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Abstract

The study, which covered "study the dynamics of the Minawao vegetation cover and its surroundings (Far North,
Cameroon), took place in five villages: Minawao, Gawar, Sabongari, Windé and Zamay. The main objective was to help
manage the impacts of populations on the Minawao vegetation cover and its surroundings in order to improve the living
conditions of refugees and local populations. In each village, floristic surveys were carried out in 5 plants formations
(shrub savannabh, forest gallery, tree savannabh, field and dwellings). For satellite images, the 14-year interval (2006 to
2020) was retained. Analysis of the data identified 23 species, 21 gender and 14 families over the 120 hectares of study
area. The annual rate of regression indicates that the village of Minawao and the river side villages are experiencing
more degradation after the settlement of refugees than before, with their respective regression rates of -10.81 ha/year
and -8.93 ha/year. The maximum carbon is stored by Acacia albida (11.77 tC/ha) and Tamarindus indica (8.11 t/ha).
The total amount of carbon in this area is 32.32 tC/ha.
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1. Introduction

The dynamics of the vegetation cover occur in any plant space in a natural way [1]. However, this dynamic phenomenon
can become problematic when masses of people settle in a space and enhance the natural resources there [2]. It is along
the same line as Rabiou et al. [3] point out that refugee’s camps, where large numbers of people settle, and experience
considerable environmental degradation. According to the United Nations High Commissioner for Refugees (UNHCR),
the density of refugees associated with that of indigenous people leads to a significant transformation of the vegetation
in the areas of their settlement [4].

The dry zones of Cameroon in general and the semi-arid region in particular have undergone significant socioeconomic
and cultural changes over the past decades, accompanied by rapid transformations of rural landscapes. Despite these
different changes, populations, for the most part poor, depend on natural resources for their well-being [5]. Research
on the assessment of floristic diversity to date has often been more focused on natural ecosystems such as protected
areas [6], grazing areas and very little in anthropized systems [7]. Other studies have been carried out on the impact of
refugees on the dynamics of the vegetation cover, such as those of Black [1] on the environment and refugees in sub-
Saharan Africa, of Florence [8] on the migratory effects in the East of Chad, of Bodel [2] on land use by refugees in the
eastern region of Cameroon and those of Rabiou et al. [3] on the impact of refugees on the exploitation of wood
resources in the Diffa region of Niger, hence the following problem: problems such as the lack of firewood, the decline
in production, climate change and conflicts between the refugees and the natives of the neighboring villages (Zamay,
Sabongari, Gawar, Windé) also arise in this locality for the acquisition of wood and soil [9]. The main objective of this
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study is to contribute to the management of the impacts of the populations on the plant cover of Minawao and its
surroundings in order to improve the living conditions of the refugees and local populations and to restore degraded
lands. specifically, to: i) show the influence of the effects of human activities on the vegetation cover of Minawao and
the neighboring villages, ii) study the effects of anthropization on vegetation regeneration, iii) study the dynamics
spatio-temporal vegetation cover and iv) assess the effects of human activities on carbon sequestration of the vegetation
cover.

2. Material and methods

2.1. Study zone

The study was carried out in 5 villages (Gawar, Minawao, Sabongari, Windé and Zamay) south of Mokolo Minawao,
which are located in the Far North region of Cameroon, precisely in the Department of Mayo Tsanaga between 10 °
33'38 ", North latitude and 13 ° 51'25 ", East longitude and altitude 595 m [10]. The climate in the area is Sudano-
Sahelian. The soils are mainly represented by weakly evolved arenas and soils with a hydromorphic tendency in alluvial
lowlands, due to a hydrographic network that is sometimes poorly hierarchical [11]. The plant formation is
predominantly shrubby and woody, mostly thorny. In general, it consists of species such as Acacia albida, Acacia seyal,
Acacia nilotica, Ficus spp., Tamarindus indica, Azadirachta indica, Anogeiossus leiocarpus, Ziziphus mauritiana. These
species serve mainly as shade trees in fields, as a source of fuelwood and timber [12].

2.2. Methodology

Concerning the identification of the different factors of the dynamics of the vegetation cover around Minawao and the
four riparian villages, four transects of 15,000 mx 20 m following the directions of four villages (Gawar, Sabongari,
Winde and Zamay) were delimited using wire from Minawao. This method was applied successfully by Doulkom [13]
in a refugee camp in Burkina Faso. Systematic sampling was carried out along each transect from Minawao to assess
the spatial dynamics of the vegetation as one moves away from the Refugees Camp. Three repetitions are performed
from right to left of each transect. In each 15,000 m x 20 m plot, all the species are inventoried. Concentric circular plots
of 4 m, 14 m and 20 m radius were used for the vegetation surveys. In fact, circular-shaped plots are used for forest
inventories in Burkina Faso [14,15] and to characterize the vegetation in the savannahs in Senegal [16] and in the
Miombo in the DRC [17].

