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ABSTRACT

The breadfruit tree (Artocarpus altilis), despite its food, therapeutic and agroforestry
potential, remained underutilized in Benin due to the lack of information on the species.

The objective of this study is to carry out the morphological characterization of the species
in order to have a better knowledge of its diversity in Benin, an essential step in its
safeguarding and its use. Thus, the discriminatory morphological descriptors in Artocarpus
altilis in relation to the agro-ecological diversity of Benin have been identified. Foliar, fruit
and seed characteristics were studied. The study areas concerned were the communes of
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Avrticle Info Adjohoun, Avrankou, Dangbo and Adja-Oueré spread over the entire geographical range
of the breadfruit in Benin. The results obtained showed a significant significance of the
Accepted: variables observed according to the provenances and the descriptors used (the shape of the
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fruit, the texture of the skin of the fruit, the color of the flesh of the fruit, the number of
lobes and the degree of dissection of the fruits. leaves). All fruits sampled did not contain
seed. The dendrogram of the 55 populations of Artocarpus altilis studied, resulting from

the ascending hierarchical classification, revealed three (3) groups which differ from each
other by their morphological characters in the study areas.

Introduction and is an important component of agroforestry

systems. It produces large, starch-rich fruits
with high yields of minerals, carotenoids and
provitamin A, compared to other important
commodities such as wheat, maize and rice

The Dbreadfruit tree (Artocarpus altilis
(Parkinson)  Fosberg, Moraceae) is a
traditional tree from Oceania with many uses

ranging from construction, medicine, food to
insect repellents (Jones et al., 2011). However,
it is mainly grown as a food crop for its starch

(Jones et al., 2010, 2013). Breadfruit has been
recognized as a high potential crop to increase
food security and mitigate malnutrition in
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Oceania, the Caribbean, tropical Africa and
elsewhere  (Adebowale et al, 2005,
Omubuwajo 2007, Roberts-Nkrumah, 2009;
Taylor et al., 2009; Jones et al., 2011).

Although most cultivars produce fruit from
August to January, growing a variety of
cultivars with various fruiting seasons could
yield nutrient-rich fruits all year round (Jones
et al., 2010, 2013). Since the Europeans first
encountered the breadfruit in the Pacific
almost 400 years ago (Markham, 1904), a
small number of cultivars have been
introduced in the tropics of the tropics,
including the Caribbean, Africa and India
(Roberts-Nkrumah 2007; Omubuwajo, 2007).
The genetic diversity and importance of the
breadfruit, however, remains the most
important in Oceania, where the breadfruit has
been domesticated (Zerega et al., 2004, 2005,
2006).

Wild relatives related to the breadfruit have
been identified as A. camansi Blanco and A.
mariannensis Trécul, and hybrids also exist
(Zerega et al., 2004, 2005). For millennia,
Pacific Islanders have selected and named
hundreds of traditional cultivars based on the
fruiting season, the color and texture of the
flesh, the presence or absence of seeds, the
flavor cooking and storage qualities and
horticultural  requirements (Wilder 1928;
Ragone 1997). Cultivars include vegetatively-
propagated seedless triploids, vegetatively or
seed-propagated fertile diploids, and diploid
and triploid hybrids (Ragone 2007, Zerega et
al., 2004). More than 2,000 names were
collected for breadcrumbs in Oceania, where
the breadfruit was domesticated (Ragone,
1991). Because the names are usually based
on the morphological traits of the tree and the
fruit, which can be influenced by the
environment across the islands (Ragone and
Wiseman 2007) and because the same name
can be used for different types or different
names.

The breadfruit tree has been introduced in
Benin from the West Indies since the period of
the slave trade (FAO, 1999) and the areas of
high populations are located in the South of
the country taking into account the climatic
requirements of the species (Tandjiékpon,
2001). Despite its great potential, the species
is underutilized in Canada and is threatened
with extinction in its natural environment due
to unsustainable traditional farming practices,
overexploitation of natural stands, and reduced
rainfall.. The morphological characterization
of the breadfruit tree is justified mainly by the
need for a better knowledge of the diversity of
this species, an essential step in its
safeguarding and also constitutes an important
step in the increased use of its culture.

