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Cucurbita moschata (Pumpkin) is a multipurpose species whose fruits and sometimes oil seeds are used
for various purposes. It is low in calories and is a significant source of income. Despite the great potential
of the pumpkin production and usage, there is no attention to establish the varieties grown in Benin for
proper documentation. Therefore, the present study was carried out to (i) evaluate the agro-
morphological variability of pumpkin accessions collected in Benin and (ii) investigate heritability,
genetic gain, phenotypic and genotypic variances of the agronomic traits. Six landraces from one hundred
and twenty accessions collected in Benin were sown and characterized. The agronomic experiment was
laid out in a complete randomized block design with three replicates. Out of the twenty-seven quantita-
tive descriptors measured, fifteen were found to be significant. The 50% emergence time (p = 0.03), the
number of female flowers (p = 0.02), the seed width (p = 0.05) and the ratio seed width and length
(p = 0.01) were significant. A highly significant difference was observed with the days to 50% flowering
and the length of male flower stalks (p = 0.002), the average weight of one hundred seeds (p = 0.009).
Fruit set at 50%, length of female flower peduncle, number of male flowers, mean fruit weight, fruit
length, fruit diameter, average number of seeds per fruit and seed length were very highly significant
(p < 0.001). Fruit color and shape, seed color and leaf color showed phenotypic variability. A positive cor-
relation (r = 0.76; p < 0.05) was observed between average fruit weight and average number of seeds per
fruit. Principal component analysis and Hierarchical Ascending Classification revealed three classes.
Estimates of the phenotypic coefficient of variation were higher than estimates of the genotypic coeffi-
cient of variation for most characters. High heritability was observed for fruit diameter (96.73%), average
fruit weight (96.46%) and fruit length (94.64%). High heritability associated with high genetic advance
was observed for these traits. In sum, the genetic diversity observed within the landraces of pumpkin
shows that there is possibility for further selection.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cucurbita moschata (Pumpkin) belongs to the genus Cucurbita,
order Cucurbitales, family Cucurbitaceae, subfamily Cucur-
bitoideae and tribe Cucurbiteae (Jeffrey, 1990). The genus Cucurbita
consists of 20–27 species Esquinas-Alcazar and Gulick (1983) of
which five are cultivated (OECD, 2016). These are: Cucurbita argy-
rosperma, Cucurbita moschata, Cucurbita maxima, Cucurbita pepo
and Cucurbita ficifolia. Cucurbita moschata, Cucurbita maxima, and
Cucurbita pepo are more grown globally (OECD, 2016). According
to Jeffrey (1990), the genus Cucurbita is indigenous to the Americ-
as. The pumpkin is most likely cultivated in all tropical African
countries (PROTA, 2018). It is an annual herbaceous plant, highly
branched with creeping or climbing branches (OECD, 2016). It
has an angular stem and a leaf blade with a broadly oval outline.
These leaves are simple, alternate, without stipules and the petiole
length vary between 9 and 24 cm, respectively. Flowering is asyn-
chronous with male flowers that are solitary, it has 3 stamens with
free threads, and the anther is usually supported by a long twisted
organ with a very long peduncle (Agbagwa et al., 2007). According
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to the same source, the female flower is always solitary and has 3
stigmas supported by a thick style, an inferior ovary and a short
stalk. Yield and yield components such as average fruit weight,
fruit diameter and fruit length are traits of interest for improving
pumpkin productivity (Abdein et al., 2017). The positive correla-
tion between the average fruit weight and the average number of
seeds per fruit as reported by Mbogne et al., (2015) are key vari-
ables in crop improvement. The pumpkin seeds are highly valued
and have a multitude usages in different parts of the world (OECD,
2016). The fruit is a large berry. The shape of the fruit of the pump-
kin varies from globular to ovoid. The fruit stalk is hard, angular
with five ribs clearly widened at the apex. It has obovoid and flat-
tened seed shapes (PROTA, 2018).

Pumpkin is generally grown for its leaves, flowers, fruits, and
sometimes for its oil seeds (Fu et al., 2006). It is a low-calorie veg-
etable suitable for any diet. In Latin America, the flowers are eaten
as vegetables (Merrick, 1992) and (Nee, 1990). The vines and fruits
are used as fodder for domestic animals (Noguera, 2002). Accord-
ing to González et al. (2001), the pumpkin is an important source
of vitamin A (4 ± 20 mg / g). Thus, it plays a vital role in the fight
against vitamin A deficiency, which affects more than 250 million
children under five years of age worldwide (Mbogne et al., 2015).
According to the work of Roura et al. (2007), it is has a large quan-
tity of ascorbic acid (22.9 mg/100 g) and inhibits the development
of degenerative diseases such as cancer, diabetes, cardiovascular
and neurological diseases. But despite these strengths, it has been
well established that pumpkin has been neglected by institutional
research and improvement programs in Africa and more specially
in Benin (PROTA, 2018).

Several studies have been conducted on C. moschata around the
world. According to the work of Mbogne et al. (2015), fruit weight
of C. moschata and C. maxima can be used as a good criterion for
selecting individuals with many seeds. The seeds number per fruit
is a discriminating trait in three Cucurbitaceae species (Lagenaria
siceraria, Citrullus lanatus and Cucurbita moschata) grown in
Congo-Brazzaville (Bembe et al., 2010). Qualitative traits such as
fruit color and flesh color are discriminative traits of C. moschata
genotypes in northern Bangladesh (Ahamed et al., 2011). The work
of Agbagwa et al. (2007) showed that flowering is asynchronous in
C. moschata and the ratio of male to female flowers is 9:1. Fruit
shape is a complex and multigenic trait that distinguishes different
accessions of C. maxima and C. pepo (Liu et al., 2013). The genes
responsible for fruit shape are ‘‘flatteners” and ‘‘elongators”
(Brown, 2002). The study of Abdein et al., (2017) in Egypt on com-
bining ability and heritability of yield and yield component traits of
pumpkin (Cucurbita moschata Poir.) under different conditions,
showed that broad heritability ranged from 99.224 to 99.762%
for fruit length and diameter. The number of fruits per plant, fruit
weight, flesh thickness, polar circumferences of fruit and equato-
rial circumferences of fruit can be used as useful selection criteria
to increase fruit yield per plant in pumpkin (Chaudhari et al.
(2017). To the best of our knowledge, there are no scientific studies
on pumpkin in Benin.

In Benin, many varieties of pumpkin are grown in different
regions of the country. These varieties available on the market
are not uniform. However, there is no information on agro-
morphological traits, agronomic practices that can be used for
standardizing the different varieties. The varieties present on the
market may be landraces or introduced varieties. According to
Djè et al. (2007), landraces of cultivated species are disappearing
in the tropics. The disappearance of these varieties denotes genetic
erosion and the narrowing of genetic diversity and loss of traits of
interest that are essential in breeding and genetic improvement
programmes. These landraces constitute an essential factor in the
conservation of genetic resources, as they are adapted to local con-
ditions and may have interesting characteristics (Grace et al.,
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2009). The real cause of this restriction in the area of cultivation
of landraces is indeed the use of improved varieties with higher
yield potential, which contributes to the reduction of the genetic
diversity and erosion of traditional varieties. This reduction in
the biodiversity of a species can reduce its flexibility and resistance
to biotic and abiotic stresses (PNUD, 2015). Studies of crop diver-
sity have clearly shown that traditional varieties, although less
productive, are genetically more diverse than improved varieties
(Brown and Munday, 1982). In response to the erosion of biological
diversity, accessions of several species are collected and main-
tained in gene banks (Abdou, 2014). These species exhibit genetic
variation that will determine the success or failure of any breeding
program (Ibrahim, 2012). According to the same source, measuring
genetic variation is an important step in any crop improvement
program. Thus, the collection, characterization, evaluation and
conservation of Beninese germplasm of pumpkin becomes a neces-
sity. In view of the fundamental role of varietal diversity in the pro-
duction and improvement of pumpkin, this study was established
to fill the existing gaps on the phenotypic and genetic diversity of
these landraces in Benin. More specially, this study aims at (i) eval-
uating the agro-morphological variability of pumpkin accessions
collected in Benin and (ii) determining heritability, genetic gain,
phenotypic and genotypic variances of the agronomic traits.
2. Materials and methods

2.1. Experimental site

The experiment was conducted at the International Institute of
Tropical Agriculture (IITA) (6�25030’N, 2�190460’E) situated in the
township of Abomey-Calavi, in the southern part of Benin Republic
from August 25th to December 25th 2020. The climate is charac-
terized by two dry seasons and two rainy seasons. Climatic data
during the experiments were obtained at the IITA meteorological
station (Table 1). The rainfall during the trial was about 392 mm
with 35 days of rain over 4 months, with a relative humidity that
varied on average from 70 to 99.87%. The soil is ferralitic in nature
(Houdegbe et al., 2018).
2.2. Plant material

The plant material consists of 120 accessions of Cucurbita
moschata. These seeds were collected from June to July 2020 and
from farmers’ granary and farms and market place during our sur-
veys conducted on pumpkin in 6 southern and northern townships
of Benin (Ezin et al., 2021) (Fig. 1). The collected seeds were stored
in the envelopes and transported to the laboratory before using
them in the experiment, which was carried out from August to
December 2020. According to the producers the collected seeds
were stored from their previous harvest of the year 2019. The
120 accessions collected in the study areas were grouped into 6
homogeneous lots (landraces) (Table 10). This grouping was per-
formed based on two criteria: in the South, based on the local
names that producers gave to the fruits and in the North based
on the description of the varieties (shape and color of the fruits
at physiological maturity). The choice of variety description in
the North as a criterion for discrimination was due to the homog-
enization of local names different varieties. It should also be noted
that the same variety was found both in the North and the South.
But this variety is split into two different varieties since it was
found in two different agro-ecological zones. The varieties were
named respectively by: Vx.y with V (variety), x the zone number
and y the variety number (Table 2).



Table 1
Climate data at IITA from August to December 2020.

Month Total rainfall
(mm)

Average min
temperature (�C)

Average max
temperature (�C)

Average min relative
humidity (%)

Average max relative
humidity (%)

August 0 24.1 28.44 70 89.01
September 203.6 23.66 28.52 73.32 90.76
October 146.3 24.11 29.85 70.76 91.56
November 12.2 24.94 31.79 88.05 95.21
December 29.9 24.88 31.82 99.68 99.87

Fig. 1. The six local varieties of pumpkin used in the experiment. (a): V0.1; (b): V0.2; (c):V1.3; (d): V1.4; (e): V1.5; (f): V1.6.

