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Abstract

:

Dust emission resulted from soil erosion by wind with significant impacts of soil (nutrient) loss and air pollution of particulate matter (PM). The ejection of dust from soil aggregates due to saltation has been hypothesized to play a major role in dust emission. Yet empirical information on the role of different aggregate sizes in dust emission is still lacking. The main goal of this study was to explore the dust emission threshold in different aggregate sizes of a semiarid loess soil. To this end, we conducted targeted wind-tunnel experiment on dust emission. The results show that dust emission from aggregate at size of 63–250 µm, 250–500 µm, and 500–1000 µm is enabled only under the conditions of saltation. The dust-PM threshold at shear velocities of 0.24–0.52 m/s depends on the aggregates size. Aggregates at the size of saltators (125–500 µm) were the most productive in dust generation by the mechanism of aggregate disintegration. In our bulk sample, the aggregate group of 63–250 µm has the highest contribution to the total dust emission. The study aimed to advance our capability in soil resources management and for model parameterization in dust emission schemes.
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1. Introduction


Soil erosion has environmental and socioeconomic significances due to loss of a natural resource. Many arid soils are characterized by bare surfaces that are exposed directly to the erosive forces. The erosion depends on the physicochemical properties of the soil that are reflected in the soil aggregation [1]. Thus, the soil aggregation provides information on soil fertility and soil stability to erosion forces [1,2,3,4]. Soil aggregation refers to the adhesion of two or more soil particles by organic and inorganic cementing materials [5,6]. The size and stability of soil aggregates depend on the type and content of the cementing materials [1]. One of the most important elements that bonds between soil particles and forms aggregates is the clay minerals. The clays are characterized by a high specific surface area (SSA) and high cation-exchange capacity (CEC), which generates strong forces of cohesion [7]. Studies have shown that there is a connection between the clay content and the aggregate size and stability [8,9,10,11].



Aggregate diameters can range between less than 2 µm to a few millimeters [1,12] with specific aggregate size distribution in a soil sample. It is generally assumed that soils with a greater amount of large aggregates will be more fertile and have stronger resistance against erosion [1]. One of the most popular indices for determination of aggregate size distribution in the soil is the mean weight diameter (MWD), which represents the relative part of each size segment of the aggregates in the soil [13]. This index can also be a representative and convenient measure of the comparison between different soils. Another common index is the division of the aggregates into different groups of sizes with a gross distribution into macro aggregates (>250 μm) and micro aggregates (<250 μm) based on the hierarchy concept of Tisdall and Oades [12]. It was found that macroaggregates were composed of much higher organic matter compared with microaggregates [14].



In wind erosion, the soil erodibility is mostly associated with the aggregates that are smaller than 840 μm [15]. Erodible fraction (EF) index presents a quantitative value that expresses the weight of the small aggregates (<840 μm) relatively to the total weight of the soil sample. The dry aggregate stability (DAS) also examines the stability of the soil to wind erosion which calculates the proportion between the weight of the small aggregates (<840 μm) and the weight of the large aggregates (>840 μm) [15]. These indices and the soil stability are affected by the cementing materials such as organic matter, clay content and carbonates [16]. Several studies have showed a clear relationship between aggregate and the mean weight diameter (MWD) value and soil stability to wind erosion [17]. Tanner at el. [18] showed negative correlation between MWD and dust emission expressed by particulate matter that is <10 μm in dimeter (PM10) in agricultural soils. Dust-PM10 emissions can be minimized by reducing soil tillage that prevents breakage of aggregates, thus reducing the soil erosion by wind [19]. In soils with small aggregates, the horizontal sediment fluxes are higher and thus so is the soil erosion [20].



