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Abstract

The aim of this study was to restore the vegetation cover of land stripped dur-
ing the construction of the Soubré hydroelectric dam through the use of Ara-
chis repens cover crops. The method used to install the cover crop was the
cutting technique. The cuttings were transplanted by burying two nodes in the
soil. The study was conducted on flat and upland surfaces. On each surface,
three 100 m? (10 m x 10 m) plots of Arachis repens ground cover were estab-
lished, each containing five 1 m* observation plots. Measurements were taken
in each plot on ten identified plants. The cover crop Arachis repenson flat and
upland surfaces provided soil protection and reduced erosion on the dam’s
stripped sites. Analyses have shown that cover plant growth on flat surfaces is
better than on upland surfaces after three months of transplanting. However,
from the fourth to the thirteenth month, the growth and development of the
cover plants are statistically identical on both surfaces. Arachis repens there-
fore appears to be a relevant and sustainable option for revegetating degraded
land and ecologically rehabilitating disturbed environments. It could be used
nationwide in development projects, particularly on mining and road sites or in
areas highly susceptible to erosion.
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1. Introduction

In the most remote areas, where industry does not appear to pose a real threat of
air pollution, another type of problem has been identified: deforestation and soil
degradation. In Cote d’Ivoire, certain infrastructure construction projects imple-
mented by the state are actively contributing to deforestation and soil degradation.
This was the case with the construction of a hydroelectric dam in the town of
Soubré in 2013. While only 54% of the Ivorian population had access to electricity,
part of this population lived without electricity [1]. The dam was therefore built
with the aim of increasing access to electricity for the population, but also to re-
duce the high cost of this resource. Following the resulting damage, the govern-
ment committed to restoring heavily degraded areas and minimizing the environ-
mental impact of such projects in the future [2] [3]. Indeed, the rehabilitation or
construction of a hydroelectric dam remains a factor in the advanced degradation
of flora and soil. The implementation of such works requires the acquisition and
displacement of large masses of earth, causing erosion and limiting people’s access
to arable land [3]. While traditional methods such as riprap and synthetic geotex-
tiles have been used to curb erosion and sedimentation along hydroelectric dams
[4], these approaches can cause further degradation and contribute to pollution
and habitat loss [5]. Given that nature-based solutions reduce these risks and can
facilitate ecosystem restoration, the use of methods such as revegetation may be the
best way to address some of the negative impacts of hydroelectric reservoirs. One
of the recent strategies implemented by the government aimed at ecological com-
pensation through the practice of agroforestry.

However, the nutrient-poor soil has led to slow growth of the tree species planted
as part of the reforestation program [6]. It was therefore necessary to consider re-
vegetation with plants more suited to the substrate before undertaking any refor-
estation project. To this end, the legume Arachis repenswas tested as a cover crop
on the stripped sites of the Soubré hydroelectric dam. According to Husson [7],
Boka [8] [9], Kouadio [10], A. repens produces high biomass and organic matter
on the soil surface, providing good ground cover and combating erosion, and in-
ducing more diverse and intense biological activity in the soil. It could therefore
enable the revegetation of sites that have been stripped bare for agricultural purposes.
The objective of this study is to contribute to the restoration of vegetation cover on

stripped land through the use of cover crops.

2. Materials and Methods
2.1. Study Site

This study was conducted at the Soubré dam (Figure 1) stripping site in south-
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western Cote d’Ivoire in the Nawa region, located between 6°12' and 7°08' west
longitude and 5°19' and 6°34' north latitude. The climate is humid sub-equatorial,
characterized by two rainy seasons (April-June and September-November) and
two dry seasons (July-August and December-March). Under the direct influence
of the Atlantic Ocean and relatively dense vegetation cover due to the proximity

of Tai National Park, average temperatures range between 24°C and 27°C.

Soubré
hydroelectric
dam

Figure 1. Location of the study site.