Table 2
Collection area numbers.

Zone Number Townships Number

South 0 Dogbo
Djakotomey
Klouékanme
Aplahoué

1
2
3
4

North 1 Parakou
N’dali

5
6
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2.3. Experimental design

The agronomic experiment was arranged in a completely ran-
domized single factor block design with three replications oriented
North-East. Each block consisted of six elementary plots. Each ele-
mentary plot corresponds to a variety, i.e. the treatment. The spac-
ing of 0.5 m between elementary plots 1 m between blocks was
adopted. In each elementary plot, a spacing of 2 m � 2 m between
rows and between blocks, resulting in four (4) rows with three (3)
plants each were adopted. A basal dressing organic fertilizer (poul-
try droppings) at a dose of 100 Kg per block was applied. Two seeds
per hill were sown in the soil at a depth of 2 cm on August 25th,
2020. Another sowing was done on September 2nd 2020 to fill
the vacant stands due to non-germination of seeds. Then thinning
of seedlings was done and only the most vigorous seedling was left
at each stand. The Data were only collected from the six plants in
the middle rows for each experimental unit so as to minimize the
border effects.
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2.4. Data collection

A total of 34 descriptors were measured and observed sepa-
rately on leaves, vines, flowers, fruits and seeds. UPOV (2007)
and IBPGR (1983) cucurbit descriptors were used to characterize
the diversity of different varieties of pumpkin. Among these
descriptors, there were 27 quantitative and 07 qualitative parame-
ters. These descriptors include: days to 50% seedling emergence,
length and width of cotyledons (cm), duration of vegetative phase;
days to 50% flowering, number of male and female flowers, color of
the flowers, length of the male and female flower stalks peduncle
(cm), vines length (cm) and the number of leaves per plant, length
and diameter of petioles (cm), leaf length and width (cm), leaf
color, days to 50% fruiting, number of fruits, yield of fruits per plant
(Kg), fruit yield per elementary plot was determined in t/ha, aver-
age fruit weight (Kg), diameter, length (cm) and shape of the fruits
(at physiological maturity) from 10 random fruits from each exper-
imental unit, fruit color and main flesh color were observed on
physiologically mature fruits, average number of seeds per fruit
on 10 fruits randomly selected at physiological maturity from each
experimental unit, weight of one hundred seeds (g), seed width/
length ratio, color of the seeds and shape of the seeds. The collec-
tion of the different qualitative descriptors (colour of flower, leaf,
flesh, seed and fruit) was done on a standard scale based on a
model for qualitative colour description and omparison by Zoe
et al., (2011). Zoro Bi et al. (2003) determined three seed shapes
based on the ratio of width and length. These are: elongated seeds
(l/L < 1), round seeds (l/L = 1), and wide seeds (l/L greater than 1).
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2.5. Data analysis

Analysis of variance (ANOVA) was performed to assess whether
the variations observed at the variety level for all quantitative
traits were significant. Ranking of means was performed in case
of significant difference, according to the Student-Newman-Keuls
(SNK) test at the 5% confidence level. The agricolae package was
used to perform this test. The relationships between the different
variables were determined using the correlation coefficients. Their
significance was tested with the Pearson test using the package
Hmisc. Principal component analysis (PCA) was used to determine
relationships between individuals on a limited number of orthog-
onal axes. The Hierarchical Ascending Classification (HAC) grouped
individuals into more or less homogeneous classes. The dendro-
gram was plotted using the Euclidean distance and Ward’s aggre-
gation method (minimization of the intra-class variance). These
multivariate analyses were performed using the Factoshiny pack-
age. Genetic parameters were estimated from the components of
the analysis of variance. Genotypic and phenotypic variances,
genotypic and phenotypic coefficients of variation, broad heritabil-
ity, and expected genetic gain were calculated according to the for-
mulas used by Assefa et al. (2001), Hosseini et al. (2012), Johnson
et al. (1955). All analyses were performed with R 3.6.2 software.
3. Results

3.1. Phenological parameters

The results of the analysis of variance of days to emergence of
seedlings, show that there was a significant difference between
varieties (F = 3.48; p = 0.03). The average days to emergence of
seedling was 5.18 days for the variety V0.2 and 5.86 to 6.48 days
respectively for varieties V0.1, V1.3, V1.4 and V1.6 (Table 3). It
was 6.97 days for the variety V1.5. The analysis of variance of the
vegetative phase period that reveals a non-significant difference
between the different treatments (F = 2.72; p = 0.07). This vegeta-
tive phase varied from 34.76 to 48.97 days. There was a highly sig-
nificant difference (F = 7.51; p = 0.002) between treatments for
days to 50% flowering. 68.72 days after sowing were the longest
days to flowering with V1.6. The variety V0.1 recorded the shortest
days to flowering (41.21 days after sowing). There was total abor-
tion of fruits from plants of variety V1.6, thus no fruit was har-
vested (Fig. 2). Days to 50% fruiting showed a highly significant
difference (F = 176.8; p < 0.001) among varieties used. Fruit matu-
ration ranged from 61.80 to 115.38 days after sowing.

3.2. Growth parameters

The length and width of the cotyledons ranged from 2.77 to
3.26 cm and 2.03 to 2.37 cm respectively (Table 4). The analysis
of variance of these two traits shows a non-significant difference,
with p = 0.35 (cotyledon length) and p = 0.26 (cotyledon width).
The results show highly significant differences between varieties
Table 3
Means of phenological parameters of pumpkin varieties.

Varieties DE 50% (JAS) DVP (JAS)

V0.1 5.86 ± 0.42 ab 34.76 ± 0.30 a
V0.2 5.18 ± 0.30b 42.59 ± 9.25 a
V1.3 6.33 ± 0.49 ab 37.75 ± 1.68 a
V1.4 6.15 ± 1.05 ab 47.52 ± 10.68
V1.5 6.97 ± 0.52 a 39.77 ± 2.79 a
V1.6 6.48 ± 0.20 ab 48.97 ± 4.97 a

Note: In the same column, values followed by the same letter are not significantly differe
due to fruits abortions DE50%: Days to 50% emergence, DVP50%: duration of vegetative
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for male flower peduncle length (F = 8.05; p = 0.002). A highly sig-
nificant difference (F = 18.77; p < 0.001) was also recorded for
female flower peduncle length. For flower peduncle length, the
highest value (9.93 cm) was obtained with the male flower of vari-
ety V0.2 while with the female flower; the variety V1.6 recorded
the highest value (3.40 cm). The lowest values of the stalk lengths
of the male and female flower were recorded in the varieties V1.3
(3.56 cm) and V1.4 (1.69 cm), respectively.

The results of the analysis of variance indicate that the treat-
ments are not statistically different 10 weeks after sowing for vines
length, petiole length and diameter, leaf length and width and
number of leaves. Vines length and number of leaves ranged from
102.17 to 307.44 cm and 24.56 to 95.50 cm, respectively. The high-
est values for leaf length (21.67 cm), petiole length (18.84 cm) and
petiole diameter (0.76 cm) were observed with variety V0.2. The
variety V1.5 recorded the lowest values for leaf length
(16.74 cm) and petiole diameter (0.42 cm). The lowest value for
petiole length was observed in the variety V0.1 (12.42 cm). The
width of the leaves varied from 16.59 to 20.44 cm (Table 4).
3.3. Characterization of leaves, flowers and fruits

In Cucurbita moschata, two colors of leaves were observed dur-
ing the experiment: dark green leaves (60%) and green leaves mot-
tled with white (40%) (Fig. 3). Flowering was asynchronous and all
flowers were clear yellow (Table 5). The variety V0.1 recorded the
highest ratio of male to female flowers (24.33: 4.44) while the low-
est value of this ratio was recorded in the variety V1.4 (6.28: 1.39)
(Table 6). The results of the statistical analysis for the number of
male flowers show a highly significant difference between varieties
(F = 11.28; p < 0.001) and the number of female flowers shows a
significant difference between treatments (F = 4.36; p = 0.02).

Fruit yield per plant is dependent on the number of fruits and
the average fruit weight at the individual plant level. The average
fruit weight (1.87 kg) and numbers of fruits per plant (2.10) were
recorded in the variety V0.2 with the highest fruit yield per plant
(1.20 kg/m2). The lowest values of number of fruits per plant, fruit
yield per plant and average fruit weight were recorded in varieties
V1.3 (1.06 fruits); V1.5 (0.30 kg/m2) and V0.1 (0.40 kg), respec-
tively. The results of the analysis of variance of the number of fruits
per plant (p = 0.44) and the fruit yield per plant (p = 0.20) indicate a
non-significant difference between varieties. Average fruit weight
showed a highly significant difference between treatments
(F = 28.40; p < 0.001). Fruit yield per unit plot ranged from 2.33
to 11.33 t/ha. There was no significant difference between varieties
in fruit yield per unit plot (p = 0.13). Fruit length ranged from 6.65
to 47.24 cm and fruit diameter from 10.12 to 66.20 cm (Table 6).
The variety V1.3 recorded the highest values for both fruit length
and diameter, while the variety V0.1 recorded the lowest values
for these same parameters. Analysis of the results for fruit length
and diameter indicates a highly significant difference between
varieties (p < 0.001).
DF 50% (JAS) DFS 50% (JAS)

41.21 ± 0.60b 61.80 ± 2.90c
64.27 ± 9.78 a 114.11 ± 4.27 a
49.52 ± 2.49b 86.06 ± 1.68b

a 66.27 ± 11.91 a 115.38 ± 1.45 a
53.93 ± 2.63 ab 113.93 ± 4.08 a
68.72 ± 7.35 a –

nt at the 0.05 threshold according to the SNK test. No fruit was harvested from V1.6
phase at 50%, DF50%: days to 50% flowering, DFS50%: days to 50% fruit set.



Fig. 2. Fruit set of the variety V1.6. (a): beginning of fruit set; (b): fruit abortion.

Table 4
Means of growth parameters of pumpkin varieties.

