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Abstract

The runoff and soil loss were assessed in situ at the scale of 2.12 m? plots
during the rainy season of 2010 to better understand the determinants and
magnitude of the massive soil loss and land subsidence (donga) in the
sub-humid zone of Africa in Karimama, North Benin. The experimental de-
sign was a split plot with two factors: the topography in 3 modalities (up-
stream, center and downstream of the donga) was assigned as main plot fac-
tor and the degree of degradation of dongas in 2 modalities (beginner dongas
and advanced dongas) was assigned as subplot factor. Runoff water was col-
lected through a storage system composed of two tanks. Data were collected
on 36 plots (9 plots per donga x 4 dongas). The runoff varies significantly
from one site to another for the rainy episode of October 10, 2010. It is twice
as high in land use areas (5.87 mm) as in W Park (2.32 mm; L.s.d. = 1.81 mm).
From upstream to downstream, runoff and soil loss increased from 2.4 mm to
85.3 mm and 80 g-m™> to 197 g-m>, respectively. Runoff is high in the early
dongas (7.60 mm) and low in the advanced dongas (5.68 mm) in contrast to
lower soil loss in the early dongas (34 g'm™) and high in the advanced dongas
(237 g'm™). The low value of soil loss with respect to the magnitude of the
phenomenon suggests the probable occurrence of other soil loss mechanisms
to be elucidated.
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1. Introduction

Natural and anthropogenic factors induce changes in the land use areas, reduc-
ing plant cover, biological diversity and non-timber forest products. Their com-
bination contributes to deforestation, degradation and desertification [1]. Water
erosion is mainly due to water runoff on the “bare” soil surface [2]. The problem
is more pronounced in marginal lands due to intensive cultivation and overpo-
pulation [3]. Water erosion, on a global scale, is the main degradation process of
agricultural soils [4]. Although runoff and erosion are doubly perceived as
agents of degradation and indicators of imbalance between the environment and
its farming system, they are not the primary cause but can accelerate degradation
[5]. Soil degradation threatens agricultural production and food security in
Sub-Saharan Africa [6]. Dry savannah areas face the same environmental prob-
lems where soil erosion and depletion seriously threaten savannah productivity
under 80% of degraded land [7].

In north-western Benin, land erosion and degradation are characterized by
the massive loss of land known as “dongas” [8] [9], which induces serious
threats to the habitat and reduces the availability of fodder in the Park. In fact, in
the district of Karimama, where 92.3% of the land is occupied by the W National
Park, dongas are developing and progressing at a worrying rate. In its sur-
rounding areas, farmers (89.71%) face erosion in their fields [9]. Understanding
the erosion process and its impact is necessary to model the spatial and temporal
extent of erosion in order to limit its evolution and control it [8]. Karimama
dongas have been documented on their typology and constituent plant group-
ings [8] and on their specific diversity [9]. Recently, [10] uses local perceptions
of farmers to identify soil erosion as well as the main causes and factors and how
they contribute to improve knowledge on the phenomenon of “dongas”. The
results show from the rationality rate in the local perception of causes and fac-
tors of change, that deforestation is most pronounced in Karimama, and mainly
favored by slope, runoff, low vegetation cover and unsustainable land tenure
practices. A better understanding of the causes of these various forms of erosion
and land degradation and their mechanisms is essential for the development and
implementation of rehabilitation strategies.

The present study aims at quantifying soil erosion and runoff in the dongas of
the W National Park in the district of Karimama and its peripheral zone. Specifi-
cally, what is the impact of the site, the topography and the degree of degradation
of the dongas on the erosion and runoff in this environment? The evaluation of
erosion and runoff will contribute to circumscribe the parameters and determin-
ing factors necessary to predict the phenomenon, and to succeed in soil restoration

and rehabilitation of degraded ecosystems in the Sudano-Sahelian zone of Benin.

