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Abstract

The study of the soils from Mbé and Wack is carried out in the framework of
the knowledge of soils from the Adamawa Region of Cameroon and their
erodibility was investigated using erodibility indices obtained through physi-
co-chemical data. Eleven topsoils (0 - 20 cm) samples were collected on dif-
ferent land use and their susceptibility to erosion was assessed. The water
dispersible clay (34.92 - 121.75 g-kg™"), the clay dispersion ratio (0.45 - 0.84)
and the dispersion ratio (0.75 - 0.89) were high in the studied soils while the
clay aggregation (13.16 - 42.27g-kg™") and the clay flocculation index (0.16 -
0.55) were low to moderate indicating their high erodibility. The soils under
natural vegetation, more clayey, displayed the highest amount of water dis-
persible clay while cropped soils recorded the smaller ones. Globally, in
cropped soils, those under cereals displayed the highest clay dispersion indic-
es than those under tubers. This suggests that tubers cropping practices in
studied soils enhance their erodibility. Statistical analyses revealed that
amorphous Al and Fe are elements which limit soils erodibility while K™ and
NH; promote soils particles dispersion. Sustainable management of these
soils will consist on limiting runoff through agricultural practices such as di-
rect seedling and orienting tillage perpendicularly to slope gradient.

Keywords
Mbé, Wack, Erodibility, Soil Properties, Land Use

1. Introduction

In the tropics, soil organic matter of major upland soils is low while many of
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such soils are predominated by coarse materials. They are highly susceptible to
erosion caused by the highly erosive rainfall [1]. Erosion influences negatively
the soils and the environment; it involves reduction of soils fertility (lowering of
nutrients and organic matter) and soil structure degradation (compaction,
structure modifications, crusting) [2]. It is observed that the soil was highly vul-
nerable to degradation irrespective of fallow management, cropping intensities
or slope gradient and this would be worsened by highly erosive rainfall events.
Moreover, inappropriate cultural practices are mainly the principal cause of soils
degradation [2] [3].

Traditional agricultural systems, characterised by fallow for a short period do
not assure sustainable management of natural resources and induce to a spiral of
environment degradation [4]. Mbé and Wack, important agropastoral zones in
North Cameroon (transition between soudanoguinean and soudanosahelian
agroecological areas), are characterised by an expansion of shifting and burning
agriculture, fallowing (after maximum three years for tubers and five years for
cereals) and ridging. According to the Ministry of environment report [5], an
introduction of cotton plants in the region, intensification of agropastoral activi-
ties, deforestation and the late burning lands require looking out of degradation
process in this landscape.

Annual reports of the ministry of agriculture at Mbé show that from 2002 to
2010, while cultivated surface (S) increased about 42.54% (from 177.5 ha to 253
ha); annual production (P) also increased about 34.27% (581.07 to 780.2 tonnes)
and annual ratio production per cultivated surface (P/S) decreased from 3.3 to
3.1; whether average yield or output decrease for 0.2. However, land overex-
ploited by farming and breeding involves degradation of natural resources com-
promising productivity. It is noted that there are relationships between yielding,
soil physicochemical properties and clay dispersion [2] [3] [6] [7] [8] [9]. Hence,
the knowledge of soil resource susceptibility to erosion is prior to a sustainable
utilisation. The objective of this study is to determine the impact of soil utiliza-
tion to soil erodibility in agricultural zone from Adamawa, Cameroon. It con-
sists to: 1) assess the erodibility of the soils from Mbe and Wack and 2) deter-

mine the influence of agricultural practices on their erodibility.

2. Materials and Methods
2.1. Study Area and Sampling Techniques

The study was conducted in Mbe subdivision mainly at Wack village and Mbe
during dry season (Figure 1). The soudanoguinean climate with dry season from
November to March and wet season from April to October prevails in the study
area. The mean annual rainfall is 1500 - 2000 mm in this transition zone be-
tween the subhumid and dry climates. The mean annual temperature is 22°C.
However, the minimum temperature is between 10°C - 19°C and it occurs dur-
ing December and January. Then a maximum temperature is between 27°C -
34°C in March.
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Figure 1. Location map of Mbé and Wack.

Wack and Mbé repose respectively on granites of Precambrian and gneiss
from upper Cretaceous and Tertiary formations. The soils are classified as ox-
isols and ultisols [10]. These soils were mainly sandy and display a low ex-
changeable cations and exchangeable cations capacity (CEC). Wack and Mbé are
located in the North of the Adamawa plateau with 1200 m altitude [11]. Most of
the lands are between 500 m and 1100 m above the sea level (Figure 1). A posi-
tive correlation between relief and soil erosion by water in the zone is widely
observed [12].