Varieties LC (cm) WC (cm) LMFP (cm) LFFP (cm) VL (cm) PL (cm) PD (cm) LL (cm) LW (cm) NL

V0.1 2.86 ± 0.55 a 2.03 ± 0.36 a 5.76 ± 0.37 bc 2.03 ± 0.29 c 269.56 ± 77.24 a 12.42 ± 2.44 a 0.61 ± 0.21 a 18.37 ± 3.81 a 17.80 ± 3.33 a 66.44 ± 20.61 a
V0.2 2.98 ± 0.26 a 2.37 ± 0.28 a 9.93 ± 2.46 a 2.62 ± 0.22 b 307.44 ± 185.00 a 18.84 ± 4.96 a 0.76 ± 0.10 a 21.67 ± 2.73 a 20.44 ± 2.54 a 95.50 ± 74.35 a
V1.3 3.04 ± 0.22 a 2.03 ± 0.14 a 3.56 ± 0.04 c 2.04 ± 0.16 c 187.89 ± 36.54 a 14.98 ± 1.06 a 0.59 ± 0.01 a 20.19 ± 1.26 a 18.36 ± 0.74 a 72.00 ± 8.89 a
V1.4 2.77 ± 0.53 a 2.13 ± 0.36 a 6.28 ± 1.07 bc 1.69 ± 0.33 c 144.33 ± 85.35 a 12.71 ± 2.77 a 0.52 ± 0.19 a 18.76 ± 3.89 a 17.58 ± 3.86 a 31.44 ± 11.66 a
V1.5 3.26 ± 0.13 a 2.22 ± 0.10 a 6.97 ± 1.52 b 2.51 ± 0.29 b 162.17 ± 63.16 a 12.58 ± 2.68 a 0.42 ± 0.18 a 16.74 ± 5.02 a 16.59 ± 5.28 a 45.78 ± 12.29 a
V1.6 2.53 ± 0.43 a 1.82 ± 0.24 a 5.48 ± 0.47 bc 3.40 ± 0.05 a 102.17 ± 83.18 a 12.84 ± 2.85 a 0.70 ± 0.18 a 19.67 ± 1.54 a 19.57 ± 2.68 a 24.56 ± 10.49 a

Note: Means followed by the same alphabetic letters are not significantly different at the 0.05 level according to the SNK test. LC: Length of cotyledons, WC: width of
cotyledons, LMFP: length of male floral peduncles, LFFP: length of female floral peduncles, VL: vines length, PL: petiole length,PD: petiole diameter, LL: leaf length, LW: leaf
width, NL: number of leaves.

Fig. 3. Phenotypic variability in leaf color of C. moschata.

Table 5
Inter-varietal variation in qualitative traits of pumpkin.

Varieties FC LC FrS FrC MFC SS SC

V0.1 Clear yellow Dark green Flattened Yellowish orange Clear yellow Elongated White
V0.2 Clear yellow Green leaves with white mottling Globular Pale green Clear yellow Elongated Dark brune
V1.3 Clear yellow Dark green Elongated Clear yellow Clear yellow Elongated Clear yellow
V1.4 Clear yellow Green leaves with white mottling Globular Pale green Clear yellow Elongated Dark brune
V1.5 Clear yellow Dark green Pyriform Clear yellow Clear yellow Elongated Clear yellow

Note: FC: flower color, LC: leaf color, FrS: fruit shape, FrC: fruit color, MFC: main flesh color, SS: seed shape, SC: seed color.
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In addition to the quantitative characters, the qualitative traits
were observed. Four fruit shapes were recorded. They were globu-
lar or spherical shape (40%), elongated, flattened and pear-shaped
represented 20% each. Fruits with a globular shape were observed
with varieties V0.2 and V1.4, while fruits with an elongated, flat-
tened and pear-shaped shape were found in varieties V1.3, V0.1
and V1.5 respectively (Table 5). Fruit color ranged from clear yel-
low (40%), pale green (40%) and yellowish orange (20%) (Fig. 4).
The main flesh color of all varieties was clear yellow.
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3.4. Seed characterization

The average number of seeds per fruit varied from 324.23 to
129.10 among all varieties (Table 7). Variety V1.3 had the highest
value (324.23) followed by variety V0.2 (308.00). The lowest value
of the average number of seeds per fruit was recorded in the vari-
ety V0.1 (129.10). The analysis of variance of number of seeds per
fruit shows a highly significant difference between varieties
(F = 17.76; p < 0.001). The average weight of one hundred seeds



Table 6
Means flower and fruit of pumpkin varieties.

Varieties NMF NFF NFP FYP (Kg/m2) FYE (t/ha) AFW (kg) FrL (cm) FrD (cm)

V0.1 24.33 ± 2.75 a 4.44 ± 1.0 a 3.81 ± 4.12 a 0.54 ± 0.81b 4.33 ± 5.77 a 0.40 ± 0.11c 6.65 ± 1.39c 10.12 ± 2.29 d
V0.2 10.06 ± 4.30b 2.94 ± 1.87 ab 2.10 ± 0.35 a 1.20 ± 0.64 a 11.33 ± 6.51 a 1.87 ± 0.32b 28.75 ± 4.01b 55.84 ± 1.02 ab
V1.3 14.83 ± 1.89b 2.11 ± 0.35b 1.06 ± 0.10 a 0.89 ± 0.04 a 5.00 ± 1.00 a 3.38 ± 0.09 a 47.24 ± 12.99 a 66.20 ± 2.02 a
V1.4 6.28 ± 1.07b 1.39 ± 0.19b 1.53 ± 0.10 a 0.44 ± 0.17 a 3.67 ± 1.15 a 1.64 ± 0.67b 23.52 ± 7.55b 44.12 ± 9.91 bc
V1.5 13.17 ± 3.51b 1.83 ± 0.44b 1.47 ± 0.08 a 0.30 ± 0.04 a 2.33 ± 0.58 a 1.12 ± 0.28b 21.26 ± 4.27b 36.45 ± 10.74c
V1.6 7.22 ± 5.16b 1.78 ± 0.54b No fruit No fruit No fruit No fruit No fruit No fruit

Note: Means followed by the same alphabetical letters are not significantly different at the 0.05 threshold according to the SNK test. NMF: number of male flowers, NFF:
number of female flowers, NFP: number of fruits per plant, FYP: fruit yield per plant, FYE: fruit yield per elementary plot, AFW: average fruit weight, FrL: fruit length, FrD: fruit
diameter.
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ranged from 6.67 to 7.07 g in varieties V0.1 and V1.4, while this
weight varied between 8.73 and 8.87 g in varieties V0.2 and
V1.3. The highest value was recorded in the variety V1.5
(10.27 g). There was therefore a very significant difference
between treatments (F = 6.24; p = 0.009). Seeds of high length were
observed in the varieties V1.3 and V1.5 (1.51 cm) and those of high
width were recorded only in the variety V1.5 (0.95 cm). While the
seeds of small length were observed in the variety V1.4 (0.98 cm)
and those of small width in the varieties V0.1 and V1.4 (0.71 cm).
Seed length showed a highly significant difference between the dif-
ferent varieties (F = 34.01; p < 0.001). Seed width, shows a signif-
icant difference between treatments (F = 3.30; p = 0.05). Seed
width and length ratio was significant (F = 5.77; p = 0.01) and
allowed for determination of seed shape. This ratio ranged from
0.50 to 0.72 and was<1. Therefore, all seeds were elongated in
shape (Table 5). In this study, three different seed colors were
observed: white (20%), light yellow (40%) and dark brown (40%)
(Fig. 1).
3.5. Analysis of relationships between descriptors

Thirty-four variables were measured and observed on the
leaves, flowers, fruits and seeds of pumpkin. Given the high num-
Fig. 4. Phenotypic variabil
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ber of parameters, emphasis was put on the fifteen descriptors that
showed a significant difference in the analysis of variance in order
to highlight the discriminating agro-morphological parameters of
the different varieties of C. moschata in Benin. Variety V1.6 was
not included in the Principal component analysis (PCA) and the
Hierarchical Clustering because we could not collect all data due
to fruit abortion.

The analysis of the correlation matrix shows strong and signif-
icant correlations among phenotypic traits (Table 8). On the one
hand, positive correlations were observed between the length of
female flower peduncles and the length of male flower peduncles
(r = 0.60*); between 50% fruiting and days to 50% flowering
(r = 0.80***); between the number of female flowers and the num-
ber of male flowers (r = 0.74**); between fruit length and fruit
weight (r = 0.88***); between fruit diameter and average fruit
weight (r = 0.85***) and fruit length (r = 0.91***); between number
of seeds per fruit and fruit weight (r = 0.76**), fruit length
(r = 0.72**) and the fruit diameter (r = 0.78***); between the seed
length and days to 50% emergence (r = 0.60*) and the average
weight of one hundred seeds (r = 0.68**); between seed width
and days to 50% emergence (r = 0.62*), 100-seed weight
(r = 0.66**) and seed length (r = 0.68**), and between seed width
and length and days to 50% flowering(r = 0.54*).
ity of pumpkin fruits.



Table 7
Means seed parameters of pumpkin.

Varieties ANSF AWOS (g) SL (cm) SW (cm) SWLR

V0.1 129.10 ± 23.20 b 6.67 ± 0.23 b 1.09 ± 0.08 b 0.71 ± 0.06 b 0.65 ± 0.01 a
V0.2 308.00 ± 73.67 a 8.73 ± 1.03 ab 1.07 ± 0.13 b 0.75 ± 0.18 b 0.68 ± 0.12 a
V1.3 324.23 ± 19.08 a 8.87 ± 0.12 ab 1.51 ± 0.02 a 0.76 ± 0.02 b 0.50 ± 0.01 b
V1.4 264.63 ± 33.61 a 7.07 ± 2.00 b 0.98 ± 0.06 b 0.71 ± 0.09 b 0.72 ± 0.06 a
V1.5 133.07 ± 9.17 b 10.27 ± 0.12 a 1.51 ± 0.04 a 0.95 ± 0.02 a 0.63 ± 0.02 a

Note: In the same column, the values followed by the same letter are not significantly different at the 0.05 at the 0.05 threshold according to the SNK test. ANSF: average
number of seeds per fruit, AWOS: average weight of one hundred seeds, SL: seed length, SW: seed width, SWLR: seed width and length ratio.

Table 8
Correlation matrix of significant descriptors.

