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Abstract

The soil repellency is one of some soil propriety that can be use fo indicate the quality of the soil and give a
number of information for the soil conservation and the water management. This study show an example of the
determination of this parameter in three sites (forest site, after fire forest site and mixed site) by the use of the
mini disk infiltrometer test (MDIT) in the small watershed of wadi Tifiles situated in the North West of Algeria that
is characterized by a Mediterranean climate. The result show that the water repellency affect namely the after
fire forest site which can be equal to 100% of the measured sample flowed by the mixed soil by 923% and the

forest site by 80%.
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Introduction

The soil water repellency is an indicator used
in the assessment of land degradation. It is defined
as the inability to get wet or water to seep info the soil
(Doerr et al., 2000), it is an unstable phenomenon, it is
more pronounced when the soil is drier, it can happen
naturally or after forest fires (Robichaud et al., 2000) and
it is generally indicated as the reduction of the amount of
water infiltration in the soil (Telman et al., 2000; Krolow et
al., 2019).

The effect of the soil water repellency on erosion
and infilfration is very remarkable. On erosion it can be
showed by its potential for increasing overland flow
(Meeuwig 1970) and by altering the erodibility of the soil
by either wind or water action (Shakesby et al., 2000) and
on infiltration it canresist or retard surface water infiltration
(Brandt, 1969). The reduction of the water infiltfration can
cause the reduction of the amount of water in the soil
necessary for the growth and the development of plants
(Hallet, 2008).

The soil water repellency can be determined by
three main methods: i) water drop penetration time test
(WDPT) (De Bano, 1998); and i) the molarity ethanol drop
test (MEDT), (King, 1981) and MDIT.

The present study shows the determination of
soil water repellency by MDIT in a forest watershed that
is dominated by three types of land use and located on
slopes: a forest site, a post-fire forest site and a pasture
- agricultural site (mixed site). The forest area is often
exposed to the fire and the mixed sites are generally
worked without conservation measure. Therefore, during
the rainfall event, areas located at the bottom of the
watershed records of remarkable floods and lead to a
serious damage, like the destruction of the infrastructure
(road, houses).

Thus, the main objective of this study is: to
characterize the soil water repellency of the main sites
of the study area and then to identify sites that will
responsible to cause run off and flooding registered at
the downstream area of the watershed.

Material and Methods
Study situation

This work is carried out in the micro watershed
of Tifiles, located in the northwestern part of the Algeria
between 1° 20" East longitude and 36 ° 32' latitude North
(Figure 1).
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Figure 1. Situation of the study area.

environment of the area is
characterized by the slopes ranging from 10 to 40%, a
Mediterranean climate characterized by of annual rainfalll
and annual temperature successively equal to 448 mm
and to 19 ° C (Table 1). The lithology is characterized by a
diversity of the superficial formations with predominance
of Marly soils that are characterized by a high sensitivity to
water erosion. The soil granulometric analysis of the three
sites shows that the soil is dominated by asilt-clay texture
(Table 2). The occupation of the soil is dominated by
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conifer forestry species including Aleppo Pine and cedar
of Barbary that occupying the largest area and the
rest of the area consists of scrub, xerophilic herbaceous
vegetation.

Characteristics of the sites

This study is conducted in three sites specified
by the occupancy and the land use. The characteristics
localization sites are listed in Table 3.

Table 1. Monthly run fall and monthly temperature registered in study area (1982-2012).

Month 09 10 11 12 01 02 03 04 05 06 07 08 Year
P (mm) 188 39.6 833 656 528 492 472 382 384 6.8 2.2 6.1 448.3
Ten°C 25.1 19.2 15.1 11.9 12.1 12.8 14.0 15.2 18.9 223 255 299 185
Table 2. Physical and chemical characteristics in percentage (%).
Parameters Forest site After fire forest site Mixed site
Clay 21.59 21.59 22.25
Fine silt 15.58 15.58 18.14
Thick silt 22.52 22.52 16.66
Fine sand 24.77 24.77 28.99
Thick sand 14.83 14.83 12.99
Organic matter 9.97 7.5 3.63
Table 3. Localization of the study sites.
Sites Latitude Longitude Altitude (m) Mean slope (%) Exposition
Forest site 36°30'90.9" 1°19'46" 80 11 North west
After forest site 36° 30'35" 1°20'00" 180 15 North west
Mixed site 36°30'51" 1°20'14" 160 14 North west
Description the MDI Sintered stainless steel disc: 4.5 cm diameter and
The MDI is consisting tfo investigate the 3 mm thick

hydrodynamic functioning of the soil that have 0.12 mm
pore diameter.

