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ABSTRACT

In a world that is becoming increasingly urbanised, the thorny problem of feeding urban
populations is a pressing one. However, the introduction of food plants is not taken into account
in the urbanisation politics of localities in Cote d'lIvoire.

This study, carried out in the town of Bouaflé, has improved knowledge, conservation and
development of the food species found in urban environments. The types of development were
the sites inventoried. The surface survey method was combined with the itinerant method during
the floristic inventories.

A total of seventy (70) food plants divided into 56 genera and 35 botanical families within eight
(8) types of development have been identified. Dwellings had the highest number of food plants,
with 50, followed by public buildings, with 49. The Solanaceae family is the most represented,
with 11% of plants. Similarly, micro phanerophytes and introduced species are the taxa most
commonly found in these landscapes. Arborescents species are the most numerous in all types of
planting, with proportions ranging from 50% to 66.67%. Preferred food plants, which are very
frequent and abundant, are the most numerous, accounting for 71.43% of all food plants.

Thus, the priority given to ornamental plants for embellishing and recreating populations is the
factor that limits the presence of food plants in the town of Bouaflé.
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1. INTRODUCTION

Among the many challenges facing the world's towns and cities, ensuring food security for urban
populations as part of a balance to be struck with rural areas and the sustainability of food
systems has become central. Faced with climate change and food insecurity, local urban
governments and a growing number of urban planners are taking an interest in introducing food
crops into urban development plans. Unfortunately, in Cote d'lvoire as in many other countries, a
number of food plants that were once highly prized for consumption are neglected, under-
exploited and threatened with extinction in the urban environment as a result of uncontrolled
urbanisation (Kouakou, 2020). Harvesting these products helps to combat poverty, ensure a
balanced diet and provide security for people in urban areas (Crush and Frayne, 2011).

Several studies on food plants have been carried out in Africa (Akpavi et al., 2012) and in Cote
d'lvoire, by Kouamé et al. (2008) in the Fromager region (Centre-West) and Oura and Kanga
(2017) in the South. Taken together, these studies clearly indicate a real threat to the
sustainability of food plants in the urban environment. Moreover, the qualitative and quantitative
analysis of food plants is still poorly understood in the face of the threat of a food crisis linked to
growing urbanisation (Betti, 2007; Awono et al., 2013).

This is why, in order to meet the conservation needs of food plants in the town of Bouaflé in the
face of increasing urbanisation, it became necessary to determine the availability of food plants
as a prerequisite for their sustainable management (Holmgren et al., 2004; Thiombiano, 2005). It
was with this in mind that the present study was initiated. The aim is to show the impact of
urbanisation on the availability of food plants in order to raise awareness of the sustainability of
their conservation in the urban environment. Specifically, the aim was to make an inventory of
existing food plants in each type of development, to characterise them and to determine their
availability in these types of development.

2. MATERIALS AND METHODS
2.1 Study site

Located in central-western Cote d'lvoire between 6°55'-7°01" north latitude and 5°44'-5°49" west
longitude, the town of Bouaflé is the capital of the Marahoué administrative region and
department (Figure 1). The town covers an area of 605 ha. The climate, which is of the
attenuated transitional equatorial type with annual rainfall of 1,800 mm (Gouzilé et al., 2016), is
currently experiencing major disturbances due to highly irregular rainfall (YYapi et al., 2014). The
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average monthly temperature is 25.5°C, with a minimum of 20.4° and a maximum of 37.5°C.
Relative humidity varies between 63.55 and 80%, with an average of 74% (Kouamé et al., 2008).
The commune of Bouaflé has a very dense hydrography, consisting essentially of the Marahoué
river, which favours the presence of numerous water courses, natural lakes and marshy areas.
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Figure 1: Location of study sites in the town of Bouaflé
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Most of the soils are moderately denatured ferralitic soils with a very high chemical content
(Perraud, 1971). The relief is relatively flat, consisting of low plateaux with a few shallows. The
vegetation in the Bouaflé area is transitional. It essentially belongs to the mesophilic forest zone
as a whole, with natural formations consisting of dense semi-deciduous rainforests, dry forests,
forest/savannah contact zones, interspersed with forest galleries, and open savannahs (Yedmelet
al., 2010). Its geographical location as a meeting point between the peoples of the savannah and
the forest and its enormous economic, social and cultural potential have greatly contributed to
the unprecedented densification of the town.

