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Abstract

Wind soil erosion is one of the most important causes of soil degradation that impede the process of sustainable agricultural
development. The first step to mitigating wind erosion hazards is to find an effective and accurate way to assess its severity.
Therefore, the main objective of this research was to raise and evaluate the efficiency of the new four traps to measure eroded
soil, Fixed Distance trap (FD), Fixed Point trap (FP), Rotary Distance trap (RD) and Rotary Point trap (RP). The study traps RP
and FP compared with the Big Spring Number Eight trap (BSNE) (traditional trap) and the traps RD and FD compared with the
Bagnold trap (traditional trap). The results indicated that the order of study traps in terms of soil collection efficiency and soil
retention efficiency were RD>FD>Bagnold>RP>FP>BSNE and FP>RP>RD>FD>Bagnold>BSNE, respectively. Results proved
that the best traps in collecting eroded soil were RP trap followed by FP trap, compared to BSNE trap. Also, the best traps in
collecting eroded soil were RD trap, followed by FD trap, compared to the Bagnold trap. The most important results showed that
the relative efficiency of RP and FP traps were 181% and 159%, respectively, compared to BSNE and the relative efficiency of
RD and FD traps were 186% and 172%, respectively, compared to the Bagnold trap. The study proved high accuracy of new
traps in measuring soil eroded material, separating soil particles according to their size directly inside traps and determining the

direction of the wind compared to traditional traps.

Keywords: Distance trap, Horizontal mass flux, Horizontal mass transport, Wind soil erosion

INTRODUCTION

Wind erosion is a major problem in arid and semiarid
regions worldwide that support about one-sixth of the
world’s population (Skidmore, 2000). Frequent dust
storms in these areas not only have a very spectacular
character, showing nature’s power in moving soil parti-
cles. But they also affect the physical characteristics of
the atmosphere (Alpert and Ganor, 2001), agricultural
systems (Liblik et al., 2003), soil quality (Reynolds et
al., 2001), biological systems (Reynolds et al., 2001),
building materials (Lefévre and Ausset, 2002), human
activities (Riksen, 2004) and public health (Smith and
Lee, 2003, Inyang and Bae, 2006). Wind erosion sorts
the most fertile fraction from the soil, lowers its produc-
tivity, deposits sediment in ditches and waterways, pol-
lutes the air, reduces visibility, and fouls machinery.
Soil erosion is a major land degradation process and

affects soil productivity worldwide (Li et al., 2009; Gar-
cia-Ruiz et al., 2015).

It has been estimated that about 75 billion metric tons
of soil are removed by wind and water erosion each
year and most of these removals take place from agri-
cultural land (Montgomery, 2007). During wind erosion,
the soil is moved via three mechanisms known as
creep (particles larger than 500(]um diameter), salta-
tion (particles between 100 and 500 ym), and suspen-
sion (particles less than 100 uym (Nickling and McKen-
na Neuman, 2009). The size of the particles carried by
the wind decreases exponentially with height (Li et al.,
2008). The material transported by saltation can affect
soils, with a decrease in the thickness of the surface
layer, changes in texture, breakdown of structure, and
loss of chemical fertility through the decrease of organ-
ic matter (OM) and nutrients (Aimar, 2016). Northwest-
ern Coast Zone (NWCZ) is very vulnerable to erosion
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due to its undulating topography and aridity (Fryrear et
al., 2008). Passive sediment catchers vary in their de-
sign, and all operate by trapping saltation and/or sus-
pension material as airstreams move through the catch-
er. Catchers have been designed to trap sediment in
the airstream within the saltation layer, effectively inte-
grating from the soil surface to about 0.5 m above the
soil (Nickling and McKeena-Neuman, 1997). Most
catchers, constructed to sample at discrete heights
above the soil surface (Zobeck et al., 2003).

To eliminate the labour and equipment necessary to
measure the size distribution of the trapped sediments,
Fryrear and Saleh (1993) proposed an alternative meth-
odology to estimate the proportions of saltation and
suspension sediment using the horizontal flux of all
sediment collected by catchers installed at various
heights above the surface (Fryrear, 1986). Measured
data have not validated the methodology. Considerable
wind erosion data are available from field experiments
collected using passive sediment catchers (Zobeck et
al., 2003). Typically, point measurements of horizontal
sediment flux are collected with catchers placed at
heights of about 0.05, 0.1, 0.2, 0.5 and 1.0 m above the
soil surface. Fitting curves to the horizontal flux meas-
urements and integrating these over heights provides
an estimate of the total horizontal sediment discharge
at a point in the field. Typically, these data are used to
estimate field soil loss (Sharratt et al., 2007; Hagen,
2004). Reliable and direct measurements of sediment
flux are not only required for the confirmation and cali-
bration of theoretically derived flux equations (Nickling
and McKeena-Neuman, 1997), but are also necessary
for assessing the intensity of aeolian processes in each
environment (Goossens and Offer, 2000).

