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Background and Objectives: Soil compaction caused by machinery traffic is one of

the major factors contributing to the degradation of soil physical quality in
mechanized agricultural systems, as it can alter particle arrangement and pore-
network architecture. This study aimed to evaluate the effects of different
levels of machinery-induced compaction on particle-size distribution and
three-dimensional soil pore architecture and to investigate the relationships
between particle- and pore-domain properties. Integrating laser diffraction
particle-size analysis (PSA) and X-ray computed tomography (X-ray CT) may
provide a more comprehensive assessment of structural changes in compacted
soils.

Materials and Methods: The study was conducted in a sugarcane field located in

the Debel Khozaei Agro-Industry Company, Khuzestan Province, Iran. Soil
samples were collected from three treatments with three replications: before
harvesting (BH), after harvesting with 75% wagon load capacity (AH-75%),
and after harvesting with 100% wagon load capacity (AH-100%). Particle-
size distribution was determined using laser diffraction analysis, while three-
dimensional pore characteristics were quantified from X-ray CT images.
Particle-size distribution indices and pore characteristics were obtained from
the PSA data and three-dimensional CT images, respectively. Correlation
analysis and principal component analysis (PCA) were used to evaluate the
relationships between particle-size and pore characteristics.

Results: Soil compaction increased Median particle size (D50), geometric mean

diameter (GMD), and mean weight diameter (MWD), while decreasing Span.
The D50 increased from approximately 1.07 um in BH to 7.34 and 5.26 pm
in AH-75% and AH-100%, respectively. Compaction also slightly decreased
mean pore thickness but markedly increased pore number. Mean pore
diameter decreased from approximately 151.0 um in BH to 140.0 and 142.0
pm in AH-75% and AH-100%, respectively, whereas pore number increased
from approximately 146,000 to 462,000 and 413,000, respectively. The most
pronounced structural changes were observed in AH-75%, suggesting an
important role of soil moisture in determining the susceptibility of soil to
machinery-induced compaction. Principal component analysis showed that
the first two components explained 86.59% of the total variance. Particle-
size and pore characteristics formed two relatively distinct but
complementary dimensions of soil structure.
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Conclusion: Overall, the results demonstrated that machinery-induced soil
compaction affects both the particle and pore domains of soil structure. The
combined application of laser diffraction analysis and X-ray computed
tomography provides a comprehensive assessment of structural changes and
soil physical quality associated with machinery traffic. These complementary
techniques can improve the understanding of soil structural responses to
compaction.
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Table 1. Particle size distribution indices of soil under different treatments determined by particle size analysis (PSA)

Index M o

MWD GMD D50 D30 D10 Repetition Treatment
(um) (um) Cc Cu Span D90 (um) D60 (um) (um) (um) (um)

9.667 2.635 0.042 40.420 15.640 30.760 12.210 1.948 0.392 0.302 1

0.632 0.428 0.900 3.250 3.290 1.400 0.480 0.380 0.250 0.150 2

7.250 1.750 0.340 4.260 21.620 19.140 1.330 0.870 0.380 0.310 3 BH
5.850 1.604 0.427 15.977 13.517 17.100 4673 1.066 0.341 0.254 Mean

4.677 1.111 0.436 21.175 9.348 14.786 6.541 0.802 0.079 0.090 SD
20.330 7.640 1.290 8.670 6.650 52.770 10.590 7.760 4.090 1.220 1
17.150 7.110 1.180 7.040 5.920 44.050 9.620 7.210 3.940 1.370 2
19.120 6.920 1.800 11.740 7.840 56.160 9.520 7.060 3.730 0.810 3 AH-75%
18.867 7.223 1.423 9.150 6.803 50.993 9.910 7.343 3.920 1.133 Mean

1.605 0.373 0.331 2.386 0.969 6.247 0.591 0.369 0.181 0.290 SD

8.590 2.050 0.420 11.330 22.410 25.270 2.430 1.120 0.470 0.210 1
17.090 5.950 2.820 19.870 6.440 41.390 8.720 6.360 3.290 0.440 2
21.040 8.210 1.200 9.120 6.860 58.130 11.670 8.290 4.230 1.280 3 AH-100%
15.573 5.403 1.480 13.440 11.903 41.597 7.607 5.257 2.663 0.643 Mean

