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Abstract: A study on floristic characterization and carbon stock assessment of cocoa stands was carried out in Bédiala (Midwest, Cote
d'lvoire). From surface and itinerant surveys, the composition and floristic diversity were estimated in cocoa agrosystems of different ages
(0-5; 5-10; 10-15; 15-20; > 20 years). The stored carbon was determined from the biomass according to the non-destructive allometric
method based on the diameter or height of the individuals. In total, 100 species belonging to 80 families and 45 genera were counted. The
family of Sterculiaceae (9 percent) is been the most represented. The most dominant biological types were Microphanerophytes (36%) and
Mesophanerophytes (23%). The most important chorological types have been the taxa of the Guinean-Congolian zone (53 percent). The
values of the calculated indices being statistically the same from one agrosystem to another, there is however a floristic diversity and an
equitable distribution of individuals within species. A total of 193.26 ton of carbon per hectare were determined across the plantations. We
also note that age has not had a significant influence on the floristic diversity and the capacity of cocoa agrosystems to store carbon.
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Introduction

In Cote d'lvoire, cocoa farming has developed rapidly in the
southern half of the country [25]. Thanks to the political will
of successive governments, cocoa has become a strategic
agricultural product in Céte d'lvoire (5). Indeed, since 1978,
Cote d'lvoire has been the world's leading producer and
exporter of cocoa beans [5]. Estimated at 410,000 tonnes
between 1983 and 1984, production reached 2,100,473
tonnes between 2019 and 2020, i.e. nearly 40% of world
supply, thus contributing 15% of GDP [35]. Cocoa farming
employs more than one million farmers, i.e. 15% of rural
population [19]. However, the economic success of cocoa
farming in Céte d'lvoire conceals a sad impact on forest
areas [26]-[7]. Indeed, the expansion of cocoa plantations has
been to the detriment of forests which have been severely
decimated [16]. The forest, estimated in 1960 at 16 million
hectares, has fallen to 2 million hectares today [13]. The
current landscape of Céte d'lvoire shows that more than 30%
of the land area is occupied by cocoa plantations [38]. This
dynamic expansion has amplified various environmental
problems. These include the loss of biodiversity, erosion,
contamination of drinking water, and the reduction of
ecosystem services, including carbon sequestration, thus
leading to an increase in greenhouse gases. In the current
context of climate change, the association of cash crops

(cocoa) with other plant species constituting agrosystems
represents a credible alternative for biodiversity conservation
and the mechanism for reducing emissions from
deforestation and forest degradation [27]-[9]. To this end,
several studies carried out in cocoa agrosystems have shown
their diversity in plant and animal species (46). Furthermore,
the work of [46] and [7] have also shown the importance of
these cocoa agrosystems in carbon sequestration. However,
in Haut Sassandra, particularly in Bédiala, no floristic and
carbon storage studies have yet been conducted in juvenile,
adult and old agroforests. Does the age of cocoa stands
influence the species diversity of cocoa agrosystems? Does
the capacity of these cocoa stands to store carbon vary from
one agrosystem to another? In the present study, we
hypothesize that cocoa agrosystems contain a remarkably
rich flora and are capable of storing enough carbon. The
general objective is to characterize cocoa agrosystems in
order to implement sustainable biodiversity management
strategies. Specifically, it is first to characterize the flora of
the cocoa agrosystems of Bédiala and secondly to evaluate
the quantity of carbon stored in the cocoa agrosystems of
Bédiala.
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1. Material and Methods

1.1 Characteristic of study area

The study was conducted in Bédiala, a sub-prefecture of the
Haut-Sassandra region. It is located between 7.4°C and
7.11°C Latitude North and between 6.0°C and 6.20°C
Longitude West (Figure 1). Rainfall varies between 1200 and
1600 mm per year. The climate is that of the Guinean
domain, characterized by a humid tropical type with four
alternating seasons: a long dry season from December to
February, a short dry season from July to August, a long
rainy season from March to July and a short rainy season
from September to November. The average annual rainfall is
between 1200 and 1600 mm per year. The average annual
temperature is 26°C (25, 31). The forest vegetation, which
occupies most of the region, is characterized by a semi-
deciduous forest with Celtis spp. and Triplochiton
scleroxylon in the mesophilic sector within Guinean domain
[17]. The relief consists largely of a plateau with numerous
valleys. The soil is of ferralitic type of granite origin and is
moderately and slightly denatured [23].

N

e —

- %yrém;xou

Cours deau

o | Sous-préfecture de Bédiala

P s PR PR s
Source: INS, 2014 c DJAGO Audrey ;

Figure 1: Location of study area

: HINO Kouya, 2021

1.2 Study material

The plant material consisted mainly of the Theobroma cacao
orchard and secondarily of the woody flora associated with
it. This plant material came from village cocoa plantations,
mostly installed on former fallow land.

1.3 Study methods

1.3.1. Surface and roving floristic inventory

In order to characterize the floristic composition of the
stands, an area survey was carried out in cocoa agrosystems
subdivided into five age classes: [0-5[; [5-10[; [10-15[; [15-
20[and > 20 years. The area survey method provided
quantitative and comprehensive data on the general floristic
composition (26). In each agrosystem of at least one hectare,
nine square plots of 20 m x 20 m were randomly installed
(Figure 2). Within each plot, all plant species other than
cocoa trees were surveyed and identified. In order to
contribute to a better knowledge of the flora, an itinerant
inventory in addition to the first one was carried out
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according to the method of [2], [3] and [4]. The identification
of species was done with the help of [28], [29], [30] and [3]-

[4].

