00 LS ol pl St dews L]yl )3 095 (gl )y 0 Vaezietal., (2018) iwgh 50 .Cuwl
wys plp bl clalst b (S &8 cuwl o Sl byl s el bl j ahSB ojlul 256 b syl oo
25 2 Foe Jolos Cn i 1 S ndiphaleyd o (i 3 5l sytde pdiplaleyd (e by g ol ol
Nosrati,  uimgsy )0 gy oyl 5 AiS uSaio |y S o y50 Cundg (o5 Wilgh o S ot slaadli g cunl SB cuas
b cov Gasd SB cuas o wols L glpl SlassS clbase 1 SB cuaS jasls G damgs L and Adrian (2019)
Wy )18 oslial 3)90 SB35 bl lp eles Sl padls plgisa Wilgie SB b Sy (B9 )b 5 Giale b
oo ol)l8 s wlas sla adls Gl &5 ol lis ol Gy Jleds Sidded @1y y0 o Karkaj et al., (2019) « iz

ISoil Quality Index



(g — oole) YE+ D LT e & louss DY 093 eyl pal SB- g O Coligios Yot's

&S o bis 1y SB cuaS byl cds (g0l slads e tals

23 352y e oy SIS join (sl 5 SB CubS Gbj)l diej 2 g BB slacdyiy 3529 b
93wl Glojen objl g Wlodg 8 peie sl inleyd b SB 558 cudS sla jasls Bl )y p @ Buaes O Olalllas
e > SHl Glagiagh oromen Cul 485 )5 dag 3y00 1S e (55 9 Oln! SdSaes lagiugwsS] > (asls
CadsS gloanlid o pplas lulid 5 gl he balg) s (s plipilod sl p SB (S5 CoinS slagadls b))
9 oS il (V iuimgn opl JS B el pl ol oid pbul Siiddes bulyd 3 SB Cundy @y Gl slp SB
95 b odly JBlis acgasme g Wodly JolS degosmo wlido 53 ;0 pasuis Juoo | oolaiol L SB S 58 cusS sla sl pols
ool lolid (V5 jobby (o pdpilep Jole ol » pdpiolop clise sl oM ) (b pé g (ad by,
b cutS gl el lojen Sbj)lCwl o) Slisdes ddlaie b SB Sy 0 wlie 90 oyl )0 S cuas claawlis
ool @bl Gl (g pdyiole b 5 SB (S5 CabsS g LI i3 le (389) »ogMe (b palup slue p SB
08U lpl Sidaes blie (SE )3 (mole b)) iz (men WS (o wal 2 S 55 @y il sl |y b pasls
255 )13 oslitl 550 St dass slaptunssS] (65l SRl g il B

Ltay 9919

e sl g axllias 3,50 dilaie

Obej Siddey adhaio )3 (gl pialeyd i (la oM )3 SB (058 ot Sopadld (o5 2l jelaieds (iagh
(o UdSE g wlidipe) oS iy (odldl bulyd (oldliie cundse Jold cadllas 390 adlate 4 bgsyo (gla S 0 ploxl
S Sy il (SrxSeilul Oliss fuomen o SB sladigas culldy o5y gyl pdiged bl Ol 0959 (g )by paiged b
OlSer g (9] sl 0nd )| Lol jsboty (B ity Alie 5 Ol 3985 tolojl ol g, g o S olasd 5 (S50
yo Bl Yo U y0u0) 03 )556Cuwd g (5o sl £+ U jouo) 0395 Cawd O ygods SB sladiged obsl aads FA I gaeme )5 (V-
b ool o 1> SB 4 O S (6505101 ¢ly (Brady and Weil, 2017) wi cuslyp (gpols J&s (60505181 <l
(FIR) _ols 3485 s «(Cl) _omosss 3985 Jolis Ol D95 (sla ol alols (claodls bl .ad plosl 48> ddls by, 5l ool
clizes gl WS gly S (SGid cuas g jasls oS oLyl sl b jadll pl a0 )5 dslbre (MIR) lawgio 3905 ol o
58,5 )35 o3t 390 s piv el

