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Abstract

The study applied some dynamic laboratory methods to estimate soil susceptibility to water erosion. Non-
dynamic laboratory methods such as statistical methods were also applied. Tests were carried out on topsoil
samples (0-10 c¢cm) collected from five sites located on the semi-arid southern slopes of Al-Jabal Alkhdar:
Meseliba (Taknes); Marawa; Sirat Alia (Gandulah), Grehat (Gandulah), and Qasar Mestashi (Salantah). The
results showed compatibility between the results of all the dynamic methods, which showed that the soil of
Qasar Mestashi is the most susceptible to erosion, which corresponds to the deterioration of its physical and
hydraulic properties and the low content of organic matter. It was also found that the soil of the Sirat Alia area
was the least erosive, which corresponds to the high content of clay, organic matter, and soil water-stable
aggregates. On the other hand, the statistical method using the K-USLE nomograph (diagram) did not succeed in
producing results consistent with the dynamic laboratory methods, the K-USLE nomograph results unexpectedly
showed that the soil of Grehat is relatively the most susceptible to erosion, although these soils have a good
content of clay, organic matter, and soil water-stable aggregates. The high content of silt at Grehat soils could be
the reason for the high susceptibility estimation when the statistical method is applied. Accordingly, the variance
in the results of statistical methods is expected due to the slight changes in the soil fractions, which raises doubts
about the efficiency of statistical methods in providing a reliable characterization of soil susceptibility to water
erosion. Dynamic laboratory methods were the closest to soil characteristics and field conditions, which could
make them more realistic and reliable indicators as low-cost and easy-to-apply methods, and contribute to more
efficient erosion measurement at Al-Jabal Alkhdar region.

Keywords: Al-Jabal Alkhdar, Soil erosion, Soil properties, Libya.

LPM‘
28 Adaal) GL e ol Ohlat sdar ¢ LS il aanll 301 346 sy ) Sl ) ddeall Blall ey goden A0l s
Gyl Shtol) e w5 ilge 2t o Lea ¢ (e [070) Goms e 25 Slis e Ol W) o f alasY) Gl 2S5l
JS 55 Wblarg Llomnndl gl i) ((lend) 2 Lo e Ugd (Olag i) 898 (gl chbnall) g a1 AL BUL) 42
S g bly alpdl) Lpaatlas a5 e 3l L gmg GLAND LG V) o sl s b Op Of o @y aSalull G )
Bygoaall S3llly Calall o Wl L5yl e 3l Lo g a3l 21 BV OIS Lle Sp Bilate 5 O (5 oS cygianll B3I o etz oLilg
& o5 Sl sllael 3 (K-USLE) ileiod 3l) oAl plsuinly LlasY) A lal) s | Sl sl e Bl all ) Slaeds

o de st ol Ol sda O o) GLEW AL (3 i STV b Sl Al O O amils bl S aSCalu)) Bdeall 3 )

Faculty of Marine Resources, Alasmarya Islamic University, Libya. E-1




JOURNAL OF MARINE SCIENCES & ENVIRONMENTAL TECHNOLOGIES
VYol. 5, Issue No. 2 (December-2019)

ISSIN (Print): 2413-5267

ras et at, 2019 ISSIN (Online): 2706-9966

Jpaie o Ol il Op e gy ailaxY dilell QW) paidl 3 codl mompy (WL anl) L)) laady Bgiaal) S3llly b))
o by )l o F B e U sS dT Sl grann (3 aigila)) O pad) oy il G L) FB ¢ odddl Y ey L)
A aSalul) alaall Glall SIS Lty A Bl B AL Bgse eos clasl 3 AilasY) G 5UST Jie 1SS
LAY B 3 oald Boked) Ay BISY ALS G S Ll slaxeW) Sy 2bly 5T Lo Lot 5 0 2l Ly by 230 ailiad

a1 L il A ad) bl Cogy ST LSS

L ) atlas il e sV LA A OLdST)