Soils samples were collected from topsoil (0 - 25 cm depth). Five soil samples
were collected in Mbé on a gentle slope and six samples were collected in two
toposequences with three samples each one in Wack (Figure 1). In each series,
samples were collected according to land uses and position on the slope (Table
1).

2.2. Laboratory Methods

The sampled soils which were air-dried and sieved to pass through a 2 mm were
analysed at the Institute of Science of the University of Leibniz, Hanover in
Germany.

Particle size distribution was determined by the pipette method after disper-
sion with Na-hexametaphosphate and organic matter destruction by hydrogen
peroxide and deferritisation with hydrochloric acid followed by 16 h of me-

chanical agitation using an end-over-end shaker. Soil pH water was measured
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Table 1. Land use with agricultural practices in sampling sites.

Sites  Sample code Location Land use Agricultural practices
MNV Top Natural Vegetation Native vegetation, zero tillage, bushfires
MCF Midslope Fallow Zero tillage, bushfires

Mbe NCY  Midtope  Vamoulure PG idge e
MCC Midslope Cassava culture ~ Manual tillage, fertilizers use, bushfires

MCM Footslope  Culture of Maize ~Manual tillage, fertilizers use, bushfires

WCM Top Culture of Maize Manual tillage, bushfires
M 1 tillage, ridge, fertilizer i ,
Wack WY Midslope  Culture of Yam anual tillage, ridge, fertilizer inputs
(Slope 1) bushfires
WNV Foot slope Natural Vegetation Native vegetation, zero tillage, bushfires
wcCC Top Culture of Cassava Manual tillage, bushfires
Wack
ac WCF Midslope Fallow Zero tillage, bushfires
(Slope 2)

WCS Footslope  Sorghum culture Manual tillage, bushfires

with a pH meter equipped with a glass electrode in 2/5 soil-water suspensions.
The pHCaCl, was determined in 2/5 soil-water suspensions + CaCl,. Organic
carbon (OC), nitrogen (N) and sulphur (S) were determined by CHNS-O
method (Vario EL III). The percentage of organic matter (OM) was calculated
by multiplying the OC value by 1.724 and to determine the rate of OM degrada-
tion, OC/N was calculated by dividing OC by N contents. Exchangeable cations
(Na*, K*, Mg*, Ca®, AI’*) were determined by extraction with silver thiourea
and cation exchange capacity (CEC) was measured at soil pH by performing the
Na-thiourea method. The percentage of base saturation was calculated as
(TEB/CEC)*100. Amorphous and crystalline Fe and Al in the soil were extracted
using ammonium oxalate and citrate-bicarbonate-dithionate (CBD). Soluble
cations and anions were extracted with deionised water (1:10) and detected by
Inductively Coupled Plasma (ICP-AES) and anions chromatography (DIONEX
ICS-90).

2.3. Data Analyses

The water dispersible particles were determined followed the same method as
particles size distribution described above except that no chemical dispersant
was used and without organic matter destruction. The erodibility indices are
calculated as follow [13] [14]:

Clay aggregation: CA = TC(g kg™ ) - WDC(g kg™ ) (1)
ol
Clay floculation index: CFI =TC ( g-kg! )— %kkgl)) 2)
g-Kg
o]
Clay dispersion ratio: CDR = % (3) [15]
TC(g . kg’l)

DOI: 10.4236/0jss.2019.912017 272 Open Journal of Soil Science


https://doi.org/10.4236/ojss.2019.912017

B. Atougour et al.

WDC(g~kg’1)+ WDS(g-kg’l)

Dispersion ratio: DR = 5 - (4) [16]
TC(g~kg )+TS(g-kg )
Exchangeable sodium percentage: ESP = exchangeable Na” 100 (5) [17]
g g
CEC
Exchangeable sodium ratio ESR = exchangeable Na (6)

exchangeable Ca”™ + Mg’ + K"~

Total clay (TC) and total silt (TS) are clay fraction and silt fraction obtained
by chemical dispersion. WDC is water dispersible clay and WDS is water dis-
persible silt.

The obtained data were been subjected statistically to simple correlation and
regression analysis to determine the extent of relationships between soils pa-

rameters and their contribution to clay dispersion.

3. Results and Discussion

3.1. Variation of Soil Properties According Land Use

Specific properties of the soils and their classification are shown in Table 2 and
Table 3.

