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Abstract

This study was to assess the effect of bush fires and human actions on the set-
tlement status of the shea tree in cropping systems. It was carried out using
three farming systems as treatments in which randomized plots were set.
Thus, dendrometric data were collected from the shea trees. The sampling
concerned twelve plots of 0.5 ha (100 m x 50 m) each and the number of
adults of shea trees and that of the regeneration per plot was recorded. For-
ty-five (45) species divided into 20 families and 36 genera have been identi-
fied, with a decreasing number ranging from unburned fallow to fields through
burnt fallow. From these results, it emerges that the young shea plants are
predominant in the unburned fallow. The mapping using geographic coordi-
nates showed that the shea tree gradually aggregated in the fallows with a
higher density. Actions must then be taken to support farmers in the domes-
tication and protection of the shea tree for its effective conservation in crop-
ping systems.
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1. Introduction

The shea tree (Vitellaria paradoxa), belonging to the Sapotaceae family is also
known as Butyrospermum parkii (G. Don) Kotschy. It has been widely used for

many purposes of which the most important applications are food and cosmetics

[1]. All parts of the tree (root, bark, leaf, nuts, etc.) are used for medicinal pur-
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poses along with remarkable socio-economic importance [2] [3].

However, in Burkina Faso, the landscape is dominated by Shea parks which owe
their existence and structure to human intervention [4]. These actions combined
with the effects of drought and the environments are factors threatening the spe-
cies of survival. Indeed, V. paradoxa is one of the species that suffer from the neg-
ative effects of tillage for farmland development [5], considerably reducing its
natural regeneration rate. This does not ensure the sustainability of this species.
Thus, woody parks including those of shea trees are experiencing profound evo-
lution between disappearance, degradation, extension or rarely regeneration [6].
The fruit production and the growth of shea trees are affected as a result of a de-
creased plant density. In fact, in 1946 (Chevalier), the Shea tree density was es-
timated at 230 trees per hectare. Currently, it was estimated at national level to
30 plants/hectare [7].

Thus, it is essential to develop methods to improve the shea park manage-
ment. Therefore, this study was initiated to evaluate the shea tree state of settle-
ment according to the cropping systems in Burkina Faso [rural commune of Kom-

ki-Ipala (Tampoussoumdi)].

2. Material and Methods
2.1. Study Site

This study was conducted in the conservation area of Tampoussoumdi village
(12°11'36" North 1°41'13.9" West) which is located in the rural municipality of
Komki Ipala. The latter is part of Kadiogo province (12°20'00" North, 1°30'00"
West) in the Central region of Burkina Faso, belonging to the Sudano-Sahelian
zone. With a surface area of 205.5 km?, the city is at 40 km far away from Oua-
gadougou in Ouagadougou-Bobo-Dioulasso axes and covers 18 villages. Accord-
ing to the general population and housing census [8], the population of Tam-
poussoumdi was estimated to 598 inhabitants and composed of 119 households
with 281 men and 317 women. The main activity of the said town is agriculture.
The main ethnic groups were Mossis, Gourounsis, Gourmantchés, Samos, Bis-
sa... They were mainly catholics, muslims, protestants and animists [9]. The
climate is tropical with two seasons which are the rainy season from June to
September characterized by the wet monsoon winds and the dry season from
October to May, dominated by Harmattan winds with an average temperature of
29°C (Figure 1). During the dry season, it is also observed an average tempera-
ture ranging from 17°C and 42°C between December and February. Average
annual rainfall is between 600 and 900 mm (Figure 2).

The land is relatively flat with small, non-armored, non-rocky elevations. Soils
are generally shallow and not very fertile of the tropical ferruginous type, suita-
ble for the farming of cereals [11]. The study site is a shrub savannah characte-
rized by woody species of which the most frequent were from the genus as Lan-
nea, Vitellaria, Combretum etc. This site, which is an agro-pastoral farm (fallow)

has an appropriate fencing which provides its protection and promotes the
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Figure 1. Temperature variation in the central region (Ouagadougou) [10].
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Figure 2. Variation of rainfall in the central region (Ouagadougou) [10].

development of abundant vegetation. The farm delimitation has been made since
2010 and the entire fence is made of barbed wire protection since 2011. Despite
this protection, some disturbances in the park are observed and caused by acci-
dental bush fires concerning some part of the fallow. These fires caused exten-
sive damage to the shea trees and shrubs. In general, the vegetation on the site is
exposed to a constant degradation due to multiple human pressures, progres-
sively by extension of farmlands, fodder and wood cutting by the surrounding

populations and the growing urbanization.