Dust emission is enabled under a critical value of wind (shear) velocity (u*) at which the aerodynamic force is enough to dislodge particles from the surface [21]. The dust entrainment from the soil is strongly connected with the saltation process. Saltation is initiated when the wind stress is sufficient to lift sand-sized particles (63–500 µm) into the fluid stream. Lifted particles undergo ballistic trajectories to impact the surface. The resulting impacts can eject, or splash, new particles into the stream [22,23]. Shao [24] and Kok et al. [25] suggested three main theoretical mechanisms of dust emission from aggregates (Figure 1): (i) a direct aerodynamic lifting of loose microaggregates (<63 µm); (ii) ejection of dust particles from soil aggregates by the impact of saltating grains; and (iii) ejection of dust by self-breakdown of the saltating aggregates. In many soils, the small dust-sized particles (<63 µm) are held in aggregates, and thereby are not available for directly lifting by the wind. Kok [25] argues that the emission of fine particulate matter (dust) is produced mainly by the fragmentation of soil aggregates that are transported in horizontal flux (saltation). Aggregates (mainly those <63 μm) that are moved in saltation can break down at a rate of a 38% along fetch distance of 100 m. An experimental study of Swet & Katra [26] found a significant change in aggregate size distribution during dust emission processes. They showed that the rate of saltation and dust emissions depends on the initial size distribution of the soil aggregates at a given shear velocity. The erosion of the larger aggregates (>500 μm) increased the content of the saltator-sized aggregates (63–250 μm), which affects the rate of the dust emission over time.



The ejection of dust from soil aggregates due to saltation has been hypothesized to play a major role in dust emission [24,25,26,27]. Previous empirical studies examined dust emission in relation to the aggregate size distribution of the soil [15,16,17,18,20,26]. Yet, information on the role of different aggregate sizes in dust emission is still lacking. The main goal of this study is to explore the dust emission threshold in different aggregate sizes that are subjected to saltation. To this end, we conducted a targeted wind-tunnel experiment on dust emission in a semiarid loess soil. The loess soil-type covers 10% of the Earth’s land surface and it is associated worldwide with dust emissions e.g., [28]. In semiarid areas that are subjected to increased land uses and possible climate change of reduced precipitation, changes in soil erosion and dust emission intensities should be considered for the environmental consequences. The results aimed to improve our understanding and capabilities for model parameterization in dust emission schemes.




2. Materials and Methods


2.1. Soil Sample Setup


Reference soil samples were used for the experiment on dust emission from aggregates to fit the study’s goal. Natural loess soil from the northern Negev Desert (Israel) was used as a bulk sample and for the preparation of the specific samples. The bulk soil was taken from the upper layer of the soil that is subjected to erosional processes in the field. The loam texture of the loess consists of −70% clay-silt fraction, and the quartz sand has a typical size range of fine-medium sand (<300 µm). Three reference samples were prepared for aggregate groups at the sizes of 63–250 µm, 250–500 µm, and 500–1000 µm, by sieving of the bulk sample. The samples were dried to an air-dry state (<1.5% gravimetric water content) in order to eliminate effect of soil water content.



The bulk sample was tested for aggregate size distribution (ASD) to determine the mean weight diameter (MWD). The ASD was obtained using the dry sieving method. The samples were placed on a set of six sieves with diameters of 63, 125, 250, 500, 1000, and 2000 μm, and were shaken at a moderate amplitude of 50 rounds per minute for 8 min on an electronic sieving apparatus with horizontal and vertical motions (RETSCH AS 300 Control, Haan city, Germany). Every size fraction was weighed separately to calculate the mean weight diameter (MWD) (mm) as follows:


  M W D =   ∑   i = 1  n   x i     w i   



(1)




where n is the total number of aggregates measured, wi is the fraction (%) that is the relative part of the group’s size, and xi is the equivalent diameter of the aggregate (mm).