The total clay (TC) varies from 6.54% (MCY) to 15.03% (MNYV). The soils
from Mbé and Wack are sandy loam (SL) (Table 2). The soil under native vege-
tation (MNV) was most clayey; displayed the highest pH (pH water = 6.68, pH
CaCl, = 5.70), organic components and amorphous and crystalline elements
(Table 3). As in Mbé, the soil on natural vegetation (WNV) from Wack, located
at upslope presents the highest Fe content while the soil from the footslope
(WCS) is the most clayey (14.74% of clay) with higher organic matter content
(1.88%) and the highest Al content. However, the studied soils under yams
(MCY, WCY) and cassava (MCC, WCC) both at Mbé and Wack are the san-
diest, more acidic, poorest in organic components (Table 2), Fe and Al (Table
3).

The studied soils have low content in exchangeable cations Ca®* (9.214 -
53.473 mmolc-kg™), Mg (2.949 - 20.422 mmolckg™), K" (0.813 - 5.677
mmolc-kg™), Na* (0.065 - 0.457 mmolc-kg™), AI** (0 - 1.201 mmolc-kg™), CEC
(22.3 - 118.57 mmolckg™) and TEB/CEC (0.592 - 0.7753) which vary in con-
formity with texture (SL) and pH (Table 4). The most clayey soils (MNV, WCM,
and WCS), less acidic, richer in N and OM, have the highest exchangeable
cations concentration and poorest in AI** (responsible for exchange acidity) than
the sandiest soils (MCY, MCC, WCY, and WCC) which are the more acidic,
more rich in AI** and poorest in the exchangeable cations (Table 4).

The soils soluble ions concentration are less than 1 mmolckg™ (0 - 0.6
mmolckg™) except K* (0.27 - 2.54 mmolc-kg™") and Ca®* (0.47 - 1.58 mmolc-kg™)
(Table 5). They also vary in accordance with textural class and land use (cereals,
tubers). Their variation and those of electric conductivity (6.9 - 24.7 uS-cm™)

and exchangeable cations were similar. MNV recorded the highest values of
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Table 2. Main physical characteristics, organic elements and sulphur.

Sample Location TC TS TSa Texture pHH,O pH CaCl, C N OM C/IN S

% % %
MNV Topslope 15.027 28.779 56.194 SL 6.68 5.70 2.03 0.121 3.49 16.74 0.008
MCF Midslope 7.635 21.232 71.133 SL 6.18 4.85 0.616 0.039 1.06 15.72 0.005
MCY Midslope 6.540 20.354 73.106 SL 5.56 4.31 0.614 0.044 1.06 13.98 0.003
MCC Midslope 7.898 22.691 69.411 SL 6.16 5.07 1.183 0.063 2.03 18.65 0.004
MCM Footslope 8.646 20.662 70.691 SL 6.35 5.12 0.405 0.03 0.70 13.47 0.004
WCM Topslope 9.040 22.909 68.051 SL 6.07 4.96 0.923 0.064 1.59 14.37 0.014
WCY Midslope 7.719 220,45 70.236 SL 5.56 5.52 1.05 0.075 1.81 13.98 0.010
WNV Footslope 7.913 24.154 67.933 SL 5.81 4.52 0.895 0.062 1.54 14.41 0.008
WCC Topslope 8.139 19.275 72.586 SL 6.02 4.67 0.600 0.047 1.03 12.89 0.007
WCF Midslope 13.259 23.887 62.853 SL 6.38 5.39 1.079 0.077 1.86 14.10 0.033
WCS Footslope 14.735 26.929 58.337 SL 6.07 4.68 1.093 0.076 1.88 14.34 0.014

SL = sandy-loamy.

Table 3. Distribution of Fe and Al in the soils.

Sample  Location TC(%) TSa(%) Feox(gkg”) Alox(gkg') Fedith (gkg™') Aldith (gkg™") Fed (gkg™) Ald (gkg™)

MNV Topslope 15.027 56.194 1.29 0.40 19.81 1.72 21.10 2.12
MCF Midslope 7.635 71.133 0.25 0.25 8.81 0.99 9.06 1.24
MCY Midslope 6.540 73.106 0.56 0.21 5.24 0.79 5.80 1.00
MCC Midslope 7.898 69.411 0.27 0.30 10.06 1.24 10.33 1.54
MCM Footslope 8.646 70.691 0.24 0.22 6.24 0.85 6.48 1.07
WCM Topslope 9.040 68.051 0.6 0.42 8.14 1.41 8.74 1.83
WCY Midslope 7.719 70.236 1.66 0.37 4.74 0.82 6.40 1.19
WNV  Foot slope 7.913 67.933 1.48 0.34 4.47 0.8 5.95 1.14
WCC Topslope 8.139 72.586 0.34 0.26 10.32 1.59 10.66 1.85
WCF Midslope 13.259 62.853 0.47 0.32 14.04 2.11 14.51 243
WCS Foot slope  14.735 58.337 0.51 0.46 16.23 2.59 16.74 3.05

ox = oxalate, dith = dithionite, d = ox + dith.

