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Abstract: This study examines the effects of land use and slope aspect on soil erodibility (K-factor) and
the fractal dimension (D) of soil particle size distribution (PSD) in calcareous soils at the watershed
scale in western Iran. The study analyzed 113 soil samples collected from four land uses (slope-
farmland, farmland, pasture, and woodland) at a depth of 0—20 cm, measuring common soil properties
such as soil texture, soil organic matter (SOM), calcium carbonate (CaCO3), pH, and cation exchange
capacity (CEC). The PSD of soil samples was measured using the international system of soil size
fractions, and the D for PSD was calculated. The K-factor was calculated using the RUSLE model.
The results showed that the K-factor was highest in slope farmlands with SOM at 1.6% and lowest
in woodlands at 0.02 Mg h MJ~! mm~! with SOM at 3.5%. The study also found that there were
significant correlations between D and clay content (r = 0.52), sand content (r = —0.29), and CEC
(r = 0.36). Woodland soils had the highest SOM content, with a mean D value of 2.895, significantly
higher than the mean D value of slope farmland soils, which had the lowest SOM at 1.6%. The study
concludes that woodland soils retain finer particles, particularly clay, resulting in lower soil loss and
land degradation compared to other land uses. Finally, the study suggests that shady slope aspects
(south aspect) contain more organic matter due to less solar radiation and higher soil water content,
resulting in lower soil erodibility (0.02 Mg h MJ ! mm~1) and higher D values compared to other
slope aspects.

Keywords: calcareous soil; DEM; fractal; inceptisols; land degradation; RUSLE; SOM

1. Introduction

As a consequence of soil loss caused by water, land degradation is estimated to be
a significant problem in many parts of the world, especially in semi-arid regions such as
Iran [1,2]. Soil erodibility (K-factor) can be regarded as a key indicator of soil sensitivity to
land degradation, which can predict soil erosion (soil loss) [3,4]. The term soil erodibility
refers to soil surface erosion caused by raindrops and runoff. To estimate the K-factor
and ultimately generate high-accuracy soil loss predictions, standard plots are considered
the most accurate method for determining this parameter. Due to the difficulty and
expense of fieldwork, researchers have developed models indicating a relationship between
specific soil parameters and accessible soil properties [1-3]. Because soil erodibility is a
key parameter for estimating erosion, studying how this varies spatially will help better
understand the mechanisms that drive soil erosion, improve the accuracy of the empirical
soil erosion model, and characterize the effects of environmental factors, such as topography,
on land degradation [3,4].
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Soil particle size distribution (PSD) is a crucial factor that affects soil hydraulic proper-
ties, soil fertility, productivity, and soil erosion [5,6]. Alternatively, PSD serves as a crucial
index for evaluating soil and its contribution to soil functions [7,8]. Furthermore, PSD can
be used to model soil characteristics such as the distribution of water, heat, and solutes [9].
The concept of fractals is used to illustrate systems that have non-definitive scales and are
self-similar. In recent decades, there has been increased interest in the fractal dimension (D);
it has been used to specify soil PSD and soil physical processes at a low cost [10]. Tyler and
Wheatcraft [11] developed a mass-based model to estimate the D of PSD and illustrate the
limitations of the fractal concept and application to PSD. As a time-domain mathematical
analysis of soil properties, the D has been employed for the identification of soil hydraulic
properties [12,13]. D has also been used as an index for soil degradation [14,15] and soil
salinity [9,16]. The use of D to identify organic carbon and soil structures has been the
subject of extensive existing research [14,17,18], and it has also been studied for indicating
soil nutrients [19] and for evaluating soil moisture and soil evapotranspiration [18].

Using data obtained from the Yellow River in China as an example, recently Peng et al. [7]
found that D was heavily influenced by land use; high D was found in grassland, which
corresponded to soil rich in silt. According to Deng et al. [8], the D in orchards was the
highest among all land uses in a hilly region of southern China. As reported by Qi et al. [20],
oak forestland showed the highest D value. There has been a lack of understanding of the
fractal dimension in spite of extensive research studies, and there is limited research on the
relationship between land use and particularly topography on D and the K-factor.

