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Abstract

In terms of agroforestry, particularly cocoa-based agroforestry, several models exist in Céte d'Ivoire. These include
traditional agroforestry systems that have been identified in several regions, including central Céte d'Ivoire. The
motivation of producers in the centre to adopt and sustain these agroforestry systems remains strong despite the low
yields observed compared to the national average. This study was conducted to understand how farmers' perceptions
of associated trees influence the sustainability of traditional cocoa agroforestry systems. It set out to analyse producers'
perceptions of trees, given that their empirical knowledge and cultural perceptions play a key role in the conservation
of trees that contribute to the resilience, diversification of uses, and sustainability of cocoa-based agroforestry systems.
To this end, ethnobotanical surveys were conducted among 102 producers in the Kokumbo sub-prefecture. These
surveys were supplemented by floristic and phyto-ecological data collected on the respondents’ plantations. Descriptive
and textual analyses of the data collected show that trees are considered an integral part of cocoa plantations. They
enable cocoa trees to withstand the long dry season imposed by the climate in this area. The plantation also provides
various ecosystem services, as the associated woody species are selected for their beneficial contribution to the cocoa
tree and/or the producer. However, the challenges faced by rural households are prompting some producers to turn
away from the values they have been taught and increasingly move towards less sustainable full-sun production
systems, thereby threatening the local climate balance and the food security of rural households.
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1. Introduction

For decades, cocoa agroforestry systems based on local knowledge have been helping to meet the needs of farmers and
ecological requirements in Africa [1]. In Céte d'Ivoire, agroforestry has long been presented as a way of reconciling trees
and farmers [2], [3]. Indeed, trees, as an essential component of cocoa plantations, play a crucial role that goes far
beyond their simple production function. Their perception is shaped by a complex set of economic, ecological and
cultural factors. In cocoa plantations, particularly in West Africa and Latin America, cocoa trees are not only sources of
income but also central to maintaining biodiversity and regulating ecosystems [4].
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Numerous studies have been conducted in central Céte d'Ivoire on the specific richness of cocoa plantations and
associated ecosystem services [5], [6], [7], [8]- These studies have shown that introducing trees into cocoa plantations
not only helps to preserve and conserve biodiversity, but also provides socio-economic goods and services to local
populations. However, the management of these trees involves practices that seek to balance production and
conservation, reflecting varied and often conflicting perceptions between economic exploitation and environmental
preservation [9]. Given this situation, it is worth considering how to interpret the differences between farmers' and
scientists' perceptions of the usefulness of trees in cocoa plantations, given that agroforestry projects implemented by
external actors are struggling to achieve their objectives and local farmers' initiatives are poorly integrated into these
approaches [10].

In Cote d'Ivoire, where most cocoa is still produced in monoculture systems, the adoption of agroforestry approaches
has been observed in several regions, including the Centre [6], [7]. It therefore seems essential to understand producers'
perceptions and attitudes towards integrating trees into their cocoa farming systems in order to develop effective
strategies to promote the adoption of agroforestry practices. This study examines the perceptions of cocoa producers
in central Céte d'Ivoire in order to understand and inform the interactions between producers and the trees they
associate with cocoa trees. Specifically, the aim was to:

e Inform the factors underlying the choice of associated trees;
e Determine the relationships that exist between the producer and the tree;
o Identify the constraints faced by producers in the sustainable management of their cocoa plantations.

1.1. Study area

This study was conducted in the localities of Niamkey-Konankro and Langossou, which belong to the sub-prefecture of
Kokumbo, located in the forest-savannah transition zone in central Cote d'Ivoire, on the western branch of the “V
Baoulé”, between latitudes 6°19'37.81'“ N and 6°34'51.18”" N and longitudes 5°19'58.35'“ W and 5°20'02.54™" W [6]. It
belongs to the administrative region of Bélier and the department of Toumodi. It is bordered to the north by the sub-
prefecture of Toumodi, to the west by the autonomous district of Yamoussoukro and the department of Oumé, and to
the east by the department of Djékanou (Fig. 1). In the study area, three types of cocoa agroforestry systems (AFSc) can
be distinguished, namely complex AFSc, mixed AFSc and simple AFSc, based on the quality and density of the flora
associated with cocoa trees [6], [8].