In Benin, the scientific studies carried out so
far on the breadfruit tree have evaluated
neither its morphological diversity nor its
genetic diversity. However, the criteria for
differentiation of breadfruit individuals used
have been documented (Ragone, 2009); fruit
shape, fruit skin texture, fruit flesh color, leaf
lobe number, degree of leaf dissection, leaf
surface texture, the number of seeds, the time
of fruiting.

The present study based on the idea that the
morphological variability of a species depends
on environmental diversity. As a result, we
carried out a collection program of fruits and
breadfruit leaves in areas with high
populations in  Benin.  Morphological
description consists of studying the interesting
morphological descriptors and identifying
among them those related to environmental
factors as emphasized by Zhang (2002).

Materials and Methods
Field of study

The assessment of the morphological
variability of Artocarpus altilis was made
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from data on trees from four different
ecological zones: Adjohoun, Avrankou and
Dangbo Communes, Department of Ouémé
located in the South East of Benin and the
Adja-Ouéré  Commune in the Plateau
department located in the southern part. These
areas constitute areas of high production of
Artocarpus altilis in Benin (Figure 1).

The department of Ouémé belongs to the sub-
equatorial region with a four seasons climate
(two rainy seasons and two dry seasons).
Temperatures vary little (25 to 30 ° C) with a
rainfall between the 900 and 1500 mm
isohypse. There IS predominantly
anthropogenic vegetation: thicket, shrubby,
dense, and dominated by oil palms and grasses
with some forest relics in places; grassy
savannah,  meadows, swampy raffia
formations and some mangroves. There are
ferralitic, clay-sandy soils, alluvial and
colluvial hydromorphic soils (INSAE, 2014).

The Plateau Department is characterized by a
Sudano-Guinean type climate with two rainy
seasons with an annual height of between 800
and 1,200 mm in its western part and between
1,000 and 1,400 mm in its eastern part. The
soils are of several types and are constituted
by the tropical ferruginous, the ground of bar
on the deep continental terminal and the very
clayey soil deep and humid, fertile but often
very difficult to work. The plant formations
are the wooded / shrub savannah in the
northern part of the department, while in the
center we find the dense semi-deciduous
forest. The southern part of the department
consists of a bush shrub dominated by oil
palms and grasses. There are also some local
forest relics (INSAE, 2014).

Sampling and data collection
Morphological characterization focused on

trees based on their stand, accessibility and the
presence of fruit on trees. Thus, it was carried

out on a total of 55 trees (23 in the Commune
of Dangbo, 13 in the Commune of Adjohoun,
10 in the Commune of Avrankou and 9 in the
Commune of Adja-Oueére.

The feet selected for the observations were
marked and separated from each other by at
least 50 m in each of the fields visited. On
each foot, five (5) leaves were randomly
drawn from different branches for description.
Five (5) mature fruits were also collected from
different branches of each foot. The majority
description has been taken into account in
both cases (Ragone 2009; Kouyaté et al.,
2011). The leaves and fruits were harvested
with pruning shears or by hand. The
longitudinal section of the fruit was made
immediately after picking for the appreciation
of the color of the flesh and the number of
seeds in the fruit. This avoids the influence of
any browning on the color.

Six (6) variables were analyzed according to
descriptors of breadfruit tree (Ragone, 2009).
All the data were collected on each tree,
during the month of June 2018 and then
summed to calculate the frequencies by groups
of accessions by communes. The statistical
analyzes carried out therefore focused only on
these frequencies from the 55 individuals. The
characters were:

The shape of the fruits (S = Spherical, O =
Oblong)

The texture of the fruit skin (L = Smooth, EF
= Thorny with flexible tip)

The color of the flesh of the fruit (B = White,
JC = Light yellow, JF = Dark yellow)

The number of leaf lobes (7lob = 7 lobes, 9lob
=9 lobes, 11lob = 11 lobes)

The degree of dissection of the leaves (FLDM
= leaves slightly dissected on the upper half,
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FMD = leaves moderately dissected on the
upper half, FDP = deeply dissected leaves,
FDPE = deeply dissected leaves with large
spaces between the lobes)

The number of seeds (Z =zero, K=11t03,P =
several seeds)

Statistical treatment

The collected data was analyzed with R
version 3.2.2 software. The variables analyzed
are qualitative characters. Thus, the
frequencies, the intervals (IC) at 95% of
significance and the correlations (character-
character) were calculated. The bilateral Z test
was used to compare the two-to-two
proportions. A Principal Component analysis
was conducted to group the morphological
characters of fruits and leaves and an
ascending hierarchical classification was also
made on the four localities to show the
characteristics of the groups formed.

