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Abstract
The Sudanian savannahs of the Tandjile - East are fragile and vulnerable. They face severe threats from
land use change, unsustainable exploitation of natural resources, desertification and climate change. In
this perspective, the objective of the study is to understand the plant diversity and epigeal carbon
storage of the Sudanian savannahs of the Tandjile - East. It can be a good step towards their
management for the delivery of diverse ecosystem services. A total of 90 plots of 2500 m2 each in three
types of vegetation were established and all trees and shrubs were recorded (>10 cm). Tree biomass
was estimated in the basis of diameter at breast height (dbh) while the understorey biomass using
destructive method.
A total of 2840 trees were measured belonging to 46 species, 28 genera and 21 families. The richest
family is Fabaceae (Fiv, 46.35%) follow by Combretaceae (13.70%) and Moraceae (12.71%). The
analysis of species diversity indexes shows a relative important biodiversity and the vegetation
structure showed a high occurrence of average diameter of plant species. Shannon index varied from
3.68±0.206 bits to 3.80±0.24 bits whereas Simpson index oscillated between 0.961±0.008 and
0.977±0.01. The mean aboveground carbon stock varies from 13.28±1.32 tC/ha in shrubby savannah to
17.52 ± 2.76 tC/ha to dry forest. The total death aboveground carbon stock ranges from 5.25 ± 2.23
tC/ha in the shrubby savannah to 13.96 ± 2.31tC/ha in dried forest. These results will help in
developing reliable REDD+ mechanisms in Chad.
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Introduction
Natural African savannahs represent great biodiversity tanks [1]. Unfortunately this
biodiversity is threatened during the last decades due to unfavorable socio-economic and
pedoclimatic conditions [2, 3]. This degradation is characterized by an important reduction of
plant species and particularly considerable woody resources. The high anthropic pressures on
biodiversity are deforestation; shorten of the fallow duration and over grassing [4]. The
phenomenon of biodiversity degradation constitutes a threat to humanity and was becoming
since the United Nation Conference on the Environment and Development (CNUED) held in
Rio in 1992, a world worry [5]. Due to its vulnerability to the modification of climatic
conditions, Chad republic is interested to all the conventions of the United Nations (UN) on
the environment notably: the Framework Convention on Climate Change (CCNUCC),
Framework Convention on Biological Diversity (CBD) and Framework Convention on
Desertification (CCD) [6]. These conventions are obligations with concrete objectives aiming
at the integration of the environment protection and sustainable management of biodiversity
on the socio-economic development of the populations. Biodiversity plays a role on main
climatic equilibriums and provides substantial revenue to local populations [7, 8]. It protects
soil against erosion and reduces greenhouse gas effects. Carbon dioxide (CO2) is a green
house gaze (GHG) that the increase of concentration induces climatic warm [9, 10]. Plant
diversity is a potential atmospheric carbon tank via trees photosynthesis and can cause
growth rate and biomass production [11]. Biomass estimate is essential for carbon stock
determination [12, 13].
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Despite the importance of biological diversity in ecological
fragile country like in Chad, little scientific research is
devoted to Biodiversity and carbon stock except those of [1416]
which assessed some aspects of biodiversity. Very few
studies have examined this problematic using quantitative
data. Current work is designed to characterize the TandjileEast Sudanian vegetation from biodiversity and carbon
storage perspective in order to gather useful information
usable to launch reliable REDD+ mechanisms in Chad.
Materials and methods
Study site
The work was undertaken in three localities of Tandjile-East
situated in south of Chad named Guidari, Kimré and Ndam
(Table 1). The ethnolinguistic groups involved are comprised
of Gham, Gabri and Ndam. They are native most
representative group of the region and present diversified
cultures. This region is characterized by a Sudanian climate,
with two seasons: a rainy season from April to October and a
dry season from November to March. The average annual
rainfall ranges between 700 and 1200 mm with important
intra and interannual variations; the average annual
temperature 27 and 44 °C [17]. The soils are essentially
developed on lateritic sediments, sand, sand –clay and
limoneous [18]. The area is covered by a diversity of woody
species dominating bush frequently burned by fires [19].
Table 1: Sites characteristics: vegetation type and geographical
position.
Site
Ndam
Guidari
Kimré

