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ABSTRACT

In Cote d’Ivoire, trees outside forests are either planted or are remnants of the past that are maintained on

agricultural farms. However, in rice-growing areas in the north of the country, few studies have been conducted
on these species. This study aims to determine the demographic structure of Vitellaria paradoxa, Parkia
biglobosa, and Anacardium occidentale in rice-based agrosystems in the subprefecture of Tioroniaradougou.
Data were collected through floristic surveys conducted on 78 rice farms spread across three villages. The
demographic structure of the studied species was determined based on the average tree density, the relative
frequency of species, the diameter structure, and the basal area of the stand. The average plant density for the
three species studied was 14.27 plants/ha in Fégboho and 9.79 plants/ha in Kaforo and Nambekaha. Vitellaria
paradoxa was the species with the highest average plant density regardless of the location (6.72 plants/ha in
Fégboho, 6.14 plants/ha in Nambekaha, and 5.76 plants/ha in Kaforo). Vitellaria paradoxa was also the most
common species (found on 97.44% of farms), followed by Parkia biglobosa (93.59% of farms) and Anacardium
occidentale (46.15% of farms). The diameter structure of the plants was bell-shaped for Parkia biglobosa and
Vitellaria paradoxa, whereas it was “inverted J”-shaped for Anacardium occidentale. The Vitellaria paradoxa
stand had the largest basal area (0.76 m2/ha), followed by those of Parkia biglobosa (0.24 m2/ha) and
Anacardium occidentale (0.04 m2/ha). Thus, the population structure of Vitellaria paradoxa, Parkia biglobosa,

and Anacardium occidentale in rice-growing areas of the Tioroniaradougou subprefecture was determined.
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INTRODUCTION

Plant diversity is recognized as a vital heritage shared by
all of humanity (Manfo et al, 2015). Studies of tree
vegetation have long focused on forests at the expense of
other tree-dominated ecosystems. However, with the
issue of climate change, trees outside forests are
becoming an increasingly critical factor for the
sustainable management of natural resources and the

preservation of biodiversity.

Trees outside forests are woody plants found on land
that does not fall into the category of forest land (or
forests) and other wooded areas (Bellefontaine et al.,
2001). Trees outside forests include woody plants found
along roads, in stands smaller than 0.5 hectares, on
grasslands, in grazing areas, on farms, in urban and
suburban areas, or standing alone in the landscape

(Bellefontaine et al., 2001).

The important role that trees outside forests play for
rural communities in terms of food, medicine, the
economy, and the environment has been shown in
several studies (Assogba et al., 2017; Garba et al., 2020;
Chucha et al., 2022; Murhula et al., 2023; Rasmane et
al., 2023; Keita et al., 2024). In terms of food, medicine,
and the economy, trees outside forests are sources of
food products, medicines, timber, fuelwood, and fodder.
The collection and sale of these products constitute a
source of income for rural populations. Thus, in rural
areas, trees outside forests meet several of the
population’s needs and are integrated into their
strategies for production, consumption, and income
generation. Ecologically, trees outside forests contribute
to soil protection against erosion, the preservation of
biodiversity, carbon sequestration through increased
biomass, and the resilience of ecosystems to climate
change (Putra et al., 2020; Tirkey et al., 2024; Kolman

et al., 2025; Kouamé et al., 2026; Pierre et al., 2026).

In rural areas of Cote d’Ivoire, trees outside forests
are generally integrated into agricultural farms
(Kouadio et al., 2021; Kolman et al., 2025; Piba et
al.,, 2025; Soumah et al., 2025; Kouadio et al.,
2026). Some trees outside forests are planted,

while others are remnants of the past that have

been preserved on farms (Bellefontaine et al., 2001;

Murhula et al., 2023).

According to Azenge and Meniko (2020), the
conservation of trees outside forests in agrosystems is
linked to the goods and services they provide to farmers
and, more generally, to rural populations. This is the
case for Vitellaria paradoxa, Parkia biglobosa, and
Anacardium occidentale in northern Céte d’Ivoire (Soro
et al, 2011; Ruf et al, 2019; Appia et al, 2023).
However, few studies have been conducted on these
species in rice-growing areas in the north of the country.
The aim of this study was to determine the demographic
structure of Vitellaria paradoxa, Parkia biglobosa, and
occidentale rice-based

Anacardium plants in

agrosystems in the subprefecture of Tioroniaradougou.

