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ABSTRACT

Chrysophyllum albidum is an agroforestry tree that provides enormous goods and services to local
populations in West Africa. The unbridled use of organs the specy, causes its vulnerability, even its
disappearance in certain regions, in Benin. The present study aims to evaluate the morphological
diversity of populations of C. albidum in Benin, in order to differentiate individuals of the specy and
target interesting morphotypes for its conservation. Nine (9) variables were used to evaluation of
the phenotypic diversity of sixty (60) fruiting trees of the specy, selected in four (04) phytodistricts of
Benin. To determine the inter and intra-population variability of the specy, the descriptive statistic
was carried out on the quantitative morphology variables of trees by population, and for all
populations. The recorded morphological variables were subjected to ANOVA to test the variability
of morphological descriptors within phytodistricts and between soil type levels. An Ascending
Hierarchical Classification was performed to identify the different morphotypes of the specy. The
results obtained reveal significant variability in certain morphological descriptors used, depending
on the phytodistricts and soil groups. We observe depending on soil types, seven significant
morphological descriptors, with a significance rate of 77.78% (higher) compared to five significant
morphological descriptors for the phytodistricts, with a significance rate of 55.56% (lower). So, in
Benin, soil types discriminate C. albidum, much more than phytodistricts. The descriptors based on
the fruits and the leaves of trees of the specy are more discriminants than those the trunk and
crown. Three (03) morphotypes of C. albidum were obtained in Benin. Chrysophyllum albidum’s
plants of the phytodistricts Coastal and Plateau belong to the same phenotypic class while the trees
of the phytodistricts Pobé and Valley of Ouémé each have a morphotype of the specy. Consisting of
relatively short trees bearing longer and wider leaves and fruits, the morphotype of C. albidum from
the phytodistrict Valley of Ouémé is better indicated for future selections. These various data found
must be further supplemented by the molecular genetics characterization, for confirm genetic
diversity of the species and support its reproduction programs.

Keywords: Benin; Chrysophyllum albidum; Ecological zones; Morphological variability; West Africa.
1. INTRODUCTION necessary to develop adequate strategies to
conservation of the species, to prevent this

Food security remains a major existential disappearance (Agbo et al., 2018). Sustainable

concern in this world exposed to the harmful
effects of climate change and growing population
(Kanazoe, 2017). To survive in the face of
climate change which has profoundly reduced
agricultural yields (Brou et al., 2005), rural
communities particularly use to the plant genetic
resources of fruit trees (Mbaye, 2011). These
resources are increasingly essential in the areas
of food security and development sustainable
economy (FAO, 1996). Chrysophyllum albidum,
one of the woody plants whose genetic
resources have proven value for human well-
being, are essential in West Africa (Houessou et
al., 2012; Alowanou-Kélé et al., 2023). Almost all
organs of C. albidum are exploited by the local
populations of Benin. Its wood is used as energy
wood and lumber, its fruits constitute a food very
appreciated by its consumers, the bark, the roots
and the leaves of trees of the species are used in
the herbal medicine (Houessou et al., 2012).
Aging, urbanization and the method of harvesting
organs from C. albidum plants constitute the
major factors in its disappearance in Benin
(Alowanou-Kélé et al., 2023). It is therefore

management and conservation of forest species
requires the analysis of variability morphology of
their plant material, to differentiate individuals, in
order to identify the elite morphotypes to
reproduce (Kouyaté and Van Damme, 2002;
Houetchégnon, 2016; Koffi et al., 2023; Bolamba
et al.,, 2024). Among the numerous scientific
studies carried out on the morphological
variability of woody species useful to populations,
we can cite among others, the work by Kouyaté
(2005) and Agbo et al. (2018) on Detarium
microcarpum, Fandohan et al. (2011) on
Tamarindus indica, Gbémavo et al. (2015) on
Jatropha curcas Linn, Ewédjé et al. (2012) on
Pentadesma butyracea, Ammari et al. (2016) on
Celtis australis, Sourou Kuiga (2017) on
Haematostaphis barteri. In each of these studies,
the parameters morphological discriminants were
identified and used to characterize the different
morphotypes found.

From the results from research work on the
phenotypic diversity of C. albidum in Benin, it
appears that there is great variability at the level
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of several morphological descriptors of the
organs of the specy (Dadégnon et al., 2014;
Lougbégnon et al.,, 2016). However, these
various works have unfortunately not taken into
account the edaphic data, although the quality of
the soil is essential for the good conservation of
agroforestry species (Kouyaté, 2005). Fertile or
suitable soil allows the growth of plants, to
prevent desertification and land degradation
(FAO, 2015). In consequently, the identification
of soil types favorable to plant species with
multiple uses like C. albidum, can ensure food
security, and allow the ecosystem to fulfill its
fundamental functions.

The primary objective of this study is to assess
the morphological diversity of C. albidum in
Benin. Specifically, it involved: (i) describe the
morphological variability of C. albidum, (i)
analyze the influence of phytodistricts and soil
types on this morphological variability, and (iii) to
characterize the morphotypes of the species in
Benin.

