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Abstract: In the middle and upper Casamance, the products of the baobab tree (Adansonia digitata L.) make an important 
contribution to the lives of the population. However, information on the status of baobab populations in this area is insufficient. 
The aim of this study is to characterise the baobab parks in this area from a biophysical point of view. To do this, the sample 
involved 756 baobab trees, 89 of which were in hut parks, 223 in villages and 444 in the bush. The parameters assessed on 
each baobab tree were circumference at 1.3m, total height, crown diameter, number of primary branches, distance between 
individuals, level of fruiting and signs of anthropisation. The data were subjected to an analysis of variance with the ANOVA 
test followed by the Student Newman Keuls test at the 05% threshold. The results showed a significant difference (Pvalue 
<0.05) between parks for each parameter except circumference at 1.3m. The village parks had the highest values for 
circumference at 1.3m (5.27±2.12m), for crown diameter (14.06±6.62m) and for distance between baobabs (19.12±8m). On 
the other hand, the tallest baobabs (37.79±8.93m) with the highest number of primary branches (22±14) are observed in the 
bush parks. According to the structural analysis, the majority of the parks (<50%) have large baobabs. The hut and village 
parks are dominated by the height and diameter classes of [25-35] m and [5-10] m respectively. On the other hand, in the bush 
parks, the most represented baobabs are found in the height <35m and diameter [1-5] m classes. Furthermore, the results on 
fruiting showed that bush parks have more baobabs with a high level of fruiting. Also, concerning anthropisation, high rates 
(more than 52% of baobabs) were noted for each type of park. These results show an ageing baobab population threatened by 
strong anthropic pressure. Thus, efforts should be made to ensure the survival of these baobab populations, which are essential 
to the life of local populations, through better management. 

Keywords: Park Types, Characterisation, Anthropisation, Fruiting, Management, Middle and Upper Casamance 

 

1. Introduction 

A lot of studies have highlighted the multiple and 
fundamental roles that wild plants, particularly woody 
species, play in the diet of populations, especially small-scale 
producers in sub-Saharan Africa [1-3]. The inclusion of these 
woody species in farmers' production systems reduces the 
risks inherent in agriculture [4]. These traditional land-use 
systems are known as 'agroforestry parks' [5]. Agroforestry 
parks are most often characterised by the dominance of one 

or more species. The baobab, Adansonia digitata L., is one of 
the main local multipurpose woody species in traditional 
agroforestry parks in Sahelian countries [5-7]. It is also one 
of the dominant species in West African agroforestry systems 
[8]. The baobab leaf is an excellent source of protein and 
contains all essential amino acids, as well as most non-
essential amino acids. It is also high in minerals and vitamins 
A and C [9]. The baobab also provides fibre (bark) used to 
make ropes, fodder for livestock (leaves) and medicinal 
products obtained from different parts of the tree and used to 
treat various diseases [9]. The tree is also recognised as an 
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important source of income, hence the special attention given 
to these products, especially the fruit, in national, sub-
regional and international trade [10]. In addition, the 
approval of the sale of baobab fruit pulp by the European 
Union (EU) and the United States of America (USA) has 
allowed formal access to the international market and offers 
opportunities for income generation for millions of people 
[11]. This renewed interest around baobab pulp explains the 
profusion of functional groups in Senegal, especially in the 
Regions of Kédougou, Tambacounda and Kolda, that are 
active around baobab resources [12]. 

Because of its growing importance, the baobab is among 
the species that are most exploited to satisfy the demand of 

urban centres and exports. Unfortunately, this exploitation is 
done with often inappropriate methods with the sole aim of 
satisfying the growing market demand. In 2013, at the 
beginning of this study, Adansonia digitata L. parks are 
threatened and are also in a state of degradation or even 
ageing [13, 9]. Thus, this study aims to characterise the state 
of baobab populations in the Middle and Upper Casamance 
of Senegal in order to better understand their evolution and to 
propose sustainable management solutions. The study was 
conducted at the end of 2013 in the natural regions of Middle 
and Upper Casamance, specifically in the administrative 
regions of Kolda (municipalities of Saré bidji and Ndorna) 
and Sédhiou (municipalities of Sakar and Bogal) (Figure 1). 

 

Figure 1. Location of the study sites. 

2. Methods 

2.1. Survey and Pre-inventory 

This phase consisted of locating the baobab parks and 
observing their different characteristics (Table 1). It allowed us 
to know the spatial distribution of the parks and their typology. 
This facilitated the choice of sites for this study. During this 
phase, surveys were carried out among rural populations, 
officials of the IREFs of Kolda and Sédhiou, and the municipal 
councils of the four targeted communes (two per region). All 
the parks selected were visited, mapped and characterised. The 
characterisation involved a visual assessment of the density 
(low, medium or high) and the type of park (hut, village or 
bush) in relation to the fields through direct observations in the 
field. Indeed, the hut fields refer to the space adjacent to the 
huts and which frequently receives organic manure and 

household waste. The village fields follow the hut fields, while 
the bush fields refer to those far from the village. 

