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ABSTRACT
The assessment of woody regeneration capacity in Sudano-Sahelian zone in Senegal was determined from the
woods inventory and counting. To assess the regenerative potential of the species, an inventory of juvenile plants
(basal diameter was less than 3.5 cm) was made. Only the diameter and the height of the highest seedling were
measured. Other seedlings supposedly belonging to the same strain were systematically counted. The natural
regeneration was strongly dominated by the family of Combretaceae (Combretum glutinosum and Guiera
senegalensis), followed by the Caesalpiniaceae (Piliostigma reticulatum). Regeneration capacities varied
depending on the lands under the influence of topography gradients and recovery according to a factorial
correspondence analysis (soils x species matrix) which allowed the identification of the main groups of lands and
to characterize the heterogeneity of the woody stand. There was a variability of the natural regeneration by size
and a positive correlation between the height and the basal diameter of seedlings.
Keywords: seedlings – species – regenerative capacity – topography – recovery.
INTRODUCTION
In semi-arid, harsh climatic conditions are among the limiting factor in the balance of ecosystems. The
distribution of wood is strongly related to human pressures that threaten regeneration ([1]; [2]; [3]). In the Sahel,
the decline of rainfall, land clearance for expansion of cultivation areas; have contributed to environmental
degradation ([4]; [5]). In Senegal enormous changes to forests, farmlands, waterways, and air are being driven
by the need to provide food, fiber, water, and shelter to rapid growing population. Croplands, pastures,
plantations, and urban areas have strongly expanded in recent 20 years, accompanied by large increases in
energy, water and fertilizer consumption ([6]; [7]).The level of reduction is especially important in Senegal that
many species are located in the Sahelian climate conditions ([8]; [9]).
It is important to study the capacity of natural regeneration of woody species in the Groundnut Basin,
heavily agricultural area where the woody is threatened by the factors listed above in order to better preserve the
potentiality of the remained natural vegetation.
The restoration and / or the rehabilitation of ecosystems advocated as a solution needed to be based on
native species ([10] [11]) and in particular on their capacity for regeneration [12]. An actual knowledge of the
potential for natural regeneration of woody species and environmental constraints can better assess the influence
of various factors on density and height of seedlings ([13]; [14]) and to help the identification and the species
selection for regeneration purpose. It provides to development projects some tools to establish a sustainable
strategy of intervention with respect to the environment ([15]; [16]).
The present research aimed to evaluate the regenerative capacity of woody species in the lands of Southeastern of the Groundnut Basin in Senegal.
2. MATERIAL AND METHODS
2.1. Site Location
The study was conducted in the Groundnut Basin in Senegal, precisely in Koungheul and Kaffrine
departments located between 15 ° 86' W and 14 ° 58' E longitudes and 14 ° 74' N and 13 ° 74' S latitudes (Figure
1). The climate is Sudano-Sahelian with a rainy season of short duration ranging from June to July to October
and a long dry season from 8 to 9 months. The monthly average temperatures minimum and maximum are
respectively 18.2 ° C in January and 40.7 ° C in April. The average annual temperature is 29.6 ° C. Theanalysis
of rainfall series 1958-2008 showed that the interannual averagerainfall was 640 ± 171 mm. The coefficient of
variation was 27%.
*Corresponding Author: Charles Bakhoum, Department of operations, World Vision Senegal, B.P. 3731 RP, Dakar,
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Figure 1. Location of the site (DEFCCS/CSE, 1996)

2.2. Methods
A total of 25 groups of villages in the studied area, were determined according to some cultural practices
criterion (intensity of agricultural activity, diversification, mechanization level, presence or absence of fallow,
trees density in fields). In each group, equidistant transects of 500 m oriented East-West were laid down.
Therefore, every 500 m, plots of 50 m x 50 m were delineated in fields, in fallows and in forests plots of 30 m x
30 m were installed. Fifty plots were ultimately laid out in each land.
The complete enumeration of the woody stand was then performed in a total of 1143 plots of 262 ha [6]
and the seedlings were identified and counted. Only the diameter and the height of the highest seedling were
measured. Other seedlings supposedly belonging to the same strain were systematically counted.
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2.3. Data analysis
To establish the regeneration of woody species, we defined by "seedling," any plant which trunk basal
diameter is less than 3.5 cm (10 cm of circumference) [11].
The factorial analysis of correspondence (Lands x species matrix) was used to define the main groups of
land and to characterize the heterogeneity of the woody stand.
The composition and the structure of the woody stand were studied. The ecological importance of species
allowed the identification of the woody stand.
3.