PBlalojl sl 20

Gee & Bauder, (1986)s lubiwl (sl Joallygiwy @llae Sis S ooy 5 oslaiwl b o Juo +/+0 31 peadyy &lyd ojlul w595
et A5 (5 So3lul (WWAR) lSan 5 65k (bay oluly syteg)ten (Bayks s seidhe o0 | FSesS b al cusyy
S 50318l b edlatwl Gee & Bauder, (1986) lawgs ouausddlyl 5lulusl (gla jig,y 5 yeudio 90 31 geudyd &lyd (6 y0jlul sl
el JS oylas p» SB STy o (S5l colan cubls .88 sbol (Culley, 1993) (o306 judew 5l odlatnl b (s ll JISs
39 cmobe 60D (6 ,Sojll (Page et al., 1982) sl pandS @l S ¢ (Walkley & Black, 1934) Ji osle (Thomas, 1996)
539 3l Hakaie ply LAS duwle S adgl @l ol &5e5 bt I ealaiwl b S adsl @iy lad (dg) wiins 9 (MWDy)
b s Vg ¥ Laily) Sl (dg) (i (1Sle 9 ) dlas]y Sl eslisl b (MWDy)

_(0.026 x Si) +(0.001 x €) + (1.025 X S)

MWDy IR 1.037 0 s

@ = 0.012 £, In(m;) (¥ abal,
i=1

dg = exp(a) (¥ aadl,



Yoy .S uSq'}.;ﬂ CadsS d‘.huoél.w (ﬁ‘fv})' :ol)m 9 JB.‘-'Q (‘:‘“"‘Sr" ‘solﬁ)

Gl e el ol 03 dlass i g (MM)jlas 5590 03L 40 @l Jlad Sl @ Mi (%) adgl Glyd s o> 1 fi (mm)
ok 5k 9 (MWDwetand dry) (5jg (wobe g b odlitwl Sis S5l b SB jlad huwgio 9 5 S 3, 5l abSE
L 5 (SSI) S leidle g)lul (adls us g0l (dry) Sus ¢ (wet) 5 cdls g3 45 b SE laé (GMDuet and dry)
24 dwlro ¥ alaly 5l oslau!
1.724 0C
= Giltt Clay) X
oo g (wy S e ggeme siltrclay g S JT )5 203 10C SB leidle gylul (adls 1SSI waly oyl 4
Y oo Sy b SB loidlo )50 laisds o0 ¥ 9w lil leidle flaisay o0 A 51 iy SSI zlaw .l S
ol 0 a3 SB old 55 Mol laibls lgieds o> 0 1 yiaS 5 Vb Sy b S laibls )55 loicdy doyd B
W Aol £ 5 0 alaly 1 eolael b SB35 5i8 aspd
BD wr = 0.00078 Clay + 1.83803 (& dal,

SSI 100 (¥ abayl,

DC =

x 100 5 oo
BDLLwr 7o

o908 (SNl Caog (clp o Canl oS5 adls G 5 (OAS) a1 IS o)lub ccwl bahSB s qws a0,
G 3l ookl b adli 93 cpl 395 00 4 (Ol 395 5 L)L clyad s ¢ 5 ale) oaiiS'Cu 55 (slag s ply ,d aaibSk
dolee oy sy P8 Lolwl o Hillel, (1982) (g, b 35 3985 e (gos ol cands S ¢ 5 el 3 aahSB 559 (xSbe

: (Williams, 1990) ai duolxs ¥ alasly 5l oolawl b S (6l ol ,d 0

K =02+ 0.3 exp(0.0256 X S x(l Si) x( St )Osx 1
= 0.2+ 0.3 exp(0. ozsac 100 *\Ci7 s (
. X
- ) x (1 (V dal,
C +exp(3.72 -2.95C)
0.7 x SN

- x 0.1317
SN + exp(=5.51 + 22.9 SN))

203 1 Si %) oy Ao :Sa (%) S I p)S seyd :C (ton h MIT mm?Y) SB g pl yisleyd Jole K o]y o
2l b 55 5 6 b paiges ol o slaialos] plowl V S )3 .l 1-(Sa/100) SN g (%) )y duoyd :Cl (%) clows