2. Materials and Methods
2.1. Experimental Site

The dongas studied in the subhumid zone precisely in the North of Benin in the
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district of Karimama, are distributed in the W National Park and on the land use
areas. The district of Karimama (11°26 - 12°26 latitude N; 2°17 - 3°05 longitude
E) is bounded by the Niger River at north, by the District of Banikoara the
south-west, by the District of Kandi at south-east, by the District of Malanville at
east and by the Republic of Burkina-Faso at west (Figure 1). The climate is Su-
dano-Sahelian with a single rainy season lasting 4 to 6 months and a dry season
lasting 6 to 8 months. The average rainfall is 750 to 900 mm. The soils are of
tropical ferruginous types; hydromorphic soils are found along the Niger River.
Population density (49 inhabitants per km?) is higher than in Borgou (20 inha-
bitants per km?) and Alibori (28 inhabitants per km?) [11]. This high density
partly explains the strong anthropogenic pressures on natural resources and par-

ticularly on land.

2.2. Experimental Design

The experimental design used was a split plot (RCB) with two factors (topogra-
phy and degree of donga degradation). The blocks consist of three plots installed
from the Upstream to the Downstream of the donga. The experiment was car-
ried out in two strata or sites (whole plot): the W National Park and the land use
area. The three levels of slope (Upstream, Center and Downstream of the donga)
are the modalities of the topography (main plot factor). The subplot factor,
which is the degree of degradation of the dongas, includes two types of dongas
that have been chosen according to the degree of erosion: shallow dongas (di-

ameter between 10 and 50 m and depth less than 1 m) and advanced dongas
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Figure 1. Studied area.

Swamp

DOI: 10.4236/jep.2020.1112068

1075 Journal of Environmental Protection


https://doi.org/10.4236/jep.2020.1112068

J. Avakoudjo et al.

(diameter > 50 m and depth > 1 m). Two dongas were chosen per site: the be-
ginner donga from Baru and the advanced donga from Kargui in the village area
and the beginner donga DP, and the advanced donga DP, in the W Park.

In situ data (mean slope and permeability were collected in experimental plots
within each donga [12] [13]. Erosion plots are repeated three times in each don-
ga. A total of 36 deviation plots (9 plots/dongas) were considered.

The experimental plots were delimited by sheet metal (Figure 2). They consist
of a rectangular plot (1 m x 2 m) extended downstream by a trapezoidal one
[large base = 1 m; small base = 0.1 m (funnel hole) and height = 0.22 m]. The
sheets are sunk 10 cm into the ground, so as to have an overflow of 20 cm. The
center of the downstream width of the device is a collecting gutter in the form of
a collector. Runoff water was collected through the gutter at the plot outlet. Each

plot covers 2.12 m?,

2.3. Choice of Rain Episodes

After each rainfall event, measurements are taken in sampled dongas to assess
runoff and recorded soil losses. The rain episode common to all targeted sites
and dongas was studied. In order to limit the biases related to the differences in
recorded rainfall, in addition to the rainy episode of October 16, 2010 which was
common to all sites and dongas, other episodes with approximate rainfall
amounts or occurring in the same period when the vegetation cover is maxi-

mum, were selected and analyzed.

2.4. Measurement of the Volume of Water Runoff and Loss of Soil

As it was impossible to store all the run-off volume, partitioning was carried out
using two 25-litre tanks. The first was connected to the gutter by a plastic pipe
(20 mm in diameter) with 20 identical holes (upper part). The second tank was
connected to the first by a PVC pipe of 20 mm diameter. After each rainy epi-
sode, the volume of water runoff on the deviation plot is collected and measured.
A homogenized sample is taken to determine the solid load. This solid load is
determined by weighing 1.5 liters of homogenized runoff water and extrapolat-

ing the results to the m” surface area.

Figure 2. Experimental plots delimited by sheet metal (Ero-
sion plots measurement design).
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2.5. Analysis of the Data

The runoff and soil loss data were subjected to a 3-criteria analysis of variance
using GenStat-Release 4.2 software [14]. The effect of donga, site and topogra-
phy factors and their interactions on runoff and erosion were analyzed at the 5%
significance level. Homogeneous groups were determined by comparing means

based on the Least Significant Difference (Ls.d).

3. Results
3.1. Characteristics of the Plots of Land

Overall, the average slope was slightly higher in W Parkthan in the land use
areas (3% versus 2.4%). Permeability varied from 0.36 cm-h™" (plot 5 of the Kar-
gui donga) to 26.64 cm-h™' (plot 4 of the DP2 donga in W Park). Generally, the
soils of the park are more permeable (10.8 + 7.2 cm-h™") than those of the land
use areas (3.6 + 3.2 cm-h™).