RESULTS

3.1 Typology of the woody stand
The typology of the woody stand has allowed to identify four groups of lands of Piliostigma reticulatum
and Combretum glutinosum and lands of Guiera senegalensis and Combretum glutinosum. These lands are
subdivided into lands of Guiera senegalensis and Combretum glutinosum [6].

Δ : species
◊: Lands
3.2

Figure2. Definition of land groups using factorial analysis of correspondence (FAC)

Characteristics of seedlings

3.2.1. Variability among families
The woody stand of 33 families with 59 genera and 75 species was strongly dominated by the family of
Combretaceae which included 72.5% of seedlings, followed by the Cesalpiniaceae with 15.2%. Only five other
families, Mimosaceae (3.2%), Rhamnaceae (2.1%), Anacardiaceae (1.5%), Icacinacées (1.2%) and Rubiaceae
(1.1%) had higher frequencies 1% (Figure 3). These results showed that although there was a diversity of
families (33), young plants were concentrated in Combretaceae and Cesalpiniaceae. The best represented species
in these two families seemed to find favorable conditions enough or an adaptation strategy in the area of study.
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Figure 3.Frequencies of the most represented families

3.2.1.1 Renewal of species
The regeneration rate of species varied among families. Combretum glutinosum and Guiera senegalensis
(Combretaceae) and Piliostigma reticulatum (Cesalpiniaceae) were distinguished by their higher regeneration
rate with respectively 36.3%, 29.4% and 13.6%. In the lands, each of these species indicated minimum
regeneration rate in the lands of Piliostigma reticulatum and Combretum glutinosum, 9.4% for Combretum
glutinosum, 7.9% for Guiera senegalensis and 4.3% for Piliostigma reticulatum. The maximum rate of Guiera
senegalensis (17.4%) and Piliostigma reticulatum (5.7%) was found in the lands of Guiera senegalensis and
Combretum glutinosum (16.6%) in the same lands. Acacia macrostachya and Cordyla pinnata, two of the five
most represented adult species [6] indicated rates below 1% (Figure 4). Three species (Lannea acida, Euphorbia
balsamifera, Crataeva religiosa) showed no seedlings.
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Figure 4. Regeneration rate of the most represented species
(Cgl = Combretum glutinosum
Pre = Piliostigma reticulatum ; Gse = Guiera senegalensis)

3.2.2 Structure of seedlings
3.2.2.1 Distribution according to diameter
The distribution of seedlings by diameter class showed that the class from 0.5 to 1 cm was the most
represented with a frequency of 36.1%. This was followed by classes 1.5 to 2 cm (18.1%), 1 to 1.5 cm (17.2%)
and less than or equal to 0.5 cm (12.1%). Other classes had their frequencies below 10% (Figure 5). Results on
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the distribution of basal diameter indicated that the seedlings of the woody stand were concentrated in the first
classes. Discharges which were numerous in fields but cut annually in the pre winter preparing and promptly
released could explain it.
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Figure 5. Distribution of seedlings according to basal diameter

3.2.2.2 Distribution according to height
It was also the second class (0.6 to 1.1 m) which contained more individuals with a frequency of 31.7%,
followed by classes from 1.1 to 1.6 m (24, 6%) and 0.1 to 0.6 m (24.4%). These first three classes concentrated
together 80.7% of young plants whereas the last three classes included 19.4% (Figure 6). The Pearson correlation
test showed that the relationship between height and basal diameter of young plants was strong and significant.
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Figure 6. Distribution of seedlings according to height