Cawl 04 01> uL"“*‘

Pl sy 155 5 (5,15 paiges ¢ ol e 5l ialojl Y KU



(g — oole) YE+D LT A 0 loud DY 0,93 (3]l SK- 9 L oligios Yo ¥Y

odl> dcgosme i

S pS0ilul (o8 slo 559 (TDS) kodly JolS degocmo cyuss 9 STt 12t i dswgs (6l covlio (gladwlid cpusd jslatods
Sl gasls ol Was ganaal Williams, (1990) (yogy b odd duwles (K) S (g0l yiluyd Jole wlul 5 S oud
Syl L3 T opyS jlade o S adgl @l o)l mse s calisce (gly Sig pil cod g 03gr ol Ll 4 S 5 cuplus
G S5 5l S5 polie (1Sl @glas .l oads 1)1 Y Jaas j> (Wischmeier & Smith, 1978) S (¢ s ol yd (gla WS
B (wyy dy90 (One-way ANOVA) 48, byl Judoo 5l eolasiwl b (gl yiolo,d calisee (gba oS o S (S5548
oles ol ysie lgieds 101 LS gl il (WIS ¢ JBlis cpo (p < 0.05) (g,lol Hlo xe OS] oS Sla Shg 8,5
03l drwgi gl canlio sl Shg ololis g ools sl (ol jslatedy pisred Hud ololis S gl ile,d Ol 4
z el (MDS) JBlis 031y acgezme b us plosl (TDS) aosly JolS dcgormo (6l (PCA) ol (sladdlie oo (S cuas
Askari & Holden, ) ab (s 019 (sotie CanSs dlads 5 Oy (6,8l jldgad ! o Sl LB sladalie slax jolaie oy dgd
Olgieds g adlie w10 (59 YL doyd Vo) lele Jb cp 3YL sl &S olapxie eyl )> L(2015; Brejda et al., 2000
obasl byl s b jaie S5l i addie o 0 &S J)e0,0 L(Askari & Holden, 2015) was bl )18 51 sla S5e cppmte
Wl Bl Slbgaes Sl 6 xS el clp Fomb 09 9 (07 <) Vb (Stsen b (ol juse 229

o 90 Ao SLSL (5 pdy a3 GBS Y Jgua

K (ton h MJt mm) S 2h i s 3 WS 09,5
<.fey K Jd!
¥ = o]¥ bwgio £90
>./.F sb; Py

SB (Sy5ud oS SRS drnsgs

o3l g 93 4 SQI asls (s pdyiol b Ciliste (Sl WIS S8 )3 S (58 CudsS (a3LS ud Oly8 (b)) pslaieds
5 (TDS) JolS acgoomo Jolis 031> degome 93y (gly Jod e 5 Jad  2d0yed 5,559 93 b o (Weighted) S o (Simple)
ylulinl ywlide & Jas e 5 Jas 230400 @ilg 5l oolatwl L S cusS sladwlil polie .60 duwle (MDS) Jblis dc gocxo
WA (gl gy o o g a8 Az e Lt s dayn (loog)S ) awlid (o3 Slas 18 (bl ad fas VB -
e Sl 45 45 el MDS 5 TDS e gace 93 o sl kol slaadie Jilod gulis jloslatnl b ba Sy (230)jg cdns dlpo 3
48,5 0,00 % g A Ly, 5l Jas ad6 e (gl (Ibrahim et al,, 2025) cul SB (S6508 CutsS Slpsd fd )3 (She po S8l
(V0 sl (5505 el ctings Sy g jho &y 05 o (oilomo 35 (5> o8 (it (b s (23005 (sly2 (izpon 45

W3, i VY 9 VY Lalgy olil G599 00l hgyd iy 58 S (5.8 cuas (Bastida et al., 2006) A ool

SL=(x—l/h—1D) (A abal,
SL=1—-(x—1/h—1) (A abal,
a
VL= T XKy (e
n
SQIL, = z S,/n (V) o
i=1
n
i=1

ITotal Data Set
Minimum Data Set
IMore is Better

4 ess is Better

Mid Point Optimum



VXY SB (S5md CobS s padll obj)l 1ol Ken g Jasly (ig3s — sole)

Masto et al., 2008; ) cul V o yiSlas g yao o] JBls a5 cunl SB S5 (slaawlis Jod 20,05 :SL o] j oS

SB (S8 lrawlis s ue 230505 (SNL ylade JiSlas th (lade J8le il (S jusie jlade :x (Askari & Holden, 2015