1. Introduction

Al-Jabal Alkhdar area suffers from significant water soil erosion compared to the rest of
Libya. The FAO study (1969) noted that the region receives relatively good rainfall which
encourages runoff on slope lands. Many researchers also noted that the removal of natural
vegetation and agricultural activity on the slopes contribute to the erosion phenomenon. Ali
(1995) the latter noted in his field study significant amounts of soil movement by runoff.
Aburas (1997) also observed a significant increase in the rate of soil loss by water erosion at
agricultural lands compared to neighboring natural vegetation lands. There are several
methods to measure soil erosion, including laboratory experiments such as rainfall simulation
or wet sieving tests. Other methods are field applications such as erosion and runoff plots in
which direct soil loss measurements are conducted (Lal, 2001). Stocking and Murnaghan
(2001), and Morgan (1996) suggested some indicators that have been used in arid, semi-arid
and the Mediterranean regions, and have been used in some FAO-funded land degradation
studies such as FAO LADA Project (Mathilde and Alexandra, 2002). Other tests also
mentioned and applied by well-known researchers such as Romkens (1985) and Le
Bissonnais (1996, 2007). Laboratory methods can be divided into two types: dynamic
methods and static or statistical methods (Morgan, 1996):

1) Dynamic laboratory tests: Experiments in which water runoff movement and soil

aggregates detachment are simulated, for example:

A) Indicator of soil aggregates stability in water (water aggregate stability indicator):
which has been used in the present experiment using wet sieving method on Topsoil
samples. The method was listed by Morgan (1996) as an index of erosion, and were
used in the soil laboratory of the University of Cranfield in the United Kingdom on
soils from Africa by Ekwue (1984), and based on the work of Adam et al. (1958).
This indicator has been widely applied on Mediterranean soils by the well-known
French Researcher Le Bissonnais (1996 and 1997). In Libya, Aburas (2009) used
the indicator on samples from the northern foot of Al-Jabal Alkhdar.

B) Instability Index: The index = %Silt + %Clay/(%aggregates> 0.2 mm after wet
sieving) - 0.9 (% coarse sand) (Combeau and Monnier, 1961), and listed by Morgan
(1996) within the indicators of soil susceptibility to erosion. The greater the index
value, the weaker the soil structure and its resistance to erosion.
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C) Detachability index: By dividing the residual weight on the sieve in experiment (a)
by the shaking time to obtain the detachment rate in grams per minutes. The greater
the residual weight in the sieve, it indicates lower detachment rate, greater stability
in soil structure and greater resistance to erosion factors. The index was used by
Russell and Feng (1947), and referred to by Kemper et al. (1985).

2) Statistical methods for estimating soil erosion based on correlations between the amount
of erosion measured using experimental erosion plots with the physical and chemical
characteristics of soil under investigation, for example, proposed diagram (nomograph) by
Wischmeier et al. (1971).

At the local level in the eastern region, there have been several studies investigated
desertification, degradation and erosion using different indicators, (Saad, 2009; Lama, 1996;
Ali, 1995; GEFLI, 1975; and Selkhoz Prom Export, 1980). The latter has produced erosion
maps for most of the northern Libyan territory, including Al-Jabal Alkhdar region. In many of
these studies, the field survey of surface erosion features and soil depth measurements
confirmed the active and extensive erosion process within the entire region, which already
suffers from degradation of protective vegetation, causing the thickness of the soil to
decrease. The study of soil characteristics also showed an alarming level of soil degradation,
especially characteristics related to the soil depth and some land surface features which should
be taken into account when assessing the degradation. Therefore, it is important to find
suitable methods and methodologies for assessing the risks of soil erosion and degradation
under arid and semi-arid conditions, especially on the southern slopes of Al-Jabal Alkhdar.
These methods should be characterized by acceptable accuracy to provide reliable
information, mapping and preparation of plans to face the threat of expanding and very active
land degradation. At the same time, when developing plans, methodologies and methods for
soil conservation, these methods should be affordable and easy to apply in a manner that is
commensurate with the limited resources and lack of well-trained staff, both at the level of
relevant institutions and at the community.

So, the aim of this study is to use some easy-to-use and low-cost methods in obtaining a
realistic assessment of water erosion risks, and can be used to build a database that can
contribute to the preparation of soil conservation plans and sustainable spatial development of
the degraded slopes of Al-Jabal Alkhdar.

