Assessment of Soil Physical Quality Indices across Different Erodibility
Classes Based on the Williams Erodibility Index in Some Soils of a Semi-
Arid Region (Case Study : Zanjan Province)

Abstract

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 (SQlgmaere calculated using
linear and nonlinear scoring functions with both simple and weighted approaches for the total datas and minimum
dataset (MDS), and were compared using discriminant analysis. Principal Component Analysi kd three main

distribution, particularly sand content, together with aggregate size, especially MWDy were ain determinants of soil
physical quality based on the soil erodibility index, whereas in the MDS, sand conten i indic?iscriminam
analysis indicated that the best soil physical quality index for erodibility assessm i lineaf8koring method

based on the TDS (SQI-2). Overall, soil structure stab
physical quality.

s for monitoring soil




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 differ oil erodibility
classes defined by the Williams erodibility factor; and (2) identify the m sitive soil
quality indicators under both datasets in selected soils of the semi-a e Zanjan
Province, Iran.

Materials and methods:

This research was conducted in the semi-arid region of Z
evaluate the physical quality indicators

obtained from soil maps and field
surveys. In total, disturbed soil sampl to 60 CM) and undisturbed soil samples (depth
0 to 30 cm) were collected from 68 §elected powgts. A total of 20 physical properties were
measured for this research. To meas N perfeability in the field, experiments were
conducted using the dagple-ring inf{ltrometer . The cumulative water infiltration was
measured at time intervals 0, 0.5, 20, 30, 45, 60, 80, and 90 minutes until
steady-state infiltr‘ion was the obtained data, water infiltration indices
including Cumulati W filtgation ), Final Infiltration Rate (FIR), and Mean Infiltration Rate
(MIR) were calculated. le size distribution of particles larger than 0.05 mm was
i ethod according to the standard guidelines of Gee & Bauder
0.05 mm were measured by the hydrometer method based on the
021). Furthermore, the standard methods presented by Gee & Bauder
easure particles larger than 2 mm. Bulk density was measured using a

saturated past®extract (Thomas, 1996), along with organic matter (Walkley & Black, 1934)
and calcium carbonate equivalent (Page et al., 1982). The weighted mean diameter (MWDy)
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 (MWDuet and dry) and geometric mean diameter (GMDuet
and dry) 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 a dibility
classes (P < 0.05), including sand and silt contents, MW Duet, Duet,
SSI, SI, and EID. Principal Component Analysis identifi 1 onents
explaining 83% of the total variance. Sand content, GMDuet, agd lected as the
most representative indicators of soil physical quality in the . wed the

exhibited the highest discrimination
Conclusion:

erately to highly erodible. Soil physical
ting the close relationship between soil
degradation and i tors related to particle-size distribution and
aggregate stabilityv\é the most influential factors controlling soil erodibility and
soil physical quality. The %gs monstrate that soil quality indices, particularly those based
erve as effective tools for monitoring soil degradation and
supporting sustal anagement in semi-arid regions.

The studied soils were fggdominant
quality decreased with incrggsi
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