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  ABSTRACT  
 
Gully erosion is a serious problem of land degradation in pasture land of Sothern Iran. To study the 
causes of gully erosion initiation, the Abgendi Watershed with the highest amount of gully erosion 
was selected as a semi-arid area in Iran. In this area, 35 gullies were randomly chosen and the 
influences of SAR and EC, as the indexes of alkalinity and salinity on gully erosion, were 
investigated. The role of sodium in calculating SAR, and the effective role of sodium to soil 
dispersing, It can increase the susceptibility of soil to water erosion. Moreover, concentration of 
soluble salts (are measured by electrical conductivity), such as sodium cations are attached to each 
soil clay particle in the arid and semi-arid areas. To accomplish this study, soil sampling from head-
cut and gully walls in two depths of 0-30 cm (top layer) and 30cm to the bottom of gully (sub-layer) 
was carried out. One main objective of the present study was to determine the effects of these two 
chemical factors on gully erosion development. Based on gullies volume (as a dependent variable), 
the gullies were classified into four groups and were compared in terms of EC and SAR. The results 
indicated that the gullies with volume of more than 200 m3 (big gully group), in comparison to the 
gullies with volume less than 50 m3 (very small gully group), have greater EC and SAR. The amounts 
of EC and SAR of big gully group were significantly higher than very small gully group. Moreover, 
for the purpose of further analysis, the gullies were classified and compared in terms of EC and SAR. 
The results indicated that there is a significant difference between gullies volume groups in terms of 
EC and SAR as well. The gullies with EC > 8 dS/m and SAR > 8, compared to the gullies with 
 EC < 4 dS/m and SAR < 4, have significantly greater volume and length. 
 
Keywords: Gully erosion, Sodium absorption ratio (SAR), Electrical conductivity (EC), Semi-arid 
area, Kohgiloye va Boyerahmad Province 

 
INTRODUCTION 

 
Gully erosion can potentially cause 

severe soil degradation. Gully is considered 

to be one of the most important soil erosion 
processes (Seeger and Ries, 1996). At one 
time, it was thought that gullies developed 
as enlarged rills but studies of the gullies 
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revealed that their initiation is more 
complex process (Morgan, 1996). It is one 
form of accelerated soil erosion and the 
occurrence of gullies often indicates an 
extreme form of land degradation 
warranting special attention (Yitbarek, 
2007). Gully erosion usually represents a 
permanent loss of soil where agricultural 
production proceeds without appropriate 
protective measure and re-cultivation 
(Zachar, 1982). This type of erosion is one 
of the most damaging erosion, which 
studies about it has started in the world 
since the 1930 and in Iran  since the 1990s 
(Servati et al., 2008). During the past 
twenty years, many researchers paid 
attention to the process of rill and sheet 
erosion while some researchers have 
showed that rill and sheet erosion on the 
plot is not an ideal indicator of the total 
amount of soil erosion (Fan et al., 2008). In 
past decades, priority of research has been 
given to address agricultural issues at the 
plot scale and thus to rill and inter-rill 
erosion (Valentin et al., 2005). Nowadays, 
gully erosion is a major process of land 
degradation in arid and semi-arid of the 
world. Researchers have shown that the 
causes of gully erosion initiation vary 
according to different climates. They show 
that this type of water erosion can be 
created differently in different climates 
(Ahmadi, 2007). Gullies not only occur in 
marl (clay + lime) and mountainous or hilly 
regions but also more globally in soils 
subjected to loess (European belt, Chinese 
Loess Plateau, North America) and sandy 
soils (Sahelian zone, north-east Thailand) 
or in soils prone to piping and tunneling 
such as dispersive soils (Valentin et al., 
2005). Soil properties, rainfall and runoff 
intensity, wind action, geological, 
 hydro-geochemical and geotechnical 
characteristics, and anthropogenic activities 
are factors generating soil and gully erosion 
processes (Egboka and Orajaka, 1987). 
Valentin et al. (2005) found that gully 
erosion results not only from surface flow 

but also from sub-surface flow. The 
erodibility of soils is one of the most 
important properties that depends on some 
soil physical and chemical properties. The 
inherent susceptibility of soils to 
detachment and transport by various 
erosive agents is a function of the physical 
and chemical properties of soil (Dondofema 
et al., 2008). The physico-chemical 
properties of the two monitored badland 
sites by Piccarreta et al. (2006)  show an 
important tendency to geochemical 
autostabilisation on the top of the slope. 
Many researchers have shown that gully 
erosion as an important soil degradation 
process, affected by soil chemical 
characteristics. 