2. Materials and Methods

The study was carried out on the southern slopes of Al-Jabal Alkhdar and five areas were
selected from west to east: Meseliba (Taknes); Marawa; Sirat Alia (Gandulah), Grehat
(Gandulah), and Qasar Mestashi (Salantah), as shown in Figure (1). These areas within the
most degraded lands in Al-Jabal Alkhdar, where grazing and rainfed cultivation represent the
basic activity for many residents. Also, the indicators of desertification in this area are clear as
a result of uncontrolled human activities, soil erosion and consequently decreasing the
quantity and quality of natural vegetation.
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Laboratory experiments: The analysis of surface soil samples (0-10 cm), Figure (2), also

included the estimation of soil susceptibility to water erosion by rain using some laboratory
and statistical methods as shown in Table (1).

! t -l
The study area
sites
study sites -
PR E— .. w1 Populated areas g |
i Main Roads
\
IVTVTE 21" WE ITrOTE IWNTE

Figure 1. The study sites on the southern slopes of Al-Jabal Alkhdar

Figure 2. The field measurements at the study sites

Table 1. Methods of measuring soil erodibility applied in the present study

The used indicator for

oF The method Reference
erodibility measurement

Wet sieving using sieves with
Water aggregate stability multiple sizes in 2,1,0.5,0.2

indicator(AgSt) (mm) Ekwue (1984)
- %(silt + clay)/aggre.> 0.2 mm Morgan (1996)
Instability Index (%) — 0.9 (coarse sand %)
S Weight remaining on
Detachability index ) N Kemper et al. (1984)

(gm min) sieve/shaking time

Clay Ratio =% sand + % 5silt /% clay Morgan (1996)

K - USLE Using the nomograph diagram Wischmeier et al.

(1971)
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The estimation of K-USLE: It is based on a set of physical and chemical properties that
must be obtained first before obtaining the value of K (estimated soil erodibility factor),
which is the percentage of organic matter, the percentage of very fine sand + silt, the
percentage of sand greater than 0.1 mm and the degree of soil permeability and the degree of
soil structure using the diagram (nomograph), or the equation (statistical relation using
multiple regression). The equation is :

K =2.1(10-6) M1.14 (12-OM) + 3.25(10-2) (S-2) + 2.5(10-2) (P-3)  .......... (1)
where,
M :is the product of the primary particle size fractions: (silt percent + very fine sand) x
(100 — clay percent).
OM : percent organic matter.
S : the structure class; 1 = very fine granular, 2 = fine granular, 3 = medium or coarse
granular, 4 = blocky.
P : class of permeability; 1 = rapid, 2 = rapid to moderate, 3 = moderate, 4 = slow to
moderate, 5 = slow, 6 = very slow.
Note that the value of factor K is without units and ranges from 0 to 1 and the soil is more
susceptible to erosion as the value increases. According to Goldsmith (1977) the
characterization of the degree of erodibility is as follows: Less than 0.10 Low erodibility; 0.10
to 0.19; Low to medium; 0.20 to 0.39 Medium to high erodibility; 0.40 to 0.59 High; 0.60 and
above Very high erodibility

Table 2. Some physical and chemical properties of the investigated soils

Property A B C D E
OM (%) 2.8 1.8 25 2.3 0.4
Clay (%) 24.6 23.7 27.2 21.9 17.9
Silt (%) 42.1 30.0 16.9 465 293
Sand (%) 333 461 559 31.6 .528
Aggregates stability (%) 28.1 282 37.9 34.1 127
Infiltration R. (mm.min?) 0.11 0.13 0.15 0.20 0.03
Res. to penetration (N.cm) 104 167 173 188 198
Bulk density (g.cm™) 1.30 1.28 1.09 1.08 1.32
pH .89 .83 8.3 .79 8.0
CaCOs (%) 21.5 26.9 11.8 19.2 15.2
Exchan. Ca (Cmol.kg™) 14.6 74 8.7 11.2 7.2
EC (dS.m?) 4.54 6.57 6.62 6.94 5.37