6.362 3.116 1.224 5.677 9.101 16.431 4.720 3.710 1.957 0.563 SD

s 35y (90 45 CU 5 CC SPAN sl yaslis 5 i aidl oo yiog)Sn o adlis olod dnly 1 VeSS

Note 1: The unit for all indices is micrometers (um), except for Span, Cc, and Cu, which are dimensionless.
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Table 2. Pore geometric properties extracted from X-ray computed tomography (CT) images under different

treatments
Pore Geometric Properties IS sos
38Lo dlaxs (o sbilwr) Coolbus SSTas (0 stilw) Coolbus Repetition Treatment
Number of Pores Max Diameter (um) Diameter (um)
107377 157.0 149.0 1
171914 149.0 143.0 2
158698 171.0 162.0 3 BH
145996 159.0 151.3 Mean
33375 11.1 9.7 SD
716912 137.0 133.0 1
202795 157.0 150.0 2
466450 140.0 136.0 3 AH-75%
462052 1447 139.7 Mean
257119 104 9.2 SD
582444 134.0 131.0 1
260803 160.0 153.0 2
394486 146.0 141.0 3 AH-100%
412578 146.7 141.7 Mean
161081 13.0 11.0 SD
3
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Figure 2. Distribution of pore diameter (Diameter) among soil compaction treatments represented by boxplots
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Figure 3. Three-dimensional reconstruction of the soil pore network derived from X-ray CT images under different
treatments.
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Table 3. Pearson correlation coefficient matrix between particle size distribution indices and soil pore structure
characteristics.

Numberof —\\ .y Diameter ~ Diameter MWD GMD  Span D90 D50 D10 oasls
Pores Index
1.000 D10

1000 0887 D50

1000 0929 0803 D90

1000 0320 -0605 -0509  Span

1000  -0524 0955 0994 0901  GMD

1000 098 0377 098 0961 0829 MWD

1.000 0247 -0245 015  -0305 -0.237 -0.215  Diameter

1.000 0.999 0261 0258 0149 0315 0249 -022 M

Diameter

1.000 -0.838 -0.825 0489 0442  -0012 0497 0414 0363 N“F’,T(‘)?‘ég of
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Table 4. Eigenvalues, percentage of explained variance, and cumulative explained variance of principal components
derived from principal component analysis (PCA)

(M)B) ‘5&026 wn-;lg.)‘s (M)b) OML’WAMS wjlg),’ D).!5 )|..\§.n Lf"‘p‘ 4.9.’;9
Cumulative (%) Variance (%) Eigenvalue Component

61.52 61.52 5.537 PC1
86.59 25.07 2.257 PC2
96.08 9.48 0.854 PC3
98.35 2.28 0.205 PC4
99.9 1.55 0.139 PC5
99.99 0.08 0.007 PC6
100 0.01 0.001 PC7
100 0 0 PC8
100 0 0 PC9

A 5> ol galie (g9, p (CT) (sl 95 31 (1,5 5055 5 (PSA) (5,500 (31 5IUT 51 Jools (gl o Shols (gL -0 Jgu

PCA

Table 5. Factor loadings of variables obtained from laser diffraction analysis (PSA) and X-ray computed tomography
(CT) on the principal components in PCA analysis

PC3 PC2 PC1 e
Variable

0.027 -0.186 0.370 D10
0.039 -0.194 0.405 D50
-0.279 -0.110 0.396 D90
-0.871 0.180 -0.219 Span
-0.061 -0.181 0.408 GMD
-0.240 -0.151 0.400 MWD
-0.173 -0.559 -0.214 Diameter
-0.161 -0.557 -0.219 Max Diameter
-0.209 0.453 0.273 Number of Pores

i (Loading|2 0.400]) LI Lole (slayl onimy lis Ky p polie =) S
Note 2: Bold values indicate dominant factor loadings (|loading| > 0.40).
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Figure 5. Principal component analysis (PCA) biplot showing the relationships among PSA and CT variables and the
distribution of treatments in the multivariate space

S8R0 a ey (s SSp s (Selse (i Jles
rlo 4 Cuns Solate L8, 55 Span adls .ulas)S
Slews 53 WY 51 Span (ke ials ol ol b jasls
255 S puS SialS Sily AH-T5% o 15 /A+ & aali
s 650l Sy Comer D edleSy 5 @l ojlul
iy 0gMe Wlg oo @S5 aS dad o i e oyl Ll
Sy hesind i 1) ool @i sa80l el)d g ojlusl
58 BH & Cons 581550 sla )l 53 CU il 503 (5900
@bl A5 G ol @igh (s (Seal (8l e

sl SB g ksl

d)l:&lw C.':’ Mm’“ OAA;:? ): ESB &esb) I ,.W"“'
S op ol Glegy ol @B e S N
e €0 e gl 4 b > A5 osalie AH-75%
)L;.u wl 0 1l Sl d)...w.: e g MWD .GMD
SB oyl b Ol s G a5 dad o oyl 4l opl b el
o515 o S5 b gl 5 Sl 305k Sl ol