3.2. Characteristics of Rainfall in 2010 and Rainy Episodes

Rainfall in 2010 indicates that the months of May, August and October are the
wettest months. Similarly, 1043 mm of water spread over 7 months were rec-
orded in 2010.

The number of rainy episodes varied from 30 (on the dongas of land use
areas) to 32 (on the dongas of W Park). Thirty-nine episodes were examined
with 59% in the land use areas (Baru: 21% and Kargui: 38%) and 41% in the
dongas of Niger’s W Park (DP, and DP,). The rainy episodes studied were: 1)
October 16, 2010 (Land use areas with 25 mm of rain and W Park with 17 mm of
rain), common to all sites and dongas sampled to compare runoff and soil loss
data; 2) October 2 (with 45 mm of rain), October 6 (with 21 mm of rain) and
October 11 (with 11 mm of rain) recorded on the dongas of W Park (DP, and
DP,) to study the effects of the level of degradation and topography; 3) those of
July 30, 2010 in Kargui (with 27.5 mm of rain) and September 3, 2010 in Baru
(with 27 mm of rain), then the episodes of equal rainfall of September 20, 2010
in Kargui and August 14, 2010 in Baru (i.e., the same rainfall).

3.3. Effects of Site, Level of Degradation and Topography

The rainy episode of October 16 that occurred at all sites indicates runoff values
that are significantly site and topography-dependent (Table 1). The effect of to-
pography is more pronounced than that of site [(Vr = 12.85; Py = 0.003) versus
(Vr = 70.96; P, = 0.014)]. Similarly, the level of degradation and topography in-
fluence soil loss. Indeed, while the rainy episode of October 6, 2010 shows a
highly significant effect of topography (Table 1, Vr = 10.04, P;; = 0.007) in W
Park, the episodes of July 30 and September 3, 2010 indicate a significant effect
of the level of degradation of dongas (Vr = 48.6; Py, = 0.020) in the soil. Only the
level of degradation has a significant effect on runoff in Park W following the
rainy episode of October 11, 2010 (Vr = 47.8; Py; = 0.020).
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Table 1. Fisher’s probability (of significance) of rainfall events in 2010: Effects of site, extent of degradation and topography on
runoff and soil erosion at Karimama northern Benin.

Sites*
S f Sites* Sites* D dation*
Rainfall events oufce.s © Sites  Degradation Topography e . res cgracation Degradation*
variation Degradation Topography Topography
Topography
Py 0.014* 0.480ns 0.047* 0.617ns 0.797ns 0.0609ns 0.721ns
16/10/2010: All dongas ~ Runoff
Land use area with 25 mm Vr 71 0.6 3.7 0.3 0.2 0.5 0.3
Ofram‘fa“ and W Nat‘?nal Py 0307ns  0.394ns 0.337ns 0.516ns 0.327ns 0.515ns 0.436ns
Park with 17 mm of rainfall Erosion
Vr 1.85 0.91 1.16 0.51 1.2 0.69 0.87
Py - 0.895ns 0.204ns - - 0.582ns -
Runoff
2/10/2010: W National Vr - 0.00 1.9 - - 0.6 -
Park with 45 mm of
rainfall (DP,/DP,) Py - 0.845ns 0.178ns - - 0.487ns -
Erosion
Vr - 0.05 2.16 - - 0.79 -
Py - 0.831ns 0.010* - - 0.094ns -
Runoff
6/10/2010: W National Vr - 0.1 8.6 - - 3.2 -
Park with 21 mm of
rainfall (DP,/DP,) Py - 0.484ns 0.007** - - 0.084ns -
Erosion
Vr - 0.73 10.04 - - 3.42 -
Py - 0.020* 0.003** - - 0.249ns -
Runoff
11/10/2010: W National Vr - 47.8 12.8 - - 1.66 -
Park with 11 mm of
rainfall (DP,/DP,) Py - 0.325ns 0.025* - - 0.203ns -
Erosion
Vr - 1.67 6.11 - - 1.96 -
Py - 0.059ns 0.220ns - - 0.240ns -
30/7/2010 Land use area Runoff
with 27.5 mm of rainfall and vr ) 155 1.9 ) ) 17 )
3/9/2010 with 27 mm of Py - 0.020* 0.069ns - - 0.070ns -
rainfall (Kargui & Baru) Erosion
Vr - 48.6 3.8 - - 3.76 -
Py - 0.749ns 0.166ns - - 0.757ns -
30/9/2010 Land use area Runoff
with 27.5 mm of rainfall vr ) 0.13 2.27 ) ) 0.29 )
and 14/8/ 2010 with Py, - 0.901ns 0.345ns - - 0.299ns -
30 mm of rainfall Erosion
Vr - 0.02 1.15 - - 1.41 -

