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Abstract

The soils of Benin in general and those of the department of Zou, in particu-
lar, are highly degraded. This study aimed to evaluate the effectiveness of
sustainable land management practices on soil erodibility in two villages in
the Plateau of Abomey. Soil samples were collected on plots under Sustaina-
ble Land Management (SLM) measures (direct seeding, maize residue man-
agement and soybean-cereal rotation) and on their adjacent control. The soil
samples were prepared and analyzed in laboratory to determine variables
such as soil permeability, organic matter content, and particle size. Soil ero-
dibility was determined as proposed by Wischmeier & Smith. The effect of
SLM practices was significant (0.02) on soil permeability. On plots under
SLM measurements, soil permeability is higher with an average of 93.97
mm/h at Folly and 82.43 mm/h at Hanagbo. SLM measurements significantly
(0.04) added organic matter to the soil. The average organic matter of the
plots under SLM measures in Folly varies from 0.73% to 1.39% while it varies
from 0.49% to 0.73% in the control plots. In Hanagbo, the average organic
matter of the plots under SLM measures varies from 1.86% to 2.48% against
1.41% to 1.66% for the control plots. Regarding soil erodibility, it was found
that the influence of SLM measures is significant in both villages. In villages,
direct seeding and maize residue management significantly (0.008) reduced
soil erodibility compared to their adjacent controls, while the soybean-cereal
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rotation measure increased soil erodibility compared to plot witnesses. The
average soil erodibility of plots under SLM measures varies by 0.21 t-h/Mj-mm
at 0.38 t-h/Mj-mm in the village of Hanagbo and 0.25 t-h/Mj-mm at 0.38
th/Mj-mm in the village of Folly. It varies from 0.24 t-h/Mj-mm at 0.28
t-h/Mj-mm for the control plots at Hanagbo and 0.31 th/Mj-mm at 0.37
t-h/Mj-mm in Folly. These practices can therefore be used for the sustainable
use of agricultural land.

Keywords

Water Erosion, Cropping Systems, Sustainable Land Uses, Soil Erodibility,
Centre of Benin

1. Introduction

Soil erosion concerns both developed and developing countries and results in an
overall average loss of 0.3% of annual crop yield worldwide [1]. More than three
quarters of soil erosion is caused by bad management practices in agriculture
and livestock production or by conversion of forest to cropland [2]. While water
and wind are the main causes of soil erosion, soil losses by water are more se-
rious than those by wind [3]. Africa hosts more than 45% of the total erosion af-
fected people [4] where it affects millions of hectares of soil [5] [6].

In Benin, soil degradation due to water erosion is a major threat to large agri-
cultural zones [7]. Despite the gently or moderately undulating of Benin [8],
these unsustainable agricultural practices combined with high rainfall intensity
lead to several forms of erosion [9]. [10] pointed out that the different regions of
Benin are sensitive to the energy of wind, rain and runoff. The level of degrada-
tion varies among agro-ecological zones. The plateau of Abomey is dominated
by ferrallitic soils which are strongly degraded [11]. [12] reported the occurrence
of sheet erosion and gully erosion in the plateau of Abomey. [13] and [14] re-
ported averages of 18.82 t-ha™'-yr! and 15 t-ha™'-yr™' respectively in the water-
sheds of Linsinlin and Zou located in the plateau of Abomey. As a result, crop
yields and the sustainability of production systems are compromised exposing
populations to food insecurity [15].

For several decades, sustainable land management has been the subject of re-
search through research and development programs and projects in Benin
(PGRN, PGTRN, ProCGRN...). An intercropping program with Leucaena and
Cajanus has been initiated but has not been successful in the field [16]. Mucuna
was extended in southern Benin in 1990. Rotation techniques based on seed le-
gumes (cowpea, groundnut), cover legumes (Mucuna) and fodder plants (Sty/o-
santhes guianensis) have been tested. Short-term fallowing of Mucuna (7 to 8
months) in rotation or in association with maize cultivation has significantly
reduced the risk of runoff and erosion, and has significantly increased soil or-
ganic matter and nitrogen content [17]. Significative results in the fight against