2.2. Floristic Inventory

An inventory was carried out in unburned fallow, burned fallow and in the agri-
cultural fields. A sampling device used is a one-factor plan which considers crop-
ping systems (fallow, agricultural fields). It consisted of three plots (PC = field,
JNB = unburned fallow, JB = burned fallow), with an area of two hectares (2 ha)
per plot. Inside, each plot was placed 4 rectangular plots (100 m x 50 m) [12],
and according to Thiombiano ef a/ [13], the minimum area is estimated at 2500
m?. The lengths and widths of the plots were measured using two metric tapes to
50 m in length metric tapes. Thus, for a better precision of the limits, the GPS
coordinates were recorded at the level of the corner of each plot. This device is
composed of twelve (12) plots (6 ha) randomized on which the dendrometric

data were collected.
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2.3. Data Collection and Processing

Data collection consisted of identifying and mapping all individuals of the shea
trees present in all the plots and measuring the dendrometric parameters. These
parameters were the plant height (estimated visually), the diameter (recording at
a height of 1.30 m above the ground). State of regeneration of shea was assessed
by counting all the juvenile individuals (plants with a diameter less than or equal
to 5 cm and height less than 1.30 m). Geographic coordinates were used to ana-
lyze the spatial distribution of the shea trees species model [14]. Density (N) is
the average number of standing individuals estimated per hectare was calculated

according to the formula (for the Shea tree): N = E; : number of individuals
S

and s the area covered (ha).

2.4. Statistical Analyzes

Data were statistically analysis with the statistical software XLSTAT 2019. When
the variable from which the sample is drawn follows a normal distribution and
the samples variances are homogeneous, the data are analyzed using a one-way
analysis of variance (ANOVA) and the variables means were compared using the
Newman Keuls test (p < 5%). All other data were analyzed using a Kruskal-Wallis
test and row means were compared using the Conover-Iman test (p < 5%).

3. Results

3.1. Structure

Statistical analysis on dendrometric parameters showed that the average plant
height varied among the studied farming systems (Figure 3). The lowest values
of the plant height were observed for JNB.

Considering the diameter of V. paradoxa, results indicated a predominance of
individuals with a small diameter ([1 - 5[ cm) in JNB farming systems (76 indi-
viduals) while individuals with large diameter ([25 - 50[ cm) were found in the

PC farming system (Figure 4).
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Figure 3. V. paradoxa vertical structure based on height classes. PC: field, JNB: unburnt fallow,
JB: burnt fallow. For each cropping systems, data followed by the same letters are not signifi-
cantly different according to the Newman-Keuls test (p > 0.05).
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Figure 4. V. paradoxa horizontal structure based on height classes. PC: field, JNB: un-
burnt fallow, JB: burnt fallow. For each cropping systems, data followed by the same let-
ters are not significantly different according to the Newman-Keuls test (p > 0.05).

Figure 5 shows a spatial distribution of the shea in fallows (a and b) and in the

agricultural field (c).

3.2. Shea Stands Density and Regeneration

Table 1 shows the shea tree density and regeneration. The average density was
found to be high in JNB (199 plants/ha). With regards to the number of juvenile
plants recorded, it varied from farming system to another. Conover-Iman test
showed a significant difference for natural regeneration and density between the
fallows and fields (P < 0.05). The lower values of regeneration rate (3%) were
obtained in agricultural fields (PC).

4. Discussion

V. paradoxa dendrometric characteristics statistical analyzes showed that the
most vigorous individuals in terms of diameter and height found in the PC.
These results are linked to the aging of the aging of the trees. These results are
linked to the aging of the trees. However, previous studies showed that this di-
ameter and height growth are attributed to the maintenance provided by farmers
to shea trees during agricultural works [15] [16] and anthropophilic preferences
for the species. But the low proportions of individuals of small diameters ob-
served in the fallows are explained by their adaptation to their ecological envi-
ronment and the competition for light and space. [17] [18]. This also corrobo-
rates the results of [19] [20], who showed that shea is a species frequently en-
countered in association with other woody species such as Detarium microcar-
pum, Piliostigma tonningil, Lannea microcarpa etc., but who likes light, open
and aerated areas. As shown in the histograms, it was confirmed that young in-
dividuals of V. paradoxa were abundant in JNB, compared to that of fields. In-
deed, more than 75% of shea trees were found in the diameter classes [1 -

10[ cm, thus reflecting its good regeneration. These results are in agreement with
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Figure 5. Shea individuals distribution in burnt fallow (a), unburned fallow (b) and in the
field (c).