Vr: Variance Py;: Fisher Probability (of significance); **: p <0.01; *: p < 0.05; ns: not significant. -: data not available.

3.3.1. Effect of the Site

The site had a significant effect on runoff for the only episode common to all
dongas studied (Vr = 71; Py, = 0.014). Indeed, the average runoff is twice as high
at the land use areas level (5.87 mm) than at the park level (2.32 mm; l.s.d. = 1.81
mm, Figure 3). However, this factor had no effect on soil loss during the rainy
episode of October 16, 2010.
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Figure 3. Effect of site on runoff at Karimama in 2010. (Error
bar indicates standard error).

3.3.2. Effect of the Level of Degradation of Dongas
Opverall, the level of degradation as well as the interactions between Sites, Donga
and Topography do not influence runoff and soil loss on most of the rainfall
events monitored. Average runoff varies from 4.55 mm to 7.4 mm and soil loss
from 141 to 462 g-m™. Variance analysis performed on the rainfall event data of
October 11, 2010 shows significantly different runoff values from one level of
degradation in Donga to another in W Park (Vr = 47.8 Py; = 0.020). Beginner
dongas show a higher average runoff (7.60 mm) representing 1.34 times that of
advanced dongas (5.68 mm; 1.s.d = 1.19) (Figure 4(A)). The range of variation is
34%.

Similarly, the rainy episodes of July 30 and September 3, 2010, showed quite
contrasted soil losses in the land use areas (Figure 4(B); Vr = 48.6; P, = 0.020).
The loss of land is higher in advanced dongas and is about 7 times that of the

beginner dongas (236.74 g-m ™ versus 34.15 g-m™% l.s.d = 125.2 g-m ™).

3.3.3. Effect of Topography

For most of the studied rain events, topography has a significant effect on runoff
and soil loss. The highest runoff values were recorded in the Center (8.53 mm)
of the dongas (Figure 5(A)), while the lowest values were obtained in the Up-
stream (2.41 mm) (Figure 5(B)). The highest runoff increases are obtained on
October 11, 2010 in the park (Figure 5(C)), with the highest runoffs in the Cen-
ter (8 mm) and Downstream (7.43 mm). These results indicate that topography
increases runoff by 65% and 78% in the Downstream and Central areas, respec-
tively, compared to the Upstream (4.50 mm; L.s.d. = 1.71 mm).

The rainy episode of October 16, 2010, which is the only one recorded at all
sites and in all dongas (p = 0.047), shows identical runoff values in both the
Center and Downstream. In contrast, the situation in the Upstream differs sig-
nificantly (Figure 5(B)). Thus, runoff is twice as high in the Downstream than
in the Upstream (5.24 mm versus 2.41 mm; L.s.d. = 2.32).

Similarly, the highest soil losses are in the Center (197 g-m™) followed by the
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Downstream (147 g-m~2). The highest increases in soil loss were observed during
the rainy season of October 6, 2010 in W Park (Figure 5(D)). Soil loss is highest
in the central donga (197 g-m™?) followed by Downstream (147 g-m™). These re-
sults indicate that the topography increases soil loss by 146.25% in the Center
and 83.75% in the Downstream, compared to the situation in the Upstream (80
gm~ Ls.d. = 60.2 gm™). The soil losses recorded during the rainy period of Oc-
tober 11, 2010 in the Center and Downstream are identical (Figure 5(E)).