land degradation have been obtained with Mucuna and other cover crops [17]
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[18] [19]. These techniques have been adopted very little in the farming envi-
ronment because of numerous constraints (non-consumption of the seeds of
these cover legumes and the difficult management of their residues, etc.). The
results of rock phosphate use trials cannot be disseminated due to the lack of an
organized source of supply [19]. Since 2015, the Deutsche Gesellschaft fiir In-
ternationale Zusammenarbeit (GIZ) has initiated the project “Soil Rehabilitation
and Protection to Improve Food Security” (abbreviated to ProSOL) as part of the
special initiative “One World Without Hunger”. Since 2014, the program has
been promoting a sustainable approach to land development at the farm level. It
places particular emphasis on sustainable land management and climate change
adaptation measures (Integrated Soil Fertility Management; Conservation Agri-
culture; Water and Soil Conservation; Agriculture and Livestock Integration;
Agroforestry and Adaptation to Climate Change).

Water erosion control is a key component of ProSOL and control methods
such as no-tillage, maize residue management, and contour tillage were ex-
tended to farmers [20] [21]. These efforts have certainly had a positive impact on
soil health in the areas where SLM measures have been implemented.

The primary drivers of water erosion are rainfall intensity, topography, soil
properties, vegetation cover, and erosion control practices [22] [23]. Soil proper-
ties determine its ability to resist both detachment and transport [24]. Some soils
are naturally more resistant to erosion than others. The erodibility of soil de-
pends on its particle size composition, infiltration rate, structural stability and
organic matter content [25]. Indeed, clayey soil particles are easier to transport
[23]. With a slow infiltration rate will be much more prone to erosion. Likewise,
soils with low organic matter content would flak and erode quickly. In addition,
the intensity of soil erosion is highly dependent on soil management practices
[26]. Thus, good management of soil organic matter, good tillage and conserva-
tion tillage practices can reduce soil erosion by water [27] [28]. The objective of
this study was to evaluate the effectiveness of some selected sustainable land man-

agement practices on soil erodibility in two villages in the Plateau of Abomey.

2. Materials and Methods

2.1. Experimental Site

This work was carried out in two sites (Za-kpota and Djidja) in central Benin
(Figure 1). In Za-kpota, the village of Folly was selected while Hanagbo was se-
lected in Djidja. The soil at Folly is a weakly desaturated ferrallitic soil. The relief
is dominated by a uniform plateau bordered by a slight slope towards the bed of
the Zou River. Hanagbo is characterized by a leached tropical ferruginous soil.
The relief consists of plateaus with depressions, but also granite outcrops (L0,
Lalo...) reaching 100 m of altitude. At Folly, the natural vegetation is dominated
by Imperata grass (Imperata cylindrica) while at Hanagbo, it is dominated by
guinea grass (Panicum maximum Jacq.). In both locations, the climate is a sub-

equatorial climate with two rainy seasons and two dry seasons. The annual rainfall
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Figure 1. Location of soil sampling points by SLM measurement [Projection: UTM WGS 1984 Zone 31N; Data source: Topo-
graphic Map of Benin (IGN 1992), Soil Map of Benin, Authors’ fieldwork].

in 2020 was on average 1200 mm and the temperature varies from 25°C to 30°C
[29].

2.2. Methods

2.2.1. Description of the SLM Measures Studied

The Sustainable Land Management (SLM) practices investigated are Integrated
Soil Fertility Management measures (ISFM measures). The studied SLM prac-
tices were 1) soybean inoculated in rotation with maize; 2) incorporation of ma-
ize residues (Zea mays) at the tillage time and 3) no-tillage. These measures are
the most adopted in the study zones. They were identified through an explora-
tory survey. The sites where the soils were sampled are intervention sites of the

ProSOL project. The soil was sampled three years after the adoption of SLM
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practices.

