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Soil conditions in the “donga” soils in subhumid zone in
West Africa

Julien Avakoudjo, Félix Kouelo Alladassi, Valentin Kindomihou, Tobi Moriaque Akplo,
Mahugnon Socrate Agonvinon, Guillaume Lucien Amadji, and Brice Sinsin

Abstract: Water erosion threatens large areas around the world. “Donga” is one of the witnesses of gully erosion
in northern Benin, which induces serious threats to the natural habitats. This study was conducted to evaluate soil
moisture content in different donga types (“microdongas”, “mesodongas”, and “megadongas”) and its variation at
different topographic levels. The thermogravimetric soil moisture measurement technique was used for moisture
estimation on saturated and unsaturated soil. Data were analyzed through analysis of variance test and t test with
SAS software. The results showed that soil moisture content varied according to donga types. On unsaturated soil,
higher difference (2.75%, p = 0.0328) was obtained in mesodongas at the middle followed by megadongas at the
middle (2.6%, p = 0.034). On saturated soil, higher difference was obtained in mesodongas at the upstream (6.51%,
p <0.0001) at downslope (4.55%, p = 0.0032) and in the middle (4.32%, p = 0.0328) followed by microdongas at the
upstream (2.25%, p < 0.0001). The findings in this paper should be useful to researchers looking for soil moisture
information in subarid and subhumid zone at different topographic levels to develop afforestation strategies
based on species that can make the best use of soil water.
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Résumé : ’érosion hydrique menace de grandes régions, partout dans le monde. Les “dongas”, sorte de ravines
dans le nord du Bénin, témoignent du sérieux danger que pose ce type d’érosion pour les habitats naturels. Les
auteurs ont entrepris d’évaluer la concentration d’eau dans le sol de différents types de donga (“microdongas”,
“mésodongas” et “mégadongas”) et la facon dont elle varie avec le niveau topographique. La technique
thermogravimétrique employée pour doser ’eau dans le sol a permis d’estimer la teneur en eau du sol, saturé
ou pas. Les données ont ensuite été traitées par analyse de la variance et avec le test de Student sur un logiciel
SAS. Les résultats indiquent que la teneur en eau du sol varie avec le type de donga. Quand le sol n’est pas
saturé, I’écart le plus important (2,75 %, p =0,0328) a été relevé au centre des mésodongas, puis au centre
également des mégadongas (2,6 %, p = 0,034). Quand le sol est saturé, 1’écart le plus important survient au sommet
des mésodongas (6,51 %, p < 0,0001), au bas de la pente (4,55 %, p=0,0032) et au milieu de celle-ci (4,32 %, p = 0,0328).
Viennent ensuite les microdongas, au sommet de la ravine (2,25 %, p < 0,0001). Cet article devrait aider ceux qui
cherchent a en savoir plus sur la teneur en eau du sol selon le niveau topographique, dans les régions semi-arides
et subhumides, en vue d’échafauder une stratégie de boisement en fonction des espéces capables de tirer le maxi-
mum de 'eau présente dans le sol. [Traduit par la Rédaction]

Mots-clés : érosion du sol, teneur en eau du sol, donga, niveau topographique, Bénin.
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Introduction