The samples of the different aggregate groups (63–250 µm, 250–500 µm, and 500–1000 µm) were analyzed for several soil properties. Particle size distribution was obtained by the ANALYSETTE 22 MicroTec Plus (Fritsch, Idar-Oberstein, Germany) laser diffraction, which measures particles in the size range of 0.08–2000 μm [29]. Replicas (100 mg) were dispersed in Na-hexametaphosphate solution (0.5%) by sonication (38 kHz). The data was calculated using the Fraunhofer diffraction model with a size resolution of 1 μm using MasControl software. Soil organic carbon (SOC) content (%) was determined by the dry combustion method. A 5 g sample of crushed oven-dried (105 °C for 24 h) soil was placed in a combusting oven at 375 °C for 17 h. At this temperature, all organic carbon in the soil oxidizes, with no conflagration of mineral carbon. Carbonate (CaCO3) was determined as mass content (%) by a calcimeter. The carbonates present in a 200 mg sample were converted into CO2 by adding hydrochloric acid 8% (HCl) to the sample. The calcium carbonate content can be calculated with reference to a standard sample of analytical (100%) CaCO3.




2.2. Dust Emission Experiment


The dust experiment was performed by a boundary layer wind tunnel that was used in previous studies [26,30,31]. Boundary-layer wind tunnels enable the production conditions for the natural aeolian process that occur in the field and make it possible to provide quantitative information on the emission of dust from various soils [32]. The wind tunnel has a cross sectional area of 0.5 × 0.5 m open-floored working sections with a length of 7 m. Air push or air suction flow in the tunnel is generated by an axial fan up to maximum velocity of 18 m s−1. Instruments installed in the test section of the tunnel enable quantification of: (1) wind profile for the calculation of frictional velocity, (2) saltation flux, and (3) dust concentrations of PM10.



The soil samples were tested in the wind tunnel under a range of fan frequencies (11–41 Hz). These frequencies represent a range of common wind velocities that are associated with dust emissions in the field. The wind velocity profile was measured for each fan frequency at several heights above the tunnel bed: 0.02, 0.035, 0.05, 0.075, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, and 0.45 m. The wind measurement was conducted with a microvane anemometer with vane diameter of 14 mm that measures wind velocities at the range of 0–30 m/s with reading resolution of 0.1 m/s (KIMO vt 200, Ontario, Canada). The data are logged at time interval of 5 s for each test. The data were analyzed to determine the height of the boundary layer, the average wind velocity in the boundary layer, and the wind shear velocity (u*). The wind shear velocity is expressed by the Prandtl–von Karman equation [25]:


   u   u *    =  1 K  l n  (   z   z 0     )   



(2)




where u is the wind velocity (m/s) at height z (m), z0 is the aerodynamic roughness length (m) of the surface u* is the shear velocity (m/s), and K is von Karman’s constant (≈0.4).



The soil was placed on the tunnel bed at a soil layer of ~2 cm. Each soil sample was tested for all fan frequencies in three replicates—overall 90 runs were performed by the wind tunnel (3 samples, 3 replicates, 10 wind velocities). Each run lasted for 30 s per velocity continuously in order to detect trends of dust emission and saltation. A saltation trap was placed in the wind tunnel to collect saltators in horizontal transport. The saltation mass in the trap was analyzed for the relative contents of sand and dust (<63 μm) fractions. The mass of the transported particles was calculated as saltation flux (Q, kg m−1 s−1) that crosses a width of 1 m, e.g., [33].



Dust concentration of particulate matter that is <10 μm in diameter (PM10, μm g m−3) was recorded by a light-scattering device (DustTrak DRX 8534, TSI, Shoreview, MN, USA), which was placed at 15 cm above the tunnel bed, in the range of 0.001–150 μg m−3 (±0.1% of reading) at 1-s interval. The recorded PM10 concentrations were converted into mass flux emitted from the soil surface (kg m−2 s−1) based on the wind tunnel dimensions and area of the sand bed [34]:


   F  P M   = (  C  P M   −  C  b g   ) ×  V  a i r   ×  A  c s   /  A p   



(3)




where    C  P M     is the recorded PM concentrations (kg m−3) from the soil,    C  b g     is the average PM background concentration (kg m−3),    V  a i r     is the mean horizontal wind velocity i over height (m s−1),    A  c s     is the cross-section (height   ×   width) of the wind tunnel (m2), and    A p    is the area (m2) of the experimental plot (length  ×  width).



