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Abstract

In Cote d’Ivoire, cocoa is an important source of income for the population
and the state. However, its production has led to massive deforestation, reduc-
ing forest cover and the associated ecosystem services. In order to reconcile
cocoa production with conservation, agroforestry is being promoted; how-
ever, its success hinges on the traditional knowledge of the services provided
by these plants, which remains poorly documented. This study aims to docu-
ment the endogenous knowledge of rural populations regarding the ecosystem
services provided by woody plants in cocoa-based agroforestry systems. To
this end, ethnobotanical surveys were conducted among 50 farmers in five vil-
lages located within one of Cote d’Ivoire’s primary cocoa production regions.
These surveys were supplemented by a literature review and principal compo-
nent analysis. A total of 53 woody species were identified, including 37 indig-
enous and 16 introduced species. They provide services for food (48.18%), me-
dicinal care (31.04%), construction (14.16%), fodder (5.97%) and cosmetics
(0.65%). Organs used include leaves, fruit, bark, roots, etc. Despite their use-
fulness, 54% of these species are on the IUCN Red List, underlining their vul-
nerability. In addition, locality and ethnicity have been identified as differentiat-
ing factors in knowledge of the services provided. Integrating this local knowledge
into forest management programs will ensure the sustainable use of woody
plants in cocoa-based agroforestry systems. In addition, in view of the threats
to biodiversity, work needs to be done on prioritizing the conservation of these
species. A participatory approach involving researchers, decision-makers and
rural communities is essential to preserve woody plants while maintaining co-
coa profitability.
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Knowledge

1. Introduction

Cote d’Ivoire, the world’s leading cocoa producer, has based a significant part of
its economic development on this crop, which has become a key source of income
for rural [1]. Indeed, like other countries in Sub-Saharan Africa, Cote d’Ivoire has
focused its economic development on the agricultural sector since gaining independ-
ence in 1960 [2]. Public policies have contributed to planters’ preference for cocoa,
which has become the main source of agricultural income for both the Ivorian pop-
ulation and the state [3]. This emphasis on cocoa has enabled Cote d’Ivoire to be-
come the world’s leading producer of cocoa beans, accounting for at least 43% of
global production [1].

This expansion of cocoa production has been achieved at the expense of forest
ecosystems, since cocoa farming usually takes place after the forest has been cleared.
This has led to a significant reduction in vegetation cover and woody plants. The
ecosystem services they provide (support, provisioning, regulation and socio-cul-
tural services) are also affected [4] [5].

In the face of environmental degradation, agroforestry is emerging as a prom-
ising solution for reconciling agricultural productivity and biodiversity conserva-
tion. However, the sustainable conservation of woody plants in cocoa-based agro-
forestry systems depends largely on farmers’ traditional knowledge of their uses
and services [6] [7], which is still poorly documented. This local knowledge, trans-
mitted from generation to generation, plays a crucial role in the sustainable man-
agement of natural resources, but is in danger of disappearing under the impact of
socio-economic and environmental changes.

The aim of this study is to address a scientific and practical gap by systematically
documenting the endogenous knowledge of rural populations regarding the eco-
system services provided by woody plants in agroforestry cocoa farms. This documen-
tation is essential for three main reasons:

1) Scientific justification: Traditional knowledge of the uses of woody plants is
not well formalized in academic literature [6], even though it represents a critical
lever for biodiversity conservation and adaptation to climate change [7].

2) Socio-economic justification: Understanding the socio-economic functions
of these plants (medicinal, food, etc.) makes it possible to assess their contribution
to the resilience of rural households and to guide inclusive public policies [8] [9].

3) Environmental rationale: Identifying the factors influencing their conservation
(cropping practices, economic pressures, etc.) is necessary to design sustainable ag-
roforestry models aligned with the Sustainable Development Goals.

Specifically, we will:

e Identify the species used by local populations;

e Determine the socio-economic functions of these species;
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e Determine the factors influencing their conservation.