Table 4. Distribution of exchangeable cations in the studied soils.

Exchangeable cations (mmolc-kg™)

Sample TC (%) TSa (%) Ca Mg Na K Al CEC TEB/CEC
MNV 15.027 56.194 53.473 20.422 0.457 2.018 0.00 118.57 0.644
MCF 7.635 71.133 14.341 4.652 0.170 0.829 0.033 26.88 0.744
MCY 6.540 73.106 9.214 2.949 0.130 0.905 0.845 22.30 0.592
MCC 7.898 69.411 25.135 5.540 0.104 1.389 0.011 43.48 0.740
MCM 8.646 70.691 12.223 3.714 0.104 5.677 0.056 30.36 0.715
WCM 9.040 68.051 22.238 6.836 0.091 2.938 0.200 42.18 0.761
WCY 7.719 70.236 16.886 7.305 0.300 0.813 1.201 36.29 0.697
WNV 7.913 67.933 18.93 3.973 0.235 1.013 1.179 34.25 0.705
WCC 8.139 72.586 12.136 5.133 0.065 0.821 0.289 27.9 0.651
WCF 13.259 62.853 33.668 9.193 0.222 2.378 0.000 58.64 0.775
WCS 14.735 58.337 26.620 9.674 0.235 1.412 0.445 54.00 0.703

TEB = total exchangeable bases.
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Table 5. Distribution of soluble ions and electric conductivity in the soils.

% Soluble cations and anions (mmolckg™) (uS/cm)
Sample TC TSa Na* NH; K* Mg’ Ca** Cl NO; PO, SO7 EC
MNV 15.027 56.194 0.483 0.094 0.422 0.601 1.575 0.172 0.060 0.12 0.135 243
MCF 7.635 71.133 0.287 0.072 0.367 0.272 0.775 0.082 0.021 0.044 0.133 9.2
MCY 6.540 73.106 0.252 0.100 0.583 0.23 0.74 0.073 0.140 0.101 0.142 12.1
MCC 7.898 69.411 0.300 0.000 0.822 0.321 1.125 0.141 0.000 0.041 0.183 16.0
MCM 8.646 70.691 0.235 0.083 2.539 0.181 0.745 0.282 0.077 0.051 0.385 21.4
WCM 9.040 68.051 0.217 0.133 1.172 0.189 0.990 0.183 0.073 0.212 0.179 17.0
WCY 7.719 70.236 0.626 0.000 0.533 0.346 1.020 0.102 0.135 0.000 0.196 19.5
WNV 7.913 67.933 0.383 0.000 0.428 0.14 0.475 0.133 0.000 0.035 0.09 10.4
WCC 8.139 72.586 0.152 0.072 0.272 0.173 0.525 0.059 0.023 0.000 0.042 6.9
WCF 13.259 62.853 0.226 0.117 1.078 0.411 1.420 0.234 0.176 0.104 0.233 24.7
WCS 14.735 58.337 0.204 0.044 0.283 0.181 0.675 0.158 0.074 0.041 0.069 7.7

divalent cations (Ca®*, Mg**) and EC. MCC and WCC are the poorer in sulphate,
phosphate, nitrate, ammoniac, chloride and sodium (Table 5).

The studied soils are acidic (pH < 7). C/N values which is ranged between 12
and 25 reveals that OM is less matured. Despite of their position, the most clayey
samples (MNV, WCS) content approximately the double of clay fraction than
sandiest samples under tubers (MCC, MCY, WCC, WCY) mainly located at
footslope.

The sandy-loam soils of Mbé and Wack show that real and potential acidities
were proportional to clay or sand contents. More a soil is sandy, more it is
acidic. Then, from the more acidic or sandy to the less acidic (more clayey) in
Mbé, we noted MCY, MCF, MCC, MCM (footslope), MNV (topslope); in Wack,
there is, WCY, WNV, WCC, WCM, WCS, WCF (Table 2).

