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ABSTRACT

Oases of New Valley governorate lie in hyperarid zone, where wind erosion
and deposition by wind threaten sustained agricultural production. The annual rate of
soil mass transport by wind was measured by installing BSNE samplers on the flat,
bare fields in different sites of El-Kharga, El-Dakhla, El-Farafra and Paris oases during
the period from 1/2/1999 to 10/6/2004. Data showed that wind soil erosion and
deposition rates in the study area are very high and differ from site to another.

The annual rate of soil mass transport by wind was dependent on soil
texture, percentage of dry stable aggregates,>0.84mm, soil surface conditions and
wind erosivity. At each oasis, the average annual soil loss decreased as percentage
of dry stable aggregates >0.84mm increased. Soil losses rates due to wind erosion
varied from 1.15ton.ha” yr" at Abu-Monkar area (Clay soil, El-Farafra oasis) to
16.43ton.ha” .yr" at El-Qase area (Sandy loam soil, Paris oasis). In average, wind sail
erosion is significant in the case of sandy and sandy loam soils,

The rate of deposition by wind is more pronounced than soil erosion by wind
in the studied area. The annual rate of soil materials being deposited over agricultural
soils varied from 4.4ton.ha™.yr" at El-Kharga oasis (East Well 2 El-Kharga area) to
1106ton.ha™ yr' at El-Farafra oasis (Qarween plain area), which corresponds to
addition of 3.1 to 76.9mm depth of aeclian sediments on top soil each year.

In each oasis, the average annual deposition of windblown materials was
greater than the average annual eroded soil by wind. For further studies, the
classification of New Valley oases according to the deposition or erosion rate by wind
should be put under consideration. This study confirm the urgent needs for
implementation of a successful soil conservation practices to combats the hazards of

erosion and deposition by wind in order to attain the potential productivity of the New
Valley oases.

Keywords: Western desert, El-Kharga oasis, El-Dakhla oasis, El- Farafra oasis,
Paris oasis, wind soil erosion rate, wind deposition rate.

INTRODUCTION

New valley governorate lie in hyperarid zone, where 28° latitude at
north of it. The area is characterized by high temperature and wind velocit¥
as well as rare rainfall or not occurs. It covers an area of about 376000 Km
from Egypt area. Recently, this area has witnessed pronounced agricuitural
expansion using ground-water resources. Wind is an agent for eroding the
cultivated soils and deposition of sand in the form of dunes and sand sheets.
Windborne topsoil may be transported over long distances and it is usually
deposited when the wind speed is decreased. In the traditional cropping
systems in this region, the most predominant manifestations of wind erosion
are the burial of seedling and crops under sand deposits and the removal of
topsoil.
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Wind soil erosion or deposition was considered in mapping
desertification worldwide. Chepil (1946) found that the soil flow rate began
with zero at the upwind edge of the eroding field, and then approached
different maximum values at different rates depending on the soil type and
surface conditions. Moldenhauer and Duncan (1969) showed that sandy soils
are very erodible. Clay soils are less erodible because stable units of larger
than the erodible size are formed. The potential for wind erosion is influenced
by severity of the climate, susceptibility of the soil and surface protection,
Fryrear and Saleh (1996). Chepil (1950) observed that soil aggregates
<0.8mm in diameter was highly erodible. Fryrear et al. (2000) stated that wind
is responsible for many landscape features, including soil deposition of wind-
eroded materials called loess or eolian sands. Woodruff et al. (1977) reported
that wind erosion or deposition seriously threatens an area of high
temperature, evaporation and wind speed, where drought is frequent. Abdel
Sami et al. (2000), Sharaky et al. (2002) and Yousef and Nor El- Din (2002)
showed that wind soil erosion or deposition and sand dune movement are
active processes in the Western desert oases, especially El-Dakhia and El-
Kharga oases. The Western desert includes 90% of sand deposits, which
threaten the cultivated fields, irrigation channels, artesian wells, houses,
roads, settlements, and converted some agriculture fields to barren desert
lands. Fryrear et al. (1991) showed that the loss of eroded materials
degrades the source areas, deteriorates the atmosphere in the transport
area, and impacts citizenry throughout the depositional area.

