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Abstract

Background and objective

The phenomenon of dust storms results from a combination of natural and human-induced factors and has
serious impacts on health, agriculture, transportation, and water resources. Strong winds can detach fine
particles from dry soils, leading to the formation of dust storms that transport these particles over long
distances. Typically, winds of 6 to 7 meters per second separate fine particles from dry soils, and then strong
winds (at least at speeds exceeding 10 to 15 meters per second) can lead to the formation of dust storms
that move these particles for kilometers. Consequently, dust storms have become a local, regional, and
global challenge. In southwestern Iran, the average number of dusty days over the past 50 years has ranged
between 27 and 75 days per year. Due to its geographical and climatic conditions, Fars Province is affected
by both internal and external dust sources. Considering the geological characteristics of Fars province, the
drying of wetlands, land use patterns, low-yield agricultural lands, and abandoned rainfed fields, the
phenomenon of dust storms in this region holds particular significance. This research aims to investigate
the distribution and introduce the physical and chemical properties of surface soils in areas influential in
dust production. This will be achieved through the examination of documents and meteorological,
geological maps, remote sensing, land use analysis, field visits, and laboratory studies, providing a
foundation for supplementary research projects and desertification mitigation programs.

Materials and methods

In this study, dust source areas were identified and classified using maps of desert regions, geology, land
use, and vegetation cover within a GIS environment. Sampling points were then determined using a 2x2
km grid method over these source areas. Two soil samples were collected from each point: a 2-kg sample
from the 0 to 30 cm depth for physicochemical tests and a 20-kg sample for wind erosion testing. The
physicochemical tests included measuring pH, electrical conductivity (ECe), ionic compositions, cation
exchange capacity (CEC), saturated moisture percentage (SP), gypsum content, and soil texture.
Additionally, a wind tunnel test was conducted to evaluate wind erosion. Finally, to examine the
relationship between soil properties of the source areas and wind erosion, the data obtained were analyzed.
Results

Five major dust source areas have been identified in Fars Province, including Bakhtegan-Neyriz, Maharloo-
Sarvestan, Shahrpir-Zarindasht, Dezhgah-Farashband, and Khonj-Larestan. These dust hotspots are located
in the central, eastern, and southern parts of the province and are primarily affected by rangeland
degradation, drought, and wetland desiccation. Land-use analysis in these areas indicates that 65% of the
land consists of degraded rangelands, 19% comprises dried wetlands, and 16% includes abandoned
agricultural lands and rainfed farms. A correlation study between soil wind erosion and parameters such as
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salinity, acidity, sodium content, organic matter, and soil texture (sand, silt, clay) indicates a weak
correlation between wind erosion and salinity, particularly in saline soils. However, in non-saline soils, a
positive and

significant correlation (7.66%) exists. Conversely, a positive and significant correlation is observed
between wind erosion and sand content, while a negative correlation is found with silt and clay content.
The correlation between wind erosion and soil sand content was positive and significant, whereas it was
negative for silt and clay content. The wind erosion threshold in these hotspots was measured between 8
and 10 m/s. Moreover, the correlation between erosion intensity and increasing wind speed in most of these
areas ranged from 80% to 99%, indicating their high sensitivity to climatic variations and wind speed
increases. Wind tunnel experiments showed that the highest wind erosion occurred in the Farashband
station, where, at a wind speed of 25 mV/s, the erosion rate reached 15.76 kgem ?emin'. Physical and
chemical properties of the soils in these hotspots revealed that the soil texture was predominantly loam,
sandy loam, and loamy sand. Soil pH ranged from 7.5 to 7.8, and electrical conductivity (ECe) varied from
0.41 to 7.157 dS/m.

Conclusion

Dust sources in Fars Province, including Niyriz-Bakhtagan, Maharlu-Sarvestan, Shahr-e Pir Zarrindasht,
Dezhgah Farashband, and Khenj-Laristan, are influenced by a combination of environmental factors. The
most significant of these factors include the drying of wetlands (especially Bakhtagan, Abadeh Tashak, and
Maharlu), extensive degradation of rangelands, and unfavorable soil characteristics such as loamy texture,
high salinity, and low organic carbon content. While high wind speeds (erosion threshold of 8 to 10 meters
per second) play a crucial role in the erosion of these areas, the rate of wind erosion and dust production is
significantly affected by soil texture and the percentage of clay and silt present. For instance, the dust source
at Shahr-e Pir Zarrindasht exhibits less erosion due to its fine-textured soil. Therefore, comprehensive and
targeted management of these areas, focusing on the restoration of wetlands, improvement of vegetation
cover, and soil remediation, is essential to mitigate the destructive effects of dust.
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Figure 1- Location of Fars province, climatic zones (Ghahari et al., 2019) and dust source areas
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Table 2 - General Characteristics of Dust Source Areas in Fars Province