S5 Sl s VIO sz 5ioS axn Sy sl o e o el (Ja i ikes s D (S e (s Xo () 5 s ()

o 23l 0y :Si dadwlil slass n: (Sinha et al., 2009; Zhang et al., 2011, Askari & Holden, 2015) —Y/& jipy yuin 4 y»

02>l Hlade :SOlwa ¢ ool gy b SB (S 508 cutS (a3l jlade :SQIA (Lol ddlge o il jly ywlwl p awlil 59 (W)
ol odd 03l HLES Y S 13 S cusS laas s dxwgs il B e .l S 99y b SB S 5ub cuiS

? =
Indicator selection | 1T |
(s o5
| il i
{ s N | 1S | | N |
Scoring and integration | | | 1 | %
Ex [wa| [ a BN ’T\ '\—4\ T‘ T\
Soil quality indices | 2 wain B — L ~L ! . '

; ‘ SQ11 | sq2 | | s@s Qi

 — \ ) \

ES ‘ s

—_ |

. SQI3 ‘ ’ QL6

JBlus acgomme (MDS odls JolS dcgomme :TDS ¢ ol (gailio 4 &y 323 PCA .S CubS (B ad Wi dauwgi Wyl ,d Hlaged .Y JSWS
S CodsS a8 Wi :SQI « F39 (wey (WA dlw (g A ¢ Jad pu€ 230 yod INLS ¢ Jas 230 yoi :LS (odld

Sl Jolos

by I Glaegeme s pdilep Cilise (oM 1> S (S5 CudS sbadld Shusd Dbyl g (0 sslaied
dwbre S (58 S Shy (olod Gl sline Syl 5 (6ke ol huosi slao)lel A osliul (bl 5 ipogs )bl
3y90 Cgi powol — 39,5 90lgS g0l 5l ookl L SB  So5d slay Sho 09 Jloy 9 pastie odls SuSly g ajer Ui
slaggeil lagspoin b 6ab giludloy on)8 Jas b aid S e sopm Jloy @iyl 5 plaodh oS IE o)y
Ol Jelos el oad dslons gy (Staed (o ile S (38 (sl Shy o (Stused (ow)p slp 298 Cule) el
ozl b S o5 (sla Sy 51 Ko o ol (xSlin gl .3 a8 1y o gl (e pogSinn 5 s balgy (loli
Gl o slal yialS g odly Sgy0 jbdle ine S (glp .8 )3 518 )y 3,50 (One-way ANOVA) a8 ,bSs uibylg Juloo ]
Oy jl osliel b SB gla Sy oppiiodz slodod plxl jolateds A3 43S 0j0 ol sloadlie 4 45 By, I Ao
Dgd Bl by psie (¢yS0jlul e @olis BB was 3kl (Hhae Blysdl 5 (6 Ske olil 1 (gilsyllinl) Z (6380 pas
Sygods pareds Julog b b)) easis Juloo b (SQI) by e lis sdelcwssd polie (clacsglis (¢)ls ine g duslie cols)yd
Py il oy i &S 35 0 Jde 3)ls (spusio p5 a3 &S glaigS e (cd 5 plol Wilks” Lambda igy (wlel p 5 pBaspls
& skze Wilks” Lambda oyll .ol azily 1) s oM cpo SUSE lgs o o 455 ) 9 48 slso] Wilks” Lambda ool lude
SSE 03 )L 1Y jShg e SagS ol g cusl Juo 4y 00bd)ly (sl yiite lisl gy o) (e Slgpen 5o Lhomies gl
LY 3Shg e a5 Canlay a3l 5 oS 5 Olbsesl Lol Bas pBapls u0l) )3 .l pasis e 5YL @) g la wMS i
Jlas! il 55,5 Chi-square lade ds s .05 odlazwl Chi-square ogejl 51 (o)lol (o)l xe (owyp glp oy JBls 1,
aw > BSE adib Jlae olgisa jolbby pdipialed Jole (pingh oul 23 IS Hsba Cusl i BT (35 (ol
sasedd Julod jlodlatl b g Cépdy ©ygo line cnl p SB (K58 CudS sl padld (o))l g b o3kl (g ol b S
5 plosl SPSS(2022) 4 Excel (2016) (slaljéle 5 5l odlitwl b 1xSle duslis g )l3g0s a5 0dld Julod 50 duns o