2. Methodology
2.1. Presentation of the Study Area

This study was carried out in the Bonon sub-prefecture, the second largest cocoa-
producing area in Cote d’Ivoire. This sub-prefecture is located in west-central Cote
d’Ivoire, in the Marahoué region (Figure 1), covering an area of 520 km” Bonon
is located in a forest mosaic zone of 456 ha [10] and benefits from a Guinean-type
climate characterized by four seasons: a long and short rainy season, and a long
and short dry season. According to [11], Bonon had a population of 167,397 in 2021,
made up of natives (Gouro), non-natives (Baoulé, Sénoufo and Tagbana) and
non-natives (Burkinabé, Malian and Beninese) whose main activity is agriculture,
based on cocoa cultivation. Work took place in five villages in the Bonon sub-pre-
fecture, namely Dabouzra, Ouarebota, Blaisekro 2, N’Guatakouakoukro and Koff-

ikro (Figure 1).
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Figure 1. Geographical location of the sub-prefecture.

2.2. Data Collection

This research aims to identify woody species associated with cocoa agroforestry
systems in the Bonon region (Cdte d’Ivoire) and to assess their provisioning ser-
vices for local populations. An ethnobotanical approach was adopted, combining
semi-structured surveys of 50 farmers in five villages (Dabouzra, Ourebota, Blaisekro
2, N’Guatakouakoukro and Koffikro) in one of the main cocoa production areas
of Cote d’Ivoire, a literature review and a principal component analysis. The choice
of different villages was based on the diversity of ethnic groups in the area, for a
good triangulation of the services provided by the species. At least 10% of ran-

domly surveyed farmers practicing cocoa-based agroforestry, mostly educated (66%)

DOI: 10.4236/0je.2025.1510037

662 Open Journal of Ecology


https://doi.org/10.4236/oje.2025.1510037

A A.Y. Assalé et al.

and from different ethnic groups (Baoulé, Gouro, Sénoufo, etc.), provided infor-
mation on the species used for their food, medicinal, construction, fodder and other

needs.

2.3. Data Processing and Analysis

Botanical nomenclature was verified according to [12] and APG IV, while species
origin (native and exotic) as well as endangered or endemic species were identified
from the works of [13]-[15] and [16]. Citation frequencies (FC) were calculated
to assess the relative importance of species and their uses using the following for-

mula:

Nix100)

_(
Fo=t (1)

where Niis the sum of citations for a species, organ used, use or category of supply
service provided, and Neis the sum of citations for all species, organs used, uses
or categories of service provided. When FCtends towards 0, the species or species
organ is poorly used and the provisioning service is poorly provided, and an oppo-
site trend is observed when F tends towards 100.

In addition, the influence of socio-demographic characteristics (gender, age,
level of education, ethnicity and locality) on knowledge of ecosystem services pro-
vided by species was assessed. To this end, the number of services cited by each
participant was analyzed using a Poisson family generalized linear model (GLM).
To do this, a two-stage approach was adopted: 1) a saturated model, including all
main effects and their possible interactions, was tested; 2) the parsimonious model
(simpler, with fewer factors) was then selected to retain the most significant variables.
This method makes it possible to identify which socio-demographic variables sig-
nificantly influence knowledge of local ecosystem services.

This study thus highlights the diversity of woody species useful in cocoa agrofor-
ests, while identifying those that are vulnerable or endemic, thus contributing to

better management and conservation of these resources.

3. Results and Discussion
3.1 Results

3.1.1. Diversity of Woody Plants Used in Bonon Department

Surveys carried out in the Bonon sub-prefecture identified 53 plant species, divided
into 43 genera and 23 botanical families, used by the local population for their sup-
ply services (Table 1). The most represented families are Moraceae (18.87%), Ster-
culiaceae (9.43%) and Rutaceae (7.55%) (Figure 2).

Among these species, a distinction is made between native forest species (69.81%
of species cited) and introduced species (16 species recorded). The most fre-
quently mentioned native forest species are Morinda lucida (5.84%), Milicia ex-
celsa (3.77%), Cola nitida (3.51%), Ficus exasperata (3.51%), Nesogordonia pa-
paverifera(2.99%), Ricinodendron heudelotii (2.86%) and Newbouldia laevis(2.73%)
(Figure 3).
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Table 1. Species used for each type of provisioning service provided by woody species.

