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Abstract
In Côte d’Ivoire, despite their importance for local communities, medicinal plant species are increasingly threatened with extinction due to human activities. In cocoa agroforestry systems (AFS), farmers intentionally preserve plant species with cocoa trees to meet daily needs, including healthcare. However, the relationship between the traditional value of uses given to medicinal species and their actual availability in agroforestry systems allowing for improved efficiency in plant conservation, remain poorly documented. This study aims to show the status distribution of medicinal plants diversity in regard to its traditional value within cocoa agroforestry systems. In the Daloa Department, floristic surveys were conducted in 375 plots of 400 m² established within cocoa-based agroforestry systems (AFS), combined with ethnobotanical surveys involving 500 households. The results revealed that cocoa-based agroforestry systems host 140 medicinal plant species, mainly belonging to the Fabaceae, Euphorbiaceae, Apocynaceae, Asteraceae and Malvaceae families. This flora consists of 61.43% naturally preserved native species, 20% exotic species, and 18.57% deliberately cultivated species. Among these, species with low traditional value are numerous while species with high value for medicine are less represented. Conservation of species in AFS has to be oriented to enhance the presence of medicinal plants of interest. These findings highlight the need for intensified conservation efforts according to research results.
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1. Introduction 

In their pursuit of well-being and the satisfaction of basic needs, humans rely on plants for food, income, and healthcare [1] [2]. In West Africa, plant-based medicine constitutes the cornerstone of primary healthcare for the majority of the population because of its effectiveness, geographic accessibility, affordability, and cultural relevance [3] [4].  Despite their importance to local communities, these medicinal species face increasing threats of extinction due to the continuous degradation of vegetation cover caused by rapid urbanization, bushfires, and especially agricultural expansion [5] [6].
In Côte d’Ivoire, agricultural activities particularly the expansion and intensification of cocoa cultivation have led to the degradation of nearly 80% of the country’s forest cover within a century [7]. The country’s forest area has declined from approximately 16 million hectares in 1960 to 2.97 million hectares in 2021 [8]. This loss has had severe consequences for the conservation of biological resources, particularly medicinal plants, which remain a vital source of healthcare for most rural populations, including cocoa farmers and their families [9].
To counter the progressive decline of forest cover in Côte d’Ivoire, agroforestry has been recommended as a sustainable alternative capable of reconciling agricultural production with environmental protection [5] [10] [11]. In these farming systems, plant species deliberately retained by farmers serve to multiple purposes, including the provision of healthcare [12] [13] [14].  Cocoa-based agroforestry systems therefore function as “green pharmacies” or key reservoirs of medicinal plant species [9].
However, the relationship between the traditional value of uses given to medicinal species and their actual availability in agroforestry systems allowing for improved efficiency in plant conservation, remain poorly documented. Yet such knowledge could alleviate negative impacts on availability and on the productivity of the agricultural workforce. This study aims to show the status distribution of medicinal plants diversity in regard to its traditional value within cocoa agroforestry systems. 

2. Materials and Methods

2.1. Study Area
The study was conducted in five localities Zépréguhé, Séria, Doboua, Bantikro, and Gonaté located around the town of Daloa. The Daloa Department is located in the Haut-Sassandra Region between 6°40′ and 7°20′ N latitude and 6°00′ and 6°40′ W longitude (Figure 1). The regional capital is the city of Daloa, situated approximately 400 km from Abidjan, the economic capital, and 140 km from Yamoussoukro, the political and administrative capital. Covering an area of 5,450 km², the Daloa Department represents approximately 28% of the Haut-Sassandra Region and 2% of the national territory [15].  The area experiences a sub-equatorial rainfall regime characterized by two main seasons: a rainy season and a dry season [16] [17]. The average annual temperature is 26.47 °C and the average annual rainfall is 930.60 mm [18]. Gonaté is situated in a semi-deciduous dense-forest zone characterised by Celtis spp. and Triplochiton scleroxylon in the mesophilic sector [17]. In a heavily forested environment, the Daloa Department offers a wide range of floral, faunal and agricultural resources [18].
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Figure 1 :  Location of sites in the study area ([19] modified)

2.2. Data collection
A total of 375 randomly distributed 400 m² plots were established within cocoa agroforestry systems, with 75 plots per study localities. All plant species encountered within each plot were recorded. Species with medicinal potential were identified in each plot with the assistance of cocoa farmers and a field guide. Identified species were documented using their local, common, or scientific names. Following the botanical surveys, semi-structured interviews were conducted with 500 households using a pre-designed questionnaire. The respondents were aged 20 years and above. With a translator, questions were asked in french and in local languages for respondents who did not speak french. The information collected from respondents focused on the diseases treated by medicinal plant species which were recorded in the cocoa agroforestry systems.