Servati (2008) investigated the effects of 
soil characteristics on gully erosion and 
resulted that some soil characteristics such 
as soil depth, SAR, EC, Na, and TDS have 
high effects on gully erosion development. 
Rahnoma and Riginejad (2010) compared 
the soil chemical properties of the area 
without gully erosion as control to the gully 
area, and concluded that the amount of EC 
and SAR of gully area were significantly 
higher than the control. Kemper and Koch 
(1966) have demonstrated that with an 
increase in the soluble salts of soil such as 
Na, the negative impact of clay on 
aggregate stability will increase and thus, 
erodibility of soil will increase as well. 
Mahangara (2010) indicated that the soils 
are highly dispersive promoting piping and 
gulling owing to the high sodium content. 
Moreover, Bell and Maud (1994) suggested 
that the threshold for soil dispersion is SAR 
value higher than 2 in a case study in 
Africa. When the SAR rises above 12-15, 
serious physical soil problems arise and 
plants have difficulty absorbing water 
(Munshower, 1994). Some researcher have 
indicated that there is a significant negative 
correlation between the amount of EC and 
soil dispersion ratio, because in this 
condition if the increasing of the EC is not 
due to the sodium ions, presence of the 
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multi valent cations can reduce the double 
layer thickness, and thus the clays is 
coagulated (Barzegar et al., 1997).  

Investigation the soil erosion in Iran 
have shown that over 600000 hectares of 
farmland were eroded by water erosion and 
that about 500000 hectares of these areas 
are under the effect the gully erosion 
(Garshasebi, 2010). Soufi (2002) showed 
that the important damages due to gully 
erosion in Iran can include disconnection of 
rural roads and bridge breakage, recession 
of water table, immigration of rural people 
and movement of the location of villages. 
Wasson et al. (2002) showed that about 
80% of the sediment in the reservoir can 
come from gully and channel erosion.  

The objective of this study was to 
determine the role of EC and SAR as the 
soil chemical important properties on gully 
erosion development in the area to identify 
the susceptible regions and counsel the 
appropriate combat this erosion. 

 
 

MATERIALS AND METHODS 
 

The study area (Abgendi sub-catchment) 
is a dry area where is located southwestern 
Iran. The geographical location, climatic 
conditions and dry winds blowing in south 
and southwestern Iran have caused these 
areas of the country to have dry and semi 
dry conditions to an extent that the rate of 
rainfall in these regions is between 50 to 
350 mm per year. Therefore, these regions 
have potential to soil erosion, as the 
average soil erosion in Iran is more than 30 
ton per hectare per year (i.e, 6.5 times more 
than the limit of soil erosion) (UNDP, 
1999).  

Abgendi sub-catchment was selected 
which has the largest number of gully 
erosion in Kohgiloye  Boyerahmad (KB) 
province. This area is one of the sub 
catchment of Khirabad River with an area 
of 21000 ha in the south of (KB) province 
(Fig. 1). This region located in 45°, 23’, 03’’ 

to 47°, 56́, 08’’ longitude and 30°, 13’, 
05’’to 33°, 52 ́, 07’’ latitude.  

 

Figure 1. Location of study area  Abgendi Watershed, Iran 
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Average rainfall is 380 mm year-1, 
maximum rainfall in 24 hours is 9.87 
mm, average annual evaporation is 
2934 mm, and the average altitude is 
more than 450 meters above sea level. 
The area is hilly with dominant slope 
10–20%. The land uses of the area are 
consist of poor range (vegetation cover 
< 25%), good range (vegetation cover > 
50%) and dry farming with areas 
11970, 5460 and 3570 hectares 
respectively (fig. 2). About 90% of the 
gullies occur in poor range land use. By 
revisiting the field and gullies scattering 
map all the gullies were coded and 35 
gullies were chosen randomly.  