2.2 Collection of floristic data

Floristic data were collected using two complementary survey techniques: surface surveys and
roving surveys. These surveys were carried out in all types of development in order to record as
many plant species as possible. The surface survey consisted of delimiting plots measuring 20 m
x 20 m (400 m?). Within each plot, all woody species with a diameter at breast height (dbh) of at
least 10 cm and a height of 2 m were surveyed and their names recorded on a survey sheet. It
inerant surveys were also carried out between plots along the transect and in certain places that
were very difficult to access. The it inerant inventory method involves walkingt hrough the
various environments, noting all the plant species found in the plant formations that have not yet
been recorded in the plots. This method made it possible to obtain all the species missed during
the surface surveys in the different types of development, with a view to obtaining a more
exhaustive view of the flora. Some species were identified in the field. Unidentified species, on
the other hand, were collected for a herbarium and were subsequently identified with the support
of the Centre National de Floristique (CNF) at the Université Felix Houphouét-Boigny.

In the case of private homes, the method consisted of walking along randomly selected streets
within a neighbourhood. During this walk, 30 consecutive building lots located on either side of
the street were chosen and all the plant species found within these lots were noted. Whatever the
number of dwellings on a lot, the sum of all the plant species present in these dwellings was
considered to be the flora of a lot. The surface area of each lot visited was 600 m2.

2.3 Data analysis
2.3.1 Determining the typology of urban green spaces

To diagnose the vegetation and highlight the types of green space studied, we have adopted the
broad typology proposed by Jancel, 1997. This typology is based on functionality as the main
component for differentiating green spaces. This classification groups urban green spaces into
thirteen types: Parks, gardens and squares; Alongside roads; Alongside public buildings;
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Alongside housing; Alongside industrial and commercial establishments; Green spaces in social
and educational establishments; Sports facilities; Cemeteries; Campsites; Allotment gardens;
Horticultural establishments; Landscaped natural spaces and Linear trees.

2.3.2 Richness and composition of flora

The classification models proposed by Raunkiaer (1934) and Aké-Assi (2001; 2002) were used
to determine the list of species, genera and families, as well as the biological types,
morphological types and chorological affinities of the food plants collected. The morphological
types used were arborescent species (A), herbaceous species (H) and lianascent species (L).

2.3.3 Availability of food plants in each type of layout

The species rarity-weight richness index calculated from the equation by Géhu and Géhu (1980)
was used as a basis for assessing the availability of food plants. This index is calculated using the
following formula:

Ri = [1 — (ni/N)] x

In this formula, Ri denotes the rarefaction index of a species i; ni, the number of plots where
species i is found and N, the total number of plots surveyed. In accordance with this relationship,
species with a rare faction index of less than 10% are considered abundant in the areas studied.
Species with a rare faction index of lessthan 80% are considered to be preferred species, very
frequent and abundant in the areas studied. Species with a rare faction index greater than 80%
are considered rare. A rarefaction index of 100% means that the species has not been observed
anywhere in the areas studied.

3. RESULTS
3.1 Richness of food plants in types of landscaping

Following inventories carried out in the different types of landscaping in the town of Bouaflé, 70
food plants divided into 56 genera and 35 families were identified. The distribution of this
richness differs according to the type of development (Table 1). Dwellings had the highest
floristic diversity, with 50 food plants. These areas are followed by public buildings with 49 food
plants and social and educational establishments with 44 food plants. Among the families
inventoried, the Solanaceae family topped the list, accounting for 11% of the food plants
inventoried. This family is followed by the Arecaceae and Poaceae families, each accounting for
7% of food plants.
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Table 1: Richness of food plants in types of landscaping in the town of Bouaflé

Types of layout Number of food Number  of Number of
plants generea families
PUB BAT 49 40 30
SOC & EDU 44 34 27
IND & COM 23 22 19
CEM 24 22 16
SPO EQU 6 5 5
PUB GAR 2 2 2
DWE 50 40 28
ACC LIV 9 8 8

3.2 Floristic composition of landscape types

Most of the food plants found in public buildings, social and educational establishments,
industrial and commercial establishments, cemeteries and homes are micro phanerophytes (mp).
Their proportions in these areas are 30.62%, 38.63%, 43.47%, 33.33% and 34% respectively
(Figure 2). They are followed by nanophanerophytes and therophytes. Half of the food plants
inventoried in public gardens and sports facilities are Nanophanerophytes and the other half
Mesophanerophytes. Nanophanerophytes and Mesophanerophytes are the mostabundant species
in roadside areas, with proportions of 33.34% and 22.22% respectively (Figure 2).