Results and Discussion
Morphological characters
Fruit analysis

Table 1 shows the morphological characters
and the presence or absence of seeds in the
fruits across the different study areas. Two
forms of fruit were identified in the four study
areas. These are spherical fruits and oblong
fruits (Figure 2). The distribution of these two
forms of fruit was not significant (p> 0.05) in
the zones. Regarding the texture of the fruit, it
can be either smooth or spiny with a flexible
tip. The fruits collected at Dangbo and
Avrankou were all smooth. On the other hand,
respectively in Adjohoun and Adja-Ouere,
84.62% and 66.67% of the fruits were smooth.
Spiny fruits have only been found in the
Adjohoun area. The colors of the flesh of the
fruits encountered change from white to light

yellow then to dark yellow (Figure 3). These
different colors were distributed
heterogeneously among the four study areas.
The dark yellow color (33.33%) was found
only on the fruits collected in Adja-Ouéré. The
collected fruits have no seeds inside all the
study areas.

Leaf analysis

Table 2 shows the  morphological
characteristics of Artocarpus altilis leaves in
the different study areas. Three types of leaves
have been identified. They are 7-lobed leaves,
9-lobed leaves and 11-lobed leaves (Figure 4).
The distribution of leaf lobe number was
significant (p <0.05) in the study areas. Thus,
7-lobed leaves  were predominantly
represented in the communes of Avrankou
(60%) and Dangbo (56%). On the other hand,
a total absence of these types of leaves was
noted in the commune of Adja-Ouére. The 9-
lobed leaves were found in all four study areas
(the most represented, between 26.45% and
44.44%). The 11-lobed leaves were present in
the communes of Adja-Ouére (55.56%),
Adjohoun (46.15%) and Dangbo (8.7%)
respectively, but a total absence of the latter in
the Commune of Avrankou.

Regarding the degree of dissection of the
leaves, it was found in the study areas, either
slightly dissected leaves on the upper half, or
leaves moderately dissected on the upper half,
or deeply dissected leaves, or leaves deeply
dissected with large spaces between the lobes.
Significant differences were noted in the
distribution of these variables in the four
communes (p <0.05).

The deeply dissected leaves were present and
unevenly distributed in all study areas. On the
other hand, leaves moderately dissected on the
upper half were only present in Adjohoun
commune with a proportion of 15.38% and
totally absent in the other study communes. As
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for the slightly dissected leaves on the upper
half, they were met only in the municipalities
of Avrankou (60%) and Adja-Ouere (33.33%).
The deeply dissected leaves with large spaces
between the lobes were found only in the
communes of Adja-Oueré (33.23%) and
Dangbo (29.09%).

Relations between the characters studied at
Artocarpus altilis

Correlation between fruit shape, texture
and fruit color at Artocarpus altilis

Table 3 shows the correlation matrix between
the shape, texture and color characteristics of
fruit flesh in Artocarpus altilis. Few
significant correlations were noted between
the characters studied. The spherical shape
was significantly and positively (p <0.05)
correlated with smooth texture and white
color. The light yellow color was also
positively and significantly correlated with the
oblong shape and the smooth texture.
Correlation coefficients were high and close to
unity.

Correlation between Leaf Characteristics at
Artocarpus altilis

Table 4 shows the correlation matrix between
leaf characteristics in Artocarpus altilis. Only
one significant correlation was noted between
the characters studied. This is the deeply
dissected leaf trait (FPD) that was
significantly and positively (p <0.05)
correlated with the 9-lobed leaf (9lob). The
correlation coefficient was high and close to
unity.