3.2.3. Distribution in the lands
3.2.3.1 Frequency
All seedlings, in lands of Piliostigma reticulatum and Combretum glutinosum contained 27.9% of
individuals covering 92 ha. The lands of Guiera senegalensis indicated 43.8% of seedlings occupying 100 ha
and those of Combretum glutinosum counted 28.3% on 70 ha. For measured individuals 28% were counted in
the lands of Piliostigma reticulatum and Combretum glutinosum. The lands of Guiera senegalensis and those of
Combretum glutinosum contained respectively 42.2% and 29.8% of individuals (Figure 7). These results showed
that the lands of Guiera senegalensis and Combretum glutinosum contained 72% of seedlings recorded in the
woody stand. The topography and the recovery which allowed the determination of the respective lands seemed
to play a role. If for seedlings, the lands of Guiera senegalensis presented more individuals (42.2%), adult
individuals were dominant in lands of Combretum glutinosum (61.6%) [6].
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Figure 7. Frequency of seedlings of vegetation in the lands

3.2.3.2 Distribution according to basal diameter and height
The distribution of seedlings according to the basal diameter depending on lands indicated that the second,
third and fourth classes contained most of the seedlings. These three classes had a frequency of 74.3% in the
lands of Piliostigma reticulatum and Combretum glutinosum, 67.7% in the lands of Guiera senegalensis and
74% in those of Combretum glutinosum (Figure 8).
The distribution of juvenile plants by basal diameter class was unimodal in lands of Piliostigma
reticulatum and Combretum glutinosum and those of Guiera senegalensis with a peak for the class 0.5 to 1 cm.
In contrast, this distribution was bimodal in the lands of Combretum glutinosum, with a first peak for the
class 0.5 to 1 cm (41.7%) and the second peak, less important was the class from 1.5 to 2 cm (20.1%). The first
class (less than or equal to 0.5 cm) was relatively weakly represented. The frequency of seedlings in the lands
from the fifth class was less than 10%.
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Figure 8. Distribution of seedlings according to basal diameter in the lands
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The distribution of juvenile plants according to height showed that the first three classes were strongly
represented in seedlings. Their frequency was 84.6% in the lands of Piliostigma reticulatum and Combretum
glutinosum, 76.1% in those of Guiera senegalensis and 83.4% of Combretum glutinosum. The first class from
0.1 to 0.6 m had more seedlings in the lands of Combretum glutinosum (31.9%) than in those of Piliostigma
reticulatum and Combretum glutinosum (21.7%) and Guiera senegalensis (20, 8%) (Figure 9). For the last two
classes (2.1 to 2.6 m and above 2.6 m), the number of seedlings recorded was low (below 10%) including 3% in
the lands of Piliostigma reticulatum and Combretum glutinosum , 8.3% in those of Guiera senegalensis and
4.8% in lands of Combretum glutinosum. Comparing the overall distribution of seedlings according to size (basal
diameter and height) with that in the lands of Piliostigma reticulatum and Combretum glutinosum, lands of
Guiera senegalensis and Combretum glutinosum, it was as if the distribution was carried by the lands of Guiera
senegalensis which was more densely populated in seedlings.
The Pearson correlation test is strong and significant at 5% in the lands between basal diameter and height.
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Figure 9. Distribution of seedlings according to height in the lands

4.

