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Extended Abstract

Background and Objectives

Water infiltration into the soil is regarded as one of the key processes in the hydrological cycle and water resources
management. This process not only plays a crucial role in the efficient utilization of water resources, but is also
fundamental to runoff modeling, groundwater recharge, and soil conservation. Among the factors influencing soil
infiltration behavior, soil physical structure, particularly particle size distribution (PSD) has a direct effect on total
porosity, pore size distribution and continuity, and hydraulic conductivity. However, these properties result from
the complex interaction between PSD and other soil attributes such as aggregate stability, organic matter content,
and bulk density. Assessment of soil structure solely through classical geometric approaches is insufficient to
describe inherent natural complexity of the soil. In this context, the concept of fractal dimension has been
introduced as a tool for characterizing irregular, complex, and self-similar structures of the soils. The application
of fractal theory, particularly in relation to soil hydraulic properties such as water infiltration indices still requires
further investigation. Given the complex and multifactorial nature of the infiltration process, analyzing the fractal
dimension of primary particle size distribution may help to clarify the role of this characteristic as a complementary
and usefull variable in advanced and multivariate infiltration models. This issue is of particular importance in soils
of semi-arid regions, which often exhibit weak structural development. Therefore, the objective of this study was
to investigate the possible relationship between soil water infiltration indices and the fractal dimension of particle
size distribution.

Methodology

In this study, to investigate the relationship between soil water infiltration indices and the fractal dimension of
particle size distribution (PSD), a wide range of soil particle size distributions in a semi-arid region was employed.
Accordingly, 68 sampling sites were selected across Zanjan province, Iran, a representative semi-arid region with
a mean annual precipitation of approximately 324 mm. Soil water infiltration at each site was measured using a
double-ring infiltrometer. At each location, 14 consecutive readings of infiltration depth were recorded at specified
time intervals (0, 0.5, 1, 2, 3, 5, 10, 15, 20, 30, 45, 60, 80, and 90 min), and measurements continued until the
infiltration rate reached to steady-state conditions, allowing the calculation of soil water infiltration indices. To
evaluate soil infiltration behavior, the following indices were examined: (1) cumulative infiltration at 90 min (Cl),
(2) initial infiltration at 30 s (1), (3) final infiltration rate (FIR), and (4) mean infiltration rate (MIR). For the
determination of soil properties, disturbed soil samples were collected using a hand shovel from the 0-60 cm soil
depth, considered the active hydrological layer of the soil. Particle size distribution was determined according to
the USDA classification using the hydrometer method. Initial soil moisture content prior to infiltration experiments
was determined by collecting soil samples from the 0—20 cm depth using metal cylinders (5 cm x 5 ¢cm) and oven-
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drying them at 105 °C. Bulk density was measured using undisturbed soil samples collected with metal cylinders
of known volume. The fractal dimension of soil particle size distribution was calculated using the models proposed
by Bird et al. and Tyler and Wheatcraft. As these models may describe different aspects of soil structure, both
were applied and evaluated in this study. To assess the effects of the fractal dimension of PSD on soil water
infiltration characteristics: (1) mean comparisons were performed to examine statistically significant differences
among fractal dimension classes and infiltration indices using Tukey’s honestly significant difference (HSD) test;
and (2) Pearson correlation analysis was employed to evaluate correlations among variables with different
distributions.

Results

The results of Pearson correlation analysis and analysis of variance (ANOVA) indicated that no statistically
significant correlations existed between the fractal dimension of particle size distribution and the various soil water
infiltration indices. Moreover, differences in infiltration indices among the fractal dimension classes (< 2.7, 2.7—
2.8, and > 2.8) were not statistically significant. Nevertheless, examination of the mean values of infiltration
indices across different fractal dimension ranges revealed relatively consistent increasing or decreasing trends for
some infiltration indices. Comparison of the corresponding fractal dimension values further showed that the model
proposed by Bird et al. generally estimated lower fractal dimension values of the primary particle size distribution
than the model of Tyler and Wheatcraft, particularly at lower fractal dimension ranges.