Many studies have been devoted to developing and
applying a wide variety of instruments used as sam-
plers for the direct measurement of dust. These dust
samplers can be classified into two groups: those
measuring horizontal dust fluxes, and those measuring
vertical dust fluxes. The most important characteristic of
a dust sampler is its efficiency. The efficiency of a col-
lector depends on the shape and size of the sampler,
the deposition surface inside the sampler, the airflow
(wind speed, wind direction, and the sediment's charac-
teristics (Goossens and Offer, 2000). Due to a combi-
nation of these factors, the sampler's efficiency varies
with the conditions at the time of measurement. BSNE
samplers are used in many regions like the USA, Aus-
tralia, and Egypt to quantify materials transported by
saltation and rolling (Goossens et al., 2000). Fryrear
(1986) designed big spring number eight (BSNE) sam-
pler. Because it is a passive sampler and requires no
power supply, it is cheap and widely used in field exper-
iments. It is the most popular passive sampler in aeoli-
an research Goossens and Buck (2012). Fryrear (1986)
BSNE sampler has lower efficiency for particles smaller

than 60 microns. It is recommended that this trap be
used in coarse grain soils. The sampling efficiency of
BSNE decreases with wind speed due to the higher
stagnation pressure in the BSNE at higher wind speeds
(Goossens et al., 2000).

The stagnation pressure effect is higher for small parti-
cles because they have lower inertia and response time
to changes in the airflow. Eddies generated in the inlet
edge of the sampler cause small particles to be trans-
ported outside the sampler. As a consequence of the
lower efficiency of BSNE samplers at higher wind
speed and smaller particle size and considering that
wind speed increases but particle size decreases with
height, it can be expected that the amount of material
collected by BSNE will also decrease with height. Fry-
rear et al. (1991) describe a set-up for wind erosion
measurements on a circular field with a radius of 50 m.
Bagnold sediment trap is among the first ones of verti-
cal slot sampler. It was designed by Bagnold (1943),
who was the first instrument for collecting eroded sand
in the field. The most important deficiency of this trap
was its fixed mouth in the field conditions (Marva and
Peterson, 1983). Also, it did not adjust to changes in
wind direction. Different kinds of sediment traps have
been designed so far and introduced to be used in ero-
sion measuring stations.

Therefore, one of the aims of this study was to assess
the four new traps in measuring transmitted sediments
from different directions and separation of soil particles
size inside traps. Then present the observation data
and discuss the calculated measure of soil loss in a
direct way (measurement vertical distances along with
the trap height) compared with the indirect way
(measuring separate vertical points along with the trap
height).

MATERIALS AND METHODS

The evaluation of study traps in the field was carried
out in Wadi EI-Raml basin. This basin occupies an area
of about 144.35 km? and is located at west of Marsa
Matrouh city Northwestern Coastal Zone of Egypt
(latitude: between 31° 09' 20" - 31° 21' 58" N, and lon-
gitude: between 27° 04' 27"- 27° 12' 30" E). The loca-
tion of the study area is presented in Fig. 1. The soils of
Wadi ElI-Raml are mainly sandy loam in texture. The
meteorological data of the study area is mentioned in
Table 1 and recorded by National Centers for Environ-
mental Information (NCEI, 2020). The arid Mediterrane-
an climatic conditions of the study area were character-
ized as short rainy seasons during October—March;
about 85% of the total annual rainfall was recorded
between December and February. Analyses of some
soil physical and chemical characteristics were carried
out according to Klute (1986) and results are given in
Tables 2 and 3.
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Fig. 1. The location map showing the target study area at NWCZ of Egypt

Design theory of study traps

The soil particles collection method was the same for
all studied traps. The idea of collecting soil particles
was based on two opposite vertical openings for the
entry and exit of air. There were two vertical sieves
between them, the first with a hole size of 0.5 mm and

Table 1. Meteorological data of the study area

the second with a hole of 0.1 mm. When the air loaded
with soil particles enters from the trap entry hole pass-
es through the two sieves. The sieves obstruct the pas-
sage of soil particles and the causes fall into the lower
collection basin, divided into three sections. Each sec-
tion collected a different size of soil particles (creeping

Month Temperature (°C) Wind speed (m/s) Wind direction  Rainfall (mm) Moisture (%)
January 13.10 7.62 NW 1.86 35.84
February 13.64 6.74 NW 1.33 37.02
March 14.85 7.23 NW 2.18 35.16
April 16.85 6.78 NW 0.04 34.44
May 20.87 6.63 NE 0.00 31.97
June 23.35 6.27 NW 0.00 31.73
July 26.22 5.77 NW 0.00 31.77
August 27.18 5.67 NW 0.00 32.49
September  26.58 5.60 NE 0.00 33.16
October 23.95 5.49 N 0.42 33.19
November 18.67 5.92 NW 7.20 35.70
December 15.76 7.52 NW 0.16 37.19
Table 2. Physical and chemical properties of the experimental soil