There are numerous factors related to topography that affect land degradation, soil
sedimentation, soil erodibility factor, and nutrient availability. Topography affects the
underlying process and intensity of land degradation and soil sedimentation on the hill-
slopes [1,2]. It controls the redistribution of light, heat, water, and sediments in the moun-
tainous landscape. Aspect can influence soil organic matter, and hence consequently, soil
aggregate stability and soil erodibility factor, by modifying solar radiation intensity and
by creating the microclimates [5,6]. Soils on the steepest slopes are mainly shallow and
have low soil organic matter content, which leads to creating weak and small aggregates;
consequently they are more sensitive to erosive factors. Sedimentary material eroded
from topsoil was transported downslope and deposited at the slope toe rather than being
transported outside the watershed. Considering the fact that environmental conditions
such as land use and topography significantly influence soil properties, it is extremely
beneficial to consider topography as a vital factor for the assessment of other factors such
as land use on soil properties.

There is an interconnected relationship between soil erosion in the western regions of
Iran, such as Kermanshah Province, which is known as Zagros, and topography attributes
that influence soil physiochemical properties. In this province, desertification and land use
changes have accelerated over 30 years. We are not aware of any previous research that has
examined the effects of land use and topography on the D of soil PSD and soil erodibility
factor. As previously mentioned, D and K-factor can be easy, reliable, time-saving and
cheap indicators of soil degradation instead of the direct measurement of soil erosion in the
field, which is expensive, time consuming, and labor-intensive. Hence, the aim of this study
was to assess how different land uses and aspect-slopes might affect the soil erodibility
factor (K-factor) and fractal dimension (D) of soil particle size distribution. Once these
relationships have been determined, they can then be utilized to better understand and
evaluate land degradation across the entire watershed where land-use and slope-aspect
is known.

2. Material and Methods
2.1. Study Area

The study area covers an area of 330.75 km? in the east of Kermanshah Province, Iran,
between 34°29’'-34°33’ North and 45°46’-47°13’ East. The area has a semi-humid climate,
where annual average precipitation is 291.7 mm and the annual average temperature is
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46°0°00"

17.5 °C. Winters (December to February) are generally rainy and cold, while summers
(June to July) are hot [3]. The majority of soils in the area are calcareous, with the three
most common soil orders being Entisols, Inceptisols, and Alfisols [3]. Agriculture is the
predominant land use throughout the study area, with barley, wheat, and potato being the
main crops grown.

2.2. Soil Sampling and Analysis

Using aerial imagery for an initial reconnaissance survey, areas within the study
area were identified as candidate locations for collecting soil samples that would ensure
a sufficient quantity of samples were collected, representative of each aspect-slope and
land use combination and trying to balance the soil samples across combinations. The
number of soil samples was limited by budgetary constraints; in total 113 samples from
the soil surface layer (0-20 cm) were collected across the study area, which was consid-
ered sufficient for the size of the study area (Figure 1). The sample collection survey
was carried out in summer 2021. Because an up-to-date land use map was unavailable,
land use was verified and determined at the sampling location. The soil samples were
collected from four land-uses as follows: 34 samples from slope-farming, 27 samples
from farmland, 28 samples from rangeland, and 24 samples from woodland. In addi-
tion, the samples were also classified into four main aspect-slopes: north aspect (38 sam-
ples), east aspect (23 samples), west aspect (24 samples), and south aspect (27 samples).
After air-drying, grinding, and sieving the samples, they were then analyzed to evalu-
ate some general soil physicochemical properties. Soil texture was determined using a
hydrometer [21,22]. The Walkley-Black method was used to quantify soil organic matter.
CaCO; was determined with HCL 1 mol L~! [21]. The soil EC and pH were obtained using
a portable pH/EC machine.
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Figure 1. Location of the study area and collected soil samples.