2.2. Sampling 

The choice of parks was motivated by the existence of a 
high potential according to the size of the parks and the density 
of baobabs. Thus, the parks inventoried according to their 
topology are distributed according to regions, communes and 
villages. There are 4 hut parks with a total of 89 feet, 7 village 
parks with a total of 223 feet and 8 bush parks with a total of 
444 feet (Table 1). Specifically by Commune and by type of 
park, we have for the hut parks (PC): 3 in Saré Bidji with 89 
individuals spread over 5 ha, 1 in Bogal with 24 individuals 
spread over 1 ha. For the village parks (PV), we have 3 in Saré 
Bidji with 99 individuals spread over 9 ha, 3 in Ndorna with 
124 individuals spread over 8 ha, 1 in Sakar with 34 
individuals spread over 4 ha. For the bush parks (BP), we have 
1 in Ndorna with 36 individuals spread over 2 ha, 3 in Sakar 
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with 184 individuals spread over 7 ha and 4 in Bogal with 166 
individuals spread over 11 ha. 

Table 1. Location and type of park. 

Region Municipality Village Type of park 

KOLDA 

SARE BIDJI 

Marakissa Tobel Case 
Tandioufa Case 
Dianabo Case 
Boguel Village 
Tabassaye Yéro Village 
Sinthian Thierno 
Noumou 

Village 

NDORNA 

Bayoungou Village 
Yaou ndar Maoundé Village 
Sinthian Aliou Village 
Goumbantang Brousse 

SEDHIOU 

SAKAR 
Bougnadou Village + Bush 
Sinthian Fodé Bush 
Sinthian Maoundé Bush 

BOGAL 

Diopcounda Bush 
Fololo Birane Bush 
Saré ModiKa Bush 
Sénoba Bush + Case 

2.3. Parameters Assessed 

Depending on the size of the park, one to four one-hectare 
plots were surveyed. The plot is a 100 m square and its 
installation was marked with stakes. The straightness of each 
side is determined by sighting from the first stake in order to 
adjust the last one. The angles were obtained by the 
triangular method (3, 4, 5 i.e. adjacent side = 4 m, opposite 
side = 3 m and hypotenuse = 5 m). 

In each plot, all baobab trees were counted. Also, at the 
level of each individual, various parameters were measured 
and recorded. These are the circumference at 1.30 m, the 
diameters of the crown in two directions (East-West and 
North-South), the total height, the number of tiers (different 
levels of insertion of the primary branches on the stem) and 
the distance between baobabs (distance to the nearest 
individual). Qualitative data were also taken, including the 
assessment of the levels (absence, low, medium and high) of 
fruiting on each baobab and anthropogenic signs (pruning 
and/or trimming, debarking, death on the ground and others). 
Other information was noted in the plots, including the type 
of park (hut, village or bush) and disturbances (passage of 
fire, traces of grazing, crops, etc.). 

3. Main Characteristics of the Parks 

Studied 

3.1. Morphological Characteristics of Baobabs According 

to Park Typology 

3.1.1. Circumference at 1.3 m of the Tree 

Between the different types of baobab parks1, the analysis 
of variance of the circumferences at 1.30 m shows no 
significant difference (P value=0.051). The results indicate 

                                                             

1 Brousse = bush; case = case; village = village 

that the circumference at 1.30 m is higher in the bush parks 
with the lowest and highest values (Figure 2). 

 

Figure 2. Comparison of circumferences at 1.3 m between park types. 

3.1.2. Tree Crown Diameter 

According to the analysis of variance, the difference in 
mean crown diameter between park types is significant (P 
value=0.010). It shows two groups, 'a' for the bush and 
village parks which have the highest median value and 'b' for 
the hut park (Figure 3). 

 

Figure 3. Comparison of average crown diameters between park types. 

3.1.3. Total Tree Height 

The results of the analysis of variance show a significant 
difference (P value= < 2.2e-16) in total height between park 
types (Figure 4). The height of the individuals is significantly 
higher in the bush parks compared to the hut and village parks. 

 

Figure 4. Comparison of average total heights between park types. 

3.1.4. Comparison of the Average Number of Landings 

Between Park Types 

According to the analysis of variance, the difference in the 
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average number of landings is significant (P value=2.393e-
15) between, on the one hand, the bush park with the highest 
number of landings (group 'a') and, on the other hand, the hut 
and village parks which are in group 'b' with the lowest 
values (Figure 5). 

 

Figure 5. Comparison of the average number of landings between park 

types. 