In order to determine the soil 
characteristics such as EC and SAR, 
soil sampling of the gullies was taken 
with three replications (head-cut, two 
walls of outlet and two walls in 50% of  

 
gull`s length) in two depths of soil (0-
30 cm and 30 cm to gully bottom) 
(Figure 3). After sampling from two 
walls of outlet and two walls in 50% of 
gull`s length were taken two soil 
samples of the depth 0 – 30 cm and mix 
them then was taken one mixed sample 
as two walls top layer. For depths more 
than 30 cm, the same process was 
followed as two walls sub layer. 
Therefore, from each gully, two 
samples from head-cut and two samples 
from two walls were prepared. Soil 
samples were analysed for Ca, Mg and 
Na and sodium absorption ratio (SAR) 
were calculated. The electrical 
conductivity (EC) of the samples was 
measured by Electro Conductometer 
Method (Jenway, 4010 Conductivity 
Meter, UK). 

 

 

Figure 2. Abgendi watershed land-use and gullies scattering 
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Soil sampling > 30 cm

Soil sampling 0 – 30 cm

outlet

Head-cut

 
Figure 3. Gully erosion and soil sampling 

location 

 
Classification of gullies based on EC and 
SAR 
 

Both EC and SAR are commonly used 
to classify salt-affected soils. Waskom et al. 
(2006) classified all soils in 3 groups as 
Table 1. 
 
Table 1.Classification of soils based on EC and 

SAR values 
 EC (dS/m) PH SAR 
Saline > 4 < 8.5 < 13 
Sodic < 4 > 8.5 ≥13 
Saline-
sodic 

> 4 < 8.5 ≥13 

 
In this classification, EC=4.0 dS/m and 

SAR ≥ 13 have been used as the threshold 
of EC and SAR to define saline, sodic and 
saline – sodic soils. There are some 
different definitions to define sodicity. 
Because all soils behave differently, and 
there is no exact definition of sodicity 
(Sumner, 1993). Moreover, U.S salinity 
laboratory has criteria to classify the soil as 
saline, alkali and saline-alkali. Abrol et al. 
(1988) classified the soils based on only EC 
values, as the classes were non saline, 
slightly saline, moderately saline, strongly 
saline, and very strongly saline with EC 
equal 0-2, 2-4, 4-8, 8-16 and > 16 dSm-1, 
respectively. Christos et al. (2010) 

classified soil desertification risk for the 
degradation process salinization risk based 
on EC values in 4 groups such as EC > 8 
dS/m (very high risk), EC = 4 – 8 dS/m 
(high), EC = 2 – 4 dS/m (moderate) and  
EC < 2 dS/m ( low). 

In this research, taking into account the 
classification of the salt affected soil, and 
the range of determined data, the gullies 
were classified based on EC or SAR values 
in the top and the sub-layers of gully head-
cut and two walls. The comparison of the 
groups was carried out separately in terms 
of gully volume and length. In this 
classification, the gullies were categorized 
into two groups, first classification was 
based on EC > 4 and EC < 4, and second 
classification was based on EC > 8 and  
EC < 8, which each pair were compared 
separately. To compare the mean values of 
the SAR and EC in the two groups, an 
independent sample t-test was run.  

 
Classification of the gullies based on EC-
SAR  

 
Classification of the gullies based on 

EC-SAR was carried out to compare the 
classes in terms of gully volume and length, 
as two important indexes of gully erosion. 
In this classification, both EC and SAR 
were considered. The gully top and sub-
layers were investigated without 
considering the head-cut and the two walls 
of the gully. The mean value of EC in the 
top layers of head-cut and two walls as EC 
of gully top layer, and the mean value of 
EC in the sub layers of head-cut and two 
walls as EC of gully sub layer were 
calculated and statistically analysed. To 
calculate the SAR for gully top and sub-
layer, the same calculations were used. 
Then, the gullies were classified based on 
each factor in the both top and sub-layer 
separately. In this classification, the gullies 
were categorized into 3 groups including 
the gullies content SAR < 8 and EC < 4 
values in their top and sub-layers as Group 
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I, gullies with EC 4 - 8 and SAR 4 – 8 in 
their top or sub-layers as Group II, and 
gullies with EC more than 8 and SAR more 
than 13 in their top or sub-layers as Group 
III. To compare these three groups in terms 
of gully volume and gull length one-way 
analysis of variance was run (Table 2). 
 