Disappearance of organic matter due to erosion and oxidation degrade soils
and their agricultural potential aptitudes. Reduction of organic matter weakens
organo-minerals stability which can cause soil impermeability by crusting in-
creasing streaming and erosion. In addition, cultivations weaken soils through
yielding by nutrients exportation and non-restitution of organic matter to soils.
Organic matter plays an important role in soil aggregation and structuring and it
informs on soil potential fertility. MCM has lowest organic matter content be-
cause cereal crops are generally used as substitute crops to yams. However,
MNYV recorded higher organic matter elements in spite of his topslope position
because that it never ploughed and plant cover favours soil structural stability.
But soil under tubers crops are impoverished by plants needs and more by
ploughing and ridge.

Globally, cultivated soils are more acidic and sandy. However, those which are
under tubers crops (yam, Cassava) are more acidic than those under cereals
(maize, millet). The soils are low in crystalline Fe , and Al ,, amorphous Fey and
Al which also vary with regard to texture and land use (Table 3). MNV is
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naturally richer in Fe which probably derived from rock (gneiss) weathering but
WCS recorded more Al because of alteration, agricultural input and position on
footslope. The CEC vary similarly to the exchangeable cations contents in the
soils and in conformity with the clay ratio. Soils under yams culture are the less
saturated and cultivated soils are more saturated than soils never cultivated
(Table 4).

3.2. Total Clay (TC), Water Dispersible Clay (WDC), Clay
Dispersion Ratio (CDR) and Soil Erodibility

The total clay (TC) of the studied soils varies from 65.4 g-kg™' (MCY) to 150.27
g'kg™ (MNV) while the WDC ranges between 34.92 g-kg™' (MCY) and 121.75
g'kg™' (MNV). The WDC was globally high and varied with regard to land use. It
is noted that the not cropped soil mainly located at the upslope (MNV) recorded
the highest WDC (Table 6). The CDR ranged between 0.45 and 0.84 g-kg™".

In Mbé, the soil under natural vegetation (MNV) at topslope recorded the
highest TC (150.27 gkg™), WDC (121.75 g-kg™'), CDR (0.81) while MCY (lo-
cated at midslope) presented the lowest TC (65.4 gkg™), WDC (47.46 g-kg™)
and CDR (0.73) (Table 6). In Wack, it is WCS (on footslope) which presents the
highest value of TC (147.35 g-kg™') and WDC (112.49 g-kg™'). WCY at midslope
under yam culture display slow TC (77.19 g-kg™"), WDC (34.92 g-kg™') and CDR
(0.45). However, in the first sequence, WCM (on topslope) has the highest TC
(90.4 gkg™), WDC (50.90 g-kg™), CDR (0.56) and WCY (on midslope) has the
lowest ones. In the second sequence at Wack, WCS (on footslope) recorded the
highest TC (147.35 g-kg™') and WDC (112.49 g-kg™") but the lowest CDR (0.76).
WCC (on topslope) presents the lowest TC (81.39 g-kg™'), WDC (68.23 g-kg™)
and the highest CDR (0.84) (Table 6).

The WDC and CDR are good estimators of soil susceptibility to water erosion.
They express an ability of clays particles from soils to be eroded by water. Higher
WDC and CDR mean high soil susceptibility to erosion [7] [18] [19] [20].
Hence, according WDC values, the not cropped soils both on topslope at Mbe is
the more susceptible to erosion while those from Wack at footslope is the less
erodible. This means that the slope has impact on soil susceptibility to erosion. It
is also noted that WDC and TC were good estimators of soils erodibility [3] [6]
[7] [8]. In fact, as observed, soils which are more clayey and those on topslope
are more erodible than soils with less clays content. But those on midslope are
generally more stable and show low CDR and WDC values.

3.3. Dispersion Ratio (DR), Exchangeable Sodium Percentage
(ESP), Exchangeable Sodium Ratio (ESR) and Soil Erodibility

In Mbé, the DR varied from 0.85 to 0.89; ESP ranged from 0.22 to 0.83 and ESR
varied from 0.001 to 0.017. MCY (on midleslope) has a lowest DR (0.85) and a
highest ESR (0.01). Then, MCC (on midleslope) has the highest DR (0.89), and
lowest ESP (0.24), ESR (0.003). In Wack, the DR varied from 0.75 to 0.87. In
Wack, in the first sequence, WCM (on topslope) has highest DR (0.88) and
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Table 6. Erodibility indexes.

gkg™!

