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ABSTRACT

Two Field experiments were carried out in Wadi-Maged, west Matrouh city,
North Western Coastal Zone of Egypt (NWCZ), under natural rainfall conditions,
during winter seasons 2001-2002 and 2002-2003, to evaluate the rate of water soil
erosion under different percentages of gravel or natural vegetation cover. Soils of
Wadi-Maged are mainly sandy loam in texture with shallow profile.

Soil cover by gravel or natural vegetation showed great potential for erosion
control on sloped area. The obtained results revealed that the depths of natural
rainfall through the two successive winter seasons were 123.1 and 118.3mm. The
lowest runoff value and amount of soil loss were observed for 25% natural vegetation
cover and 20% gravel mulch treatments. The average annual soil loss was
4.87ton.ha™ for bare soil treatment, while it reaches 2.41ton.ha™ for 25% vegetation
muich treatment. The average annual soil losses were 2.81, 2.17 and 1.59ton.ha™ for
5, 10 and 20% gravel mulch of the soil surface, respectively. Leaving natural
vegetation and gravels at 25 and 10%, respectively, on the surface of cultivated
slopped soils in NWCZ areas led to decrease runoff and soil loss (wash erosion)
values by approximately 50%. Data indicate that the significant relationship between
average annual soil loss (Y, ton.ha") or average annual runoff gY mm) and soil cover
by gravel (X, %) are fitted with the exponential equation: (Y=ab").

The results from this study demonstrate the extreme variability of erosion
measurements. This variability severely limits the usefulness of the data for
determining percentage of soil surface coverage needed to achieve a given level of
erosion control. Further studies are needed to define the relationship between soil
cover by natural vegetation and soil loss under the NWCZ conditions, Egypt.
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North Western Coast Zone of Egypt (NWC2)

INTRODUCTION

Water from the raindrops that fall in a storm event can be both useful
and damaging. While it may also be a primary source of energy for soil
erosion by water, the extent of soil erosion by water may be influenced by the
rainfall characteristics, plant cover and management practices than by the
inherent properties of the soil. Water erosion is controlled in one or both of
two ways: (1) reduce the erosive agent's energy (i.e., raindrop impact and
runoff) or (2) increase the soil's resistance to detachment. The second way is
long term and highly desirable, but its impact is usually less than that of the
first. Maintenance of cover in contact with soil is the most effective single
factor reducing erosion. Wischmeier and Smith (1978) found that 90% mulch
cover would cut erosion by 93%. This type of soil management reduces the
energy of both raindrop impact and runoff.
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in Egypt, the rainfed agriculture is concentrated in The NWCZ where
barley and wheat are the main crops. In such areas, not only the average
rainfall is low but also its distribution during the growing season is often poor.
Meyer and Mannering (1963) and Meyer et al. (1970) stated that crop residue
mulches effectively control agricultural erosion, and straw mulches have been
used successfully on many construction sites. They also reported that stone
and gravel mulches control soil erosion. Zuzel and Pikul (1993) have
suggested that mulch cover greater than about 30% provide greater erosion
reduction effectiveness than that indicated by Wischmeier and Smith (1978).
Other studies have indicated that straw mulch cover of 30% provide no
erosion protection when compared with bare soil plots. In addition, McGregor
et al (1988) did not agree with the study carried out by Wischmeier and Smith
(1978).

The United Nations (1992) reported that, the semiarid areas surrounding
the Mediterranean Sea is seriously affected by soil degradation and
desertification. Water erosion is the main degradation process, while human
pressure, the reduction of plant cover, and the nature of the parent material
are the main causes of soil erosion.

MATERIALS AND METHODS

Two field experiments were conducted in two-winter seasons
(2001-2002) and (2002-2003) at Wadi-Maged, NWCZ of Egypt. Wadi-Maged
is located west Matrouh city. The slope of the experimental site is 7% in south
- north direction.

Universal soil loss equation plots ( 22.1 x 2.1m ) were used to measure
soil loss and runoff using Gerlesh trough ( 0.5m long and 0.2m wide), FAO
(1993), at the end of slope. The treatments were as follow: bare soil (no
mulch), natural vegetation covers about 25% of the plot area, and gravel
mulch at the rate of 5, 10 and 20% of the plot area. Percentages of natural
vegetation cover and gravel mulch cover were determined according to
Fryrear et al. (1998). Three replicates were conducted for each treatment.

Some properties of the investigated soil were determined according to
FAO (1970) and Page et al. (1982). Mulch factor for each condition of soail
cover was calculated as the ratio of total soil loss from the covered plot to the
total soil loss from bare plot (soil loss ratio, SLR).

RESULTS AND DISCUSSION

Field experiments were conducted in two successive winter seasons
at Wadi-Maged, El Qasr area at Mersa Matrouh governorate. Some sail
physical and chemical properties of the experimental site are given in Tabie
(1). The soil is sandy loam in texture with shallow profile. CaCO; content is
11.9%. The bulk density is 1.Sg.cm'3. Also, the data indicate that the soil is
non-saline - non-alkaline.
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Table (1) some soil properties of the experimental site.