MATERIALS AND METHODS

Study area

The study was conducted in the Tioroniaradougou
Subprefecture (Fig. 1). This subprefecture is located in
northern Cote d’'Ivoire, an area influenced by a Sudanese
tropical climate characterized by a rainy season lasting
five months from June to October, with peak rainfall in
August, and a seven-month dry season extending from

November to May (Eldin, 1971).

According to Ndabalishye (1995), the average annual
rainfall in this area is 1,277 mm, and the average annual
°C. The
belongs to  the

temperature is 26.6 Tioroniaradougou

Subprefecture subsudanian
phytogeographic sector of Céte d’Ivoire (Guillaumet and
Adjanohoun, 1971). The vegetation types found in this
area include dense dry forests, open forests, wooded

savannas, and shrubby savannas (Kouamé, 2010).

Materials

Conducting this study required the use of biological and
technical materials. The biological materials used in this
Parkia

biglobosa, and Anacardium occidentale plants found on

study consisted of Vitellaria paradoxa,

rice farms. The technical materials included a measuring
tape for measuring tree circumference and floristic
observations and

survey forms for recording

measurements.
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Fig. 1. Location of the Tioroniaradougou subprefecture

Data collection
The data were collected through floristic surveys
conducted on 78 rice farms, including 30 in
Nambekaha, 24 in Fégboho, and 24 in Kaforo in the
subprefecture of Tioroniaradougou. The villages were
selected based on the presence of rice farms in their
areas and their easy accessibility. In each locality,
farms were selected based on the producers’ consent
to participate in the study. On each rice farm, all
Parkia

Anacardium occidentale trees were inventoried. The

Vitellaria  paradoxa, biglobosa, and
circumference at 1.30 m above ground level of each
tree was measured to determine the diameter at

breast height (DBH) at a later stage.

Data treatment
The floristic survey forms were analyzed manually.

The resulting data were entered into an Excel 2016

Conowgrbion wi Réainamon  GEODN Jeart- ffnn‘n-- -
KONE Armawfosr !

spreadsheet. Dynamic cross-tabulation reports were
used to provide information on the population
structure of Vitellaria paradoxa, Parkia biglobosa,

and Anacardium occidentale.

Data analysis

The demographic structure of the studied species was
determined using the average density of woody plants
(N), the relative frequency of species (FrR), the
diameter structure of the stand, the basal area of the

species (gi), and the basal area of the stands (G).

The average tree density (D) of a species is the ratio of
the total number of its individuals to the total
inventoried area (in ha). The average tree density (N)

was calculated using the formula:

N—n 1
=3 €9

Koné et al.
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where n is the total number of woody individuals
recorded and S is the total area surveyed (in

hectares).

The relative frequency of a species is the ratio of the
number of farms where it is present to the total
number of farms. This parameter measures the
evenness of a species’ distribution within an
ecosystem. The relative frequency of species (FrR)

was determined using the following formula :
£
F.R = (Fl) X100  (2)

where fi is the number of farms with species i and F is

the total number of farms.

To determine the diameter structure of the stand, the
diameter at breast height (DBH) of each tree was

calculated using the following formula:
DBH = ¢ 3
== ®

where C is the circumference of the woody plant and

mtis equal to 3.14.

Next, the woody plants were divided into ten

diameter classes, each spanning a range of 10 cm.

The basal area of a species (g) corresponds to the
surface area (m2) occupied by the cross-sections of its
woody individuals at a height of 1.30 m above the
ground. The basal area of each species was calculated

using the formula :

g=)pm @

where g is the basal area (in m2) of the species; di is
the diameter at breast height (in meters) of tree i ;

and mt is equal to 3.14.

The basal area of a stand (G) is the sum of the basal
areas (gi) of its woody individuals divided by the
total surveyed area (S). In other terms, it is the
ratio of the area (m2) occupied by the cross-
sections of its woody individuals at 1.30 m above
the ground to the total surveyed area (in ha). The
basal area of the stand was calculated using the

following formula:

G_lxz _1Z7l'di2 .
=3 8= gXx )

where g;i is the basal area (in m2) of tree i; di is the
diameter at breast height (in meters) of tree i ; S is the
total inventoried area (in hectares) ; and m is equal to

3.14.