2.3. Data analysis
Qualitative Diversity Analysis
[bookmark: _Hlk217690060]Taxonomic identification of the recorded medicinal plant samples was performed either in situ or at the Agricultural Production Improvement Laboratory of Jean Lorougnon Guédé University, using collected specimens in herbarium and referring to standard botanical identification guides. Reference was made to the floras and identification keys of [20] [21] [22] [24]. Following [20] [25] [22], and the fourth version of the Angiosperm classification proposed by the Angiosperm Phylogeny Group [26], the scientific names and botanical families of the identified medicinal plants were updated. Biological life forms were classified according to [27], while chorological types followed the system proposed by [20] [25], as adopted by several authors including [11] and [19].

Socio-Ecological Importance of Medicinal Plants in Cocoa Agroforestry Systems
The cultural and ecological importance of medicinal plant species in cocoa agroforestry systems (AFS) was assessed using several ethnobotanical indicators. These indicators included the ethnobotanical use value (Medicinal Use Value, Med.UVs), the informant agreement ratio (Medicinal Informant Agreement Ratio, Med.IARs), and an analysis of the relationship between medicinal use value and the number of diseases treated. The quantitative assessment of the use of a medicinal plant by a community, referred to Medicinal Use Value (Med.UVs), that was calculated following the method proposed by [28]:
Equation 1

Med.UVs=∑Uis/ns

where Uis represents the total number of medicinal use citations for species s reported by informant i, and ns corresponds to the number of informants who cited species s.
Because the Medicinal Use Value (Med.UVs) does not fully reflect the level of agreement among informants, the Medicinal Informant Agreement Ratio (Med.IARs) was additionally calculated to evaluate consensus regarding the use of each medicinal plant species [29]. It is calculated as follows:
Equation 2

Med.IARS=(Nt-Ns)/(Nt-1)

where Nt denotes the total number recorded uses citations for species s, and Ns represents the number of diseases treated using that species.
The Med.IARs value ranges from 0 to 1. A value of 0 indicates that the number of treated diseases equals the number of citations, whereas a value of 1 indicates complete agreement among informants regarding the exclusive use of the species. A low Med.IARs value suggests disagreement among informants regarding the use of the mentioned species.
A correlation analysis was performed to examine the relationship between the Medicinal Use Value (Med.UVs) and the number of diseases treated per plant species. This allowed assessment of the local importance of medicinal plants cited by farmers for treating diseases, as well as the importance of ecological abundance of medicinal species by categories encountered.
Correlation coefficients range from −1 to 1, where negative values indicate inverse relationships and positive values indicate direct relationships. 
r < 0.5: weak correlation
r > 0.5: strong correlation
r = 1: the two rankings are identical
r = 0: the two rankings are independent
r = –1: the two rankings are opposite
The Pearson correlation coefficient (r) was calculated, and statistical significance was assessed using a p-value threshold of 5%. All analyses were performed using STATISTICA software version 7.1.


3. Results

3.1. Floristic characteristics
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[bookmark: _Toc214535288]Figure 2 : Distribution of botanical families of medicinal plant species identified in cocoa agroforestry systems

The floristic surveys carried out in cocoa-based agroforestry systems (AFSs) documented 204 plant species, of which 140 were identified by local communities as possessing medicinal potential. The medicinal flora collected belonging to 49 botanical families. The most species-rich families were Fabaceae (18 species), Malvaceae (14 species), Euphorbiaceae (12 species), Apocynaceae (9 species), and Asteraceae (8 species). Figure 2 illustrates the distribution of the most represented botanical families.
The medicinal flora recorded in cocoa-based agroforestry systems is characterized by four morphological types: herbaceous plants (27.86%), lianas (1.43%), shrubs (43.57%), and trees (27.14%) (Figure 3).
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[bookmark: _Toc214535289]Figure 3 : Morphological types of medicinal plant species identified in cocoa-based agroforestry systems

