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Abstract. Furgan M, Suranto, Sugiyarto. 2023. Population study of Cucurbita moschata based on morphological characters and isozyme
banding patterns in Bima District, West Nusa Tenggara, Indonesia. Biodiversitas 25: 30-38. Pumpkin is a tropical plant that benefits
from its lipid, protein, carbohydrate, and mineral contents. The morphological characters of pumpkins can be influenced by their
genetics and environment. This research aimed to examine the relationship among 9 accessions of Cucurbita moschata Duchesne from 9
locations in Bima district, West Nusa Tenggara (NTB) province, Indonesia. The morphological characters of stems, leaves, and flowers
were analyzed qualitatively and quantitatively and an ANOVA was used to look at the difference of leaf and flower characters.
Polyacrylamide gel electrophoresis (PAGE) with peroxidase and esterase was used to detect isozyme banding patterns. Morphological
characters and isozyme data were analyzed using a UPGMA method with NTSYS version 2.0 software to construct a dendrogram. The
results show evidence of the varied morphological appearance of C. moschata from the different locations. A total of 12 esterase bands
and 10 peroxidase bands were detected from Wera2. An undetected band with Rf value of 0.567 was recorded, while a unique band with
Rf value of 0.133 (peroxidase) was not detected. Undetected bands with Rf values of 0.645 and 0.726 of esterase were also recorded. A
dendrogram showed three clusters of 9 accessions studied, in which Wera2 and Wera3 each stood alone, and a third large group was
formed from the 7 remaining accessions. These results confirm the uniqueness of the Wera2 and Wera3 accessions. These results would

be good information in determining a management strategy for improving the quality of pumpkins in the future.
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INTRODUCTION

Cucurbita moschata Duchesne, known commonly as
pumpkin, is a tropical plant that is beneficial for consumption
due to its content of lipids, proteins, carbohydrates, and
minerals, which are considered useful for human beings
(Suranto et al. 2015). The fruit contains secondary metabolites
(phenols and flavonoids), amino acids, and vitamins, such
as A, B, C, E and o-tocopherol, B-carotene (Tamer et al.
2010; Jacobo-Valenzuela et al. 2011). Pumpkin has several
varieties of usefulness for human beings, not only as a
staple food, but also for the diet of people with diabetes
millitus (DM). This usefulness is related to the low
carbohydrate content and it is easy to set (Suranto et al.
2015; Hidayati et al. 2018). According to Nagar et al.
(2018) and Quintana et al. (2018), the genotype of pumpkins
resulted in their different mineral nutrients, in which the
highest percentage of carbohydrate content was detected
from the pulps.

Cultivated pumpkins in Indonesia are varied based on
their morphological characteristics Pumpkin is easily grown
in various parts of Indonesia, including West Nusa Tenggara
(NTB), a region with varied environmental conditions. The
occurrence of plant variations can be easily observed by
looking at the appearance of morphological characters,
such as leaf shape and flower color. However, when the

complexity of morphological appearance within one
species is evident, other plant characters may need to be
tested to determine whether the varied characters are due to
environmental or genetic influences. When such a
phenomenon occurs, an experimental approach such as a
transplant experiment can be applied to see whether
environmental factors or plant plasticity are found to play a
part in the plant life cycle (Suranto 2002). One method that
can be used to detect genetic influences is molecular
experiments to test the DNA, protein, or isozymes of plants
(Suranto et al. 2023). Molecular genetics is found to be
more stable and are not usually affected by unfavorable
environmental conditions (Indriani et al. 2008).