The sites: A= Meseliba, B= Marawa, C= Sirat Alia, D= Grehat, E= Qasar Mestashi

Statistical tests: The normal distribution of the studied properties was tested, then,
completely Randomized Design was applied, and Minitab (16.1.0) was used for data analysis.
The comparison between means of soil erodibility indicators were carried out using Tukey
test.
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3. Results and Discussion

Several dynamic laboratory methods have been applied to measure soil susceptibility to water
erosion, which is low cost and easy to apply under different soil sizes (between 2 and 0.2
mm). These dynamic tests are considered to be related to soil resistance to erosion and soil
aggregation elements, such as clay content, soil organic matter and soil content of CaCOz. At
the same time, resistance to water erosion factors seems to be varied at each specific size
range of the soil aggregates under study, which requires taking into account this changing
behavior at each given size. Aggregates Stability Index>2 mm (Table 3) revealed the
weakness and instability of soil structure of Qasar Mestashi site. While, Gandulah sites (Sirat
Alia and Grehat) showed medium stability when compared with Qasar Mestashi (Table 2),
this could be due to the relative higher content of clay and organic matter in Gandulah soils.
The importance of this index lies in the importance of its close relationship with some
physical properties of the soil with a hydraulic effect on the movement of water within the
soil profile, water holding capacity, runoff and erosion. This may support the validity of the
AgSt »2 mm index to describe the soil susceptibility to erosion. Figure (3) shows the standard
error value and the mean of index values for the samples under study.

Table 3. AgSt > 2 mm index values (%) for the study sites

Sample no. Meseliba Marawa S. Alia  Grehat Q. Mestashi

1 29.20 22.00 36.00 40.82 12.60
2 25.16 30.40 34.00 32.38 15.00
3 30.78 33.20 35.00 39.84 16.10
4 29.20 23.42 40.60 33.74 13.34
5 39.6 26.2 37.8 34.26 12.4
6 29.8 30.6 35.54 39.42 15.28
7 24.52 20.5 41.9 31.36 11.03
8 31.34 34.8 38.8 27.5 12.6
9 29.2 334 35.8 27.2 10.54
10 21.86 34.8 39.7 36.54 11.6
11 26.38 23.6 43.2 35.4 10.52
12 19.8 25.4 36.5 31.12 11.38

Means 28.07b 28.19b 37.903a 34.13a 12.69c

Tukey value = 4.16

- ______________________________________1}
Faculty of Marine Resources, Alasmarya Islamic University, Libya. E-6



JOURNAL OF MARINE SCIENCES & ENVIRONMENTAL TECHNOLOGIES
VYol. 5, Issue No. 2 (December-2019)

ISSN (Print): 2413-5267

Laboratory and Statistical Methods for Estimating Soil Erosion .................. .
ISSN (Online): 2706-9966

40 B AgStHh2mm %
| | M SE (Standard Error)
20 I
.48 .51 .85 3 ‘h_54
0 1 T T T T 1
@ > @ A N
F & & & L
N ) & R\
&
o®

Figure 3. Mean and standard error of AgSt > 2 mm index values

The results of Aggregates Stability Index> 1 mm (Table 4) were very similar to the
results of Aggregates Stability Index> 2 mm. According to this measure (index) Qasar
Mestashi soils suffer from deterioration in its capability to resist erosion due to low organic
matter and clay content (Table 2). Figure (4) shows the standard error value and the mean of
index values for the samples under study.

Table 4. AgSt» 1 mm index values (%) for the study sites

Sample no. Meseliba Marawa S. Alia Grehat Q. Mestashi
1 34.02 29.66 41.40 47.98 16.40
2 28.16 39.06 39.80 42.56 17.40
3 33.18 39.32 41.40 48.04 18.30
4 32.80 31.40 45.36 43.02 17.94
5 42.00 34.60 43.28 43.76 15.40
6 32.00 37.40 42.08 48.22 18.90
7 26.84 27.40 46.90 40.76 14.83
8 34.14 39.80 43.84 33.50 15.60
9 31.40 41.20 42.20 37.38 13.54
10 26.38 41.54 45.10 44,52 15.40
11 28.58 31.60 47.80 43.20 13.32
12 23.80 34.76 42.00 39.58 15.18
Means 31.11b 35.65b 43.472a  42.71a 16.02¢c

Tukey value =5.6
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Figure 4. Mean and standard error of AgSt >1 mm index values

The index AgSt >0.5 mm values (Table 5, and Figure 5) are consistent with the previous
two indicators, Qasar Mestashi soils have low values of aggregates stability. WWhen comparing
the three previous indicators, AgSt > 2 mm index remains the least expensive in time and
effort, since it considers only the contents of the upper sieve. While the other indicators need
the results of the specific sieve and the sieve above it, which will take a longer time.