Characteristics

Total length: 32.7 cm

Diameter of tube: 3.1 cm

Length of suction regulation tube: 10.2 cm
Succion range: 0.5 & 7.0 cm of succion
Length of water reservoir: 21.2 cm

Length of Marriott tube: 28.0 cm

Volume of water required to operate: 135.0 ml
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The method is based on the application of the
MDIT along three parallel transects of 100 meters length
and distant by 10 meters. The determination of soil water
repellency isinspired from the method used by Robichaud
et al. (2000). It is consisting to measure the amount of
water that penefrates into the soil per minute. The fest is
applied in three repeated tests for each measure point.
From 0, 10, 30, 60 and 100 meters along each transect at
the level of 1 cm and 3 cm of depth.

The application of these measures at the level
of 1 cm and 3cm deep is considered to the previous
studies that have shown that the water repellency is

Table 4. Soil water repellency in the forest site at 1 cm depth.

limited especially in the first centimeters of the soil surface
(Robichaud et al., 2000).

Results and Discussion

The results of the water repellency according
(Robichaud, 2008)
indicated in the following Tables (4, 5, 6, 7, 8 and 9) show
that the three sites are characterized by a strong water
repellency ranging from 80% to 20% in the forest site, from
93% to 7% in the mixed site and 100% in the after fire
forest site.

to the American classification is

MDI test (ml min-'.)

Water repellency class

Transects Measure position

Sfrong <3

Test 1 Test2  Test3 Average Low 3-8 Without =8
0 0.5 1 2 1.75 +
10 0.1 2 1 1.55 +
Transect 1 30 1.5 1.5 0.5 1.75 +
60 0.5 2 1.5 2 +
100 3.5 0.5 1.5 2.75 +
0 0.5 0.8 2.5 1.27 +
10 3 2.2 4 3.07 +
Transect 2 30 1 1.5 2 1.5 +
60 1.5 1.5 0.8 1.27 +
100 1.5 0.8 1.2 1.17 +
0 3.1 7 3.5 4.54 +
10 0.9 2 1.2 1.37 +
Transect 3 30 4 3 3 3.33 +
60 1 1 0.5 0.83 +
100 2 1 1 1.3 +
Warter repellency samples number 12 3 0
Percentage 80 20 0
Table 5. Soil water repellency in the forest site at 3.0 cm depth.
Transects Measure posifion MDI test (ml min'.) Water repellency class
Test 1 Test 2 Test 3 Average Strong < 3 Low 3-8 Without =8
0 2 1 0.1 1.03 +
10 2 1 0.2 1.07 +
Transect 1 30 1 2 1.5 1.5 +
60 0.5 1 1.5 1 +
100 1 2 1 1.3 +
0 4 1.5 1.5 2.33 +
10 1 0.7 1 0.9 +
Transect 2 30 1.5 1.5 1.5 1.5 +
60 1 3 1.5 1.83 +
100 0.5 1 1.5 1 +
0 1 2 1 1.33 +
10 3 2 3.5 2.83 +
Transect 3 30 3 2.5 1.5 2.33 +
60 4 3.5 2 3.17 +
100 3 1.5 1 1.83 +
Water repellency samples number 14 1 0
Percentage 93 7 0
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Table 6. Soil water repellency at 1 cm deep in the mixed site.

. MDI test (ml min. Water repellency class
Transects Measure position Test 1 Test 2 ges’r 3 )Averoqe Strong < 3 LOSV 3-8 ! Without >8

0 2 3.5 1.5 2.33 +
10 3.8 0.5 1 1.77 +
Transect 1 30 3 2 3 2.67 +
60 1 1.5 0.3 0.93 +
100 1 1 1.5 1.17 +
0 0.2 1 0.5 1.27 +

10 0.2 0.5 1 3.07 +
Transect 2 30 1 1 1 1.5 +
60 1.2 1 0.5 1.27 +
100 0.2 0.3 1 1.17 +
0 1 0.5 0.3 0.6 +
10 1 1 0.3 0.77 +
Transect 3 30 2 1 1 1.33 +
60 0.5 1 3.5 1.67 +
100 1.2 1.5 1.5 1.4 +

Water repellency samples number 14 1

Percentage 93 7

Table 7. Soil water repellency at 3 cm deep in the mixed site.

