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Background and Obijectives: Infiltration is one of the most important hydraulic

properties of soil, representing the entry of water into the soil, which usually
occurs in a vertical direction. This soil property plays a crucial role in the natural
water cycle and has significant implications for soil management. In semi-arid
regions, this hydraulic property is particularly important not only for meeting the
water requirements of rangeland and rainfed crops but also for reducing runoff
and soil erosion. Several factors influence soil infiltration, and they can be
generally categorized into three groups: (1) surface characteristics, (2) soil
properties, and (3) climatic and environmental conditions. This study focused on
soil physical properties, with the aim of quantifying the influence of a wide range
of these properties on water infiltration and identifying the most important factors
in selected soils in a semi-arid region.

Materials and Methods: To investigate the role of soil physical properties on soil water

infiltration indices, 68 sites in a semi-arid climate of Zanjan province were
selected. To capture sufficient variability for examining the effects of physical
factors on soil water infiltration, the sites were chosen based on criteria such as
land use type, vegetation cover, and soil texture, ensuring that the experiments
were conducted on the predominant soils of the region. At each sampling site,
14 consecutive readings of infiltration depth were recorded at specific time
intervals until the infiltration rate reached a steady state flow, for the calculation
of various soil water infiltration indices. To evaluate soil water infiltration in
detail, six key indices—cumulative infiltration (CI), initial infiltration (I1), initial
infiltration rate (I1IR), final infiltration rate (FIR), mean infiltration rate (MIR),
and effective infiltration depth (EID)—were determined. In addition to field
infiltration measurements, disturbed and undisturbed soil samples were collected
from the 0-60 cm soil depth as the active hydrological layer, and transferred to
the laboratory. The following soil physical properties were determined: particle
size distribution (PSD), gravel content, bulk density (BD), initial soil moisture,
mean weight diameter of dry aggregates (MWDdry), and mean weight diameter
and geometric mean diameter of water-stable aggregates (MWDwet and
GMDuwvet).

Results: Pearson correlation analysis revealed that the MWDwet and GMDwet of

water-stable aggregates were significantly correlated with all infiltration indices
(p< 0.05). Bulk density also exhibited significant correlations with CI, I, FIR,
and MIR (p < 0.05). Moreover, multiple regression results indicated that
physical properties including BD, initial soil moisture, gravel content, PSD, and
GMDwet are the main factors controlling water infiltration in these soils.
According to one-way ANOVA, the soils were classified into four groups based
on BD, MWDwet, and GMDwet. Significant differences were found among
GMDwet groups in Cl, I, and FIR (p < 0.05). Differences among the groups of
MWDwet in CI and Il were significant. Additionally, significant differences
were found among the BD groups in Cl. This study indicated that, along with
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soil structure, the particle size distribution of soils can affect soil structure and
porosity and, in turn, impact water infiltration in semi-arid soils.

Conclusion: The results showed that MWDwet and GMDwet of water-stable
aggregates, along with BD, have the highest correlations with soil water
infiltration indices. These three soil physical properties can be considered the
most important determining factors in explaining soil water infiltration. It was
also found that PSD indirectly influences MWDwet, GMDwet, and BD and,
consequently, affects soil infiltration behavior. These findings emphasize the
importance of PSD and soil structure in the process of soil water infiltration in
semi-arid regions.
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Table 1. Descriptive statistics of physical soil properties

Ccv SD Mean Max Min Variable
35.04 15.12 43.15 82.75 5.90 Sand (%)
28.91 9.21 31.87 51.28 6.44 Silt (%)
33.69 8.42 24.98 45.14 6.43 Clay (%)
40.49 11.47 28.33 61.29 5.09 TRF (%)
39.13 10.56 26.98 61.29 5.09 G (%)
11.08 0.12 1.09 1.52 0.83 BD (g cm?)
10.01 5.60 55.95 66.68 36.65 n (%)
40.75 4.37 10.73 25.15 3.66 O (%)
15.84 0.15 0.94 1.25 0.67 GMDygry (Mm)
26.87 0.48 1.79 2.90 0.67 MWDygry (mm)
18.27 0.13 0.71 1.09 0.41 GMDet (Mm)
46.48 0.38 0.82 1.98 0.09 MWD e(mm)
70.21 25.32 36.06 130.40 7.95 Cl (cm)
88.03 0.73 0.83 4.00 0.10 Il (cm)
88.03 87.46 99.35 480.00 12.00 1IR (cm h)
63.57 11.04 17.36 44.40 3.00 FIR (cm h%)
70.06 16.87 24.08 86.93 5.30 MIR (cm h?)
73.10 138.95 190.07 871.87 26.78 EID (cm)