Conclusions

Overall, findings of the present study disclosed lack of statistically significant correlations between soil water
infiltration indices and the fractal dimension of primary particle size distribution which can be attributed to the
complex, multifactorial, and nonlinear nature of the soil water infiltration process. Soil water infiltration results
from the simultaneous interaction of soil physical, chemical, and biological properties. Therefore, the fractal
dimension of particle size distribution, as a single index, is insufficient to fully explain variations in water
infiltration or differences among soils. Under such conditions, this parameter may be more appropriately employed
as a complementary explanatory variable within multivariate frameworks or advanced modeling approaches.
Keywords: Cumulative infiltration, Double-ring, Initial infiltration, PSD fractal dimensions, Soil hydraulic
behavior.
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(XLSTAT, 2016) (sla,ls8la s 5 saliiosl b 5ls gad aseuy3 5 Lasals Julad cunsl €5 b 030000 b paulie S alaas
a3 alasI SPSS (2022) 5 Excel
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(o ose S sladisa 5o (Gus 5 ol Gl sal) ol s3lal mis ol dalas 3l Jeals mlis
(VJsaa) ol dalllas o 5o 4Blaie el 5o Lasals e (SuS oy 5 L S5 50 4o Sl 548 saiasglis
1 g8 Coids a3 AY/VO B o/As fas (slou st Sl olomid dals b JS Gl (o sl (s 59
L (VFS) sy Gba a6 asye o/ Kk L (VCS) cudiju o 5 ol Al glial Lals glas
oi 5 (FS) 3us o 0nSilie yolie il Slie slas3h Lo 3Saie Bacd au)s sy VWY Sibe
Sliae Gl Lol gs s 5a /A€ (CS) ctiju o :S0hie Lo s dum 5a VYA 5V -/ Y Ll 340 (MS) Lo gis
Sy 8008 BVEY diala b Gy iladny slial Glos Hoass ity SuSl Sl S g SYL T slasals
o2l om0 0SSk BBl YU st (S L e (plags s 58 50 58 o 53 0V/TA BTVEE ks b b
2205 098 (Ssa 050 Sl Glee b AT 3503 4S sal crsads wmyu VYAV b sl csbics 5 s 50 YE/AA L
aal

dal gl e ghay 09 wum 50 VV/EY T Jliae Gladl g wes 5o YANY (TRF) LaSa Lu S o3 S 0p:S5lie
Hillel, ) ol 4l ) 3580 oot s semd (S a0 OT 3580 w8 50 S350 5 sadaialis Jolse 31 S« (0) S
55 o) oSile 5 ey Huas el e Tl o waSe jia Bl YE/VY B £/YV diels o (Philip, 1957; 1998
2l S S ) b da 58 aqnlid 358 4l pulial 5y S SR (Bl 5y CaSe Sie il VTV
s23ls (PRIlip, 1957) 555 aalsa sl 358 olail Jal e 5o gl 50 Clda g 5 4GBL Qi) 38 S 55le (2Se
2 p SNV 5Sile) u g adte 0aSe Sle Bl 5 a8 V/0Y B LIl glasa Hu /AT ) el JI&s
S =il hal gobel s (IS sobe ol LSIA JAAS cana g 59 o slis Sils € (oae jia Sl
ol dalllas o) go el 5u Gre) ilids slagg oS 5o S (S5 g giie 5 saan sla S5 g sutang,Lis

S S B Sro g sLaojlel ) Jgua

Standard deviation Mean Minimum Maximum Soil variable
4/Y) YA/IAY /et o\/YA Silt (%)
AIEY Y¢/AA /ey $o/\¢ Clay (%)
Vo/Ne £Y/\o o/4- AY/Vo Sand (%)
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¥/to o/ A \V/-Y VCS (%)
§/vV 1/as S8 YY/YA CS (%)
Y/A- v/Ya - IV 4/ MS (%)
v/ \o/oY \/8V VAo FS (%)
£/74 \YAY \/AA Yo/¢A VFS (%)
V\/eV YA/YY o/-4 /¥4 TRF (%)
£/Y\ VYV £/YV YE/VY o1 (cm*em?)
Y V- <AY \/oY BD (g/cm?)