Transects Measure position MDI test (ml min'.) Water repellency class
Test 1 Test 2 Test 3 Test 1 Strong < 3 Low 3-8 Without =8
0 2 1 2.5 1.83 +
10 0.2 0.6 0.7 0.5 +
Transect 1 30 1.5 1 1 1.17 +
60 1 1 0.5 0.83 +
100 1.5 1 0.5 1 +
0 0.3 0.4 0.3 0.33 +
10 1 0.2 0.5 0.57 +
Transect 2 30 3 3 3 3 +
60 1 3 3 2.33 +
100 0.1 2.4 1.2 1.23 +
0 0.5 1 0.5 0.67 +
10 2 0.5 1.5 1.33 +
Transect 3 30 2 2 1 1.67 +
60 1 0.2 0.8 0.67 +
100 0.1 0.4 1 0.5 +
Water repellency samples number 15 0 0
Percentage 100 0 0
Table 8. Soil water repellency at 1 cm deep in the after fire forest site.
Transects Meqs_ure MDI test (ml min'.) Water repellency class
position Test 1 Test 2 Test 3 Average Strong < 3 Low 3-8 Without =8
0 1 2.2 0.8 1.33 +
10 2.5 4 1 2.5 +
Transect 1 30 1 0.8 1.3 1.03 +
60 0.3 0.5 0.5 0.43 +
100 0.2 0.3 0.2 0.23 +
0 0.2 1 0.5 0.57 +
10 0.2 0.5 1 0.56 +
Transect 2 30 1 1 1 1 +
60 12 1 0.5 0.9 +
100 0.2 0.3 1 0.5 +
0 0.8 1.5 0.5 0.93 +
10 0.2 1.8 0.2 0.73 +
Transect 3 30 0.5 0.5 0.5 0.5 +
60 0.5 0.2 0.3 0.33 +
100 0.5 1.5 1 1 +
Water repellency samples number 15 0 0
Percentage 100 0 0
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Table 9. Soil water repellency at 3 cm deep in the after fire forest site

MDI test (ml min'.)

Water repellency class

Transects Measure position Test 1 Test 2 Test 3 Average Strong <3 Low 3-8 Without 28

0 0.5 0.2 1.2 0.63 +
10 1 0.5 1 0.83 +
Transect 1 30 0.5 0.7 1 0.73 +
60 0.5 0.5 0.5 0.5 +
100 0 0.2 0.7 0.3 +
0 0.3 0.4 0.3 0.33 +
10 1 0.2 0.2 0.47 +
Transect 2 30 3 3 3 3 +
60 1 2 1 1.33 +
100 0.1 1.6 1.2 0.97 +
0 1.5 1.5 0.2 1.07 +
10 0.5 0.2 0.1 0.27 +
Transect 3 30 0.1 0.1 0.1 0.1 +
60 0.5 0.2 0.1 0.27 +
100 0.5 0.5 1 0.67 +

Water repellency samples number 15 0 0

Percentage 100 0 0

The results indicated in the previous tables soil
waterrepellency showthatthe postfiressiteischaracterized
by the high water repellency, followed successively by
the mixed site and the forest site. This characterization
could be the consequence of hydrophobic layers result
of the organic matter combustion. The repetition of the
fires could increase the formation of hydrophobic layers
which can stay for a length period and conduct these
sites to be more hydrophobic and become the suitable
areas for the formation of the runoff especially during
heavy run fall. For this reason, the areas located in the
downstream of this study micro basin record remarkable
floods during significant rain fall after the burned period.
On the other hand, the reduction of soil water repellency
in the forest site could be explained by the role of the
different parts of trees from aerial parts (branches, leaves)
in the dissipation of the raindrops energy by preventing
their direct fall on the soil surface and by the root system
that allows water to percolate which confribute in
reducing the consequence hydrophobic areas. In fact,
this observation converges with the work of Boelhouwers
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3
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0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 2. Average infiltration rate atlcm depth from the surface soil.

et al. (1996) who have indicated that the fire zones are
the more areas favorable to the formation of runoff and
the hydrophobic area.