S oS1,5 4 PSA s as bl Gl
Jlesl a8 5ls Lz (PSA) i Lilp 50U gl
el ojlul @i glapadls > drg B s cage 0515
&yl > MWD s GMD D50 ,ylis Sileo igl8l .05
25 6 (15 8 sl Sy a0l Jlas & Cmi oS50
591y S rass sl aSly caaliS Bl el lad )
Slowi 53 s ls cpl palie oy i .l o3l )3 5t cou
VeV 5l D50 5:Sile o 6oy fad oamlie AH-75%
el 53l AH-T5% 13 yiag Suo VIVY a3 BH jlogi )3 yieg,Se
5 VE+ jl casyids MWD 3 GMD (5Ske (psizman -l
2 yi0g,Sus YAAY o VITY & sl jlog 1 yieg,Sio O/AD
ldigos (gjlwodlel anlys )3 a8 bl 5 oy AH-75% ,los
0aiSoxiSTyy Jolse 51 g 05 odlil (gjluliy ey o 5l oo
slasly o LalSB g, 5l oo WSS ealaiw]  olewsd
el lond Lads g, Sosll Jab 5 Ylaas! gl slezsle
o5l ,Sily Byo adlas ol 5 PSA 5l Jols cla jmsls
Olejle 5 S @ead Cunsy (i U aSl it 4l @)
Op S Sl o ) SB gl leg, (Sl
5| lalis i |, MWD 3 GMD D50 jzoljal o Lol



LA ZANTIS VAL ﬂ?/suduﬂ}}:&qrﬁ

il AH-100% 55 5 ¥AY 3 AH-75% 55 lm
38l Canlbess (3 Sle 5308 LimlS b ol yam dblis Slass 38l
S bl b ol b s odmlie snspSTiie (sloyleg
P =) g5 )b gxe (lol yas 5l dle Caalus uSibe coglis
sy aallas ol 3 3o racss s 5 JS 55 5 (0.371
Ul el oled s ol londs sl s
G B 5SS Blia &y 555 8o rbadabers
Gt Siloxe > pui5 03l By ol ol el
oS 9 (S lojlo )3 i b Al o g Mt Bl oSS
38le Slass iali8l cadly , sl ke ke aSud (g k3L
b (Suisp sl Sl lagl cwlius s (il L olyen

] Sl 25 ) ) et 45 s dxlabckad
56 X-Ray CT sl gimeus gjlosjly 5| Jools lanlii
il boes (gddie 4l walds jlog 0 0,8 wul |y domis oyl
P& Jb 0 ogend LS 5850 okl b bl jues d8le
i a4 (sl aSus AH-T5% o594 wSTyte (slo,los
S iz dg odd predl S g8 (glite Saly (gl
Sy (A5 29400 g Ao 4SS (Stuogy (LS b Yoo
3,80ae 3 g BB BT 5 o g ol ol o I g O Jlas]
9 895 Hlr (Ntaren il 4ty SB w9 (Sgrien
bl T lie b d8le sdipdy 5 S8k colbis (p Cute
Candg 5l ol leMbl jasli oo pl as oby lis +/A3
ol S8 (e (Siwod (riped S o W) Bl pwin
ol D5 (o JAYA g =< /AYD o5 ) J8lie dlaws b o yadls
o yo Lo Lawgio sl (2alS L Sl slass iyljl o8 ol

Cw! 0dg)

SE gl l (FeReali g )l ST o (6524 sk
Jordglginl Mo wrin o Shy (o)

b oSy a0 SB gdiie 4l ol a8 sl Lo CT pyglas
aole 481 ol o3 @glite PSA slaasls el
5yt (SWl (209,800 VOV/Y) dalis jlaws 55 il Coolsus
o 6yl a5l easeanlie B! Ll g o520 (slanylow
525 18lie Coolous diddi e i (pmod 45 (P = 0.371) 54 4
38l laay ¢ slao 53 b Hlis b o (po (6090500 il s LS
53k 313 5 395 51 0515 4 s (5 i ol
AH- ;5 152 ¥5Y & BH jlos )0 152 V¥5 dg0s 1 48l oluws
ol X opl el ili8l AH-100% 45 )lia FVY 5 75%
o glie glad LlS Bls coge Laljll oST5 &S sad 0
Sl a5 5 Bin g lase 2 el ity oL 3