3.3 Morphological types of food species inventoried

Tree species are the most numerous in all types of landscaping, with proportions ranging from
50% in public gardens to 66.67% in roadside green spaces. Next come herbaceous food plants
and lianascent food plants. In terms of herbaceous species, the lowest proportions were recorded
in sports facilities and roadside areas, with respectively 16.67% and 22.22% of species in each of
these environments (Figure 3). The highest value was observed in public buildings (40.82%). For
lianas, the highest proportion was observed in sports facilities (16.67%), while no lianascent food
species were observed in sports facilities (Figure 3).
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Figure 2: Biological types of food species inventoried in the different
types of development in the town of Bouaflé.
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Figure 3: Morphological types of food plants found in the different
types of landscaping in the town of Bouaflé.
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3.4 Phytogeographical distribution

The spectrum of the phytogeo graphical distribution of food plants reveals that introduced
species (i) are most abundant in public buildings, social and educational establishments,
industrial and commercial establishments and dwellings (Figure 4). The proportions recorded for
these types of development are 46.94%, 43.18%, 43.48% and 44% respectively. Species from the
Guinean-Congolese (GC) region are abundant in cemeteries, sports facilities, public gardens and
roadside areas, with proportions of 41.67%, 83.33%, 100% and 66.67% respectively. Sudano-
Zambézian (SZ) species are the least abundant in all types of landscaping (Figure 4).

3.5 Evolution of the proportion of food plants in the types of landscaping in the town of
Bouaflé

In Bouaflé, the preferred, very frequent and abundant food plants are the most numerous,
accounting for 71.43% of all food plants. Rare food plants are the least numerous (28.57%). The
proportions of abundant food plants ranged from 0% for Elaeis guineensis and
Talinumtriangulare to 75% for twelve (12) food plants (Table 2). These species are Aloe vera,
Ananas comosus, Annona senegalensis, Annonasquarnosa, Citrus reticulata, Dioscoreaalata,
Nicotiana tabacum, Parkiabiglobosa, Passifloraedulis, Phoenix dactylifera, Saccharum
officinarum and Solanum indicum. The rare faction indices for rare food plants range from 87.5%
to 100% (Table 2). The species Phaseolus vulgaris recorded the highest rare faction index value
(100%).
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Figure 4: Phytogeographical distribution of food plants found in different types of
landscaping in the town of Bouaflé.
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Table 2: List of food plants and the irrarity index

Epecies Rarefacti Categories Especies Rarefacti Categories
on Index on Index
(%) (%°
Elaeis guineensis 0 Musa sapientum 62,5
Talinumtriangulare 0 Persea americana 62,5
Mangiferaindica 12,5 Solanum 62,5
lycopersicum
Cleomerutidosperma 25 Aloe vera 75
Passiflorafoetida 25 Ananas comosus 75
Solanum rugosum 25 Annona senegalensis 75
Solanum torvum 25 Annonasquarnosa 75
Anacardium 37,5 Citrus reticulata 75 Preferred,
occidentalis veryfrequent and
abundantspecies
Bidens pilosa 37,5 Dioscoreaalata 75
Borassus aethiopum 37,5 Nicotiana tabacum 75
Caricapapaya 37,5 Parkiabiglobosa 75
Annonamuricata 50 Passifloraedulis 75
Ceibapentandra 50 Phoenix dactylifera 75
Citrus limon 50 Saccharumofficinaru 75
m
Citrus sinensis 50 Solanum indicum 75
Cocos nucifera 50 Abelmoschusesculent 87,5
us
Ficus benjamina 50 Preferred, Alternantherabrazilie 87,5
veryfrequent and nsis
abundantspecies
Manihot esculenta 50 Artocarpus altilis 87,5
Musa paradisiaca 50 Aspiliabussei 87,5
Ocimumgratissimum 50 Bombax costatum 87,5
Psidiumguajava 50 Capsicum frutescens 87,5
Solanum melongena 50 Combretumpaniculatu 87,5 Raresspecies
m
Spondias mombin 50 Combretumracemosu 87,5
m
Tamarindusindica 50 Cyperus esculentus 87,5
Terminaliacatappa 50 Desmodiumsalicifoliu 87,5
m
Theobroma cacao 50 Dialium guineense 87,5
Zeamays 50 Dioscoreaminutiflora 87,5
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Adansoniadigitata 62,5 Oryzaglaberrirna 87,5
Arachishypogaea 62,5 Raphia hookeri 87,5 Raresspecies
Caesalpiniapulcherri 62,5 Solanum 87,5
ma macrocarpon
Citrus grandis 62,5 Sorghumarundinaceu 87,5
m
Colocasiaesculenta 62,5 Thaumatococcusdanie 87,5
i
Corchorusolitorius 62,5 Vitellariaparadoxa 87,5
Cymbopogoncitratus 62,5 Zingiber officinale 87,5
Moringa oleifera 62,5 Phaseolus vulgaris 100
4. DISCUSSION