2.2. Plant Material

The plant material used in the study consists of the cover crop Arachis repens
(Figure 2). It was chosen primarily as a cover crop because of the thick, prostrate
growth of its stolons and strong taproots. It is a leguminous plant with character-
istics that enable it to adapt to different soil conditions, fix atmospheric nitrogen,
and add organic matter to the soil. It is also a very effective plant for combating

erosion [7].

Figure 2. Arachis repens collected and used as plant material.
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2.3. Methods

2.3.1. Selection and Preparation of the Experimental Plot

The experimental plot for the trial was selected from the site of the stripping work
carried out during the construction of the Soubré hydroelectric dam, which left
large areas of bare earth. Two types of plots were selected: steeply upland surfaces
(>5%) and relatively flat surfaces (<5%). The pH of the plot measured using the
glass electrode method [11] was acid around 5 whatever the soil surface type. This
stripped site reveals a ferralitic subsoil with a sandy-clay texture and a B horizon
rich in iron (lateritic). Each plot had a basic area of 100 m? where staking and hole
digging were carried out after watering, at intervals of 30 cm x 30 cm across the
entire surface of the plot. The holes, approximately 5 cm deep, were made using
machetes, dabas, and stakes (Figure 3).

Figure 3. Preparation of the experimental plot.

2.3.2. Collection of the Cover Plant and Preparation of Cuttings

The cover plant was collected by carefully removing it from its substrate so that
the roots were obtained in fairly good condition. It was then moistened. The plants
were transported to the study site, where the stems were cut into cuttings using
scissors so that each cutting had at least five nodes. The cuttings were moistened

and immediately transplanted.

2.3.3. Transplanting Cuttings and Maintenance

The cuttings were transplanted individually into holes that had been dug before-
hand. The cuttings were planted with two nodes in the soil, positioned close to-
gether to ensure faster ground cover. Maintenance consisted of watering the trans-
planted cuttings with a water jet, using a motor pump to deliver water to the plot,
then watering cans to water the transplanted cuttings. Watering was done twice a

day, in the morning before sunrise and in the evening after sunset for two weeks.

2.3.4. Experimental Design
The experimental design consisted of three simple blocks, each comprising an up-
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land and a flat surface. Each surface had an area of 100 m? (10 m x 10 m). Five sub-
plots were set up within each surface, diagonally and in the center. Each subplot
with an area of 1.5 m* contained 12 plants among which 10 plants were selected for

growth measurements and observations.

2.3.5. Data Collection

Data collection focused on the recovery rate of cover plants, the number of branches,
internodes, and the length and coverage of cover plants. Surveys were conducted
over thirteen months, starting one month after the cuttings were transplanted and
continuing at three-month intervals. The recovery rate of cover plants was calcu-
lated based on the ratio of the number of cuttings that have recovered growth to the
number of cuttings transplanted. The branches emitted by each individual were de-
termined by counting. The number of internodes was also determined by count-
ing. The length of the aerial axis was measured at the apical end of the main stems
using a tape measure. During plant growth, the vegetation cover rate (area oc-
cupied by a species or vegetation if projected onto the soil surface) was estimated
at regular intervals (every 3 months) starting from the first month after the vege-

tation cover was established [10].

2.3.6. Analysis of Data

The data obtained were entered using EXCEL version 2016 and analyzed using
XLSTAT 2016 software. To study the effects of surface type on the recovery and
growth of cover crops, a one-way analysis of variance was performed. In cases of
significant differences, Tukey’s test was used at a 5% probability threshold to iden-

tify homogeneous groups.

3. Results

3.1. Recovery Rate of Cover Plants

The analysis of variance shows a significant difference between the recovery rates
of the cover plant Arachis repens depending on the surface area of the stripped site
(p < 0.05). The highest recovery rate was obtained on the flat plot, with 90.67%,
while the lowest was recorded on upland surface, with 75.67% (Table 1). Figure
4 illustrates that the recovery of cuttings transplanted on flat surface is higher than

that obtained on upland area.

Table 1. Recovery rate of the cover crop A. repensaccording to soil surface.