The satellite data were obtained from ETM+(Enhanced Thematic Mapper Plus) sensors, because they offer a resolution
indicated for the detection of land cover elements at the local scale [18]. The annual average spatial expansion rate (T)
is evaluated by: T = ((InSj-InSi)) / ((t x Ine)) x100. Where t is the number of years of evaluation; Si and Sj respectively
the areas of the class for an old year i and for a more recent year j; In, the natural logarithm; Ine, the natural logarithm
of e (its base) = 1; (e = 2.71828). The calculation of theoretical values of projection of the different surfaces (Sp) in time
and given by the following formula: Sp= ((Txtx Ine))/((100+InSi)). Where Sp is the projection area, t the number of years
of projection; T the average annual rate of spatial expansion; If the area calculated in a more recent year; Ine, the natural
logarithm of e (its base) = 1; (e = 2.71828). In order to know the rate of variation of the identified land use categories,
the following formula was used: As= ((SP2-SP1))/ ((t2-t1)). Where: As=Speed of variation (extension or regression in
ha/year); SP1=Area occupied by the occupation category considered in year 1 (ha); SP2=Area occupied by the
occupation category considered in year 2 (ha); t1=year 1; t2=year 2.

2.3. Carbon estimation methods

The aerial carbon stock is given by: QCv = B x Cv with: QCv or QCaerial=vegetation carbon (tC/ha), B=Biomass (t/ha)
and Cv=vegetation carbon concentration (0.5). To determine the amount of carbon in the root phytomass, we used the
formula used by Ibrahima et al [19]. QCr = Br x Cv. With: QCr=root carbon (tC/ha); Br=Root biomass (t/ha);
Cv=vegetation carbon concentration (0.5). The total carbon value was quite simply obtained by summing the quantities
of carbon of all the components of each type of plant formation by: QCtotal=QCaerien+QCracinaire

3. Results and discussion

3.1. Factors impacting the vegetation cover of Minawao and neighboring villages

The manifestation of factors in the villages is variable from 56.37+28.02% (Windé) to 73.49+18.89% (Minawao). The
analysis of variance shows a significant difference between the different villages (p<0.001) as well as between the
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impact factors (p<0.0001). Based on the above, the factors of degradation of the vegetation cover are more present in
the village of Minawao (73.49+18.89%) and Gawar (65.14+23.56%). Their proximity to the Minawao refugee camp
could be the reason for these higher degradation factors compared to other study sites.

Among the factors influencing the dynamics of the vegetation cover, logging (99.62+0.60%) is the main cause of the
degradation of the vegetation cover in Minawao and the other surrounding villages. This is followed by the high density
(82.06+10.18%) of refugees at the Camp. According to the populations surveyed, the vegetation cover of Minawao and
the surrounding villages has experienced an aggravated loss of species since the arrival of the refugees. The duration of
the Camp could also be a factor which increases the impact of the refugees on the vegetation cover (78.40£7.91%). This
result is in agreement with that of Florence [8] in eastern Chad, who found that the displaced use resources in their host
country abusively more than in their own country.

Table 1 Factors impacting the environment

Impacting factors | Gawar Minawao Sabongari Winde Zamay Average
Density of refugees | 100 89,59 80 69,4 71,32 82,06+10,18b
Camp life 70 81,1 69,33 76,1 96,5 78,40+791c
Agriculture 52,1 75,33 61,45 45,98 72,1 61,39+7,09d
Craftsmanship 15,07 11,32 13 14,08 25,34 15,76+3,83e
Breeding 45,77 69,55 30 10,98 21,34 35,52+17,70d
Wood cutting 100 98,1 100 100 100 99,62+0,60a
Average 65,14+23,56d |73,49+18,89c |63,22+24,35d | 56,37+28,02bc | 64,8+23,69d | 64,60+23,18d

Means followed by the same letter are statistically identical (p <0.05).

3.2. Diameter distribution of species in plant formations in villages

The stand shows a high density between the diameter classes] 0.15] and] 0.15-0.30] meters. The village of Zamay as
demonstrated previously shows the best distribution of individuals whose density varies between 10.23 stems/ha and
47.04 stems/ha. While the village of Minawao indicates a low density of individuals relatively low on all distribution
classes whose values of individuals evolve from 2.18 stems/ha to 30.07 stems/ha. In the sense that Rabiou et al. [3]
asserted that the analysis of different forms of pressure shows that for all indicators, the frequencies are higher at the
level of the refugee camps than at the level of the indigenous villages. The "L" structure of the graphic reflects the
presence of numerous stems of the future or that have been subjected to anthropogenic activities [20]. In the shrub
savannah, the number of individuals at all intervals varies between 1.65 stems/ha and 71.81 stems/ha). In the forest
gallery, this density varies from 1.90 stems / ha to 76.20 stems/ha. At the level of cultivated land and habitat, the
distribution of individual diameters is relatively small. The analysis of variance shows a highly significant difference
between the densities of inventoried individuals in each village (0.0001<0.05).
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Figure 1 Diametric classes of species according to villages (a) and plant formations (b)
Ss: Shrub savannah, Fg: Forest gallery, Fi: Field, Dw: Dwellings, Ts: Tree savannah

3.3. Vertical structure of plant species in villages

The woody flora of the study sites, 23 species were identified and grouped into 21 genera and 14 families on the 120
hectares of study area. The Zamay wooded savannah is more diverse with 21 species, 20 genera and 13 families.