VCS: Very Coarse Sand, CS: Coarse Sand, MS: Medium Sand, FS: Fine Sand, VFS: Very Fine Sand, TRF: Total Rock Fragment, ©;:
Initial Moisture Content ,BD: Bulck Density

©10 0311 @5 JUST B way g S (Sl yud ST 29
Olyee o8 e Sl £ eS swiasslas dalllas sy 50 ladga 5o (1) S @ T algl 358 lasals pony s
2 s Se 3wl jie il +/V s T J8laa 5 sie Bl € L Ll dulgl 3580 SiSIaa Hlale ol gl (50300 5
SosBlis < JAY L sl s o 3085 (Silie a8 g0 SBOL 1 S (58 sla (S5 5 (sraens hals S (Y Jsa)
Lo S35 Gol ol 0Silae Bkl (avsgie (SaSly Lasals (+/VF) 0T Slane Slhadl & aa 5 b 5 0as
8300 553 5o a S slac )l Sobles 5 cunl S (6500358 l3ae s (Sleasius ¢ 585 Sl Wl 5 e
Hillel, ) s2b SIs 550 sla S3s b 5 ST ) Giaa U185 I sule (s oalls S plaid b cad gl 13
W/ bl (Cl) aalal 38 JiSlaa Hlade (Y Jsas) (1998; Rawls et al., 2003; Brady & Weil, 2017
el 5o yie Bl Y6/-A Sl b 505 (MIR) Lacs 530 3588 ©ud o g ie Bl V/A0 T JSlaa 5 sie il
sl 358 cad gl (aela 5o i Bl AVAY B oY ) cudils qga 56 €l VVAY [las G yasl
§8/8 BY/er dioly 5 caeln 5o yie Bl VV/+ € L Blad) caelas 5 sie Bl VWY (S5l (FIR)
SV JCH JENS DOV P U

ed Sen g ol Jue 5l suliie b S o3 83100 w55 JUSIE ans dacalas 3 Jeala mlis Gulead s
YAV Slaa B Y/Yo JBlan G oy dsse lads gad 5o JUSIE aas Hlads (Tyler & Wheatcraft, 1992)
o3 030l 555 JESI S ans daalae ol ae] caasds YV L oolon JESIS ans ke (Y Jgan) 050 sadie
YIAL G Y/ 5 e gad o JUBSTE was Hlale oS uls oLas 50 (Bird et al., 2000) ol Saa 5 o5m Giis, b S
oSy 5 b Jas 5o JESIHE ans ol Glasl oS ol Glias mli ol YVA T 5:Sle 5 0iS o suis
5ok Jae il coalia 5 YL (SuSlp 5 (Sl Sl (+/07) GLKea 5w GBes S Sl (1Y)
Bird et ) 1LKaa 5 uym Juo ol SIA @53 03080 368 4 s (Tyler & Wheatcraft, 1992) «s Sew
Tyler) cé Seus 5 ol Juo S Moo ol JBSIE aay (radS o sid 816 5 6 kb ol (al., 2000
Cucoliun U Jao alus 53 0 oslis 51 cal 0l 8 e oli ol icdls g i oblu g (& Wheatcraft, 1992
(€53 TA) o3 830l s 53 (slasals cabs I ad (55153 (aand o i (Slie ails (R sue ©ld b5 @
l0g Llages auuy o (Bird etal., 2000) l,Kan 5 a5 Jas slsa10g di sl salog p (d <di) s sad ay b
o 4 (Tyler & Wheatcraft, 1992) «é Scu g g 53 Jue 10 109 Ri— 109 Rmax 5!, 50 M (< Ri) —log My
ol Lasols coalie (330 51 (Sla 4S5 g +/AY 5 - /AN Ll
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(N768) JUis) 8 sa 5 SI& (Salg jud (sLa S5 s 3 (slas LT Y Jgun