One useful marker that is often used in the study of
plant variation is plant isozyme data. These data can be
used to identify individual plants within a population and to
classify plant varieties of certain species (Na’iem 1996;
Bhandari et al. 2016; Suranto et al. 2017). The appearance
of isozyme banding patterns of plants within a single
species may indicate polymorphism. The presence of such
data can be interpreted as genetic variability (Cahyarini et
al. 2004; Mahfudz et al. 2010). The use of plant isozyme
data for the identification and classification of plants has
been employed in Ranunculus nanus (Suranto 2002), Cassia
auriculata (Siva and Khrisnamurthy 2005), Oryza sativa
(Widiyanti et al. 2008), almond (Colic et al. 2010),
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Amorphophallus (Anil et al. 2014), and C. moschata (Jiang
et al. 2023). Accordingly, studies of C. moschata using
genetic markers were conducted by Lee et al. (2021) and
Putri et al. (2023) testing their genetic structure and genetic
diversity respectively.

Based on the complexity of morphological characteristics
of pumpkin varieties in Indonesia, mainly in Wes, it is
highly crucial to prove whether these varied features are
actually based on genetic (isozyme banding pattern). This
research aimed to examine the relationship among 9
accessions of Cucurbita moschata from 9 locations in Bima
District, West Nusa Tenggara (NTB), Indonesia.

MATERIALS AND METHODS

Source of plant materials

All plants used in this study were collected from Bima
district, West Nusa Tenggara province, Indonesia. A total
of 27 plants were sampled from 9 locations within the 3
subdistricts, namely Bolo, Langgadu, and Wera (Figure 1).
Thus, 3 plants were selected from each location.
Environmental conditions, such as altitude, light intensity,

Table 1. Environmental condition of plant materials used in the study

air temperature, relative humidity, and soil pH in 3 subdistricts
were documented (Table 1). All the data were taken
between January and March 2018.

Plant materials

In order to ensure a similar level of maturity and
development of the plant samples, only flowering plant
leaves were used for morphological observations. For
isozyme banding patterns analysis, the seeds obtained from
3 subdistricts of Bima district were planted in the greenhouse
of the Department of Biology, Universitas Sebelas Maret,
Surakarta, Indonesia from July to September 2018. A total
of 45 polybags were used which contained soil and
compost with a ratio of 3:1. Seeds were sown from 9
different locations of pumpkin cultivated in Bima district.
The seeds were watered once every 2 days and fertilizer
was applied twice a month. When the plants had reached
the 5-leaf foliage phase, the samples were ready to be
harvested for electrophoretic purposes. The seedling
experiment was conducted to ensure that isozyme samples
were always ready for the electrophoretic process throughout
the project.

Locations Environmental parameters
(subdistrict)  Altitude (m asl.) Light intensity (lux) Air temperature (°C) Relative humidity (%) Soil pH
Bolo 18 150300 40.2 42 7
38 106000 37.3 49 7
78 88040 34.2 60 7
Langgudu 59 119300 38.2 45 7
72 103800 36.3 55 7
82 90380 35.4 58 7
Wera 124 83910 32.6 70 7
127 70160 32.2 72 7
149 56500 30.8 75 7
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Figure 1. Source of plant materials in 3 subdistricts of Bima District, West Nusa Tenggara (NTB) province, Indonesia. (Note: Subdistricts:

I: Bolo, II: Langgudu, Il1: Wera)
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Procedures

The research procedures of morphological observation
and isozyme banding pattern analysis are explained as
follows:

Morphological observation

The field observation of morphological characters was
carried out in 3 subdistricts of Bima district. The
observations of stems, leaves, and flowers were carried out
between January and March 2018. Stem observations
consisted of color, shape, stripe surface, hairness, length
and diameter of stem; leaf observations included shape,
apex, margin, basal, venation, color, length and width of
leaves, length and diameter of petiole; and flower
morphological characters consisted color, total number of
calyx and petals, and length of pedicels.

Isozyme banding patterns analysis

Electrophoretic observationsAll the procedures for
analyzing the isozyme banding patterns and preparing the
solution for the electrophoresis were adopted from Suranto
(2001). Peroxidase and esterase were employed for analyzing
the banding patterns of isozymes. Vertical electrophoresis
was chosen and polyacrylamide gel (PAGE) was used.
Two buffer solutions were prepared. A tank buffer was
used for electrophoretic purposes and an extraction buffer
was prepared for extracting the samples. The tank buffer
was made by diluting 14.4 g of boric acid and 31.5 g of
boric powder in 2 L of distilled water. Meanwhile, the
extraction buffer was prepared by adding 0.018 g of cysteine,
0.021 g of ascorbic acid, and 5 g of sucrose to 20 ml of pH
8.4 tank buffer. The extraction buffer was kept in a cold
room while not in use.