60 m
40 m
20m
Figure 2: Surface survey system in the cocoa agrosystems of
Bédiala

1.3.2. Carbon stock assessment

The carbon assessment was done according to the method
described by [18]. The use of this method is justified since
the larger the stand area, the more accurate the measurements
will be. Thus, three main rectangular sub-plots of 40 m x 60
m were randomly installed within each cocoa stand. Within
these sub-plots, all woody plants with a height of 2 m or
more were measured. Within the main sub-plots, three sub-
plots of 20 m x 40 m were delineated and randomly installed
to measure cocoa trees (Figure 3). Data from these delimited
plots were used to assess the carbon stock of the associated
stand and the carbon stock of the cocoa stand only. The total
height and circumference of each individual (cocoa tree and
associated species) were measured. Carbon stock was
estimated by calculating the plant biomass. The much more
flexible allometric (non-destructive) method based on the
diameter and height of woody individuals was used to
estimate stand biomass. The method of [11] adapted to the
climatic zone and to hardwoods served as basic allometric
models. The estimation of the sequestered carbon rate was
done in four steps: calculation of aboveground biomass,
belowground biomass, total biomass and deduction of
sequestered carbon.

20m

Figure 3: Dendrometric measurements in cocoa agrosystems
of Bédiala

1.4. Method of data analysis

1.4.1. Assessment of the quality of cocoa agrosystems

The quality of cocoa agrosystems was assessed on the basis
of biological, chorological and morphological types. The
classification method proposed by [37] served as a basis for
organizing the different biological types. Referring to the
work of [3]-[4], different biological types were sought:
Chamephytes, Epiphytes, Geophytes, Hemicryptophytes,
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Phanerophytes and Therophytes. Chamephytes (Ch) are
plants whose buds or tips of persistent shoots are located
above the soil surface, on creeping or erect branches.
Epiphytes (Ep) are plants whose roots are anchored to the
surface of other plants. Geophytes (G) are plants whose
persistent shoots or buds are located in the soil during the
bad season.  Hemicryptophytes (H) are plants whose
replacement shoots or buds are located at ground level.
Therophytes (Th) are annual plants that multiply by seeds.
Phanerophytes (Ph) are plants with persistent shoots or buds
on persistent aerial axes. Phanerophytes have been
subdivided into four height groups: Nanophanerophytes
(sub-trees less than 2 m); Microphanerophytes (shrubs from
2 to 10 m), Mesophanerophytes (trees from 10 to 30 m) and
Megaphanerophytes (trees over 30 m). The chorological type
was established for the different species on the basis of the
species lists made by [3]-[4] in order to get an overview of
distribution of species in the dense rainforest zone. The main
types of distribution that were retained are Guineo-congolese
species (GC), Guineo-congolese species endemic to the West
African forest block (GCW), Guineo-congolese species
endemic to Cote d'lvoire (GCi), sudanian species from the
regional centre of sudanian endemism (SZ); species from the
transitional zone between the Guineo-congolese and
sudanian regions (GC-SZ) and introduced or cultivated
species (i) in Cote d'lvoire. Morphology is the shape and
external structure of the plant and its organs. It allowed us to
distinguish between arborescent, lianascent and herbaceous
species.

1.4.2. Evaluation of quantitative parameters of cocoa
agrosystems
Floristic richness refers to the number of taxa found in a
given environment, without judging either their frequency or
abundance, or the size and productivity of the species
encountered [2]. For the present study, the species identified
in each plot were used to draw up a floristic list.
Subsequently, they were then grouped according to their
genus, family, biological and chorological types in order to
get a general idea of the floristic composition of the different
agrosystems. The notion of floristic diversity also
encompasses floristic richness, which corresponds to the
total number of species, and regularity, which expresses the
way in which the individuals encountered are distributed
among the species inventoried [22]. Three indices were used
to explain floristic diversity: Shannon-Weaver (H'), Piélou
equitability (E) and similarity (Cs). The Shannon-Weaver
index [41] evaluates the diversity of a stand by combining
relative abundance of species and specific richness. This
index has been used to quantify and compare floristic
diversity of plant formations in different cocoa agrosystems.
Its formula is as follows:

I oL T 1

= Z, ny 1)

With n;, number of individuals of species i; N, total number
of individuals of all species in the environment. The values
of H' vary between 0 and InS (maximum diversity, S being
the total number of species in the environment). For
environments containing only one species, H' is equal to
zero, while for environments with a high number of species,
H' is high and tends towards InS. Piélou's equitability index
[36] expresses the regularity and equitable distribution of
individuals between species. Its formula is:
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With S, total number of species recorded and H' Shannon-
Weaver index. This index varies from 0 to 1. When it tends
towards 0, it describes a state of dominance of individuals of
one species over the others. If E tends towards 1, then the
distribution of individuals between species is regular. The
floristic similarity index (Cs) is the degree of similarity
between the flora of the different agrosystems inventoried.
Similarity was defined through the Sgrensen index [42]. This
index varies from 0 to 100. The more species the floristic
lists have in common, the more Cg tends towards 100. The
more different the floristic lists are, the more Cg tends
towards 0 (44). For two different agrosystems, the formula is
as follows:

c.=—2° %100 3
s @+b) " 3)

With Cs, similarity coefficient; a, number of species in
agrosystem A; b, number of species in agrosystem B and c,
number of species common to both agrosystems A and B that
are to be compared.

1.4.3. Assessment of the carbon stock of agrosystems
The estimation of the above ground biomass (AGB) of
companion trees and cocoa trees was done using allometric
equation of [11]. This is an equation specific to semi-
deciduous dense rainforests. The basic mathematical model
is as follows:

AGB = 0,0673 (pD?H)%°7¢ 4)

Where AGB is the above-ground biomass of the tree (in kg);
D, diameter of the tree (in cm); H, total height of the tree (in
meter) and p, the specific density of the tree (in g.cm). The
species specific densities given by (48) and (45) were used as
reference. For trees with unknown specific density in this
database, the standard density value is 0.58g/cm® (10.39).
The estimation of root or below ground biomass (BGB) of
standing woody plants was done according to the guidelines
established by [14]. According to the latter, the root biomass
equivalence of standing woody plants is obtained by
multiplying the value of above-ground biomass (AGB) by a
coefficient R whose value is estimated to be 0.24.
BGB = AGB x 0,24 (5)

Where BGB is the below-ground biomass (in  kilogram);
AGB, the above-ground biomass (in kilogram) and R, the
root/stem ratio. Once the above-ground and below-ground
biomass of the different individuals were estimated using the
general allometric equations, the total biomass was obtained
by summing the above-ground and root biomass.