Table 5. AgSt» 0.5 mm index values (%) for the study sites

Sample no. Meseliba Marawa S. Alia  Grehat Q. Mestashi
1 34.82 35.34 43.80 50.18 20.20
2 29.96 44.62 41.86 44.16 19.80
3 34.18 44.72 44.80 49.84 21.30
4 35.20 36.52 49.88 45.42 22.34
5 43.40 38.40 4836  47.36 19.80
6 33.20 42.58 46.90 51.62 21.50
7 27.84 31.44 51.30 42.76 17.63
8 34.74 43.00 45.84 36.50 19.60
9 32.60 44.68 47.80 40.98 15.54
10 27.18 45.66 48.90 49.32 17.80
11 29.38 36.04 52.60  46.80 16.52
12 24.80 39.32 47.20 42.98 17.78
Means 32.28c 40.19b 47.44a | 45.66a 19.15d

Tukey value = 3.9
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According to AgSt > 0.2 mm index, (Table 6, and Figure 6), the trend of stability levels
in general has not changed compared to the previous indicators, especially with regard to the
less stable location, Qasar Mestashi. Although, relative increase in soil stability were recorded
at the site using the index AgSt > 0.2 mm compared to the index AgSt > 2 mm. This could be
due to the fact that the index AgSt > 2 mm is more closely related to clay and organic matter
contents in the soil.

Table 6. AgSt » 0.2 mm index values (%) for the study sites.

Sample no. Meseliba Marawa S. Alia Grehat Q. Mestashi

1 36.87 38.64 47.2 53.18 235
2 32.16 49.12 44.86 47.81 24.6
3 36.03 48.67 47.6 52.94 24.8
4 37.35 40.12 53.5 48.02 26.84
5 45.0 42.14 53.12 50.08 23.06
6 34.7 47.24 51.7 54.32 24.74
7 29.6 34.53 55.06 46.5 21.41
8 36.84 46.72 48.24 40.4 23.08
9 36.44 48.6 52.4 44.6 18.26
10 29.56 49.68 52.92 53.38 20.14
11 32.92 41.74 57.2 50.6 19.72
12 27.48 43.54 52.82 45.8 20.62

Means 34.5¢c 44.23b 51.38a 48.97a 22.56d

Tukey value = 4.08
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Figure 6. Mean and standard error of AgSt > 0.2 mm index value

The Instability Index (Table 7, and Figure 7) is a flexible dynamic indicator as it
depends on all the components of the soil texture and is particularly affected by the soil
content of coarse sand. The ratio of soil aggregates > 0.2 mm could also play an important
role in determining the values of this index. In this index, less stable soils have higher values
compared to more stable ones. Qasar Mestashi soils, as expected were the least stable while
the soils of Sirat Alia were the most stable, which means the results of Instability Index are in
consistence with the results of the aggregates stability indicators (AgSt).

Table 7. The Instability index values (unit-less) for the study sites.

Sample no. Meseliba Marawa S. Alia  Grehat Q. Mestashi
1 1.64 211 1.22 1.72 2.99
2 1.66 1.37 1.31 1.99 3.65
3 1.75 1.58 1.31 1.52 3.68
4 2.43 1.78 0.90 1.59 2.77
5 1.78 1.87 0.82 1.56 3.24
6 2.40 1.46 0.84 1.45 3.01
7 2.07 245 0.78 1.53 1.39
8 1.88 1.52 0.93 2.12 2.69
9 1.82 1.59 0.83 1.90 2.88
10 1.78 1.54 0.82 1.37 3.58
11 1.82 2.06 0.76 1.51 3.10
12 2.17 1.62 0.82 1.68 341
Means 1.93b 1.74b 0.94c 1.66b 3.03a

Tukey value = 0.49
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Figure 7. Mean and standard error of Instability index value

The results of Detachability index (for different aggregates sizes), Tables (8-10)
confirmed the fragility and deterioration of the stability of the soil structure and the high risk
of erosion at the site of Qasar Mestashi. Detachability rate were significantly less at Sirat Alia
soils. Figures (8-10) show the mean and standard error values of Detachability Index for the
samples under study.