2.3. Fractal Dimension

The methodology of Gee et al. [22] was followed to determine the distribution of
particle sizes in soil. As part of the experimental setup, 50 g of sieved soils were used,
and SOM was omitted by adding a 30% solution of HyO, to the sieved soils. Sodium-
hexamethyl-phosphate 5% was employed as a chemical dispersant to disperse the soil
samples. Mechanical dispersion of the soils was performed with a shaking machine, for
5 min, to disperse the soils. A sedimentation method was used to measure the mass of
particles less than 0.05 mm with an ASTM 152H hydrometer, or more specifically an ASTM
152H hydrometer was used to determine the density of suspension after 2, 5, and 10 min,



Land 2023, 12, 615

4 of 14

and 1, 3, 6, and 24 h [22]. The following equations were used to compute the percentage of
each fraction based on hydrometer readings and the temperature of the solution:

Rc = Ry — C 4 0.36(T — 20) )

Re.
P.p= ( ;D> x 100 )

S

where R represents the adjusted hydrometer reading, R, represents the non-adjusted hy-
drometer reading, C represents the hydrometer reading referring to the sodium-hexamethyl-
phosphate 5% applied (5.5% in this study), and T represents the temperature at the time
the hydrometer measurement was recorded (°C). In addition, ms is the mass of dry soil
(50 g) and Rc.p and P.p adjusted hydrometer readings correspond to the falling time of
soil particles with diameters < D and their proportion, respectively. At each reading time,
falling height was obtained using;:

x = —0.164 R,+16.3 @)

where x is the falling height (L) [22]. To calculate the radius of particles at the exact moment
when measured, Stock’s law was applied as follows:

vV — 2 g r’(dp — d)

or )
V== (5)

where V, 1, g, d, dp, 1, t, and x are the velocity of particles falling in fluid (L T-1), radius
of particle (L), gravity acceleration (L T~2), density of fluid (W L~3), density of particles
(W L3), viscosity of fluid (W L=! T~1), the time needed for the particle to fall from a height
of x, and height of falling (L), respectively. Furthermore, pore diameters of 1, 0.5, 0.15, and
0.05 mm were considered for measuring the mass fractions of sand using wet sieves [5].
Using the PSD data, a power equation was tested for the calculation of the

fractal dimension [11]:
M<x — ( X )3D (6)
Mt Xmax

where M . is cumulative mass, smaller than specific size x, MT refers to total soil mass,
Xmax 1s the maximum size of soil particles, and D is the fractal dimension. It is possible to
determine D using linear and non-linear regression approaches. The linear method was
used in this study; hence, the natural logarithm was used and gives the equation:

Mo\ 5o n(x) —a
Ln( o ) = (3-D)Ln(x) @)
a = (3 —D)Ln(Xmax) (8)

where a is constant for each soil. Then, the values were plotted and D was calculated by
determining the slope of the line. STATISTICA 8 software was used for the statistical analyses.

2.4. K-Factor

By applying the RUSLE model [23,24], the K-factor was calculated using the two
following equation:

2
K = 0.0034 + 0.0405 exp [; (W) 1 )

Dy = exp [0.01 (Pmd. In1+ Py I 0.025 + Poggy. In 0.001)} (10)
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where Dg refers mean geometric diameter of soil particles, and Pg,,4, Py, and Pjqy are
sand content, silt content, and clay content, respectively. Both Ostovari et al. [23] and
Vaezi et al. [24] have studied the application of the RUSLE K-factor in Iran and found it
to give very good results. A conversion to the standard international unit was made by
dividing the equation results by 0.1318 (i.e., Mg h MJ~! mm™1). A digital elevation model
(DEM) with a resolution of 12.5 m from USGS [25] was used to create three environmental
layers: elevation (Figure 2a), slope (Figure 2b), and slope aspect (Figure 2c) using ArcMap
10.6. Figure 2a shows the altitude of the sampling location sites ranged from 1402 to
2375 m. Figure 2b shows the slope ranging from 0 to 75%. The aspect-slope varied from 0
to 360, indicating a variety of aspects (Figure 2c).
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Figure 2. Maps of the (a) elevation, (b) slope, and (c) aspect of the study area.