BT = AGB + BGB (6)

With BT, total biomass; ABG, above-ground biomass (in
kilogram) and BGB, below-ground biomass (in kilogram).
The total biomass estimated from the different equations was
converted into the corresponding sequestered carbon stock
by multiplying it by 0.5 (14). This parameter was calculated
for each agrosystem using the mathematical formula below:
C=BTx0,5 (7)

Where BT is the total biomass and C is the total carbon
stock.
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1.5. Method of statistical analysis of the data

The statistical processing of the field data was carried out
using Microsoft Excel 2016, pivot table option. The values
generated were used to draw up the various graphs. The
parameters of floristic richness, diversity indices and carbon
stocks between agrosystems were submitted to the R
software (version 4.0.1) for the one-factor analysis of
variance test (ANOVA 1). Where differences were
significant, means were separated by tests at the 5% level.

2. Results

2.1. Qualitative diversity of cocoa agrosystems

Floristic inventory has identified 100 species divided into 45
families and 80 genera. The most dominant family in terms
of number of species was the Sterculiaceae (9%). The
Fabaceae and Rubiaceae families, with 5% of species each,
were the least represented (Figure 4A). In terms of biological
type, Microphanerophytes with 36% and Mesophanerophytes
with 23% were the most numerous in all cocoa agrosystems.
Therophytes with 2% presence were the least represented
(Figure 4B). Analysis of the chorological spectrum showed
that taxa from the Guinean-Congolese (GC) region with 53%
of species were the most represented. The least dominant
were taxa from the Guineo-Congolian zone endemic to the
West African forest block (GCW) and taxa from the
Sudanian zone (SZ) with respectively 2% and 1% each
(Figure 4C). Morphologically, arborescent species were 71%
most prevalent in cocoa agrosystems. The lianescent species
were the least represented with a rate of 14% (Figure 4D).
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Figure 4: Spectrum of families (A), biological (B),
chorological (C) and morphological (D) types of species
inventoried in the cocoa agrosystems of Bédiala

Ch-Chamaephyte; G-Geophyte; H-Hemicryptophyte; np-
Nanophanerophyte; mp-Microphanerophyte ; i-introduced or
cultivated species in Céte d'lvoire; mP-Mesophanerophyte;
MP-Megaphanerophyte; Th-Therophyte; Lianaceous
Microphanerophyte (Lmp)

2.2. Quantitative diversity of cocoa agrosystems

Floristic diversity analysed from Table 1 reflected variability
in the number of species from one agrosystem to another. On
average 13.4 + 1.75 species were inventoried for all cocoa
agrosystems. The [0-5[ year old cocoa agrosystem had the
highest number of species (16). In contrast, the [5-10[year
old agrosystem produced the fewest species (11). Significant
differences existed between cocoa agrosystems for stand
density (y*> =13.25; P=0.01). For all the cocoa agrosystems,
the mean value of the Shannon-weaver index was 2.06 *
0.23. This index varied from 1.06 + 0.23 to 2.06 £ 0.23. This
index varied from 1.94 (+ 0.37) to 2.27 (+ 0.26) from one
agrosystem to another. The Shannon index of the [0-5[year
old cocoa agrosystem had the highest value (2.27 + 0.26),
while the one older than 20 years had the lowest (1.94 +
0.37). The difference between the values of these indices did
not vary significantly within the different types of cocoa
agrosystems (y*> = 4.91; P = 0.30). Concerning the Piélou
Equitability Index, the mean value was 0.79 = 0.08. This
index varied from one agrosystem to another. The highest
value (0.87 + 0.05) was observed in the [0-5[ year old cocoa
agrosystem, while the lowest value (0.73 + 0.12) was
obtained in the cocoa agrosystem older than 20 years (> 20
years). There was no significant difference between the
Pielou indices for the cocoa agrosystems of different age
classes (> =4.76; P =0.31).
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Table 1: Species richness and diversity indices per cocoa

agrosystem
Age of cocoa Richness Shannon Piélou
agrosystems(years)  specific index (H) index (E)
[0-5] 16+269° 227+026° 0.82+0.10°
[5-10[ 11+1.12* 2.09+0.16% 0.87 +£0.05%
[10-15[ 13+1.62° 1.98+0.20* 0.77+0.07%
15-20[ 14+1.75® 200+0.16* 0.76 + 0.06°
>20 13+1.62° 1.94+0.37%° 0.73+0.12*
Meij” (tstndard 43,175 2054023 0.79+008
leviation)
Statistical test x>=1325 x?=4091 x> =4.76
parameters P=0.01 P=0.29 P=0.31

Means followed by the same letter are not significantly
different according to Tukey's HSD test of means
comparison at o = 0.05

The values of Sgrensen's coefficients analysed from Table 2
show both similarities and dissimilarities between the cocoa
agrosystems in pairs. The analysis showed dissimilarity
between the [15-20[ year old cocoa agrosystem and all the
[0-5[, [5-10[ and [10-15[ year old agrosystems; between the
agrosystem of age > 20 years and all the [10-15[, [15-20[
year old cocoa stands; and between the [5-10[ and [10-15[
year old agrosystem. On the other hand, there are similarities
between the [0-5[ year old cocoa agrosystem and all the [5-
10[ year old, [10-15] year old and > 20 year old agrosystems
on the one hand, and between the [5-10[ year old and > 20
year old cocoa agrosystem on the other.