DE50% DF50% LMFP LFFP DFS50% NMF NFF AFW FrL FrD ANSF ANOS SL SW SWLR

DE50% 1.00
DF50% 0.05 1.00
LMFP �0.32 0.26 1.00
LFFP 0.01 �0.10 0.60* 1.00
DFS50% 0.14 0.80*** 0.44 0.22 1.00
NMF �0.07 �0.87*** �0.18 0.05 �0.86*** 1.00
NFF �0.35 �0.62* 0.27 0.29 �0.65** 0.74** 1.00
AFW 0.07 0.28 �0.33 �0.10 0.18 �0.34 �0.37 1.00
FrL 0.04 0.15 �0.18 0.09 0.25 �0.35 �0.38 0.88*** 1.00
FrD �0.09 0.38 0.06 0.15 0.48 �0.53* �0.44 0.85*** 0.91*** 1.00
ANSF �0.35 0.33 0.11 0.04 0.26 �0.43 �0.12 0.76** 0.72** 0.78*** 1.00
ANOS 0.49 0.25 0.10 0.36 0.44 �0.20 �0.33 0.37 0.37 0.40 �0.04 1.00
SL 0.60* �0.28 �0.41 0.30 �0.04 0.12 �0.18 0.42 0.43 0.27 �0.06 0.68** 1.00
SW 0.62* 0.14 �0.05 0.42 0.31 �0.12 �0.19 0.02 �0.03 �0.04 �0.29 0.66** 0.68** 1.00
SWLR �0.07 0.54* 0.37 �0.04 0.36 �0.30 0.01 �0.44 �0.56* �0.38 �0.18 �0.20 �0.54* 0.23 1.00

Note: *: significant, **: very significant, ***: highly significant at the 5% level. DE50%: Day to 50 %emergence, DF50%: days to 50% flowering, LMFP: length of male floral
peduncles, LFFP: length of female floral peduncles, DFS50%: Days to 50% fruit set, NMF: number of male flowers, NFF: number of female flowers, AFW: average fruit weight,
FrL: fruit length, FrD: fruit diameter, ANSF: average number of seeds per fruit, AWOS: average weight of one hundred seeds, SL: seed length, SW: seed width, SWLR: seed
width and length ratio.

V. Ezin, Ulrich Herbert Gbemenou and A. Ahanchede Saudi Journal of Biological Sciences 29 (2022) 3661–3674
On the other hand, negative and significant correlations were
recorded between the number of male flowers and days to 50%
of flowering (r = -0.87***) and days to 50% fruiting (r = -0.86***);
between the number of female flowers and days to flowering
(r = -0.62*) and days to 50% fruit set(r = -0.65**); between fruit
diameter and number of male flowers (r = -0.53*) and between
seed width and length ratio and fruit length (r = -0.56*) and seed
length (r = -0.54*),.

The Principal Component Analysis (PCA) identified three main
dimensions that explain 87.86% of the total variability. The PCA
graph shows the projection of the variables in the factorial plane
1–2 (Fig. 5). Dimension 1 alone explains 38.39% of the total vari-
ability and was correlated in its positive end with days to 50% fruit
set, average fruit weight, fruit length, fruit diameter, average num-
ber of seeds per fruit and average hundred-seed weight. It was cor-
related in its negative end to number of male and female flowers. It
is the dimension of days to 50% fruit set and yield (size and quan-
tity) of fruits and seeds. Dimension 2, which explains 27.82% of the
variability, associates the days to 50% emergence and seed length
at the positive pole. At the negative pole were the days to 50% flow-
ering, the length of male flower peduncle and the ratio of width
and length of seeds. This dimension could be interpreted as the
dimension of seed quantity (size, shape) and male flower peduncle
length. Dimension 3 is not shown in the figure but accounts for
21.66% of the variability and correlates with seed width and female
flower peduncle length at the positive pole. This is the dimension
of seed size/female flower peduncle length.

The Hierarchical Ascending Classification reveals the existence
of three classes (Fig. 6). The clustering was done by taking into
account the fifteen variables that were significant in the analysis
of variance and the five varieties on which all descriptors were col-
lected. The variety V0.1 was found in class I. This class is character-
ized by dark green leaves, yellowish orange fruits with a flattened
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shape and white seeds. In this class, the plants produce an average
of 24.33 male and 4.44 female flowers respectively. Class II
includes the varieties V0.2 and V1.4 characterized by green leaves
mottled with white, globular fruits of light green color and dark
brown seeds. This class had high mean values for the following
parameters: days to 50% flowering, length of male flower pedun-
cles, days to 50% fruit set, and number of seeds per fruit and seed
length ratio. The other varieties, namely V1.3 and V1.5 are found in
class III. This class remains more or less heterogeneous concerning
some descriptors. It is characterized by dark green leaves, light yel-
low fruits with elongated and pear-shaped forms, light yellow
seeds. Days to 50% emergence, the length of the female flower
peduncles, the average weight of the fruit, the length and the diam-
eter of the fruits, the average weight of one hundred seeds, the
length and width of the seeds are in this class.

3.6. Genetic variability

3.6.1. Genotypic and phenotypic variance
The mean squares of the genotypes are as high (except for the

leaf length and width) as the mean squares of the error for the
majority of the traits studied (Table 9). Genotypic variance ranged
from 0 to 8428 while phenotypic variance varied between 0.01 and
8931. The highest genotypic and phenotypic variances were
obtained with number of seeds per fruit. Days to 50% emergence
(0.37), male flower peduncle length (4.41), female flower peduncle
length (0.37), number of female flowers (1.26), fruit weight (1.22),
hundred seed weight (2.14), seed length (0.07), seed width (0.01),
seed width and length ratio (0.01), cotyledon width (0.04), cotyle-
don length (0.06), petiole length (7.52), petiole diameter (0.02), leaf
length (3.49), leaf width (2.04), number of fruits per plant (1.17),
fruit yield per plant (0.13), and fruit yield per unit plot (12.22)
showedmoderate phenotypic variances (<20). Seed width and seed



Fig. 5. Principal Component Analysis (PCA) graph.

Fig. 6. Dendrogram of the 05 pumpkin varieties.
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width and length ratio showed the lowest genotypic variances
(0.01) while leaf length and width had the lowest phenotypic vari-
ance (0).
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3.6.2. Coefficients of genotypic and phenotypic variation
High coefficients of genotypic and phenotypic variation were

obtained for several traits (Table 9). In general, estimates of the



Table 9
Estimation of genetic parameters of pumpkin.

GV PV H2 (%)
p
GV

p
PV X GCV (%) PCV (%) GA GA (%) mean

DE50% 0.27 0.37 71.43 0.62 0.72 6.26 9.90 11.50 1.06 16.92
DF50% 110.37 127.33 86.68 10.77 11.50 54.26 19.85 21.19 20.53 37.84
LMFP 3.86 4.41 87.60 1.96 2.10 6.50 30.17 32.32 3.79 58.33
LFFP 0.35 0.37 94.55 0.59 0.61 2.18 27.09 28.00 1.19 54.54
DFS50% 563.73 566.93 99.44 23.66 23.72 93.43 25.32 25.39 48.59 52.00
NMF 39.79 43.67 91.13 6.31 6.61 13.73 45.96 48.14 12.41 90.38
NFF 0.97 1.26 76.98 0.98 1.12 2.54 38.52 44.02 1.78 69.81
AFW 1.18 1.22 96.46 1.09 1.10 1.68 64.81 65.41 2.19 129.96
FrL 203.63 215.17 94.64 14.27 14.67 25.48 56.00 57.57 28.60 112.23
FrD 441.83 456.77 96.73 21.02 21.37 42.55 49.40 50.23 42.58 100.09
ANSF 8428.00 8931.00 94.37 91.80 94.50 231.81 39.60 40.77 183.71 79.25
AWOS 1.80 2.14 83.96 1.34 1.46 8.32 16.11 17.55 2.53 30.35
SL 0.06 0.07 95.00 0.24 0.26 1.23 19.46 21.08 0.51 41.26
SW 0.01 0.01 66.67 0.10 0.10 0.78 12.87 12.87 0.14 17.67
SWLR 0.003 0.01 50.00 0.05 0.10 0.64 7.84 15.69 0.10 16.16
DVP 22.44 35.51 63.21 4.65 6.00 41.21 11.28 14.56 7.81 18.96
WC 0.01 0.04 36.36 0.10 0.20 2.16 4.64 9.27 0.15 6.95
LC 0.01 0.06 21.05 0.10 0.24 2.98 3.35 8.04 0.10 3.49
VL 2785.00 6102.67 45.64 52.77 78.12 214.28 24.63 36.46 73.44 34.27
PL 4.42 7.52 58.73 2.10 2.74 14.31 14.68 19.15 3.32 23.17
PD 0.01 0.02 60.00 0.10 0.14 0.58 17.19 24.06 0.17 29.74
LL 0.00 3.49 0.00 0.00 0.00 19.15 0.00 0.00 0.00 0.00
LW 0.00 2.04 0.00 0.00 0.00 18.15 0.00 0.00 0.00 0.00
NL 367.00 724.33 50.67 19.16 26.91 62.23 30.79 43.24 28.09 45.13
NFP 0.03 1.17 2.56 0.17 1.08 1.99 8.53 54.20 0.06 2.86
FYP 0.06 0.13 45.00 0.24 0.36 0.67 35.61 53.41 0.33 49.51
FYE 7.00 12.22 57.27 2.65 3.50 5.33 49.69 65.63 4.13 77.42

Note: GV: Genotypic variance, PV: Phenotypic variance, H2: Heritability,
p
GV: Standard deviation of genotypic variance,

p
PV: Standard deviation of phenotypic, X: Mean of

the characters, GCV: Genotypic Coefficient of Variation, PCV: Phenotypic Coefficient of Variation, GA (%): Genetic gain.
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phenotypic coefficient of variation were higher than estimates of
the genotypic coefficient of variation for the majority of traits.
But the seed width had a unique value for both coefficients
(12.87%). The highest genotypic coefficient of variation (64.81%)
was obtained with fruit weight while the trait fruit yield per unit
plot recorded the highest value of phenotypic coefficient of varia-
tion (65.63%). The moderate genotypic and phenotypic coefficients
of variation were recorded in days to 50% flowering, weight of hun-
dred seeds, seed length, seed width, vegetative phase period, peti-
ole length, petiole diameter, days to 50% emergence and seed
width length ratio (11% to 20%). Low genotypic and phenotypic
coefficients of variation were observed for the following traits:
days to 50% emergence, seed width and length ratio, cotyledon
length and width, leaf length and width, and number of fruits
per plant (<11%).
3.6.3. Heritability in the broad sense
Days to50% fruit set (99.44%), fruit diameter (96.73%), fruit

weight (96.46%), seed length (95%), fruit length (94.64%), female
flower peduncle length (94.55%), number of seeds per fruit
(94.37%), number of male flowers (91.13%), and length of male
flower peduncle (87.60%) demonstrated high heritability (Table 9).
Medium heritability was recorded in seed width and length ratio
(50%), cotyledon width (36.36%), cotyledon length (21.05%), vines
length (45.64%) and fruit yield per plant (45%). Leaf length and
width (0%), number of fruits per plant (2.56%) show very low
heritability.
3.6.4. Expected genetic gain
The expected genetic gain related to the mean of the GA trait (%

mean trait) varied widely among the traits ranging from 0 to
129.96% (Table 9). The highest expected genetic gain was observed
in fruit weight (129.96%), fruit length (112.23%) and fruit diameter
(100.09%). Leaf length and width (0%), number of fruits per plant
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(2.86%), cotyledon length (3.49%) and cotyledon width (6.95%)
had very low expected genetic gains.
4. Discussion