2. Methodology

2.1. Data collection

Ethnobotanical surveys were conducted among farm managers based on a questionnaire administered individually to
each of them. These surveys aimed to establish the characteristics of their plantations (cultivated varieties, production
cycle, soil type, associated tree species, reasons for maintaining the various trees associated with cocoa trees, disease
management, etc.) [7], [11]. Farmers were selected based on their individual willingness to contribute to the study. The
survey was conducted among 102 cocoa farm managers, 46 in Niamkey-Konankro and 56 in Langossou. The questions
focused on the impact of associated species on the development of cocoa trees and their uses [7]. The aim was to identify
the species that had been spared and the introduced species that were used in one way or another by farmers and the
local population. This identification involved, with the help of the farmer, recording the vernacular name or commonly
used name of the species encountered or mentioned during the interviews. On the other hand, the aim was to explain
the motivations and reasons for maintaining, introducing or eliminating certain tree species associated with cocoa
cultivation.

It should be noted that field observations were made in the plantations to confirm or refute the statements made by the
interviewees (condition of the trees, bark samples taken, fruit collected, etc.) concerning the associated tree species.
These observations were made during a mobile inventory of the plantations of the producers interviewed.

2.2. Processing of ethnobotanical data

Analysis of the various information collected during the surveys made it possible to first establish the floristic list for
each plot, then for each AFSc, resulting in a general floristic list. In addition, interviews and field observations made it
possible to classify the different types of use of associated species into broad categories such as food, traditional
medicine, timber, etc. Finally, the impact of these associated species in relation to the microclimate, soil and phenology
of cocoa trees was recorded.

52



GSC Advanced Research and Reviews, 2025, 25(02), 051-059

243000 256500 270000

nt

V\ Vers Yamoussoukro

oo ¥éren1é

z 8 E
S \ 3
N Kokumboy plessou e (118
/ AN\arnkey Kunaﬂk ASS'”ZE —‘0&
z Kimoukro Yobouékro Prad
’ Mougnan
Ahouekro
Lahekro
i.DJekanou
3% gossnu
=1 ~
3 5
~ + «n
~ (=]
™~ S

Légende

@ Localité

® Parcelle d'inventaire

— Voie

2.5 km | Sous-préfecture de Kokumbo

243000 256500 270000

2.5 0

Figure 1 Map showing the distribution of inventory plots in cocoa plantations in the Kokumbo sub-prefecture

3. Results

3.1. Floristic diversity

Floristic inventories and ethnobotanical surveys have identified 66 plant species associated with cocoa trees, 52 of
which are tree species. The general flora includes 37 introduced species, 23 of which are woody species and 15
herbaceous species. Figure 2A shows that, among the woody species, Persea americana (avocado tree) is the most
frequently cited woody species (88%), followed by Citrus sinensis (orange tree) (61%) and Mangifera indica (mango
tree) with a percentage of 33%. The most common introduced woody species in the complex AFSc are Persea americana
(33%), Mangifera indica (20%) and Citrus sinensis with 13% (Figure 3A). Crescentia cujete, Citrus limon and Psidium
gujava are the least common (10%).

In the mixed AFSc, Persea americana (25%), Citrus sinensis (20%) and Mangifera indica (14%) are the most common
(Figure 3B). The least common species are Citrus reticulata, Ricinodendron heudelotii and Manihot esculenta (6% each).

In simple AFSc, the introduced woody species are dominated by Persea americana (35%), C. sinensis (20%) and Psidium
gujava with a proportion of 9% (Figure 4). The least introduced species in simple AFSc are C. reticulata, Gliricidia sepium
and M. indica (1% each). With regard to associated non-woody plant species (Figure 2B), the most frequently cited are
Musa paradisiaca (plantain, cited by 65% of farmers), Musa sapientum, sweet banana (60%), Xanthosoma mafaffa, taro
(21%) and Elaeis guineensis, palm (14%).