Table 8. Detachability index > 2 mm aggregates values (gm\min) for the study sites

Sample no. Meseliba Marawa S. Alia Grehat Q. Mestashi
1 1.77 1.95 1.60 1.48 2.01
2 1.87 1.74 1.65 1.69 1.99
3 1.73 1.67 1.63 1.50 1.98
4 1.77 1.91 1.49 1.66 2.00
5 1.51 1.85 1.56 1.64 1.70
6 1.76 1.74 1.61 1.51 1.93
7 1.89 1.99 1.45 1.72 191
8 1.72 1.63 1.53 1.81 2.01
9 1.77 1.67 1.61 1.82 1.80
10 1.95 1.63 1.51 1.59 1.97
11 1.84 1.91 1.42 1.62 2.14
12 2.01 1.87 1.59 1.72 2.04
Means 1.80b 1.80b 1.55¢ 1.65¢ 1.96a

Tukey value = 0.11
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Figure 8. Mean and standard error of Detachability index > 2 mm values

Table 9. Detachability index > 1 mm aggregates values (gm\min) for the study sites

Sample no. Meseliba  Marawa S. Alia  Grehat Q. Mestashi

1 1.65 1.76 1.47 1.30 1.91
2 1.80 1.52 151 1.44 1.93
3 1.67 1.52 1.47 1.30 1.92
4 1.68 1.72 1.37 142 1.88
5 1.45 1.64 1.42 141 1.62
6 1.70 1.57 1.45 1.29 1.84
7 1.83 1.82 1.33 1.48 1.82
8 1.65 151 1.40 1.66 1.93
9 1.72 1.47 1.45 1.57 1.72
10 1.84 1.46 1.37 1.39 1.88
11 1.79 1.71 131 1.42 2.07
12 1.91 1.63 1.44 151 1.95

means 1.70b 1.61b 1.42c 1.43c 1.87a

Tukey value = 0.10
2 ‘ @ Detachability index 1 mm
1 ‘ i | M SE (Standard Error)
03 03 ‘.21 ‘.23 .03
0 . . . ——
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Figure 9. Mean and standard error of Detachability index > 1 mm values
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Table 10. Detachability index > 0.5 mm aggregates (gm\min) for the study sites

Sample no. Meseliba Marawa S. Alia Grehat Q. Mestashi
1 1.63 1.62 1.41 1.25 1.82
2 1.75 1.38 1.45 1.40 1.87
3 1.65 1.38 1.38 1.25 1.85
4 1.62 1.59 1.25 1.36 1.77
5 1.42 1.54 1.29 1.32 151
6 1.67 1.44 1.33 1.21 1.78
7 1.80 1.71 1.22 1.43 1.75
8 1.63 1.43 1.35 1.59 1.83
9 1.69 1.38 1.31 1.48 1.67
10 1.82 1.36 1.28 1.27 1.82
11 1.77 1.60 1.19 1.33 1.99
12 1.88 1.52 1.32 1.43 1.88
Means 1.69a 1.49b 1.32¢c 1.36¢ 1.79a

Tukey value = 0.11

{ @ Detachability index 0.5 mm

15 - |
1 - ‘ W SE (Standard Error)
”Mbbb%

O T T T T 1
& » @ g (;Q\
P Q \a e 2>
& @é 3 I &
N S 3
2

(_)