VO/B L il i 5 & AH-100% 5 AH-75% BH clo los
Ol &S Wlodly L caliseo Clalllae 39 Juoy> A/Y 5 VF/Y
5 Sl i & ol Cmlus y Blgi e SB Cugh,
agby Ll b )iy 5t balsls g @lyd )T cubls
@) o SBhaol ol L Sy e ke 5 dg3se o
locagh) )3 Jilie > 1S Juges |y bl 2Df3k g lrale
S5 Algie g adl Gl S (S Cuglie icml
&S sgama |y lyd 5L

ool 48,5 L8 i b cod AH-100% s 4 5]
Gl crgn e i Jles! glej 3 S imly cagby
o1d D llil 5 plal A5 dgame 5 SB Cusglis
i b glojer AH-T5% Jlog 53 5V cagb, ol
SB cugby & bl jl el ol b s sdmlie ity o)lsle
5 £ yS03l w5155 Jlos! g VT paiile 3357 5 ey aloloM,
OS5 Cagloy o Al osly cl ol 2 5 oo
13 sadosalive Cugby el (ol 2,8 blazal 1y o ksle
w15 5 o bl b olpas Sy S plyzeds By o les
2AimdznS g (53> U Wl oo ggdge (nl D9 o0 48,5 a3 5>
13 3l 3115 s MWD (GMD D50 ,s5lie s yisiy oanlie
Ty S olyedr b peads cpl (Jl b adl o
Olyieds & 09 485 a3 5 bnjlo Gl Coglds gl (o
S (S5 e Cugly aitane s

w515 3 bl & oo L5 gy (nl gl ggene )
ol g Mg oo SB Jusb) Candy (15 Sl ) e
9 0k ©ud nlpl 298 e Sl L Gl all
Sl B o ouiS S emy bele g3 lsiea b S cugb,
Ol Slgi oo Cagboy &5 (SlaigTay g 4By Jlas )3 o515
SB gdito b g doly B 0 33 oy (Sl (15 b
WSS s b s

w15 51 40 d8lo (5 lome il puts
J ordglpial Ble pwsin sl Shy (e
LSty 4 SB gdane oS gwly a5 ol lis CT pyglias
oSk 43 )81 .l odg wglate PSA gla sl Fwly
s (SNl (ol +/4N0Y) Jald Hlog )5 Ml Cuslius
ool a5l sadosalie MS! Lol g oS1yze (clayles )
Colbs dindn aeudy omod & (P = 0.371) 550 Jb jxe
(Blio yd b L byloys o (g9 s s 55 M8le
U 395 51 6815 4 Cond (6 it sl Sl 33Lie Sl
¥EY 4 BH jlas ;o )l VFF 500 1 8l dliw 1S5ke w01

' Pore Fragmentation



! eb@‘%é‘jbﬁ&ucj@@dsju RE{ Lo d)Lﬁ.’J"CJ‘J'J ‘_;eJ"JJ‘ @)}Su:‘“‘h‘b w)ﬁ/\‘"/\

ol 4 )51 aillag e JSouSs & o815 31 0 S gdate (slad
O G55 9 Cute (Sl Stusad Cun SyarSy MolS b))
i & el ], S5l MWD 3 GMD D90 D50 D10
Oygods Oy ojlul mje calisee glajise jd @lyd 6jlul
Ot G55 o o 09 ol 03§ Kinlon b
2 sl 90 pl Syde cuale b g 0 1, GMD 4 D50
(nlply 9> gesgs S ol @ie5 (55 e Cusbge oy
350 45 a3 e i w8550 (slalond 53 lag] lojen il
ol brayls Sy cbasly Cuanw 4y Ol ojlul &i595 550
s oW MWD 5 GMD L D90 (568 bls)l « pizran .ol
Ol o3l IS s b 50 mjes el yd iy il ypuss oS das
ol 53l 031l 3JUT a8 el 5l Jls opl b sl 03g) ol oo
AW Pl:zu'l bJ.Z.:So.\JS]),i odls )‘ ol 094 9 ;_.»T L adlles
adgl @3 o5lul bl cline 4 Log3) b jasls ol il
slasly oLlib g Sless ylub w8l cov Wl e g Coa
L Span e lals, (Jlie o il aBS 8 (gloyd
(52758 Gl LU 555 6350 o] il oS 03
39 o (SN (1l L Ll o g 0395 olyad ] s
Asb by
O JolS Lo (Sawnod ((s3ite (slab 3,90 >
wdid Cuble b (63b; 4> b Max Diameter 4 Diameter
Sl (559 93 s |y el Hllanl hB jasls 0 cp) lie
Max Diameter (yuowa 5 Number of Pores 4 Diameter
slaasly slaw isli8l a8 amd o olis Number of Pores 4