Sample Location Land use TC WDC TS WDS CA CFI CDR DR ESP ESR
MNV Topslope Non cultivated 150.27 121.75 287.79 261.01 28.52 0.19 0.81 0.87 0.39 0.006
MCF Midslope Fallow 76.35 57.43 212.32 192.80 18.92 0.25 0.75 0.87 0.63 0.009
MCY Midslope Cultivated 65.40 47.46 203.54 180.06 17.94 0.27 0.73 0.85 0.58 0.01
MCC Midslope Cultivated 78.98 60.88 226.91 210.69 18.10 0.23 0.77 0.89 0.24 0.003
MCM Footslope Cultivated 86.46 64.46 206.62 183.99 22.00 0.25 0.75 0.85 0.34 0.005
WCM Topslope Cultivated 90.40 50.90 229.09 230.64 39.50 0.44 0.56 0.88 0.22 0.002
WCY Midslope Cultivated 77.19 34.92 220.45 196.81 42.27 0.55 0.45 0.78 0.83 0.010
WNV Footslope Non cultivated 79.13 39.20 241.54 202.39 39.93 0.50 0.50 0.75 0.69 0.001
WCC Topslope Cultivated 81.39 68.23 192.75 176.75 13.16 0.16 0.84 0.89 0.23 0.004
WCF Midslope Fallow 132.59 102.9 238.87 219.42 29.69 0.22 0.78 0.87 0.38 0.005
WCS Footslope Cultivated 147.35 112.49 269.29 242.49 34.86 0.24 0.76 0.85 0.44 0.017

lowest ESP (0.22). Then, WCY (on midleslope) has highest ESP (0.83), ESR
(0.01). In the second sequence, WCS (on footslope) has highest ESP (0.44), ESR
(0.017) and lowest DR (0.85). While, WCC (on topslope) presents lowest ESP
(0.23), ESR (0.004) and highest DR (0.89) values (Table 6). The DR is the ability
of clay and silt to be dispersed by water. So, high DR means high susceptibility of
the soil to erosion because of disorganization of their structure which facilitates
the mobilization of fine particles [19]. However, ESP and ESR vary opposite to
DR. This means that, Na" do not plays it dispersive role [7], because of very low

contents in the soil.

3.4. The Clay Aggregation (CA), Clay Flocculation Index (CFI) and
Soil Erodibility

The clay aggregation (CA) ranged between 13.16 and 42.27 g-kg™" while the CFI
varied between 0.16 and 0.55. In Mbé, the more clayey soil (MNV) at topslope
presents the highest CA (28.52 gkg™) and the low CFI (0.19) than MCY (on
midslope) which presents the highest CFI (0.27). However, in Wack, it is WCS
(on footslope) that presents the highest CA (34.86 g-kg™'), CFI (0.24) and the
highest TC (147.35 g-kg™") and WDC (112.49 g-kg™") while, in the second to-
posequence, WCY (on midleslope) presents the highest CA (42.27 g-kg™') and
CFI (0.55) in accordance with its lowest TC (77.19 g-kg™') and WDC (34.92
g'kg™) (Table 6).

In Mbé, soil with higher clays content and not cropped (MNV on topslope) is
more erodible than degraded soils with high values of sand. In Wack, on each
toposequence, there are cultivated soils (WCM on topslope and WCS on foot-
slope) more clayey, which are more erodible. However, in spite of their position,
soils under culture of tubers (MCY and WCY on middle slope, WCC on top-
slope) are more erodible. Thus, contrary to land use, the gentle slope not really
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influences soils susceptibility to erosion. The clay aggregation is very low at up-
slope (30 g-kg™") while in the middle and lower slopes these values are relatively
high and similar. As CA, CFI are lowest in upslope soils. The CA and CFI is in-
dicative of the ability of soils particles to be aggregated and flocculated or more
stable. Higher CA or CFI means higher soil stability and thus lower erodibility.
Thus, as indicated by WDC, CDR and DR, in this study, CA and CFI shows that:
soils located at the up part of the toposequence are more erodible and the
cropped soils located at the up part of the toposequence are more erodible and
less stable than not cropped soils suggesting that agricultural practices and slope
gradient increase their erodibility [19]. [19] Obtained similar results in the irri-

gated and flooded vertisols from the sudano-sahelian part of Cameroon.

3.5. Relationships between Erodibility Indexes and Soils
Properties

Correlations between erodibility indexes and soil properties are presented in
Table 7. The TC shows significant positive correlation with WDC (r = 0.94), pH
water (r = 0.7), organic components (r = 0.6 - 0.75), amorphous Feyy, (r = 0.9),
amorphous Al (r = 0.85), exchangeable Ca (r = 0.8), Mg (r = 0.8) and CEC (r
= 0.8) (Table 7). The CA is positively correlated with CFI (r = 0.79), crystalline
Fe,, (0.7) and crystalline Al , (r = 0.76). Also, CDR is positively correlated with
DR (0.78), WDC (0.7), ESP, Na and Al (Table 7). However, there is significant
negative correlation between WDC and CFI (r = -0.7); CA and CDR (r = -0.79);
CFI and CDR (r = -1.0) and DR (r = -0.78); CDR and Fe_, (r = -0.7) and Al (r =
-0.75); DR and Fe,, (r = -0.77), Al (r = -0.87). ESP and DR are also negatively
correlated (r = -0.8) (Table 7).