2.5. Statistical analyses

An analysis of variance (ANOVA) was conducted to determine whether land use and
topography affected the D and the K-factor. In order to assess the relationship between soil
properties and the K-factor and D, Pearson correlation coefficients with a 95.0% confidence
level were applied. Descriptive statistics of soil properties including minimum, maximum,
mean, standard deviations (SD), and coefficients of variation (CV) were calculated by
STATISTICA 8 software (Table 1). The graphs were produced using Microsoft Excel 2016.
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Table 1. Soil property summary statistics (n = 120).
Land Use Property Unit Mean Minimum  Maximum Std.Dev. Coef.Var.
pH - 7.76 7.35 8.35 0.24 3.11
SOM %o 1.34 0.23 438 1.04 37.31
CEC Meq/100 g 24.83 16.24 43.30 6.78 27.29
CaCO3 % 23.82 3.51 62.27 12.25 21.42
Farmland Sand % 26.06 4.58 67.32 15.72 13.33
Clay % 21.01 8.06 48.36 9.18 43.70
Silt % 52.89 21.60 73.41 12.17 23.01
D - 2.90 2.86 2.95 0.02 0.80
K-factor MghMJ! mm™ 0.10 0.07 0.14 0.02 15.12
pH - 7.83 7.35 8.48 0.30 3.86
SOM % 1.68 0.28 3.96 1.04 32.12
CEC Meq/100 g 30.60 15.30 43.69 7.65 25.02
Slope CaCO3 % 32.02 351 62.27 13.90 43.42
farming Sand % 21.44 2.50 67.32 17.26 30.52
Clay % 25.51 10.08 50.38 12.01 47.08
Silt % 53.04 21.40 73.41 13.81 26.04
D - 291 2.86 2.98 0.03 1.06
K-factor ~ MghMJ~! mm-! 0.12 0.08 0.15 0.01 10.94
pH - 7.67 7.20 8.10 0.24 3.17
SOM % 1.54 0.56 4.34 0.75 28.83
CEC Meq/100 g 25.08 17.53 38.00 4.27 17.01
CaCO3 % 23.26 1.03 67.43 16.30 32.07
Rangeland Sand % 11.13 1.82 36.96 9.05 31.31
Clay % 28.98 15.11 41.31 6.84 23.60
Silt % 59.89 36.84 77.29 8.37 13.98
D - 291 2.88 2.95 0.02 0.57
K-factor MghMJ~! mm™! 0.08 0.03 0.11 0.02 27.37
pH - 7.50 7.08 7.90 0.22 2.92
SOM % 1.98 0.76 3.73 0.69 34.56
CEC Meq/100 g 33.67 2222 52.00 8.99 26.70
CaCO3 % 19.93 2.08 67.43 16.51 32.86
Woodland Sand % 11.23 2.98 36.96 6.66 29.36
Clay % 35.28 19.14 46.35 6.78 19.21
Silt % 53.50 36.84 71.32 7.93 14.82
D - 2.93 2.88 2.99 0.03 0.92
K-factor MghMJ ! mm™! 0.07 0.02 0.11 0.02 25.29

3. Result and Discussion
3.1. Description of Soil Properties

A description of soil properties is presented in Table 1. The mean pH value of the
soils indicates that they are alkaline, likely due to the high content of calcium carbonate
(CaCO3 = 44.9%). This can be explained by the high content of lime in the soil samples.
The electrical conductivity (EC) of the soils ranged from 0.67 to 4.5 mS cm~!, with a mean
value of 2.35 mS cm L. Soil organic matter (SOM) values ranged from 11.5 to 66.5%, with
an average of 2.2%. The soil samples also exhibited a wide range of particle sizes, with
clay loam and loam being the most commonly occurring soil texture classes (as shown
in Figure 3). Table 1 provides additional descriptive statistics for soil properties, including
minimum and maximum values, standard deviations, and coefficients of variation.

These particles range from 5.1 to 56.2% clay, 2.1 to 86.1% sand, and 8.5 to 75.6% silt.
There is the highest variability in the sand with CV values of 60.3, followed by clay content
(CV =39.7), and the lowest variability in EC, pH, and Bd with CV values of 3.5, 4.2, and
12.13, respectively. There was a range of K-factors from 0.02 to 0.15 thMJ~! mm~! with a
mean of 0.09 thM]~! mm 1. This is consistent with the results of two studies conducted in
the calcareous soils of Iran by Vaezi et al. [24] and Ostovari et al. [23]. The K-factor values
reported in Bonilla and Johnson [26] and Addis and Klik [27] are within the range of 0.02
to 0.039. A range of D values was found between 2.851 and 2.690, with a mean of 2.916.
These results are consistent with those found in the Iranian calcareous soils by Mahdi and
Dahmardeh Ghaleno [12], Omidvar [13], and Mohammadi et al. [6].