— Particles size distribution
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*S.L.: Sandy Loam

Rainfall characteristics:

Total precipitation is recorded daily using the automatic rain gauge
during the study periods for the experimental site and the values are given in
Table (2). The total depth of rainfall in the first season was 123.1mm, while in
the second one it was 118.3mm. The average annual rainfall for both
seasons was 120.7mm.year’. The highest rainfall events occurred on
5/12/2001 and 22/1/2003 where 23.8 and 25.7mm of rainfall were recorded,
respectively. Twenty-three storms occurred during the study period. Five
storms were effective in the first season and four storms were effective in the
second one as they caused runoff and consequently soil loss.

Data in Table (2) indicated that the effective storms (storm, with
rainfall depth more than 10mm and intensity more than 3.2mm.hr'") caused
runoff from all treatments. The total depth of the effective storms was 82.5mm
in the first season, and 70.6mm in the second one. Rainfall intensities of the
effective storms ranged between 3.2 and 7.6mm/hr during the study periods.
The rainfall depths for the effective storms represented 63.4% of the total
rainfall during the two studied winter seasons.

Surface runoff:

Runoff depths are presented in Table (2). Data indicate that runoff
increased with increasing rainfall intensity for all treatments during the study
periods. The highest runoff losses were measured for bare soil treatment.
The total depths of runoff obtained from bare soil treatment reached 4.67 and
4.06mm for the two studied winter seasons, respectively, indicating that the
average runoff coefficient approaches 3.62%. These findings are in
agreement with those for Viertman (1989) and Ali et al. (2002), they
menticned that under the conditions of NWCZ, the runoff coefficient of 3% is
seen reasonable. The increase in surface runoff in the first season was
attributed to the characteristics of rainfall events. The reduction percent in the
total depth of runoff for different conservation treatments varied from 27.6 to
69.8% for the first season, and from 25.1 to 71.4% for the second one.
Similar results were obtained by FAO (1993), which mentioned that mulch
cover reduces erosion and protects soil against degradation.
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Table (2) Effect of soil coverage on runoff for Wadi-Maged area.

Rainfall Runoff (mm)
Natural Gravel cover
Date Depth Duration Intensity Bare | vegetation
(mm) (hr) (mm.hr) | soil cover (5%) | (10%) | (20%)
(25 %)

2/11/2001 10.20 320 3.19 0.70 0.38 0.48 0.36 0.19
5/12/2001 23.80 3.40 7.00 1.30 0.60 0.87 0.68 0.35 |
17/12/2001 7.60 1.50 5.07 - - - - - |
27/12/2001 8.40 4.20 2.00 - - -
12/1/2002 6.20 3.40 1.82 - - =
5/1/2002 5.20 2.50 2.08 - - = & -
7/2/2002 16.20 3.80 4.26 0.95 0.46 0.68 0.52 0.29
17/2/2002 13.60 3.70 3.68 0.73 043 0.63 0.46 026
3/3/2002 860 | 2.40 3.58 - - - - -
20/4/2002 4.60 5.30 0.87 - - - - -
Total 123.1 - - 467 2.36 3.38 2.56 1.41
6/11/2002 11.30 2.50 4,52 0.71 0.32 0.51 0.35 0.18
1/12/2002 8.80 6.00 1.47 - - - - -
10/12/2002 8.30 4.00 2.08 - - I B =
1/1/2003 22.80 3.20 713 1.20 0.64 0.92 0.66 0.34
7/1/2003 1.90 2.00 0.95 - - - - -
22/1/2003 25.70 3.40 7.56 1.50 0.79 1.10 0.83 0.45
5/2/2003 8.10 2.50 3.24 - - - - -
13/2/2003 7.20 2.50 2.88 - - - =
15/2/2003 5.40 4.20 1.29 - - - -
10/3/2003 3.20 3.00 1.07 - - - - -
17/3/2003 10.80 2.60 4.15 0.65 0. 30 0.51 0.32 0.17
2/4/2003 4.80 4.10 1.17 - - - - -
Total 118.30 - - 4.06 2.05 3.04 2.16 1.16
Av.year” 120.70 - - 4.37 2 3.21 2.36 1.29

The natural vegetation mulch treatment reduced runoff. Table (2)
reveals that 25% vegetative cover reduces average annual runoff by 49.5%
relative to bare soil treatment. Meyer et al. (1970) obtained similar results;
they mentioned that the application of 0.56metric ton.ha™ mulch decreased
soil erosion to one third of that from unmulched treatment.

The data in Table (2) reveal the relative effectiveness of soil mulching
with gravel on reducing the rate of soil erosion under the condition of Wadi-
Maged. According to cover percent with gravel, the depths of surface runoff
are arranged in the following descending order: bare soil without gravel cover
>gravel cover 5% > gravel cover 10% >gravel cover 20%, respectively. On
the base of average, conservation treatments with respect to the reduction of
surface runoff depth, is arranged in the following descending order as follows:
gravel cover 20% > natural vegetation cover 25% > gravel cover 10% >
gravel cover 5%, respectively. Renard et al. (1974) reported that pavements
reduced erosion under desert conditions. Where plant cover is limited, gravel
covered surfaces are very effective in absorbing the impact energy of
raindrops. Stewart and Moldenhauer (1994) stated that the principle fcr
controlling water erosion include minimizing the impact of raindrops on the
soil surface, increasing infiltration rate, and minimizing the distance that
surface water can travel.