Correlation (PCA) between the
morphological characters of fruit and leaf
at Artocarpus altilis

Principal component analysis identifies two
axes accounting for 86.44% of the variability

observed (Figure 5). Axis 1 (60.92%)
contrasts the oblong shape of the fruit (O), the
deeply dissected leaves (FDP), the light
yellow color of the fruit flesh (JC), the 9 lobes
leaves (9lob),

The white color (B) of the fruit flesh, the
smooth texture of the fruit skin (L), the
spherical shape of the fruit (S), the deeply
dissected leaves with large spaces between the
lobes (FDPE) and the leaves 7 lobes (7lob)
with moderately dissected leaves on the upper
half (FMD), 11 lobes leaves (11lob), the
thorny texture with flexible tip of the skin of
the fruit (EF) and the dark yellow color of the
fruit flesh (JF). Axis 2 (25.52%) is
explanatory of slightly dissected leaves on the
upper half (FLDM).

Provenance classification according to the
characteristics studied

The dendrogram resulting from the ascending
hierarchical classification made from the
characteristics of fruits and leaves of
Artocarpus altilis observed in Benin in four
different provenances, showed three groups
(Figure 6).

A first group (G1) consisted of the single
Dangbo provenance, which is characterized by
oblong (O) and spherical (S) fruit populations
with smooth texture (L), whose flesh colors
vary between white and white. (B) and light
yellow (JC) with 9 lobes (9lob) and 7 lobes
(7lob) leaves, deeply dissected leaves (FDP)
and deeply dissected leaves with large spaces
between lobes (FDPE).

A second group (G2) represented by the
provenances of Adjohoun and Adja-Ouerée
grouping populations which are differentiated
from the others by the presence of characters
such as fruits with thorny texture with flexible
tip (EF) with dark yellow color of fruit flesh
(JF) and 11 lobes leaves (11lob).
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Fig.1 Geographical location of the study areas
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Fig.2 Categories of breadfruit shapes encountered
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Fig.4 Artocarpus altilis leaf shape categories encountered
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Fig.5 Correlation circle (PCA) made from the morphological characters of the fruit and leaf of
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Fig.6 Ascending hierarchical classification of four localities, made from the study of
morphological characters of the leaf and fruit of Artocarpus altilis in Benin
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Table.1 Descriptive statistics of the shape, texture, color and number of breadfruit seeds in the
study areas

Caracteres Dangbo (23) Adjohoun (13) | Avrankou (10) = Adja-Ouére (9)

% IC % IC % IC % IC
S 52,17a | 20,415 | 38,46a | 26,447 | 60,00a | 30,364 | 44,44a 32,464
O 47,83a 20,415 61,54a 26,447 40,00a 30,364 5556a 32,464
L 100a 0,00 | 84,62b 19,613 @ 100a 0,00 | 66,67b | 30,798
EF 0,00a 0,00 15,38a 19,613 0,00a 0,00 0,00a 0,00
B 34,78a | 19,465 | 30,77a | 25,09 | 40,00a | 30,364 @ 0,00b 0,00
JC 65,22a 19,465 69,23a 25,09 60,00a 30,364 66,67a 30,798
JF 0,00b 0,00 0,00b 0,00 0,00b 0,00 | 3333 308
z 100 0,00 100 0,00 100 0,00 100 0,00

%: percentage; IC: confidence interval. The assigned proportions of the different letters differ significantly at the 5%
threshold. S: spherical; O: oblong; L: smooth; EF: thorny with flexible tip; B: white; JC: light yellow; JF: dark
yellow; Z: zero.
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Table.2 Descriptive statistics of leaf characteristics in Artocarpus altilis in the study areas

Caracteres | Dangbo (23) Adjohoun (13) | Avrankou (10) | Adja-Ouere (9)

\ \
SoSa 2026 1538 1861 6000a| 3035 0000 | 000 |
S 47

%: percentage; IC: confidence interval. The assigned proportions of the different Ietters differ significantly at the 5%
threshold. 7lob: 7 lobes; 9lob: 9 lobes; 11lob: 11 lobes; FLDM: leaves slightly dissected on the upper half, FMD:
leaves moderately dissected on the upper half; FDP: deeply dissected leaves; FDPE: deeply dissected leaves with
large spaces between the lobes.