Comparison between the infiltrate rate and the water
repellency

The observation of the average values of the
infiltfration rate Figures 2 and 3 shows that the values of
the water infiltration rate are so important in the forest
sife compared to the after fire forest site and the mixed
site. This behavior could indicate that the post-fire forest
site soils (characterized by the strong water repellency)
are most affected by the reduction of the infiltration,
particularly at the level of 1 centimeter depth. This
behavior could also indicate that surfaces of the forest
sites soils affected by the burned are more exposed to
the formation of impermeable layers, particularly just
after fire period, or those exposed to repeated fires. This
observation is in agreement with the resulfs found in the
past studies on the soil infiltration in after fire forest site
(Campbell et al., 1977).
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Figure 3. Average infiltration rate at 3cm depth from the surface soil.
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Water infiltration rate variation
Theinfiltrationrate (mimin'.) shows aremarquable
variation namely in the post-fire forest site at 1 cm and 3

cm depth as is indicated in the following Tables 10, 11
and 12.

Table 10. The coefficient of variation of the infiliration rate in the forest site.

Depth Tcm 3cm
Transects Transect 1 Transect 2 Transect 3 Transect 1 Transect 2 Transect 3
Measure number 15 15 15 15 15 15
Average 1.31 1.65 2.28 1.19 1.51 2.3
Standard deviation 0.84 0.92 1.66 0.61 0.86 0.92
Coefficient of variation 0.64 0.55 0.73 0.51 0.57 0.4

Table 11. The coefficient of variation of the infiliration rate in the mixed site.
Depth lcm 3cm
Transects Transect 1 Transect 2 Transect 3 Transect 1 Transect 2 Transect 3
Measure number 15 15 15 15 15 15
Average 1.77 0.71 1.15 1.06 1.49 0.96
Standard deviation 1.05 0.35 0.77 0.58 1.19 0.62
Coefficient of variation 0.59 0.49 0.67 0.54 0.80 0.54
Table 12. The coefficient of variation of the infiltration rate in the after fire forest site.
Depth cm 3cm
Transects Transect 1 Transect 2 Transect 3 Transect 1 Transect 2 Transect 3
Measure number 15 15 15 15 15 15
Average 1.11 0.77 0.7 0.6 1.22 0.47
Standard deviation 1.01 0.48 0.5 0.33 1.03 0.46
Coefficient of variation 0.91 0.62 0.71 0.55 0.84 0.98
For the depth of 1 cm, the coefficient of variation  Conclusions
CVis equal fo 0 .93 and 0.62 in the post-fire site, 0.73 and The use of the MDIT has permitted the

0.55 in the forest site and 0.67 and 0.49 in the mixed site.
Similarly at the 3 cm depth level the CV varies from 0.98 to
0.55in the post-fire forest site, 0.80 to 0.54 in the mixed site
and 0.51 t0 0.40 in the forest site. In general the infiltration
rate is more heterogeneous especially at the level of 1
cm depth.

Variation of the infilfration rate and the soil water
repellency

The comparison of the variation of the infiltration
rate and the classes of water repellency shows that the
variation of infiltration increases with the increase of
water repellency. This behavior could indicate that the
appearance of the hydrophobic layer can cause an
iregularity of the infiltration of water in the soil. On the
other hand, the infiliration is low when the soil has a
low ground cover and strong water repellency (case
of the post fire site and the mixed site). This observation
is in accord with that of (Doerr et al., 1998) who they
indicated that the variability in water repellency is low in
well planted surfaces with an important litter and a good
root system.

characterization of the soil water repellency in three
different sites; forest site, mixed site and after fire forest
site . The results show that the water repellency is highest
in the after fire forest site namely when it is affected by
the repetitive fire which interdict the regeneration of the
vegetation. It also show that the water repellency can
affect the cumulative infiliration rate and the variability of
the infilfration which can disrupt the penetration of water
in the soil and can be one of the causes of the runoff
apparition at the up areas and flooding at the down
areas of the watersheds.
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