Dust Source Dust Source Area .
Number Name (hectares) Affected Counties

1 Bakhtegan - Neyriz 33742 Neyriz, Bakhtegan, Kherameh

2 Maharloo - Sarvestan 16330 Sarvestan, Shiraz

3 Shahrpir Zarrindasht 44070 Zarrindasht, Dabiran, Shahrpir

4 Dezhgah Farashband 10850 Farashband

5 Khonj — Larestan 41673 Khonj, Owz, Gerash, Lar

6 Other (Northern Half of 58465 Marvdasht, Arsanjan, Abadeh
Province)

7 Other (Southern Half of 16370 Qir and Karzin, Jahrom
Province)
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Figure 2- Distribution of five major dust source regions in Fars province
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Table 3- Physicochemical properties of surface soil in the five dust source areas.

Dust

Source Dust Source Sample code pH EC %clay  %Silt  %Sand Texture TNV% %CaSO4 O.C% (Ca+Mg) Na (meg/l) SAR % SP

Nummber Name (ds/m) meq/|
Nz1 7.56 157.7 20.0 45.2 34.8 Loam 435 14 1.14 686 206 1.11 56.44
1 Baﬁ::;?:n_ Nz2 8.13 0.57 7.2 218 71.0 Sandy loam 385 0.6 0.04 5.25 1.29 0.8 26.22
Nz3 8.48 0.41 5.6 18.0 76.4 Loamy sand 36.0 0.42 0.3 35 24 1.81 40.68
) Maharlu — Mh1 7.76 5.38 9.2 23.6 67.2 Sandy loam 69 0.35 0.33 49 23 4.65 29.57
Sarvestan Mh2 7.67 34.8 344 47 18.6 Silty clay loam 60 1.02 0.97 161 318 35.44 50.76
3 Shahrpir zdl 7.51 42.40 52.4 34 13.60 Clay 34 0.10 0.33 231 328 30.52 68.38
Zarrindasht Zd2 7.90 1.32 18.2 51.40 30.40 Silt loam 47 0.48 0.23 10.5 1.35 0.60 41.14
4 Dezhgah Fbl 8.44 0.73 3.60 8.20 88.20 Sand 56 0.32 0.07 7 1.62 0.87 35.33
Farashband Fb2 7.43 135.4 16.40  43.80 39.80 Loam 40.5 4.9 0.6 458.5 1750 115.58 50.09
5 Khonj - Lal 7.87 6.32 10.8 36.4 52.8 Sandy loam 74 0.45 0.16 50.75 344 6.83 25.48
Larestan La2 8.45 1.64 7.2 14.6 78.2 Sandy loam 55.5 0.42 0.11 7.7 10 51 21.72
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Table 4- Wind tunnel test results for soil samples from five dust source areas

Amount of wind erosion at three wind

Dust Source Dust Source Observed Threshold Initial Tray . Total wind erosion
Code . . speeds(kg/m2/min) .
Number Name Erosion m/s Weight (kg) (kg/m#min)
15 m/s 20 m/s 25 m/s
Nzl 10 10.74 0.23 0.60 1.93 2.76
. Nz2 12.7 2.00 2.56 4.50 9.06
1 Bakhtegan- Neyriz
Nz3 12.64 2.30 5.13 6.50 13.93
Nz4 10 10.90 1.20 3.56 7.60 12.36
Mh1 8 13.48 1.06 2.46 4.43 7.95
2 Maharlu - Sarvestan
Mh2 10 11.42 0.13 0.50 1.80 2.43
. . Zd1 10 10.88 0.03 0.06 0.10 0.19
3 Shahrpir Zarrindasht
Zd2 10 115 0.06 0.16 0.9 1.12
FB1 11.28 4.46 5.20 6.10 15.76
4 Dezhgah Farashband
FB2 11.78 0.13 1.20 5.33 6.66
. Lal 10 12.57 0.23 0.56 1.30 2.09
5 Khonj — Larestan
La2 10 14.52 0.40 0.83 2.36 3.59
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Figure 3- Correlation of surface soil erosion intensity in the five dust source areas with increasing wind speed
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Figure 4 - Correlation between total wind erosion and soil salinity in samples with EC <2 dS/m (A) and EC > 5
dS/m (B).
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