3.4. Site Interaction, Degradation Levels and Topography

The results of the Three-Criteria Analysis of Variance show no significant effect
of Site * Donga, Site * Topography, Site * Donga * Topography interactions on
runoff and soil loss (Table 2). These results indicate how complexity there is in
the mechanisms explaining the processes of runoff and soil loss in the protected
areas and land use areas. The average values of runoff vary from 4.10 mm to 7.4
mm and those of soil loss from 102.6 g-m™ to 462 g-m > (Table 2).

10
7.6°
8 |
l 5.68°
E s |
“ 1
5
5 4
14
2
0
Biginner Dongas Advanced Dongas
Extent of land degradation
A)
b
350 236.74
300
'E 250
2
< 200
R
w
100
50
0
Biginner Dongas Avanced Dongas

Extent of land degradation
(B)
Figure 4. Effect of the extent of land degradation on the studied parameters: (A) runoff of

11/10/2010, (B) Soil erosion of 30 July and 3 September 2010 at Karimama district north-
ern Benin. The error bar indicates the standard error.

DOI: 10.4236/jep.2020.1112068

1080 Journal of Environmental Protection


https://doi.org/10.4236/jep.2020.1112068

J. Avakoudjo et al.

8.53°

10 7.38b 10
8 l T 8
4.96° l 5.24b
€ E 5 4.65b
N £ ; i
5 I 5 |
S 4 S 4 2.412 i
14 o _|_
2 2 i
0 0
Upstream Centre Situation Downstream Upstream Centre Situation Downstream
Situation Situation Situation Situation
Topography Topography
(A) (B)
10 8.00° 350
9 7.43°
T 300
8 | | 197.000
- ! 4500 | T 250 T
E 6 & 200 147.00¢
% 5 T % J_ T
€ 4 l 5 190 80.007
4 o 1
3 " 100 T
2
50 [
1
0 0
Upstream Centre Situation ~ Downstream Upstream Centre Situation ~ Downstream
Situation Situation Situation Situation
Topography Topography
© (D)
350
300
~ 250
€ 156.60°
o 200 141.10°
S T
g 150 83.701 I I
% 100 T
1
50
0
Upstream Centre Situation =~ Downstream
Situation Situation

Topography

(E)

Figure 5. Effect of the topographical position on: the runoff (A) rain event of 06 October 2010, (B) rain event of 16 October 2010
and (C) rain event of 11 October 2010 and the topographical effect on soil erosion (D) rain event of 06 October 2010 and (E) rain
event of 11 October 2010 at Karimama in northern Benin.
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Table 2. Effect of topography on erosion and runoff generated by the six studied rainfall events.

Rainfall event of 16
October 2010: All

Rainfall event of
2 October 2010

Rainfall events of
20 September 2010

Rainfall events of
30 July 2010 and 3

Rainfall event of
11 October 2010

Rainfall event of
6 October 2010

Dongas in land use W National W National W National September 2010  and 14 August 2010
areas with 25 mm Park Dongas Park Dongas Park Dongas Kargui & Baruland Kargui & Baru land
Topographical  of rainfall and W (DP, & DP,) (DP, & DP,) (DP, & DP,) use areas Dongas use areas Dongas
position National Park with With 45 mm With 21 mm With 11 mmof  with 27.5 et 27 mm with 30 mm
17 mm of rainfaill of rainfall of rainfall rainfall of rainfall of rainfall
Erosion Runoff Erosion Runoff Erosion Runoff Eroion Runoff Eroion Runoff Eroion Runofft
(gm?)  (mm) (gm?) (mm) (gm?) (mm) (gm?) (mm) (gm?) (mm) (gm?) (mm)
Values of P;;  0.337ns  0.047*  0.178ns  0.204ns  0.007**  0.010* 0.025%  0.003**  0.069ns 0.220ns 0.345ns  0.166ns
Upstream
. . - 2.41a - 80.00a 4.96a 83.7a 4.50a - - - -
Situation
Centre
. . - 4.65b - 197.00b 8.53b 156.6b 8.00b - - - -
Situation
Downstream
X K - 5.24b - 147.00c 7.38b 141.1b 7.43b - - - -
situation
Average 102.6 4.10 140.00 6.2 141.00 6.96 127.3 6.64 135.00 4.55 462.00 7.4

Py;: FisherProbability (of signification); **: p < 0.01; *: p < 0.05; ns: non significatif; the average of runoff and soil erosion followed by the same letters are not
statistically different at the 5% level.