2. MATERIALS AND METHODS

2.1. Study Zone

This study was conducted in four (4)
phytodistricts of Benin, each characterized by
distinct biophysical and climatic conditions

(Table 1). These are the phytodistricts Coastal,
Plateau, Pobe and Valley of Ouémé
from the Guineo-Congolese zone, where
Chrysophyllum albidum plants are present

(Fig. 1).
2.2 Collection of Data

Following a spacing of at least 50 meters, sixty
(60) fruiting trees of Chrysophyllum albidum, at a
rate of fifteen (15) plants per phytodistrict, were
selected and geo-referenced using a GPS
(Geographical Positioning System). All of the
individuals sampled in a phytodistrict was
considered as a population at the same as those
found on the same type of soil.
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(Alowanou-Kélé, 2023)
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Table 1. Biophysical characteristics of the phytodistricts of the study area (Gbémavo et al., 2015)

Phytodistricts of Percentage corresponding to each of Diet rain Rainfall Main types Main training vegetables
the area of study phytodistricts in the surface company of soil
of Benin

Coastal 1% 900to 1300  Sandy + Hydromorphic & Coastal forest and Mangrove
Halomorphic

Plateau 7% 900 to 1100

Pobé 2% 1200 to 1300 ferralitic without Semi- deciduous forest
concretions

Bimodal
Valley of Ouémé 2% 1100 to 1300 Soil hydromorphic Swamp and Semi-deciduous

Forest deciduous.
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The morphological variability of C. albidum was
evaluated using nine (09) descriptors inspired by
the research work of several authors (Ouédraogo,
1995; Zitan, 1995; Agbo et al.,, 2018). These
descriptors were measured on the trunk and
crown, leaves and fruits of the trees retained.
Morphological descriptors collected at the trunk
and crown level are the diameter of the trunk at
the height of a man's breast-breast (Dbh)
expressed in centimeters (cm), the height of the
first basal branching relative to the ground (Hpr)
and the height of the plant (Hpl) each expressed
in meter (m). The diameter of the trunk at the
height of a man’s breast has was measured
using a tailor's meter, while the variables Hpr and
Hpl were taken using a penta decameter. At the
leaf level, the morphological descriptors identified
are the leaf length (Lfe), leaflet length (Lfo) and
width leaflets (Ifo). The variables Lfe, Lfo and Ifo
expressed in centimeter (cm) were measured
using a 90 cm graduated ruler. Morphological
descriptors considered at the level of fruits are
the mass of the fruits (mfr) expressed in grams
(g) using a balance precision, the length of the
fruits (Lfr) and the width of the fruits (Ifr)
expressed in centimeters (cm) using a graduated
ruler. Furthermore, to measure morphological
parameters relating to leaves and fruits, it was
collected from each of the selected trees, five (5)

perfectly developed and unparasitized fresh
leaves, and five (5) unparasitized fresh fruits.

2.3 Data Analysis

The soil groups considered in this study (Fig. 2)
were identified using the projection of the
geographical coordinates of the plants of
Chrysophyllum albidum on the base Harmonized
World Soil Database (HWSD) version
1.21 (FAO/IIASA/ISRIC/ISS-CAS/JRC, 2012).
Quantitative morphological data measured on the
trunk and crown, leaves and fruits of the selected
trees, were used to calculate the mean, standard
error and coefficient of variation, in order to
evaluate the inter- and intra-population variability
of the specy. An analysis of the components of
the variance was carried out on all the
morphological descriptors considered in the four
(4) populations of C. albidum, in order to study
the part of the overall variability linked to
individuals of the species, soil types and
phytodistricts. From the coefficient of variation
whose scale of interpretation was proposed by
Ouédraogo (1995) and adopted by certain
authors (Kouyaté et al., 2011; Sourou Kuiga,
2017; Agbo et al., 2018), the classification of
variability was carried out the one hand, within
and between the phytodistricts of origin of

A e e

S ——

6500"N

()
e ®

6°40'0"N
i
I
i
|
|
i
|
|
i
|
|
|
I
|
1
i

Z—-Zmno
T IS

— ]

@ Tree mesured on Ge
& Tree mesured on Nd
@ Tree mesured on Rd

D Phytodistricts
- Ge- Eutric Gleysols
- Nd- Distric Nitisols

Rd- Distric Arenosols £

=
o
=4
Il
o

00'N
L

Vp-Pellic Vertisols

Projection: UTM_Zone_31N
GCS_WGS_1984. August 2023
ALOWANOU-KELE

|
|
i
|
|
i
I
i
., e 4 iE L e
i
|
I
1
|
|
1
|
i
i
i
|
i
i
|

1
I
1
|
I
1
|
I
T
I
i
T
I
i
T
!

- = —— R - e LT
i
I
I
I
1
I
|
1
I
|
1
I
|
1
I
I

2100"E 2°200"E 2°300"E
L L

1
1
I
|
1
I
|
1
L
I
1
I
|
1
|
|
i

.
i T
i [}
)

ATLANTIC OCEAN

T T T
1°40°0"E 1°50°0"E 2°00'E

T T
2100"E 2°200"E

Fig. 2. Identification map of the soil groups hosting the sampled Chrysophyllum albidum
plants (Alowanou-Kélé, 2023)
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C. albidum, then on the other hand, within and
between soil groups. According to this scale, the
variation can be low (CV = 0 - 10%), medium
(CV =10 -15%), quite significant (CV = 15 - 44%)
or even very important (CV > 44%). To test the
variation of morphological descriptors within
phytodistricts and across level of soil types, the
recorded morphological variables were subjected
to an Analysis of Variance (ANOVA). Likewise,
all the morphological descriptors used were
subjected to Ward's Ascending Hierarchical
Classification (Euclidean distances on the
averages of the characters studied), to identify
the different morphotypes of the specy in Benin.
All these analyzes were carried out with the
statistical software R version 4.2.0 (R. Core
Team, 2022).