In the inoculated in rotation with maize system, maize was growth from April
to July and soybean was growth from July to November. The maize was sown at
spacing of 0.80 m x 0.40 m and without mineral fertilizer input. Soybean was
coated with Bradyrhizobium japonicum inoculum and sown at a spacing of 0.15
m x 0.70 m. After the soybean is harvested, the maize is sown either without til-
lage on the crop residues or following incorporation of the residues by minimum
tillage. For the second SLM practices, the residues of maize were buried by ridg-
ing or flat plowing. Farmers sow crops such as maize, cowpea and groundnut
without mineral fertilizer input. For the no-tillage practices, farmers cleared land
at the beginning of the rainy season and residues were spread on the ground or
lined up in the furrows. The plots of no-till treatment did not undergo any addi-

tional tillage. The seedpots were manually made with the hoe.

2.2.2. Soil Sampling Design

The studied sites were selected from the ProSOL project database. The selection
criterion was based on the number of farmers that had adopted SLM Using this
criterion, the communes of Djidja and Za-kpota were identified. Within each
commune, the same criterion was used to select the village with the most SLM
adopter. Hanagbo was selected in Djidja while Folly was selected in Za-kpota. In
each surveyed village, four SLM farmers were selected for each practice. The stu-
died SLM practices were 1) soybean inoculated in rotation with maize; 2) incor-
poration of maize residues (Zea mays) at the tillage time and 3) no-tillage. The
sampling design was an adjacent control device (Figure 2). Indeed, next to each
SLM plot, an adjacent control plot was selected. This control plot is a plot that
has not had any SLM measurements for at least 3 consecutive years.

In each village, four (4) plots were selected for each SLM practice. On each
sampling plot, a square grid of 400 m?* was installed in the middle of the plot
[30]. Soil samples were taken from five different points: in the center and at the
four corners of the square grid. Indeed, at each SLM plot, 05 soil samples were
collected. The same sampling strategy was used on the control plots. A total of
240 soil samples were collected. Soil samples were collected with a cylindrical
auger at 30 cm depth. These samples were carried to the laboratory, air-dried

and then sieved with a 2 mm sieve.

SLM plot Control plot
>

® ° L] ®

® ® L] ®
-——————— —>

Figure 2. Soil sampling plan.
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2.2.3. Parameters Studied

The erodibility factor expresses the soil vulnerability to water erosion. It depends
on the physical and chemical properties of the soil [31]. The erodibility was de-
termined by soil unit according to different parameters such as permeability,
organic matter and the textural code and the structural code. These parameter
differences occur in the original formula of [22] and that of [32]. Soil parameters
such as structure, permeability, organic matter content and texture greatly con-
tribute to influencing the soil erodibility [33]. The original formula of [22] and
that of [32] were adopted. According to [22], the erodibility of soil factor (X) is
expressed by the following relationship:

K = (2_1*10*“ *(12—a)M*™* +3.25(b—2)+ 2.5(c—3))/100

with M = (% fine sand + % silt) * (100 — % clay).; a = organic matter content
(%).

b = soil structure code between 1 and 4; ¢ = soil permeability code between 1
and 6.

As part of this study, a first estimate of erodibility was made using the formula
of [22]. For points where the value of the first estimate is less than 0.2; a second

estimate was made as recommended by [32].
K =0.091-0.34 %k k, +1.79*(kyk, )2 +0.24 %k .k, * A+0.033%(P-3)
whither
k,=2.77+10°*M** et k, =(12-MO)/10

M is the particle size factor; M= (% silt + % very fine sand) (100 — % clay); M.O
is the organic matter rate (%).

The particle size analysis was determined according to the Robinson pipette
method [34]. The considered fractions were clay (0 - 2 pm); silt (2 - 50 pm); very
fine sand (50 - 100 pm); fine sand (100 - 200 pm) and coarse sand (200 - 2000
pum). The soil organic matter content (%) was determined using the method of
(35].

Water infiltration was measured on the SLM plots and their adjacent control
using the method of Porchet. Measurements of the water infiltration in the soil
were carried out. A cylindrical hole 6 cm in diameter and 30 cm deep was dug
using a probe. After having filled it with water, it was observed that the variation
of the level (A4, and A,) of the water as a function of time (4 and ).

The infiltration rate k was calculated by the following formula:

S RO (4 (9

with r, the radius of the hole
The permeability codes (Table 1) established by [36] were used.