- Particle si ——
Soil artlc. e size distribution % Texture Caco, . EC (ds/
depth Coarse Fine Silt Cla class % OM% pH m)
(cm) sand sand y
0-20 52.95 24.61 12.55 9.89 Sandy loam  6.78 0.31 7.72 1.21
20-40 48.29 24.27 17.32 10.12 Sandy loam 4.6 0.35 7.65 1.18
40-60 43.41 28.17 18.14 10.28 Sandy loam  5.02 0.36 7.46 0.99

1392



Meselhy, A. A. and Wassif, O. M. / J. Appl. & Nat. Sci. 13(4), 1390 - 1406 (2021)

Table 3. Particles size distribution and mean weight diameter of soil under consideration

Range in particles

size, (um) <63

63-100 100-250

250-500 500-1000  >1000 MWD (um)

Soil weight, (g) 122 17.26 13.76

18.21 17.05 21.52 560.95

>0.5 mm, saltation 0.1:0.5 mm and suspension < 0.1
mm). It is dependent on the trap height; air finally exits
from the exit hole of the trap, as shown in (Fig. 2). All
studied traps were characterized by:

The ability to separate different soil particles sizes in
separate collection basins. So that the study traps had
facilitated direct measurement of soil particle size distri-
bution.

Its tight closure, which did not allow rainwater to enter it.
Ease of dismantling and installation when taking soil
samples from it especially traps RP and RD compared
to their difficulty in the case of traps FP and FD.

Specifications of studied traps

Rotary points trap (RP)

This trap type was a rotary reservoir box that rotated
with wind direction, as shown in Fig. 3, a-b. This type of
trap was one of the types of passive traps collecting the
soil particles through the presence of an air inlet hole
with dimensions (5 cm height x 10 cm width) which,
rotated around a fixed axis by wind vane installed at the
end of a horizontal beam to ensure that the trap open-
ing is always in facing the wind direction. This trap
worked based on calculated eroded material in an indi-
rect way. Therefore, it was collecting soil particles at
points distributed along the vertical distance extending
from the soil surface to a height of one meter above the
soil surface at distances (10, 32.5, 55, 77.5 and 100
cm), respectively as shown in Fig. 4 a. Consequently,
the soil was collected from each basin of the distributed

7 Air without soil particles
—_—

Air with soil particles

Adr exit
—_—

Fig. 2. General idea of collecting soil particles method for
the study traps

holes along the vertical distance of one meter and then
was weighed. After that, a curve was drawn for the rela-
tionship between the weight of the soil collected by the
trap divided by hole area (g/cm?) on the vertical axis
and the horizontal axis placed on it the vertical distanc-
es of trap holes from soil surface (cm). Then, the fit
equation of the curve was found out, which was inte-
grated to calculate the value of eroded soil (g/cm)
through the distance from 0 to 100 cm.

Rotary distance trap (RD)

This trap type was a rotary reservoir box that rotated
with wind direction as shown in Fig. 6, a-b. This trap
had collecting soil particles by having four holes with
dimensions (10 cm width x 22.5 cm height). Each hole
had an independent collection basin. These four holes
were connected to each other along with a vertical dis-
tance of one meter. The four holes connected to each
other and able to rotate around a fixed vertical axis and
rotated by one wing connected to the four holes with a
vertical distance of one meter to ensure that the trap
opening continued to face the wind, as shown in Fig. 5
a). Therefore, this trap calculated the eroded material
by direct way. Therefore, accumulated soil in it, which
passed through the hole extending along with the verti-
cal distance one meter, was collected and weighed, so
it was the value of the eroded soil.

Fixed points trap (FP)
This trap type was a fixed reservoir box that not rotate

Fig. 3. Rotary points trap a) photo of trap b) photo of trap
in the field
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Fig. 4. Rotary points trap a) the scheme of trap with vertical distance of trap opening from soil surface b) the scheme of
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Fig. 5. The scheme of rotary distance trap a) vertical distance of trap opening from soil surface b) single cell components

with the wind direction and calculated eroded material
by indirect way. This trap collecting soil particles
through separate holes distributed along the vertical
plane, extends from the soil surface to a height of one
meter, the heights from the soil surface were, 10 - 32.5
-55-77.5 - 100 cm, respectively as shown in Fig. 7, a.
At previous heights, a circular tray with eight holes
(hole dimensions 5cm width x 5cm height) placed on
the tray circumference in the eight geographical direc-
tions. Each hole has a collection basin for soil particles,
separate from the basins for other holes. This trap con-
sisted of five trays mounted on a vertical shaft. The