Soil moisture is the temporary storage of water within
a shallow layer of earth’s upper surface as compared
with the total amount of water available throughout
the globe (Engman 1991; Srivastava et al. 2006). The
importance of precise soil moisture information is well
understood in various fields like agriculture, hydrology,
meteorology, environmental studies, etc (Pavan et al.
2018). Inadequate availability of water in the soil is the
main obstacle to agricultural production, making it the
primary limiting factor to the achievement of high agri-
cultural productivity over the years (Rossato et al. 2017).
In addition, extreme variability in climatic conditions
also influences agricultural productivity; i.e., in some
years, the water supply to plants is sufficient to achieve
high crop yields, whereas in other years, inadequacy
can lead to total loss of crops (Antonino et al. 2000). Soil
moisture is very dynamic, both temporally and spatially;
therefore, its continuous monitoring is necessary.
W National Park is located in the drier zone in subhumid
region of Benin. The main feature of the subhumid
region is low rainfall as usual in the Sudanian biogeo-
graphical region (Barbosa et al. 2015; Barbosa and
Lakshmi Kumar 2016; Marengo et al. 2016). The social
implications related to low rainfall were pointed out in
Paredes et al. (2015) and may be ranged into four types:
(i) meteorological, when precipitation is far below the
normal; (ii) hydrological, when the river flow cannot
attend to demands of a given system of water manage-
ment; (iii) agricultural, when there is not enough
moisture in the soil for the development of a crop at
any stage of growth; (iv) socioeconomic, when there is
reduction of the availability of water, and this causes
damage and impacts to the population. Agricultural
drought is due to water deficiency in soil and consequent
water stress to plants, causing the reduction in the
biomass production (Rossato et al. 2017). Therefore, the
consequences are more acute in the cropping systems
located in the “donga” zones (Avakoudjo et al. 2014). In
fact, the dongas are catastrophic situations of soil degra-
dation featuring a vast depression without being a water-
shed (absence of watercourses). This occurs due to
erosion and soil collapse and the phenomena of soil sub-
sidence and slumpflation (McCarthy et al. 2001; Tooth
et al. 2002; Toko and Sinsin 2008). Thus, the assessment
of soil moisture condition, the estimation of soil water
content, and the effects of donga type (according to their
size) and topography on this parameter are relevant and
are important information associated with a decline in
agricultural yield. Although recent studies on land-use
in the W National Park in Benin and its surroundings
have shown an increase in agriculture fields (more than
10 times the initial area from 1972 to 2008) (Avakoudjo
et al. 2014), it is still necessary to identify the topose-
quences favorable to agriculture in donga areas in order
to implement effective water and soil management
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practices. Soil water content is important in agronomic,
hydrological, and meteorological processes at all
spatial scales (Pavan et al. 2018). It plays a key role in
water stress detection and irrigation management.
Information of soil moisture can also be used as an
indicator for the prediction of natural disasters, such as
drought and flooding, and environmental changes, such
as dust storms and erosion (Pavan et al. 2018).

In the study area, serious economic and environmen-
tal problems related to dongas and soil erosion become
recurrent (Avakoudjo 2016). Local communities must
cope with a considerable decrease in their productivity
and incomes resulting in a rapid depletion of soils, as
the watersheds are still out of protection against water
and wind erosion (MEPN 2010).

There are various methods to assess soil moisture
status. In the present study, soil moisture was estimated
by point measurements using gravimetric method. This
method involves taking a soil sample from the field
determining the weight of water contained in this soil
sample, relative to the weight of dry soil. The present
study used the gravimetric method to evaluate soil
moisture content in different donga types (“microdon-
gas”, “mesodongas”, and “megadongas”) and its varia-
tion at different topographic levels (upslope, middle,
and downslope) in the subhumid zone of Benin.

Materials and Methods

Study area

The study was carried out in the subhumid zone of
Africa in the Sudanese dry zone of Benin in the
Karimama district. It extends from 11°26'00” to
12°25'00” north in latitude and from 2°48'00” to 3°05'00”
east in longitude (Fig. 1). It is bounded to the north by the
Niger River, to the south-west by the Banikoara district,
to the south-east by the Kandi district, to the east by
the Malanville district, and to the eest by Burkina-Faso.
It covers 6102 km? of which 92.3% (5085 km?) is occupied
by the W National Park and 16.67% (1017 km?) for the
land-use areas. It is located in the dry Sudanian zone
with two contrasting seasons: a rainy season from May
to September and a dry season from October to April.
The 30 yr annual average precipitation is 900 mm. The
temperatures undergo significant variations with an
annual average of 28 °C. The relief is a vast granito-
gneissic peneplain dominated by a few hills (Viennot
1978). The geological substratum of the area is composed
of quartzites, basic rocks, mica schists, schists, granites,
gneisses, and sandstone (Szaniawsky 1982). The soils are
raw minerals, little evolved, tropical ferruginous, and
gley minerals. The hydrographic network brings
together the Mékrou (410 km) and Alibori (338 km). In
addition to these large rivers, there are small ones
connected in many places along their course. The plant
formations encountered correspond mainly to wooded
shrub savannas, islands of riparian forests, and dense
dry forests (Adomou 2005). The main crops grown by
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Fig. 1. Studied area and location of measurement points in dongas. [Colour online.|
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local populations of the study area are sorghum/millet,
rice, and maize (PDREGDE 2013; INSAE 2016, 2017).