Species Foo Foo Foo_ Foo_ Cons_ Cons_ Cons_ Cos_ Cos Cos_ Fodd_. Med_ Med_ Med_ Med_ Total
Lea Fru See Sap Bra See Tru Bar Lea Fru Lea Bar Lea Fru Roo
Alstonia boonei - - - - - - - - - - - x x R X 3
Annona muricata - X - - - - - - - - - - - - R 1
Antiaris toxicaria - - - - - - X - - - - x x - R 3
Artocarpus altilis - X - - - - - - - - - - - - R 1
Artocarpus heterophyllus - X - - - - - - - - - - - - R 1
Azadirachta indica - - - - - - - - - - - X X - x 3
Baphia nitida - - - - X - - - - R R R R R R 1
Bauhinia thonningii - - - - - - - - - - - x x R x 3
Bombax buenopozense X X - - - - - - - - X - - - - 3
Borassus aethiopicum - - - - - - X - - - - - - - - 1
Ceiba pentandra X - - - - - X - - - - - - - R 2
Celtis zenkeri - - - - - - X - - - - X - - _ 2
Citrus [imon - X - - - - - - - - - - X X R 3
Citrus maxima - X - - - - - - - - - - - x R 2
Citrus reticulata - X - - - - - - - - - - - - R 1
Citrus sinensis - X - - - - - - - - - - X - - 2
Cocos nucifera - X - - - - - - - - - - R R R 1
Cola nitida - X - - - - - - - - - x - x - 3
Cordia platythyrsa - - - - - - X - - - - - - - - 1
Cordia senegalensis - - - - - - X - - - - - - - - 1
Delonix regia - - - - - - X - - - - - - - _ 1
Elaeis guineensis - - X X X X - - - - - - - - - 4
Ficus exasperata - - - - - - - - - - X - - - - 1
Ficus lutea - - - - - - - - - - X - - - _ 1
Ficus mucuso - - - - - - - - - - e - - - _ 1
Ficus religiosa - - - - - - - - - - x - - - R 1
Ficus on - - - - - - - - - - X - - - - 1
Garcinia atzelii - - - - - - X - - - _ _ _ _ _ 1
Holarrhena floribunda - - - - - - - - - - - x x x x 4
Jatropha curcas - - - - - - - - - - - - x R R 1
Kigelia africana - - - - - - - - - - - x x R R 2
Mangifera indica - X - - - - - - - - - x x - R 3
Mansonia altissima - - - - - - X - - - - - - - - 1
Margaritaria discoidea - - - - - - X - - - - - - - - 1
Milicia excelsa - - - - - - X - - - - x x - R 3
Milicia regia - - - - - - X - - - - - - - _ 1
Millettia zechiana - - - - - - X - - - - - X - R 2
Morinda lucida - - - - - - - - - - - x x R x 3
Nesogordonia papaverifera - - - - - - X - - - - x x R R 3
Newbouldia laevis - - - - - - - - - - - x x R X 3
Parkia biglobosa - X - - - - - - - - - X x - - 3
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Persea americana - X - - - - - - - - - X X - _ 3
Psidium guajava - X - - - - - - - - - X x - R 3
Ricinodendron heudelotii - X - - - - - - - - - X X - R 3
Spondias mombin - X - - - - - - - - - - - R R 1
Sterculia tragacantha - X - - - - - - - - - X x - x 4
Tamarindus indica - X - - - - - - - - - x x - R 3
Tectona grandis - - - - - - - - - - - X X X R 3
Terminalia superba - - - - - - - - - - - x x x R 3
Trema guineensis - - - - - - - - - - - x x R R 2
Triplochiton scleroxylon - - - - - - X - - - - - _ _ _ 1
Vitellaria paradoxa - - - - - - - X X X - X X X - 6
Xylopia aethiopica - x - - - - - - - - - - - x R 2

Grand total 2 19 1 1 2 1 15 1 1 1 6 23 25 8 7

Foo = Food; Med = Medicinal; Cons = Construction; Fodd = Fodder; Cos = Cosmetic; Lea = Leaf; Fru = Fruit; Bar = Bark; Roo =
Root; Tru = Trunk; See = Seed; Sap = Sap; Bra = Branch; x = Presence; - = Absence.
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Figure 2. Botanical families of species used by cocoa growers in the Bonon sub-prefecture.
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Figure 3. Origin of species used by populations for their well-being.
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Of these plants associated with cocoa plantations, 32 are on the IUCN red list,
representing 60.38% of the species recorded. They are divided into: 1) Vulnerable
species (VU: 11.32%): Cordia platythyrsa, Garcinia afzelii, Milicia regia, Nesogor-
donia papaverifera, Ricinodendron heudelotii and Vitellaria paradoxa; 2) Species
of Least Concern (LC: 45.28%) (Figure 4).