Soil surfaces Recovery rate (%)
Upland 75.67 a
Flat 90.67 b
F 4.92
p 0.027

Values assigned the different letter are statistically different at the a = 0.05 threshold ac-
cording to Tukey’s test. F: Tukey’s value; p: probability.
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Figure 4. Recovery of cuttings on a tray (A) and on a slope (B) one month after cutting.

3.2. Number of Branches and Internodes of Cover Crops

The number of branches and internodes of Arachis repens gradually increases
over the twelve months following transplanting, regardless of the type of soil sur-
face stripped from the Soubré hydroelectric dam (Figure 5 and Figure 6). During
the first few months (M1 to M3), vegetative growth remains moderate, with values
ranging from 2 to 6 branches and 5 to 11 internodes. At M1, a significant differ-
ence is observed between the two conditions, with the flat surface showing the
highest numbers of branches and internodes. From M3 onwards, the differences
between the surfaces were no longer significant. Both types of surface supported
similar and regular growth of the cover plant A. repens. At M12, both types of soil
surface showed maximum development, with values of around 17 to 18 branches
and 37 to 38 internodes.

2 @
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M1 M3 M6 M9 M12

Month after transplantation
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Number of branches
[N
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For a same period, values assigned the different letter are statistically different at the a = 0.05 threshold
according to Tukey’s test. The orange color indicates the flat plots, and the blue color indicates the upland
plots.

Figure 5. Number of branches of the cover crop A. repens according to soil surface.
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For a same period, values assigned the different letter are statistically different at the a = 0.05 thresh-
old according to Tukey’s test. The orange color indicates the flat plots, and the blue color indicates
the upland plots.

Figure 6. Number of internodes of the cover crop A. repensaccording to soil surface.

3.3. Cover Crop Length and Coverage Rate

The length of the stems and the rate of ground cover by the cover crop Arachis
repens gradually increased over the twelve months following transplanting, with
significant differences between periods but not between soil surface types within
the same period (Table 2). At M1, the flat surface has a slightly greater stem length
(13.91 cm) than those located in the upland area (10.06 cm), although the coverage
rates remain statistically similar (11.00% and 8.00%, respectively). From M3 on-
wards, stem lengths remained higher on flat surface (24.72 cm compared to 21.81
cm in upland areas), while coverage rates evolved in parallel, reaching 19.67% and
17.33%. This trend is confirmed at M6, where vegetative growth reaches 40.34 cm
versus 34.48 cm, accompanied by coverage rates of 32.13% and 27.47%. In the ninth
month, the differences persist, with 52.75 cm on flat surface compared to 49.16
cm on upland. However, the coverage rates remain statistically indifferent. At M12,
A. repens reaches its maximum development, with stems measuring 89.22 cm on
flat surface and 86.80 cm on upland, accompanied by high coverage rates (71% and
69%). At this stage, no significant differences are observed in either the coverage
rate or the length of the plants.

Table 2. Plant length and coverage rate of the cover crop A. repens according to soil sur-
face.

Month after transplantation

Soil surfaces  Plantlength (cm) Coverage rate (%)
of the cover crop

Flat 1391 a 11.00 a
M1
Upland 10.06 a 8.00 a
Flat 24.72b 19.67 b
M3
Upland 21.81b 17.33b
DOI: 10.4236/ajps.2025.1612083 1262 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2025.1612083

K. F. Kouamé et al.

Continued

Flat 40.34 c 32.13 ¢

Mé6
Upland 3448 ¢ 2747 c
Flat 52.75d 41.93d

M9
Upland 49.16 d 39.07d
Flat 89.22 e 71.00 e

M12
Upland 86.80 e 69.00 e

For a same period, values assigned the different letter are statistically different at the a =
0.05 threshold according to Tukey’s test.

4. Discussion

This study highlighted a significant effect of the type of stripped soil surface on
the recovery rate of the cover plant Arachis repens (p < 0.05), with significantly
higher performance on plateau plots. This situation is consistent with empirical
and experimental work showing that slope and associated topographic factors (de-
gree and orientation of slope) strongly influence soil water availability, erosion
risk, and therefore plant establishment and survival in soil restoration and reveg-
etation contexts [12]. Upland surfaces result in low moisture retention, increased
runoff, and soil erosion, which reduces the window for rooting and horizontal
spread of stoloniferous legumes such as A. repens, which depend on rapid contact
with the soil and burial of nodes to establish themselves successfully [13]. Recent
literature on conservation and restoration emphasizes combined biological and
physical measures for slope stabilization [14].