3. RESULTS

3.1 Variability of Morphological Descrip-
tors of Chrysophyllum albidum

In Benin, the plants of C. albidum are found in
the Guineo-Congolese, more precisely in the
phytodistricts Coastal, Plateau, Pobé and Valley
of Ouémé. Tables 2 and 3 presents respectively
according to phytodistricts and soil types,
variations of nine (9) descriptors quantitative
morphological measured on the trunk and crown,
leaves and fruits of C. albidum trees sampled.

3.1.1 Descriptors of the trunk and crown of C.
albidum trees

The height of the feet (Hpl) of C. albidum
inventoried varied from 8 to 33 m with a average
of 20.07 (x 6.62) m. The height of the first basal
branching relative to the ground (Hpr) is between
1.4 and 15 m with an average of 3.56 (+ 3.22) m.
However, alone the average Hpr of the plants of
the specy located in the phytodistrict Pobeé is less
than that given by all the individuals of C.
albidum considered (Fig. 3). The diameter of the
trunk at the height of a man' breast-breast (Dbh)
varied from 20 to 136.5 cm with an average of
53.54 (+ 26.84) cm, slightly exceeded by the
average Dbh of the specy' feet found in the
phytodistricts Plateau and Pobé (Fig. 4). Intra-
phytodistrict variability of the height of C. albidum
plants was quite significant (15% < CV < 44%) in
all the four (04) phytodistricts. Intra-phytodistrict
variability of the height of the first basal
branching in relation to the ground of the feet of
the specy is very important (CV > 44%) in all the

phtytogeographical districts covered. The intra-
phytodistrict variability of the diameter of the
trunk at the height of a man' breast-breast of the
C. albidum plants, is quite important (15% < CV
< 44%) in the Coastal district and very important
in the others phytogeographic districts (CV >
44%) of the study environment.

The intra-type of soil variability of C. albidum
plant height is quite significant (15% < CV < 44%)
regardless of the soil group where the plants are
found the specy. The intra-type of soil variation in
the height of the first basal branching relative to
the ground of the specy is quite important (15% <
CV < 44%) on the Gleysols soil group, and is
very significant (CV > 44%) on Nitisols and
Arenosols. Intra-type of soil variability of diameter
of the trunk at the height of a man' breast-breast
of C. albidum plants, is quite significant (15% <
CV < 44%) on the Arenosols type of soils, and
very important (CV > 44%) on the Gleysols and
Nitisols.

3.1.2 Leafs descriptors of C. albidum plants

The specy C. albidum has leaves whose length
(Lfe) is between 29 and 70 cm with an average
of 44.68 (x 10.16) cm, relatively lower than the
averages of Lfe of plants of the specy in the
Pobe and Valley of Ouémé districts (Fig. 5).
There leaflet length (Lfo) varied from 14.73 to
33.93 cm with a mean of 22.39 (+ 3.47) cm.
Leaflet width (Ifo) is between 5 and 11.16 cm
with an average of 8.03 (x 1.23) cm. There intra-
phytodistrict variability in C. albidum leaf length
was quite significant (15% < CV < 44%) in all
phytodistricts in the study area. Variability within
phytodistricts leaflet length was quite significant
in the Plateau (15% < CV < 44%), and
moderately low (10% < CV < 15%) in the
phytodistricts Coastal, Pobé and Valley of
Ouémé. Intra-phytodistrict variability in leaflet
width is low in the Plateau (0% < CV < 10%),
moderately low in the Valley of Ouémé (10% <
CV < 15%), and quite significant in the others
districts of the study environment (15% < CV <
44%).

The intra-soil type variability of leaflet length (Lfo)
and width of leaflets (Ifo) is average (10% < CV <
15%) in C. albidum plants whatever the type of
soil that shelters them. On the other hand, with
regard to the length of the leaves (Lfe), this
variation is quite significant (15% < CV < 44%)
on each of the soil types in presence.
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Fig. 3. Height of the first basal branching (Hpr) relative to the ground of Chrysophyllum
albidum plants, depending on the phytodistricts
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Fig. 4. Trunk diameter at height man's chest (Dhp) of the feet of Chrysophyllum albidum,
depending on the phytodistricts
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Fig. 5. Leaf length (Lfe) of feet of Chrysophyllum albidum, depending on the phytodistricts
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Fig. 6. Fruit mass (mfr) of trees of Chrysophyllum albidum, depending on the phytodistricts
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3.1.3 Fruit descriptors of C. albidum plants