4.1 Food flora in different types of landscaping in the town of Bouaflé

The floristicinventory carried out showed that there are certainly food plants accompanying the
types of development in the town of Bouaflé, but their numbers are very low. The low richness of
the food flora of the types of development visited clearly confirms the low proportion of food
plants in the urban environment. The results obtained in this study enabled us to draw up a list of
seventy (70) food plants. The low number of food plants found in the town of Bouaflée is thought
to belinked to the choices and objectives of the developers and land owners. In fact, the best-
known types of classic urban spaces seem to have been created for aesthetic purposes and to
beautify the town, as pointed out by Zerbe et al (2004). These types of development have
therefore been perceived, a priori, as reserved exclusively for recreational purposes. Among the
seventy (70) food plants, the best represented families, in decreasing order of number of species,
are Solanaceae, Arecaceae and Poaceae. The high representation of these families is probably
linked to the resilience of these species to the adverse effects of the city's climatic and edaphic
conditions, according to Dardour et al (2013).

4.2 Types of landscaping and diversity of food plants

The most diverse types of urban landscaping in terms of food plants are those accompanying
housing and public buildings. This diversity depends on the crops and planting choices made by
local people to ensure that these food plants are always with inreach, and sometimes to guarantee
availability during periods of shortage. It is also one of the new strategies developed by local
people to combat food insecurity in the face of climate change. In addition, the parts of food
plants that are consumed are of particular importance to different social categories, as they are
sources of vitamins, minerals and proteins in a diet dominated by cereals (Boudraa et al., 2010).
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These types of facilities are followed by those in social and educational establishments, where
the state authorities include food plants in the planting improvement plans to help pupils obtain
supplies. In these areas, the state authorities voluntarily introduce food plants for use by pupils
and sometimes staff, which provide numerous ecosystem services (food supply, purification,
temperature regulation). The current trend is for more and more multi-purpose plants to beused
for the benefit of the population. In this context, food plants are best suited to meeting these
needs. Indeed, the growing food needs of the urban population have led to a dependence on the
urban environment to meet them (Virginie, 2011). In addition, public gardens, sports facilities
and roadsides, where these plants are less represented, have inherited a previously designed type
of landscaping. For a long time, these plants in urban environments were limited to simple
decoration and/or embellishment, for recreational purposes, etc., before evolving over time
(Clergeau, 2007).

Analysis of the chorological histogram showed an abundance of introduced species. This
situation indicates that the aesthetic character of the urban landscaping was the main
consideration. The dominance of arborescent species over herbaceous and lianascent species in
the types of landscaping would appear to be a frequent occurrence in the majority of landscapes.
These species are generally evergreen trees that can provide shade all year round (Leblanc &
Malaisse, 1978). Moreover, the biological forms that produce the parts commonly consumed are
trees (N'dri et al., 2008). The massive presence of Micro phanerophytes at among the food plants
inventoried can be explained by their easy integration and exemplary adaptation to the ecological
conditions of the city. Meso phanerophytes are poorly represented because it is rare to find very
large trees in habitats, which can sometimes lead to the destruction of buildings. All these
characteristics indicate that the aesthetic and recreational function of trees and green spaces is
what gives them their greatest value in the eyes of city dwellers and visitors (DaCunha, 2009).