Savannah
types
Woody
savannah
Shrubby
savannah
Dry forest

Latitude

Longitude

09° 46’
03,4’’ N
09° 18’
16,7’’ N
09° 17’
48,5’’ N

017° 10’
57,8’’ E
016° 55’
47,6’’ E
016° 55’
47,6’’ E

Altitude
(m)
382,2
354,9
355,8

Methodology
A preliminary prospection of the area permitted to identify
three types of vegetation: shrubby savannah, woody
savannah and dried forest. The nested plot method was used
for the sampling of the above ground vegetation. It is one of
the most commonly used for all kind of vegetation sampling.
The method is applicable to baseline as well as project
scenario. They were inspired from various floristic inventory
methods used in Burundi [20] and Senegal [21]. Inside each
plot, 30 nested plots of 2500 m2 were established randomly.
The diameter at the breast height (dbh) of woody plant
species were measured at 1.30 cm in each plot. A total of 90
floristic records were realized. To estimate tree biomass and
understorey biomass, non - destructive and destructive
methods were respectively used. The understorey carbon
pool includes the aboveground biomass of all trees less than
2.5 cm Dbh along with all non-tree vegetation [22]. The
biomass of tree was estimated on the basis of Dbh. For
understory biomass, fresh and dry weights were measured.
Biomass values were then multiplied by an expansion factor
to scale them to a one hectare area.

species and N is the total number of individuals of all
species. D’ = 1-∑ Pi2. Hill = (1/λ)/eH, where 1/λ is the
reciprocal of the Simpson index; eH' is the exponential of the
Shannon index. Rarity-weighted Richness Index (RWRI)
was also calculated using equation formula of [23]. RWRI =
[1-(ni/N)] x100. RWI index is high when the sample is
composed only of rare species and low when there are few
rare species in the sample. In this study, we assume that
when RWRI is higher than 80 %, the species is considered as
rare. The quantitative analysis of frequency, density and
abundance was done by using the standard expressions. The
importance value index of species (IVI) was determined as
the sum of relative frequency, relative density and relative
dominance [24]. IVI determines vegetation status and
importance of component species in a stratum stand. To
describe the ecological importance of species, morphospecies and families within each plot as well as for the total
ﬂora, the species Importance Value Index (IVI; [25]) and the
Family Importance Value index (FIV; [26]) were also
calculated: Relative abundance ═ (number of trees of the
species or family/total number of trees) x 100.
Relative frequency ═ (frequency of a species=sum of all
frequencies) x 100.
Family relative diversity ═ (number of species in a
family=total number of species) x 100.
IVI ═ relative density + relative frequency + relative
dominance.
FIV ═ family relative diversity + relative density + relative
dominance. These indexes determine vegetation status and
importance of component species in a stratum stand.
The above ground live biomass was calculated using several
allometric equations: for dry forest [27], for Palmaceae [28] and
others for the death biomass [29, 30].
Results and Discussion
Taxonomic composition
A total of 2840 woody plants were recorded, belonging to 46
species, 28 genera and 21 families. The density was 28.40
stems/ha. The richest families include the Fabaceae with 7
species, followed by Combretaceae (6 species), Moraceae
and Anacardiaceae with 3 species each. In the semi-arid zone
of Cameroon, Combretaceae was recorded as the most
diversified family [22]. The richest genera are Combretum,
Ficus and Terminalia with 3 species each (Table 2). The
number of tree species (46) assessed in this vegetation is
lower than 298 species recorded in Massenya vegetation of
the Centre Chad [16]. The previous studies included both trees
and herbaceous contrary to ours.

Data analysis
Species richness, Shannon-wiener index (H), Simpson index
(D’) and Hill index were used to calculate the species
diversity (Shannon and Wiener, 1963). H = - ∑ Pi log2Pi,
Where Pi = ni /N, ni is the number of individuals of the
~ 456 ~

Table 2: Recorded families, genera and the number of species
Families
Fabaceae
Combretaceae
Moraceae
Anacardiaceae
Rubiaceae
Total
Genera
Ficus
Combretum
Terminalia
Gardenia
Piliostigma
Grewia
Total

Species richness
7
6
3
3
2
21
3
3
3
2
2
2
15
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Species richness, diversity and abundance
Forest communities are considered rich, characterized by a
Shannon diversity value of about 3.5 or higher [31]. The
vegetation type of Tandjile-East, which all have high values
of Shannon diversity (Table 3), can accordingly be
considered diversify. The Shannon Weiner diversity index
varied from 3.68±0.206bits in the woody savannah to
3.80±0.24 in the shrubby one. The high value of Simpson
diversity index (D’= 0.977±0.01) showed a relatively high
species diversity in the dry forest in term of plant species.
Table 3: Diversity indexes of different vegetation type in TandjileEast

indices
Indice de Shannon
Indice de Simpson

Vegetation types
Shrubby
Woody
savannahs savannahs
3.80±0.24
3.68±0.21
0.961±0.01 0.967±0.01