The fruits of C. albidum have a length (Lfr)
between 3.3 cm and 5.5 cm with an average of
4.61 (x 0.63) cm, lower than those the Lfr of the
plants of the specy in the phytodistricts Coastal
and Valley of Ouémé. Its width (Ifr) varied from
2.3 to 4.6 cm with an average of 3.65 (+ 0.64) cm,
higher than those the Ifr of the plants of the
specy C. albidum in the phytodistricts Coastal,
Plateau and Pobe. The fruits mass (mfr) of C.
albidum in the study environment is between 23
g and 54 g with an average of 47.72 (¥7.22) g,
lower than those of the mfr of the specy located
in the phytodistricts Coastal and Ouémé Valley
(Fig. 6). Intra-phytodistrict variability in C.
albidum fruit length is moderately low (10% < CV
< 15%) in the phytodistricts Coastal, Pobé and
Valley of Ouémé. The variation in fruit width is
moderately low (10% < CV < 15%) within the
populations of C. albidum sheltering the
phytodistricts Pobé and Valley of Ouémé, and
quite significant (15% < CV < 44%) in the
phytodistricts Coastal and Plateau. The intra-
phytodistrict variability of C. albidum fruit mass is
moderately low (10% < CV < 15%) in the
phytodistricts Plateau, and quite significant (15%
< CV < 44%) in the phytodistricts Coastal, Pobe
and Valley of Ouémé.

The intra-type of soil variability of fruit length of C.
albidum plants is medium (10% < CV < 15%) on
Gleysols, Nitisols and Arenosols. Intra-type of
soil variability of width fruit of plants of the
species is average (10% < CV < 15%) on
Gleysols, and quite significant (15% < CV < 44%)
on Nitisols and Arenosols. Furthermore, the
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variation of the fruit mass of individuals of the
species is low (0% < CV < 10%) on
Nitisols, average (10% < CV < 15%) on Regosols,
and quite significant (15% < CV < 44%) on
Gleysols.

3.2 Impacts of Phytodistricts and Soil
Types on Chrysophyllum albidum
Variability

Leaflet length (Lfo), leaflet width (Ifo) and fruit
width (Ifr) are the morphological descriptors of C.
albidum that showed highly significant
differences significant between phytogeographic
districts (Table 2) at the 1% threshold (P < 0.01)
according to the Student-Newman-Keuls test.
Plant height of C. albidum (Hpl) and fruit length
(Lfr) of trees of the species, showed inter-
phytodistrict differences significant at the 5%
level (P < 0.05) according to the Student-
Newman-Keuls test. In function phytogeographic
districts, the morphological variables which best
discriminate the populations of C. albidum, are
leaflet length, leaflet width and width fruits. The
leaf of C. albidum plants that was found in the
phytodistrict Valley of Ouémé is on average
longer and wider than those of the leaves of the
feet which were found in the others phytodistricts
(Fig. 7). The fruits of plants of C. albidum which
were measured in the phytodistrict Valley of
Ouémé are in average longer and wider than
those of the feet sampled in the others
phytodistricts (Fig. 7). Furthermore, the feet of
the tree, found in the phytodistrict Pobé, are on
average larger in size than those of others
phytodistricts (Fig. 7).

Ifo Lfo Hpl

Leaf Trunk and crown

Morphological characteristic by category

Fig. 7. Variation of the five (05) significant morphological descriptors (Hpl, Lfo, Ifo, Lfr and Ifr)
of Chrysophyllum albidum, according to their averages and phytodistricts
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Table 2. Morphological description of quantitative variables of Chrysophyllum albidum, depending on the phytodistricts.

Phytodistricts Parameter Hpl (m) Hpr (m) Dhp (cm) Lfo (cm) Ifo (cm) Lfe (cm) Lfr (cm) Ifr (cm) mfr (g)
Coastal Average 17.87b 3.64a 4731 a 21.36 bc 7.83b 42.42 a 4.64 ab 3.61lab 48.83 a
SE 5.97 3.89 17.42 3.08 1.19 6.92 0.59 0.65 8.05
CV (%) 33.44 106.85 36.81 14.43 15.16 16.31 12.74 18.07 16.49
Plateau Average 20.4 ab 3.68a 57.63 a 23.47 ab 7.96 ab 43.03 a 4.38b 3.53 ab 47.57 a
SE 5.64 2.69 31.2 3.59 0.77 9.66 0.68 0.68 6.33
CV (%) 27.63 73.21 54.14 15.31 9.64 22.44 15.61 19.36 13.31
Pobe Average 2411a 2.76 a 61.34a 20.26 c 7.36b 4543 a 4.43 ab 3.35b 45.11a
SE 6.77 2.32 28.59 2.92 1.21 13.59 0.53 0.42 6.77
CV (%) 28.08 84.06 46.61 14.40 16.43 29.93 11.86 12.39 15.02
Valley of Ouémé Average 17.88 b 4.17 a 47.89 a 24.49 a 8.99 a 47.83 a 499 a 4.09 a 49.37 a
SE 6.59 3.85 27.97 2.81 1.17 9.47 0.56 0.59 7.58
CV (%) 36.83 92.36 58.42 11.49 12.99 19.80 11.29 14.53 15.35
Probability 0.0259 * 0.692ns 0.386ns 0.00168 ** 0.00146 **  0.456ns 0.0295 * 0.00917 **  0.383ns
Minimum population 8 1.4 20 14.73 5 29 3.3 2.3 23
Maximum population 33 15 136.5 33.93 11.16 70 5.5 4.6 54
Average population 20.07 3.56 53.54 22.39 8.03 44.68 4.61 3.65 47.72
SE population 6.62 3.22 26.84 3.47 1.23 10.16 0.63 0.64 7.22
CV (%) 32.99 90.42 50.13 15.50 15.27 22.75 13.59 17.62 15.14

CV: Coefficient of Variation; SE: Standard Error, *: Significant at the 5% threshold; **: Highly significant at the 1% level; ***: Very highly significant at the 0.1% level; ns: not significant.