Table 2: Comparison of the different cocoa agrosystems in
Bédiala according to their Sgrensen similarity coefficient

Age of cocoa

agrosystemsqears) 051  [5-100 [10-15[ [15-20[ 220
[0-5[ - 6956 5416 4941 59.94
[5-10[ - 4565 4444 52.94
[10-15[ - 447 4528
[15-20[ - 4842
>20 .

2.3. Biomass produced and carbon sequestered by species
in cocoa agrosystems

Within the woody species associated with cocoa trees and
with DBH < 30 cm, the average biomass produced was
obtained at the value of 16.98T/ha. This corresponded to a
carbon stock of 8.49 TC/ha (Table 3). The highest biomass
production was recorded in the [0-5[year old stands with
28.93 T/ha equivalent to a carbon stock of 14.46 TC/ha. The
lowest biomass production was recorded in the [10-15[year
old agrosystems with 12.01 T/ha corresponding to a carbon
stock of 6.01 TC/ha. The observed differences in mean
values between cocoa agrosystems were not significant
(x>=3.23; P = 0.52) for biomass produced and carbon stored
(Table 4).

Table 3: Total biomass and carbon stored in associated and
pure cocoa tree stands in Bédiala

Am of Cocoa trees Trees anodaed with cocoa trees
CoCoa BT c DEH = M tm DEH =M om
BETOSYIIEmS {Tha} {Tha) ET C ET C
(rarz) (Tha) _ (Thy  (Tha) (Tha)
. it £ TN Ty = 22
[0-3] =347 =17F  =160F =54F =438 =11F
- i EE] W 550 a¥ 11
(14 =108 =108  =i&¢  =1Er =057 =057
- 3% 11 o5 3065 341 1=
B0 o3 =036 =45 =45 =048 =04F
- 358 o 388 188 30 1%
X[ 50 =3pe 22410 =24 =058 =054
- R Z® LT LT 3%
21 S0AT =04 =523 =31 B =130 =13
Tammeern =i F=L7] F=18 F=1i F=if F=iE
ofthetest F=033 P=03i P=03§ P=0i F=03: P=05i

Means followed by the same letter are not significantly
different according to Tukey's HSD test of means
comparison at o = 0.05; DBH- Diameter at breast height;
BT- total biomass; C-carbon

In associated stands of more than 30 c¢cm in diameter, on
average the biomass was evaluated at 39.67 T/ha equivalent
to a carbon stock of 19.83 TC/ha (Table 3). The highest
production was noted in agrosystems aged [0-5] years with
70.73 T/ha equivalent to a carbon stock of 35.37 TC/ha. The
lowest biomass production was obtained in agrosystems
older than 20 years with 11.05 T/ha equivalent to a carbon
stock of 5.53 TC/ha. The analysis of variance showed no
significant difference between the agrosystems (F = 1.86; P
= 0.27) for biomass produced and carbon stored (Table 4).
On average, the biomass produced for all pure cocoa stands
was recorded at 20.66 T/ha corresponding to a carbon stock
of 10.33 TC/ha (Table 4). This biomass varied from 14.32
T/ha (7.16 TC/ha) to 25.98 T/ha (12.99 TC/ha). In stands
aged [0-5] years, the value of carbon sequestered (7.16
TC/ha) was the lowest, while that of agrosystems older than
20 years was the highest (12.99 TC/ha). From one
agrosystem to another, the difference between the biomass
produced on the one hand and the carbon stored on the other
hand are not significant (y*>=4.71; P =0.32) (Table 4). Finally,
the total biomass produced in all the cocoa agrosystems was
estimated at 386.52 T/ha, i.e. a carbon production of 193.26
T/ha. In the associated stand, the biomass produced and the
amount of carbon sequestered exceeded twice as much as in
the pure cocoa plantations (Figure 5).

Table 4: Biomass and carbon stock (average) sequestered in
the cocoa agrosystems of Bédiala

Ciocaa o stmd mascaed wiih caageans

[T pee——

apesia oo
Ageafzaas DEH= 3 e DEHZ 3e=
agmamatema
{r=amm) ETT )
ET A BT AT Tha
(Taa)  (Tha)  (Ta)
[ 2593 144E 747 35,37 4,3 T
[580 1557 8 44 A 17,45 a7
[-LE et &0t 28,78 4,3 a5 1,78
fia g3 L4 323 16,17 5,97 1,88
=0 53¢ n L 55 35,08 15,08
Taml Mot 045 5,3 18 . ie4
A
P PR a4 FTT e 88 w0
I:,._h” -t 3,43 23,20 a il gl ad % a3

DBH-Diameter at breast height; BT-total biomass;
carbon; T/h-tonne per hectare

CA-
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141.62
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Figure 5: Total biomass and total carbon stock of all cocoa
agrosystems in Bédiala