In complex AFSc, the most common are M. paradisiaca (29%), M. sapientum and X. mafaffa (21% each), and E. guineensis
(14%). On the other hand, Ananas comosus (pineapple) and Dioscorea spp (yam), each cited 7% of the time, are the least
associated with it. In mixed AFSc, X. mafaffa and Musa paradisiaca (23% each), E. guineensis (18%), Carica papaya (14%)
and Musa sapientum (9% each) are the most common. The species least associated with cocoa trees are Ananas comosus,
Capsicum sp and Dioscorea sp (5% each).

In simple AFSc, M. paradisiaca (28%), X. mafaffa (17%), M. sapientum, E. guineensis (14% each) and Dioscorea sp (11%)

are the most associated. The species least associated with it are Carica papaya, Abelmoschus esculentus and Capsicum sp
(3% each).
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Thirty-two (32) woody species are spared when the plantation is established (Table 1). The most frequently cited by
producers are Ceiba pentandra, the kapok tree (Gninh; 44%), Terminalia superba, the fraké (Flah; 42%), Milicia regia,
the iroko (Allah; 31%) and Alstonia boonei (Amienh) with 27% (Figure 5). The most commonly spared species in
complex AFSc are Antiaris toxicaria (15%), C. pentandra (13%), A. boonei (12%), M. regia (10%) and T. superba (9%).
In mixed AFSc, they are Ceiba pentandra (23%), M. regia (12%), Entandrophragma angolense (10%), T. superba and

Triplochiton scleroxylon (9% each). In the simple AFSc, the most spared species are Spathodea campanulata (40%), C.
pentandra (40%) and Ficus exasperata (20%).
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Ana-com: Ananas comosus; Car-pap: Carica papaya; Cit-ret: Citrus reticulata; Cit-sin: Citrus sinensis; Col-nit; Cola nitida; Irv-gab: Irvingia gabonensis;
Dios-spp: Dioscorea sp; Ela-gui: Elaeis guineensis; Man-ind: Mangifera indica; Man-esc: Manihot esculenta; Mus-par: Musa paradisiaca; Mus-sap:
Musa sapientum; Per-ame: Persea americana; Psi-guj: Psidium gujava; Ric-heu: Ricinodendron heudelotii; Xan-maf: Xanthosoma mafaffa.

Figure 2 Distribution diagrams of woody species (A) and herbaceous species (B) spared or introduced into
plantations of Innovation and Applied Studies
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Figure 3 Distribution spectrum of woody species introduced into the complex AFSc (A) and mixed AFSc (B)
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Figure 4 Distribution spectrum of woody species introduced into the simple AFSc
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Figure 5 Diagram showing the distribution of species spared according to their frequency of citation

3.2. Producers' perception of trees

In addition to the universal function of providing shade, which was mentioned by all the producers interviewed,
producers associate trees with cocoa trees for various other reasons. Ethnobotanical surveys and floristic inventories
have made it possible to group the uses those producers make of the 52 associated tree species into eight categories
(Figure 6). Among these species, 26 (50%) are used for medicinal purposes (Ricinodendron heudelotii, Khaya ivorensis,
Morinda lucida, etc.). Tree species used for food or commercial purposes (their fruits) come in second place with 23

species (44%). Species used for cultural purposes and those used as fuelwood are the least represented, with 1 (2%)
and 4 (8%) species respectively.
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Figure 6 Distribution of tree species according to producers’ uses