The chorological analysis showed that 35% of the recorded taxa belong to the Guineo-Congolian–Sudano-Zambezian region (GC–SZ), 34.29% to the Guineo-Congolian region (GC), 20.71% are introduced species (I), and 10% belong to the Sudano-Zambezian region (SZ) (Figure 4).
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Figure 4 : Chorological distribution of medicinal plant species identified in cocoa agroforestry systems.

The analysis of biogeographical status revealed the presence of naturally occurring native species, deliberately planted native species, and exotic species within cocoa agroforestry systems (Figure 5). Native species dominated the medicinal flora, accounting for 80% of the recorded species, whereas exotic species represented the remaining 20%. Indigenous taxa included Adenia lobata (Jacq.) Engl., Ageratum conyzoides Linn., Alchornea cordifolia (Schum. & Thonn.) Müll.Arg., Alstonia boonei De Wild., Anthocleista procera Lepr. ex Bureau, Antiaris toxicaria var. africana (Engl.) C.C. Berg, and Carapa procera DC. De Wilde. Exotic flora includes Anacardium occidentalis Linn., Azadirachta indica A. Juss., Bambusa vulgaris Schrad. ex J.C.W., Citrus limon Burn. f., Jatropha curcas Linn., Moringa oleifera Lam, and Tectona grandis Linn.f. among native species, those naturally retained by farmers accounted for 61.43%, whereas deliberately planted native species represented 18.57% of the medicinal flora (Figure 5).
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Figure 5 : Distribution of medicinal plant species in cocoa farms according to biogeographical status
3.2. Socio-ecological importance