BT- total biomass; TC-Carbon content; CA-carbon; T/h-
tonne per hectare

3. Discussion

The compilation of floristic lists from different cocoa
agrosystems of Bédiala, allowed the identification of 100
plant species from 45 families and 80 genera. With little
difference, the number of genera reached the number of
species. This demonstrates the floristic diversity of cocoa
agrosystems in Bédiala. Farmers in this area have acquired
knowledge of the goods and services that plant species can
provide both environmentally and socially. These species,
most of which are native (others are exotic), are spontaneous
and conserved and therefore benefit from protection because
of their uses. These species in association with cocoa trees
are either forest species (Milicia excelsa, Anttiaris toxicaria,
Amphimas pterocarpoides, Khaya ivorensis, Ceiba
pentandra, Blighia sapida, Cola cordifolia, Entandrophragma
angolense, Khaya grandifoliola, Mansonia altissima, Milicia
excelsa, etc.), or introduced species (Anttiaris toxicaria,
Amphimas pterocarpoides), or introduced (Anacardum
occidentale, Azadirachta indica, Dioscorea alata, Manihot
esculenta, etc.) or fruit crops (Carica papaya, Citrus limon,
Citrus reticulata, Citrus sinensis, Musa paradisiaca, Musa
sapientum, etc.) and form typical agro-systems. These
generally diverse agrosystems are able to create a
microclimate favourable to cocoa cultivation. According to
[15], diversity is higher in agroforestry systems than in full
sun systems, which justifies the results obtained. The humber
of species obtained in Bédiala cocoa agrosystems (100
species) is higher than that obtained from the work of [46] in
the traditional cocoa agroforests in the locality of LaKota (56
to 97 species) in Cdte d'lvoire. This number remains much
higher than that obtained in Cameroon by [21] with 59
species. The dominance of certain families such as
Sterculiaceae (9%), Apocynaceae and Moraceae with 7%
each and Euphorbiaceae (6 %) in the agroforestry systems as
a whole, accounts for the physiognomy of the plantations,
which brings them closer to agroforests. Some of dominant
families of plantations in Bédiala locality were cited by [26]
in agroforestry systems in south-central Céte d'lvoire, but
also reported as characteristic of the african forest zone and
ivorian forests by some authors, including [1]-[47] and [9].
This suggests that these families are well adapted to the
ecological conditions that would be favourable to the
regeneration of species present. A total of nine biological
types dominated by Phanerophytes, among which
Microphanerophytes (36%) and Mesophanerophytes (23%)
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were strongly represented. The predominance of these
biological types is a farmer's choice that helps to reduce the
shading of cocoa trees and to reduce competition between
the main crop and companion species. Moreover, this
predominance can also be explained by the strong
regeneration by buds, which is an important mode of
quantitative regeneration in this type of species. This is
evidenced by the fact that some farmers keep a few trees or
shrubs to protect young cocoa plants from solar radiation
[26]. Our results are similar to those of [32]. Indeed, this
author showed in the classified forest of Tos and Bouaflé that
Phanerophytes, particularly ~ Microphanerophytes and
Mesophanerophytes were the dominant biological types.
However, the low representation of Megaphanerophytes also
illustrates their excessive use by farmers as timber and
service wood At the chorological level, the flora of cocoa
agrosystems is dominated on the one hand by taxa from the
Guinean-congolese zone [53%] and on the other hand by
those from the Guinean-congolese and Sudano-Zambian
zones with 27% representation. This dominance can be
explained by the fact that producers keep forest species that
are of particular interest to them (medicine, food and timber
use) and their plantations (soil fertilization and shade).
Furthermore, this result justifies the strong affinity of these
species for this ecological zone and also accounts well for
the type of vegetation that supported the plantations. This
cultural precedent was also reported by [26] who obtained
48% of Guinean-congolese species in cocoa plantations in
the Lamto Reserve (Céte d'lvoire). Concerning
morphological types, more than half of the species recorded
are arborescent at a proportion of 71%. This confirms the
exploited forest character of the study area. In fact, the
specific characteristics of the forests favour the regeneration
of arborescent types and the emergence of lianascent species.
All of the different types of cocoa agrosystems in Bédiala
showed Shannon indices close to 2. This reflects, on the one
hand, a high floristic diversity and, on the other hand, a good
reconstitution of the floristic diversity of the undergrowth,
probably due to the favourable environmental conditions.
Moreover, this diversity could also be due to the cultural
practices adopted by Bédiala farmers, which consist in
conserving and preserving different species. This result
shows that cocoa agrosystems, although anthropised systems
are likely to contribute to the preservation of biodiversity.
According to [8], cocoa agrosystems can help to protect
many forest species with potential for biodiversity
conservation at both species and landscape level. The Piélou
indices calculated in the different agrosystems of Bédiala
approach unity. This highlights the phenomenon of a good
distribution of individuals within plant species. These results
corroborate those of [43] in Cameroon. This could be
explained by the fact that farmer in managing cocoa
plantations takes into account the spatial distribution of the
territory in order to protect these plants. Indeed, when the
plantation is created, the farmer leaves many species in place
in order to provide shady cover for the young plants. Over
time, cuts and selections are made to reduce humidity and
thus favour the growth and development of the plants. With a
Sorensen's coefficient above 50%, several agrosystems show
similarities between them. The different combinations
carried out make it possible to establish similarities between
the following cocoa agrosystems: [5-10 year old], [10-15
year old] and [20-25 year old] cocoa agrosystems with [0-5
year old] cocoa agrosystems and [5-10 year old] cocoa
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agrosystem with [10-15 year old] cocoa agrosystem. These
results show that the flora present is not exclusive to each of
the cocoa agrosystems and that the differences in age classes
do not influence this flora. These results also show that the
ecological zone is favourable to all the flora common to
these plantations. In addition to maintaining floristic
diversity, the cocoa stands of Bédiala also contribute to
climate preservation by participating in carbon sequestration.
The results obtained show that the age of the cocoa stands
did not have a significant impact on the amount of carbon
stored by each agrosystem, although the values differed
between them. The carbon stock of the associated woody
stand is differently distributed between trees with a diameter
of 30 cm or more and those with a diameter of 30 cm or less.
Indeed, the associated species with a diameter at breast
height greater than or equal to 30 cm record high quantities
of biomass (11.05 to 70.73 tonnes per hectare). In turn, they
represent the species with the highest carbon sequestration
per hectare (5.53 to 35.37 tonnes of carbon per hectare). This
high sequestration is due to the presence of species such as
Ceiba pentandra, Bombax buonoposense, Milicia excelsa,
Ricinodendron heudelotii, which have large diameters.
According to [12], biomass increases with tree size. These
results justify the fact that the majority of carbon is stored by
the large forest trees that are mainly conserved and
associated with cocoa trees [40]. The trend remains the same
when looking at the carbon sequestered by all associated
woody species, which is 141.62 tonnes per hectare. This
could be due to good diversity and especially to the presence
of species with a high carbon storage capacity [6]. The
carbon sequestered by all the associated woody species is
slightly similar to that obtained by [33] in Cameroon at 135.5
tonnes of carbon per hectare but differs from those of [34] in
Nigeria with 96 tonnes of carbon per hectare. These
differences are probably due to the diversity of
environments, age, previous crops and tree densities but also
to the different allometric equations used. Furthermore, the
carbon stored by cocoa trees and associated trees with a
diameter at breast height less than or equal to 30 cm is
minimal compared to the carbon stored by trees with DBH >
30. The average value of carbon stored in cocoa trees (10.33
tonnes per hectare) is similar to that obtained by [20] in
Ghana.