2.2.4. Statistical Analysis
Statistical analyses were performed with SAS 9.4 (SAS Institute 2015). Two

rounds of statistical analysis were performed. First, the Student t-test of comparison
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Table 1. Soil permeability code and class.

Code Class Value
1 Rapid drainage >60 mm/h
2 Moderate to rapid drainage 20 - 60 mm/h
3 Moderate drainage 5-20mm/h
4 Slow to moderate drainage 2-5mm/h
5 Slow drainage 1-2mm/h
6 Very slow drainage <1 mm/h

of two means was used to compare organic matter rates, infiltration rates and
erodibility values between the SLM measurements and their respective adjacent
controls. In addition, the differences in erodibility between the SLM measure-
ments and their respective adjacent controls were subjected to a one-way analy-
sis of variance following the General Linear Model procedure. The effect tested is
that of the SLM measures. Means separation was done using Student-Newman-

Keuls test. The significance threshold used was 5%.

3. Results
3.1. Soil Texture

The percentages of clay, silt and sand in the soils under the SLM measurements
are summarized in Table 2. At both Folly and Hanagbo, the soils had a sandy
silty texture for all three measurements studied.

3.2. Soil Organic Matter

The results of the comparative analysis of the organic matter rate of the plots
under SLM practices and their control are presented in Table 3. In Hanagbo and
Folly, the organic matter rate obtained for the soils under the maize residue
management measures and direct seeding is significantly (p = 0.04) higher than
the rate of organic matter obtained on their respective adjacent controls. In fact,
at Folly, maize residue management increased the organic matter rate by 86%
compared to its adjacent control, while an increase in the organic matter rate of
more than 90% was observed with no-tillage. In Hanagbo, maize residue man-
agement and no-tillage increased organic matter content by 54% and 32% com-

pared to their respective adjacent controls (Table 3).

3.3. Soil Permeability

In general, the water infiltration is higher in the plots under SLM practices
compared to the control plots in the two villages (Figure 3). The two villages
obtained the highest infiltration rate under under the crop residue management
practice (111.60 in Folly and 93.30 mm/h in Hanagbo). In Folly, water infiltra-
tion into the soil is lower under no-tillage than under soybean-cereal rotation.

Same trend is observed in Hanagbo. In other words, water infiltration into the
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Table 2. Textural composition of soils under SLM measures (mean + standard deviation).

Villages SLM Practice Clay (%) Silt (%) Sand (%) Texture class*
No-tillage 5.31%2.34 10.62 + 3.52 84.07 £ 19.14 Sandy silty
Folly Crop residue management 4.68 +1.97 10.93 +3.08 84.39 +24.29 Sandy silty
Soybean-cereal rotation 5.62 + 4.20 10+ 1.81 84.38 +24.99 Sandy silty
No-tillage 6.25+2.84 875+ 1.31 85+ 6.32 Sandy silty
Hanagbo Crop residue management 6.25 +2.53 8.58 +£2.53 85.17 £ 8.12 Sandy silty
Soybean-cereal rotation 5.93 +2.17 9.68 + 1.51 84.39 +19.32 Sandy silty
*the system of particle sizes of USDA was used.
Table 3. Determination of the rate of organic matter (mean + standard)
Organic Matter Content (%)
Site SLM Practice Difference P-value
SLM Control
No-tillage 1.39 £ 0.84 0.73 £0.45 —-0.6598 0.0039**
Folly Maize residue management 0.91 £ 0.41 0.49 +0.20 -0.4129 0.0003**
Soybean-cereal rotation 0.73 £0.33 0.55+0.24 —-0.1829 0.0563"
No-tillage 1.86 £ 0.72 1.41 £0.53 —-0.4402 0.0353*
Hanagbo  Maize residue management 2.48 £ 0.86 1.61+0.58 —-0.8652 0.0007**
Soybean-cereal rotation 1.93 + 0.59 1.66 + 0.61 —-0.2613 0.1797"

ns: not significant at 5% level; *: significant at 5% level (p < 0.05); **: highly significant at 1% level (p < 0.01); ***: very highly sig-

nificant at 0.1% level (p < 0.001).