Individuals belonging to the class [<0.5[are the most represented on the graph. These individuals whose height is less
than 0.5 represent 690.57 stems / ha, or 49.16% of all individuals. The very low percentage of individuals above 0.5 m
could be linked to the cutting of fuel wood in the area. The analysis of variance shows a significant difference between
the different villages (p<0.0097).

In the shrub savannah, the density of individuals varies between 6.89 stems/ha and 130.08 stems/ha. The analysis of
variance shows a highly significant difference between the different villages (P<0.00001). In terms of cultivated land,
this density varies from 2.13 stems/ha to 131.72 stems/ha. In the forest gallery and in the wooded savannah, the
maximum values are respectively 134.01 stems/ha and 146.41 stems/ha. This result revealed less ecological diversity
in all the villages compared to that of Kemeuze [5] in the same ecological zone in the Mandara Mountains.
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Figure 2 Height of the plant population as a function of villages (a) and plant formations (b)
Ss: Shrub savannah, Fg: Forest gallery, Fi: Field, Dw: Dwellings, Ts: Tree savannah

3.4. Dynamics of species regeneration in the vegetation cover

Concerning the different villages, the number of suckers varies from 90.6+48.72 ind/ha in the Minawao formations to
206.2194.24 ind /ha in those of Gawar. In plant formations, the number of rejections varies between 65.2+23.76 ind /ha
in dwellings and 262.8+61.76 ind/ha in wooded savannahs. The analysis of variance shows a significant difference
between the different plant formations of the villages (p<0.00001). Apart from the cutting of fuelwood and barking,
precipitation and fires are also factoring in the significant forest dynamics of the restoration of savannahs [21]. These
results also corroborate with those of Tchobsala et al. [22] where Daniellia oliveri and Hymenocardia acida for example
regenerated very quickly and in abundance after logging and especially with the passage of fire in the peri-urban
savannahs of Ngaoundere.

Table 2 Regeneration of species according to villages and plant formations

Plant formation | Gawar Minawao Sabongari Winde Zamay Average

Ss 289 121 134 201 207 190,4+50,32a
Fg 105 57 92 67 74 79+15,6d

Fi 359 182 231 221 321 262,8+61,76a
Dw 197 61 156 113 125 130,4+36,88b
Ts 81 32 91 83 39 65,2+23,76cd
Average 206,2+94,24a | 90,6+48,72c¢ | 140,8+42,16b | 137+59,2b | 153,2+88,64b | 727,8+27,31
Ss: Shrub savannah, Fg: Forest gallery, Fi: Field, Dw: Dwellings, Ts: Tr::g.?)as\;?nnah; Means followed by the same letter are statistically identical (p

3.5. Dynamics of land use in Minawao and its surroundings between 2006 and 2013

Figure 3 shows the evolution of the impacts of local populations before the arrival of the refugees. This evolution leads
to a progression of other types of plant formations such as grassy savannah from 26,308 ha (2006) to 28,568.24 ha
(2013) and the steppe from 4,138.8 ha (2006) to 6,351.17 ha (2013) to the detriment of other classes. This reflects the
dynamic experienced by this environment between these two dates. However, these two images clearly show changes.
The 2006 image shows homogeneity of spots, 7 years later (2013), the spots have become heterogeneous.
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Figure 3 Dynamic of land use in Minawao and surrounding from 2006 to 2013

Reading Table 3 shows that the area of grassy savannah, steppe and built-up areas experienced a substantial increase
between these two dates with respectively an evolution rate of 2.08%, 2.61% and 1.10%. While shrub savannabhs, tree
savannahs and forest galleries have seen their areas regressed with a respective evolution rate of -4.44%, -1.63% and -
1.09%. Our results are similar to those of Bidossessi et al. [23], obtained between 2000 and 2016, of which natural plant
formations such as wooded and shrub savannahs, dense forests, open forests and wooded savannahs have lost areas in
favor of highly anthropized environments in Benin. The steppe and the built-up areas experienced the greatest growth
between 2006 and 2013 with respectively 4.89% (4,138.85 ha) and 1.86% (1,574.05 ha) in 2006. They rose to 7.50%
(6351.17 ha) and 2.96% (2505.06 ha) in 2013. While shrub savannahs, wooded savannahs and forest galleries show a
regression with a respective evolution rate of -4.44%, - 1.63% and -1.09% in 7 years. This marked decline can be
explained by the increasing increase in the local population, agricultural practices and the cutting of firewood. The
annual rate of decline observed in woody formations is approximately -7.16% during the period 2006-2013. This result
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is much lower than those obtained in the forest formations of Benin, this rate was evaluated at -1.2% for the period
from 1990 to 1995 [24] and at -1.8% for the period 19862005 [25].