Analysis of the relationship between Medicinal Use Values (Med.UVs) and the number of diseases treated per plant species revealed a strog significant positive correlation between the two variables (r = 0.59, p = 0.0001). This relationship was linear, as illustrated in Figure 6. The variation in the values of Medicinal Use Value (Med.UVs) is expressed in 34% (r2= 0.34924) of cases by the number of citations from respondents. Based on this relationship, four distinct groups of medicinal plant species were identified. Group 1 consisted of species with high medicinal use values that were used to treat a wide range of diseases. This group contains few medicinal species including Alstonia boonei (Albo), Alchornea cordifolia (Alco), Parquetina nigrescens (Pa ni), Rauvolfia vomitoria (Ra vo), Vernoniacolorata (Veco), Morinda lucida (Mo lu), Newbouldia laevis (Ne la), Colanitida (Co ni), Mallotus oppositifolius (Maop), Zanthoxylum Zanthoxyloides (Zanza), and Sterculia tragacantha (Str tran). 
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[bookmark: _Hlk218439894]Abru_prec: Abrus precatorius; Acac_brev: Acacia brevispica; Acac_sieb: Acacia sieberiana; Acan_hisp: Acanthospermum hispidum; Aden_loba: Adenia lobata; Ager_cony: Ageratum conyzoides; Alaf_schu: Alafia schumannii; Alch_cord: Alchornea cordifolia; Alst_boon: Alstonia boonei; Alte_pung: Alternanthera pungens; Amar_blit: Amaranthus blitum; Anac_occi: Anacardium occidentalis; Anan_como: Ananas comosus; Anno_muri: Annona muricata; Anth_proc: Anthocleista procera; Anti_toxi: Antiaris toxicaria; Azad_indi: Azadirachta indica; Bamb_vulg: Bambusa vulgaris; Bide_pilo: Bidens pilosa; Boer_diff: Boerhavia diffusa; Brid_ferr Bridelia ferruginea; Caps_annu Capsicum annum; Cara_proc Carapa procera; Cari_papa Carica papaya; Casc_thev Cascabela thevetica; Cass_siam Cassia siamea; Cass_sieb Cassia sieberiana; Chro_odor Chromolaena odorata; Citr_limo Citrus limon; Coco_nuci Cocos nucifera; Cola_cord Cola cordifolia; Cola_giga Cola gigantea; Cola_niti Cola nitida; Comb_micr Combretum micranthum; Crot_hirt Croton hirtus Cymb_citr Cymbopogon citratus; Cype_escu Cyperus esculentus; Dani_oliv Daniellia Olivera; Desm_adsc Desmodium adscendens; Dios_alat Dioscorea alata; Elae_guin Elaeis guineensis, Enta_ango Entandrophragma angolense, Euph_hete Euphorbia heterophylla, Euph_hirt Euphorbia hirta, Ficu_cape Ficus capensis, Ficu_exas Ficus exasperate; Funt_afri Funtumia Africana, Goss_arbo Gossypium arboretum; Grif_simp Griffonia simplicifolia; Heli_indi Heliotropium indicum; Hosl_oppo Hoslundia opposite; Jatr_curc Jatropha curcas; Kala_cren Kalanchoe crenata, Kala_pinn Kalanchoe pinnata; Khay_ivor Khaya ivorensis; Laws_iner Lawsonia inermis; Lept_pube Leptonychia pubescens; Leuc_leuc Leucaena leucocephala; Mall_oppo Mallotus oppositifolius; Mang_indi Mangifera indica; Mani_escu Manihot esculenta; Mans_alti Mansonia altissima; Mare_micr Mareya micrantha; Marg_disc Margaritaria discoidea; Mili_exce Milicia excelsa; Mori_luci Morinda lucida; Mori_olei Moringa oleifera; Musa_para Musa paradisiaca, Nauc_lati Nauclea latifolia; Neph_bise Nephrolepis biserrate; Neso_papa Nesogordonia papaverifera; Newb_laev Newbouldia laevis; Ocim_grat Ocimum gratissimum; Park_bigl Parkia biglobosa; Parq_nigr Parquetina nigrescens; Pass_foet Passiflora foetida; Pent_buty Pentadesma butyrecea; Pers_amer Persea americana; Phyl_amar Phyllanthus amarus; Pipt_afri Piptadeniastrum africanum; Plec_mono Plectranthus monostachyus; Psid_guaj Psidium guajava; Pter_erin Pterocarpus erinaceus; Pycn_ango Pycnanthus angolensis; Rauv_vomi Rauvolfia vomitoria; Rici_heud Ricinodendron heudelotii; Seca_afze Secamone afzelii; Senn_siam Senna siamea; Sida_acut Sida acuta; Sola_rugo Solanum rugosum; Sola_torv Solanum torvum; Spat_camp Spathodea campanulate; Spon_momb Spondias mombin; Ster_trag Sterculia tragacantha; Syne_nodi Synedrella nodiflora; Tama_indi Tamarindus indica; Tect_gran Tectona grandis; Term_supe Terminalia superba; Thev_peru Thevetia peruviana; Thon_sang Thonningia sanguinea; Tith_dive Tithonia diversifolia; Trec_afri Treculia Africana; Trem_guin Trema guineensis; Trip_scle Triplochiton scleroxylon , Vern_amyg Vernonia amygdalina; Vern_colo Vernonia colorata; Vite_para Vitellaria paradoxa; Xylo_aeth Xylopia aethiopica; Zant_Zant Zanthoxylum Zanthoxyloides; Zing_offi Zingiber officinale; Zizi_mucr Ziziphus mucronata

Figure 6 : Correlation between Med.UVs and the number of conditions per cited plant, scatter plot and regression line

Group 2 included species with relatively low use values that were nevertheless used to treat multiple diseases. Few medicinal species are found in this category, like (An m) Annona muricata, (Ch od) Chromolaena odorata, (Py an) Pycnanthus angolensis, (Ad lo) -Adenia lobata, (Pe am)- Persea americana, (Co gi) Cola gigantea, and (Ca pa) Carica papaya. Group 3 comprised medicinal plant species with high use values that were employed to treat a few diseases. These include Synedrella nodiflora (Sy no), Terminalia superba (Tesu), Senna siamea (Se si), Ricinodendron heudelotii (Rihe), and Cola gigantea (Co gi). Group 4 consisted of numerous medicinal plant species characterized by low Med.UVs and a low number of corresponding diseases. Unlike other groups, this one stands out for its abundance of medicinal species such as Pycnanthus angolensis (Py an), Chromolaena odorata (Ch od), Entandrophragma angolense (En an), Elaeis guineensis (El gu), Dioscorea alata (Di al), Cocos nucifera (Co nu), Celtis zenkeri (Ce ze), Combretum micranthum (Co mi), etc. The analysis reveals that Groups 1 and 2 contain the species most frequently medicinal plants used to treat diseases. These species show moderate diversity within cocoa-based agroforestry systems. 