A steady increase in growth (number of branches and internodes, stem lengths,
and coverage rates) of Arachis repenswas observed at the Soubré hydroelectric site
during the 12 months following transplantation. This gradual vegetative develop-
ment shows a slow initial establishment phase followed by accelerated horizontal
expansion, no doubt when nitrogen-fixing root nodules become active. Overall,
at the start of the study, A. repens performed better on flat surfaces. This finding
is thought to be due to water stress induced by upland surface, which delays the
activation of stolons and reduces initial vegetative vigor.

However, from the third month after transplanting, the absence of differences
between surface types indicates that A. repensis able to overcome early establish-
ment difficulties. This convergence is consistent with the property of creeping leg-
umes, whose stolons gradually stabilize the soil, improve moisture distribution,
and create more favorable microhabitats over time [7]. Comparable performance
on topographies at advanced stages highlights the species’ strong adaptive capac-
ity and its suitability for restoring degraded soils, including stripped hydroelectric
construction sites. A. repens has likely benefited from gradually improved biolog-
ical nitrogen fixation.

This plant is known to provide 36 to 78 kg N ha '.year! in tropical terrestrial
cover [15]. Such nitrogen inputs could directly stimulate vegetative growth, as in-

creased nitrogen availability in the soil promotes stolon elongation, branching den-
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sity, and biomass production, leading to a gradual improvement in soil fertility,
particularly in stripped soils that are generally poor in nitrogen after construction
work. By accelerating the internal nitrogen cycle and high litter production [15] [16],
A. repens not only compensates for nutrient-poor conditions, but also actively re-
builds the soil’s nutrient and living capital. Although baseline and final soil nutri-
ent data were not measured in this study, the steadily increasing vegetative growth,
peaking at stem lengths of 89.22 cm (flat surface) and 86.80 cm (upland surface)
at M12, strongly suggests improved nitrogen nutrition with A. repens. These lim-
itations of our study should be addressed by long-term monitoring of soil health
(organic matter, nitrogen, structural stability, fauna, biological activity) in order to
assess the sustainable impact of A. repens; by cost-benefit analysis to facilitate large-
scale adoption by development projects. In addition, the cover provided by A. re-
pens protects soil aggregates from erosion and maintains soil moisture, thereby
reducing evaporation and acidification. The long-term root growth of A. repens
would improve soil aeration, porosity, and infiltration capacity, thereby restoring
stripped soils [17]. A. repenslitter is known to release nutrients (N, P, K, C, and
Ca) fairly quickly [18] and to promote good biological activity, thus contributing
to the restoration of chemical fertility and soil life from the 12 month after es-

tablishment.

5. Conclusion

The aim of this study was to restore vegetation cover on stripped land at the Sou-
bré hydroelectric dam site in Cote d’Ivoire using the cover crop Arachis repens.
The results showed that this species effectively tolerates the harsh conditions of
stripped soils, with relatively high recovery rates and continuous growth charac-
terized by a steady increase in the number of internodes, branches, stem length,
and coverage rate, both on upland surface and on flat surface. These performances
confirm the adaptability of A. repensand highlight its potential as a tool for eco-
logical restoration on heavily disturbed sites. The results imply scaling up the use
of A. repens for the rehabilitation of other hydroelectric, mining, or road infra-
structure with degraded soils. Its ability to establish itself quickly, stabilize the soil,
and gradually improve substrate quality makes it a strategic species for restoration
programs. The integration of A. repensinto sustainable soil management systems
could also help reduce erosion, limit silting in reservoirs, and improve the ecolog-
ical resilience of developed sites. Thus, Arachis repensappears to be a promising
ecological solution for the restoration of severely disturbed soils, with broad ap-

plication potential and benefits to be explored further in future research.
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