Table 3 Evolution of the vegetation cover of Minawao and its surroundings from 2006 to 2013

Area Area Evolution |Evolution

(ha) in (ha) in rate in 7 |rate in 1 |Simulation in
Classes 2006 % 2013 | % years year 14 years
Bare ground 4708,3 5,56 5404,3 | 6,38 0,82 11,74 164,4
Grassy savannah | 26308 31,08 28068 |33,15 2,08 29,7 415,8
Shrub savannah 27781 32,81 24021 |28,37 -4,44 -63,4 -888
Tree savannah 12930 15,27 11546 |13,64 -1,63 -23,3 -327
forest galleries 5759,8 6,8 4839,1 |5,72 -1,09 -15,5 -218
Steppe 41389 |4,89 6351,2 | 7,5 2,61 37,33 522,6
Surface water 440,55 0,52 467,01 | 0,55 0,03 0,45 6,25
Burn 1020,1 1,2 1458,2 1,72 0,52 7,39 103,5
Frame 1574,1 1,86 2505,1 2,96 1,1 15,71 219,9
Total 84660 100 84660 |100

3.6. Dynamics of land use in Minawao and its surroundings between 2013 and 2020

The changes observed mainly affect the density of tree cover. The degradation process presents a very significant spatial
differentiation depending on the management mode implemented. The regression of plant cover mainly concerned
shrub savannahs. The 2020 map also shows an increase in the number of colors by decreasing the size of the spots.
These results highlight the spatial influence of agricultural production activities, agro-pastoral activities and the
frequency of bush fires in 2020. The phenomenon of environmental fragmentation affects most regions and its
importance has increased due to development. This phenomenon has been recognized as a major ecological risk [26].
The evolution of deforestation affects almost all vegetation cover. However, some classes (bare soil, shrub savannah,
etc.) have increased.

Source: image Lavdsat OLI, 2013
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Source: Image Landsat OL), 2020

Figure 4 Dynamic of land use in Minawao and surrounding from 2013 to 2020

Reading Table 4 shows that the area of bare soil, grassy savannahs, steppes, burns and built-up areas has increased
between 2013 and 2020 with respectively an evolution rate of 4.19%, 3.36%, 2.59%, 1.65 and 3.34%, and an annual
expansion rate of 59.91%, 47.97%, 36.96%, 27.52% and 47.74% respectively. While shrub savannah, tree savannah,
forest galleries and surface waters have seen their surface areas regressed with a respective evolution rate of -7.26%, -
4%, -3.69% and -0.18% and an annual expansion rate of -103.66%, -57.19%, -52.65% and -2.59% respectively.

There are areas of both progression and regression. The most degraded areas are those closest to Minawao, which is in
line with the classic area model of deforestation. The annual rate of decline observed in plant formations is -15.13%
during the period 2013-2020. For a study covering all the forest formations of Benin, this rate was evaluated at -1.2%
for the period from 1990 to 1995 [24] and at -1.8 for the period 1986-2005 [25]. This result further illustrates the
danger of pressures from refugees combined with those from indigenous peoples. It is along the same lines as Rabiou
et al. [3], report highlights of the changes that have taken place in the four (4) year interval around the refugee camps
at Lake Chad and the degradation of natural vegetation.

Table 4 Evolution of the vegetation cover of Minawao and its surroundings from 2013 to 2020

Area (ha) in Area (ha) in Evolution rate | Evolution rate | Simulation
Classes 2013 % 2020 % in 7 year in 1year in 14 years
Bare ground 5404,3 6,38 |8954,6 10,58 |4,19 59,91 838,7
Grassy savannah 28068 33,15 | 30911 36,51 3,36 47,97 671,6
Shrub savannah 24021 28,37 | 17878 21,12 |-7,26 -104 -1451,26
Tree savannah 11546 13,64 | 8157 9,63 -4 -57,2 -801
forest galleries 4839,1 5,72 1718,8 2,03 -3,69 -52,7 -737
Steppe 6351,2 7,5 8541,4 10,09 |2,59 36,96 517,4
Surface water 467,01 0,55 313,62 0,37 -0,18 -2,59 -36,2
Burn 1458,2 1,72 |2851,8 3,37 1,65 23,52 329,2
Frame 2505,1 296 |5334;3 6,3 3,34 47,74 668,4
84660 100 | 84660 100
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3.7. Rates of land cover change in Minawao and surrounding areas before and after the arrival of refugees