b oS ol ool 0391 olyan Ll sl ialS | Logas (it
Gite calas iy o] padadaiad 5 ik
@S5 by >l Bl (SolSe 15 S 585
ly JB clalad awia By o ol Shlb g sy
L gdite slasaly 5l (i dlas (65 JSb & 5 00>y
Blio oo Sl (K00 (6t (i 9 ke FiSe S dla
(Sl yne (B2 4o 53 g 03> ISy gy 058l 5 555
oS bl ) b ol b S sgame |y Tsp g o JUis] gy
dalllas o e Culd g Bl  Suwsy ( Sdoydid colin
BT lsieas b el sl eloniss ¢, 0j10! Lagitians ol
b a5 5 55 (s L ogil
D10 1y bassio b Cionds (slo Staurad (_blio
5 Number of Pores L MWD 4 GMD D90 D50
Max , Diameter L Ll it 5 Cins Gias Lalg, cppiman
JyiS cod s Ble (gleme oS amd o lis Diameter

b 335 eSS 8o 5] iy S &y 55, Sl
Igze olal i ) bl culus M &S bl I b
& doodly jd sadesalin Loy S lasa Wb oKyl a0
g s 15 A 51 S
X-Ray yolal (sandw gjlujl 5l Jols olialis
A wmld Hlog )3 0,8 aol oo b 1) ase ol 55 CT
gy 005 S5 55y dlal b Lol j2a8” dblie 5l Bias sidie
Sad AH-T% o594 @SIpe lalos 1> &5 Jo
Do 0Ad s i Sa6S (gddie oy gyl i 4 (sdaie
dgdoe g Jlie aSud (Stwgn Bl L Slgi oo 5y i
adoly (el iy 1l ol yoi lom g T Jl (la oo 05
Sgad Slois (6350jI8] e pobody pSl adlllas 5
b 3l ool Aty g 3Blio Caolbeds (ko 5 (558 s
stliie ST a3l 93 oyl o ol Lt 1= 0,999 e
(shte (Shaad ((ien WIS (g &) ls gwdit Cunidy ||
r= or=-0.825 Coipa) Bl ol b o yaslis pl (o8
P gl glassly sl woliel a8 oy olas (—0.838
0392 olyos by coolses ialS b adllas 390 0313 degas

Ll

SE gdihe 5 g sol> 5B o bLS))

Olojer oy gk ool ol Slaal jI (S
5 g 651y d bl ) SB gddio 51 5 ol B @l
WSy il cos S laasl 5o 93 o 40,51 a8 ol oL
Dg8 oS gl gl @ g s Ll s )8
sl MWD 3 GMD D50 s PSA (clajasls
S Jb o anb s WSl slayles o 1) wawse
Ol Blis Cuoles gdindy 5 Wl cuobius slajasli
2 s &S 20 o Ui gadge cpl il (gd50w [
eSaie 18lia dlal 5 s plen & Ll @l Kbl olojls
58 Gl ple odmy ol Juob SB plable 135500
& lag) 250 93 0l 1 (S )3 e 9 ol (i 6 5 sl
ulpl s 03 i 3 cueliie 5 et sl (SUae
5 ol (slapasls 60,8 10b |y ggdse cpl 55 (Ssod
S Jb il FouK b g58 sl Siumen Gios PSA
olis 4 ol g plams cdiie gla Sho b layl bL)
wlaanlys g oy il Oluss p oSl clasl 3 as aas o
Lol st Lasye S0 & dor ST dblio (6 )lome 028 J 38
A o 4 dtnly JolS jobo 4