Although it is widely recognized that soil mass transport by wind
threaten sustained agricultural production and is the main factor of
desertification., very little information is available about the rates of wind soil
erosion and deposition in this area. The purpose of this study is to monitor
the annual wind soil erosion or deposition rates in the cases of Western
desert of Egypt as a guideline to choose suitable soil conservation practices
or soil erosion models for controlling wind erosion or deposition hazards in
the area.

MATERIALS AND METHODS

A field study was conducted on a flat, bare soil representing some
selected sites of Paris, EI-Kharga, El-Dakhla and El-Farafra oases during the
period from 1/2/1999 to 10/6/2004. Observation of the landscape at New
Valley oases area showed accumulation of drift materials on agricultural soils,
which would further support the high deposition rates in this area. The
dimension of each site is 100 x 100 meter. Big Spring Number Eight (BSNE)
samplers described by Fryrear (1986) were used to collect eroded or
deposited soil materials. The samplers were installed down-wind on the field
at selected sites in 1/2/1999. The BSNE samplers were installed in smooth
fields with relative uniform soil texture. These samplers were placed
50meters apart in the erosion fields and 100meters in the deposition fields.
The differences in the mass transported of soil materials collected for each
height above the soil surface using BSNE samplers at upward and leeward

4326



J. Agric. Sci. Mansoura Univ., 29(7), July, 2004

sides were taken as the net amount of soil materials transported by wind
along field length. The amount of eroded or deposited soil materials were
measured at 10, 50, 75 and 100cm height above the soil surface, where the
sampling height was measured from the soil surface to the center of the
sampler inlet before collect eroded materials. Samples collected in each
5sampler were dried at 55°C for 72hrs and weighed. The sample weight (g.cm™
) and sampler height (m) data were analyzed to find out the highest
significant relationship between height and weight of collected eroded
materials. The best-fit equations were integrated to determine the total mass
of transported materials from 0.1 to 1 .Ometer above the soil surface.

Surface soil samples (0-5cm) were collected from each site at the
beginning of the experiment. Particles size distribution using the pipette
method was determined according to Klute (1986). Percentages of dry non-
erodible aggregates >0.84 mm were determined according to USDA, SCS
(1988). Soil erodibility factor, |, was calculated according to Schwab et al.
(1993).

RESULTS AND DISCUSSION

The dominant soils of the studied sites are Typic Torrifluvents, Typic
Torriorthents and Typic Torripsamments according to Soil Map of Egypt
(1982). The chosen sites are over 600kilometers apart and widely differ in
their climatic conditions. The studied fields are characterized by their nearly
flat surface and deep soil profiles. Therefore, such chosen sites represent
most dominant conditions in the cases area.

The Wind Soil Erosion Rates:

Data in Table (1) summarize soil properties related to wind erosion at
ten studied sites as well as the amount of eroded materials collected during
the period of study. It is evident that soil texture varies from sandy to clay,
Wwhere contents of sand, silt and clay range from 23.2% to 90.8%, 3.5% to
32.7% and 3.5% to 48%, respectively. The susceptibility of the clay soil at
Ain-Hamada area (Balat, El-Dakhla oasis) to erosion by wind reached 37.20
ton.ha™.yr". Meanwhile in case of sandy soil at Qarween plain area (El-Farafra
oasis) reached 434.34 ton.ha™.yr". This is due to the lack of dry aggregates
(>0.84mm) at Qarween plain area (4.74%) as a result of low percentage of
clay fraction (3.5%) and organic matter (0.22%). On the other hand, the high
percentage of clay fraction (48%) and organic matter {1.05%) in Ain-Hamada
area (Balat, El-Dakhla oasis) led to increase the dry aggregates >0.84mm,
and consequently, decrease soil erodibility. Need to mention that clay content
enhance the formation of large size aggregates which resist wind erosion.
This indicate that the susceptibility of the coarse textured soils to wind
erosion are high due to the low cohesive forces among their individual
particles, thereby wind forces can readily dislodge particles and initiate
erosion process. Nevertheless, high clay contentand organic matter in the
soil provides higher cohesive forces that bind soil particles and enhance the
formation of larger aggregates, which can withstand wind forces.
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After collecting the eroded materials, samples were dried and weighed. The
amount of eroded soil mass collected from each height above the soil surface
during the entire study period was combined for all locations. The vertical
distribution of eroded soil mass transported with height above the soil surface
is represents in Table (1). Apparently, the amount of eroded soil materials
decreased with height above the soil surface, indicating that the most of the
eroded soil materials occurred very close to the soil surface. Such results
confirm the findings of Fryrear et al. (1991). The variations in the eroded soil
mass transported at each height between sites were high due to the
variations in soil texture, organic matter content, soil surface conditions
(surface micro-topography and roughness), percentage of dry aggregates
>0.84 mm, composition of particles being transported, wind erosivity and
measurement period. For example, under environmental conditions of El-
Farafra oasis, the eroded soil mass transported at 0.1, 0.5, 0.75 and 1.0m
above the soil surface for sandy soil of Qarween plain area (during 365 day)
was higher than for clay soil of Abu-Monkar area (during 1004 day),
regardless of the effect of wind speed, which differ from site to another (data
not shown). On percentage basis, the rate of increase in the former
approached 35, 150, 136 and 133%, respectively, relative to the latter in the
same sequence. In this respect, Fryrear et al. (1991) stated that since wind
erosion is primarily a soil surface phenomenon, any small variations due to
sofl surface roughness, soil surface cover and soil erodibility will change the
mass of eroded soil materials being transported by wind.

Once, the total mass of eroded soil particles moved along a vertical
plane at each site has been modeled, the horizontal distribution across a soil
surface can be determined by integrating the fitted equations. A power
expression (Y = aX®) accurately described the vertical distribution of eroded
materials, g.cm'z. from 0.1 to 1.0m above the soil surface. The fitted
equations for all sites were significant at the 0.01 and 0.05 significant levels,
where r-values exceeded -0.95. The power equation used to describe the
vertical profile was integrated to determine total eroded soil mass transported
within 0.1 to 1.0m above the soil surface, Table (1). Data revealed that field
wind erosion rates exhibit considerable variability between sites.

Under environmental conditions of each site, the expected decline in
wind soil erosion rates in response to percentage of dry aggregates >0.84mm
was observed. However, the relationship between annual soil loss and
percentage of clay fraction is clear only for the studied sites at El-Dakhla and
El-Farafra oases, but it is not clear at Paris oasis locations.

In case of El- Farafra oasis, the sandy soil of Qarween plain area
represented the extreme condition for wind erosion. The average annual soil
loss potential from sandy soil of Qarween plain area is 30.9kg.m™'width.
Meanwhile, such soil loss value reached 5.7and 8.2kg.m™'width in the clay
soil of Abu-Monkar and Well 6 El-Farafra areas. This means annual soil loss
potential associated with clay soils is less than that of sandy soil by 81.5 and
73.6%, respectively. The highest annual rate of eroded soil mass transport by
wind at Qarween plain area is related to the smoother surface and high sand
content. The high clay content for Abu Monkar area increased the size and
stability of soil colds; therefore reduced the susceptibility of soil to wind
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erosion (Hagen et al., 1992). Exceptional being is the case of El-Kefah site,
where the average annual soil loss rate from sandy loam soil was 38.8% of
that for sandy soil at Qarween plain area. Also in El-Dakhla oasis, the
obtained data indicate similar trend to that displayed in El-Farafra oasis,
where the annual soil loss in the clay soil of Ain-Hamada area is less than by
25% of the corresponding value for sandy clay loam soil of El- Nashawney
area. The average annual soil loss potential from sandy loam soils at Paris
oasis (clay content ranged from 16%to 18%) ranged from 34.99 to 82.14
kg.m” width. The erosion field of El- Qaser (18%clay content) yields the
highest rate of soil mass transport by wind (82.14kg.m"'width.yr ") and the
erosion field of Germashen area (16% clay content) produce the lowest soil
mass transport by wind rate (34.99kg.m'width.yr"). From the preceding data,
the relationship between annual soil loss and percentage of the dry
aggregates >0.84mm is clear for the studied locations at Paris oasis. It is
evident that the power relationship (Y=aX") between annual soil loss and
percentage of the dry aggregates >0.84mm is strong, where r-value is 0.84.
Although the difference in clay content percentage among locations of Paris
oasis was small (2%). The variations in soil surface conditions, human
activity, and erosive wind action among these locations during the study
period may explain the weak relationship between clay content and wind soil
erosion rates. In addition, the protective effect of the natural vegetation was
present during the study period in some sites. )