Before (2006 to 2013) the arrival of the refugees, the steppes and the built-up areas experienced a relatively higher
gradual speed than after the establishment of a refugee camp in this locality. One of the highlights of the changes that
have taken place in the 14-year interval in the locality of Minawao and surrounding villages is the degradation of natural
vegetation. This 14-year wide transformation is the result of human actions such as deforestation activities, a meteoric
increase in the population which has recorded a massive flow of people.
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Figure 5 Rates of change in land cover in Minawao and its surroundings before and after the refugee camp

Figure 5 shows that only bare soils, grassy savannahs, steppes and built-up areas have a fast speed in terms of gain.
Concerning losses, shrub savannahs, wooded savannahs and forest galleries have a rapid speed. However, the shrub
savannahs (-877.60 ha/year) experienced a very rapid rate of decline after the settlement of the refugees. The annual
rate of decline observed in plant formations is -7.16% before the arrival of refugees (2006 to 2013). However, this rate
is-15.15% during the period 20132020 (after the settlement of refugees). This increase in the area of anthropized units
is linked on the one hand to the increase in the population and an increasingly growing demand for agricultural land on
the other hand, as indicated by Amoussou et al. [27].

3.8. Total carbon stock of species according to villages

The total value of carbon stock varies from village to village. These are, in descending order, 22.29 tC/ha in Zamay,
17.61 tC/hain Windé, 13.74 tC/ha in Gawar, 12.98 tC/ha in Sabongari and 10.31 tC/ha in Minawao. There is a significant
difference between the different values of the amount of carbon sequestered by the species (p <0.0001). The maximum
carbon is stored by Acacia albida (11.77 tC/ha) followed by Tamarindus indica (8.14 tC/ha) and Anogeissus leiocarpus
(7.96 tC/ha). Our results are similar to those reported by Kemeuze [5] in the shrub savannahs of the Far North, where
species such as Anogeissus leiocarpus and Tamarindus indica are the species that sequester the greatest amount of
carbon. Carbon sequestration by a tree is a function of its diameter at breast height (dbh). The more dbh a tree has, the
better it sequesters carbon. It is for this reason that these species of high carbon value show higher dbh in our various
study sites.

The diversity of species could be an important factor in the valorization of carbon in a given vegetation. This last
hypothesis is illustrated by Balanites aegyptiaca (5.06 tC/ha). B. aegyptiaca does not have large dbh but because of its
high density, shows a fairly large carbon stock. The total carbon obtained in this zone is 76.92 tC/ha. This result is in
agreement with those of Tiessen et al, [28] who showed that the carbon storage potential of natural ecosystems in semi-
arid regions is in the range 20-150 tC/ha.
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Table 5 Carbon stock in the villages

Species Gawar |Minawao Sabongari Winde |Zamay Total
Acacia albida 2,44 0,69 1,42 3,32 391 11,77
Acacia ataxacantha 0,16 0,03 0,37 0,17 0,31 1,04
Acacia nilotica 0,20 0,21 0,69 0,05 0,57 1,73
Acacia seyal 0,06 0,06 0,50 0,06 0,22 0,90
Adansonia digitate 0,08 0,09 0,11 0,10 0,01 0,38
Annona senegalensis 0,58 0,44 0,22 0,44 0,33 2,00
Anogeissus leiocarpus 1,39 1,17 1,87 1,22 2,31 7,96
Azadirachta indica 1,51 0,42 0,61 0,389 1,48 491
Balanites aegyptiaca 0,78 0,84 0,75 0,86 1,84 5,06
Boswellia papyrifera 0,30 1,72 0,40 0,54 0,32 3,26
Combretum glutinosum 0,09 0,04 0,55 0,42 0,69 1,80
Commiphora africana 0,05 0,69 0,05 0,77 1,23 2,79
Diospyros mespiliformis 0,44 0,25 0,38 0,54 0,91 2,51
Ficus sur 0,42 0,41 0,34 0,49 0,85 2,51
Ficus sycomorus 0,59 0,34 0,54 0,73 0,81 3,00
Hymnocardia acida 0,42 0,25 0,01 0,91 0,55 2,14
Khaya senegalensis 0,57 0,40 0,57 0,61 1,10 3,25
Parkia biglobosa 0,70 0,63 1,14 0,75 0,76 3,97
Piliostigma thoningii 0,24 0,15 0,36 0,29 0,45 1,49
Sclerocarya birrea 0,37 0,32 0,43 0,48 0,11 1,70
Tamarindus indica 1,76 0,74 0,77 2,47 2,39 8,14
Terminalia macroptera 0,43 0,37 0,49 0,68 0,49 2,46
Ziziphus mauritiana 0,16 0,07 0,41 0,86 0,66 2,15
Total 13,74 10,31 12,98 17,61 22,29 76,92