DISCUSSION

In the study area, it was sometimes difficult to know whether several emerging seedlings belong to the same
strain for species such as Combretum glutinosum , Guiera senegalensis ,Piliostigma reticulatum. There was also
considerable uncertainty by assuming that each of the many seedlings counted could become a shrub. Many authors
who worked in semi-arid raised this difficulty ([17]; [18]; [19]). Thus, to avoid an overestimation of the natural
potential regeneration, seedlings measured were used in data. The comparison showed that the lands of Guiera
senegalensis and Combretum glutinosum were respectively fitted in more seedlings than lands of Piliostigma
reticulatum and Combretum glutinosum. This is partly due to the topography factor ([3]; [20]). The lands of
Piliostigma reticulatum and Combretum glutinosum were characterized by an irregular relief (top and bottoms)
which promoted water erosion might be a constraint for the release and survival of natural seedlings. As for the land
of Guiera senegalensis and Combretum glutinosum, they were marked by a regular relief (flat), the middle could be
favorable to the development of seedlings due to its stability that would promote water infiltration into the soil. In
the Sahel, the topography factor has been identified as involved in generating the heterogeneity of population ([21];
[3]). In lands of Piliostigma reticulatum and Combretum glutinosum, it was found a more intense agricultural
activity compared to those of Guiera senegalensis and Combretum glutinosum. Almost all arable land was planted
which did not favor the recovery of the vegetation through natural regeneration ([22]). The human pressure was a
determinant of natural regeneration ([8]; [23]; [24]). One of the main causes of vegetation change is the gradual
occupation of the land by crops ([25]; [19]; [26]). Only shrubs that are able to regenerate relatively quickly lead to a
change in vegetation structure and composition ([27]; [28]).
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The separation of lands of Guiera senegalensis and Combretum glutinosum made on the basis of recovery,
demonstrated the importance of natural regeneration and was positively correlated with the importance of
recovery by species. This result confirms the conclusion of [11] Akpo and Grouzis (1996a) that cover favors the
regeneration of woody species.Tree improves edapho-climatic conditions in arid and semi-arid Africa ([29];
[30]). It acts favorably on microclimatic factors, improving the stock of water, and soil fertility, reduces
evapotranspiration ([31]; [32]; [5]; [33]).
Certain works indicated a dominance of seedlings that means a mode of reproduction essentially asexual
(vegetative) [19]; [6]. It is as if there were difficulties of regeneration by sexual reproduction. In other semi-arid
environments, studies have shown that vegetative regeneration is often known as an adaptation strategy against
disturbances and climatic changes of sexual species ([34]; [5]). However this mode of reproduction, as a result of
genetic erosion, is not favorable to the preservation and maintenance of plant populations. Also asexual
regeneration does not guarantee the spatial propagation of species at a comparable scale that would match that of
seeds [35]. The vegetative reproduction seems to reflect a pressure on the woody through various factors
(drought, predators, wildfires and other anthropogenic activities) [36].
Combretum glutinosum, Guiera senegalensis and Piliostigma reticulatum most represented adult species
[6], showed the highest regeneration rates with an essentially vegetative mode of reproduction. This regenerative
potential is related to several factors:
• existing species frequently abundant sprouting in the fields of culture, are cut each year during the clearing
([37]; [38]) but regenerate quickly [29];
• these species are not killed by farmers because of their multiple uses [39];
• although they are palatable to livestock [40], they are not their main forage in the study area;
• the comparison of changes in rainfall marked by a deficit ([41]; [42]; [43]) with the changes in the structure of
seedlings, showed that Combretum gluinosum, Guiera senegalensis and Piliostigma reticulatum, developped the
best strategies for adaptation to climate change.
Acacia macrostachya and Cordyla pinnata among the five most represented adult species are threatened
of disappearance. The natural regeneration of Cordyla pinnata is annihilated by the mechanization of agriculture
and early harvesting of fruit by populations [44]. Acacia macrostachya is often eliminated in the fields because
of its thorns and small branches curved towards the bottom that can impede agricultural mechanization. The
three species (Combretum glutinosum, Guiera senegalensis and Piliostigma reticulatum) that best regenerate did
not constitute the favorite fodder of animals so they are normally growing. It could confirm a study in the Sahel
region, which indicated the existence of a negative correlation between the distribution of diameter and height
for Maerua crassifolia (very palatable to livestock) related to grazing of seedlings [10]. The typology allowed us
to find three groups of homogeneous lands showing that the ecological subdivision did not match administrative
one (four rural communities).
CONCLUSION
The regeneration of the woody stand presented variability depending on the family, the size and lands.
Combretum glutinosum, Guiera senegalensis and Piliostigma reticulatum were species with good regeneration
potential. Their regeneration rates were significant. This natural regeneration was stimulated by their resilience
to disturbance and climatic factors (vegetative reproduction) and their management in the fields by farmers.
Cordyla pinnata and Acacia macrostachya among the five represented woody species in the environment were
facing regeneration difficulties. Action must be taken to preserve the species through: a) the promotion of natural
regeneration in fallow fields and b) the implementation of a participatory management strategy of classified
forests of Koungheul and Birkelane and the protected domain of Mousdalifa c) the development of production of
nursery of Cordyla pinnata.
Investigations should be prosecuted for a better understanding of different modes of regeneration and
dynamics of the three most represented species in seedlings.
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