Conclusion

The aim of the study carried out in Bédiala was to
characterize the flora of the Bédiala cocoa agrosystems and
to evaluate the quantity of carbon stored in the Bédiala cocoa
agrosystems. This study revealed a remarkably rich
preserved flora with 100 species inventoried belonging to 80
genera and 45 families. In these cocoa agrosystems, the most
important families in terms of number of species were
Sterculiaceae, Apocynaceae, Moraceae and Euphorbiaceae.
These species were strongly related to taxa from the
Guinean-Congolese zone. All the species recorded in the
cocoa agrosystems were presented under fairly varied
biological types and dominated by Microphanerophytes and
Mesophanerophytes. In all the agrosystems, species that
were more than 50% arborescent dominated all
morphological types. Despite their different ages, all types of
cocoa agrosystems were equally diverse. Beyond plant
diversity, estimates of the carbon stored in the different
agrosystems showed that cocoa trees alone did not contribute
to carbon storage. This storage was provided by the
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associated stand. Cocoa agrosystems thus have the capacity
to limit the impacts of climate change by sequestering
atmospheric carbon.

4. References

[1] C.Y. Adou Yao & E.K.N’Guessan, 2006, Diversité
floristique spontanée des plantations de café et de
cacao dans la forét classée de Monogaga, Cote
d’Ivoire. Schweiz. Z. Forstwes, 157 (2), 31-36.

[2] L. Aké-Assi, 1984, Flore de la Cote d’Ivoire: Etude
descriptive et biogéographique avec quelques notes
ethnobotaniques. Tome 1. 1. 11l. These de Doctorat.
Es Sciences Naturelles, Faculté des Sciences et
Techniques, Université d’ Abidjan, 1205 p.

[3] L. Aké-Assi, 2001, Flore de la Cote d’Ivoire:
catalogue systématique, biogéographie et écologie.
Boissiera, 57, 1-396.

[4] L. Aké-Assi, 2002, Flore de la Cbdte d'lvoire:
catalogue systématique, biogéographie et écologie.
Boissiera, 58, 1-401.

[5] A.A. Assiri, O. Deheuvels, Z.J. Keli, B.l. Kebe, A.
Konan & N. Koffi, 2016, Identification des
caractéristiques agronomiques pour le diagnostic et la
prise de décision de régénération des vergers de
cacaoyers en CoOte d’Ivoire. African Crop Science
Journal, 24(3), 223-234.

[6] O. Bakayoko, B. Coulibaly & K.A. N'Guessan, 2012,
Carbon storage in Nauclea didderichii and
Triplochitonscleroxylon stand in Cote d'lvoire.
American Journal of Scientific Research, 78, 133-
142,

[71 1. Bamba, G.Z. Golou, K. Beh, C.S. Yao & S.S.B.
Yao, 2019, Agrosystemes et conservation de la
diversité végétale dans la périphérie de la forét
classée du Haut-Sassandra, Centre-Ouest de la Cote
d’Ivoire. Journal of Scientific, 154, 443-457.

[8] D.H.B. Bisseleua & S. Vidal, 2008, Plant biodiversity
and vegetation structure in traditional cocoa forest
gardens in southem Cameroon under different
management. Biodivers Conserv, 17, 1821-1835.

[9] B.B. Boko, A. Koulibaly, D.E. Amon-Anoh, K.B.
Dramane, K.A.A. M’bo & S.Porembski, 2020,
Farmers influence on plant diversity conservation in
traditional cocoa agroforestry systems of Cote
d’Ivoire. International Journal of Research Studies in
Agricultural Sciences, 6(12), 1-11.

[10] S. Brown, 2002, Measuring carbon in forests: current
status and future challenges. Environ Pollut., 116,
363-372.

[11] J. Chave, M. Rejou-Mechain, A. Burquez, E.N.

Chidumayo, M.S. Colgan, W.B.C. Delitti, A.Duque,
T.Eid, P.M. Fearnside, R.C. Goodman, M.Henry, A.
Martinez-Yrizar, W.A. Mugasha, H.C. Muller-
Malavassi, R.Pélissier, P. Ploton, C.M. Ryan, J.G.

Volume 5 Issue 9, September 2022

Www.ijarp.org




[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

International Journal of Advanced Research and Publications

ISSN: 2456-9992

Saldarriaga & G.Vieilledent, 2014, Improved
allometric models to estimate the aboveground
biomass of tropical trees. Global Change Biology, 20
(10), 3177-3190.

ADS.L. Dubé & G.Sénécal, 2006. Penser le
renouvellement des politiques de conservation de la
forét urbaine a I'ére du réchauffement climatique.
Institut National de la Recherche Scientifique-
Urbanisation, culture et société, 51 p.

FAO, 2009, Harmonized world soil database
(HWSD). Food and Agriculture Organization, Rome,
Italy, 38p.

GIEC, 2006, Guide pour I’inventaire national des gaz
a effet de serre ; agriculture, foresterie et autre usage
des terres. Institute for Global Environnemental
Strategies Japon, 4, 46-52.

A.N. Gillison, N. Liswanti, S. Budidarsono, M.
Noordwijk & T.P. Tomich, 2004, Impact of cropping
methods on biodiversity in coffee agroecosystems in
Sumatra, Indonesia. Ecology and Society, 9(2), 7.
[online] URL:
http://www.ecologyandsociety.org/vol9/iss2/art7/

D. Goetze, A. Koulibaly, S. Porembski & D. Traoré,
2010, La dynamique récente de la végétation. In: S.
Konaté, D. Kampmann (eds). Atlas de la Biodiversité
de I’Afrique de 1’Ouest, Tome III, Abidjan (Cote
d’Ivoire), pp 377-384.