4.1. Phenological parameters

Some studies on Cucurbita moschata including agro-
morphological evaluation of varieties (Ahamed et al., 2011;
Aruah et al., 2010; Kiramana and Isutsa, 2017; Mbogne et al.,
2015), floral biology (Agbagwa et al., 2007), genetic diversity anal-
ysis (Barboza et al., 2012) were carried out. Cucurbita species differ
from one another by genetic constitutions and are therefore
assessed using phenotypic parameters (Whitaker and Davis,
1962). However, no scientific study on Benin pumpkin landraces
has been performed and documented but is accomplished through
this study.

In this study, the days to emergence were between 5.18 and
6.97 days. These results are similar to those of (PROTA, 2018)
who reported that the emergence of C. moschata seedlings is
observed between 5 and 7 days after sowing. The days to emer-
gence are also in agreement with the work of (OECD, 2016). This
work revealed that the time of emergence is synchronous and
the seeds germinated between 2 and 6 days after water imbibition
and enzyme activities. Aruah et al. (2010) conducted a study on the
variation of local accessions of the genus Cucurbita in Nigeria and
reported that the days to emergence varied between 3 and 8 days.
The significant differences in days to emergence among the differ-
ent varieties could be attributed to the thickness of the seed coat
and the different tissue layers of the seed or seed viability (Aruah
et al., 2010). Seed size compensates for variation in environmental
conditions and enhances the productive capacity of a plant (OECD,
2016). It is proportional to the food resources present in the cotyle-
don to support seedling emergence. The food reserves of smaller
seeds are quickly depleted, affecting seed viability and vigor
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(Haferkamp, 1988). In this study, large seeds (V1.5, V1.6, and V1.3)
emerged late while small seeds (V0.1, V0.2 and V1.4) emerged ear-
lier. We could also hypothesize that the late germination of small
pumpkin seeds could be due to the decrease of their viability in
farmer’s storage facility as it can be poor at time. Dissimilar results
were obtained in Kenya by Kiramana and Isutsa (2017) who
reported early emergence in accessions with large seed sizes and
late emergence in accessions with small seed sizes. According to
the work of Djè et al. (2007), the days to emergence of seedlings
above ground could vary with seed age or seeds store in poor stor-
age facility/conditions. They showed that 18-month-old Cucumis
melo seeds had emergence days of 6 and 8 days, while 3 months
old seeds emerged between 5 and 14 days. We could hypothesize
that the small seeds collected during the surveys we conducted
might be less old than the large ones. As for the vegetative phase,
it appears that the time of appearance of floral buds of the different
varieties of C. moschata varies from 34.76 to 48.97 days after sow-
ing. These results corroborate that of Bembe et al. (2010) who
reported that the vegetative phase in C. moschatawas 37 days after
sowing. The non-significant difference in this trait could be
explained by more or less similar vegetative traits in the different
species of the Cucurbitaceae family (Bembe et al., 2010). Other
work conducted on Lagenaria siceraria and Cucumeropsis mannii,
revealed the vegetative phases that varied from 30 to 60 days,
respectively (Soko et al., 2018; Zoro Bi et al., 2003).

The different variations observed in days to 50% flowering could
be mainly due to intra-species variability. In this study, days to 50%
flowering varied from 41.21 to 68.72. These results corroborate
with Mendlinger et al. (1992) who stated that the collected acces-
sions of pumpkin reached 50% flowering in the range of 57 to
88 days. According to the work of PROTA (2018), flowering begins
35–60 days after emergence and is more or less continuous. In the
same vein, Agbagwa et al. (2007) reported that flowering of C.
moschata occurred 56 days after sowing. In pumpkin, flowering is
asynchronous with the opening of male flowers followed by the
opening of female flower 2–3 weeks later (Agbagwa et al., 2007).
In this study, the number of male and female flowers per plant ran-
ged from 6.28 to 24.33 and 1.39 to 4.44, respectively. All varieties
exhibited light yellow flowers. According to the work of Ahamed
et al. (2011), the flower color of all accessions of pumpkin in north-
ern Bangladesh was yellow. According to the work of Islam et al.
(2016), the highest and lowest male to female flower ratio in Ban-
gladesh were 12.11: 4.08 and 10.24: 3.27, respectively. In Nigeria,
Aruah et al. (2010) showed that the highest male to female flower
ratio within Cucurbita accessions was 66: 8.67. Agbagwa et al.
(2007) had a male to female ratio of 9: 1 with yellow flowers.
Our results, like theirs, showed that the number of male flowers
was greater than the number of female flowers on a plant. But
Kiramana and Isutsa (2017) presented contrary results. According
to these authors, early female flowering was observed in 9 acces-
sions of pumpkin in Kenya. McCormack (2005) indicated that it
was not uncommon for C. moschata to bear female flowers first.
The flower color was orange in most accessions of C. moschata in
Kenya.

According to Janick and Paull (2008), the genus Cucurbita can
exhibit a wide variation in the proportion of male and female flow-
ers on a plant. Zomlefer (1994) reported that female flower pro-
duction is often lower than male flower production. The
sequence of floral development in pumpkin allows for cross-
pollination of flowers (McCormack, 2005). Flower development is
regulated by genetic makeup and environmental mechanisms
(OECD, 2016). On the one hand, sexual expression in Cucurbitaceae
is influenced by hormones produced in the plant (Kiramana and
Isutsa, 2017). According to these authors, gibberellins promote
the development of staminate flowers. Ethylene and auxins stimu-
late the development of pistillate flowers (Maynard, 2007). On the
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other hand, high temperature, high light intensity, and long days
promote the production of male flowers while low temperature,
low light intensity, and short days induce the development of
female flowers (OECD, 2016).

This study found that days to 50% fruiting ranged from 61.80
to 120 days after sowing. The shortest days to 50% fruiting
(61.80 days) was recorded in variety V0.1. It could be an early
variety introduced through seed exchanges between producers
from one country to another. The longest days to 50% fruit set
(120 days) was observed in V0.2, V1.4 and V1.5. Ahamed et al.
(2011) reported that fruit ripening occurred in the range of
103 to 123 days. In the present study, fruit ripening did not take
place in variety V1.6. In fact, during fruit set, there was fruit
abortion in plants of this variety. This could be due to abscission
of fruits, which is a non-parasitic disease related to poor fruit
fertilization with sometimes short flower life (Blancard, 2013).
It is characterized by an extremely early cessation of develop-
ment of young fruits. Fruit abscission is caused by the absence
or insufficiency of pollen due to a limited number of male flow-
ers, by climatic conditions not conducive to the activity of polli-
nating insects. In this study, the ratio of male to female flowers
of the V1.6 was 7.22:1.78. Hand pollination of flowers was not
carried out, as it could influence fruit yield. In this context, Djè
et al. (2007) argued that very low fruit production could result
from a low number of pollen grains deposited on the stigmas
of female flowers. In this study, a second cycle of fruiting was
observed for all varieties whose fruits reached physiological
maturity and this could be due to the indeterminate growth
related to the species. The work of OECD (2016) corroborates
with this result. These authors state that the regeneration of
the second fruiting cycle was attributed to genetic influence
and adaptability to environmental conditions.

4.2. Growth parameters

Male flower peduncle was longer than female flower peduncle
for all varieties. The difference in length of reproductive organs is
to facilitate cross-pollination in Cucurbita moschata (OECD, 2016).
It also serves as an indicator in the differentiation of male versus
female flowers (PROTA, 2018).

All varieties exhibited multilateral vines and tendrils at intern-
odes. According to OECD (2016), pumpkin has hard and slightly
fluted vines. In this study, vines length ranged from 102.17 to
307.44 cm. The number of leaves varied from 24.56 to 95.50 leaves
per plant in the tenth week after sowing. Aruah et al. (2010)
obtained very large branche lengths and leaf numbers that ranged
from 383 to 707 cm and 97.70 to 210, respectively. The results
Ahamed et al. (2011) show that the vines length at harvest varied
from 169.6 to 400.1 cm. This difference in results could be due to
the mineral fertilizer application made in their trials. High soil fer-
tility stimulates good vines growth and high leaf production.
PROTA (2018) showed that plant growth of pumpkin is indetermi-
nate under favorable conditions. They further stated that, under
these conditions, vines can exceed 20 m in length. Maynard
(2007) reported that a vine at nodes follows the same general
growth pattern as the main stem. Variation observed for vines’
length has been attributed to genetic constitution and gene expres-
sion (Kiramana and Isutsa, 2017).

Leaf length varied from 16.74 to 21.67 cm while leaf width var-
ied from 16.59 to 20.44 cm in this study. Kiramana and Isutsa
(2017) obtained leaf length and widths that ranged from 30.7 to
47.2 cm and 15 to 23 cm, respectively. Grubben and Ngwerume
(2004) showed that the leaf length of Cucurbita moschata was
between 9 and 24 cm. These authors indicated that the diameter
of the leaves of C. moschata varied from 20 to 35 cm. All these
results are more or less similar to the results of the agro-
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morphological characterization of landraces of pumpkin in Benin;
however, the slight differences may be related to the environmen-
tal conditions and soil fertility.