Trees associated with cocoa trees may have no use, one or more uses, in addition to their function as shade trees. Thus,
28 tree species (53.85%) are used for at least two purposes by producers, 18 (34.62%) are used for a single purpose,
and 6 species (11.54%) are not used for any purpose (Figure 7). There are a large number of species with two uses (21,
or 40.38%) compared to the other categories. These include species such as Newbouldia laevis (beneficial to cocoa trees
and used for medicinal purposes) and Khaya ivorenis (a timber species with medicinal uses). Tree species with a single
use come next, with a total of 18 species (34.62%), including Terminalia superba (timber), Spondias mombin (food) and
Rauvolfia vomitoria (medicinal). Trees with three uses (five species), four uses (one species) and five uses (one species)
are the least represented. For example, Mangifera indica has three uses: food or commercial, medicinal and fuel wood.
Ricinodrendon heudelotii (Akpi) is a multifunctional tree with four uses: food, timber, food/commercial and beneficial
to cocoa trees. The greatest number of uses (5) is attributed to the kapok tree, Ceiba pentandra (food, timber, medicinal,
firewood and beneficial to cocoa trees).

Species number

25

20

10

Lh

0 1 2 3 4
Numberof uses

Figure 7 Distribution of tree species according to the number of uses
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4. Discussion

The results showed that, in managing their plantations, farmers generally save and introduce woody plants as well as
banana and papaya trees. All of this is done according to the farmers' perceptions and their uses of these species. This
situation has already been described by [6], [11] and [7], who noted that farmers' management of agroforestry systems
includes the maintenance, introduction or elimination of various local or exotic species. The density of planted species
differs depending on the type of AFSc but retains the same function, which is to meet the family's food needs and, where
possible, to sell any surplus produce [12], [13]. The species spared in AFSc are generally local species found mainly in
complex and mixed AFSc. Unlike most planted species, the species spared fulfil several needs of farmers, including part
of their food requirements, in addition to their basic function of providing shade for the cocoa trees [7]. Thus, the
complex AFSc differs from other SAFs in its age, the cocoa variety (Amelonado, which is a Low Amazonian Forastero)
and the quantity and quality of the woody species found there. Indeed, plantations in this system are generally more
than thirty years old and contain an abundance and wide diversity of local species such as Ceiba pentandra (kapok tree),
Milicia regia (iroko) and Khaya ivorensis (mahogany). Farmers believe that these species can promote cocoa production
or be used for various other purposes. The trees in the strata above the cocoa trees are dense and form a closed canopy.
In simple AFSc, farmers have gradually removed the trees in order to increase their production [14] or because they
considered them harmful to the production of their cocoa plantations. According to [15], native trees from natural
forests are better shade trees than fruit trees introduced by farmers to reduce the incidence of pests such as moniliosis
in Costa Rica and mirid density in Cameroon. Mixed AFSc fall between these two types of systems and are characterised
by a low density of local species compared to complex AFSc, a high density of exotic species and an open canopy. These
local species are the same as those found in complex AFSc and are located in the first and second strata above the cocoa
trees.