4.3 Types of layout and availability of food plants

The food plants inventoried are generally preferred species, very frequent and abundant. In fact,
the food plants encountered grow by themselves and do not require any particular maintenance.
This could explain why they are more numerous in urban areas than rare species. However, the
increasing urbanisation of the town of Bouaflé poses a threat to the survival of these plants.
Indeed, the conservation and domestication of these plants is not yet common in the country
(Kouamé et al., 2014). Furthermore, all the studies carried out in Cote d'Ivoire have revealed the
threat of disappearance of several food species in the country, but also the rapid loss of
traditional knowledge linked to the use of these plants (Ouattara et al., 2016). Yet wildedible
plants play a very important role in the diet and even in reducing poverty among African
populations (Schreckenberg et al., 2006; Iranbakhsh et al., 2009). Studies by Lamien-Meda et al
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(2008) in Burkina Faso revealed that many wildedible plants have a high level of antioxidant
activity. The surroundings of public buildings and housing have more edible plants for various
reasons. During the development of these sites, the operator or owners install these food plants to
have them within easy reach and also with a view to meeting certain nutritional needs linked to
these plants. In the case of sports facilities, cemeteries, public gardens and roadside treelines,
food plants are poorly represented because the operators and/or landscapers focus on ornamental
plants that help to beautify these areas. In terms of the types of landscaping, beauty and
aesthetics are the elements favoured during the activities. The abundance of Elaeis guineensis in
all types of landscaping can be explained by the plant's multiple uses and wide spread
domestication in all tropical forest zones (Tchatat and Ndoye, 2006). Indeed, the sap of this
species (palm wine) is highly prized and intensively extracted in all regions of Cote d'lIvoire. The
pulp of the species isused to extracted iblered palm oil. From the kernel, black oil is obtained,
which is used in pharmacopoeia and to make traditional soap. The leaves are used for roofing
and to make brooms and baskets. The roots and young leaves are used for medicinal purposes.
Talinumtriangulare is highly prized by local people for its leaves, which are very succulent in
sauces (Biloso and Lejoly, 2006). The massive presence of Mangiferaindica in many types of
management is driven by management objectives aimed at ensuring the availability of this plant
in order to guarantee food security during periods of shortage. Since the colonial era,
Mangiferaindica has always been the most common tree in old administrative districts in black
Africa, according to Haeringer (1980). This species is highly prized by the local population for
its solidity, hardiness, dense shade, inaccessibility to tornadoes and succulent fruit, making it the
most widely used food tree. In social and educational establishments, the local authorities
recommend Mangiferaindica in their plans for landscaping areas to help pupils obtain supplies.
These multiple functions and/or services have contributed to the adoption of these plants by the
populations of Bouaflé and many other towns in Cote d'lIvoire. In fact, the presence of these food
plants in the various types of landscaping meets many of the challenges facing African towns and
cities. They generate income, provide perishable food stuffs that are suitable for urban dwellers,
and make it possible to develop undevelopable areas.

5. CONCLUSION

This study reveals that the types of landscaping in the town of Bouaflé still abound in food plants
that are very useful for the urban population. The inventories carried out in the different types of
landscaping enabled us to draw up a list of seventy (70) food species. These are mainly tree
species, introduced species and micro phanerophytes. The types of urban landscaping with the
greatest diversity of food plants are those accompanying housing and public buildings. The most
abundant food species are Elaeis guineensis, Talinumtriangulare and Mangiferaindica. In the
current context of climate change and food insecurity, these plants, in addition to their role as
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food, provide numerous ecosystem services, which are fundamental reasons why people have
adopted them in many types of development. These results clearly indicate the threats to the
sustainability of plants if nothing is done. In order to enhance the value of these products and
develop tools for their sustainable conservation, we need to carry out in-depth studies on a range
of topics to gain a better understanding of these products and the resources associated with them.
These studies could concern all urban and peri-urban agriculture carried out in these localities.
Thus, the future of these food plants in these types of development depends on public policies in
the adoption and orientation of the types of development.
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