3.1.5. Average Distance Between Trees 

Concerning the average distance between trees, there is a 
significant difference (P value=9.009e-06) between the parks 
(Figure 6). The village park has the highest values, group 'a', 
compared to the hut and bush parks, group 'b'. 

 

Figure 6. Comparison of the average distance between trees according to 

park types. 

Table 2. Summary of the different dendrometric characteristics of baobab park types. 

Type of park Circumference 1,3 (m) Tree crown diametre (m) Total height (m) Nomber of bearings Distance between trees (m) 

Casse 4.95±1,74 a 11.63± 5,52 b 27.28± 6,37 b 16± 6 b 15.11 ± 14,52 b 
Village 5.27± 2,12 a 14.06± 6,62 a 27.33 ± 7,57 b 14 ± 9 b 19.12± 21,79 a 
Bush 4.81 ±2,48 a 13.46± 6,48 a 32.79 ± 8,93 a 22 ± 14 a 12.80 ± 12,12 b 
Pr (>F) 0.05115. 0.01096 * < 2.2e-16 *** 2.393e-15 *** 9.009e-06 *** 

 
According to Table 2, the village park where baobabs are 

more distant from each other also has the largest 
circumferences at 1.3 m and the largest crown diameters. The 

tallest trees with the highest number of bearings are observed 
in the bush park. The hut park has the smallest crown 
diameters. 

 

Figure 7. Level of fruiting of baobabs in parks. 

Table 3. Correlation matrix of different dendrometric characteristics. 

 
Cir. 1.3 HT Dm Hp Distance Bearings 

Cir. 1.3 1.00 0.51 0.82 0.18 0.44 
HT 0.51 1.00 0.60 -0.01 0.37 
Dm Hp 0.82 0.60 1.00 0.18 0.43 
Distance 0.18 -0.01 0.18 1.00 0.16 
Bearings 0.44 0.37 0.43 0.16 1.00 

According to the results of the correlation matrix table 3, 
circumference at 1.3 m and DmHp are strongly related 
(r=0.82). The correlation between the other parameters is 

weak. 

3.2. Fructification According to Park Typology 

Figure 72 shows that the frequency of fruiting baobabs is 
very high (more than 75%) with levels varying from one park 
to another. This frequency of fruiting baobabs is low for all 
of the hut parks (80.9%) and for the majority of the village 
parks (40.3%). On the other hand, this level of fruiting is 
high in the bush parks for the majority (50.5%). 

                                                             

2 Fort = high; moyen = medium; faible = low;  
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3.3. Anthropogenic Pressure According to Park Typology 

According to figure 8, anthropic pressure decreases from 
hut parks (57.3%) to bush parks (52.3%) and village parks 

(55.2%). Depending on the type, the dominant anthropisation 
is debarking in the hut parks (31.5%) and bush parks (39.6%) 
and pruning in the village parks (29.6%). 

 

Figure 8. Types of anthropisation in baobab parks. 

3.4. Structure of the Baobab Population According to Park Typology 

3.4.1. Structure by Height Classes 

According to the structure of the baobab population according to height (Figure 9), the class [25-35m] groups together the 
highest frequency of baobabs in the hut and village parks. On the other hand, in the bush park, the highest frequency is 
observed in class 35>. 

 

Figure 9. Structures by height classes of park types. 

3.4.2. Structure by Diameter Classes 

The structure of the baobab population according to 
diameter shows that the class [5-10m] contains the highest 
frequency of baobabs in the hut and village parks (Figure 
10). On the other hand, for the bush park, the highest 
frequency of baobabs is in the class [1-5m]. 

3.4.3. Principal Component Analysis of the Variables 

Measured in the 17 Parks 

According to the PCA (Figure 11), axis 1 and axis 2 absorb 
more than 75% of the contribution of the variables; the 
values are recorded in Table 3. Bush parks are characterised 

by high baobab height (HT), a high number of tiers (NbreP) 
with larger distances between baobab stands. In contrast, 
village parks are the group of baobabs with the largest trunk 
circumferences at 1.3 m (Cir.) and the largest crown 
diameters (Dhp). The hut parks are those with intermediate 
values compared to the bush and village parks. 

It should also be noted that the height of the baobab, the 
number of bearings and the distances between the legs are 
positively correlated with each other, as well as between the 
diameter of the crown and the circumference of the trunk. 
The latter two parameters are negatively correlated with 
stocking density. 
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Figure 10. Diameter class structures of park types. 

 

Figure 11. PCA of variables measured in 17 baobab parks in Middle and 

Upper Casamance. 