4.3. Characterization of leaves and fruits

The present study revealed qualititative diversity in leaf color.
The qualitative color description and comparison model of Zoe
et al. (2011) was used for qualitative variables’ measurement. All
varieties had dark green leaf color except V0.2 and V1.4 which
showed green leaves mottled with white. Agbagwa et al. (2007)
observed leaves with white spots. According to Kiramana and
Isutsa (2017), the leaves of most accessions were green, dark green
and diverse in color. Aruah et al. (2010) state that leaves of pump-
kin had a high variability. They can be light green, dark green, and
variegated in color. They are tender and moderately lobed (OECD
(2016). Morphological characteristics of the leaves such as shape,
size, margin, and color are diagnostic and essential tools in the
identification of pumpkin at the genus level (Kiramana and
Isutsa, 2017). These characteristics help distinguish C. moschata
from other cultivated Cucurbita species (Agbagwa and Ndukwu,
2004).

The varieties showed wide variation in fruit shape. The different
fruit shapes recorded in this study were globular (40%) and flat-
tened (20%), elongated (20%), pyriform (20%). Fruit shape was
determined from the descriptors of Cucurbita (Esquinas-Alcazar
and Gulick, 1983). Ahamed et al. (2011) observed elliptical, round
and pyriform fruit shapes. Kiramana and Isutsa (2017) observed
fruits with predominantly globular shapes while Aruah et al.
(2010) recorded fruits with cylindrical, oblong and round shapes.
This phenotypic variability in fruit shape is due to varietal diversity
related to their genotype. The genes responsible for fruit shape are
‘‘flatteners” and ‘‘elongators” (Brown, 2002). In this study, fruit
color ranged from light yellow (40%) to pale green (40%) to yellow-
ish orange (20%). The main flesh color of all fruits was light yellow.
Kiramana and Isutsa (2017) obtained fruits with green and gray
colors, yet Aruah et al. (2010) observed fruits with bright orange,
yellow, green, gray, and green spotted with white. Genotypes of
pumpkin in northern Bangladesh have green, yellow, and brown
fruit colors (Ahamed et al., 2011). Kiramana and Isutsa (2017) sta-
ted that fruit color is controlled by 3 loci (Gr, Mldg and B). Accord-
ing to Ahamed et al. (2011), the main color of the flesh can be
yellow, orange, white and yellowish orange while Kiramana and
Isutsa (2017) obtained fruits with only orange flesh. Brown
(2002) showed that intense yellow and orange flesh colors are
associated with high levels of carotenoids. Our results, like theirs,
show high variability with respect to fruit-related quality traits.

In the present study, the number of fruits per plant ranged from
1 to 4. According to Aruah et al. (2010) the number of fruits per
plant of Nigerian accessions varies between 4.67 to 8. Ahamed
et al. (2011) recorded 2 to 16 fruits per plant in northern Bangla-
desh. Labrada et al. (1997) also reported that among 34 landraces,
25 were capable of producing more than 4–5 fruits per plant. The
high number of fruits per plant at the genotype level of pumpkin
in northern Bangladesh could be explained by three factors:
improved genotypes and soil fertility and suitable environmental
conditions. In this study, the highest average fruit weight was
obtained in variety V1.3 (3.38 kg) while the range was from 0.40
to 3.38 kg. PROTA (2018) demonstrated that the average fruit
weight depends on the type of cultivars and ranged from 1 to
10 kg. Bembe et al. (2010) recorded an average weight of 1.80 kg
and this weight varied from 1 to 2.5 kg. All these results are more
or less similar. The length and diameter of fruits varied from 6.65
to 47.24 cm and 10.12 to 55.84 cm, respectively. Ahamed et al.
(2011) showed that fruit diameter varies from 46.3 to 77.1 cm
among the genotypes of pumpkin in northern Bangladesh. It could
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be inferred that the average fruit weight is proportional to the fruit
length and diameter. The estimated fruit yield per unit plot per
hectare ranged from 2.33 to 11.33 t/ha. In Africa, cultivation prac-
tices related to pumpkin cultivation are still extensive and yields
are low (PROTA, 2018). They further demonstrated that, with more
cultural care a fruit yield of 15 t/ha is reasonable yet under low
inputs the yield is about 5 t/ha. Improved cultivars are likely to
have a fruit yield of 30 t/ha (PROTA, 2018). These authors believe
that there has been no varietal selection for yield in Africa. Grow-
ers’ assertion gathered during our survey showed the fruit harvest
period varied between 2 and 6 months after sowing (Ezin et al.,
2021) corroborates with our experimental results and those of
OECD (2016) and PROTA (2018).

4.4. Seed characterization

In the present study, seed shape was determined based on the
ratio of seed width to seed length. Zoro Bi et al. (2003) determined
three seed shapes based on the ratio of width and length. These
are: elongated seeds (l/L < 1), round seeds (l/L = 1), and wide seeds
(l/L greater than 1). All seeds in this study are elongated. This result
corroborates with that of Bembe et al. (2010). In the morphological
characterization of pumpkin in Kenya, Kiramana and Isutsa (2017)
obtained mainly elliptical shaped seeds. According to OECD (2016),
pumpkin seeds can be oval or oval-elliptic. There is phenotypic
variability in seed color. The different seed colors are dark brown
(40%), light yellow (40%), and white (20%). Aruah et al. (2010)
observed light brown and brown seed colors. Kiramana and
Isutsa (2017) on the other hand obtained creamy yellow, yellow-
white, brown, white and light brown seed colors.

The average number of seeds per fruit ranged from 129.10 to
324.23. Bembe et al. (2010) found that, the number of seeds per
fruit varied from 250 to 300 with an average number of 272.40.
dissimilar results by Islam et al., (2016) showed that the number
of seeds per fruit varied from 61.67 to 162.77. As for Aruah et al.
(2010), they obtained 214.70 to 523.70 seeds per fruit. The number
of seeds produced per fruit varies by species and variety (OECD,
2016). High seed length and width put together lead to a high aver-
age hundred seed weight. In this study, both small and large seed
sizes were observed. The average hundred-seed weight ranged
from 6.67 to 10.27 g. This result is more or less similar to that of
Bembe et al. (2010). Islam et al. (2016) obtained average hundred
seed weights that range from 8.38 to 14.34 g while Aruah et al.
(2010) recorded hundred seed weights that range from 10.10 to
53.00 g. From the analyses of the different descriptors, it is clear
that there is an agro-morphological variability between the differ-
ent varieties of pumpkin collected in Benin. The existence of this
variability between varieties could be used in breeding programs
for yield and resistance to diseases and insects and abiotic stress.

4.5. Analysis of relationships between descriptors

The days to 50% emergence depends on size of seeds and seed
viability. It was observed that the days to 50% emergence were pro-
portionally with seed length and width most importantly the avail-
ability of the nutrients, viability and vigor of the seeds. Contrary
results were obtained by Aruah et al. (2010). Our findings demon-
strated that days to emergence were negatively correlated with
seed length. This could be due to the quality and age of seeds col-
lected during our investigations. Increasing fruit length and diam-
eter contributes to increasing fruit weight and number of seeds per
fruit. There is a positive correlation between fruit weight and num-
ber of seeds per fruit. Variety V1.3 had the highest fruit weight
(3.38 kg) and number of seeds per fruit (324.23) among all vari-
eties. The lowest values were recorded in variety V0.1, with an
average fruit weight of 0.40 kg and an average number of seeds
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per fruit of 129.10. Therefore, the fruit weight of Cucurbita
moschata could be used as good criteria for selecting individuals
with many seeds. These results confirm those of Mbogne et al.
(2015) in Cameroon. Aruah et al. (2010) highlighted that it is obvi-
ous that fruits with more seeds will grow to a larger size. A high
weight is one of the factors that contribute to increased fruit yield.
In line with these observations, Priori et al. (2018) indicated that
the marketing of fruit for consumption is related to fresh matter
(fruit weight) which is a key characteristic for the consumer.

Principal Component Analysis was used to generate a correla-
tion among quantitative variables. Combining all the quantitative
descriptors that showed a significant difference in the analysis of
variance with the qualitative variables (mainly fruit color and
shape, seed color, leaf color) allowed discriminating the landraces
of pumpkin in Benin. Moreover, the factorial design (1–2-3) of the
Principal Component Analysis explains 87.86% of the total variabil-
ity. This percentage of explained variation is higher than 50%.
Therefore, the descriptors that showed a significant difference in
the analysis of variance can be used to discriminate the different
landraces of pumpkin in Benin.
4.6. Genetic variability

Measuring genetic variation and understanding how quantita-
tive traits are transmitted are key steps in any crop improvement
program (Ibrahim, 2012). Analysis of genetic parameters for all
traits studied showed that phenotypic variance is greater than
genotypic variance. These results are consistent with Abdein
et al. (2017) on pumpkin, Dar and Sharma (2011) on tomato and
Ibrahim (2012) on melon. The difference between phenotypic
and genotypic variance for all traits was due to the environmental
factors on the gene expression controlling these traits (Danbe et al.,
2018). The coefficient of variation simply indicates the extent of
total variability present in a trait (Béninga, 2007). Coefficients of
genotypic and phenotypic variation were low below 11%, moderate
between 11 and 20% and high above 20% (Sumathi et al., 2010).
High phenotypic and genotypic coefficients of variation were
observed for many traits except for the leaf length and width traits.
For these two traits, the mean square of error is greater than the
mean square of genotype. It could be deduced that these two char-
acters do not explain the existing genetic variability within the
varieties. Traits (fruit weight, fruit length, and fruit yield per unit
plot) with high phenotypic coefficient of variation indicate a
greater influence of environmental factors. In general, estimates
of the phenotypic coefficient of variation were higher than esti-
mates of the genotypic coefficient of variation for many traits.
These results suggest that apparent variation is not only due to
genotypes, but also to environmental influence (Ibrahim, 2012).
But the little difference between these two coefficients shows that
these traits were very little influenced by the environment
(Lakshmana et al., 2009). Similar results were reported by Abdel-
Rahman et al. (2011) on pumpkin, Ibrahim (2012); Tomar et al.
(2008) and Torkadi et al. (2007) on melon, Dar and Sharma
(2011) and Singh and Singh (2018) on tomato.