Soil permeability (mm/h)

Figure 3. Soil permeability (mm/h) of the two villages. RM: maize residue management,

B SLM & Control

T

T,

Folly

Villages

NT: No tillage and SCR: Soybean-Cereal Rotation.

Hanagbo

soil is higher under maize residue management than under soybean-cereal rota-

tion and direct seeding (Figure 2).

3.4. Soil Erodibility

The SLM practices significantly reduced soil erodibility compared to the control
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in Hanagbo (Table 4). No-tillage, maize residue management and soybean-cereal
rotation significantly influenced soil erodibility in Hanagbo village. In Folly,
no-tillage significantly influenced soil erodibility, however maize residue man-
agement and soybean-cereal rotation did not significantly influence soil erodi-
bility in Folly. The average erodibility is 0.25 t-h/Mj-mm under no-tillage was
lower than the average soil erodibility of the control which is 0.31 t-h/Mj-mm.

3.5. Adjusted Soil Erodibility

Table 5 presents the effect of cropping systems on soil erodibility. In Hanagbo,
direct seeding and maize residue management significantly decreased soil erodi-
bility compared to their respective adjacent controls, while an opposite effect
was observed with the soybean-cereals measure. At Folly, the difference was not
significant between the erodibility for the soils under SLM measurements and
the erodibility of the soils for the controls. Table 6 compares the difference the
difference in the erodibility value between the plots under SLM practices and
their respective controls. It was observed that SLM practices significantly influ-
enced this difference and the highest value was obtained with soybean-cereal ro-

tation measure in Hanagbo.

Table 4. Effect of cropping systems on soil erodibility (K (t-h/Mj-mm).

Soil erodibility (t-h/Mj-mm)

Site SLM Practice Difference P-value
SLM Control

No-tillage 0.22 +0.04 0.27 £ 0.06 —0.0420 0.0238*

Folly = Maize residue management 0.21 +0.02 0.24 +0.03 -0.0343 0.0005**
Soybean-cereal rotation 0.35 +0.02 0.25 +0.05 0.0989 <0.0001***

No-tillage 0.25 +0.08 0.31£0.08 —-0.0611 0.0253*

Hanagbo Maize residue management 0.32+0.08 0.36 +0.08 -0.0316 0.2292"

Soybean-cereal rotation 0.36 + 0.08 0.33+0.10 0.0244 0.4185"

ns: not significant at 5% level; *: significant at 5% level (p < 0.05); **: highly significant at 1% level (p < 0.01); ***: very highly sig-

nificant at 0.1% level (p < 0.001).

Table 5. Effect of cropping systems on adjusted soil erodibility (K (t-h/Mj-mm)) (mean + standard deviation).

Adjusted soil erodibility (t-h/Mj-mm)

Site SLM Practice Difference P-value
SLM Control

No-tillage 0.25+0.04 0.28 £ 0.06 -0.03 0.0200*

Folly = Maize residue management 0.23 +0.02 0.27 £ 0.03 -0.03 0.0002**
Soybean-cereal rotation 0.38 £ 0.02 0.28 + 0.05 0.09 <0.0001***

No-tillage 0.29 £ 0.08 0.34 £0.07 -0.05 0.0525™

Hanagbo Maize residue management 0.35+0.08 0.35+0.08 -0.03 0.2610™

Soybean-cereal rotation 0.38 £ 0.09 0.37 £ 0.08 0.01 0.6800"

ns: not significant at 5% level; *: significant at 5% level (p < 0.05); **: highly significant at 1% level (p < 0.01); ***: very highly sig-

nificant at 0.1% level (p < 0.001).
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Table 6. Comparison of soil erodibility according to SLM measurements.

Villages  Maize residue management Direct seeding Soybean-cereal rotation
Folly —-0.03+£0.00b —-0.03+0.01b 0.09+0.01 a
Hanagbo —0.03+£0.01 b —0.05+0.00 b 0.01 +0.01a

Values with the same alphabetical letter are not significantly different for the same factor
and the same variable.