At each oasis, the decrease in the average annual soil loss rates with
increasing the percentage of dry aggregates >0.84mm could be referred to
the role of dry aggregates in increasing the soil surface roughness and
consequently, decrease the susceptibility of the soil to erode by wind. In this
respect, Fryrear (1995) and Bilbro and Fryrear (1994) illustrated that the
potential of wind erosion is influenced by the severity of the climate,
susceptibility of the soil to erode by wind and the surface protection. As soil
roughness increases, the soil mass transport by wind decreases. A portion of
the wind's energy will be taken up by roughness.

The foregoing results point out unconsistent correlation between soil
texture class and the rate of average annual soil mass transport by wind
under field conditions. Also, it is evident that for all sites, the power
relationship between percentage of dry aggregates >0.84mm or clay content
and the rates of average annual soil loss is not significant, where r-values are
-0.421 and -0.377, respectively. Therefore, it can conclude that there are
many factors other than soil texture and content of >0.84mm dry aggregates
effectively affect the rate of soil loss. Among these factors are the variability
of erosive wind from site to another and spatial variability of soils and
landforms, which need further quantitative studies. In this respect, Morgan et
al. (1997) indicated that the erosion rate response to change in properties of
the soil and severity of the erosive wind action.

According to the results presented in Table (1), the potential annual
soil mass transport by wind from all flat, bare fields at New Valley oases area
ranged from 1.15 to 16.43ton.ha™.yr". Under environmental conditions of El-
Farafra oasis, the average annual of soil mass transport by wind increased
from 1.15 to 6.19ton.ha™.yr", corresponding to a low and high erodibility at
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Abu-Monkar area and Qarween plain area, respectively. In soils of Paris |
oasis, which have the same soil texture, the annual rate of soil mass
traneport by wind ranged from 8.0 to 16.43ton.ha™.yr" at Germashen and El-
Qaser areas, respectively. Also, at El-Dakhla oasis, the average annual soil
mass transport by wind increased from 6.30 to 8.38ton.ha™ .yr' as soil
erodibility increased from 73.2 (Ain-Hamada area ) to 257.41ton.ha™ yr'(EL-
Nashawney area).The average annual soil loss at west Well 2 El- kharga
area is 3.51ton.ha’.yr". It was evident that the changes in the annual soil
loss rates among sites of the New Valley oases area are related to the
changes in the wind erosivity factor, soil surface conditions, and natural
vegetation, which were shown to have changed over the study period. The
annual rates of soil mass transport by wind for all fields within the tolerable
levels, except EI- Qaser area. In this respect, Troeh et al. (1980) stated that
the levels of erosion tolerance are equal to the annual losses, which vary
from 2 to 11ton.ha™ yr".

In conclusion, in the New Valley oases area, every oasis has areas
susceptible to wind erosion, but the majority of severe wind erosion occurs in
El-Qaser, Paris oasis (16.34ton.ha™.yr"). The unprotected soils and erosive

winds during the year make the New Valley oases area susceptible to wind
erosion.