Average annual runoff began to be a function of the percentage of
soil surface cover by gravel. Simple correlations coefficient and regression
equations were used to evaluate such function during the study periods. Data
in Table (2) reveal that the exponential regression equation was fitted to the
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experimental data as follows: Y = 4.36(0.94)*, where Y: average annual
depth of surface runoff (mm) and X: percentage of soil surface cover by
gravels. The exponential regression equation had high correlation coefficient
value (-0.999) at 1% significant level. FAO (1993) reported that several
authers under different types of vegetation cover have suggested exponential
relationship between runoff value and mulch rates.

From the preceding data, the average reduction efficiency for water
soil erosion from soil conservation treatments ranged between 26.4 and
70.6%. Gravel and natural vegetating covering by 10 and 25% of the soil
surface reduced runoff value by 46 and 49%, respectively, compared with
bare soil treatment. Therefore, the presence of gravel and natural vegetation,
at least with 10 and 25%, on the soil surface helps to minimize water soail
erosion hazards.

Soil loss:

With respect to the effect of applied soil mulching treatments on the
amount of soil loss by water erosion, data in Table (3) show that the total
amounts of transported soil solid constituents were 5.26 and 4.47 ton.ha™ for
bare soil treatment for two seasons, whereas such losses from the natural
vegetation cover treatment were 2.68 and 2.13ton.ha™ in the first and second
season, respectively. Data in Table (3) also reveal that the total amounts of
soil losses from gravel mulch treatments were 3.15, 2.41 and 1.79ton.ha™ for
the first season, while for the second season, it reached 2.47, 1.93 and
1.39ton.ha’. For reducing soil erosion, the indirect effects by natural
vegetation or gravels reduced both soil erodibility and kinetic energy of
raindrops. Consequently, soil cover by 25% natural vegetation or by gravels
from § to 20% reduces wash erosion. Govers and Poesen (1988) observed
that the positive effect of 0.250 and 1.12metricton.ha™ soil mulch on reducing
soil loss for all particle size classes.

Soil loss as a function of percent cover was derived using regression
equations. Only the exponential equation had a significant correlation
coefficient at 5% significant level (r = - 0.95). Data in Table (3) reveal that the
fitted 2xponential equation between average annual soil loss (Y, ton.ha™) and
percentage of soil surface cover by gravels (X, %) was as follows: Y = 4.16
(085 *  Laflen et al. (1983) and Gregory (1982) obtained similar resuits.
Tney reported the presence of a negative exponential relationship between
soil loss and the mean value of vegetation cover.

From the preceding data, the average reduction efficiency for soil
loss py water erosion due to soil conservation treatments ranged between 42
and A7%. Gravel and natural vegetating covering of 10 and 25% of the soil
surfacz helps to reduce soil loss values by 55 and 51%, respectively,
compared with bare soil treatment. Therefore, the presence of gravel and
natural vegetation at least 10 and 25%, respectively, on the soil surface will
help to combat water soil erosion hazards.

It can be concluded that leaving at 25 and 10% natural vegetation
and gravels on the surface of cultivated slopping soil on the NWCZ areas will
lead to decrease runoff and soil loss (wash erosion) values by approximately
50%. It should also be stated that the surface cover factor (C) included in the
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calculation of the universal soil loss equation (USLE) for the NWCZ of Egypt
should be the values of soil loss ratios obtained from this investigation rather
than recommended ratios by Wischmeier and Smith (1978).

Table (3) Soil Loss ratio affected by different types of soil cover.

Soil loss (ton.ha™)
Rainfall Rainfall Natural Gravel cover
Storm date depth Intensity Bare | vegetation
(mm) (mm.hr”) | soil cover (5%) | (10%) | (20%)
(25%)
2/11/2001 10.20 3.19 0.64 0.30 0.38 0.29 0.17
5/12/2001 23.80 7.00 1.52 0.80 0.86 0.62 0.49
71212002 16.20 4.26 1.04 0.52 0.63 0.50 0.40
17/2/2002 13.60 3.68 0.86 0.46 0.54 0.45 0.30
19/3/2002 18.70 5.84 1.20 0.60 0.74 0.55 0.43
Total 82.50 - 5.26 2.68 3.15 2.41 1.79
6/11/2002 11.30 4.52 0.88 0.34 0.42 0.34 0.20
1/1/2003 22.80 7.713 137 0.71 0.78 0.64 0.49
22/1/2003 25.70 7.56 1.55 0.74 0.87 0.66 0.50
17/3/2003 10.80 4.15 0.67 0.34 0.40 0.29 0.20
Total 70.60 - 4.47 213 2.47 1.93 1.39
Av.year” 76.55 - 4.87 2.41 2.81 217 1.59
Soil loss ratio - - - 0.49 0.58 0.45 0.33
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