Table 3. Morphological description of the quantitative variables of Chrysophyllum albidum, according to soil types

Soil types Parameter Hpl (m) Hpr (m) Dhp (cm) Lfo (cm) Ifo (cm) Lfe (cm) Lfr (cm) Ifr (cm) mfr (g)
Ge - Gleysols Average 23.07 a 2.24Db 61.01a 20.24 b 7.42b 42.62 a 43b 33b 43.63 b
SE 6.69 0.46 28,08 2.42 1.09 12.32 0.58 0.47 8.41
CV (%) 29.01 20.41 46.02 11.94 14.68 28.91 13.58 14.15 19.28
Nd - Nitisols Average 19.24 ab 5a 50.82 a 245a 8.54a 45.74 a 4.71 ab 3.83a 49.76 a
SE 7.24 3.95 33.04 3.28 1.16 8.24 0.6 0.62 3.65
CV (%) 37.61 79.05 65.02 13.39 13.54 18.01 12.65 16.20 7.33
Rd - Arenosols Average 17.89b 3.45ab 48.8 a 22.44 ab 8.14 ab 45.68 a 483 a 3.82a 49.77 a
SE 4.87 3.52 16.32 3.36 1.21 9.71 0.6 0.7 7.18
CV (%) 27.21 102.14 33.45 14.98 14.89 21.26 12.51 18.36 14.43
Probability 0.0339 * 0.0227 * 0.309ns 0.000231 *** 0.0112* 0.548ns 0.0184 * 0.0104 * 0.0063 *
Minimum population 8 14 20 14.73 5 29 3.3 2.3 23
Maximum population 33 15 136.5 33.93 11.16 70 5.5 4.6 54
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Soil types Parameter Hpl (m) Hpr (m) Dhp (cm) Lfo (cm) Ifo (cm) Lfe (cm) Lfr (cm) Ifr (cm) mfr (g)
Average population 20.07 3.56 53.54 22.39 8.03 44.68 461 3.65 47.72
SE population 6.62 3.22 26.84 3.47 1.23 10.16 0.63 0.64 7.22
CV (%) 32.99 90.42 50.13 15.50 15.27 22.75 13.59 17.62 15.14
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CV: Coefficient of Variation; SE: Standard Error; *: Significant at the 5% threshold; **: Highly significant at the 1% level; ***: Very highly significant at the 0.1% level; ns: not significant.
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Depending on the soil types, quantitative
morphological variables such as the height of C.
albidum plants (Hpl), the height of the first basal
branching per relationship to the ground (Hpr),
the width of the leaflets (Ifo), the fruits length (Lfr)
and the width of the fruits (Ifr) showed significant
inter-pedological differences (Table 3) at the
threshold of 5% (P < 0.05) according to the
Student-Newman-Keuls test. On the other hand,
the mass of the fruits of plants of the specy (mfr)
showed highly significant inter-pedological
differences at the threshold of 1% (P < 0.01), and
the length of the leaflets (Lfo) of the trees of the
specy showed very highly significant differences
between the soil types, at the threshold of 0.1%
(P < 0.001) according to the Student-Newman-
Keuls test. Depending on the type pedological,
the  morphological variables which best
discriminate the populations of C. albidum, are
the length of the leaflets and the mass of the
fruits of plants of the specy. The feet of the tree
which were found on the Gleysols, are on
average larger in size than those occupying the
other soil groups (Fig. 8). The fruits of the plants
of C. albidum which have been found on the
Arenosols, are on average longer, and weigh
more than those of the feet which were found on
other soil types (Fig. 8). However, these fruits of
plants of the species are wider on Nitisols than
on Gleysols and Arenosols. Furthermore, the
leaflets of the leaves of the plants of C. albidum
which were measured on the Nitisols are on
average longer than those of the leaves of the
feet which were found on the others soil types

(Fig. 8).

3.3 Phytogeographic Patterns of
Chrysophyllum albidum

Using the morphological descriptors of C.
albidum considered, the Ascending Hierarchical
Classification was carried out, and made it
possible to highlight three (03) morphotypes at
the 20% similarity threshold (Fig. 9).

Group G1 consists of C. albidum plants from the
phytodistrict Valley of Ouémé. This morphotype
is characterized by short trees, bearing fruits
longer, wider, heavier, and with longer and wider
leaves. The group G2 is made up of C. albidum
plants from the Pobé phytodistrict. This
morphotype is characterized by larger trees,
developing less long and wider leaves, and
bearing lighter fruits of average length and width.
The G3 group contains the C. albidum plants
from the Coastal and Plateau phytodistricts. This
class phenotypic is characterized by moderately

tall individuals, presenting leaves moderately
long and wide, bearing fruits of average mass,
length and width.