45
40
35
30
25
20
15
10
5 -

None LC LR VU

Frequency (%)

Figure 4. Conservation status of woody species used by populations in the Bo-
non department. None: Species not on the IUCN Red List; VU: Vulnerable; LC:
Least concern; LR: Low risk of extinction.

3.1.2. Diversity of Services Provided by Woody Plants

People use eight plant organs to meet their needs: branches, bark, leaves, fruit, seeds,
roots, sap and trunks (Table 1). Fruits (43.64%) and leaves (19.22%) are the most
used, while roots (3.12%), sap (1.56%) and branches (0.91%) are less used. The num-
ber of organs used per species varies from 1 to 4, with a predominance of species
where only one organ is used. Only Holarrhena floribunda and Sterculia tragacan-
tha use four of their organs (leaves, bark, fruit, roots).

These plants are used for six purposes: 1) Food (48.18%) through the use of
leaves, fruits, seeds, and sap; 2) Medicine (31.04%) through the use of bark, leaves,
fruits, and roots; 3) Construction using branches, seeds, and trunks. For 4) Fodder,
leaves are used by the population, and for 5) Cosmetics, fruits, leaves, and bark
are used with a frequency of 0.65%. A total of 15 service categories were identified,
including 4 for food and medicine, 3 for construction and cosmetics, and 1 for fod-
der (Table 1).

A total of 21 plant species, divided into 17 genera and 12 families, are used for
food, representing 39% of the species cited. The plants most frequently consumed
are Mangifera indica (100%), Citrus sinensis (98%), Elaeis guineensis (96%) and
Persea americana (96%). Fruit dominates this use (19 species), while two species
(Bombax buenopozense and Ceiba pentandra) are exploited for their leaves (Ta-
ble 1). Elaeis guineensis is also valued for its seed (96%) and sap (24%).

In traditional medicine, 29 species divided into 27 genera and 19 families are
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listed, representing 54.72% of the species mentioned. Morinda lucida(56%), Man-
gifera indica (48%), Newbouldia laevis (22%) and Tectona grandis (22%) are the
most widely used. The plant organs used are bark (23 species), leaves (25 species),
fruit (8 species) and roots (7 species). Morinda lucida stands out for its bark (50%)
and leaves (20%), while Xylopia aethiopica (16%) and Citrus limon (12%) are pre-
ferred for their fruit.

For building, 17 species (13 genera, 9 families) are used, representing 26.42% of
quotations. Milicia excelsa (54%), Nesogordonia papaverifera (40%) and Triplochi-
ton scleroxylon (38%) are the most popular, mainly for their trunks. Elaeis guineen-
sisand Baphia nitida branches are also used, as are palm seeds (3%).

Six species (Ficus exasperata, Ficus sur, Bombax buenopozense, Ficus lutea, Fi-
cus mucusoand Ficus religiosa) are used by farmers as fodder, with Ficus exasperata
(54%) and Ficus sur (30%) the main resources (11.32% of species cited) (Table 1).
In cosmetics, only Vitellaria paradoxa is mentioned (6%), exploited for its bark,
leaves and fruit.

Finally, some plants have multiple uses. Vitellaria paradoxa (6 uses) is used in
cosmetics and medicine. Elaeis guineensis (4 uses) is used for food (seeds, sap) and
construction (branches, seeds). Holarrhena floribunda and Sterculia tragacantha

(4 uses each) are exclusively medicinal, exploiting bark, leaves, fruit and roots (Ta-

ble 1).

3.1.3. Factors Influencing Knowledge of Ecosystem Services
Generalized linear model analysis (Poisson family) reveals that:
o Locality: Inhabitants of Blaisekro 2 cite the most uses, unlike those of Dabouzra.
e Level of education: People with secondary education mention more uses than
those with primary or no formal education.
e Ethnicity: Sénoufo and Baoulé have more extensive knowledge than other
groups.
On the other hand, gender and age have no significant influence on knowledge
of uses (Table 2).