4. Discussion

4.1. Soil Parameters

The sensitivity of soils to being eroded depends on its intrinsic properties such
as organic matter content, permeability, structure and particle size [22]. Our re-
sults showed that no-tillage, residue management and soybean-cereal rotation
significantly increased the amount of soil organic matter compared to the con-
trol plots. This can be explained by the fact that these practices play two main
roles: 1) they provide organic matter which is gradually transformed into hu-
mus, 2) they minimize the adverse effects of excess water, the main cause of the
dispersion of clay and humus. “Organic matter promotes the aggregation of par-
ticles between them and the development of biological activity which leads to
greater infiltration at the expense of runoff.” [36] Therefore, increased organic
matter content influences a decrease in soil erosion [14]. Similar results have
been found by several researchers [37] [38] [39] [40]. Organic matter contributes
to soil erodibility reduction by increasing its permeability, moisture and im-
proving its structure. As a result, the humus-enhanced structure will reduce the
inherent susceptibility of soil particles to being loosened by raindrops and then
washed away by moving water.

A tailings cover protects the soil from degradation caused by the impact of
raindrops and increases the structural stability of surface aggregates by increas-
ing the organic matter content. This presence of organic matter maintains or
creates a high microporosity from the surface created either by the work tools or
by biological activity; porosity ensures effective vertical transfer of [41]. Our re-
sults show that all plots under SLM measures evaluated recorded the highest or-
ganic matter content, unlike the control plots. This fact highlights the relation-
ship between permeability and organic matter content. These results showed
that all the SLM practices evaluated considerably protected the soil and in-
creased its permeability. This reflects higher water retention in the plots under
SLM practices compared to the control plots. The high level of permeability ob-
served on the plots under SLM practices would be linked, on the one hand, to
the high vegetation cover of these soils. [42] also recognized that reducing tillage
combined with the presence of significant plant cover on the surface (or keeping
crop residues on the surface) reduces the risk of runoff, and even more the risk
of erosion. According to [43], if the soil cover is at ground level (case of mulch
and pebble beds), erosion will be reduced to less than 5% of that of a bare plot.

Indeed, this cover will dissipate not only the energy of the raindrops, but also the
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runoff. Cropping systems such as direct seeding, residue management and soy-

bean-cereal rotations are practical tools for reducing runoff.

4.2. Soil Erodibility

Our results showed that the cropping systems significantly influenced the erodi-
bility in Hanagbo. Based on the classification of [44], it appears that plots under
SLM practices are moderately sensitive to erosion. On the other hand, the con-
trol plots have a high sensitivity. This result could be explained by the particu-
larity presented by the control plots to erosion which present low organic matter
contents and high permeability compared to the plots under SLM measures. The
values obtained are close to those found by [45]. [45] found K values between
0.10 t-h/Mj-mm and 0.15 t-h/Mj-mm for ferralitic soils and between 0.20 t-h/
Mj-mm and 0.30 t-h/Mj-mm for tropical ferruginous soils. In Folly, no-tillage
significantly influenced soil erodibility. Soil erosion reduction effect of no-tillage
practice has been documented frequently and is mostly attributed to increased
organic carbon content and the retention of crop residues at the soil surface [46].
Appropriate tillage is considered an important management tool to combat wa-
ter erosion risks, promote in situ water conservation, improve crop yields and

stabilize rainfed agricultural systems [6].

5. Conclusion

This study aimed to evaluate the effect of sustainable land management practices
on soil erodibility in two villages in the Plateau of Abomey. Organic matter con-
tent varied between 0.69% and 2.05% for the plots under SLM practices and be-
tween 0.31% and 0.59% for the control plots. The infiltration rate of the sampled
plots is between 67.94 mm/h and 111.60 mm/h for the plots under SLM practic-
es. The control plots have an infiltration rate of between 44.64 mm/h and 75.34
mm/h. Soil erodibility is lower under the SLM plots in both locations and ranged
from 0.21 t-h/Mj-mm to 0.7 t-h/Mj-mm. Sustainable Land Management practices
such as 1) soybean inoculated in rotation with maize; 2) incorporation of maize
residues (Zea mays) at the tillage time and 3) no-tillage can be promoted to re-

duce soil erosivity on the plateau of Abomey in central Benin.
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