JL. Guillaumet & E. Adjanohoun, 1971, La
végétation de la Cote d’Ivoire. In: Le milieu naturel
de la Cote d’Ivoire. Mémoires ORSTOM, N° 50, pp
156-263.

K. Hairiah, S. Dewi, F. Agus, S. Velarde, A.
Ekadinata & S. Rahayu, 2010, Measuring Carbon
Stocks. Across Land Use Systems: A manual Bokor,
Indonesia.World Agroforestery Centre, 177p.

ICCO, 2015, Quarterly Bulletin of Cocoa Statistics,
International Cocoa Organization (ICCO), Westgate
House, London, United Kingdom. Rapport Annuel
International Cocoa Organization, 25p.

M.E.lIsaac, V.R. Timmer & S.J. Quashie-Sam, 2007,
Shade tree effects in an 8-year old cocoa agroforestry
system: biomass and nutrient diagnosis of Theobroma
cacao by vector analysis. Nutr. Cycl. Agroecosyst, 78,
155-165.

T. Jeofack, N.M. Guedje, Z. Tchoundjeu, C.
Fokunang, J. Lejoly and V. Kemeuze, 2013,
Agroforestry typology of some cocoa based
agroforests in the Mbam and Inoubou division: the
importance for local population livelihoods. Journal
of Ecology and the Natural Environment, 5(12), 378-
386.

[22]

[23]

[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

S 1JARP

A. Kent & P. Coker, 1992, Vegetation description and
analysis. A pratical Approach. John Waley & Sons
(ed.), 363p.

C.Y. Koffie-bikpo & K.S. Kra, 2013, La région du
haut-Sassandra dans la distribution des produits
vivriers agricoles en Cote d’Ivoire. Revue de
Géographie Tropicale et d’Environnement, 2, 95-103.

A.T.M. Kouakou, Y.S. SBarima, K.A. Kouakou, F.N.
Kouamé, J. Bogaert & J.Y. Kouadio 2015. Forest
Dynamics in the North of the Classified Forest of
Haut-Sassandra during the Period of Armed Conflicts
in lvory Cost. Américan Journal of life Sciences, 3
(5), 375-382.

D. Kouamé, A.V. Koulibaly, Z.B. Goné Bi, K.H.
Kouassi, B.J.C. Koffii & C.Y. Adou Yao, 2015, Le
role de dispersion des grands mammiféres en foréts
tropicales : cas de 1’éléphant dans la dissémination et
la régénération des plantes au Parc National
d’Azagny, Sud de la Cote d’Ivoire. Afrique Science,
13(5), 115-129.

A. Koulibaly, 2008, Caractéristiques de la végétation
et dynamique de la régénération, sous I’influence de
I’utilisation des terres, dans des mosaiques foréts-
savanes, des régions de la Réserve de Lamto et du
Parc National de la Comoé, en Cdte d’Ivoire. Thése
de Doctorat, UFR Biosciences, Université de Cocody-
Abidjan, Cote d’Ivoire, 150 p.

A. Koulibaly, 2019, Développement agricole durable:
la phytodiversité comme outil de gestion des
plantations de cultures de rente en Cote d’Ivoire.
Agronomie Africaine, 8, 138-149.

J.P. Lebrun & A.L. Stork, 1992, Enumération des
plantes a  fleurs  d'Afrique tropicale: 2.
Chrysobalanaceae a Apiaceae. Conservatoire et Jardin
Botaniques de Genéve, 25p.

J.P. Lebrun & A.L Stork, 1995, Enumération des
plantes a fleurs d'Afrique tropicale: 3.
Monocotylédones: Limnocharitaceae a Poaceae.
Conservatoire et Jardin Botaniques de Geneve, 341 p.

J.P. Lebrun & A.L. Stork, 1997, Enumération des
plantes a fleurs d'Afrique tropicale : 4. Gamopétales:
Clethraceae a Lamiaceae. Conservatoire et Jardin
Botaniques de Genéve, 712p.

R. Ligban, L.D. Goné, B. Kamagaté & M.B. Saley &
J.Biémi, 2009, Processus hydro-géochimique et
origine des sources naturelles dans le degré carré de
Daloa (Centre-Ouest de la Cote d’lvoire). Int. J. Biol.
Chem. Sci., 3(1), 17-47.

K.D. N’goran, 2018, Diversité de la flore lianescente
des types d’occupation du sol de la forét classée de
Bouaflé (Centre Ouest de la Cote d’Ivoire). Mémoire
Master Bioressources-Agronomie, Foresterie, UFR
Agroforesterie, Université Jean Lorougnon Guédé,
Daloa, Cote d’Ivoire, 47 p.

Volume 5 Issue 9, September 2022

Www.ijarp.org




[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

International Journal of Advanced Research and Publications

ISSN: 2456-9992

L. Norgrove & S. Hauser, 2013, Carbon stocks in
shaded Theobroma cacao farms and adjacent
secondary forests of similar age in Cameroon.
Tropical Ecology, 54(1), 15-22.

D.O. Oke & A.Olatiilu, 2011, Carbon Storage in
Agroecosystems: A Case Study of the Cocoa Based
Agroforestry in Ogbese Forest Reserve EKiti State
Nigeria. Journal of Environnemental Protection, 2,
1069-1075.

Z.F. Oro, 2011, Analyse des dynamiques spatiales et
épidémiologie moléculaire de la maladie du swollen
shoot du cacaoyer au Togo: Etude de la diffusion a
partir des systémes d’information géographiques.
Thése de Doctorat en Sciences de Montpellier,
Supagro, France, 262 p.

E.C. Pielou, 1966, Species diversity and pattern
diversity in the study of ecological succession.
Journal of theoretical biology, 10, 370-383.