Table 2. Socio-demographic factors influencing knowledge of woody species in cocoa-based
agroforestry systems.

Sources of variation Number of uses
(Probability of significance) (Mean + Standard deviation)
Locality (Pr=0.00)
Blaisekro_2 19.36 + 6.20°
Dabouzra 13.08 + 4.92¢

Koffikro 16.25 + 3.79°
N’Gatta_kouakoukro 16.60 + 5.73b

Ouarebota 12.20 + 2.25¢
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Schooling (Pr=0.02)
None 14.06 + 3.52°
Primary 14.72 +3.53°
Secondary 17.73 + 7.49°

Ethnicity (Pr=0.04)
Baoulé 18.37 + 4.05*
Gouro 12.20 + 3.09¢
Sénoufo 19.00 £ 7.79°
Others 14.75 +5.12°

Age group (Pr =0.47)
Young 16.25 £ 7.17
Adult 14.95 + 4.68
Old 15.37 + 4.48

Values of the same factor indexed by the same letter form a homogeneous group at 95%
confidence according to the Newman-Keuls test at the 5% threshold.

3.2. Discussion

3.2.1. Diversity of Woody Plants

The study reveals notable floristic richness in the Bonon department, with 53 spe-
cies belonging to 23 botanical families. The most represented families are Mora-
ceae, Sterculiaceae and Rutaceae. This reflects the ecological and socio-cultural
importance of these families in tropical regions, particularly with regard to their
role in agroforests and their traditional applications. The dominance of these fam-
ilies in agroforests has also been demonstrated in studies [17]-[19]. The diversity
of species associated with cocoa-based agroforestry systems used by local popula-
tions has also been noted in cocoa plantations in other regions of Céte d’Ivoire,
such as in the Agnibilékro region, where 63 species have been recorded [20], and
in the San Pedro region, where 105 species have been recorded [17]. Similar find-
ings have been reported in other countries, including Togo, where 174 species
have been documented [18]. These various studies have shown that the number
of CFA species used by local populations for their daily needs varies. The predom-
inance of native forest species (69.81%) underlines the dependence of local com-
munities on natural ecosystems, but also their vulnerability to deforestation. This
fact has already been highlighted by several authors, including [21]. Species such
as Milicia excelsa and Ricinodendron heudelotii are both useful and threatened,
requiring conservation measures. The presence of introduced species reflects the
adaptation of populations to new resources (e.g., introduced fruit or medicinal

species), but also the possible risk of competition with native flora. Furthermore,
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the presence of 60.38% of species on the IUCN red list, with 11.32% classified as
vulnerable (e.g., Vitellaria paradoxa), indicates strong anthropic pressure and the

need to regulate their use.

3.2.2. Ecosystem Services Provided

Woody plants meet a wide range of needs, with varying degrees of organ exploita-
tion. Indeed, analyses show that the fruits (43.64%) and leaves (19.22%) of woody
plants are widely used for food and medicine. This observation is in line with com-
mon practice in West Africa (e.g., wild fruits used to supplement diets, leaves for
pharmacopoeia). Unlike these plant organs, roots and sap are little used. Their
removal is often destructive, which could explain why they are rarely used (risk of
threatening plant regeneration).

The high use of woody plants in the food sector (48.18%) is due to the key role
of fruits and seeds in food security. The frequency with which medicinal services
are cited (31.04%) is due to the high use of bark and leaves, confirming the im-
portance of traditional knowledge for health care in rural areas. This high propor-
tion of species used in traditional medicine could be justified by the fact that, faced
with poverty, farmers are turning to traditional medicine through the use of plant
species to treat a number of pathologies. Indeed, medicinal plants are a precious
resource for the vast majority of rural populations in Africa, where over 80% of
the population use them for health care [22] [23]. Conventional healthcare facili-
ties remain relatively expensive in relation to their purchasing power and are rare
in different localities. The local population harvests medicinal plants from their farms,
which are known to alleviate certain ailments.

Building and fodder services are less frequently mentioned, but are essential for
housing and livestock. However, this lack of mention of fodder services may be
due to the low involvement of Bonon zone populations in livestock farming, or to
the low representativeness of these species in the environment, due to their felling

during the establishment and maintenance of agricultural plots.

