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Wind erosion is one of the destructive processes affecting soil in arid and semi-
arid regions of the world and poses a serious threat to soil resource sustainability.
This study aimed to analyze the impact of physicochemical properties of soil and
surface gravel cover on wind erosion intensity across different geomorphological
units in eastern Isfahan. A total of 27 soil samples were collected from nine
different geomorphological units. The physical properties (soil texture, gravel
percentage, bulk density, saturation moisture) and chemical characteristics (EC,
pH, calcium, magnesium, potassium, calcium carbonate) of the samples were
determined. Wind erosion simulation experiments were conducted using a wind
tunnel device at three levels of gravel cover (control, 15%, and 30%) and at three
wind speed levels (threshold, twice the threshold, and four times the threshold).
Data were analyzed using three-way ANOVA and multivariate regression. The
results showed that increasing gravel cover percentage significantly reduced
wind erosion intensity across all geomorphological units. Higher wind erosion
was observed in soils with high clay content and salinity. Multivariate regression
analysis indicated that calcium, magnesium, and calcium carbonate had the most
significant positive impact on increasing soil resistance to erosion. Additionally,
increasing wind speed exponentially raised soil loss, especially in sensitive
landforms such as playas and mining areas. The combination of favorable
physicochemical properties and surface gravel cover can significantly reduce
wind erosion intensity. The findings highlight the necessity of conservation
planning based on regional soil characteristics and wind speed for effective
desert land management.
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Extended Abstract

Introduction

Wind erosion is one of the destructive
processes affecting soil in arid and semi-arid
regions of the world and poses a serious threat
to soil resource sustainability. This study
aimed to analyze the impact of
physicochemical properties of soil and surface
gravel cover on wind erosion intensity across
different geomorphological units in eastern
Isfahan. A total of 27 soil samples were
collected from nine different
geomorphological units. The physical
properties (soil texture, gravel percentage,
bulk density, saturation moisture) and
chemical characteristics (EC, pH, calcium,
magnesium, potassium, calcium carbonate) of
the samples were determined. Wind erosion
simulation experiments were conducted using
a wind tunnel device at three levels of gravel
cover (control, 15%, and 30%) and at three
wind speed levels (threshold, twice the
threshold, and four times the threshold). Data
were analyzed using three-way ANOVA and
multivariate regression. The results showed
that increasing gravel cover percentage
significantly reduced wind erosion intensity
across all geomorphological units. Higher
wind erosion was observed in soils with high
clay content and salinity. Multivariate
regression analysis indicated that calcium,
magnesium, and calcium carbonate had the
most significant positive impact on increasing
soil resistance to erosion. Additionally,
increasing wind speed exponentially raised
soil loss, especially in sensitive landforms
such as playas and mining areas. The
combination of favorable physicochemical
properties and surface gravel cover can
significantly reduce wind erosion intensity.
The findings highlight the necessity of
conservation planning based on regional soil
characteristics and wind speed for effective
desert land management.

Methodology
Data were analyzed using three-way analysis
of variance and multivariate regression.

Results and discussion

The results showed that changes in soil
properties and gravel cover can significantly
reduce wind erosion. One of the most
important findings was that soils with a high

percentage of clay and silt, such as
agricultural lands and hillside plains, are more
susceptible to wind erosion than sandy soils.
This effect is especially noticeable in soils
with higher salinity. These results are
consistent with previous studies that have
shown that finer-grained and more saline soils
are more susceptible to wind erosion.
Therefore, in areas with fine-grained and
high-salinity soils, the use of soil amendment
techniques such as increasing calcium and
magnesium in the soil can significantly reduce
wind erosion. The results also showed that the
percentage of surface gravel plays a key role
in reducing the intensity of wind erosion.
Gravel cover of the soil surface, by creating an
obstacle in the wind path and increasing the
surface roughness, reduces wind speed near
the soil surface and prevents the detachment
of soil particles. This effect was especially
pronounced at higher wind speeds, indicating
that gravel cover plays a vital role in reducing
erosion during severe storm conditions. In this
study, increasing the percentage of gravel
from 15% to 30% significantly reduced soil
loss, especially in sensitive geomorphological
units such as playas. Comparison of different
geomorphological units showed that lands
with suitable physical characteristics (such as
alluvial plains and developed alluvial fans)
showed greater resistance to wind erosion
than more vulnerable lands (such as mines and
playas). In particular, at higher wind speeds,
units such as mines and playas that lacked
vegetation and sufficient gravel cover
experienced a sharp increase in erosion rates.
This result is consistent with previous studies
that have shown that lands with poor or no
gravel surface cover are more susceptible to
erosion. In particular, these units are most
affected by dust storms and strong winds. In
this study, the interaction effect of wind speed
and gravel cover on wind erosion rates was
clearly observed. In all geomorphological
units, increasing wind speed caused a
significant increase in soil loss rates, but this
increase was much more severe in more
sensitive units such as mines and playas. At
higher speeds (2 and 4 times the threshold
speed), differences between
geomorphological units became more
pronounced. At these rates, more resistant
units such as alluvial plains remained stable
against wind erosion, while other units
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suffered a sharp decline in soil quality. This
observation emphasizes the importance of
considering climatic conditions and regional
characteristics in designing strategies to
combat wind erosion. The results of statistical
analyses of this study (such as three-way
analysis of variance) also showed that soil and
surface cover characteristics interact to play
an effective role in controlling wind erosion.
Also, regression analysis showed that factors
such as calcium, magnesium, and calcium
carbonate have the greatest effect in
predicting soil resistance to wind erosion.

Conclusion

Combined management of soil
physicochemical properties and application of
surface coverings can effectively reduce wind
erosion and increase the resilience of desert
soils to dust storms. Based on these findings,
several ~management suggestions  are
presented to reduce wind erosion in arid and
semi-arid areas. First, in areas with fine-
grained and saline soils, the use of soil
amendment techniques such as adding
calcium and magnesium or other minerals can
increase soil resilience. Secondly, the creation
of surface gravel covers in desert and
vulnerable lands, especially in areas with
strong winds, can have a great impact on
reducing wind erosion. Thirdly, in areas
facing high wind speeds, the use of multiple
protection methods such as mulching, creating
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