3
o

Figure 10. Mean and standard error of Detachability index > 0.5 mm values

The empirical indicator (K-USLE) of the statistical equation USLE proposed by
Wischmeier et al. (1971), the results (Table 11, and Figure 11) showed relatively different
trend and described the soils of the site of Qasar Mestashi as medium to highly erodible, and
within the same description of the most sites under study. In contrast to all dynamic-
laboratory indicators used in this study, K-USLE index described the soils of Grehat site as
the most erodible. These results raise questions about the realism and validity of statistical
indicators, hence, their validity and suitability to the conditions of the study areas need to be
tested.
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Table 11. K-USLE index values (Wischmeier et al., 1971) for the study sites

Sample no. Meseliba Marawa S. Alia Grehat Q. Mestashi
1 0.29 0.22 0.16 0.42 0.28
2 0.37 0.20 0.16 0.42 0.30
3 0.28 0.22 0.16 0.37 0.25
4 0.27 0.21 0.21 0.34 0.32
5 0.42 0.19 0.20 0.39 0.30
6 0.35 0.19 0.20 0.42 0.33
7 0.31 0.20 0.20 0.39 0.32
8 0.28 0.19 0.21 0.44 0.35
9 0.30 0.21 0.22 0.44 0.33
10 0.29 0.20 0.21 0.47 0.32
11 0.31 0.22 0.22 0.42 0.34
12 0.31 0.22 0.22 0.42 0.34
Means 0.32b 0.21c 0.20c 0.40a 0.32b

Tukey value =0.03
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Figure 11. Mean and standard error of K-USLE index values

Several researchers have discussed the disadvantages of statistical empirical indicators.
Diaz-Fierros and Benito (1996) found that the K-USLE of Wischmeier nomograph shows
only one part of the erosion process, that part is related to the inherent soil properties, which
makes the index limited in effectiveness. The statistical index ignores the interaction of soil
properties with the surrounding environmental factors, where the USLE equation expresses
soil erodibility separately from the other factors (rain, topography and vegetation).Rainfall
and the stages of vegetation growth can affect the state of soil structure and the water
infiltration capacity within it. Therefore, soil erodibility is a dynamic property that is
changeable over time and cannot be isolated from surrounding conditions as USLE did with
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factor K when it was linked to soil properties only. Barthes and Rosse (2002), Kuhn and
Bryan (2004) considered that soil erosion would be better expressed when considering the
intensity of rainfall, slope, soil managementm and topsoil aggregates. Thus, the erodibility
factor cannot be viewed as a constant number in the sense that each soil type has a fixed
annual value of K as applied to the equation of the K-USLE model, but in fact it is a dynamic
variable (Abu Hammad, 2005, and Hussien et al., 2007). The success of the dynamic
indicators in expressing erosion-related soil degradation has been widely mentioned by
several previous studies which have considered that the aggregates stability indicators
measured using wet sieving methods were able to predict soil susceptibility to water erosion
and degradation. This was due to its simulation of natural conditions in the field, and direct
relationship to the role of climate, parent material, Plant cover and land uses, enabling it to
characterize soil erodibility and to assess the risk of erosion and soil degradation (Cerda,
2000; and Barthes and Rosse, 2002). The indicators of soil structure measured in the
laboratory can be a useful tool for describing the risk of erosion when comparing different
types of soils, land or uses. However, these indicators cannot be able to give absolute values
of soil erodibility compared to the actual situation in the field conditions when rainfall falls on
degraded slope lands. Despite the ability of these low cost and easy to apply laboratory
measurements to carry out a comparative investigation of soil susceptibility to erosion
between soils with different properties, but they need to be validated using direct field
experiments under natural rain conditions, so that, soil erodibility would reasonably be
described under the conditions of Al-Jabal Alkhdar.

5. Conclusion

Dynamic laboratory methods tested in this study showed consistency in their results to
characterize and estimate soil susceptibility to water erosion. In general, the dynamic
measurements agreed that Qasar Mestashi soils were the most erodible and the least resistant
to erosion, which is consistent with the physical soil characteristics of that site and its organic
matter content, which is generally degraded. While, Sirat Alia soils were the most resistant to
erosion which is in consistence with their general characteristics that characterized by high
content of clay and organic matter. On the other hand, the results of the statistical method (K-
USLE) did not agree with the results of the dynamic laboratory methods, which put doubts
about the validity and accuracy of applying statistical methods in measuring soil susceptibility

to water erosion under the study area conditions.
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