Dry
forest
3.72±0.02
0.98±0.01

The relative density of the top seven species ranged from
1.25 % (Khaya senegalensis) to 2.97 % (Mangifera indica).
The average relative density of woody plants is 2.32%. The
top seven with high density include Vitellaria paradoxa,
Mangifera indica, Parkia biglobosa, Faidherbia albida,
Cordia senensis, Khaya senegalensis and Daniellia oliveri
(Table 4). Vitellaria paradoxa is the most frequent species
(5.60%) with a high basal area (5.43%).
The most important ecological tree species based on IVI
score are Vitellaria paradoxa (12.63), Mangifera indica
(12.06), Parkia biglobosa (11.38), Acacia albida (10.36),
Cordia senensis (10.09), Khaya senegalensis (10.03) and
Daniellia oliveri (10.02) (Table 4). Among these species
Vitellaria paradoxa, Mangifera indica and Parkia biglobosa
are species with a great socio-economic importance for the
populations. The fruits of these species are consumed and
commercialized in local and regional markets of the zone.
Similar results are reported in natural ecosystems of Benin
[32, 33]
and Cameroon [34].

Table 4: Quantitative vegetation analysis (Relative density, Relative frequency, Basal area and IVI) of Tandjile-East
Espèces
Vitellaria paradoxa
Mangifera indica
Parkia biglobosa
Faidherbia albida
Cordia senensis
Khaya senegalensis
Daniellia oliveri

Relative density (%)
1.60
2.97
2.65
2.56
2.42
1.25
2.78

Relative frequency (%)
5.60
5.41
3.30
4.97
4.47
4.38
2.74

Ecological importance of plant species
Concerning the most important ecological families, the top
five families based on the Family Importance Value index
(FIV>10) are Fabaceae (46.35), Combretaceae (13.70),
Moraceae (12.71), Anacardiaceae (11.45) and Mimosaceae
(10.23) (Table 5). The most diversified families are equally
the most dominant. Species belonging to these families,
benefited from their protection due to the fact that the

Basal area (%)
5.43
3.68
5.43
2.83
3.20
4.40
4.68

IVI
12.63
12.06
11.38
10.36
10.09
10.03
10.02

majority of them are useful for the populations. Analogous
observations were reported in Senegal [35]. Nevertheless, the
importance of Combretaceae has been reported in the humid
lowlands of Cameroon [36].
For the relative diversity, the Fabaceae (12 %) is the most
diversified family, confirming the previous result (Table 5).
This results is also in line with the findings of the Gowayang
forest of Cameroon [37].

Table 5: Quantitative family analysis (Relative density, Basal area, Relative diversity) and Important ecological families in Tandjile-East
Family
Fabaceae
Combretaceae
Moraceae
Anacardiaceae
Mimosaceae
Rutaceae
Polygalaceae
Tiliaceae
Meliaceae
Verbenaceae
Sapotaceae
Sterculiaceae
Boraginaceae
Loganiaceae
Rutaceae
Arecaceae
Hymenocardiaceae
Moringaceae
Ebenaceae
Olacaceae
Bombacaceae

Relative density (%)
30.08
6.90
6.24
7.20
3.84
4.28
2.81
3.51
5.76
2.14
5.72
2.44
0.74
3.17
1.96
2.40
1.96
2.81
1.37
3.17
1.51

Basal area (%)
4.26
4.79
2.47
2.25
3.39
3.21
2.82
1.89
0.48
3.06
0.65
3.21
4.79
2.08
1.05
0.59
2.98
2.03
2.82
0.34
0.41

Structure of woody vegetation
The minimum dbh was 13.01 cm, found in Gardenia
erubescens while the maximum one was 216.95 cm in

Relative diversity (%)
12
2
4
2
3
2
3
3
2
3
1
1
1
1
3
3
1
1
1
1
1

FIV (%)
46.35
13.70
12.71
11.45
10.23
9.49
8.63
8.40
8.24
8.20
7.37
6.65
6.53
6.26
6.00
5.99
5.94
5.84
5.19
4.52
2.92

Bombax costatum. However, the distribution of dbh classes
was in conformity to ‘bell’ shape curve, with 4.35 % of
individuals having Dbh lower than 30 cm (Fig. 1). Diameter
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structure of the vegetation in Tandjile - East presents a high
tree density (0.08 individuals / ha) within the average
diameter classes (60.1-70 cm) which decreases with
increasing diameter. The high proportion of young
individuals within 60.1-70 cm could suggest a dominance of
average diameter trees in Tandjile-East land use systems.
This population structure of the woody species in the area
suggested that regeneration and maintenance of mature trees

are difficult in the zone due to anthropic pressures. As these
savannahs are under degradation, should agro-ecosystems be
able to provide the same ecological services to local
populations after their conversion? It is important to think
about how to develop appropriate management systems
which protect the environment without forbidding the
populations from executing their daily activities.