trays covered with a cover equipped with a wind vane
and with a front longitudinal five holes, the dimensions
of each one 5 cm width x 5 cm height for air entry, and
in the opposite direction, it had another longitudinal
hole of the same dimensions for air exit. This cover was
there to ensure that there was no overlap in the accu-
mulation of soil between the holes of the on tray facing
the wind, and therefore the soil collected in each hole is
specific to one geographical direction only as shown in
Fig. 9 and 10. This trap can measure the eroded soil in
the eight geographical directions, thus determining the
direction of the prevailing wind in the area, which caus-
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(2 (b)

Fig. 6. Rotary distance trap a) photo of trap b) photo of
trap in the field

es soil erosion.

Fixed distance trap (FD)

This trap type was a fixed reservoir box that did not
rotate with the wind direction and calculated eroded
material by direct way through collecting soil particles
from four vertical holes connected to each other. Each
hole is 22.5 cm in height. It extended along the vertical
plane from 10 cm to a height of one meter. The trap
consisted of four circular trays, each tray containing
eight holes distributed along the tray circumference in
the eight geographical directions. The dimensions of
each hole were 5 cm width x 22.5 cm height. The trays
were covered with a cylindrical cover equipped with a
wind vane and a front longitudinal opening of dimen-
sions 5 cm width x 90 cm height for air entry. In the
opposite direction, it had another longitudinal opening
of the same dimensions for air exit. This cover was
there to ensure that there was no overlap in the accu-
mulation of soil between the holes of the one tray fac-
ing the wind. Therefore, the soil collected in each hole
is specific to one geographical direction only as shown
in (Fig. 11, 12 and 13). This trap can measure the erod-
ed soil in the eight geographical directions, thus deter-
mining the direction of the prevailing wind in the area,
which causes soil erosion. One of the most important
disadvantages of this trap is the difficulty of disassem-
bling and installing when taking soil samples and their
large size.

Traditional traps
Big spring number eight trap (BSNE)
The big spring number eight (BSNE) was a traditional

Installing base

(a) (b)

Fig. 7. Scheme of fixed points trap a) vertical distance of
trap opening from soil surface b) tray components

trap for wind erosion measurement indirectly by sepa-
rate points along the vertical plane by Fryrear (1986).
Although it was initially designed to collect airborne
dust, it was also frequently used to collect soil and
sand. A picture and a diagram are shown in Fig. 14.
Dust-laden air passes through a vertical 2 cm x 5 cm
sampler opening. Once inside the sampler, air speed is
reduced, and the dust settles in a collection pan. Air
discharges through a 60-mesh screen. An 18-mesh
screen reduces the movement of the deposited materi-
al, preventing the breakdown of the collected sediment
and potential loss of very fine particles out of the top of

Fig. 8. Scheme of fixed points trap a) the tray b) single-cell
components
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Fig. 9. Method of install trap cover to prevent reading interference between the tray cells a) vertical shaft b) install the
trays on vertical shaft c) cover of preventing reading interference d) the trap with all components

(©

Fig. 10. Photo of the method of install the trap cover to prevent reading interference between the tray cells a) trap

without cover b) trap with cover c) the trap in the field
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Fig. 11. Scheme of fixed distance trap a) vertical distance of trap opening from soil surface b) the tray c) single cell

components
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[——— J]E a = E
() (b)

(c) ()

Fig. 12. Method of install trap cover to prevent reading interference between the tray cells a) vertical shaft b) install the
trays on vertical shaft c) cover of prevent reading interference d) the trap with all components

the screen. A wind vane at the rear ensures the sam-
pler was turned to the wind.

The Bagnold trap

Bagnold was the traditional trap for wind erosion meas-
urement directly by distances along the vertical plane by
Bagnold (1943), as shown in Fig. 15. The Bagnold trap
was of the type that measures the eroded soil by collecting
it in a vertical and longitudinal range and not points so that
the accumulated soil directly weighed, and it was the
amount of eroded soil. The Bagnold trap was a fixed type

(a) (b)

Fig. 13. Photo of the method of install trap cover to
prevent reading interference between the tray cells a) trap
without cover b) trap with cover c) the trap in the field.

(©)

that did not move with the movement of the wind. Thus,
the most important disadvantage was that the air intake
hole was fixed in only one geographical direction. One of
the major defects of this trap was its inability to determine
the geographical direction of the wind. But to determine
the direction of the wind, more than one of the Bagnold
traps must be used, where one trap was placed in each of
the geographical directions, which led to a significant in-
crease in costs. This defect was corrected in the design of
the proposed study traps, as one trap directly determines
the wind direction.