3.9. Total carbon stock of species according to plant formations

At the shrub savannah level, Acacia albida (3.29 tC/ha), Anogeissus leiocarpus (2.09 tC/ha), Tamarindus indica (1.84
tC/ha), Boswellia papyrifera (1.12 tC/ha) and Parkia biglobosa (1.02 tC/ha) sequester more carbon. In the forest
galleries, Acacia albida (1.82 tC / ha), Tamarindus indica (1.76 tC/ha), Anogeissus leiocarpus (1.39 tC/ha) and Balanites
aegyptiaca (1.20 tC/ha) are those which show significant carbon stock value. Regarding the fields, Acacia albida (2.03
tC/ha) and Anogeissus leiocarpus are the two species whose carbon stock value is greater than 1 tC/ha. For dwellings,
the greatest carbon stock value was observed in Azadirachta indica (2.91 tC/ha), Ficus sycomorus (1.10 tC/ha) and
Khaya senegalensis (1.29 tC/ha). Azadirachta indica is an exotic species, which would explain its dominance in homes.
In tree savannahs, Acacia albida (3.94 tC/ha), Anogeissus leiocarpus (2.66 tC / ha), Balanites aegyptiaca (2.09 tC/ha),
Tamarindus indica (2.96 tC/ha) and Parkia biglobosa (1.65 tC/ha) indicate the best amount of carbon stock. The amount
of carbon in trees in plant formations varies significantly (p <0.001).

The difference in the capacity for carbon sequestration would be due not only to the difference in their structure, such
as the type and density of vegetation, the distribution of diameter classes, but also to the intensity of the anthropogenic
pressure that s exercises on the types of savannah [29]. Another hypothesis is that the plots located in the wooded
savannah belong to private property which is partially protected from zooanthropic pressures. While in the wooded

111



World Journal of Advanced Research and Reviews, 2020, 08(01), 102-115

savannah most of the amount of carbon is stored, the dwellings register the small amount. To do this, Ibrahima and Abib
[29] have shown that the sustainable management strategy in maintaining the carbon balance must vary according to
the type of plant formation.

Table 6 Total carbon of species ecologically according to plant formation

Species Shrub savannah |Forest galleries |Fields | Dwellings | Trees savannah | Total
Acacia albida 1,82 3,29 2,03 0,69 3,94 11,78
Acacia ataxacantha 0,16 0,19 0,37 0,01 0,31 1,04
Acacia nilotica 0,20 0,41 0,30 0,24 0,58 1,74
Acacia seyal 0,15 0,40 0,09 0,02 0,24 0,90
Adansonia digitata 0,02 0,00 0,01 0,32 0,01 0,37
Annona senegalensis 0,58 0,32 0,44 0,22 0,45 2,00
Anogeissus leiocarpus 1,39 2,09 1,21 0,58 2,66 7,94
Azadirachta indica 0,63 0,58 0,23 2,91 0,52 4,87
Balanites aegyptiaca 0,83 1,20 0,79 0,13 2,09 5,04
Boswellia papyrifera 1,12 0,75 0,61 0,33 0,47 3,28
Combretum glutinosum 0,41 0,44 0,16 0,01 0,78 1,80
Commiphora africana 0,79 0,97 0,19 0,00 0,84 2,79
Diospyros mespiliformis 0,97 0,87 0,03 0,12 0,50 2,49
Ficus sur 0,38 0,93 0,29 0,03 0,86 2,49
Ficus sycomorus 0,29 0,29 0,88 1,10 0,42 2,99
Hymnocardia acida 0,44 0,52 0,38 0,30 0,53 2,16
Khaya senegalensis 0,45 0,43 0,12 1,29 0,94 3,23
Parkia biglobosa 1,02 0,68 0,50 0,10 1,65 3,95
Piliostigma thoningii 0,35 0,22 0,30 0,02 0,60 1,48
Sclerocarya birrea 0,77 0,24 0,06 0,02 0,58 1,68
Tamarindus indica 1,76 1,84 0,68 0,89 2,96 8,13
Terminalia macroptera 0,56 0,50 0,40 0,40 0,60 2,46
Ziziphus mauritiana 0,24 0,79 0,41 0,06 0,66 2,16
Total 15,32 17,94 10,47 ]9,81 23,22 76,76

3.10. Total carbon stock in the vegetation cover of Minawao and its surroundings

The total carbon stock in the plant formations of the study site evolves in the order of increasing 20.82 tC/ha in
dwellings, 21.4 tC/ha in fields, 27.7 tC/ha shrub savannahs, 43.45 tC/ha in the forest galleries and 61.38 tC/ha in the
wooded savannahs. The variance test showed a significant difference between trees, grasses and litter (p<0.0001).
Regarding the villages, the best value was recorded in Zamay (53.74 tC/ha). From the above, regardless of the vegetation
formation of the different villages, the trees sequester the greatest carbon values. However, the greatest production of
the litter carbon stock was reported in the plant formations of Gawar (0.16 tC/ha). Our results in tree savannahs and
shrub savannahs show a difference of around 38.18 tC/ha. Kemeuze [5] in the Mandara Mountains reports a large
difference in carbon value between shrub savannah and tree savannah of the order of 49.35 tC/ha. This result further
shows the impact of refugees on the vegetation cover. To do this, Ibrahima and Abib [28] have shown that the
sustainable management strategy in maintaining the carbon balance must vary according to the type of plant formation.
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Table 7 Total carbon stock of villages and plant formations