4. DISCUSSION

4.1 Morphological Variability of
Chrysophyllum albidum

Chrysophyllum albidum is a plant specy that
provides multiple goods and services to local
populations (Houessou et al., 2012; Lougbégnon
et al.,, 2012). However, the importance of the
resources of this specy for the local populations
of Benin makes it vulnerable and even
contributes to its disappearance (Alowanou-Kélé
et al., 2023). With an index of 2.67, D.
microcarpum was also considered a very
vulnerable specy in the phytodistrict Zou, Benin
(Agbo et al., 2017). The settings morphological
plants of this very useful specy in Benin vary as
well depending on phytogeographic provenances
as well as soil types. The trees of shorter C.
albidum produced longer and wider fruits and
leaves, as had reported the results of the work of
Dadégnon et al. (2014). These small feet, mainly
come from the phytodistrict Valley of Ouémé,
and seem very interesting for breeding programs
for elite morphotypes of the specy for fruit
production. Furthermore, in function of the
phytogeographic districts of presence of
individuals of C. albidum, the leaves of the specy
are made highly polymorphic at the threshold of
1% by the length of the leaflets and leaflet width;
the fruits of the specy are highly polymorphic at
the threshold of 1%, and polymorphic at the
threshold of 5% thanks respectively to their
widths and their lengths; the trunk and crown of
the specy are polymorphic at the threshold of 5%
thanks to the height of its plants. Depending on
the soil groups serving as support for individuals
of C. albidum, the trunk and crown are made
polymorphic at the threshold of 5% by the height
of the plants of the specy and the height of the
first basal branching relative to the ground; the
leaves are made polymorphic at the threshold of
5% by the width of the leaflets, and very highly
polymorphic at the threshold of 0.1% by leaflet
length; the fruits are made polymorphic at the
threshold of 5% by its length and width, and
highly polymorphic at the threshold of 1% thanks
to its mass. These variations observed at the
level of certain morphological descriptors could
be due to the characteristics of climatic and soil
types, or to the reproductive biology of the plant
(Agbo et al.,, 2018), or even genotypic factors
(Sourou Kuiga, 2017). The relatively high
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variability recorded in the fruits of C. albidum,
agree well with those obtained by Lougbégnon et
al. (2016) on the same specy, Fandohan et al.

(2010) on Tamarindus indica L., and Abasse et al.

(2011) on Balanites aegyptiaca.

At the phytodistricts level, five (05) significant
morphological descriptors have been identified,
compared to seven (07) for soil types. Soil types
therefore have a much greater influence on the
variability of C. albidum plants in Benin. These
results reinforce those revealed by the work of
Agbo et al. (2018) where phytodistricts and soill
groups equitably influence the variability of D.
microcarpum. However, the variation in
morphological descriptors remains much more
significant in C. albidum than in D. microcarpum.
This slight difference could be linked to the fact
that D. microcarpum trees would have covered a
larger part of the Beninese territory than C.
albidum, and could thus allow a greater variation
in climatic and edaphic conditions. The height of
the first basal branching relative to the ground,
the diameter of the trunk at height of a man's
breast, the length of the leaf and the mass of the
fruits, constitute the descriptors for which the C.
albidum plants are morphologically similar, from
phytodistrict to another. According to the work of
Dadégnon et al. (2014), there is a large similarity
between agro ecological zones, with regard to
the total height of plants of C. albidum in Benin.

4.2 Influence of Environmental Factor on
the Growth and Survival of
Chrysophyllum albidum

Ward's Ascending Hierarchical Classification
indicates three (03) morphotypes or
subpopulations of C. albidum in Benin. The
plants of C. albidum from the phytodistricts
Coastal and Plateau belong to the same
phenotypic class, therefore are quite close
morphologically from each other. The identified
morphotypes present different characteristics,
and depend on the districts Valley of Ouémé
(G1), Pobé (G2) then Coastal and Plateau (G3).
Despite the fact that all of these four (04) districts
phytogeographical all belong to the Guineo-
Congolese zone located between 6°25°'N and
7°30’N, a difference is observed in these
morphotypes. By deduction, from a sub-
population of C. albidum to another, each
phytodistrict presents characteristics that make
it's specified. Morphological variabilities are then
mainly based on environmental conditions and
habitat (Assogbadjo et al., 2008). Larger trees
found in the Pobé district, formed mainly of

ferralitic soils without concretions (Gbémavo et
al.,, 2015), are due to the sufficient space
available for the right development and survival
of trees of the specy in this phytodistrict.
Furthermore, the analyzes carried out in the
present study revealed a significant intra- and
inter-pedological difference at the level of seven
(7) morphological characters, then a significant
intra- and inter-phytodistrict difference at the
level of five (5), morphological characters.
Consequently, soil types are essential in the
morphological characterization of C. albidum to
Benin. The Valley of Ouémé, with its numerous
wetlands (Gbeémavo et al., 2015), constitutes one
of the prediction territories of C. albidum, and is
essential in the selection future of elite
morphotypes for the sustainable management
(Koffi et al.,, 2023; Bolamba et al., 2024) of
genetic resources of C. albidum.