Figure 4 illustrates the correlation between D, K-factor, and general soil parameters.
The strongest positive relationship found was between K-factor and silt particle content
(r=0.84, p < 0.05). Those soils that contain high amounts of silt, which are very sensitive to
erosive factors (wind and water) [26], do not have robust aggregates, which in turn increase
the K-factor sequentially over time. It was also found that there was a significant positive
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contribution between OM and carbonate (r = 0.49, p < 0.05, n = 113). It has been reported
by Ostovari et al. [28,29] that there is a correlation of 0.36 between OM and CaCO3. In
addition, CaCOj contains a large number of calcium ions that contribute to the creation
of big and robust aggregates by rolling a glue agent in the flocculation process of soil
minerals, thereby lowering the K-factor and increasing the resistance of soil aggregates
to soil erosivity factors (runoff and raindrops). It is well-established that Bulk density is
negatively influenced by the K-factor (r = —0.46, p < 0.05, n = 113), which is supported by
the findings of Ostovari et al. [30], who point out that bulk density and soil loss tolerance
have a negative and positive correlation, respectively.

%Sand

Figure 3. Textural composition of studied soils (USDA texture classification).

: B
Pearson
i -.Correlation . . 052
Gip 1.0 05 0.0 05 10 . 051 036
SOM . 061 038 021
slit . 0 -0.18 -0.18 -0.16
CaCo3 .—0_08 049 -0.21 -0.19 -0.32
PH . -0.23 -0.11 -0.28
Sand . 02 o021 .-0_31 -0.26 .-0_29
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Figure 4. Pearson correlation coefficient (r) between D, K-factor, and soil properties.



Land 2023, 12, 615

8 of 14

As a sensitive indicator of changes in soil properties, the D of PSD is used to quantify
those changes [14]. The relationship between D and soil properties has been found to be
both linear and non-linear [15]. An illustration of the relationship between soil parameters
and D is shown in Figure 5. There was an increase in the D with an increase in clay content
(Figure 5a). A logarithmic regression model revealed a tight fit (R? = 0.67) between clay
content and D, which has been supported by previous research [8,13-15]. In contrast, sand
and silt showed negative correlations with D (Figure 5b,c), as these fractions are relatively
inert in soil compared to clay [31,32]. Nevertheless, no significant relationship was observed
between silt content and D (R? = 0.16), whereas sand content showed a slightly stronger
negative linear relationship with D (R? = 0.21). These findings are consistent with existing
research such as Su et al. [31], Zhao et al. [9], Deng et al. [8], Li et al. [17], and Omidvar [13],
who all reported a negative relationship between sand content and D.
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Figure 5. Relationship between D and (a) %clay, (b) %sand, (c) %silt, (d) CEC, (e) SOM, and
(f) CaCO3 (n =113).

However, our findings differ from those of Deng et al. [8] and Peng et al. [7], who
found a positive correlation between D and %silt. A positive non-linear relationship was
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also observed between SOM and D (R? = 0.17), whereas CaCOj3 did not show a clear
correlation with D (Figure 5d). However, it should be noted that CaCO3 was positively
related to SOM (r = 0.49; Figure 4). The D increased with increasing CEC (linear relationship
with R? = 0.18.

3.2. K-Factor, D, and Land Use

The K-factor varied depending on the land use of the soil, as shown in Figure 6a. Slope
farmland had the highest mean K-factor and the lowest variation, which is consistent with
Jiang et al. [33]. Farmland had a mean K-factor of 0.09 Mg h MJ~! mm~! and a variation
of 11%. Slope-farmlands tend to be found in highlands or mountainous areas with steep
slopes, which result in thin soils with very little SOM (1.6%) and are generally plowed in
the slope directions, which leads to soil erosion. Woodland land use had the lowest K-factor
(0.07 Mg h MJ~! mm™!), a finding that was also reported by Jiang et al. [33]. In wooded
areas, where soils are deep and are Inceptisols, organic matter is the highest (3.5%) when
compared to other types of land use considered in this study. It is interesting to note that
no significant difference was found in the K-factor between woodlands and rangelands,
but SOM content was higher in woodlands (2.9%).
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Figure 6. Summary box plots of (a) K-factor and (b) D, under different land-use (n = 113).