Villages Reservoirs | Shrub savannah | Forest galleries | Fields |Dwellings |Trees savannah |Total
Gawar Trees 4,36 7,73 3,74 2,16 10,72 28,71
Litter 0,02 0,07 0,02 0 0,05 0,16
Minawao Trees 2,53 51 1,58 1,45 5,22 15,88
Litter 0 0,01 0,01 0 0,01 0,03
Sabongari | Trees 5,38 7,34 2,72 3,89 9,2 28,53
Litter 0,01 0,01 0,02 0,01 0,01 0,06
Windé Trees 7,32 10,12 6,94 6,4 16,86 47,64
Litter 0,01 0,01 0,01 0,01 0,03 0,07
Zamay Trees 8,08 13,04 6,39 6,89 19,27 53,67
Litter 0,02 0,02 0,01 0,01 0,01 0,07
Total 27,7 43,45 21,4 20,82 61,38 174,8

4., Conclusion

From this study, it emerges that in the woody flora of the study sites, 23 species were identified and grouped into 21
genera and 14 families on the 120 hectares of study area. The Zamay wooded savannah is more diverse with 21 species,
20 genera and 13 families. Species with diameters in the interval] 0.15] meters show a high density. The graphical
representation of diametral data symbolizes the "L" structure, which reflects the presence of many future stems or have
been subjected to human activities. Concerning the specific density according to heights, it is higher at the management
level (Minawao-Zamay) with 29.86+18.74% individuals. The plant cover of Minawao and the neighboring villages
(Gawar, Sabongari, Windé and Zamay) has experienced a regressive dynamic of its plant formations. The shrub
savannahs (-877.60 ha/year) experienced the greatest rate of very rapid decline. The annual rate of decline observed
in plant formations is -7.16% before the arrival of refugees (2006 to 2013) and -15.13% during the period from 2013
to 2020 (after settling in refugees). The maximum carbon is stored by Acacia albida (11.77 tC/ha) and Tamarindus indica
(8.11 t/ha). The total amount of carbon in this area is 97.81 tC/ha. The government must set up a mechanism to restore
degraded areas to conserve our environment.

Compliance with ethical standards

Acknowledgments

The authors of this paper thank the District sub-divisional officer of the Mokolo and the delegate of the agricultural
department of Mayo Tsanaga, the head of the UNHCR subdelegation of Maroua, the representative of LWF of Maroua
for cooperating in carrying out this study, the traditional and administrative authorities and the local populations of the
department of mayo Tsanaga for their gracious contribution for this work.

Disclosure of conflict of interest

The authors do not disclose any conflict of interest.

Statement of informed consent

The studies are not involved the information about any individual

References

[1]  Black R. L'impact des réfugiés sur 1'environnement écologique des pays d'accueils (Afrique Sub-saharienne), in
School of African and Asian Studies. Great Britain, University of Sussex, Great Britain. 1998; 15-19.

113




[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

World Journal of Advanced Research and Reviews, 2020, 08(01), 102-115

Bodel PJ. Analyse de la dynamique des types d’occupation du sol dans le terroir de Ndokayo dans la région de
I'Est, Cameroun (1987-2011). Mémoire master. Université de Ngaoundéré. 2011; 101-134.

Rabiou H, Mahamane M, Issaharou-Matchi I. Impact de L’installation des Camps des Réfugiés, Retournés et
Déplacés sur L’exploitation des Ressources Ligneuses dans la Région de Diffa. European Scientific Journal. 2019;
15:1857- 7431.

UNHCR. Field Information and Coordination Support Section, Division of Program Support and Management,
Switzerland. 2015.

Kemeuze VA. Evaluation de la gestion de la biodiversité végétale et des stocks de carbone dans la zone semi-aride
du Cameroun (Extréme - Nord). Thése de Doctorat/PhD., Université de Ngaoundéré (Cameroun). 2017; 151- 209.

Froumsia M. Impact des activités anthropiques sur le couvert ligneux de la réserve forestiére de Kalfou,
Cameroun. Theése de Doctorat PhD, Université de Yaoundé I, Cameroun. 2013; 79-160.

Ntoupka M. Impact des perturbations anthropiques (paturage, feu et coupe de bois) sur la dynamique de la
savane arborée en zone soudano sahélienne Nord du Cameroun. Thése de Doctorat soutenue a I'Université Paul
Valery. 1999; 108-176.

Florence G. Gestion des ressources naturelles et impacts environnementaux des programmes humanitaires a 'Est
du Tchad. Urgence de réhabilitation du développement. 2009; 20-37.