C. Raunkiaer, 1934, The life form of plants and
statistical plant geography. Clarendon press, Oxford,
632 p.

REDD+, 2018, Production durable de cacao en Cote
d’Ivoire: besoins et solutions de financement pour les
petits producteurs. Rapport agroforestiére, Cote
d’Ivoire, 48p.

G. Reyes, S. Brown, J. Chapman & A. ELugo, 1992,
Wood densities of tropical tree species. New Orleans,
LA: US. Department of Agriculture, Forest Service,
Southern Forest Experiment Station, 15p.

S. Saj, P. Jagoret & H. Todem, 2013, Carbon storage
and density dynamics of associated trees in three
contrasting Theobroma cacao agroforests of Central
Cameroon. Agroforestry Systems, 87, 1309-1320.

C. EShannon, 1948, A mathematical theory of
communication. Bell System Technical Journal, 27,
379-423.

T.A. Sgrensen, 1948, A method of establishing
groups of equal amplitude in plant sociology based
on similarity of species content, and its application to
analyses of the wvegetation on Danish commons.
Kongelige  Danske  Videnskabernes  Selskabs
Biologiske Skrifter, 5, 1-34.

L. Temgoua, S.Momo & R. Boucheké, 2019,
Diversité floristique des ligneux des systémes
agroforestiers cacaoyers du littoral Cameroun: Cas de
I’arrondissement de Loum. European Scientific
Journal, 15(9), 1857-7881.

G. Trouppin, 1996, Etude phytosociologique du Parc
National de 1’Akagera et Rwanda oriental. Recherche
d’une méthode d’analyse appropriée a la végétation
d’Afrique intertropicale. Liege, 293p.

NF 1JARP

J. Vivien & J. Faure, 2011, Arbres des foréts denses
d'Afrique centrale, espéce du Cameroun Paris, France.
Agence de coopération culturelle et technique. 954p.

[45]

[46] B.T.A. Vroh, ACissé, Y.C.Adou Yao, D. Kouamé,
K. J. Koffi, K. B. Kpangui & B.J.C. Koffi, 2015,
Relations entre la diversité et la biomasse aérienne
des espéces arborescentes dans les agroforéts
traditionnelles a base de cacaoyers : cas de la localité
de Lakota (Céte d'lvoire). African Crop Science
Journal, 23(4), 311-326.

[47] B.T.A. Vroh, D. Ouattara & K.B. Kpangui, 2013,
Disponibilité des especes végétales spontanées a
usage traditionnel dans la localité d’Agbaou, Centre-
ouest de la Cote d’Ivoire. J. Appl. Biosci., 76, 6386-
6396.

[48] A.E. Zanne, G. Lopez-Gonzalez, D.A. Coomes, J.
llic, S. Jansen, S.L. Lewis, R.B.Miller, N.G.
Swenson, M.C. Wiemann & J. Chave, 2009, Global
wood density database. [Online]  Available:
http://hdl.handle.net/10255/ dryad235>.(Consulté le
09 Auvril, 2022).

Acknowledgments

This work did not receive any external funding. It was
funded entirely by the authors. The authors declare that there
is no conflict of interest. The authors would like to thank the
cocoa farmers of Bédiala, in particular the chief of the
village, for granting them access to their plantations for the
purpose of this study.

Authors Profile
Author 1:
VOUI Bi Bianuvrin Noél Boué holds a PhD
in Plant Ecology, Agroforestry option. The
practical phase of this thesis was carried out
thanks to the technical collaboration
between Forestry Development Society
(SODEFOR) and National Agricultural
S Research Centre (CNRA). He is currently a
teacher-researcher and assistant professor at the University
Jean Lorougnon Guédé (Daloa, Republic of Cdte d’Ivoire).
He is a member of the research group «Optimization of
Agroforestry Systems (GREO-SAF)" whose objective is to
propose integrated solutions to ensure the implementation of
efficient agroforestry systems. Mr. VOUI Bi Bianuvrin Noél
Boué has to his credit 11 scientific publications in peer-
reviewed journals and 09 Masters' courses. He is responsible
for the practical work of Masters 1 and 2 at the Training and
Research Unit of Agroforestry.

Author 2:

Annick KOULIBALY is a Lecturer and
Researcher at the Jean Lorougnon Guédé
University. Her research focuses on
Agroforestry and resilience of agricultural
systems. She analyses the development of
plant communities under land use pressure
and climate change for a co-design crop

system.

Volume 5 Issue 9, September 2022

Www.ijarp.org




International Journal of Advanced Research and Publications ﬁf IJARP

ISSN: 2456-9992

Author 3:

. COULIBALY Siendou holds a PhD in Plant
Biology, Morphology and Taxonomy. He is
currently a teacher-researcher and assistant
professor at the University Jean Lorougnon
Guédé (Daloa, Republic of Cote d’Ivoire). In
this University, he teaches Plant Biology and
Ecology and Mellisopalynology.

i

Author 4:

DJAGO Audrey est titulaire d’un Master en
Bioressource-Agronomie option Foresterie
et d’une Licence en Bioressource-
Agronomie  option  Amélioration  des
Ressources Agricoles, tous obtenus a
I’Université Jean Lorougnon Guedé de
Daloa Ses intéréts de recherche inclus le stock de carbone, le
changement climatique, la valorisation des systémes
agroforestiers.

Author 5:

Alphonse TAPE is since April 2022 in

: charge of Sustainable Forest Management
and Forest Certification for a private
Company at Gabon in Central Africa.
Previously, he has been working during
above 20 years at SODEFOR in Cote
d’Ivoire where he last place was the Bouake Regional Office
Manager. Basecally, he is Forest Engineer since 1997 from
the Institut Polytechnique de Yamoussoukro and is also
Master in Botanic since 2013. Every forest matte ris
enjoyable for him.

Volume 5 Issue 9, September 2022

www.ijarp.org