It can be seen how D varies according to land use (Figure 6b). It was found that
D of soil PSD varied significantly among the four different land use types in this study.
There was no noticeable difference between the mean D value of the woodland (D = 2.951),
farmland (D = 2.915), and pasture (D = 2.914), but there was a marked difference between
the mean D values of woodland and slope-farming (D = 2.895). In soils with a high D, the
clay content will be higher (there will be a larger specific clay surface area), which will
result in a stronger bond between particles, which will result in a larger soil aggregate, and
hence more nutrients will be present in the soil [34]. As shown in Figure 6b, the woodland
land use was the most clay-rich when compared with the other land uses, indicating that
woodlands had a lower degradation potential (a greater D) than farmland and pastures
because of their high clay content. Additionally, the SOM of the soil in the woodland land
use was greater than that found in agricultural lands and pastures. However, no significant
differences were observed between organic material on agricultural land and pastures.

In terms of the cumulative soil fraction of the textural classes, silty clay had the largest
value, followed by silt loam and silty clay loam (Figure 7a). The cumulative soil fraction
of the sandy loam class was the lowest. Based on the cumulative soil fraction, it seems
that soils with a greater number of fine particles, such as clays and fine silts, tend to have
the greatest fractions. The higher clay content in woodland soils is also suggested by a
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higher D, as shown in Figure 7b, when compared to farmland, pasture, and slope-farming
soils. It is also significant to mention that on the other hand, woodland soils had higher
clay and lower sand contents than soils from other land uses, indicating that woodlands
are less prone to land degradation compared to other land uses. Slope farming, with a
high risk of clay loss due to water erosion, had the lowest cumulative fraction. The results
demonstrate that if woodland soils have a higher clay content, then D would also be higher,
whereas if there is a higher sand content, then D would be lower. The findings of this
study are consistent with the results from the studies of Song et al. [35], Deng et al. [8], and
Tahmoures et al. [5].
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Figure 7. Log-log plots of (a) particle size distributions of soil samples based on soil class (b) and
land use.

As a result of rill and inter-rill erosive factors on agricultural land, it is often the clay
content that accounts for the larger proportion of the soil loss [36]. The value of D decreased
with decreasing clay content, which is an indication of severe soil erosion. This suggests
that, in some cases, the D is a reliable indicator of soil erosion, particularly surface soil loss.
There is evidence to suggest that D can be considered as an index of soil erosion, within a
certain range of values. Additionally, the woodland soils were mostly classified as silty clay
and silty clay loam, which are fine-textured soil classes (Figure 2). Based on these results,
clay can be seen to influence the D value, which is also affected by the maximum number
of particles. Similar findings have been reported in China by Li et al. [17], Su et al. [15], and
Tahmoures et al. [5]. The planting approaches and heat flow contribute to humus formation
in agricultural lands by varying fertilization applications and vegetative residuals, resulting
in a decrease in clay particles and a change in soil particle distribution [8,37].

As already mentioned, SOM is characterized by a large surface area that has the
potential to hold finer particles on the surface, to prevent soil erosion and increase the
D. Soil organic matter is an indicator of soil quality that provides an indication of soil
fertility and soil nutrients, as well as a parameter that can be utilized to assess the impact
of different land use on soil quality [7]. Furthermore, land use could be an extremely useful
indicator of the value of soils on agricultural lands from a user perspective. A significant
increase in finer soil particles (clay and silt) can be observed in arable lands with a higher
D, whereas the D was found to be low in slope farming and pasture lands, indicating that
farmland is more effective at controlling these fine particles than woodland and pasture
lands. The size of soil particles may be able to provide a clue as to how well the soil
maintains plant nutrition. Fine particles contain a wide range of nutrients that are essential
for plant life. These nutrients are released slowly so that plants can consume them. There is
a significant positive relationship between soil OM and D, which suggests that finer soil
particles have the ability to promote the binding of soil OM to soil particles, which is an
important variable that strongly influences soil quality [17,34].
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3.3. K-Factor, D and Aspect