The PM10 flux and the saltation flux were used to calculate the sandblasting efficiency α (m−1), which is the vertical dust flux produced by a unit horizontal sand saltation flux, and is an important property to inform the dust emission mechanism [33]:


  a =  F  P M   / Q  



(4)




where    F  P M     is the average PM10 vertical mass flux (kg m−2 s−1), and Q (kg m−1 s−1) is the averaged horizontal sand flux integrated over the whole experimental time for all sand grain sizes.





3. Results


The aggregate characteristics as measured for the reference samples are shown in Table 1. The small-sized sample (63–250 µm) contains the largest amount of clay and the lowest amount of sand. The lowest amount of clay was found in the reference sample of 500–1000 µm. Sample 63–250 shows a similar composition of clay, silt, and sand to that of the bulk sample. The other two samples are different from the bulk sample when a lower percentage of clay and silt and a higher percentage of sand exist compared with the bulk sample. Studies have shown that there is a connection between the content of clay and the aggregate size in different soils. The aggregate size increased with higher clay contents [35,36]. Contrary to expectations, the results in the present experiment show an opposite trend in which the smaller aggregates contain more clay and silt than the larger ones. The amount of soil organic matter (SOM) was found to be at the same level (2.1–2.2%) for all the soil samples (Table 1). The SOM of the bulk sample (2.91%) is somewhat higher than the SOM of the fraction samples. We may expect that a high content of SOM is found in aggregates larger than 2000 µm. The content of the carbonate was relatively higher in samples of 63–250 µm and 250–500 µm, compared with the content (8.5%) of the 500–1000 µm. The carbonate content is also contributing to the production of larger aggregates [1,37]. According to the present results, there is an opposite trend, when the large aggregates (500–1000 µm) contain less carbonate than the small ones.



The wind velocities were measured at several heights above the tunnel bed in each fan frequency to determine the wind profile in the tunnel (Figure 2). In all fan frequencies tested, the wind velocity increases as the height above the tunnel bed increases. The data show a high positive correlation (R2 = 0.98) between the fan frequency and the wind velocity at height 0.2 m. The wind velocity at height above 0.2 m starts to decrease because of the wall effect at the roof of the tunnel. The changes in the wind velocity with height allows the calculation of the shear velocity (u*). The shear velocity in this experiment ranged from 0.24 m/s to 0.52 m/s. A strong positive correlation (R2 = 0.98) between the shear velocity and the fan frequency was found (Figure 2).



Figure 3 shows the results of the saltation measurements as weighed from the traps at different shear velocities. The results show that the range of saltation values is not uniform across all samples. In sample 63–250 µm the lowest value is 0.1 g and the highest is about 100 time more (10.1 g). The highest value however was recorded at 0.43 m/s. The material analysis of the saltation mass (Table 2) showed only a small amount (11.8%) of material that is <63 µm at velocity 0.52 m/s (Table 2). This may explain a decline of about 30% in the saltation mass of 0.52 m/s, compared with 0.43 m/s, in which the stronger wind entered more particle into suspension (dust-PM) rather than in saltation. In sample 250–500 µm the lowest value is 0.07 g and the highest is about 200 time more (14 g). The saltation mass in velocity 0.52 m/s was about 60% higher in relation to velocity 0.43 m/s. In measuring the material smaller than 63 µm in the saltation mass (Table 2), it was found that there is no distinct trend showing the material variability according to the shear velocity. The percentage of matter less than 63 µm at 0.52 was 17.5% while the percentage at 0.31 was 12.3%. In sample 500–1000 µm the highest value was recorded in 0.52 m/s (5.5 g) while the saltation started only from 0.39 m/s. In most velocities, no material less than 63 µm was found in the saltation mass (Table 2). As the velocity increases, the macroaggregates move and break so that only at the last velocity 8.4% of the material in the saltation mass was smaller than 63 µm (Table 2).