To compare the soil moisture content of the donga
upstream with middle and downstream values, we
randomly selected three sites both in the W National
Park and its periphery (farmland or surrounding areas).
Donga sizes were taken into account, and soil moisture
content was measured in the microdongas (donga
depth <1 m), mesodongas (1 m < donga depth <3 m),
and megadongas (donga depth > 3 m). Sampled Dongas
and characteristics are given by Table 1, and the location
of studied dongas and measurement points is in Fig. 1.

Methodology

Soil moisture content was collected in two ecosystems
(i) the W National Park as a protected area (control) and
(ii) surrounding areas (farmland). Soil moisture content
was collected from three donga types, specifically
(i) microdongas (donga depth above ground surface <
1 m), (ii) mesodongas (1 m < donga depth <3 m), and
(iii)) megadongas (donga depth > 3 m), at three topo-
graphic levels (upstream, middle, and downslope). There
were three repetitions in each donga. A total of 54 sites
were selected within land-use areas in Karimama district
and the W National Park (27 sites each), with site

3”1 d'O"E

selection broken down as follows for the land-use areas:
(i) Kargui land-use area (9 sites), (ii) Baru land-use area
(9 sites), and (iii) Gouroukambou land-use area (9 sites).
Global positioning system was used to collect the coordi-
nates of those selected sites. The collected coordinates
were used for map creating with ArcGIS version 10.5 soft-
ware (Esri 2016) using the topographic map of Benin
(IGN 1992).

Soil moisture content was estimated by point meas-
urement using gravimetric method on unsaturated and
saturated soil. The tests and surveys were carried out
from April to November 2009. The direct measurement
of soil property is done in the field and by analyzing soil
sample under laboratory condition. Thus, before the soil
moisture test at donga upstream, middle, and down-
stream, the soil was sampled with the density cylinder
to assess unsaturated soil moisture content. After,
saturated soil was sampled to assess saturated soil
moisture. Gravimetric method is the only direct way to
assess soil moisture (Johnson 1962; Reynolds 1970). This
method involves taking a soil sample from the field,
accurately weighing it, completely drying it out in
an oven (i.e., at 105 °C until a constant dry weight),
re-weighing the dry sample, determining the weight of
water contained in a soil sample, relative to the weight
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Table 1. Sampled dongas (gullies) location and characteristics.
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Characteristics of

donga Dp, Dp, DP; DT, DT, DT,
Gouroukambou Baruland  Kargui land
Location W Park W Park W Park land-use area use area use area
Geographic coordinate
Longitude (E) 03°04'27" 03°03'19” 03°00'36” 03°08'08” 03°11'47" 03°13'39”
Latitude (N) 11°59'59” 11°59'30” 11°56'26”" 11°57'49” 11°56'23" 11°55'22"
Depth (m)
Mim 1.20 0.25 0.81 1.48 0.25 0.20
Max 4.20 1.22 2.53 4.20 110 2.71
Mean diameter (m) 171 62 176.3 103 191.2 430
Donga type
Class >3 m <lm 1m<depth<3m >3m <lm 1m <depth<3m
Type Megadonga Microdonga Mesodonga Megadonga Microdonga Mesodonga
Upstream slope (%) 4.5 5.0 6.5 4.25 4.0 3.75
Middle slope (%) 40 3.0 45 3.0 2.75 3.0
Downstream slope (%) 2.0 10 4.0 15 15 2.0

Note: DP, Donga in the W National Park; DT, Donga in the land-use areas.

of dry soil. The moisture contained in the soil is
measured in terms of percentage (eq. 1).

Ww — Dw

1)  %SM=100x
1) W

where % SM is the soil moisture content, Ww is the wet
weight of soil, and Dw is the dry weight of the soil.

Statistical analyses

Statistical analyses were performed with SAS version 9.4
software (SAS Institute, Inc. 2013). The data were first
checked for normal distribution using Shapiro-Wilk’s
test (D’Agostino and Stephens 1986). An analysis of
variance (ANOVA) test was computed according to gen-
eral linear model procedure when Shapiro-Wilk’s test
was significant (p > 0.05). To determine the effects of type
of donga and topography on the soil moisture content,
an ANOVA test was carried out. For each investigated
area, the model included the effect of type of donga and
topography and the interaction between the two. Mean
comparisons were made using least significant differ-
ence (LSD) test. A t test for independent samples was per-
formed to compare the means of soil moisture content
obtained in the W National Park and its surrounding
area for each donga type and topography level.
Significant differences were declared using 5%.