Tchobsala, Kodji P, Ibrahima A, Haiwa G. Impacts of refugee settlement on the plant dynamics and sustainable
management of the environment of Minawao Camp, Far North, Cameroon. Int. . Adv. Res. Biol. Sci. 2018; 5: 5-7.

Lindsey H. On the border and in the crossfire: Cameroon's war with Boko Haram, The Guardian. 2015; 12: 123-
150.

Max L. Le Cameroun face au terrorisme : la bombe a retardement de Minawao, Le Monde. N. 2016; 5: 501-582.

Seignobos C. Nord Cameroun, montagnes et hautes terres (Architectures traditionnelles. Editions parentheses.
1982; 78-102.

Doulkom G. Problématique des espaces agro-sylvo-pastoraux dans la province du Cameroun. Editeurs. 2000;
240-304.

Achard F. Protocole de suivi d'impact environnemental de l'exploitation du bois-énergie dans les foréts
aménagées des zones sahéliennes et soudaniennes. Critéres et indicateurs de gestion durable des ressources
forestiéres. Programme régional de promotion des énergies domestiques et alternatives au Sahel. CILSS. 2009;
1-18.

Roumba T. Essai de détermination de tailles optimales de placette dans les inventaires forestiers : « cas de la forét
classée du Tuy". Mémoire d'Ingénieur du Développement Rural. Université de Ouagadougou. 1997; 1-77.

Ndiaye M, Dione ME, Akpo LE. Caractéristiques des ligneux dans les terroirs pastoraux de Ranerou (région de
Matam, nord-Sénégal). J. Sci. 2010; 10: 12-27.

Muyle M. Caractérisation des communautés végétales d'une réserve de Miombo en relation avec la faune
(Lubumbashi, RDC). Mémoire de Master, Gembloux Agro-Bio Tech Université de Liége. 2012.

Youssef El H. Etude diachronique de I'occupation du sol et de modélisation des processus érosifs du bassin
versant du Bouregreg (Maroc) a partir des données de I'Observation de la Terre. Mémoire présenté en vue
d'obtenir le dipléme d'ingénieur cnam Sciences de I'ingénieur. Ecole supérieure des géomeétres et topographes
(Maroc). 2013; 1-98.

Ibrahima A, Schmidt P, Ketner P, Mohren GJM. Phytomasse et cycle des nutriments dans la forét tropicale dense
et humide du Sud-Cameroun. 2002; 1-33.

Haiwa G. Impact de la déforestation sur la dynamique de la végétation en zone soudano-sahélienne (cas de la
région de 'Extréme-Nord, Cameroun). These de Doctorat/PhD., Université de Ngaoundéré (Cameroun). 2018; 1-
274.

Seghieri ]. Dynamique saisonniére d'une savane soudano sahélienne au Nord Cameroun. Theése Doct. USTL,
Montpellier.1990; 1-200.

Tchobsala, Amougou A, Mbolo M. Impact of wood cuts on the structure and floristic diversity of vegetation in the
peri-urban zone of Ngaoundere, Cameroon. Journal of Ecology, Nature and Environment. 2010; 2: 235-258.

114



[23]

[24]

[25]

[26]

[27]

[28]

[29]

World Journal of Advanced Research and Reviews, 2020, 08(01), 102-115

Bidossessi TA, Orekan V, Abdoulaye D, Martin P, Brice T. Dynamique spatio-temporelle de I'occupation du sol en
zone d’agriculture extensive : cas du secteur Natitingou-Boukoumbe au Nord-Ouest du Benin. La géographie au
service du développement durable. 2018; 3: 22-34.

FAO. Africover Land Cover Classification. Environment and Natural Resources Service (SDRN). 1997; 1-76.

Hountondji YCH. Dynamique environnementale en zones sahélienne et soudanienne de I’Afrique de 1'Ouest :
Analyse des modifications et évaluation de la dégradation du couvert végétal. These de doctorat. Université de
Liege (Belgique) 2007-2008; 21-153.

Tiendrebeogo Y. Evolution du couvert végétal dans la province du Boulkiemdé : cas de la commune de Poa au
Burkina Faso. Maitrise. Université de Ouagadougou. 2013; 65-78.

Amoussou E, Vissin EW, Boko M. Simulation des écoulements dans le bassin versant du fleuve Mono (Afrique de
I'Ouest) avec le modéle GR2ZM. In Climat et Développement. 2009; 8: 35-40.

Tiessen H, Feller C, Sampaio EVSB, Garin P. Carbon Sequestration and Turnover in Semiarid Savannahs and Dry
Forest. Climatic Change. 1968; 40: 105-117.

Ibrahima A, Abib FC. Estimation du stock de carbone dans le facies arborés et arbustives des savanes Soudano-
guinéennes de Ngaoundéré, Cameroun. Cameroon journal of experimental Biology. 2008; 4: 1-11.

115