TRF: Total Rock Fragments, G: Gravel, BD: Bulke Density, n: Total Porosity, ©;: Initial
Moisture, GMDg,: Geometric Mean Diameter Dry, MWDdry: Mean Weight Diameter
Dry, GMD,,: Geometric Mean Diameter Wet, MWD,:: Mean Weight Diameter Wet, CI:
Cumulative Infiltration, 1I: Initial Infiltration, IIR: Initial Infiltration Rate, FIR: Final
Infiltration Rate, MIR:Mean Infiltration Rate, EID: Efective Infiltration Depth.
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Table 2. Correlation between infiltration indices and selected soil physical properties

MWDdry GMDuary

G TRF Sand Clay Silt n BD Variables
1.00 BD
1.00 -0.83" n
100 044" 051" silt
1.00 047" 045" 032" Clay
100  -0.84"  -087" -052" 049" Sand
1.00 024°  -025° 016  -0.12 0.12 TRF
100 093" 031  -029° -024"  -017 0.17 G
100  -002  -004  -0.44™ 045" 031" 031"  -039" GMDary
1.00 073"  -049% 048~  -0527 048~  042% 040~  -0.44" MWDary
045% 063" 007 -006 -036™  031™ 031 034~  -053" oi
0.08 052"  043% 035"  -0.03 0.03 0.03 0.22 -0.39™ GMDuet
025°  058™ 018  0.16 -0.24 0.19 023 041  -057" MWDuet
0.10 0.20 016  0.19 0.03 -0.05 000 025 -0.47" cl
0.16 026° 015 0.8 -0.11 0.08 0.11 0.25" -0.38™ I
0.16 026° 015 0.8 -0.11 0.08 0.11 0.25" -0.38™ IR
0.10 0.10 007 012 -0.01 -0.03 004 026 -0.42™ FIR
0.10 0.20 016  0.19 0.03 -0.05 0.00 025 -0.47™ MIR
0.03 0.03 017 018 032" 022 033" 013 -0.01 EID
EID MIR FIR IR T ci MWDu  GMDuat , )
(cm) ©cmh)  (emh)  (cmih) (cm) (cm) (mm)  (mm) 0i(%) Variables
1.00 o
1.00 0.35" GMDuet
100 086" 0.40" MWDt
1.00 047" 049" 0.11 cl
1.00 079" 039" 039" 0.10 1
1.00 1.00 079" 039" 039" 0.10 IR
100  0.60” 060~ 087" 036~ 037" 0.07 FIR
100 087 079"  079% 100" 047" 049" 0.11 MIR
1.00 074% 067 051" 051 074" 023 031" 0.05 EID

BD: Bulke Density, n: Total Porosity, TRF: Total Rock Fragments, G: Gravel, ©;: Initial Moisture, GMDgy: Geometric Mean Diameter
Dry, MWDyg,: Mean Weight Diameter Dry, GMD,:: Geometric Mean Diameter Wet, MWD,.: Mean Weight Diameter Wet, Cl:
Cumulative Infiltration, I1: Initial Infiltration, IIR: Initial Infiltration Rate, FIR: Final Infiltration Rate, MIR:Mean Infiltration Rate, EID:

Efective Infiltration Depth.
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Figure 2. Variations in cumulative infiltration (CI), initial infiltration (I1), and final infiltration rate (FIR) in
relation to bulk density (BD), geometric mean diameter of soil aggregates under wet conditions (GMDwet), and
mean weight diameter of soil aggregates under wet conditions (MWDwet). One-way analysis of variance (ANOVA)
was performed at the 5% and 1% significance levels. Different letters above the bars indicate significant
differences among means.
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CI = 228676 + 0.37 GMDy¢; + 0.02 GMDgyy + 0.15 MWDy, — 0.49 1
— 0.29 Gravel + 0.43 TRF — 0.11 MWD, — 1.05 BD**
— 0.28 Silt* + 0.04 Clay — 0.37 ©," () dla),
Ragjusted = 0.42 R?=0.51p < 0.01

Il = 7.48¢7%° + 0.29 GMD,e¢ + 0.13 GMDyyy + 0.14 MWDy, — 0.30 n
— 0.23 Gravel + 0.42 TRF — 0.11 MWD,y — 0.69 BD*
— 0.11 Silt + 0.09 Clay — 0.36 ©;" (%) b,
Radjusted = 0.18 R2=0.31p < 0.05

FIR = 1.21e7%€ + 0.53 GMD,e;" — 0.27 GMDyyy + 0.32 MWDy — 0.29 n
— 0.51 Gravel + 0.61 TRF* — 0.18 MWD,,; — 0.74 BD** V) e,
— 0.19 Silt + 0.04 Clay — 0.27 6, '
Radgjused = 0.26 R?=0.39 p < 0.01
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