RESULTS

Average plant density

When considering all plants of the three species
studied, the highest average density (14.27 plants/ha)
was recorded at Fégboho (Fig. 2). The plots at the
other two sites had the same average density (9.79

plants/ha).

Awerage demsde

LA Nator

Locallries

Fig. 2. Average plant density in different localities

The average plant density by species and location is
shown in Fig. 3. Analysis of this parameter showed
that Vitellaria paradoxa was the species with the
highest number of individuals per unit area
of the location considered (6.72

Fégboho,

regardless
plants/ha in 6.14 plants/ha in
Nambekaha, and 5.76 plants/ha in Kaforo). In
Fégboho, Vitellaria paradoxa was followed by
Anacardium occidentale with an average density of
4.16 plants/ha. Parkia biglobosa was the species
with the lowest average density (3.39 plants/ha) in
Fégboho. However, in the plots at Kaforo and
Nambekaha, Vitellaria paradoxa was followed by
Parkia biglobosa with average densities of 2.87
plants/ha and 1.89 plants/ha, respectively.
Anacardium occidentale was the species with the
lowest average densities in these two locations
(1.76 plants/ha in Nambekaha and 1.16 plants/ha

in Kaforo).
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Relative frequency of species

The relative frequency of each species across all study
localities is shown in Fig. 4. The species Vitellaria
paradoxa, found in 97.44% of the surveyed farms,
showed the most regular distribution of individuals
across the studied agrosystems. Vitellaria paradoxa
was followed by Parkia biglobosa, whose individuals
were recorded in 93.59% of the farms. Anacardium
occidentale was the species with the lowest relative
frequency, as its individuals were recorded in only
46.15% of the farms.

Patellars povendos IEAEEEEEESL 27 4
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Fig. 4. Relative frequency of species for all localities

An analysis of the relative frequency of species by
location (Fig. 5) revealed that Vitellaria paradoxa
and Parkia biglobosa were the most common species
in Kaforo. Indeed, individuals of these two species
were recorded on all farms in Kaforo. In this locality,
Anacardium occidentale was the least common
species, as individuals of this species were present in
only 33.33% of the farms. In the farms of Nambekaha
and Fégboho, Vitellaria paradoxa was the most
common species, with relative frequencies of 100%
and 91.67%, respectively. Vitellaria paradoxa was
followed by Parkia biglobosa, whose individuals were
recorded in 96.67% of the farms in Nambekaha and
87.50% of those in Fégboho. In both of these

localities, Anacardium occidentale was the least

common species, with individuals present in 70.83%
of the farms in Fégboho and 36.67% of those in
Nambekaha.
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Fig. 5. Relative frequency of species in the dlfferent

localities

Diametric structure of the stand

The distribution of plants across diameter classes
followed a bell-shaped curve for Parkia biglobosa and
Vitellaria paradoxa (Fig. 6 and 7). Indeed, for both
species, plants with small diameters and those with
large diameters were in the minority. The majority of
plants belonged to the intermediate diameter classes.
For Parkia biglobosa, the diameter class [20 cm; 30
[em was the most abundant, with 80 plants (Fig. 6).
The numbers of plants in the diameter classes
decreased in an almost symmetrical pattern relative
to the diameter class [20 cm; 30 cm [. For Vitellaria
paradoxa, the most abundant diameter class, with
245 plants, was [30 cm ; 40 cm [(Fig. 7). The numbers
of plants in the diameter classes decreased almost
symmetrically relative to the diameter class [30 cm;

40 cm [.