 
Table 2. Gullies classification based on EC-SAR 
 Group I Group II Group III 
EC < 4 4 – 8 > 8 
SAR < 8 4 - 8 > 13 
  

In addition to this classification, the 
gullies with EC > 8 were compared to the 
gullies with EC <8, and the gullies with 
SAR > 8 to the gullies with SAR < 8 as 

well in terms of gully volume and length by 
running an independent sample t-test. 

 
RESULTS 

 
The investigation of correlation 

coefficient between EC and SAR with gully 
length and gully volume showed that gully 
volume and length were significantly 
correlated with SAR in head-cut sub-layer, 
and not significantly correlated in head-cut 
top layer and two walls sub and top layers 
(Table 3). Further, the gully volume and EC 
in two walls sub layer were significantly 
correlated (Table 3). In this case, gully 
length and EC in head-cut top and sub 
layers were significantly correlated  
(Table 3). 

 

Table 3. Correlation between gully volume and length and SAR and EC 

 EC SAR 
 Head 

sub  

Head 

top 

Walls 

top  

Walls 

sub  

 
 

Head 

sub  

Head 

top  

Walls 

top  

Walls 

sub  

Gully volume (m3) 0.239ns 0.217ns 0.223ns 0.410* 0.359* 0.151ns 0.002ns 0.114ns

Length (m) 0.496** 0.371* 0.306ns 0.277ns 0.354* 0.324ns 0.154ns 0.048ns

      ** =  p< 0.01    * = p < 0.05    ns = non-significant 

 

 

Figure 4 .Correlation between gully length and EC in (gully head-cut sub layer) 
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Moreover, the average EC of gully head-
cut and two walls in sub-layers (as EC in 
gully sub-layer) with gully volume and 
length, and average EC of gully top layer 
with gully length correlated significantly 
(Table 4). While the correlation between 
the gully volume and the average EC of 
gully top layer was not significantly. 
Meanwhile, the correlations between gully 
volume and length and EC and SAR were 
positive. 

 
Table 4. Correlation between gully volume, 

length, and the average EC of gully sub and top 
layers 

 
  
 Gully sub layer Gully top layer 

Gully 
volume/ m3 0.472** 0.250ns 

Gully 
Length / m 

0.541** 0.392* 

** =  p< 0.01    * = p < 0.05   ns = non-significant 

 

Comparison of the EC groups (in head-cut 
top and sub layers) in terms of gully volume 
and length 
 

 The results of the comparison of the EC 
groups (EC > 4 dS/m and EC < 4dS/m ) in 
gully head-cut top layer indicated that gully 
volume and length of the groups are not 
significantly different, gully length, (t (33) 
= -1.42, p = 0.17), and gully volume, (t (33) 
= -0.98, p = 0.34). The mean values of the 
gully volume with EC > 4 and EC < 4 were 
135.9 m3 and 89.7 m3, respectively. 
Moreover, the comparison of the EC groups 
(EC > 4 and EC < 4 ) in the sub-layer of 
gully head-cut showed that these two 
groups were significantly different in term 
of gully length (t (33) = -2.3, p = 0.026), 
and were not significantly different in term 
of gully volume, (t (33) = -1.4, p = 0.167), 
as the values of gully length with EC > 4 
dS/m and EC < 4 dS/m were 67.1 and 33.2 
m, respectively. In addition, the gullies with 
EC > 8 dS/m and EC < 8 dS/m in their top 

layer were compared, and the results show 
that these two groups had significant 
difference in term of gully length (t (33) = -
2.3, p = 0.027), and had not significant 
difference in term of gully volume(t (33) = 
-1.4, p = 0.171).The mean values of gully 
length in EC > 8 and EC < 8 were 103.04 m 
and 44.65 m, respectively. Furthermore, the 
results of the comparison of the gullies with 
EC < 8 and EC > 8 (in their head-cut sub 
layers)showed that the groups were 
significantly different in term of gully 
length (t (33) = -2.3, p = 0.029), and were 
not significantly different in term of gully 
volume (t (33) = -1.4, p = 0.17).Mean 
values of the length in the gullies with EC > 
8 and EC < 8 were 73.9 m and 38.5 m, 
respectively. The results also showed that 
the gully volume and length in the gullies 
with EC > 4 and EC <4, and EC >8 and EC 
< 8 in their top and sub-layers of the walls 
are not significantly different.  