The multiple uses of C. albidum and the
extensive urbanization in certain communes of
Benin, dangerously threaten the survival and
good development of the feet of the specy,
through the ever-increasing reduction of its
populations in habitats natural, and the
observation in certain phytodistricts of less giant
trees of the specy. Therefore, anthropogenic
activities can negatively impact the presence of
the specy.

5. CONCLUSION

This study highlights the significant
morphological variability of C. albidum in Benin,
influenced by phytogeographic and pedological
factors. The findings indicate that leaf and fruit
characteristics exhibit greater polymorphism than
trunk and crown attributes. Three distinct
morphotypes of C. albidum were identified, each
associated with  specific  phytogeographic
structures. The morphotype found in the Valley of
Ouémé, characterized by superior fruit quality,
holds the greatest potential for future breeding
and conservation initiatives.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image
generators have been used during the writing or
editing of this manuscript.

ACKNOWLEDGEMENT

The authors thank local elected officials and their
grassroots populations for their availability during
field work as part of this study.

303



Alowanou-Kélé et al.; Int. J. Plant Soil Sci., vol. 37, no. 2, pp. 290-305, 2025; Article no.lJPSS.131605

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Abasse, T., Weber, C. J., Katkore, B., Boureima,
M., Larwanou, M., & Kalinganire, A.
(2011). Morphological  variation in
Balanites aegyptiaca fruits and seeds
within and among parkland agroforests in
eastern Niger. Agroforestry Systems,
81(1), 57-66.
https://doi.org/10.1007/s10457-010-9323-x

Agbo, I. R., Missihoun, A. A., Vihotoghé, R.,
Assogbadjo, E. A., Ahanhanzo, C., &
Agbangla, C. (2017). Impacts of traditional
uses on the vulnerability of Detarium
microcarpum Guill. & Perr.
(Caesalpiniaceae) in the phytodistrict Zou
in Benin. International Journal of Biological
and Chemical Sciences, 11(2), 730-743.

Agbo, I. R., Missihoun, A. A., Dagba, R. A,
Assogbadjo, E. A., & Agbangla, C. (2018).
Morphological variability of Detarium
microcarpum Guill. & Perr.
(Caesalpiniaceae) in Benin, West Africa.
Asian Journal of Research in Agriculture
and Forestry, 1(2), 1-12.

Alowanou-Kélé, B., Missihoun, A. A., Agbo, R. |,
Ewédjé, E.-E. B. K., Yédomonhan, H., &
Agbangla, C. (2023). Impacts of the use of
Chrysophyllum albidum G. Don on its
vulnerability and conservation in Benin.
Annual Research & Review in Biology,

38(11), 1-13.
https://doi.org/10.9734/arrb/2023/v38i1130
613

Ammari, Y., Zouaoui, R., Abbasi, M., Jebali, S., &
Hamdi, S. (2016). Study of dendrometric
and morphological variability of Celtis
australis located in northern Tunisia.
International  Journal  of  Agriculture
Innovations and Research, 5(3).

Assogbadjo, A. E., Glélé Kakai, R., Chadaré, F.
J., Thomson, L., Kyndt, T., Sinsin, B., &
Van Damme, P. (2008). Folk classification,
perception, and preferences of baobab
products in West Africa: Consequences for
species conservation and improvement.
Economic Botany, 62(1), 74-84.

Bolamba, F., Mukandama, J. P., Looli, L., &

Nzawele, D. B. (2024). Morpho-
guantitative  characterization of local
cassava cultivar (Manihot esculenta

Crantz) collected at the Tshopo Province

(DR. Congo). Agronomie Africaine, 36(1),
99-111.

Brou, Y. T., Akindés, F., & Bigot, S. (2005).
Climate variability in Ivory Coast: Between

social  perceptions and  agricultural
responses. Cahiers Agriculture, 14(6),
533-540.

Dadégnon, S., Gbemavo, C., Ouinsavi, C., &
Sokpon, N. (2014). Morphological variation
and ecological structure of Chrysophyllum
albidum G. Don. International Journal of
Plant & Soil Science, 5, 25-39.

Ewédje, E. B. K., Parmentier, |.,, Natta, A,
Ahanchédé, A., & Hardy, O. J. (2012).
Morphological variability of the tallow tree,
Pentadesma butyracea Sabine
(Clusiaceae), in Benin. Genetic Resources
and Crop Evolution, 59(5), 625-633.

Fandohan, B., Assogbadjo, A. E., Glelé Kakali,
R., Kyndt, T., De Caluwé, E., Codjia, J. T.
C., & Sinsin, B. (2010). Women’s
traditional knowledge, use value, and the
contribution of tamarind (Tamarindus
indica L.) to rural households’ cash income
in Benin. Economic Botany, 64, 248-259.