The Windblown Deposition Rates:

The sites and soil properties of the deposition fields illustrate the
range of conditions represented by the sites instrumented (Table 2). The soil
texture of the chosen sites varies from sandy to sandy clay soil. The sites
were smooth and vegetation-free, so the deposition rates of windblown
sediments represented the extreme condition for each site at New Valley
oases area.

Data in Table (2) show the vertical distribution of the deposited
materials collected at various fields throughout the study period. It is clear
that most of the deposited materials occurred very close to the soil surface.
To expresses quantitatively between the deposited materials (gm.cm) and
the height from 0.1 to 1.0m above the soil surface, regression analysis was
carried out. The highest significant correlation coefficient indicates that the
power formula (Y =a X®) are the best fitted equations for describing this
e /ation and can be integrated to determine the total deposition mass of the

-mdo-!own sediment over the chosen fields throughout the study period. Such
ations were significant at the 0.01 or 0.05 significant levels, where r-
i /v'glgtjes exceeded -0.95, with two exceptions at Well 15 El- Max area (Paris

; / oasis, r = -0.92) and El- Nashaweny area (El-Dakhla oasis, r = -0.92). .

- Data in Table (2) reveal that there are wide differences in deposited
materials among sites. The annual rates of soil mass being de.: os_lited over
agricultural soils at New Valley oases area varied from 4.4t<:)r1'a.h5311 .yr at East
Well 2 El - kharga area ( El-Kharga oasis ) to 110.6ton.ha™ .yr atQawe_en
plain area (El-Farafra oasis). It is clear that, the highest annual deposition
rate of windblown sediment was found in Qarween plain. This may be related
to the wide spread of smooth and vegetation-free sandy soils around the
small newly cultivated area, as well as the highest wind erosivity factor.

A
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The highest rate of sand deposition led to cover the cultivated field with sand,
particularly in the fields lies located adjacent to the great sand plain. At the
investigated fields of El-Dakhla oasis, the annual deposited materials ranged
from 5.8ton.ha™.yr” at Ain-Abd EI- Wares area (Mot) to 32.3ton.ha™ yr' at EI-
Shosh area (Balat). Meanwhile, at Paris oasis, the deposition rate of
windblown sediments varied from 17.2ton.ha™ yr" at Ain-Gammal area to
43.3ton.ha.yr' at Well 25.El- Max area. From the preceding data, the
deposition of windblown sediments was simply proportional to the wind
erosivity and the incoming mass of sediments at each site. This is agreement
with the results of Bielders et al, (2000), they indicated that the amount of
deposition on the mulched plots was simply proportional to the incoming
mass of sediments. In some areas, the off-site costs from wind erosion may
exceed the on-site costs (Piper and Lee, 1989), therefore, the extent of off-
site costs of erosion has only recently received attention in these sites.

The accumulation of deposited materials on agricultural soils leads to
soil degradation and reduces its productivity over a period of several years. In
this respect, Abdel-Samie et al. (2000) showed that aeolian sands cover
considerable areas of the Western desert. Windblown sands and sand dunes
movement from neighboring high lands affects the oases of Western desert.
Drift sands and moving dunes threaten many arable areas and converted
some agricultural plots to barren desert land.

CONCLUSION

The current work pointed out that under hyperarid conditions of New
Valley oases area, the potential annual soil mass transport by wind ranged
between 1.15 and 16.428ton.ha.yr", which is approximately equivalent to
the removal of 0.8 and 11.4mm from the topsoil surface each year,
respectively, assuming a surface density of 1500.kg.m™. The annual
deposition rates on chosen fields amounted between 4.4 and 110.6ton.ha’
"yr', which corresponds to an addition of 3.1 to 76.9mm of aeolian
sediments on the topsoil each year. At each oasis, the annual rate of
deposition of windblown materials was greater than the annual rate of eroded
soil materials by wind. This study confim the urgent needs for
implementation of a successful soil conservation practices to combats the
hazards of erosion and deposition by wind in order to attain the potential
productivity of the New Valley oases.
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