 
 

Comparison of the SAR groups (in the top 
and sub layers of gully head-cut) in terms 
of gully volume and length 

 
Comparison of the SAR groups (SAR > 

8 and SAR < 8) in gully head-cut top layer 
indicated that the groups were significantly 
different in term of gully length (t (33) = -
2.3, p = 0.027), and were not significantly 
different in term of gully volume (t (33) = -
1.4, p = 0.171). Mean value of the gullies 
length with SAR >8 and SAR <8 were 
103.04 m and 44.65 m, respectively. 
Moreover, the gully groups with SAR >8 
and SAR <8 in their head-cut sub-layers 
were not significantly different in terms of 
gully volume and length. 
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Comparison of the EC and SAR classes (in the 
top and sub-layers)in terms of gully volume and 
length 

 
In this investigation, the gullies were 

only classified based on top and sub-layers, 
without considering the head-cut and the 
two walls of gullies. In this classification, 
both EC and SAR were classified into two 
groups, (EC > 8 dS/m and EC < 8 dS/m), 
(SAR > 8 and SAR < 8) in each depth of 
the gully. Comparison of these two groups 
of EC in gully top-layer indicated that they 
are not significantly different in terms of 

gully volume and length. Comparison of 
the SAR groups in gully sub layer was 
carried out, and the result showed that they 
were significantly different in terms of 
gully volume (t (33) = -2.77, p = 0.009), 
and gully length, (t (33) = -2.92, p = 0.006). 
As the amount of gully length in SAR < 8 
and SAR > 8 were 43.28 m and 99.04 m 
(Figure 5), and gully volume were 82.8 m3 
and 247.5 m3 (Figure 6), respectively. 
Furthermore, these two groups in the top 
layer were not significantly different in 
terms of gully volume and length. 

 

 

Figure 5 . The mean values of gully length in different SAR groups (sub layer) 

 

 

Figure 6 . Amount of gully volume in different SAR groups (sub layer) 
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Comparison of the EC-SAR in terms of 
gully volume and length 

 
Classification of the gullies based on 

EC-SAR was carried out to compare the 
classes in terms of gully volume and length 
as two important indexes of gully erosion. 
In this study, the gully top and sub-layers 
were investigated without considering the 
head-cut and the two walls of gully. In this 
classification, the gullies were categorized 
into 3 groups including the gullies content 
SAR < 8 and EC < 4 values in their top and 
sub-layers as Group I, gullies with EC 4 -8 
and SAR 4 – 8 in their top or sub-layers as 
Group II, and the gullies with EC > 8 and 
SAR > 13 in their top or sub-layers as 
Group III. To compare the mean values of 
gully volume and gully length in EC-SAR 
groups, One-Way Analysis of Variance was 
run. The results indicated that gully volume 
have significant differences (F= 3.69, sig = 
0.036) between the groups, as the amounts 
of gully volume in Groups 1, 2 and 3 were 
60.49, 148.3 and 169.3, respectively (Table 
5, Figure 7). In addition to gully volume, 
there were also significant differences 
between the groups in terms of gully length 
(F= 5.47, sig = 0.006). The amounts of 
gully length in Groups 1, 2 and 3 were 
31.85, 65.39 and 80.76, respectively (Table 
5, Fig 8). The results were also tested by 
S.N.K test (Table 5). According to this test, 
there is a significant difference between 
Groups 1 and 3, while there were no 
significant differences between Group 2 
and other groups. Meanwhile, the results of 
Duncan and Tukey  tests were the same 
S.N.K test. 