Generally, OM is cementing particles agent. It has a capacity to bind mineral
particles together developing soil structure. Intense tillage degrade soil structure
and contribute to decrease OM content which holds particles together, enabling
the surface soil to resist to the detachment forces of raindrop and flood [19]. In
the current study, OM and sulphur show positive but not significant correlation
with CA (Table 7). Despite its low content, it contribution on reducing clay dis-
persion can be important [3] [19].

Fe and Al can be flocculants by establishing linkage between clays and organic
polymers or by acting as cement like gel on clayey particles surfaces. They in-
crease cohesion [21] [22] [23] which contribute to reduce soils erodibility. Fe
and Al (responsible for soils acidity) correlated positively with TC, WDC, CA
and CFI. The CFI which express the stability of the soils shows negative correla-
tion with WDC, CDR and DR (Table 7). This confirms that flocculation of clays
is opposed to their dispersion. The significant positive correlation between CFI
and CA means that clay flocculation leads to clay aggregation. So, this last results
from the rearrangement of particles through flocculation and cementation [24].
The positive correlation between amorphous Al and Fe with WDC, CA, CFI and
negative correlation with CDR and DR show that Al, and Fe, contributes to

soil aggregation (Table 7). Exchangeables Ca, Mg, Na and Al are positively
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Table 7. Correlations between erodibility indexes and soils properties.

Variables
TC
WDC
CA
CFI
CDR
DR
ESP
ESR
pH water
N
OoM
S
Feox

Al
Fegim
Algig,

Fey
Aly
Ca
Mg

Al
CEC

NH,*
K*
Mg2+
Ca2+

PO
Noje

4

EC

TC
1
0.943
0.264
-0.374
0.374
0.216
-0.253
0.324
0.652
0.747
0.690
0.559
0.083
0.644
0.909
0.853
0.923
0.866
0.830
0.825
0.620
0.153
-0.385
0.818
-0.007
0.268
-0.106
0.528
0.544
0.453
0.225
0.254
-0.095
0.350

WDC
0.943
1
-0.073
—-0.66
0.66
0.446
—-0.401
0.317
0.745
0.615
0.600
0.442
-0.161
0.403
0.961
0.848
0.950
0.831
0.769
0.771
0.482
0.155
-0.570
0.773
-0.180
0.344
-0.089
0.539
0.520
0.384
0.153
0.184
-0.097
0.281

CA
0.264
-0.073

0.791
-0.791
—-0.641

0.403

0.052
-0.206

0.453

0.330

0.391

0.711

0.759
—-0.063

0.097

0.012

0.186

0.255

0.238

0.461

0.009

0.498

0.212

0.498
-0.191
-0.059

0.020

0.122

0.243

0.233

0.228
-0.001

0.235

CFI
-0.374
-0.66
0.791
1
-1
——0.783
0.599
-0.142
-0.612
0.010
-0.069
-0.009
0.692
0.316
-0.622
-0.474
-0.553
-0.395
—-0.246
—-0.247
0.122
-0.127
0.748
-0.271
0.562
—-0.388
-0.029
-0.249
-0.192
-0.087
0.084
0.025
0.045
0.028

CDR
0.374
0.66
-0.791

0.783
-0.599
0.142
0.612
-0.010
0.069
0.009
-0.692
-0.316
0.622
0.474
0.553
0.395
0.246
0.247
-0.122
0.127
—0.748
0.271
—-0.562
0.388
0.029
0.249
0.192
0.087
—-0.084
-0.025
—-0.045
-0.028

DR ESP
0.216 -0.253
0.446 —-0.401

—-0.641 0.403
-0.783 0.599
0.783 -0.599
1 -0.803
-0.803 1
-0.029 0.362
0.549 -0.575
-0.035 -0.003
0.052 —-0.066
0.073 —-0.124
-0.774 0.636
—-0.146 -0.023
0.503 —-0.423
0.424 —-0.446
0.425 -0.359
0.371 -0.413
0.195 -0.229
0.186 —-0.143
—-0.348 0.426
0.187 —-0.433
-0.865 0.753
0.185 —-0.204
-0.597 0.660
0.582 —-0.462
0.122 -0.336
0.209 0.010
0.331 -0.199
0.091 —-0.369
—-0.045 0.206
0.354 -0.393
0.040 -0.111
0.063 -0.118