Results
Effect of the type of donga on soil moisture in the study
areas

Soil moisture in saturated and unsaturated soils varied
in different types of dongas in the W National Park as
well as in its surrounding area. Table 2 shows data on
the mean soil moisture content for different types of

donga in the W National Park and its surrounding area
on saturated and unsaturated soil. In the W National
Park, the highest soil moisture contents were recorded
on the unsaturated soil with mesodonga (4.21%) and
microdonga (3.30%) compared with megadonga (2.28%)
(LSD =1.01**). In converse, the highest soil moisture con-
tent was recorded with mesodonga (20.71%) for the satu-
rated soil. As far as the surrounding area is concerned,
the highest soil moisture content was recorded with
megadonga (4.32%), whereas the lowest value was
obtained with mesodonga (2.16%). However, mean soil
moisture content was the same in mesodonga (15.58%)
and megadonga (16.15%) and different from the recorded
values (18.67%) in microdonga (LSD = 1.53*).

Effect of the topography on soil moisture in the study
areas

Table 3 shows data on the mean soil moisture content
of the soil at different toposequence. Significant differ-
ence was observed on unsaturated and saturated soil in
the W National Park (respectively LSD =1.01** and
LSD =1.57**) and in its surrounding areas (respectively
LSD = 0.95** and 153***).

For unsaturated soil, the mean soil moisture contents
are not significantly different at upstream (2.56%) and
middle (3.53%) in the W National Park, but they are
significantly different to values recorded at downstream
(3.70%). While in land-use areas recorded values at
upstream (2.76%) were different from values at down-
slope (3.68%) in donga upstream.

For saturated soil, the mean soil moisture content
recorded at the upstream (19.30%) in upstream dongas
is different from values recorded at the middle (17.69)
and the downstream (18.38%) in W National Park. In the
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Table 2. Comparison of the mean soil moisture content in different type of dongas in study areas.

Soil moisture content on
unsaturated soil (%)

Soil moisture content on
saturated soil (%)

Types of donga W National Park  Land-use areas =~ W National Park  Land-use areas
Microdonga 3.30%+0.38a 2.98+0.17b 19.12+0.68b 18.67£0.74a
Mesodonga 4.21+0.42a 216 +0.15b 20.71+0.54a 15.58 +0.48b
Megadonga 2.28+0.27b 4.32+0.54a 15.55+0.48¢ 1615+ 0.41b
LSD 101 0.95" 157 1.53*

CV (%) 29.56 39.23 22.46 23.96

R2 0.51 0.14 0.23 0.16

Note: LSD, least significant difference; CV, coefficient of variation. For each column, means with
the same lowercase letter are not significantly different according to the LSD test. * p value
significant at 5%; ** p value significant at 1%; *** p value significant at 0.1%.

Table 3. Comparison of the mean soil moisture content in saturated and unsaturated soils

according to the topography in study areas.

Soil moiture content on
unsaturated soil (%)

Soil moiture content on
saturated soil (%)

Topography W National Park Land-use areas W National Park Land-use areas
Upstream 2.561+0.28b 2.76 £ 0.14b 19.30 £ 0.61a 15.25+0.53b
Middle 3.53+0.38ab 3.02+0.23ab 17.69+0.70b 17.29+£0.59a
Downstream 3.70£0.45a 3.68+0.17a 18.38 £ 0.59ab 17.87£0.60a
LSD 101* 0.95"* 1.57* 153"

CV (%) 29.56 39.23 22.46 23.96

Rz 0.51 0.54 0.23 0.16

Note: LSD, least significant difference; CV, coefficient of variation. For each column, means
with the same lowercase letter are not significantly different according to the LSD test. * p value
significant at 5%; ** p value significant at 1%; *** p value significant at 0.1%.

surrounding area, the mean soil moisture content
recorded at the upstream (15.25%) is different from
values recorded at the middle (17.29) and the downslope
(17.87%). Higher mean variation (CV =39.23%) was
observed in land-use areas on unsaturated soil.