4. Discussion
4.1. Effect of the Site

For the rainy episode of October 16, 2010 common to all sites, the high runoff in
the soil compared to the park would come from multifactorial interactions, in-
cluding: 1) Higher permeability in the Park W (10.8 cm-h™" + 7.2 versus 3.6 + 3.2
cm-h™). Indeed, high soil permeability leads to high water filtration due to the
large pore volume [15]. This increase in infiltration leads to a decrease in runoff;
2) The steeper slope in the park (3.0% + 1.3% versus 2.4% + 0.9%). There is evi-
dence that runoff and soil loss increase with the length and degree of slope [16].
Indeed, according to the work of [4], runoff increases rapidly for small changes
in slope inclination. However, land degradation is linked to poverty and human
pressures, people’s attitudes and values, poor land management, land tenure,
and drought [17] which result in overgrazing, unsustainable agricultural activi-
ties, overexploitation of land [10] [18]. Degradation has increased desertifica-
tion, decreased land productivity, and caused the loss of arable land [19]. Over-
grazing, unsustainable agricultural activities that do not respect the environment
and overexploitation of land destroy the vegetation cover causing bare soils fa-
vorable to erosion and soil degradation. These are factors favoring soil erosion
and degradation.

The fact that the park and the land use areas are statistically identical in terms
of soil loss but well discriminated on runoff would be relative to the low availa-

bility of materials likely to be eroded on the land use areas. Indeed, the tram-
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pling of animals and humans compacts the soil materials, obviously limiting
their transport through the runoff. Moreover, this compaction limits the de-
tachment of soil particles under the effect of rain. The result is low soil loss de-
spite the high runoff in the village areas. This phenomenon has already been
highlighted by [20]. Of course, soil crusting is a common phenomenon in
semi-arid regions characterized by sparse vegetation and high rainfall intensities.
It also affects certain cultivated soils sensitive to threshing. Surface crusting and
its effect potential on runoff in a Sahelian context has been widely described [21]
[22]. Surface crusts have a strongly limiting action with respect to infiltration
due to the impedance effect exerted by their low hydraulic conductivity as well
as by the desaturation of the underlying soil that they cause; in effect, the equiv-
alent conductivity of the crust-soil system tends towards that of the underlying
soil [23] but with an unsaturated value thus reduced. The in-situ measurement
of the hydrodynamic properties of crusty soils is delicate [24] and, since the
crusting is rarely uniform, it is difficile to find crusty zones of the same size as
the field measuring devices. Runoff from partially encrusted surfaces is meas-
ured using visual observation grids and statistical approaches [25]. The effect of
a surface crust on the infiltration is largely explained via models adapting the
principle of Green and Ampt [26] [27] [28] [29]. In this context of heavy rains,
within the plots used for our work, some surface crusting is noted. However,
they deserve more attention in order to explain the effects of crusting on runoff
and soil loss.

4.2. Effect of the Level of Degradation

Beginner dongas are distinguished from advanced dongas by the runoff essen-
tially induced by a higher permeability (20.8 cm-h™ + 11.9 versus 9.2 + 5.4
cm-h™). Indeed, the slope and the covering are not very different. This high soil
permeability, which is also due to the pore volume, allow high water infiltration.
This increase in filtration leads to a decrease in runoff [30]. The high runoff in
beginning dongas corresponds to a lower loss of soil. Beginning dongas behave
like poorly developed soils for which runoff is high but soil loss is limited [31]
[32]. This situation is believed to be due to the low availability of erosion-sensitive
materials in beginning dongas. Indeed, the upstream crusting of the beating
crust increases runoff while favoring the slow draining resistance of particles
rearranged in a more compact manner [20]. This rearrangement would also
serve as a resistance to detachment and availability of particles mobilized under
the raindrops. Our observations are in agreement with this observation. Thus,
the more advanced dongas are remarkable for the important loss of soil (making
available the soil that can be dragged by the runoff water), and the less so are the
beginner dongas.