2cm >
Entry Sem

holeF

A ]

22.5cm

22.5cm

\

N

_yllem Soil surface

Fig. 14. The big spring number eight trap (BSNE)
(Fryrear, 1986)
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Manufacturing costs of study traps

The traps specially designed for this study were made
of 28-gauge galvanized sheet metal, stainless steel 0.5
mm and 0.1 mm opening-mesh screen. The cost of
manufacturing six study traps FD, FP, RD, RP, Bagnold
and BSNE were 91, 82, 71, 60, 53 and 45 $ US, re-
spectively.

Distribution of traps in the field for the evaluation
process

The traps were spaced 50 m apart to prevent interfer-
ence, as shown in (Fig. 16). The traps were placed in
the field to evaluate their performance, each trap locat-
ed in the center of a circle with a radius of 50 m, ac-
cording to Guerrero et al. (2020). Three replicates were
used for each one.

Relative efficiency

Horizontal mass flux (HMF), defined as the amount of
soil passing by unit area of a vertical plane in each indi-
vidual sampler, was calculated by dividing the amount
of material by the sampler’s opening area (Funk et al.,
2004; Panebianco et al., 2010). This allowed the calcu-
lation of HMF for the rotary points trap (RP) is (HMFgp),
Rotary distance trap (RD) is (HMFgp), Fixed points
traps (FP) is (HMFgp), Fixed distance trap (FD) is
(HMFgp), Bagnold (BG) is (HMFgg) and the BSNE is
(HMFg). The relative efficiency (RE, %) of RP and FP
relative to BSNE was calculated using Equation 1.
However, the relative efficiency (RE, %) of RD and FD
relative to Bagnold was calculated using Equation 2:

HMF
RE = HMFx
B Eq. 1
HMF
RE = HMFY
BG Eq. 2

Where HMFy is the horizontal mass flux of the x (RP,
FP) and y (RD, FD) sampler (g/cm?) and HMFg is the
horizontal mass flux of the BSNE and HMFgg is the
horizontal mass flux of the Bagnold (g/cm?).

Horizontal mass transport (HMT), defined as the
amount of passing soil by unit area of a horizontal
plane confined between two definite heights. Calculat-
ed for each sampling point by integrating the power,
exponential, logarithmic, and linear equations
(Equations. 3, 4, 5, and 6, respectively). Which fit an
HMF variation as a function of height between 10 and
100 cm (Funk et al., 2004; Panebianco et al., 2010).
The integrations made between 10 and 100 cm height
because slight changes in the lower boundary for the
vertical integration may have different effects on the
amount of material calculated trough each equation
(Funk et al., 2004; Panebianco et al., 2010).

—B
f(Z) = cez Eq.3

10cm P

%

Soil surface

BSNE Bagnold RP

8 & O O

Fig. 16. Study traps distribution in the experimental area

f(Z) = cZ7F

Eq. 4
Inf(Z) =f, + o InZ Eq.5

Where, f (z) is the horizontal mass flux (HMF), f, is the
HMF at the soil surface, z is height, and o and 8 are
equation coefficients. The integration of HMFgp, HMFgp
and HMFg through each equation allowed the value of
HMT of each sampler to be estimated for each equa-
tion. The HMFgp, HMFgr and HMFg, the HMT of the
samplers used, and the equations correlated using the
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Fig. 17. Test procedure to determine the collection efficiency for traps using wind tunnel

linear regression analysis program of Microsoft Excel.

Collection efficiency

The collection efficacy calculated after five repetitions
of the soil samples from the study area (Wadi EI-Raml,
Marsa Matruh Governorate) using the wind tunnel at
the Desert Research Center, Cairo was shown in Fig.
17. First, the sampler was firmly installed on a base. In
front of the sampler was a tray with 290 mm width, 300
mm length and 5 mm height. The height of tray’s floor
is equal to the average height of sampler's mouth and
the distance between tray’s edge and sampler’'s mouth
was 50 mm. In each test, we used 650 g of the soil that
had passed the 2 mm scalp. The soil spread all over
the tray by means of a brush and the fan of the tunnel
worked each time with a velocity of 7 m/s (average
wind speed in the field) in the height of 15 cm. The test
continued until the soil in the tray was removed. Collec-
tion efficiency was calculated using the following formu-
la according to Azimzadeh and Ekhtesasi (2011).

Mirap WDira
CE=_—"2_ "%

M WD
tray trap Eq.7

Where (Myp) is the weight of collected soil, (WD) is
the width of trap’s mouth, (WDy4y) is the width of the
tray and (Myay) is the weight of the soil spread on the
tray.