Variation of the soil moisture content through the
toposequence of each type of donga

The combined effect of donga types and topography on
the soil moisture content was analyzed. Table 4 shows
data on the mean of soil moisture content into the soil
at different toposequences in different donga types.
In the microdongas (depth of the donga <1 m) of the
W National Park, soil moisture content decreased accord-
ing to the toposequence. Indeed, the lowest soil moisture
was obtained at the top of the slope (1.85%). Conversely,
the highest average (4.45%) was obtained at the bottom
of the slope in the W National Park. In the land-use area,
the average soil moisture content (2.05%) at the top of
the slope was found to be significantly lower than the
average values recorded at the middle (3.69%) and bottom
of the slope (3.19%) on unsaturated soil.

On saturated soil, a similar trend was observed.
The highest soil moisture was recorded downstream

(20.92% in the W National Park and 21.25% in the land-
use areas). In the mesodongas (1 m < depth of donga
<3 m), the soil moisture content at the upstream (3.73%)
and bottom downstream (3.60%) was the same but differ-
ent from the values recorded in the middle (5.29%) on
unsaturated soil in the W National Park. In the land-use
areas, the highest moisture values were recorded at
upstream and middle (2.31% and 2.54%, respectively).
Soil moisture at saturation did not significantly vary
through toposequence at both the W National Park and
land-use areas. In the megadongas (donga depth > 3 m),
the average soil moisture values recorded at the three
topographic levels are the same in both ecosystems
for unsaturated soil. Conversely, soil moisture at satura-
tion significantly varied through toposequence in
W National Park. Soil moisture saturation is lower in
the middle (13.59%) in megadongas compared with
recorded values at upstream (16.87%) and downstream
(1619%) (LSD = 2.22¥).

Results of Student’s t test on the soil in the saturated and
unsaturated soil

Table 5 shows the comparison of the average soil
moisture in the W National Park and its surrounding
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Table 4. Comparison of the mean of soil moisture content of the soil through the toposequence in different type of dongas

in the study areas.

Soil moisture on unsaturated soil (%)

Soil moisture on saturated soil (%)

Types of donga Topography W National Park Land-use areas W National Park Land-use areas

Microdonga Upstream 1.85+0.90b 2.05+0.91b 17.85+1.62ab 15.60+1.36b
Middle 3.60 *2.46ab 3.69+1.06a 18.59+3.86b 19.17 £5.01a
Downstream 4.45 % 3.40a 319+1.20a 20.921t4.81a 21.25+4.66a

LSD 1.79* 0.71* 1.03* 3.36*

CV (%) 81.27 35.84 25.19 26.89

R 0.14 0.30 0.57 0.19

Mesodonga Upstream 3.73+1.72b 2.31£1.02ab 20.81+1.01a 14.30+1.19a
Middle 5.29%177a 2.54*114a 20.89t4.07a 16.57 £ 4.06a
Downstream 3.60+1.27b 1.6211.04b 20.43+*1.98a 15.88+112a

LSD 1.04* 0.71* NS NS

CV (%) 22.28 49.72 19.42 22.38

R2 0.36 0.12 0.10 0.07

Megadonga Upstream 2.09£1.56a 4.60+515a 16.87 £ 2.16a 16.49 + 3.42a
Middle 2.22+2.28a 4.82+4.20a 13.59 +4.54b 1612+ 3.29a
Downstream 2.54+2.27a 3.56*2.27a 1619+ 2.76a 15.84 £ 2.60a

LSD NS NS 2.22* NS

CV (%) 40.54 43.78 21.31 19.36

R? 0.18 0.19 0.16 0.08

Note: LSD, least significant difference; CV, coefficient of variation; NS, nonsignificant. For each column, means with the
same letter are not significantly different according to the LSD test. * p value significant at 5%; ** p value significant at 1%;

Fexk

p value significant at 0.1%.

Table 5. Comparison of the difference of mean soil moisture content on unsaturated and saturated soil at different

slope and donga types.