4. Discussion 

The village park, in which the baobabs are more distant 
from each other, also has the largest circumferences at 1.3 m 
and the largest crown diameters. However, according to the 
results, the correlation between distance and girth at 1.3 m is 
weak (r= 0.18). It is in this park where agriculture is well 
practised that Dossa and al. [15] point out the negative 
perception of its presence in the fields due to competition 
with crops because of the size of its crown and the 
importance of its vital space. For this reason, farmers in the 
area leave large distances between baobabs and often prune 
and/or cut them back in order to reduce this competition 
between baobabs and crops, and to favour the acquisition of 
nutrients and light. These large distances between baobabs 

favour the enlargement of their crowns and are at the origin 
of the larger crown diameters observed in the village parks 
despite the pruning carried out. 

The bush parks have the highest baobabs with the largest 
number of tiers and smaller distances between them. This 
small distance between baobabs could be supported by the 
colonisation theory of Jansen and Connel [16, 17]. According 
to the Jansen-Connell model, this high density of adult trees is 
due to the increased density of seeds, which are sheltered from 
predators that are more inclined towards open spaces [16]. 
Such a situation would also mean good natural regeneration 
despite the high densities. It would also be the reason for the 
tendency of individuals to grow preferably in height with the 
greatest number of branches. This is because competition 
between baobabs is very fierce, hence their propensity to grow 
tall. Similarly, bush parks have a higher level of fruiting 
compared to other parks. This could be due, on the one hand, 
to the low level of pruning and/or pruning (12.6%) compared 
to hut parks (25.8%) and village parks (40.03%). It is noted 
that trees prized for their leaves are frequently mutilated to 
prevent them from producing flowers [9], which reinforces 
Savard's [21] statement that the injuries resulting from leaf 
collection disrupt the growth and reproduction of the baobab. 
On the other hand, due to the proximity of resources, pruning 
and/or trimming is generally early and severe in village and 
hut parks, whereas it is partial in bush parks. Thus, the 
perception of farmers is that the baobab only bears fruit when 
it is growing in the bush parks according to Bationo and al. [7]. 

As far as the hut park is concerned, it has the smallest 
diameters of the tree canopy mainly because of pruning for 
reasons of leaf collection, or safety so that they do not fall on 
the huts under the influence of the enormous amount of 
biomass and wind. Moreover, it is the most anthropised park 
with 57.3% of baobabs compared to village (55.2%) and 
bush (52.3%) parks. These results support Bationo's [14] idea 
that access to baobab park products depends on the type of 
park, the products sought and family rules. Furthermore, 
these results on anthropization rates are higher than those of 
the baobab parks of Bala, Koussanar (Tambacounda) and Dar 
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Salam (Kédougou), in Senegal, where the anthropization 
intensity amounts to 33%, 26%, and 42% respectively 
according to Sanogo and Tamba [18]. This shows the extent 
to which the parks of the Middle and Upper Casamance are 
anthropised and therefore threatened. 

Furthermore, according to Tassin [19], in anthropised parks, 
an absence of young baobabs is often observed. This is in line 
with the baobab population structures in our results. Indeed, a 
very weak regeneration in village parks as well as in bush 
parks, or even absent in hut parks, was observed. This 
weakness or absence of young baobabs is due to the ageing of 
baobab populations whose renewal is not ensured by the weak 
natural regeneration and the absence of artificial planting. 
Indeed, baobab cultivation remains influenced by multiple 
socio-economic constraints [14, 7]. The time needed for the 
tree to start producing fruit, the optimism of the populations on 
the inexhaustible character of the resource and the existence of 
certain mystical beliefs constitute, in general, major obstacles 
for the local populations to plant and maintain young trees. 

Similarly, species whose fruits are consumed, as is the case 
for baobab, generally encounter regeneration problems [20]. 
This is why Bationo and al. [6] point out that artificial 
regeneration of baobab remains marginal in the Sahel. 
Moreover, in most of the range where the trees are included 
in production systems, baobab populations are reportedly 
declining because young plants and stems do not receive 
sufficient protection to ensure their survival [9]. Another 
aspect, namely land tenure, could be a blocking factor. 
Indeed, according to Savard [21], in the Sahel planting a tree 
is a complex act, as planting a tree often means acquiring the 
land where it is planted. This is always a conflictual situation 
and not easy to overcome. 

5. Conclusions 

The study made it possible to characterise the baobab 
parks of the Middle and Upper Casamance. It should be 
noted that the results obtained show the typology of the parks 
and their state of degradation. Indeed, the results show three 
types of parks: hut, village and bush. The dendrometric 
characteristics measured (diameter, height, crown and 
number of branches) on baobabs showed significant 
differences between these three types of parks. Moreover, in 
all park types, the dominant baobabs are found in the last 
diameter and height classes, indicating an ageing population. 
In addition, anthropic pressure (pruning and/or trimming and 
debarking) is high on all baobabs, with harvesting methods 
associated with bushfires, overgrazing and field work that 
remain inappropriate for the survival of the species. These 
inappropriate methods negatively influence baobab 
productivity, especially fruiting, which is why the level of 
fruiting is higher in bush parks than in hut and village parks. 
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