5 Ol olul sbadls ple (Suwer gls
5 dols 5B Olus a5 wm e ol Blie lsle sla Sy



YY¥a /¥ o lei/ ¥ ﬂ?/suduﬂ}}:&qrﬁ

4 baye oy ole WS o oy 1) (lde &S
PCA &Mcl Joges 13 CT (sl it 5 PSA (cla jasli
SB ke 4 90y a8 i 09,5 90 (pl &S o LS
ilply A8 o o 1) ol 5l Sglite sl cits by
oSLy tdly F0S5 (30l o, ol ei |, CT 5 PSA
olsdle Lol dss 50 o)l JaSe cleMb] SKusS g0 oy
(o w28 sdiin JB (glone g dal> 1 sla Sy (S
@l el Sl (e Lol S plgiee (bl (a2
98 50 i b plojen ysboay S (ST ol )3 457587 &)
GMD D50 jiol;8l caols 6 55 .l ol pots (g5l5 ko 050
2y ol Wlgh o oainSTyie (slales 3 MWD
36lia S il 55 (sdiie 56 55 08L b il g
o5 b Wl e s Canlies uSile o208 LialS L ol o
o bl ke gdite 4l (golore o (SBLlojls 5
adlllas (] 53 38lie neo o2 g JS 35S oS bl 1l
Blio Cobus (1Slke glds g Wloddds duslors s yobody
32l glyiea |y s ool lsi ool 95 Jisine o )lol i 5155
SasS Bla & §iSyy Sk pubaiedsd (sl o
OSel CT 5 PSA plojen (b)) cesamme > 055 jpuds
w515 5l 0 SB b Slyess jl g Pl Sy ol
w15 Sl il ol lie s Sl e § 15 oo w2l 3,

bl S o S

6 85 4o

22y 3l b oS5 &S ol i Limed cpl @lo
2 ey BB St cage gjylas oYl
Dgus oo« gddio B g ol 51w (SB loidle Lol 4ale
D50 Jols @lyd o5lul @ojyr bl 5 Jolbs sla jadls
Jald jled & Cowd pSlye slayles > MWD 3 GMD
5 il (Kbl o xSl a8 asl il
5 Juboo il Jols pols ( blie o cwl S slaasliss s,
WSl aS by i (eSOl gandl (6 5500lS pglad (g5l oS
S5l g Cwlbus a5 b jd g ol ped 8l sluas iuljel b
5! Lavoi AU g waly Ll (e300 Ol yuss Ble Cuolbus
Sed Dk Sl & (eeo9e 95 Jbine o)l
FSasS B8l ) gyt dliai 4y S5 Blo g 5 sdie
ol (Sl iis Jlesl 51 5o

S g ol Giagy cpl 095 B st I S

sl 0556 ¢ ol (closly (Kably ol 5 IS5 dogl oles

O (gddie aSuh dwlid p 40 Wl e JB slalas
S 39 9SpaN o asuie daly a0 ¢ pisren il atil
Al ojlil @i (Sopus & wmd e ol gda s
50 ) ey |y Bl slal b olaws ¢l sy Wlgh o oleisa
cge Sb o815 45 a3 oo (Lt bn Stuen (58 g gorne
shite Lab (g lose g ol jlb (Sl lojlo 13 lojen s
9 Comd 35 NG ) Jies (i50 95 cnl Gy Ll 09 oo
Dgb o S bl laanlp 1 lacgeme bwgs
2l Sl ganlyd ordosnlie (Sumen Lily) «plply
e bl @bl el ol bl wisS o wal 1 g3 @l s
i S B8 5 5 13 03181 Sl Sy olos e

(PCA) ho! (sbailza Jooxs o
(5 i 12155 (PCA) ol (sloedlzo Lo ol
adlge 5305 wal)d SB ()i ko 0jo> 93 SSE ogad
O 1y ool IS il lg 5l o0 AF DR gg0mme )0 Canss
SN Caogi 53 yooro 90l 6V phaw ol )l oS W5s S
aS ol s ele slayb Canl awyp 3)50 (sl puxio il s
b 5 Custe (glae, 135, (l,ls MWD 3 GMD D50 D10
alge ool JeSi 3 (2 JB wrew 9 6392 PCL (9, 2 VL
2 s a8 gl Span esls ¢ blae o il
Gl &S oxm s o5 oyl 39 (—+/AVI)PC3 g,
s ol Jb ol b el o pssiodis slad j> Span cglaie
SPST b (Kbl Sl galed plgear Ll
ol m5e8 3l odd Biiie e ld S SPAN g puands Jaiuune
D10 il o yasli b o)l 5 o)kl L 51 5 ol 3
sy 2 o) @58 Sk il feesl Lagye DIO 5 D50
ol ballyy 9 (03b, Sl 5l (8L g b lgs e PC3
sostie i 3l el g3 L sl )3 031l g8 (slopadli
wad o 1)l lyd 05ll m5e5 (53 uS 0)lys  SleMbl Span
Cusbge yiin GMD o D50 wile la asls o5 Jb 5
ol [y PCL sl (l iS5 (oo oy @359 555 2
8 5 S g 5 ol b by sloShy Sbles bas
Ly S ol
38l Culus iShs g A8l Cualbus (S5 (g
—[DOA ks PC2 g9y 1 e &Sl by eyl
T Casto (4535, 36lLio 2lass &8 b )3 dgy =+ /OO
oS opl b i adlie ped (59 p /YOY L ol oYL
it 5 (koo b bai o @l s Bios PC2 o8 s o L5