Table 1. Means of shea stands according to cropping systems.

Treatments Adult individuals Natural regeneration Density (shea trees number/ha)
JNB 47.25 + 25.55° 51.75 + 35.96° 199 + 106.20*
JB 22 +24.04° 36.5 + 31.25° 117 + 109%®
PC 12.50 + 4.80° 45+24" 34 +11.70°
Significance level NS P =0.015 P=0.024

NS: No significant; PC: field, JNB: unburnt fallow, JB: burnt fallow; For each cropping systems, data fol-
lowed by the same letters are not significantly different according to the Conover-Iman test (p > 0.05).

those of Palmerg (1985) reported by Diarrassouba et al [21] and of Gnonlon-
foun et al. [22], which showed that finding a plant with a diameter greater than 5
cm among forest species indicates a good natural regeneration. However, in this
study, the large number of shea tree regeneration could be as a result of the pro-
tection which has been provided for the fallows. On the other hand, the observed
low numbers of individuals in other classes, particularly in the height class [1 -
2[ m [which is an important stage of survival and growth in the plant species re-
placement process according to [23]], revealed a high mortality of the shea tree
in JB and PC. This mortality could be seen as a result of the negative effects of
bush fires on vegetation and other human actions on the juvenile plants [24].
Similar results were found by Ouoba et al [25], highlighting the detrimental ef-
fects of bush fires, combined with the reduction in rainfall patterns on plant spe-

cies and its juveniles particularly. This was also confirmed by the means com-
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parison test (p < 0.05) which indicates significant differences between the stu-
died systems with regards to the shea tree juvenile stratum and justifies the pre-
vious results on bush fires, which allow the destruction of young plants. Similar
results were found by Kaboré et al [2] who also pointed out that these fires in-
duce natural abscission during the dry season despite a fairly deep-rooted system
of the shea tree. This agrees with Yelemou et al [26] results on Piliostigma, who
highlighting that these fires stand for real threats in the regeneration of woody
species.

In contrast, the complete lack or the low replacement rate of adult shea trees
in the agricultural fields suggests that there was no regeneration, yet that the few
remaining seeds after fruits collection germinate and yield to juvenile plants
which do not grow properly in this environment. Thus, the observed low rege-
neration in the agricultural field could be as a result of an important fruits col-
lection along with the occurrence of agricultural practices (removal of plants
because of its slow growth which is not favorable for farmers protection) and the
difficulty of young plants to survive during the dry season. Thus, studies of Ouoba
et al. [27]; [13] showed that lands clearing for agriculture is one of the factors
interacting with the potential for regeneration of plant species leading to a low
density, hence the aging of individuals. Further, it was observed that the shea
tree density decreased from the fallow to the agricultural fields. This is because
fruits collection by farmers was more important in the fields than that in the fal-
lows, leading to this regressive dynamic in the fields. The lack of plant protection
also affects the spatial distribution of the species, which remains random in the
fields while tending to be aggregated in the fallows [22] [28]. This was supported
by Kelly et al [29] showing that the distribution of plants tends to be more aggre-
gated as the farming systems changed from fields to fallows, explaining the aging
of the shea trees. Thus, in order to contribute to the better regeneration of the
shea tree, it would be necessary to reduce fruits collection and to prevent bush

fires which are important steps for its protection.

5. Conclusion

This study revealed that the density of the shea tree is decreasing from the fal-
lows to the field in Komki Ipala. Bush fires, anthropogenic disturbances, and es-
pecially fruit collection remain the main factors leading to this decreasing plant
density along with the aging of the shea tree. However, the representativeness of
the recorded regeneration in the fallows as a result of a certain protection could
ensure the shea trees replacement, provided that factors limiting the aging of this
species are effectively challenged. Thus, to fight against the aging of shea parks,
we suggest that the protection of young plants to reach a less vulnerable stage
with a sufficient plant height should be considered through monitoring. More
efforts should also be provided in protecting the shea trees by building up good
fencing systems for the fallows. This would show the importance of protected

fallows in the shea trees restoration and the species conservation.
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