ESR
0.324
0.317
0.052

—-0.142
0.142
-0.029
0.362

-0.206
0.080
0.021
0.005

-0.039
0.220
0.258
0.369
0.255
0.368

-0.038
0.137
0.254

—-0.248
0.160
0.019
0.051

-0.075

-0.307
0.015

-0.100

-0.204
0.351

-0.251

-0.204

-0.269

correlated to CA (Table 7). They have stabilizing and aggregating effect. Na is

not dispersive agent as usual. Then, K negatively correlated to CFI and positively
to CDR and DR is dispersive agent (Table 7) [7] [13] [19].

Despite Na® is positively correlated to ESP, globally, it is no significant be-

tween erodibility indexes and soluble ions and EC because their low contents in

these soils. These elements are washed out or lixiviate due to agricultural prac-

tices (Table 7). Clay dispersion normally increases with exchangeable Na* (ESP)

content [25]. However, [26] postulate that clay dispersion was affected by in-
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creasing of exchangeable Na*. In this study, K* and NH; are positively corre-
lated to CDR and DR, but Na" and NOj are positively correlated to CA and
CFI So, K* and NH, are dispersive then Na* and NO; are aggregative. But
Na and EC not significantly correlated to erodibility indexes (Table 7). Hence,
they are not more influencing clay dispersion.

In cultivated soils, the matrix and structure of the soils is regularly disorgan-
ized by labour. Conventional tillage which inverts soil is generally accompanied
by a loss of organic matter which binds soils particles together. Then soils culti-
vated by tubers (yams, cassava) are less erodible than those under cereals (maize,
sorghum). Finally, cultural practices influence stability of aggregates and carbon
ratio of the soils [9] [27] [28].

Considering obtained data and correlations coefficient, clay dispersion of
sandy soils of Mbé and Wack is mostly caused by soil utilization. Soils under tu-
bers culture (Yam, Cassava) are cultivated during six months (august to Febru-
ary); they are the most acidic, less fertile, less saturated and most erodible. Thus,
sandier soil is less erodible due to its heavy coarse materials which are low solu-
ble and which cannot constitute suspension that can be easily mobilized. Con-
sequently, most sandy (cultivated) soils that are already eroded are less erodible
than the more clayey (never cultivated) soils. Soils under tubers culture are
poorer in clay than soils under cereals (maize, millet) sometimes richer than

never cultivated soils.

4. Conclusion

The study shows that soils of Mbé and Wack are sandy-loam and gravelly. They
are naturally acidic and poor in nutrients. In each studied series of soils sampled,
soils under natural vegetation and under cereals crops are more clayey and more
erodible than those under tubers crops which are sandier. Soil properties and
erodibility indexes show that the sandiest and most acidic soils are under tubers
culture (yams, cassava) which were already eroded, lowest in nutrients and or-
ganic matter comparatively to soils under cereals (maize, sorghum). It is ap-
peared that the more clayey soils were more erodible than the sandy ones. Thus,
soil erodibility is influenced by texture and agricultural practices such as ridging,
fallow after three years maximum for yam crops. So, soils are degraded by hu-
man being through cultural practices (burning land, ridging). In fact, low slope
would have little impact on the variation of physico-chemical parameters. Insuf-
ficient plant cover, labour technics (yielding, ridge, ploughing), bushfires in-
crease loss of clay particles and consequently loss of physico-chemical character-
istics (OM, CEC). Studied soils showed that as C, N, organic matter (OM) and
exchangeable Ca, Mg, Na, Al are globally follow clay distribution and contrib-
uted in aggregation and soil stabilization. Exchangeable K, soluble K* and NH;
are dispersive agents. As OM, amorphous Al and Fe contribute to reduce clay
dispersion. The soluble ions are in low contents and do not really influence soil

dispersion. The used erodibililty indexes can be a reliable tool for determination
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of potential erosion in agricultural system and for avoidance of crop failing and
soil conservation strategy. Soils which are more clayey and those on top of slope
are more erodible than soils with less clays content. The slope and land use im-
pact soils erodibility because soils in upslope are less aggregated and flocculated
and the cropped soils at the up part of the toposequence are more erodible and
less stable than not cropped soils. But those on middle slope are generally more
stable and show low CDR and WDC values. This suggests that agricultural prac-
tices and slope gradient increase the soils erodibility. Statistical analyses revealed

that amorphous Al and Fe are main elements which limit soils erodibility.
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