 
Table 5. Mean value of gully volume and 

length in EC-SAR groups 

EC – SAR  
groups 

Gully 
volume 

Gully length 

I 60.5 a 31.8 a 

II 148.3 a 65.4  ab 

III 169.3 a 80.8 b 

 

 
 

Figure 7 .Amount of gully volume in EC- 
SAR groups 

 

 
 

Figure 8 . The mean values of gully length 
in EC- SAR groups 

 
 

DISCUSSION 
 
Correlation between EC and gully 

volume and length shows that sub layer of 
gully has the highest influence on gully 
volume and length as two indexes of gully 
erosion development. In the other words, 
sub layer of the soil in the region has the 
most susceptible to gully erosion. This 
correlation indicates that with increasing 
EC and SAR in the head-cut sub layer, 
gully erosion intensity will increase. In this 
case, Servati et al. (2008) and Rienks et al. 
(2000) indicated that there is a significant 
positive correlation between gully erosion 
development and EC and SAR. 
Furthermore, Ghodosi (2006) introduced 
the EC as an important factor to gully 
erosion initiation. Likewise, Ramezanpour 
(2008) indicated that amount of EC and 
SAR in different types of erosion (sheet, 
rill, gully and bad-land) are significantly 
different. As the EC values increases from 
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sheet to bad-land. Rahnoma and Riginejad 
(2010) have also compared an area with 
sever gully erosion to the area without gully 
erosion as control in terms of EC and SAR, 
and resulted that amount of EC and SAR in 
control soil in comparison to the area with 
sever gully erosion were significantly more. 
As the mentioned above the soils have EC 
> 8 and SAR >13 have the most susceptible 
to gully erosion, because they are both 
saline and alkaline. Kemper & Koch (1966) 
have demonstrated that with an increase in 
the soluble salts of soil such as Na, the 
negative impact of clay on aggregate 
stability will increase and thus, erodibility 
of soil will increase as well. In this case 
Mahangara (2010) indicated that the soils 
are highly dispersive promoting piping and 
gulling owing to the high sodium content. 
Moreover, Bell and Maud (1994) suggested 
that the threshold for soil dispersion is SAR 
value higher than 2 in a case study in 
Africa. When the SAR rises above 12-15, 
serious physical soil problems arise and 
plants have difficulty absorbing water 
(Munshower, 1994). Some researcher have 
indicated that there is a significant negative 
correlation between the amount of EC and 
soil dispersion ratio (Zij, 2010), because in 
this condition, if the increasing of the EC is 
not due to the sodium ions, presence of the 
multi valent cations can reduce the double 
layer thickness, and thus the clays is 
coagulated (Barzegar, 1997). The soils with 
EC > 4 dS/m and SAR ≥ 13 are classified 
as the  sodic soils that have poor drainage  
(Waskom et al., 2006) that can be 
susceptible to soil erosion. 

 

 

 

 

CONCLUSION 
 

It can be concluded that gully erosion 
development can be affected by the EC and 
SAR two causes of in these regions. 
However it should be considered other 
factors such as soil physical and 
topographical properties. This agree with 
other recent studies Ramezanpour (2008), 
Servati et al. (2008) and Rienks et al. 
(2000). The role of sodium in calculating 
SAR, and the effective role of sodium to 
soil dispersing, it can increase the 
susceptibility of soil to water erosion. 
Miller (2008) showed that Exchangeable 
Sodium Percentage (ESP) of 6% or greater 
have sodic soils and could be at higher risk 
of  erosion (there is a liner correlation 
between ESP and SAR). Moreover, 
concentration of soluble salts (are measured 
by electrical conductivity), such as sodium 
cations are attached to each soil clay 
particle in the arid and semi-arid areas. 
Critical EC and SAR were EC > 8 and SAR 
> 13 that the soil have the same EC and 
SAR values it can have the most 
susceptible to gully erosion. 

It can be also concluded that the 
interaction of these two factors rises the soil 
sensitivity to gully erosion. Moreover, these 
properties not only can increase the 
susceptibility of soil to erosion, but can 
limit the vegetation growth on the soil as 
well. Therefore, if the soils with high 
susceptibility to erosion do not have 
sufficient the vegetation cover, in that soil 
can occur accelerated soil erosion. 
Therefore, by soil sampling and 
determining the EC and SAR in a semi-arid 
area, it is possible to identify an area with 
high or low susceptibility to gully erosion 
development to carry out any preventive 
program.  
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