The estimation of heritability is of paramount importance and
accurately indicates the expected heritable gain (Béninga, 2007).
According to Johnson et al. (1955), heritability is high above 50%,
low below 20%, and medium between 20% and 50%. In this study,
broad heritability ranged from 0 to 99.44%. High heritability of
traits reflects the poor influence of environmental factors on their
expression (Danbe et al., 2018). In this case, the phenotype truly
expresses the varieties genotype (Visscher et al., 2008). Therefore,
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these traits can be improved by selection (Ibrahim, 2012). These
results more or less agree with those of Abdein et al. (2017) on
pumpkin and Ibrahim (2012) on melon. These authors claim to
have obtained very high broad-sense heritability. According to
Ibrahim (2012), high heritability does not mean high genetic
advance for a particular quantitative trait. Johnson et al. (1955)
reported that the effectiveness of selection depends not only on
broad-sense heritability, but also on genetic advance. Therefore,
genetic advance was also estimated as a percentage. In the present
study, high heritability combined with high genetic advance was
found in traits such as average fruit weight, fruit diameter and fruit
length. This indicates that these three traits were primarily gov-
erned by additive gene action (Johnson et al., 1955). Therefore,
these traits can be selected and improved to increase the fruit
and seed yield of pumpkin varieties in Benin. According to
Béninga (2007), high heritability accompanied by low genetic
advance for days to 50% emergence indicates the predominance
of non-additive genetic actions that could be exploited through
heterosis selection. These results are in harmony with those
obtained by Abdel-Rahman et al. (2011), Abdein et al. (2017) and
Chaudhari et al. (2017) on pumpkin, Ibrahim (2012) on melon.
5. Conclusion

Phenological and growth parameters through characterization
of morphological traits, flowers, fruits and seeds of pumpkin lan-
draces has revealed agro-morphological and genetic variability.
Descriptors related to fruits and seeds could not be collected on
variety V1.6 due to fruit abortion. The three PCA dimensions explain
87.86 % of the variability. The descriptors fruit color and shape, leaf
color and seed color showed phenotypic variability. The varieties
were grouped into three distinct classes. The data from this study
showed the possibility of improving pumpkin by selection for the
traits such as average fruit weight, fruit length and diameter. The
high heritability and genetic advance of these traits reflect the addi-
tive action of genes in trait expression. Therefore, these data could
be used in breeding programmes in Benin for pumpkin productivity
and, thus contributing to improved food security and nutrition. This
study deserves to be deepened by a molecular characterization tak-
ing into account a very high number of accessions.
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Table 10
Distribution of accessions into varieties.

Variétés Nombres
accessions

Numéro accessions

V0.1 46 A1.1, A1.2, A1.3, A1.4, A1.5, A1.6, A1.7, A1.8, A1.9, A1.10, A1.11,

A1.12, A2.13, A2.16, A2.17, A2.18, A2.20, A2.21, A2.22, A2.23,

A2.24, A2.25, A3.27, A3.28, A3.29, A3.30, A3.32, A3.33, A3.34,

A3.36, A3.37, A3.38, A3.39, A3.40, A3.41, A3.42, A3.43, A3.44,

A4.47, A4.48, A4.53, A4.54, A4.55, A4.56, A4.57, A4.58

V0.2 14 A2.14, A2.15, A2.19, A2.26, A3.31, A3.35, A4.45, A4.46, A4.49,

A4.50, A4.51, A4.52, A4.59, A4.60

V1.3 1 A6.120

V1.4 2 A6.89, A6.105

V1.5 21 A5.63, A5.64, A5.68, A5.69, A5.80, A6.90, A6.91, A6.92, A6.93,

A6.94, A6.95, A6.96, A6.97, A6.98, A6.99, A6.100, A6.101, A6.102,

A6.103, A6.104, A6.106

V1.6 36 A5.61, A5.62, A5.65, A5.66, A5.67, A5.70, A5.71, A5.72, A5.73,

A5.74, A5.75, A5.76,A5.77, A5.78, A5.79, A6.81, A6.82, A6.83,

A6.84, A6.85, A6.86, A6.87, A6.88, A6.107,

A6.108, A6.109, A6.110, A6.111, A6.112, A6.113, A6.114, A6.115,

A6.116,

A6.117,A6.118,A6.119

This grouping was performed based on two criteria: in the South, based on the local
names that producers gave to the fruits and in the North based on the description of
the varieties (shape and color of the fruits at physiological maturity).

V. Ezin, Ulrich Herbert Gbemenou and A. Ahanchede Saudi Journal of Biological Sciences 29 (2022) 3661–3674
References

Abdein, M.A.E., Hassan, H.M.F., Dalia, H.M., 2017. General Performance, Combining
Abilities and Heritability of Yield and Yield Component Traits in Pumpkin
(Cucurbita moschata Poir.) at Different Conditions. KMITL Sci. Tech. J. 17 (1),
121–128.

Abdel-Rahman, M.S.S., Haridy, A.G., Attallah, S.Y., 2011. Growth and yield of
pumpkin landraces as affected by plant spacing. Assiut J. Agric. Sci 42 (5), 85–
96.

Abdou, R. (2014). Caractérisation de la diversité génétique de cultivars d’oignon
(Allium cepa L.) du Niger en vue de leur conservation in situ et de leur
amélioration. Thèse de Doctorat inédite, Université de Liège - Gembloux Agro Bio
Tech , Belgique.

Agbagwa, I.O., Ndukwu, B.C., 2004. The value of morpho-anatomical features in the
systematics of Cucurbita L. (Cucurbitaceae) species in Nigeria. African J.
Biotechnology 3 (10), 541–546.

Agbagwa, I.O., Nsukwu, B.C., Mensah, S.I., 2007. Floral Biology, Breeding System, and
Pollination Ecology of Cucurbita moschata (Duch. ex Lam) Duch. ex Poir.
Varieties (Cucurbitaceae) from Parts of the Niger Delta. Nigeria. Turk J Bot 31,
451–458.

Ahamed, K., Akhter, B., Islam, M., Ara, N., Humauan, M., 2011. An assessment of
morphology and yield characteristics of pumpkin (Cucurbita moschata)
genotypes in northern Bangladesh. Tropical Agricultural Research & Extension
14 (1), 8–10.

Aruah, C.B., Uguru, M.I., Oyiga, B.C., 2010. Variations among some Nigerian
Cucurbita landraces. Afr. J. Plant Sci. 4 (10), 375–386.

Assefa, K., Tefera, H., Merker, A., Kefyalew, T., Hundera, F., 2001. Variability,
heritability and genetic advance in pheno-morphic and agronomic traits of tef
[Eragrostis tef (Zucc.) Trotter] germplasm from eight regions of Ethiopia.
Hereditas 134 (2), 103–113.

Barboza, N., Albertazzi, F.J., Sibaja-Cordero, J.A., Mora-Umana, F., Astorga, C.,
Ramírez, P., 2012. Analysis of genetic diversity of Cucurbita moschata (D.)
germplasm accessions from Mesoamerica revealed by PCR SSCP and chloroplast
sequence data. Sci. Hortic. 134, 60–71.

Bembe, A.P., Mabanza, J., Mingui, J.M., Mialoundama, F., 2010. etude de quelques
caracteres vegetatifs chez trois especes de cucurbitacees locales cultivees au
Congo-Brazzaville : Lagenaria siceraria, Citrullus lanatus et Cucurbita moschata.
Annales de l’Université Marien NGOUABI 11 (4), 16–21.

Béninga, M. (2007). Génétique, amélioration et vulgarisation du mil [Pennisetum
glaucum (L.) R. Br.] en Côte d’Ivoire., Thèse de Doctorat d’Etat, UFR Biosciences,
Université de Cocody, Abidjan, Côte d’Ivoire.

Blancard, D. (2013). http://ephytia.inra.fr/fr/C/8121/Courgette-courges-Coulure-
des-fruits#:�:text=Plusieurs%20causes%20peuvent%20expliquer%20la,et%20en
%20fonction%20des%20vari%C3%A9t%C3%A9s.

Brown, A., Munday, J., 1982. Population-genetic structure and optimal sampling of
land races of barley from Iran. Genetica 58 (2), 85–96.

Brown, R.N., 2002. Traditional and molecular approaches to zucchini yellow mosaic
virus resistance in Cucurbita, A Doctor of Philosophy in Horticulture Thesis.
Oregon State University.
3673
Chaudhari, D., Acharya, R., Patel, J., Gohil, S., Bhalala, K., 2017. Variability, correlation
and path analysis in Pumpkin (Cucurbita moschata Duch ex. Poir.). J.
Pharmacognosy and Phytochemistry 6 (6), 142–145.

Danbe, N., Yakouba, O., Sobda, G., Basga, S.D., Lendzemo, V., Kaouvon, P., Dickmi, V.
C., Suh, C., Djonnewa, A., Youri, A., 2018. Caractérisation de la diversité
phénotypique et génotypique du Sorgho pluvial dans la zone soudano
sahélienne du Cameroun. J. Appl. Biosciences 129, 12973–12981.

Dar, R.A., Sharma, J., 2011. Genetic variability studies of yield and quality traits in
tomato (Solanum lycopersicum L.). Int. J. Plant Breeding Genetics 5 (2), 168–
174.

Djè, Y., Heuertz, M., Ater, M., Lefebvre, C., Vekemans, X., 2007. Évaluation de la
diversité morphologique des variétés traditionnelles de sorgho du Nord-ouest
du Maroc. Biotechnologie, Agronomie, Société et Environnement/
Biotechnology, Agronomy, Society and Environment 11 (1), 39–46.

Esquinas-Alcazar, J. T., and Gulick, P. (1983). ‘‘Genetic resources of Cucurbitaceae: A
global report.,” IBPGR Secretariat.

Ezin, V., Gbemenou, U.H., Gazali, B.T.A.S., Ahanchede, A., 2021. Ethnobotanical study
of pumpkin (Cucurbita moschata Duchesne) landraces in Benin. CABI Agric
Biosci 2 (35), 1–9. https://doi.org/10.1186/s43170-021-00050-x.

Fu, C., Shi, H., Li, Q., 2006. A review on pharmacological activities and utilization
technologies of pumpkin. Plant Foods Hum. Nutr. 61 (2), 70–77.

González, E., Montenegro Mariana, A., Nazareno Monica, A., de Mishima, Lopez,
Beatriz, A., 2001. Carotenoid composition and vitamin A value of an Argentinian
squash (Cucurbita moschata). Arch. Latinoam. Nutr. 51 (4), 395–399.

Grace, O., Borus, D., Bosch, C., 2009. Oléagineux de l’Afrique tropicale. Conclusions et
recommandations basées sur PROTA 14, 1–86.

Grubben, G., and Ngwerume, F. (2004). Cucurbita moschata Duchesne. Grubben, G.J.
H. & Denton, O.A. (Editors). PROTA 2: Vegetables/Légumes. [CD-Rom]. PROTA,
Wageningen, Netherlands.