w3 eliial b (ST 5 il g o S Bl (g 5leme 5 I3 0301 5 o s s /TE

5,508y 93 oyl S 5 o oplplly oy L ) d8le oS las
5 515 A SE Bl Sl Jeels i I
S o0 ol 1) (it B g sel> I Sl plojen (o)
Olojen (abj)l & am3 o i adlllas ol gl ¢ IS jobouy
b 3L dnwg 4 Wl oo (cdiie B 5 tols 6 cla St
o515 5 lapuslSo jige S 9 SB (038 CdS Seel>
P d9de Midn pimes 9d pxie SKo3Sles
sl Shy 9 PSA (slagasls o bls)l sl laiags,
Tohw dl I pgmy aisl ) Mo 4SS ghudw
@92l U35 518 (poyp 3y90 ST il losl 5 Susb
SB gddie )l 5 O Hlsle G baly) (el Sl ol

g a3l

S12)28 9 Sl
Sl oSSl (odimngly Ciglas (g0jo> Sl dhuwgcn
3 (stend & 3425 () L 2)90 s (el g 4 lgal
5 S5 sl SCU.ASTA04.364 go,las 4 ailmgy 3133

D35 o (Jl0yu8

Sl culos

4 ol s oRih Jbo coles I s ol
033 5I935 SCU.AS1404.364 (cailagsy o338 ojles

Cw!

SK laidlo gl 45 a3 0 L gadge oyl e 100%
s brlyd 5 Cand (Slfe (A5 b £ oS o515 4
izl alys e 0 Slg o 530 )b sl oo 0 S
2Ll o515 Sl byl conlply adl adly (655 i
D9 plosl S ughy Cupmdg 9 )b ol plojen (185 s
slagasls o o ol Lol clbailye 5 (Stuwer Julos
ain S b g 5l ol i, LIJICT 4 PSA 5l Juls
S b S e diey |, SBolasle I gl
ly S tels 56 L Lasye sl Shg baas PSA sl jasls
S 39 5k CT 5l eadglseisl (sl piel)ly S (oo St
09,5 93 ) CSE it Bl aSid oUad g owdin sl
3 b ylidle Gl oS ob i PCA s o e
alSlis jebay ko b ) adllas b s yles o 1y o515
Olojer odlawl a8 ol LS gl opl slaaidl

Gl o)l LS wleMbl wlgs o X-Ray CT 4 PSA ;|
slasls S Jb a8 el oS5 4 SBlasle
ST 1) ol 518 Sl ylojl g 05101 b Las yo il pois PSA

5 wiin Olyuss CTjl sdiglyscinl slajadls s S

o pnd g Slebl daosly
323l lysls (sl L‘B).w SleMbl g osld 4y w yiwd

&le ol
i ol g 35 393 bl Sy dlis oyl 5

sl B din g 4o Aol 590

RACREICL RN
il (b IS5 4 e ol 3 By S Lk

SSoilul wsyze )3 SB b paiges sl ediwy

s g ooy «SB (sladiges (Sl plsl (a0l

o3lizol b gl 31 oS slmodls gl il S 9055 gl

Alio 5,155 (s lel (slazdUl plosl ¢ ljdle s 5l

Ao (ilo oo g ol pgd odim g

3l plsl )3 S ¢ ulid B9y (3j9e] g oA

Alis g3l 2led 5 el s )lel

S Jgo!
Aol g plol 3 1) (ST Jgol sty

ol )] dan 156 3590 090 ol g Blodges cule, Jos



LANA NS VAL Jl?/ssuduj&}jg:wlﬁqfﬁ

Referencess

1.