Number of planty

|

Diameter clasn
Fig. 6. Distribution of Parkia biglobosa plants in

diameter classes

The distribution of Anacardium occidentale plants
across diameter classes followed an “inverted J”
shape (Fig. 8). The majority of plants belonged to the

smaller diameter classes. In fact, the diameter classes
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with the highest number of plants were [1 cm; 10 ecm [
and [10 cm; 20 cm [, with 112 and 118 plants,
respectively. Starting from the [10 c¢cm; 20 cm
[diameter class, the number of plants decreased
steadily from the small-diameter classes to the large-

diameter classes.

o |
|
Diameter elnvses

Fig. 7. Distribution of Vitellaria paradoxa plants in

diameter classes
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Fig. 8. Distribution of Anacardium occidentale

plants in diameter classes

Basal area of species

The basal area of each species across all locations is
shown in Fig. 9. The species Vitellaria paradoxa had
the largest basal area (102.29 m2). Vitellaria
paradoxa was followed by Parkia biglobosa with a
basal area of 32.65 m2. Anacardium occidentale was

the species with the smallest basal area (5.84 m?2).

bricx 1 wie L o 584
g Vite " PN (022
v
' ! 2

51) 100 150
Basal area (%)

Fig. 9. Basal area of species for all localities

The basal area of the species by locality is shown in
Fig. 10. Analysis of this parameter revealed that
Vitellaria paradoxa had the largest basal area
regardless of the locality (57.93 m2 in Nambekaha,
25.64 m2 in Kaforo, and 18.71 m2 in Fégboho). At all

three sites, Vitellaria paradoxa was followed by

Parkia biglobosa (14.30 m2 in Nambekaha, 10.60 m2
in Kaforo, and 7.75 m2 in Fégboho). Anacardium
occidentale was the species with the smallest basal
area in all three locations (2.74 m2 in Nambekaha,
1.89 m2 in Fégboho, and 1.21 m2 in Kaforo).
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Fig. 10. Basal area of species according to localities

Basal area of stands

The basal area of the stands of each species for all
localities is shown in Fig. 11. The Vitellaria paradoxa
stand had the largest basal area (0.76 m2/ha). The
Vitellaria paradoxa stand was followed by that of
Parkia biglobosa, with a basal area of 0.24 m2/ha.
The Anacardium occidentale stand had the smallest

basal area (0.04 m2/ha).
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Fig. 11. Basal area of the stand for all localities
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The basal area of the stands of each species by
locality is shown in Fig. 12. Analysis of this

parameter showed that the Vitellaria paradoxa
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stand had the largest basal area regardless of the
site considered (0.88 m2/ha in Nambekaha, 0.67
m2/ha in Kaforo, and 0.60 m2/ha in Fégboho). In
all three locations, the Vitellaria paradoxa stand
was followed by that of Parkia biglobosa (0.28
m2/ha in Kaforo, 0.25 m2/ha in Fégboho, and 0.22
Nambekaha). The

occidentale stand had the smallest basal area in the

m2/ha in Anacardium
three locations (0.06 m2/ha in Fégboho, 0.04

m2/ha in Nambekaha, and 0.03 m2/ha in Kaforo).

DISCUSSION

The average plant density of the three species
studied was 14.27 plants/ha in Fégboho and 9.79
plants/ha in Kaforo and Nambekaha. The low
density of these woody plants is likely due to the
farmers’ decision to maintain only a few
individuals, thereby avoiding competition that
would be detrimental to rice, which is the main
component of the system. Indeed, the density of
trees outside forests on agricultural land depends
on the ecological requirements of the crop on the
one hand, and on the farmers’ perspectives and
needs on the other (Yameogo et al., 2019; Yoni et
al., 2023; Ouédraogo et al., 2026). Farmers are
therefore aware that a high density of woody plants
on rice farms would cause excessive shading and

lead to lower yields, as rice is a sun-loving plant.

Analysis of average plant density by species and
localities showed that Vitellaria paradoxa was the
species with the highest number of individuals per
unit area regardless of the locality considered (6.72
Fégboho,
Nambekaha, and 5.76 plants/ha at Kaforo).

plants/ha at 6.14 plants/ha at
Vitellaria paradoxa was followed by Parkia
biglobosa, except at Fégboho. Analysis of the
relative frequency of species for all localities
revealed that Vitellaria paradoxa was the most
common species (present in 97.44% of farms).
Vitellaria paradoxa was followed by Parkia
biglobosa, individuals of which were recorded in
93.59% of the farms. Anacardium occidentale was
the species with the lowest relative frequency

(individuals recorded in 46.15% of the farms).