Types of donga Topography W National Park Land-use areas Difference p value

Soil moisture on unsaturated soil (%)

Microdonga Upstream 1.85+0.90 2.05+0.91 —-0.20 0.0678
Middle 3.60+2.46 3.69+1.06 -0.09 0.0974
Downstream 4.45+3.40 319%+1.20 1.26 0.0595

Mesodonga Upstream 3.73+£2.72 2.31+1.02 142 0.077
Middle 5.29%3.77 2.54+114 2.75 0.0328
Downstream 3.60x2.27 1.6211.04 1.98 0.0458

Megadonga Upstream 2.09+x1.56 4.60+515 —2.51 0.0269
Middle 2.22+2.28 4.8214.20 -2.60 0.034
Downstream 2.54+2.27 3.56£2.27 -1.02 0.0661

Soil moisture on saturated soil (%)

Microdonga Upstream 17.85+1.62 15.60£1.36 2.25 <0.0001
Middle 18.59%3.86 1917 £5.01 —0.58 0.0661
Downstream 20.92+4.81 21.2514.66 -0.33 0.4353

Mesodonga Upstream 20.81+£1.01 14.30+3.19 6.51 <0.0001
Middle 20.89*+2.07 16.57 £1.06 4.32 0.0328
Downstream 20.4311.98 15.88+£112 4.55 0.0032

Megadonga Upstream 16.87£2.16 16.49 +3.42 0.38 0.3501
Middle 13.59 £1.54 1612+1.29 —2.53 0.0401
Downstream 16.19+£2.76 15.84+2.60 0.35 0.0688

land-use area. It appears that whatever the level of
the toposequence (upstream, center, and downstream),
the unsaturated soil moisture content obtained for the
microdongas of the W National Park is statistically equal

to those obtained values in the land-use area. In meso-
dongas, the center and downstream have significantly
higher moisture content on unsaturated soils in the
W National Park than its surrounding area. In contrast,
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megadongas have a lower soil moisture content in the
W National Park than its surrounding land-use area on
unsaturated soil.

Concerning the moisture content of saturated soils, it
was found that in the upstream of microdongas, there
is a higher moisture content in the W National Park com-
pared with the surrounding area (difference = 2.25;
p < 0.0001). On saturated soil, the difference between
the soil moisture content in the center and downstream
in the W National Park and land-use area was not signifi-
cant. In contrast, the soil moisture content on saturated
soil in the mesodongas of W National Park is higher than
the obtained values in the surrounding land-use areas at
upstream, center, and downstream.

Discussion

Soil erosion is one of the major forms of land degrada-
tion in the world (Nanna 1996; Sohan and Lal 2001). Land
degradation in the study area is mostly characterized by
the phenomena of natural soil erosion and collapse
known as dongas (McCarthy et al. 2001; Toko 2005;
Toko and Sinsin 2008). Dongas are large, steep-walled
depressions without direct contact with a stream
(McCarthy et al. 2001; Toko 2005; Avakoudjo 2016).
Deforestation activities, to acquire land for cultivation,
are the major anthropogenic causes of land degradation
in land-use areas with a strong impact on natural resour-
ces (Baruti 2004). Water availability is useful for crop and
plant development. Soil moisture and its availability to
support plant growth is a primary factor in farm produc-
tivity (Pitts 2016), and our results showed that soil mois-
ture content varied with different types of donga in the
W National Park and land-use areas for both unsaturated
and saturated soils. Donga size influences soil moisture
content in the study area. Vegetation cover is denser in
the W National Park than in the surrounding land-use
areas. In the W National Park, trees retain water around
the roots, whereas in the surrounding land-use areas,
vegetation is destroyed for crops. These conditions are
conducive to water and nutrient erosion and low soil
moisture content. In the W National Park, vegetation
cover is dense than land-use area, with no tree cover.
These conditions are favorable to erosion of water and
nutrients and low soil moisture content. Analyzing soil
moisture variation, Rong et al. (2017) showed that culti-
vated watersheds have greater temporal and spatial
heterogeneity in soil moisture and that soil moisture in
cultivated watersheds has important implications for
the adoption of appropriate tillage measures for agricul-
ture. Similarly, this study found that the soil condition,
whether water saturated or not, influences the moisture
content of the soil. When the soil is saturated, the soil
pores are saturated with water, and the soil moisture
content is at its maximum. Water can no longer infil-
trate the soil and will run off. Therefore, the influence
of the soil moisture content will be more noticeable on
unsaturated soil. On unsaturated soil, the soil moisture

content is the same in the microdongas and mesodongas
and different from the values recorded in the megadon-
gas of the W National Park, whereas the soil moisture
content is the same in the microdongas and mesodongas
of the surrounding land-use area and different from the
values recorded in the megadongas.