The results of the PM10 concentrations that were measured during the experiment are shown in Figure 4. The range of the values differs according to the aggregate size so that the highest PM10 concentration was recorded in the smallest fraction (63–250 µm) and the lowest one was at the largest fraction (500–1000 µm). In sample 63–250 µm, the lowest dust concentration was 0.2 mg/m3 and the highest concentration was about 170 time more (35.2 mg/m3). A moderate increase in concentration occurs when the wind velocity increases accordingly. The concentration peak (26.5 mg/m3) was recorded at shear velocity 0.52 m/s with more than 100% increase relative to velocity 0.43. In sample 250–500 µm, the lowest concentration was 0.1 mg/m3 and the highest concentration was about 250 time more (25.1 mg/m3). In 250–500 µm sample, there was a significant increase in PM10 concentration at 0.43 m/s. This PM10 value was even higher than that of 0.52 m/s although not significant. It is reasonable to assume that a vast amount of dust particles was released at 0.43 m/s, and thus the dust supply from aggregates was more limited under 0.52 m/s. In sample 500–1000 µm, a distinct PM10 concentration was obtained only from 0.39 m/s, which is the same threshold of saltation (Figure 3). A positive nonlinear correlation was found between the calculated PM10 flux and the saltation flux (Figure 5) for all soil samples (R2 = 0.86–0.88).




4. Discussion


Loess soils that are associated with dust emission are typically composed of aggregate size distribution at the range of less than 2 µm to over 2000 µm. In this study we examined soil samples with aggregate size fraction within this range. Previous studies on dust emission from loess soil reported on aggregate size distribution at similar range of the current study [38,39,40]. Yet information on the properties of each aggregate size is important for the study on dust emission from soil aggregates. The aggregate properties in the present study show that the common cement materials are not the major factor in the formation of large aggregates. The amount of organic matter, soil moisture, and carbonate in aggregates was relatively low and similar among the samples (Table 1). Boix-Fayos et al. [3] show that aggregates at size of 105–1000 µm contain a large amount of fine sand compared to smaller aggregates containing more clay and organic matter. It can be assumed that the major factor that allows the large aggregates to exist in our soil is the amount of coarse-silt and fine sand (<200 µm) in relation to the content of the clay in the aggregates. The coarse-silt and fine sand may accumulate with the clay to form larger aggregates.



The wind tunnel was operated under a range of air velocities that start from low velocity that barely start aeolian processes to velocities that are directly identified with dust emission in various soils and specifically in loess soil [18,26,30,31,41,42]. The wind profiles received in this study (Figure 2) have similar trends to profiles of previous works [26,41]. The wide range of the wind shear velocities (0.24–0.52 m/s) enabled us to define the saltation and dust emission thresholds [25,33].



According to the results of this study, the threshold value of dust emission in aggregates 63–500 µm is a shear velocity of 0.31 m/s and in macroaggregates 500–1000 µm is 0.39 m/s (Figure 5). The aggregate size is critical to determine the emission rate at any given wind velocity. For example, the highest rate of PM10 at velocity of 0.43 m/s is received from aggregates 250–500 µm. In this size group all the aggregates are at saltator sizes, which move in saltation at the shear velocities of 0.31–0.52 m/s to provide high saltation mass. In the group of 63–250, only the fraction of 125–250 µm is moving in saltation, while the smaller ones (63–125 µm) may enter into suspension, and thus lower saltation and dust fluxes are received compared with the aggregate group 250–500 µm. Saltation of larger aggregates (500–1000 µm) requires more energy to be transported and release dust by aggregate breakage.