Figure 8 shows the D and K-factor values summary for each of the main four aspect
slopes. As shown in Figure 8, the north aspect (south-facing aspect) had the highest K-
factor (0.156 Mg h MJ~! mm~!) and the lowest D value compared to other aspects. In
contrast, the south aspect (north-facing aspect) has the lowest K-factor and the highest D
value among the aspects. Generally, soils in the south and west aspects on average had a
higher soil water content than north and east aspects which can decrease soil temperature,
consequently decreasing soil microbial activities, resulting in a decrease in soil organic
matter decomposition and an enhanced soil aggregate size and stability [38]. In addition, the
vegetation intensity increased from the north aspects to the south aspects. The differences
in the land cover might be related to SOC distribution patterns along the different aspects.
It is important to note that changes in soil properties and crop growth can also occur on
slopes that are long and gentle due to the spatial heterogeneity of soil erosion intensity
with slope length. Aspects with lower cover vegetation are more sensitive to erosion and
suffered land degradation, which can lead to SOC distribution. Zhu et al. [39] showed that
SOC content increased from south aspects to north aspects at each soil depth along the
soil depth. The topographic aspect leads to differences in micro-climate and intensity of
vegetation and community, which induces significant variation in SOC concentration, soil
aggregate stability, and K-factor [36,39]. In this study, the D value was found to be higher in
shaded and semi-shaded areas (south and west aspects) when compared with the D value
in sunny areas (north and east aspects), which is in the line with the results reported by
Yimer et al. [40] and Yu et al. [41]. Sunny slopes retain less soil water content due to being
exposed to higher solar radiation and soil evaporation. Hence, plants on these slopes are
more likely to be in drought conditions and radiation-resistance, affecting the carbon fluxes
and dynamics [4,42], resulting in a decrease in robust soil aggregates and a potentially
increased risk of clay loss (decreased D value). As far as soil erosion is concerned, slope
is a crucially important factor to consider. The soils on steep slopes are shallow and have
low SOM.
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Figure 8. Summary box plots of (a) K-factor and (b) D, under different aspects (n = 113).

4. Conclusions

This study investigated how land use and topographic aspect impacted the fractal
dimension (D) of soil particle size distributions (PSD) and soil erodibility factors (K-factor)
across a watershed in western Iran. There was a significant correlation of 0.52 between
D and clay content in our study, followed by a correlation of —0.29 for sand content
and a correlation of 0.36 for CEC, which shows that clay particles with a higher specific
surface area have the highest impact on the fractal dimension. In addition, soil organic
matter (SOM) was found to have a significant impact on both soil erodibility factor and
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soil particle size distribution (PSD), as it affects the size and stability of soil aggregates,
and consequently, the fractal dimension (D) of the soil. Additionally, the results showed
that woodlands, which had the largest amount of SOM, also had the highest D values
(D =2.951) when compared to other types of land use. This shows that the woodland soils
have higher clay and finer particles content when compared to other land uses, indicating
lower soil loss and land degradation for this land use. As revealed in the study, the slope
farmlands with the lowest SOM content had the highest K-factor (0.156 Mg h MJ~ ! mm™1)
as well as the lowest D, which indicated that these land uses were exposed to a high degree
of land degradation over time. Based on the results, it is concluded that soil particles,
particularly fine particles, are significantly affected by land use; the woodlands with the
lowest disturbance level and the highest organic matter (OM) showed the highest D as
well as the lowest degree of land degradation as compared with other types of land use. It
is also worth mentioning that soils under shady aspects (south aspects) had a lower soil
erodibility factor (0.02 Mg h M 'mm~!)and a higher D (2.951), indicating a lower risk of
soil erosion. This could be due to the fact that soils in south aspects are exposed to less solar
radiation and have higher soil moisture content and fewer microbial activities, resulting in
increased soil aggregate stability and a decreased soil erodibility factor.
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