Fig 1: Stand structure of trees based on diameter classes in Tandjile – East

Carbon distribution
The overall aboveground carbon stock obtained in the study
area was 72.01 tC/ha including 47.47 ± 7.57 tC/ha for life
carbon and 24.54 ± 6.79 tC/ha for the death one.
Standing live carbon stock
The total standing live carbon stock ranged from 0.97 ± 0.13
tC/ha from stump to 42.22 ± 6.96 tC/ha in woody. The
woody savannah showed the greatest carbon stock (42.22 ±
6.96 tC/ha) followed by the herbaceous (4.28 ± 0.46 tC/ha).
Concerning the vegetation type, the standing live plant
carbon stock varied from 13.28±1.32 tC/ha in woody

savannah to 17.52 ± 2.76 tC/ha in dried forest. The dry forest
and the woody savannah were the most important tanks of
carbon in the zone. The total quantity of carbon stored by the
biological types among which woody and herbaceous species
was 47.47 ± 7.57tC/ha (Table 6). There is no significant
difference between vegetation types (p>0.05). However this
result falls within the interval of 10-60tC/ha obtained in
Costa Rica [38]. In humid forest of Cameroon, similar
conclusions were drew [39]. Nevertheless, the amount of
carbon recorded in Sudanian area is lower than that obtained
in the humid lowlands of Cameroon [35, 40].

Table 6: Amount of aboveground biomass in categories of plants in different types of vegetation
Categories of plants
Woody (tC/ha)
Stumps (tC/ha)
Herbaceous(tC/ha)
Total

Shrubby savannah
15. 24 ± 3.31
0.27 ± 0.039
1.16 ± 0.12
16.67±3.34 a

Woody savannah
11.78 ± 1.13
0.33 ± 0.0 42
1.17 ± 0.15
13.28±1.32 b

Death aboveground carbon
In savannahs, the stock of death aboveground carbon varied
from 7.11 ± 0.87 tC/ha from felt tree in the tree savannah to
17.43 ± 5.92 tC/ha in the standing one. The death epigeal
carbon stored by biological type constituted by death stumps
is evaluated at 24.54 ± 6.79 tC/ha (Tableau 7). This result is
in line with those obtained in Tropical ecosystems (13 - 25
tC/ha) [41]. However our results are against those reported in

Dry forest
15. 20 ± 2.52
0.37 ± 0.053
1.95 ± 0.19
17.52 ± 2.76 b

Total
42.22 ± 6.96
0.97 ± 0.13
4.28 ± 0.46
47.47 ± 7.57

Amazonia (10 - 60 tC/ha) [42]. There was a significant
difference between sites (p<0.05). This was due to the fact
that farmers harvested firewood on dead trees or stumps.
Concerning the ethnical group, the amount of carbon varied
from 5.25 ± 2.23 in the Kimre group to 13.96 ± 2.31 in
Ndam group. This result indicated that Ndam group has good
knowledge on sustainable management of the environment
because they harvest death wood preferentially for fuel.

Table 7: Amount of aboveground biomass of death plants in different tribes
Categories of death plants
Death trees laid down (tC/ha)
Death stumps (tC/ha)
Total

Guidari
3.12 ± 1.94 a
2.21 ± 0.27
5.33 ± 2.21

Kimre
3.12 ± 1.94 a
2.13 ± 0.29
5.25 ± 2.23

~ 458 ~

Ndam
11.19 ± 2.04 b
2.77 ± 0.31
13. 96 ± 2.31

Total
17.43 ± 5.92
7.11 ± 0.87
24.54 ± 6.79
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Human generated disturbances such as uncontrolled logging,
hunting or transient farming may rapidly reduce the
biodiversity value of the Sudanian vegetation in the near
future, by exerting severe negative impacts on its rich but
poorly known fauna and ﬂora. There is an urgent need to
consider this area within the national strategy for
conservation and sustainable development, fostering actions
to preserve this region and its potential for providing
ecosystem services both to local populations and to the
nation and the region. This study begins to ﬁll in an
important gap in the floristic knowledge of the Tandjile –
East.
Conclusion
The savannahs of the Sudanian area of Chad showed an
important role in mitigating climate change. Their carbon
sink potential represents important biomass fraction stored in
the natural vegetation. The main results obtained include
relative high value of diversity indexes and carbon stock.
These results suggest that the Sudanian savannah of
Tandjile-East of Chad dry lands need to be taken into
account in national environment protection policies as an
alternative to respond to international agreements related to
biodiversity conservation, combating desertification and
climate change.
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