Assuming that loose dust-sized particles (>63 µm) in most soils are barely available for direct lifting due to cohesive forces, the main mechanism that allows the dust emission is the breaking of the aggregates by the saltation [25,43]. In all samples, the emission of dust occurs only when the saltation begins, according to the threshold velocity of the different samples (Figure 3 and Figure 4). The reduction in the aggregate size as a result of saltation and aggregate breakage was demonstrated by Swet and Katra [26]. They showed that following macroaggregate saltation (>500 µm), the amount of aggregates 63–250 µm could increase by 10–34% so that the initial state of the aggregate size distribution could indicate the erosion expected to affect in the soil. Examination of the saltation material in the traps (Table 2) cannot provide us information on aggregation reduction as suggested by Swet and Katra [26]. The current study examines only three size groups while the combination of macro and micro aggregates in the saltation can create an increased fracture that does not occur when groups are divided.



Knowing the initial aggregate size distribution of a soil would be an advantage in estimating dust emission levels. The results of the distribution of soil aggregates in the present study show that the fraction 63–250 µm is about 55% from the bulk sample (all aggregate sizes) and the fraction of 250–500 µm and 500–1000 µm is about 5% each. It can be assumed that during a wind event that is above the shear threshold (>0.31 m/s), there is a saltation and dust emission from most of the aggregates (>500 µm) at the same time. Our results indicate that the total dust emission from the bulk sample will be mostly like the dust flux from the fraction 63–250 µm. This is demonstrated by the sandblasting efficiency (Figure 6), which is the ratio between the PM10 flux and the saltation flux [33,43]. The sandblasting efficiency in sample 63–250 µm (presented as 156 µm) was found to be the highest compared with other samples with a similar size range [33,44,45]. In the studies of Swet et al. [33] and Huang et al. [46], the sandblasting efficiency is low despite the similarities to samples 63–250 µm and 250–500 µm of this study. These studies dealt with sand from dunes, in which there is a low availability of dust particles in the samples and no breaking of aggregates. In sample 500–1000 µm (presented as 750 µm), the saltation starts only at shear velocity 0.39 m/s when the wind is strong enough. The values of the sandblasting efficiency are relatively low compared with the other samples in this study but still higher than those of sandy soils.



Our methodology has some limitations. First, we applied three aggregate size groups which may not represent the entire range of soil sizes. However, these groups are common in many soils and specifically in loess soils that are associated with dust emission processes. The division into macroaggregates (>250 µm) and microaggregates (<250 µm) allows the analysis of the emission mechanism of the aggregates moving in saltation and those that need to be broken by the impact of saltators in order to emit dust. Second, the use of a wind tunnel to examine the dust emission may not reflect the natural wind in the field where the velocity and direction are constantly changing. However, the controlled wind velocities by the tunnel make it possible to examine the emission thresholds of various soil samples. Third, the saltation and dust fluxes calculated in this study by the wind tunnel experiment do not necessarily fit the values measured in the field, but they do allow for the quantitative comparison between soil samples (e.g., sandblasting efficiency).



In recent decades, there have been environmental changes associated with intense human activity. Climate change and global warming can cause dehydration in some areas and cause degradation of the soil [47]. The advancement of modern agriculture, along with increased use of massive mechanical tillage and extensive human activity, results in loss of important soil stabilization materials [48]. The different effects on soil can cause a decrease in the size and stability of the aggregates and thus change the rate of soil erosion [49]. When the size of the aggregates decreases significantly and there is drought, the aeolian transport can be more significant and be a catalyst for the degradation process in the soil.