Table.3 Correlation matrix between the characters form, texture and color of the fruit at
Artocarpus altilis

NS: not significant; *: p <0.05

Table.4 Correlation matrix between leaf characteristics in Artocarpus altilis

3lob | | | | |

_______

5lob

%WW----

___

I Il el el el il I

NS: not significant; *: p <0.05
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A third group (G3) represented by the sole
origin of Avrankou with populations that are
differentiated from others only by slightly
dissected leaves on the upper half (FLDM).
Figure 6 illustrates the ascending hierarchical
classification of four localities, based on the
study of morphological characters of the leaf
and fruit of Artocarpus altilis in Benin.

The different fruit shapes found in all the
study areas showed the existence of two types
of breadfruit forms: the spherical shape and
the oblong shape. This observation is
consistent with the results of the work of
Ragone (2009), who also found these two
types of breadfruit form in the areas of
Malaysia, the South Pacific Islands, West
Africa and South Africa. In the Caribbean.

Smooth texture was found in all study areas,
in contrast to the spiky, flexible-tipped texture
that was only found in the Adjohoun
Commune. This can be explained by the
effect of climatic conditions on the species
and / or the varietal selectivity of a single
species that has persisted thereafter in the
different study areas as underlined by
Ksontini (1996). Thus, we note a transition
from the thorny skin to a smooth skin of the
fruit. This result corroborates that of Jones et
al., (2012) who had shown that this transition
appeared during the domestication of the
breadfruit and seemed to have been chosen
more as the fruit crop moved to Eastern
Polynesia. Variation in the color of the fruit
flesh (from white to light yellow then to dark
yellow) is an explanation of the starch content
in the fruit; which is common in some other
staple crops such as rice as Sweeney et al.,
(2007).

Indeed, after the initial domestication of
Artocarpus altilis, the first cultivars
accompanied the pioneers when they
colonized the Pacific islands (Zerega et al.,
2004, 2006). These first servants from New

Guinea had traveled to the rest of Melanesia
and then to Polynesia (Zerega et al., 2004).
During this migration, the process of
domestication continued and several distinct
characters appeared in the morphology of the
breadfruit. The most documented of these
changes was the reduction in the number of
seeds as this crop moved eastward (Ragone,
2001). Seeded cultivars found in Melanesia
gave way to seedless triploid cultivars in West
Polynesia, and almost exclusively to seedless
triploid cultivars in French Polynesia; which
indicates a strong selection pressure for the
absence of seeds. (Ragone 2001; Zerega et
al., 2006). It was the same for the introduction
in West Africa and more particularly in Benin
where the introduced varieties would be
seedless triploids; which is confirmed here in
the case of our study. The absence of seeds in
the fruits encountered in all the study areas
can be explained by this migration.

The breadfruit trees we sampled had (7 lobes,
9 lobes, and 11lobes leaves.) These results are
corroborated by the results reported by
Abimbola (2010) and Agudo (2014) who
found five 5 to 11 lobes per sheet and those of
DAG (2017), which recorded 8 to 12 lobes
per leaf in French Polynesia, the original
region of the breadfruit The uneven
distribution of these types of leaves across the
different study areas may be related to the
sensitivity  of  these  descriptors  to
environmental factors. The same is true for
the dissection degree characters of leaves
where the degree of dissection varies
according to soil fertility and breadfruit
culture conditions (Deivani and Subhash,
2010) According to Ragone (2006), many
seedless Artocarpus altilis triploids of
Polynesian  varieties were  genetically
identical, but morphologically distinct.
Seedless, according to the same author tend
not to grow well in difficult climatic
conditions, while seeded and hybrid varieties
are better suited to these conditions. The
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species of Artocarpus altilis encountered in
our study were only seedless varieties. It may
well be triploids as pointed out by the author,
who, because of the difficult conditions have
developed new characters.