Haferkamp, M. R. (1988). Environmental factors affecting plant productivity. In
‘‘Fort Keogh research symposium, September, 1987.” (I. R. S. W. a. R. E. S. (Eds.).
ed.), pp. 132. Published by Montana Agric. , Miles, City, M.T.

Hosseini, S., Sarvestani, Z., Pirdashti, H., Afkhami, A., Hazrati, S., 2012. Estimation of
heritability and genetic advance for screening some rice genotypes at salt stress
conditions. International journal of Agronomy and Plant Production 3 (11),
475–482.

Houdegbe, C.A., Sogbohossou, E.D., Achigan-Dako, E.G., 2018. Enhancing growth and
leaf yield in Gynandropsis gynandra (L.) Briq. (Cleomaceae) using agronomic
practices to accelerate crop domestication. Sci. Hortic. 233, 90–98.

Ibrahim, E., 2012. Variability, Heritability and Genetic Advance in Egyptian Sweet
Melon (Cucumis melo var. aegyptiacus L.) Under Water Stress. International
Journal of Plant Breeding and Genetics 6 (4), 238–244.

Islam, M., Mohsin, G., Rahman, M., Hasanuzzaman, M., Biswas, B., 2016. Genetic
Divergence in Pumpkin (Cucurbita Moschata Duch Ex Poir). Advances in Plants
& Agriculture Research 4 (5), 1–4.

Janick, J., Paull, R.E., 2008. The encyclopedia of fruit and nuts. CABI.
Jeffrey, C., 1990. Systematics of the Cucurbitaceae: an overview. Biology and

utilization of the Cucurbitaceae, 3–9.
Johnson, H.W., Robinson, H., Comstock, R., 1955. Estimates of genetic and

environmental variability in soybeans. Agron. J. 47 (7), 314–318.
Kiramana, J.K., Isutsa, D.K., 2017. First detailed morphological characterisation of

qualitative traits of extensive naturalized pumpkin germplasm in Kenya. Int. J.
Development Sustainability 6 (7), 500–525.

Labrada, H.R., Almirall, A.F., Batista, O., 1997. Cuban Pumpkin Genetic Variability
under Low Input Conditions. Cucurbit Genetics Cooperative Report 20, 48–49.

Lakshmana, D., Biradar, B., Ravikumar, R., 2009. Genetic variability studies for
quantitative traits in a pool of restorers and maintainers lines of pearl millet
(Pennisetum glaucum (L.)). Karnataka Journal of. Agricultural Sciences 22 (4),
881–882.

Liu, C., Ge, Y., Wang, D.-J., Li, X., Yang, X.-X., Cui, C.-S., Qu, S.-P., 2013. Morphological
and molecular diversity in a germplasm collection of seed pumpkin. Sci. Hortic.
154, 8–16.

Maynard, L. (2007). Cucurbit crop growth and development,. In ‘‘Indiana CCA
Conference Proceedings.”.

Mbogne, J.T., Youmbi, E., Ibouraïman, B., Ntsefong, G.N., 2015. Agromorphological,
Chemical and Biochemical Characterization of Pumpkin (Cucurbita maxima and
Cucurbita moschata, Cucurbitaceae) Morphotypes Cultivated in Cameroon.
Research in Plant Sciences 3 (1), 12–17.

McCormack, J., 2005. Cucurbit seed production: An organic seed production manual
for seed growers in the Mid-Atlantic and Southern US Creative Commons, 559
Nathan Abbott Way. California, Stanford.

Mendlinger, S., Chweya, J., Benzioni, A., Seme, A., Ventura, M., Lungaho, C., Okoko, V.,
1992. Collections, evaluations and breeding of African edible vegetables. BGUN-
ARI-25-92. Annual report. AID-CDR programme, BeerSheva, Israel.

Merrick, L.C., 1992. Systematics, evolution, and ethnobotany of a domesticated
squash, Cucurbita argyrosperma. Cornell Univ, Ithaca, NY. PhD Thesis.

Nee, M. (1990). The domestication ofcucurbita (cucurbitaceae). Economic Botany,
44(3), 56-58.

Noguera, F. A. (2002). ‘‘Historia natural de Chamela,” UNAM.
OECD (2016). ‘‘Squashes, pumkins, zucchinis and gourds (Cucurbita species)”, in

Safety Assessment of Transgenic Organisms in the Environment, . Volume 5:
OECD Consensus Documents, OECD Publishing, Paris.

PNUD, 2015. RAPPORT NATIONAL SUR LE DEVELOPPEMENT HUMAIN. Bénin.
Priori, D., Barbieri, R.L., Mistura, C.C., Villela, J.C.B., 2018. Caracterização morfológica

de variedades crioulas de abóboras (Cucurbita maxima) do sul do Brasil. Rev.
Ceres, Viçosa 65 (4), 337–345.

http://refhub.elsevier.com/S1319-562X(22)00140-1/h0005
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0005
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0005
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0005
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0010
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0010
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0010
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0020
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0020
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0020
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0025
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0025
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0025
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0025
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0030
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0030
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0030
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0030
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0035
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0035
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0040
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0040
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0040
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0040
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0045
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0045
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0045
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0045
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0050
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0050
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0050
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0050
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0065
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0065
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0070
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0070
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0070
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0075
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0075
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0075
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0080
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0080
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0080
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0080
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0085
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0085
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0085
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0090
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0090
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0090
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0090
https://doi.org/10.1186/s43170-021-00050-x
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0105
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0105
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0110
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0110
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0110
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0115
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0115
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0130
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0130
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0130
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0130
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0135
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0135
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0135
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0140
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0140
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0140
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0145
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0145
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0145
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0150
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0155
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0155
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0160
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0160
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0165
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0165
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0165
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0170
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0170
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0175
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0175
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0175
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0175
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0180
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0180
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0180
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0190
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0190
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0190
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0190
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0195
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0195
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0195
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0200
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0200
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0200
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0205
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0205
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0225
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0230
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0230
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0230


V. Ezin, Ulrich Herbert Gbemenou and A. Ahanchede Saudi Journal of Biological Sciences 29 (2022) 3661–3674
PROTA (2018). Cucurbita moschata (PROTA). (R. PlantUse Français, novembre 10,
2020 depuis https://uses.plantnet-project.org/f/index.php?
title=Cucurbita_moschata_(PROTA)&oldid=273360., ed.).

Roura, S., Del Valle, C., Aguero, L., Davidovich, L., 2007. Changes in apparent viscosity
and vitamin C retention during thermal treatment of Butternut Squash
(Cucurbita moschata Duch) pulp: effect of ripening stage. J. Food Qual. 30 (4),
538–551.

Singh, H., Singh, D., 2018. Study on Genetic Variability, Heritability, Genetic
Advance and Correlation among different characters in tomato (Solanum
lycopersicum L.). Int. J. Environment Agriculture Biotechnology 3 (4).

Soko, D.F., Siéné, L.A.C., Coulibaly, L.F., Sanoko, F.K., Koné, M., Ake, S., 2018.
Caractérisation agro-morphologique de cinq variétés de Cucurbitacées cultivées
dans la région de Korhogo (Côte d’Ivoire). J. Animal Plant Sciences 37 (2), 6033–
6040.

Sumathi, P., Madineni, S., Veerabadhiran, P., 2010. Genetic variability for different
biometrical traits in pearl millet genotypes (Pennisetum glaucum LR BR.).
Electronic J. Plant Breeding 1 (4), 437–440.
3674
Tomar, R.S., Kulkarni, G., Kakade, D., Patel, A., Acharya, R., 2008. Genetic variability,
correlation and path analysis in muskmelon (Cucumis melo L.). Asian J.
Horticulture 3 (1), 158–161.

Torkadi, S., Musmade, A., Mangave, K., 2007. Genetic variability studies in
muskmelon (Cucumis melo L.). J. Soils Crops 17 (2), 308–311.

Visscher, P.M., Hill, W.G., Wray, N.R., 2008. Heritability in the genomics era—
concepts and misconceptions. Nat. Rev. Genet. 9 (4), 255–266.

Whitaker, T.W., Davis, G.N., 1962. Cucurbits : Botany, cultivation, and utilization.
Interscience Publishers, New York.

Zoe, F., Lledó, M., Juan, O., Francisco, V.-M., 2011. A Model for Qualitative Colour
Description and Comparison. Int. Workshop Qualitative Reasoning, 17–24.

Zomlefer, W.B., 1994. Guide to flowering plant families. University of North Carolina
Press, Chapel Hill and London.

Zoro Bi, I.A., Koffi, K.K., Djè, Y., 2003. Caractérisation botanique et agronomique de
trois espèces de cucurbites consommées en sauce en Afrique de l’Ouest :
Citrullus sp., Cucumeropsis mannii Naudin et Lagenaria siceraria (Molina)
Standl. Biotechnol. Agron. Soc. Environ. 7 (3–4), 189–199.

http://refhub.elsevier.com/S1319-562X(22)00140-1/h0240
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0240
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0240
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0240
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0245
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0245
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0245
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0250
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0250
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0250
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0250
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0255
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0255
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0255
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0260
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0260
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0260
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0265
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0265
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0270
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0270
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0275
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0275
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0280
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0280
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0285
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0285
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0290
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0290
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0290
http://refhub.elsevier.com/S1319-562X(22)00140-1/h0290

	Characterization of cultivated pumpkin (Cucurbita moschata Duchesne) landraces for genotypic variance, heritability and agro-morphological traits
	1 Introduction
	2 Materials and methods
	2.1 Experimental site
	2.2 Plant material
	2.3 Experimental design
	2.4 Data collection
	2.5 Data analysis

	3 Results
	3.1 Phenological parameters
	3.2 Growth parameters
	3.3 Characterization of leaves, flowers and fruits
	3.4 Seed characterization
	3.5 Analysis of relationships between descriptors
	3.6 Genetic variability
	3.6.1 Genotypic and phenotypic variance
	3.6.2 Coefficients of genotypic and phenotypic variation
	3.6.3 Heritability in the broad sense
	3.6.4 Expected genetic gain


	4 Discussion
	4.1 Phenological parameters
	4.2 Growth parameters
	4.3 Characterization of leaves and fruits
	4.4 Seed characterization
	4.5 Analysis of relationships between descriptors
	4.6 Genetic variability

	5 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	Appendix 
	References