Fandohan, B., Assogbadjo, E. A., Kakai, G. R,,

Kyndt, T., & Sinsin, B. (2011). Quantitative

morphological descriptors confirm

traditionally classified morphotypes of

Tamarindus indica L. fruits. Genetic

Resources and Crop Evolution, 58, 299-

309. https://doi.org/10.1007/s10722-010-

9575-3

(1996). Global plan of action for the
conservation and sustainable use of plant
genetic resources for food and agriculture
and the Leipzig declaration. International

Technical Conference on Plant Genetic

Resources, Leipzig, Germany.

IIASA, ISRIC, ISSCAS, & JRC. (2012).

Harmonized world soil database (version

1.21). FAO and IIASA, Rome, lItaly, and

Laxenburg, Austria.

FAO.

FAO

FAO. (2015). Soils are fundamental for
vegetation. 1st Conference on Afro-
Mediterranean soils: "Constraints and

potential for sustainable management",
Marrakech, December 18 and 19, 2015.
Gbémavo, C. J., Gandji, K., Gnanglé, C. P.,
Assogbadjo, A. E., & Glele Kakai, R. L.
(2015). Morphological variability and
conservation of morphotypes of Jatropha
curcas Linn. (Euphorbiaceae) in Benin.
Journal of Agriculture and Environment for
International Development, 109(1), 55-69.
Houessou, G. L., Lougbégnon, O. T., Ghesso, G.
H. F., Anagonou, S. E. L., & Sinsin, B.

304


https://doi.org/10.9734/arrb/2023/v38i1130613
https://doi.org/10.9734/arrb/2023/v38i1130613

Alowanou-Kélé et al.; Int. J. Plant Soil Sci., vol. 37, no. 2, pp. 290-305, 2025; Article no.lJPSS.131605

(2012). Ethnobotanical study of the African
star apple (Chrysophyllum albidum G.
Don) in southern Benin (West Africa).
Journal of Ethnobiology and
Ethnomedicine, 8, 40.

Houetchégnon, O. T. (2016). Ethnobotanical,
ecological, and morphological studies of
Prosopis africana (Guill, Parrot. and Rich.)
Taubert in Benin and impacts of climate
change on the species (Doctoral thesis).
University of Parakou, Benin.

Kanazoe, A. (2017). The contribution of the rural
agri-food technology incubation center
(CRITA) to the food security of households
in Lebda in Burkina-Faso (Master’s thesis).
Ouaga | University, Burkina-Faso.

Koffi, J.-M., Kouakou, C. K., Koffi, P. K., Sarron,
J., Fondio, L., Djaha, J. B. A, Soro, D., &
Faye, E. (2023). Morphological diversity of
mango tree varieties from the collection of
the National Agronomic Research Center
station in Lataha, Ivory Coast. Agronomie

Africaine, 35(1), 125-135.
https://www.ajol.info/index.php/aga/article/
view/252605

Kouyaté, A. M., & Van Damme, P. (2002).
Morphological characters of Detarium
microcarpum Guill. and Perr. in the south
of Mali. Fruits, 57(4), 231-238.

Kouyaté, A. M. (2005). Ethnobotanical aspects
and study of the morphological,
biochemical and phenological variability of
Detarium microcarpum Guill. & Perr. in
Mali (Doctoral thesis). Ghent University,
Belgium.

Kouyaté, A. M., Decalluwé, E., Guindo, F.,
Diawara, H., Diarra, I., N'Diaye, I., & Van
Damme, P. (2011). Morphological

variability of the baobab (Adansonia
digitata L.) in Mali. Fruits, 66(4), 247-255.

Lougbégnon, O. T., Anagonou, L., Houessou, G.
L., Gbesso, G. H. F., & Sinsin, B. (2012).
Socioeconomic importance of the organs
(fruits, bark, and roots) of the white star
apple (Chrysophyllum albidum G. Don,
1831) on the Allada Plateau. Annales
Universitatis Lomé, Serie Lettres, 31(1),
157-165.

Lougbégnon, O. T., Houessou, L. G., Ghesso, G.
H. F., & Codjia, J. T. C. (2016). Eco-
morphological variability of Chrysophyllum
albidum G. Don fruits across the
phytogeographic districts of the Guinean
zone in Benin. Bulletin of Agronomic
Research of Benin, 109, 109-117.

Mbaye, A. (2011). Cultivation of Jatropha in
Senegal: Between the logic of promoters
and the skepticism of farmers. In
Collection of summaries of the final
workshop of the RIPIECSA program,
Palais des congres, Cotonou, Benin, 10p.

Ouédraogo, A. S. (1995). Parkia biglobosa
(Fabaceae) in West Africa: Biosystematics
and improvement (Thesis). Wageningen
University, Netherlands.

Sourou Kuiga, N. B. (2017). Socio-economic
importance and structural, morphological,
and genetic characterization of the red
plum (Haematostaphis barteri Hook F.) in
Benin (Doctoral thesis). University of
Parakou, Benin.

Zitan, L. (1995). Analysis of morphological
characters for the evaluation of the genetic
variability of cork oak (Quercus suber L.)
(Master's thesis). Hassan Il Institute,
Morocco.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2025): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://pr.sdiarticle5.com/review-history/131605

305


https://www.ajol.info/index.php/aga/article/view/252605
https://www.ajol.info/index.php/aga/article/view/252605
https://pr.sdiarticle5.com/review-history/131605