Retention efficiency

Two traps of the same type were placed next to each
other in the field and waited until the first storm was
hitted on both traps. After that, immediately take the
soil collected in both traps and weigh them, so the
weight of the dust collected in the first trap was (A) and

Table 4. Soil retention efficiency of the traps

the weight of the dust collected in the second trap was
(B). Leave the first trap empty after taking the accumu-
lated soil from it after the first storm and return the soil
after weighing it to the second trap. Waiting until the
second storm hits, then directly weigh the soil collected
in both traps, where (C) was the weight of soil in the
first trap, which emptied after the first storm, and (D)
was the weight of soil in the second trap (soil collected
from two storms), which left the soil in it after the first
storm. Calculate the soil retention efficiency of the traps
as shown in (Table 4)

If the value of soil collected in the first trap that emptied
after each storm is equal to the weight of the soil
collected from the second trap, which soil left in it and
taken together after the end of all storms, the soil reten-
tion efficiency for traps will be 100%.

RESULTS AND DISCUSSION

Horizontal mass flux (HMF)

The fits of the power, exponential, logarithmic, and line-
ar equations to a Horizontal mass flux (HMF, g/cm?)
profile to calculate horizontal mass transport (HMT, g/
cm) are shown in Fig. 18. Table 5 presents the model
parameter coefficients for various equations and their
fitting, rather different for each sampler type. The aver-
age fitting of the four equations for BSNE, RP and FP,
respectively, were in the following order: Power > Exp.
> Log. > Linear. The equations investigated fitted better
to the HMFrp and HMFgp than the HMFg, probably be-
cause the potential sampling errors decreased due to
the larger opening area of the cyclone collector, espe-
cially when the samplers were not correctly orientated
to the wind direction. Therefore, the small opening and

Soil weight after the

Soil weight after the sec-

Soil retention

Trap first storm, (g) ond storm, (g) Total weight, (g) efficiency, (%)
First A C A+C D
Second B D D A+C y 100

B: weight of the soil left in the second trap from the first storm.

D: included weight of the soil left in the second trap (B) from the first storm and weight of the soil that collected on it in the second storm.
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Fig. 18. a) Comparisons of the horizontal mass flux (HMF, g/cm?) obtained with

the long tube of the BSNE can complicate the free en-
trance of the saltation particles, which had an inclina-
tion angle concerning the ground (Mendez et al., 2011).
The results showed that HMFRP and HMFgp, respec-
tively, were 2.08 and 1.79 times higher than HMFg as

24 - -Power (R?=0.98)
-Expon. (R*=0.90)
-Log. (R*=0.90)

~Linear (R*=0.83)
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g
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3
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BSNE related to RP and FP traps.

Fitting of the power, exponential, logarithmic and linear equations to a horizontal mass flux profiles of b) RP, c¢) FP and d)
BSNE placed at different heights (10, 32.5, 55, 77.5 and 100 cm from soil surface)

shown in Fig. 18a. The results in Fig. 18a showed that
there was a significant difference in soil erosion values
(ton/haly) measured by the measurement method at
points along the vertical plane using RP, FP, and BSNE
traps, due to the different calculation equations (power

Table 5. Fitting of the power, exponential, logarithmic and linear equations to a horizontal mass flux profiles HMF of
BSNE, RP and FP placed at different heights (10, 32.5, 55, 77.5 and 100 cm from soil surface)

Equation type Formula Sampler p B Param?c:ers R?
BSNE 51.62 -0.757 - 0.98
Power y=0oxP RP 284.16 -1.12 - 0.98
FP 258.48 -1.14 - 0.98
BSNE 9.2458 -0.02 - 0.94
Exponential y=0e¥ RP 19.326 -0.027 - 0.90
FP 16.831 -0.028 - 0.92
BSNE -2.823 - 14.291 0.92
Logarithmic y=0olIn(x)+f, RP -8.787 - 39.829 0.90
FP -7.617 - 34.459 0.91
BSNE -0.0693 - 7.5222 0.85
linear y=ox+f RP -0.1929 - 17.493 0.83
FP -0.1673 - 15.102 0.81
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Table 6. Relative, retention and collection efficiencies for study traps

Relative Efficiency (RE

Retention efficiency, (RTE  Collection efficiency (CE

Trap type %) under the field meas- %) under the field meas- %) under wind tunnel
urements urements measurements

Fixed point, FP 159 94 78

Rotary point, RP 181 90 81

Fixed distance, FD 172 86 91

Rotary distance, RD 186 88 93

Bagnold, BG - 83 87

BSNE, BS - 78 73

- exp. - log. - linear). Fig. 19a showed that the best
traps in collecting eroded soil by measurement method
at points were RP trap followed by FP trap, compared
to the traditional trap, BSNE. The results in (Fig. 19b)
showed a significant difference between traps RD, FD,
and Bagnold, on the other hand the best traps in col-
lecting eroded soil by the measurement method at dis-
tances were RD trap, followed by FD trap, compared to
the traditional trap Bagnold. Fig. 19b shows that the
values of soil erosion measured by the measurement
method at distances along the vertical plane were
greater than the values measured by the measurement
method at points, which indicated that the measure-
ment method at distances was better and more accu-
rate than the measurement method the measurement
method at points.