5. Conclusions


In this study we examined dust emission from soil aggregate with different sizes. The significance of this study was to provide a better understanding on the role of the soil aggregation in soil erosion and dust emission processes. The wind tunnel results show that the PM10 emission is associated with saltation and the breaking of the aggregates. Basically, aggregates at the size of saltators (125–500 µm), at typical wind shear velocities (0.24–0.52 m/s), are the most productive in dust generation by the mechanism of aggregate disintegration. In larger aggregates, a strong shear velocity is required to initiate saltation and cause breakage and dust emission. Nonetheless, the aggregate size distribution of the (bulk) soil is important in determining the dust fluxes. In our case, in a semiarid loess soil, the aggregate group of 63–250 µm has the highest percentage in the bulk sample, and this should be considered in dust emission assessments. Many soils throughout the world are already associated with soil erosion and dust emission, especially in arid climates. Human activities and land uses alter the soil properties, and thus the soil aggregate sizes. A management strategy of preventing soil aggregate disintegration, and/or increasing the soil aggregate sizes by soil stabilization methods, is necessary in order to keep our natural resource of soil and possibly decrease environmental pollution by dust-PM.
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Figure 1. Illustration of the three dust emission mechanisms: (a) aerodynamic entrainment, (b) ejection of dust aerosols from soil aggregates by impacting saltating particles, and (c) ejection of dust aerosols from soil aggregates that are participating in saltation. Adapted from Shao [24]. 
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Figure 2. (a) Wind velocity (m/s) measured at different heights above the tunnel bed (z) under different fan frequencies (Hz) (b) Correlation between the fan frequencies applied in the wind tunnel and the calculated shear velocity. 
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Figure 3. Saltation mass measured in the reference samples under various shear velocities. The average mass is presented by the solid line inside the minimum/maximum box, and standard deviations are in dashed lines. Note the differences in the value rang of Y axis. 
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Figure 4. The particulate matter that is <10 μm in dimeter (PM10) concentration calculated from the wind tunnel measurements of the reference samples under various shear velocities. The average concentration is presented by the solid line inside the minimum/maximum box, and standard deviations are in dashed lines. Note the differences in the value rang of Y axis. 
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Figure 5. Nonlinear correlation between PM10 flux and saltation flux for the different soil samples. Note the different value range of saltation and PM fluxes between the soil samples. 
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Figure 6. Sandblasting efficiency of the 63–250 µm sample (red), 250–500 µm sample (green), and 500–1000 µm sample (blue). The size is represented by the mean of the size fraction of the aggregate samples. The chart shows some previous works (dashed line) showing the results with different shear velocities. The range of the sandblasting efficiency in each work is related to the range of shear velocity applied at work. 
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Table 1. Mean values of soil properties for the reference samples and the bulk sample.
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	Clay (%)
	Silt (%)
	Sand (%)
	CaCO3 (%)
	SOM (%)





	63–250 µm
	16.1 (6.0)
	60.5 (12.3)
	23.3 (18.4)
	14.4 (1.6)
	2.2 (0.1)



	250–500 µm
	12.8 (1.5)
	53.1 (4.2)
	34.0 (5.7)
	12.9 (0.8)
	2.1 (0.2)



	500–1000 µm
	11.7 (0.8)
	55.6 (1.2)
	32.6 (0.3)
	8.5 (1.5)
	2.1 (0.3)



	Bulk sample
	13.7 (N/A)
	60.4 (N/A)
	25.8 (N/A)
	10.6 (0.7)
	2.9 (0.0)
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Table 2. Percentage of dust-sized aggregates and particle (<63 µm) in the saltation mass (Figure 3) under each shear velocity.
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u* (m/s)

	
Sample 63–250 µm

	
Sample 250–500 µm

	
Sample 500–1000 µm




	
<63 µ (%)

	
<63 µ (%)

	
<63 µ (%)






	
0.24

	
30.5

	
N/A

	
N/A




	
0.31

	
30.3

	
12.3

	
N/A




	
0.36

	
24.5

	
24.9

	
N/A




	
0.39

	
16.5

	
13.7

	
N/A




	
0.43

	
20.5

	
18.1

	
6.6




	
0.52

	
11.8

	
17.5

	
8.4
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