4. Discussion
Floristic inventories conducted in cocoa-based agroforestry systems (AFS) register 204 plant species. Local communities identified 140 plant species (68.63% of the inventoried flora) as having medicinal potential. The distribution of these medicinal species among botanical families revealed that Fabaceae, Malvaceae, Euphorbiaceae, Apocynaceae, Asteraceae, and Combretaceae were the most dominant families in cocoa agroforestry systems. The predominance of these families can be explained by the strong representation of their species within the native forest flora of Côte d’Ivoire [5]. Analysis of the morphological structure of medicinal plants in cocoa agroforestry systems showed that shrubs accounted for the highest proportion (43.57%), followed by herbaceous species (27.86%), trees (27.14%), and lianas (1.43%). The dominance of shrubs and herbaceous plants may be attributed to their ability to adapt to the semi-shaded conditions characteristic of cocoa-based agroforestry systems, where the cocoa canopy plays a key role in regulating light availability. The relatively high proportion of trees likely results from farmers’ deliberate decisions to retain woody species that provide ecological, economic, and cultural benefits within their plantations. Trees are also conserved in plantations to provide adequate shading for cocoa trees. These findings are consistent with previous studies conducted in the Daloa Department and other cocoa-producing areas of Côte d’Ivoire, which reported a predominance of woody and herbaceous species in cocoa agroforestry systems [29] [30] [14]. The low proportion of lianas in cocoa-based agroforestry systems is likely due to the regular disturbance of these environments caused by cleaning activities. The distribution of medicinal plant species within cocoa agroforestry systems revealed that native phytodiversity retained during plantation establishment and throughout the production cycle was dominant, accounting for 61.43% of the recorded medicinal flora. The high proportion of native species indicates that most of the medicinal flora found in cocoa agroforestry systems is naturally established and has been selectively maintained or conserved by farmers over time. 

The commitment of local communities to conserving and introducing various multipurpose plant species based on traditional knowledge contributes to transforming cocoa agroforestry landscapes into more sustainable production systems. These observations are in agreement with previous studies emphasizing that the long-term persistence of plant diversity within cocoa agroforestry systems depends largely on the recognized socioeconomic, cultural, and ecological value of retained species [31] [13] [11] [19]. The observed correlation between medicinal use value which reflects the importance of a species to local communities and their abondance in cocoa agroforestry systems in regard to number of treated diseases is variable. Some species are less known and naturally less used. But for species which treat numerous diseases and present a low abondance it is urgent to do more for their conservation. This situation suggests that the conservation of medicinal plant species has to be reinforced at least identifying a list of interest and their place in cocoa cultivation systems to ensure a global resilient for local community in the cocoa agroforestry regions 

5. Conclusion

Cocoa-based agroforestry systems in the Daloa Department are rich in medicinal plant species that are used by local populations to treat a wide range of diseases. The analysis demonstrated that these agroforestry systems contain a diversity of life forms, including lianas, shrubs, herbs, and trees, which are deliberately retained by farmers to meet their healthcare needs. These species, which are both native and exotic, are used differently by different communities. The classification of medicinal plant species resulted in different groups of species with values treating and corresponding treated diseases; The number of medicinal species within each group varied, revealing that species used to treat a greater number of diseases were moderately represented in terms of diversity within cocoa agroforestry systems. This medicinal flora, which is preserved within cocoa agroforestry systems and warrants greater conservation attention, includes species such as Alstonia boonei, Carapa procea, Newbouldia laevis, Zanthoxylum zanthoxyloides, Morinda lucida, Rauvolfia vomitoria.
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