Except for the linear model, all the evaluated equations
yielded the highest coefficients of determination and
the greatest fit to the data obtained using all the sam-
plers (R? values in Table 5. The power equation yielded
the best adjustments to HMF as a function of height.
Contrary to our results, Panebianco et al. (2010) and
Mendez et al. (2011) maintained that the exponential
equation is a very flexible and robust method for esti-
mating the HMT in the sandy loam soils of the semiarid
areas.

Horizontal mass transport (HMT)

The data showed in Fig. 20 presented comparisons of
the horizontal mass transport (HMT, g/cm) between all
studied traps and each other. The HMT of FD trap 1.63
times higher than HMT of FP trap, HMT of RD trap 1.5
times higher than HMT of RP trap, HMT of RP trap 1.61
times higher than HMT of BSNE trap, HMT of FP trap
1.41 times higher than HMT of BSNE trap, HMT of RD
trap 2.79 times higher than HMT of Bagnold trap, and
HMT of BSNE trap 1.2 times higher than HMT of Bag-
nold trap. The results presented in (Fig. 21) showed
that comparisons of the horizontal mass transport
(HMT, g/cm) obtained with BSNE related to RP and FP
traps calculated with different equations (power, exp.,
log. and linear). As calculated by these Equations, the

HMT of BSNE, RP and FP samplers presented good
fitting to each other (p < 0.05), depending on the equa-
tion used. The HMT of RP (HMTge) and FP (HMTgp), at
equations (power, exp., log. and linear) respectively,
were 1.53-1.3, 1.54-1.32, 1.68- 1.43 and 1.79-1.53
times higher than that HMT of BSNE (HMTg) as shown
in (Fig. 21, a, b, c, d). This result indicated that wind
erosion data obtained with BSNE trap underestimated
the real conditions and are lower than those obtained
with RP and FP traps. These being similar to the rela-
tions among HMFgp, HMFgr and HMF;g (Fig. 18, a), this
finding is in agreement with the results reported by
Mendez et al. (2011), Where he mentioned that the
BSNE trap was always lower in its readings as a result
of its small entry hole compared to the traps with larger
entry holes.

Relative, retention and collection efficiencies for
study traps

In this study, relative efficiency under the field condi-
tions for traps measurements at points (RP and FP)
defined as the amount of dust collected by the sampler
divided by the amount of dust collected by the BSNE.
While relative efficiency for traps measurements at dis-
tances (RD and FD) was defined as the amount of dust
collected by the sampler divided by the amount of dust
collected by the Bagnold. Thus, the relative efficiencies
of RP and FP samplers found to be 181% and 159%
compared to BSNE trap and the relative efficiencies of
RD and FD samplers were found to be 186% and
172% compared to the Bagnold trap are shown in Ta-
ble 6 and Fig. 22. The results showed that the order of
the study traps in terms of soil retention efficiency un-
der the field measurements were FP > RP > RD > FD >
Bagnold > BSNE. The best traps in soil retention effi-
ciency were achieved for traps that had a small entry
hole. Despite that, the BSNE trap achieved the lowest
retention efficiency. However, it has the lowest entry
hole compared to the other study traps due to the ab-
sence of a cover for the upper surface of the trap,
which exposes it to the entry of rainwater, which caus-
es loss of the collected soil. On the other hand, the
order of the study traps in terms of soil collection effi-
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Fig. 19. a) Soil loss by wind erosion values as calculated using power, exponential, logarithmic and linear equations for
traps RP, FP and BSNE. b) Soil erosion values as measured using traps RD, FD, and Bagnold (BG). Values followed by
different letters are significantly different at p < 0.05 according to the LSD test, where LSD for RP, FP and BSNE traps at
different equations was = 0.05956, while L.S.D for RD, FD and Bagnold traps was = 0.105926
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Fig. 20. Comparisons of the horizontal mass transport (HMT, g/cm) between all study traps and each other, a) between
FD and FP, b) between RD and RP, c) between RP and BSNE, d) between FP and BSNE, e) between RD and Bagnold,

f) between BSNE and Bagnold

ciency was RD > FD > Bagnold > RP > FP > BSNE.
The best traps in the soil collection efficiency under
wind tunnel measurements achieved for traps with a
large entry hole, unlike what happened in the soil reten-
tion efficiency. As the entry hole area for the trap was
greater, the amount of wind that entered the trap was
greater, which caused an increase in soil collected in-
side it.