Abdoli, Y., and Jafari, S. 2018. The Effect
of topography and irrigation on soil
development and clay mineral diversity of
Khuzestan's gypsic soils. JWSS-Isfahan
University of Technology, 22(1), 387-403.
https://doi.org/10.29252/jstnar.22.1.387
Bimantara, D. S., Peixoto, L., Munkholm,
L. J., Shirazi, M., Butterbach-Bahl, K.,
and Dold, C. 2026. Tractor-induced soil
compaction drives nitrous oxid emissions.
Soil and Tillage Research, 264, 107323.
https://doi.org/10.1016/j.still.2026.10732
3

Ghosh, T., Maity, P. P., Rabbi, S. M. F.,
Das, T. K., and Bhattacharyya, R. 2023.
Application of X-ray  computed
tomography in soil and plant: A review.
Frontiers in Environmental Science, 11,
1216630.
https://doi.org/10.3389/fenvs.2023.12166
30

Goraczko, A., and Topolinski, S. 2020.
Particle size distribution of natural clayey
soils: A discussion on the use of laser
diffraction analysis (LDA). Geosciences,
10(2), 55.
https://doi.org/10.3390/geosciences1002
0055

Gresina, F., Szalai, Z., Zachary, D., Kiss,
K., Madarasz, B., Angyal, Z., ... and
Varga, G. 2025. Combined effect of a
pretreatment and optical settings on the
laser diffraction particle size distribution
of soils and sediments. Journal of Soils

and  Sediments, 25(1), 160-178.

https://doi.org/10.1007/s11368-024-
03933-4

Messing, ., Mingot Soriano, A. M.,
Svensson, D. N., and Barron, J. 2023.
Variability and  compatibility in
determining soil particle size distribution
by sieving, sedimentation and laser
diffraction methods. Soil and Tillage
Research, 235, 105987.
https://doi.org/10.1016/j.still.2023.10598
7

Shirazi, M., Khademolrasoul, A., and
Munkholm, L. J. 2026. Computed
Tomography (CT-Scan): A novel method
for 3D visualization and quantitative
assessment of soil structure. Accepted for
oral presentation at the 19th Iranian Soil
Science Congress (1SSC19). (In Persian)
Singh, J., Singh, N., and Kumar, S. 2020.
X-ray computed tomography measured
soil pore parameters as influenced by crop
rotations and cover crops. Soil Science

10.

11.

12.

Society of America Journal, 84(4), 1267-
1279. https://doi.org/10.1002/saj2.20105
Svensson, D. N., Messing, 1., and Barron,
J. 2022. An investigation in laser
diffraction soil particle size distribution
analysis to obtain compatible results with
sieve and pipette method. Soil and Tillage
Research, 223, 105450.
https://doi.org/10.1016/j.catena.2022.106
247

Thotakuri, G., Chakraborty, P., Singh, J.,
Xu, S., Kovacs, P., Igbal, J., and Kumar,
S. 2024. X-ray computed tomography
Measured pore characteristics and hydro-
physical properties of soil profile as
influenced by long-term tillage and
rotation systems. Catena, 237, 107801.
https://doi.org/10.1016/j.catena.2023.107
801

Wang, N., and Zhang, T. (2024). Soil pore
structure and its research methods: A
review. Soil and Water Research, 19(1),
1-24. https://doi.org/10.17221/64/2023-
SWR

Zhao, Y., Hu, X, and Li, X. 2020.
Analysis of the intra-aggregate pore
structures in three soil types using X-ray
computed tomography. Catena, 193,
104622.
https://doi.org/10.1016/j.catena.2020.104
622


https://doi.org/10.1016/j.still.2026.107323
https://doi.org/10.1016/j.still.2026.107323
https://doi.org/10.3389/fenvs.2023.1216630
https://doi.org/10.3389/fenvs.2023.1216630
https://doi.org/10.3390/geosciences10020055
https://doi.org/10.3390/geosciences10020055
https://doi.org/10.1007/s11368-024-03933-4
https://doi.org/10.1007/s11368-024-03933-4
https://doi.org/10.1016/j.still.2023.105987
https://doi.org/10.1016/j.still.2023.105987
https://doi.org/10.1002/saj2.20105
https://doi.org/10.1016/j.catena.2022.106247
https://doi.org/10.1016/j.catena.2022.106247
https://doi.org/10.1016/j.catena.2023.107801
https://doi.org/10.1016/j.catena.2023.107801
https://doi.org/10.17221/64/2023-SWR
https://doi.org/10.17221/64/2023-SWR

