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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 il s 31 suliioal b Lo gad ancu 55 5 Lasols Jalad crcal g 8500l b aalie JS olaas
i alasl SPSS (2022) 4 Excel
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Sliae Gl Lol ags s 5a #/AF (CS) oty i 50Slie . gs dum5u VYA 5 V- /- Y Ll 50 (MS) L gis
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Standard deviation Mean Minimum Maximum Soil variable
/Y YA/AY £I¥Y OV/YA Silt (%)
AI¥Y Y¥/AA £I¥Y YO/NY Clay (%)
ATJAYA] YY/\o o/4- AY/VO Sand (%)
Y/¥o idd o[-A A\\7RN% VCS (%)
¥/YV £laY AR YY/YA CS (%)
Y/A- v/¥a A% ARYER! MS (%)
\id4 ARVENY \/¥V \A/#O FS (%)
¥/va Y/ \/AA YO/YA VFS (%)
VV/¥Y YA/XY o/ IATARS TRF (%)
A7AN ARVARY% ¥/Yv Y¥/VA O; (cm3/cmd)
AN AVRRY < /AY AVAM 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
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la S50 ol uls Sl Calbl Hu o sio (Sl Lasols ((+/VY) o Sbas Slyasl € aa s b5 su g
8308 553 5o S slac )l Sobles 5 el SIS (6500358 Olhae s (Sleasius ¢ 585 Sl Wl 5 e
Hillel, ) wal SIa 3550 sla S5us sl 5 0T gl i bl s5 o T sulo gpalls J&a claid b il o o,
Ve /¥e L lys (Cl) sl 358 SiSlaa laia (Y Jsaa) (1998; Rawls et al., 2003; Brady & Weil, 2017
el 5o yie Bl YF/0A :Ske b 505 (MIR) Lacs g3e 3585 wad .o g yie Bl V/A0 T JSlaa 5 sie il
Sl 358 cad gl (cela s i Bl AF/AY B O/Y ) cudls o SUB dals VHAV [liae 31l
YEF BY/es daly 5 el 5 sie Blas VY0¥ Hlias ilasl el 5o ie Bl VW/YFP oS3l (FIR)
o Sen g s ol Jae Sl eoliied b SB ol,d a3l w8 JESIE ans dulas 51 ola il Guleal 5
YAV 5Slaa B Y/Y0 Slaa G sy S0 slads s 5o JUSI 8 aas Hlude (Tyler & Wheatcraft, 1992)
53 8300 a5 JUSI 53 aay dclace ol ael cawads YV b Lol JUSIHE aas 0Sle (Y Jgan) 955 seiie
YIAR G /5 5 e gad o JUBSIE was Hlale oS uls oLas 50 (Bird et al., 2000) ol Saa 5 om Giis, b S
oS g 5 ohs Jae 5o JESIHE ans ol Glasl oS ol Glias mli ol YVA T Sl 5 05S o yuis
5 b8 e it cualen 5 YL (Sl 5 (Sla oSl (+/+F) GolSan 5 m Gbas 3 sk (1)
Bird et ) ol,lSaa 5 s Joo coal S @l o3l a5 4 s (Tyler & Wheatcraft, 1992) «s Seu
Tyler) cs Scus 5 5L Jae S oo conl JUSIH8 sy (adS o sl JA1 5 5 ol l,ls (al., 2000
cula b Jae olus 58 o osli 5l pal 018 e oli ol il g idu obl s (& Wheatcraft, 1992
(s PA) 2153 030l 53 (slasals (ool )& (o (55153 (aaad s e Sl 0l (Kaajue w3 b8
log Llssai oy 5 (Bird etal., 2000) o)), 1<an 5 9sm Jao 13 109 i 5ty salog p (d < di) Llagad oy b
o s (Tyler & Wheatcraft, 1992) wid Scu s g 5l Jue 19 109 Ri— 109 Rmax 5!, 5o M (< Ri) —log My
el Lasols calie (3350 51 (Sla 4S5 +/AY 5 - /AN Ll

(1=68) JUiSI 8 aa 3 SUs (Sl g st (5L S50 shres 55 5L Lol Y 302
R? Dnm R? Dm

(Tyler and (Tyler and @irdet  (Birdet (Cﬁ:ﬁl) (C“rg'ﬁl) (C'r'n) Cl(em)  Variable
Wheatcraft., 1992) Wheatcraft., 1992) al., 2000) al., 2000)
-/a4 Y/AY -/a4 Y/AQ FEE- ASAY  ¥/e- AY-/f. Maximum
VF Y/¥0 Y Y/5. ¥/ /Y - /N V/a0 Minimum
./ar Y/V- LY Y/Va WIYE  YE[A JAY YRV Mean
o[-0 <\ --¥ -f W/F NPV vy yayq  Standard

deviation

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

(188Y) CO5Cag 9 i Gigy 9 (Yooo) 1ol 98w iy JUST 5 an LS o
Tyler) es Scus s 4L o (Bird etal., 2000) &l Kan 5 o5 B, 9 s S @l JESIE sas LLS,) oG5!
(r?=0.93) 0, ls vsa s (558 Gmans co s Ghigy 90 ol o) Jeala pulie fu «S ulo oLas (& Wheatcraft, 1992
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(2018;
3.0
2.9 - y = 0.5738x + 1.2384 .
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E rr=0.93 -
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3 2
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(VAAY b Sy 5 5LS) JBS 58wy
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wendls pdalS W, JBSI 8

OSan 5 8m Ghss 09 PSD JBSI 53 way liae slas s S oo Galsl 358 50l (:Sbe (Jlaplls
N Olssee 1y LlE, ool o (Tyler & Wheatcraft, 1992) =i Seuy 5 L3 (ag, 5 it (Bird et al., 2000)
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Cl: Cumulative infiltration, I1: Initial infiltration, FIR: Final infiltration rate, MIR: Mean infiltration, Dyg: Fractal dimension (Bird et al,
2000), Dyt (Tyler and Wheatcraft, 1992), ©;: Initial moisture content, BD: Bulck density, TRF: Total rock fragment.
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