Particle size distribution of sediment in different
geographical direction

The study traps FP, FD, RP, and RD characterized by
their ability to separate the soil particles which collected
inside the trap collector according to their diameter to >
0.5 mm (creeping), 0.1:0.5 mm (saltation) and < 0.1
mm (suspension) compared to the absence of this
characteristic in the ftraditional traps BSNE and B
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CE

agnold. In these traditional traps, the collected sedi-
ment was taken and separated into different particles
according to their diameter using sieves in the laborato-
ry. The results presented in (Fig. 23) showed that the
order of study traps in collecting the largest weight of
creeping, saltation and suspension particles were RD >
FD > Bagnold > RP > FP > BSNE. This result can be
explained by the area of the trap entry hole. When the
area of the trap entry hole is greater, the amount of
accumulated soil greater. FD and FP traps and their
ability to separate soil particles according to their diam-

3000 A

@ Creeping

2500 - .
W Saltation

2000 - @ Suspension

1500 +

Soil weight, g

1000 -

500 +

Oa

RD FD RP FP BSNE

Bagnold

Traps types
Fig. 23. Particle size distribution of eroded soil.

eters are also characterized by their ability to determine
the geographical direction of soil particles accumula-
tion. Thus, the geographical direction of the gustiest
winds can be determined, which allows the decision
maker to take appropriate methods to protect the soil
from wind erosion correctly and appropriately. The re-
sults in (Fig. 24, 25 and 26) showed that the windiest
geographical direction in the study area was the NW
(northwestern) direction. These results agreed by 83%
with the measurements of the wind direction of the
meteorological station in the study area as shown in
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Fig. 24. Particle size distribution of eroded soil (> 0.5 mm
as creeping, 0.1: 0.5 mm as saltation and < 0.1 mm as
suspension) in different geographical direction for FD and
FP traps throughout the months 1, 2, 3 and 4 of year.

Table 1.

Correction the reading of traps which measured
soil wind erosion at points

The previous results proved that the method of measur-
ing soil wind erosion at distances is more accurate than
the method of measuring at points. Therefore, the val-
ues of soil loss by wind erosion measured by the points
method, represented by the RP trap, were corrected by
comparing them with the values of soil erosion which
were measured by the RD trap as shown in Fig. 27,
where the correction factors for the wind erosion values
which were measured at the points method under study
conditions obtained for all types of equations power,
exp., log. and linear were 1.5012, 1.334, 1.2249 and
1.0509, respectively, and the accuracy percentage (R?)

FP (5/2020)

FD (5/2020) , N

NW 20~

swl >~ s

FP (6/2020)

FD (6/2020) N

FD (7/2020) , N

sw_

FP (8/2020) N

@

=4=->0.5 mm (creepiv{g) Bon
-8-0.1:0.5 mm (saltation) L
-8-<0.1 mm (suspension) S

Fig. 25. Particle size distribution of eroded soil (> 0.5 mm
as creeping, 0.1: 0.6 mm as saltation and < 0.1 mm as
suspension) in different geographical direction for FD and
FP traps throughout the months 5, 6, 7 and 8 of year.

of the correction factors were 96%, 97%, 96%, and
93%, respectively.

Conclusion

The present study comparing the two methods of
measuring wind soil erosion indicated that the first
method was measured indirectly by measuring at sepa-
rate points along the vertical plane and the second
method was a direct way of measuring at distances
along the vertical plane. As well as the comparison be-
tween the study traps (FD, RD, FP, and RP) on the one
hand and the traditional BSNE and Bagnold traps on
the other hand to choose the effective trap for measur-
ing soil erosion, was easy to measure and time-saving
in the field. The most important results indicated that
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Fig. 26. Particle size distribution of eroded soil (> 0.5 mm
as creeping, 0.1: 0.5 mm as saltation and < 0.1 mm as
suspension) in different geographical direction for FD and
FP traps throughout the months 9, 10, 11 and 12 of year.
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the best traps in collecting eroded soil by measurement
method at points were RP trap followed by FP trap,
compared to the traditional trap, BSNE. The best traps
in collecting eroded soil by measurement at distances
were RD trap, followed by FD trap, compared to the
traditional trap Bagnold. FD and FP traps were charac-
terized by their ability to determine the geographical
direction of soil particles accumulation. The windiest
geographical direction in the study area was the NW
(northwestern) direction.

Recommendations

From study, it can be recommended that it is neces-
sary to study in detail these traps to evaluate their
particle size distribution efficiency and their separation
within each reservoir box for each trap, which is better.
On the other hand, assessing its accuracy in collecting
particle size less than 45 pym, which cause the most
wind erosion hazards on environment and agriculture
and then on human health.
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