The average plant densities and relative species
frequencies obtained are thought to reflect their
importance in rice farmers’ production, consumption,

and income-generating strategies.

Indeed, according to Koulai and Kouakou (2024),
Vitellaria paradoxa nuts, with an average annual
production of 250,000 tons, represent the third-
largest source of agricultural income in northern Céte
d'Ivoire. As for Parkia biglobosa, the ripe fruits yield
flour used for food on the one hand, and seeds that
are processed into a natural seasoning product called
“soumbara” on the other (Fatoumata et al., 2016;
Appia et al., 2023). The marketing of these products
by farmers represents a means of increasing and
diversifying their income (Appia et al, 2023).
Regarding Anacardium occidentale, its fruits, known
as cashews nuts, are one of Cote d’Ivoire’s main
export products and have contributed significantly to
the country’s socioeconomic development since the
year 2000 (Ruf et al., 2019). The low average plant
densities and low relative frequencies of Anacardium
occidentale compared to Vitellaria paradoxa and
Parkia biglobosa could be explained by the existence

of plantations dedicated to its cultivation.

The distribution of plants in diameter classes followed
a bell-shaped curve for Parkia biglobosa and
Vitellaria paradoxa. According to Kono et al. (2024),
this type of distribution is characterized by a low
proportion of both small-diameter and large-diameter
plants. The low representation of small-diameter
plants, which reflects low regeneration potential, is
likely due to the suppression of young plants by rice

farmers to avoid competition with rice.

The harvesting of fruits from these species and their
export from the agrosystem by farmers also
contributes to the low regeneration potential (Garba
et al., 2020). Indeed, because of fruit harvesting, the
number of seeds remaining in the agrosystems is low,
even though these are sexually reproducing species.
The low abundance of large-diameter individuals is
likely due to their exploitation by rice farmers for

timber, firewood, and charcoal.
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The distribution of Anacardium occidentale plants in
diameter classes followed an “inverted J” pattern. In
fact, the number of individuals was very high in the
small-diameter classes and declined sharply as the
diameter classes increased. As Anacardium occidentale
is a species planted by farmers, this diameter structure
would indicate that cashew trees were recently planted
on most of the surveyed rice farms. Thus, the
Anacardium occidentale stand would be dominated by

young plants.

Analysis of the basal area of the stands of each species
for all localities showed that the Vitellaria paradoxa
stand had the largest basal area (0.76 m2/ha). The
Vitellaria paradoxa stand was followed by that of
Parkia biglobosa, with a basal area of 0.24 m2/ha.
The Anacardium occidentale stand had the smallest
basal area (0.04 m2/ha). These low basal areas of the
likely the

management practices that maintain a low tree

stands are result of agricultural
density in order to optimize space and light for rice

cultivation.

CONCLUSION

This study provided a comprehensive characterization
of the populations of Vitellaria paradoxa, Parkia
biglobosa, and Anacardium occidentale within rice-
based

subprefecture. Overall, the average plant density of

agrosystems of the Tioroniaradougou
the three species was low, reflecting values of 14.27
plants/ha in Fégboho and 9.79 plants/ha in both
Kaforo and Nambekaha. Among the species studied,
Vitellaria paradoxa exhibited the highest average
density across all sites and was also the most widely
distributed, occurring in 97.44% of farms, compared
to Parkia biglobosa (93.59%) and Anacardium
occidentale (46.15%).

The diameter class distributions revealed contrasting
structural patterns, with Vitellaria paradoxa and
Parkia biglobosa displaying bell-shaped structures,
while Anacardium occidentale exhibited an inverted
J-shaped distribution, indicative of a predominance
of younger individuals. In addition, Vitellaria

paradoxa showed the highest basal area (0.76

m2/ha), followed by Parkia biglobosa (0.24 m2/ha)

and Anacardium occidentale (0.04 m2/ha).

These structural characteristics highlight the strong
influence of agricultural management practices, where
farmers deliberately maintain low tree densities to
reduce competition and optimize light and space for rice
cultivation. Consequently, the observed population
structures reflect both ecological dynamics and human-

driven management strategies within these agrosystems.
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