3.2.3. Factors Influencing Local Knowledge
The analyses revealed that knowledge of the supply services provided by PLSACs
is influenced by the ethnicity, level of education and locality of the respondents.
The variation in knowledge of the provisioning services provided by woody plants
between ethnic groups is thought to be due to the habits and customs handed down
from generation to generation within the same ethnic group. This finding corrob-
orates that of several authors who have reported significant ethnic variation in
knowledge of Adansonia digitatain Togo [24], Triplochiton scleroxylon in Benin
[25] and several other species in Burkina Faso [26]. Ethnicity is thus one of the
major factors differentiating plant knowledge and use within communities. Con-
trary to this work, [27] showed no ethnic variation in knowledge of the services
provided by agroforestry species in the Sudanian zone of Burkina. Moreover, the
Sénoufos and Baoulés have a more extensive knowledge, reflecting their history of

interaction with the forest (agriculture, gathering). Ethnocultural differences thus
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influence the perception of ecosystem services.

The variation in knowledge of the provisioning services provided by plants ac-
cording to locality is due to the dominance of certain ethnic groups in localities,
often differing from one locality to another. Indeed, several authors, including [28]
and [29], have shown that villages are sometimes inhabited by several ethnic groups,
but that there is almost always a numerically dominant or more long-established
ethnic group. This is the case, for example, in Koffikro, Blaisekro 2 and N’Gatta
kouakoukro, which are dominated by the Baoulé, and Ouarebota and Dabouzra,
which are dominated by the Gouro. In addition, the existence of a cultural heritage
within the same locality could justify the use of the sap and leaves of woody plants
for food, and the leaves and roots for medicinal purposes by the populations of
Blaisekro 2 and N’Gatta Kouakoukro, dominated by the same ethnic group (Baoulé).
This homogeneity in the knowledge of services in the same locality would be due
to a sharing of knowledge and a transmission of habits and customs between the
different ethnic groups making up the population of this locality. Indeed, accord-
ing to [30] and [31], traditional knowledge is acquired through practices and be-
liefs that are passed down from generation to generation. The locality of the respond-
ents was also listed by [32] as a differentiating factor in knowledge of the services
provided by woody species. Moreover, at locality level, the inhabitants of Blaisekro
2 cite more uses than those of Dabouzra. This could be explained by the Dabouzra
population’s lack of knowledge of the services provided by plants, or by the una-
vailability of natural resources in cocoa plantations due to their felling by the pop-
ulation to allow only cocoa trees to grow.

As far as education is concerned, people with a secondary education are more
familiar with uses. Formal education seems to reinforce (but not replace) traditional
knowledge, perhaps through a better ability to categorize uses. This result shows
the importance of formal learning in achieving a desired level of knowledge.

Unlike other studies, where women or older people (elders) hold more knowledge
(e.g., medicinal plants), here these factors are not significant. This could indicate

a homogenization of knowledge or less differentiated survey methods.

4. Conclusions and Recommendations

This study documented the endogenous knowledge of the rural populations of Bo-
non (Cote d’Ivoire) on the ecosystem services provided by woody plants associated
with agroforestry cocoa plantations. The results reveal that 53 plants, mostly indig-
enous forest species (69.81%), including several threatened species on the IUCN
red list (60.38%), played a pivotal role in providing food and traditional medicines,
as well as being used for other socio-economic purposes.

The most frequently cited provisioning services are for food (48.18%) and med-
icine (31.04%), with fruits and leaves being exploited preferentially. Factors influ-
encing local knowledge include ethnicity (with Baoulé and Sénoufo having greater
knowledge of uses), level of education (with those with secondary education citing

more services) and locality (Blaisekro 2 standing out for greater diversity of uses).
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On the other hand, gender and age had no significant impact.

These results underline the importance of traditional knowledge in the sustain-
able management of cocoa agroforests, while highlighting the risks associated with
the overexploitation of certain vulnerable species. For more resilient cocoa farming,
it is essential to integrate this local knowledge into conservation strategies while
promoting sustainable agroforestry practices. Further studies, including a quanti-
fication of harvesting and an analysis of ritual uses, would enable us to refine these
recommendations for better preservation of biodiversity in Cote d’Ivoire. Further-
more, given the threats to biodiversity, work needs to be carried out to prioritise the

conservation of these species.
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