R* Do R’ Do FIR MIR I
(Tyler and (Tyler and (Bird et (Bird et (cmh) (cmh) (cm) Cl (cm) Variable
Wheatcraft., 1992) Wheatcraft., 1992) al., 2000) al., 2000)
AL Y/AV - /44 Y/AQ £e/e- A/AY A Y4 Maximum
</ Y/Yo AN Y- Y/ o/Y- AR V/ao Minimum
/Ay Y/V- AN Y/va VWV Ye/-A CJAY YN Mean
Standard
</-0 . Es3 ./ AYRR VAV .
/ /N / /A W/ WV VY Ye/NA deviation

II: Initial Infiltration, CI: Cumulative Infiltration, MIR: Mean Infiltration, FIR: Final Infiltration Rate.

(188Y) CO5Cag 9 i vy 9 (Yooo) U115 980 iy JUS1 53 an B
Tyler) s Sy 5 ,ls 5 (Birdetal,, 2000) o Kaa 5 05m (o 99 Gu S ol JBSIE an bLS 1 b))
(r7=0.93) uls usa s (598 Gmand o iy 50 Ol O Jeala uolie G S ols Lis (& Wheatcraft, 1992
Cacats PSD JUS1 58 sy oS bt g S 9 5 aS1 530 B ) saen,S5 ol Skl s S ) 55 ecinan
Tyler & ) e Scuy 5 5l Jas o SblEs jaalie 4 ewws (Bird et al., 2000) o),Kaa 5 osm Jas b sasl
S350 a5 53 JESIHE aas aS saolie 5o 05T ot Gl (a0l aails o551 st (Wheatcraft, 1992
Bird et ) ol,lSea 5 55m Jao 5o PSD JESI 5 say «S wdl Jlogmls w3l 55 g0 gl Gl Y JSi2) 0 g0 sSaibia
5 ol Jae (Huang & Zhang 2005) o ls (s 55 o Slae S ool ol,d (58 Gl 4w (al., 2000
conalian 5 ol 585 S slaguliiio Hu 5 o3 ages Sl Base 50 (Tyler & Wheatcraft, 1992) s Sea

Deng et al., Perfect & Kay, 1995) s ls (sl4id 50 wia 5 K yile (i€ 4 diawl 5 slaaul ;8 4 a5 390

(2018;
3.0
29 1 y = 0.5738x + 1.2384 .
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3 £
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(Tyler & Wheatcraft, 1992) s Scu g o 5o Ghg 5o Oaiaed ondls (EalS el 5 5ie (Bl VA 4G Y/A
53l sie ks YA B YV 85b 5o wmelan 5 e Sl WV L ol S3e s YV 3 38 yaulie 5o (S35 0!
WS lay RIS el s 53 JBles V0 4 sie Lo Y/A 51 s pulie 5o 50 cseles 3 53e 3L V1/AV L
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ol OIS 53y Col S o anls 15 438l ol 53 el su alasl (Chen et al., 2023) o)) ,Saa 5 o o s
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(N=68) Sla sla S5 g o Shewsan s yilo - Jgua

TRF BD o Dot Dus MIR FIR I Cl Variable
\/ o]

A/ VA" I

\e- Yt AT FIR

\/ I VA yT MIR
R T 4~ ¢ D |
Ve ALY e MY =Y D

V- ne - YA —+]eY —/+0 o/ —+/+Y o

V- Y Y ¥ S| 2 M P A S | A T - BD

/e <AY —/A — /YA —/¥a" -\ </AY “INA e TRF

Cl: Cumulative infiltration, I1: Initial infiltration, FIR: Final infiltration rate, MIR: Mean infiltration, Dng: Fractal dimension (Bird et al,
2000), Dpr: (Tyler and Wheatcraft, 1992), 6;: Initial moisture content, BD: Bulck density, TRF: Total rock fragment.
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