The correlation analysis between the
characters of the fruits studied showed that
the spherical shape is closely related to the
white color of the flesh and the smooth
texture of the fruit. This type of fruit is similar
to "Maohi", the most common variety in
Tahiti that is still spherical in shape, smooth
in texture with a white flesh color and
seedless (DAG, 2017). These may be the first
triploids that would have returned to West
Africa and Benin, thanks to migration as
emphasized by Zerega et al., (2004, 2006)
who had demonstrated that breadfruit is most
often propagated asexually, and its spread and
domestication are closely related to human
migration patterns. Over several generations,
repeated vegetative selection like this can lead
to dramatic morphological changes in the
crop, so that they no longer resemble their
wild spawners; hence the second correlation
observed between fruits where the light
yellow color of the flesh is closely related to
the oblong shape and smooth texture of the
fruit. The light yellow color of the flesh can
be explained by the decrease in the starch
content, which in the meantime was high,
conferred white color on the flesh of the fruit
(Sweeney et al., 2007). These morphological
changes often referred to as crop
domestication syndrome, typically include
traits that make the crop more productive or
culturally appropriate (Hammer 1984). In the
case of the breadfruit, this process seems to
have resulted in strong selection pressure,
which  explains the high level of
morphological diversity observed in the
different regions.

Only one correlation was revealed at the leaf
level; this was the deeply dissected leaf trait

(FPD) that is closely related to the 9 lobes leaf
trait (9lob). The 9 lobes leaves were usually
those that were deeply dissected. This result
differs from that of Ragone (2006) who
showed that the pattern of leaf lobes varied
among cultivars. This difference can be
explained by the effect of environmental
factors on the species; the better the crop
conditions, the better the leaves are developed
with the appearance of several lobes.

The correlation analysis between the
characters of the fruit and the leaf showed
three groups (Figure 6). A first group (G1)
that gathers characters such as the oblong
shape of the fruit (O), the deeply dissected
leaves (FDP), the light yellow color of the
fruit flesh (JC), the 9 lobes leaves (9lob), the
white color (B) of the fruit flesh, the smooth
texture of the skin of the fruit (L), the
spherical shape of the fruit (S), the deeply
dissected leaves with large spaces between
the lobes (EPDF) and the 7 lobes leaves
(7lob); a second group (G2) which differs
from the first by moderately dissected leaves
on the upper half (FMD), 11 lobes leaves
(11lob), spiny texture with flexible fruit-skin
tip (FE), dark yellow color of the flesh of the
fruit (JF) and a third group (G3) which differs
from the first two groups by a single
character, leaves slightly dissected on the
upper half (FLDM).

The established dendrogram (Figure 6)
allowed wus to know the respective
provenances of these different groups. Thus
the first group (G1) comes from Dangbo, the
second group of Adjohoun and Adja-Ouére
and the third group (G3) of Avrankou. The
differentiation observed at the trait level is
either related to the sensitivity of these
descriptors to environmental factors, or to
human pressure that would have made its own
selection of plant material. These groups are
of great interest for future genetic
improvement schemes (intergroup genetic

2946



Int.J.Curr.Microbiol.App.Sci (2019) 8(1): 2936-2949

material exchange) of Artocarpus altilis.
Also, they present complementary characters.
This is instructive because a similar finding
was also made during the work on Robusta
coffee trees (Dussert et al., 1999). This
allowed for the use of a recurrent and
recurrent type selection scheme, currently
applied to the improvement of Robusta
coffee, which is carried out in coffee growing
in Cote d'lvoire (Montagnon, 2000).

The evaluation of the morphological
variability of the breadfruit (Artocarpus
altilis) carried out contributes to improving
the knowledge of the morphological
descriptors and the plant material present in
various localities of the sampled agro-
ecological zones. This evaluation, which
focused on the morphological characteristics
of Artocarpus altilis in Benin, revealed: a
polymorphism of fruit shape, texture of the
skin of the fruit, color of the flesh of the fruit,
number of leaf lobes and degree of leaf
dissection and three (3) groups with often
complementary characteristics. From all
sources, the variability observed was not the
same according to the descriptors. There may
be different varieties of Artocarpus altilis in
Benin. Each breadfruit tree provenance group
highlighted in our study could be considered
to have similar genotypes for the
characteristics studied. Such a work of
morphological  characterization of the
breadfruit tree constitutes an essential link of
the varietal selection in order to identify
individuals responding to the concerns of the
peasant communities and to domestication.
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