(g — oole) YE+D LT A 0 loud DY 0,93 (3]l SK- 9 L oligios Yo ¥'F

b

anlllae 3,90 SLSL (K58 Sl S
VeS8 S Ve Ol Sl Ciomed 3l 5118 bawgio B ok (6 b a8 b (SlocSTE (NS 13 (g} 3)90 S 3l (Lt gl
Lo (ton h MITmm? /o¥ §l iy g «/+¥ — /oY o /+Y | iaS) S gpd yiloyd sl oMl oy jly dxe BMBT )y S5
Bl gyt 390 adlaie 3 SB gy il b oaiSnads Jelse Wl e S (600398 5 LabSE (g)luh Sl elhen (3
@l k8 S (pShe 5 ob Loy g Gl (5> gne seba Sl sy tON K MIT MM /0¥ I 2ty (g pdy yalinyd gyl 0g)5 o
a8 wizily |yl Parsakhoo etal. (2014) Luwly plyd ol 0ads b s b iagh S 0 wls cpl el el s BB jebay 4l
O zuld cpisred W) (gl gxe bli)l S g pdy yislwyd Jole b (6003505 ¢ b cdiw «SB loidl (g)lub &S canl 0dl
Flaw Sy (el 4 poxie Sl o ity Gpdde8 dgr sl o8 Spdoile b oS )3 (EDI) 398 50 Gos o (L5 pol
Lk Sy (5 pdded g S5 Alo (gl cabddyd S oS loadanliss slaio b aseis pl 93,5 Hiolw,d yials asi o 4
adllas sy (ol meST gpd yisleyd b S > GMDuet 3 MWDwet ¢yl pogde (Meseleetal. 2024) >l Sledon
Named SB g pdy yiolwyd Lol b (gl bze jobds b SE- GMD g MWD (sla sl oS cul odb LiiWang et al. (2024)

sl olyo ol ] S2lS bl oyl uolie T8l o )l

OiR93 )90 SBSE 0l (5 S0l (S 5d SS9 Y Jg>

K (ton h MJ* mm™)

ANONA 0.040 < 0.030 - 0.040 0.030 > . .
(n=10) (n=47) (n=11) S_O|I _quahty
F P.v mean std. mean std. mean std. indicators
\/EY NA VA /A V- e Y -Jy- %cm BD (g
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Bulk Density, n: Total Porosity, TRF: Total Rock Fragments, MWD5: Mean Weight Diameter of primary particles, dg: Geometric Mean
Diameter of primary particles, GMDgry: Geometric Mean Diameter Dry, MWDdry: Mean Weight Diameter Dry, GMD..;: Geometric
Mean Diameter Wet, MWD,,.: Mean Weight Diameter Wet, SSI: Soil Structure Stability Index, DC: Degree of Compactness, Sl:
Structure Index, OAS: Overal Aggregate Stability, Cl: Cumulative Infiltration, FIR: Final Infiltration Rate, MIR:Mean Infiltration Rate,
EID: Efective Infiltration Depth.
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MWDs,: Mean Weight Diameter of primary particles, dg: Geometric Mean Diameter of primary particles, MWDgr,: Mean
Weight Diameter Dry, GMD,,et: Geometric Mean Diameter Wet, MWD,,:: Mean Weight Diameter Wet, SSI: Soil Structure
Stability Index, OAS: Overal Aggregate Stability, EID: Efective Infiltration Depth
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MWDs: Mean Weight Diameter of primary particles, dg: Geometric Mean Diameter of primary particles, EID: Efective Infiltration
Depth, GMDye:: Geometric Mean Diameter Wet, MWD,.:: Mean Weight Diameter Wet, SSI: Soil Structure Stability Index, MWDygry:
Mean Weight Diameter Dry, OAS: Overal Aggregate Stability.
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MWDse: Mean Weight Diameter of primary particles, dg: Geometric Mean Diameter of primary particles, EID: Efective Infiltration
Depth, GMDye:: Geometric Mean Diameter Wet, MWD,.:: Mean Weight Diameter Wet, SSI: Soil Structure Stability Index, MWDygry:
Mean Weight Diameter Dry, OAS: Overal Aggregate Stability.
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