The size of the donga significantly influences the soil
moisture content in the study area. The amount of
soil water that can be stored and its availability to plants
both depend on the type of soil (Pitts 2016). Microdongas
are signs of gully erosion characterized by the stripping
of soil and nutrients to a depth of 1 m (depth <1 m),
whereas mesodongas range in depth from 1 to 3 m
(1 m<depth<3 m) and megadongas are deeper
(depth > 3 m) (Avakoudjo et al. 2018). Soils are subject to
extensive stripping of surface horizons. This results in
exposure of the underlying horizon with a fine texture
(clay) and massive structure (Diatta 1978; Avakoudjo
2016). These very impermeable clays and the underlying
horizons promote hypodermic flow causing the collapse
of the surface horizons with a sandy texture (Diatta
1978). Rong et al. (2017) noted that clay and sand levels
are major factors controlling soil moisture on farms. In
the study area, it was noted that on unsaturated soil, soil
moisture content is the same in microdongas and meso-
dongas and different from the values recorded in mega-
dongas. In deeper dongas (megadongas), the soil
moisture content value is lower in W National Park and
higher in its surrounding area. These results obtained
in the W National Park are consistent with those of
Rong et al. (2017) who showed that under the influence
of high evaporation, soil moisture in the topsoil was sig-
nificantly lower than that in the subsoil, which is con-
trary to those obtained in the surrounding land-use
areas. Numerous studies on factors influencing soil
moisture content have shown that it is influenced by
vegetation cover (Fu et al. 2003), topography (Cant6n
et al. 2004; Ersahin and Brohi 2006; Qiu et al. 2001), and
soil properties (Famiglietti et al. 1998; Gomez-Plaza et al.
2001). The combined effect of donga size (type)
and topography showed a significant effect on soil mois-
ture content at different topography levels in the
W National Park and the surrounding land-use areas
on saturated and unsaturated soil in microdongas
(depth <1 m), on unsaturated soil only in mesodongas
(1 m < depth <3 m) and on saturated soil only in the
W National Park in megadongas (depth > 3 m). These
results showed that in the microdongas and mesodongas
in the W National Park and in its surrounding land-use
areas on unsaturated soil, topography influences soil
moisture content. This influence is only found in the
saturated soils of the mesodongas in the W National
Park. Restoration actions can therefore be carried out
in these degraded areas both in the W National Park
and in the land-use zone at different levels of topogra-
phy, and attention should be paid to the dynamics of
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the unsaturated zone in relation to the vegetation
(Séguis et al. 2004).

Species that can be planted in these microdongas and
mesodongas will benefit from soil moisture at the top
of the slope, in the middle, and at the bottom of the
slope on unsaturated soils. At the periphery of the don-
gas, vegetation is lacking (Avakoudjo, 2008). The pres-
ence of glacis or impluvium (Roose et al. 2010) at the
periphery of the dongas (ravines) at the top of the slope
means that actions will be more intensive in the middle
and bottom of the slope. Water and nutrients escape
from this impluvium that cannot be cultivated, and
plants will benefit from the nutrients eroded from
upstream to downstream of these degraded areas.
Studies on temporary and seasonal variations in soil
moisture at the top, middle, and bottom of the slopes
and their driving causes can help to build better refor-
estation and rehabilitation strategy for these vast
degraded areas called dongas (ravines).

Conclusion

In this paper, gravimetric methods such as point
measurement methods were used to estimate soil mois-
ture content. Donga sizes and topography influence soil
moisture content. Mean soil moisture content in the W
National Park is lower in megadongas (depth > 3 m) and
higher in its surrounding land-use areas on the same
donga on unsaturated soil. In microdongas (depth <1m),
soil moisture content at different levels of topography
was significantly different on saturated and unsaturated
soil in the W National Park and its surrounding land-use
areas. In mesodongas (1 m < depth < 3 m), soil moisture
content at different levels of topography was signifi-
cantly different on unsaturated soil in the W National
Park and its surrounding areas, whereas in megadongas
(depth > 3 m), soil moisture contents at different level
of topography have significant difference on saturated
soil in the W National Park. Restoration actions could
be carried out in these degraded areas particularly in
the land-use areas at different levels of the topography,
and attention must be paid on the dynamics of the
unsaturated zone in relation to vegetation cover in an
agroforestry system. Species that can be planted in these
degraded areas will benefit from soil moisture in the
upstream, middle, and downslope on unsaturated soils.
This study points out that vegetation cover is a key factor
to mitigate soil degradation in dry areas.
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