4.3. Effects of Topography

4.3.1. Effects of Topographical Positions
The effect of slope on runoff is not yet clearly determined. Our results are not in
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agreement with those of [33] who, studying erosion on three levels of slope,
finds an increase in the values of erosion from the top to the bottom of the slope.
The difference observed between the Upstream and Downstream situations is
due to the multifactorial interactions of which: 1) higher permeability in the Up-
stream than in the Downstream. The deposition in the Downstream, which is a
finely drained fine element from the Upstream and the Center, is partly due to
the differences in permeability observed due to the clogging of the pores by these
elements. The high permeability in the Upstream would contribute to the reduc-
tion of the volume of water runoff. This is consistent with the theses that per-
meability, by promoting the infiltration of water into the soil, reduces runoff
[20] [32] [34] [35]; 2) the lower slope at the headwaters is consistent with the
results of [32] [36] [37] [38] which show that runoff increases with slope. They
attribute this effect to the decrease in surface storage and depth of flaques. When
the slope increases, the water layer present at the surface generally decreases but
surface velocities increase. However, [39] observed a decrease in runoff with
slope but for soils sensitive to the formation of crust and gullies as explained by
[40]. [41] attribute this effect to the greater presence of gullies incising the crust,
and thus increasing the infiltration, for the steepest slopes. On tropical soils in
Thailand and Laos, other authors observe an increase in infiltration with slope
[42] [43]. [42] also observes a decrease in runoff coefficient with slope for culti-
vated plots in Thailand, with slopes ranging from 16% to 63%. It is therefore dif-
ficult to predict the slope effect which appears to be highly dependent on soil

surface conditions.

4.3.2. Effects Induced by the Same Topographic Position for Different
Dongas

The Upstream, Central and Downstream situations in the different dongas are
statistically identical for most of the episodes studied. In fact, similar characte-
ristics are observed there: low soil stripping, average vegetation cover overall,
relatively low slope from one donga to the other. In addition, the rainy episodes
of 30/7 and 3/9 on the one hand and 14/08 and 20/09 on the other hand in the
land use areas of Kargui and Baru differ from each other due to the variation in
rainfall intensity from one donga to another, which justifies the collapse of a
large mass of soil. Such a collapse makes available a large mass of material easily
carried by the runoff water. Average runoff and soil loss are 4.55 mm and 135
g'm™ (30/7 and 3/9 events) and 7.4 mm and 462 g-m™ (14/8 and 20/9 events)
(Table 2). For a 62% variation in runoff, the variation in soil loss is 242% with
the rainy episodes of 14/8 and 20/9 at Kargui and Baru. These variations are due
to the roughness of the soil surface which is, in general, characterized by the va-
riance of altitudes. An increase in friction coefficient will cause an increase in
water height and decrease flow velocities. The flow is directed by the microtopo-
graphy of the site and will tend to concentrate by forming a drainage network. A
microtopography organized parallel to the slope, for example, may then, by

concentrating the flow, increase runoff. The distribution of water heights and
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flow velocities is therefore sensitive to the spatial variation of the microtopogra-
phy [44]. In addition, further studies are needed to situate the respective effect of
slope length, rainfall dynamics, vegetation and crusting on runoff and soil loss in

dongas in Karimama.

5. Conclusion

This in-situ study of erosion allowed to quantify donga erosion in both W Park
and its land use areas. Soil losses ranged from 0 to 2079.3 g-m~> and runoff from
0 to 33.5 mm for rainfall between 7 and 60 mm. The site response to runoff is
significant for the single episode of October 16, 2010 common to all sites. For
this episode, runoff was two time higher in the land use areas (5.87 mm) than
the W Park (2.32 mm). Runoff and soil loss are globally higher in Downstream.
Runoff is higher in the beginner dongas while soil loss is higher in the advanced
dongas. The lowest runoff is observed in Upstream in W Park (2.32 mm) for the
rainy season of October 16, 2010 and the highest in Central donga (8.53 mm).
The average runoff varies from 4.10 to 7.4 mm while the average soil loss varies
from 102.6 to 462 g-m™>.
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