The maintenance of cocoa agroforestry systems or their tendency towards ‘full sun’ cocoa plantations depends on
production objectives and farmers' perceptions and knowledge of the species associated with cocoa trees. Indeed,
species considered beneficial to cocoa trees by most farmers are disparaged or considered of no major interest by other
farmers. Among the latter, three categories stand out. The first includes those who would like to eliminate them. Their
arguments are that these trees are reservoirs of disease for cocoa trees and harbour rodents, particularly squirrels.
These views are shared by [14], who argue that the humidity caused by species associated with cocoa trees increases
the risk of certain cocoa tree diseases. In addition, high levels of rodent activity damaging the pods have been observed
in cocoa plantations with trees growing within or near them. Furthermore, according to some farmers, certain species
have a negative impact on the soil and therefore on the nutrition of the cocoa tree. This is the case with Nesogordonia
papaverifera and Albizia adianthifolia, which some producers are considering eliminating because these species dry out
the soil around them. For all these reasons, some farmers have tried to eliminate them by burning them or making
circular cuts in the bark at the base of the stem, but without success. Others plan to remove them by calling in forestry
operators and their chainsaws. The second category includes farmers for whom the influence of associated trees on
cocoa trees is of little importance. For some farmers in this category, these trees were spared by the parents from whom
they inherited the plantation. They have therefore decided to keep them in turn, but they do not rule out the possibility
of exploiting them for timber if necessary or if they need money. For others, they are simply responding to the
certification requirements that have been piloted for a decade by several non-governmental organisations such as
Rainforest Alliance and UTZ [16], [17]. Compliance with the environmental, ethical and good agricultural practice
standards required for certification of their production enables farmers to earn an additional 50 francs CFA per kilogram
of dry beans. Among these environmental standards is the requirement for farmers to preserve between 18 and 25 trees
per hectare of cocoa plantation. However, these NGOs, along with the CNRA and ANADER, recommend carefully
selecting the tree species that will coexist with the cocoa trees [18]. For the Fairtrade Platform (CE, a cocoa certification
body), the ideal solution would be to combine cocoa trees with different species that share certain characteristics. These
include species that provide light shade, have the ability to draw water from deep layers of the soil, can maintain
sufficient humidity for nearby cocoa trees during the dry season through transpiration, and can attract and harbour
beneficial insects capable of neutralising mirids and other pests. With this in mind, certification bodies such as the CE
encourage the combination of certain forest species such as Terminalia superba, Terminalia ivorensis, Milicia Regia and
Ricinodendron heudelotii for their fertilising effect [18]. Among the species recommended by the CE is, for example,
iroko (Milicia regia), a species listed by the CNRA as a natural reservoir of swollen shoot (a viral disease of the cocoa
tree [19]. Other species such as kapok, spondias mombin, Cola nitida, Carica papaya and Citrus sinensis (orange tree),
most of which are frequently found in the plantations visited, are on the list of species hosting swollen shoot. For this
reason, the CNRA advises their removal from cocoa plantations, a recommendation that not all farmers agree with. This
is evidenced by the fact that kapok, iroko and orange trees are among the woody species most spared or planted in
plantations in the sub-prefecture of Kokumbo. Work carried out by [20] in Nigeria has shown that Cola nitida and Persea
americana attract mirids and promote the proliferation of brown rot. On the other hand, [21] showed that in Cameroon,
their presence limits the number of mirids in plantations. Thus, some species considered harmful by certification and
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farmer support organisations may prove beneficial to cocoa trees, while other species considered beneficial may prove
harmful. The kapok tree, for example, plays a very important role in the practices of producers in the region because,
like other multifunctional species such as Ricinodendron heudelotii and Alstonia boonei, it is considered beneficial to
cocoa trees by creating a humid microclimate that benefits them during the dry season. Its young leaves are also
consumed by some producers as part of their diet, and it is used as timber. However, keeping trees on plantations for
later use as timber provides a financial reserve for farmers. Fearing that certain cocoa trees may be damaged by falling
trees, a final category of farmers is forced to come to terms with the trees present on their plantations. Cutting down
these large-diameter, tall trees would cause considerable damage to the plantation, as each lost pod represents a loss of
income for the farmer.

5. Conclusion

This work, carried out in central Coéte d'Ivoire, aimed to understand farmers' perceptions of trees in cocoa-based
agroforestry systems. The study focused on the influence of associated species on the development of cocoa trees and
their uses. The results showed that producers exploit 52 tree species, relying on empirical skills to manage their farms.
The study also grouped associated species into different types of use, the most prevalent being medicinal use, which
accounts for 50% of the species identified.

In managing their plantations, producers preserve and introduce local and/or exotic species based on their perceptions
and uses of these species. Thus, agroforestry systems involve the maintenance, introduction or elimination of various
species, depending on the type of agroforestry adopted. Although the density of plant species varies according to the
type of system adopted, all have the same objective, which is to meet the financial, health and nutritional needs of the
family. The maintenance of agroforestry systems in the study area remains linked to the production objectives,
perceptions and knowledge of farmers. Support for these producers by the structures involved in promoting cocoa
cultivation would increase their income and food security by reconciling new agroecological approaches with the
empirical knowledge of local producers.
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