Two sock solutions were prepared. Stock A solution
was prepared by diluting 4.5 g of TRIS (Hydroxymethyl)
Methylamine (PURISS), 0.51 g of citric acid in 500 mL of
distilled water, and stock B solution was made by mixing
30 g of acrylamide, 0.80 g N N'-methylene-Bis-Acrylamide
with 100 mL of distilled water. The two solutions were
kept in a cold room for making the acrylamide gel. The gel
casting was done by mixing 5 mL of stock solution A and 2
mL of stock solution B with 5 yL TEMED and 7 uL APS
(10%), then shaking gently before pouring the solution into
the casting gel.

To obtain the best quality sample, 1 g of fresh leaf was
crushed on a mortar containing 1 mL of extraction buffer.
The sample was then centrifuged for 3 minutes at 4000
rpm. Supernatants were used for the electrophoretic purposes.
During this experiment, the mortar was kept in a cold
condition to avoid enzyme degradation. For running the
PAGE, 7 puL of the resulting supernatants were loaded in
each well of acrylamide gel. A constant voltage of 80 volts
was used for 60 minutes. The power supply was turned off
when the dye solution reached 5 mm above the basic line
of the gel.

Staining the gel

The peroxidase isozyme was made by diluting 0.0125 g
of O-Dianisidine in 2.5 mL of acetone solution, and then
adding 20 mL of acetate buffer (pH 4.5). Before pouring

the solution into the gel, 2 drops of H.O. were added. The
gel was soaked for 15 minutes until the band pattern
appeared. The gel was then rinsed using distilled water and
the pictured band was photographed. The esterase staining
was carried out by diluting 0.025 g of 1-naphthyl acetate,
and 0.0125 g of fast blue BB salt in 2.5 mL of acetone
solution before adding 20 mL of phosphate buffer pH 6.5.
The gel was soaked in the esterase enzyme solution for 1 to
3 hours until the band pattern appeared, and the gel was
then rinsed using distilled water.

Data analysis

Morphological character data were analyzed both
qualitative and quantitative. The qualitative analysis was
conducted by observation or descriptive explanation, while
the quantitative analysis was performed by analysis of
variance (ANOVA). ANOVA was performed by Duncan’s
multiple range test (p<0.05) using SPSS 20.0 version software
for measured quantitative morphological characters data to
test the significance of variation among accessions (Suratman
et al. 2016; Pitoyo et al. 2018; Muzzazinah et al. 2021;
Suratman et al. 2022).

The movement of bands was calculated based on the Rf
(Retardation factor) (Lehmann et al. 1989). In detecting the
isozyme banding patterns, the presence and absence of the
bands were observed, as well as the thickness of the bands.
A similarity dendrogram of the accessions was constructed
based on the morphological characters and isozyme banding
patterns by applying an Unweighted Pair Group Method
with Arithmetic Averages (UPGMA) cluster analysis using
Numerical Taxonomy and Multivariate Analysis System
(NTSYYS) Version 2.00 (Rohlf 1998).

RESULTS AND DISCUSSION

Morphological characters
Stems

The slightly diverse microclimate conditions in each of
the sampling locations showed small variations in the
morphological appearance of C. moschata. This can be
interpreted as evidence that microclimate contributes to
morphological appearance, although many other factors
may also influence this condition. In general, a pentagonal
stem shape was recorded in all the sample locations,
although there were slight variations in stem color and stem
surfaces. A bright green color was observed in plant stems
from subdistricts of Bolo and Langgudu, while plant stem
from subdistrict of Wera showed a dark green color.
Hairness of the stem surface was recorded as very dense,
with very smooth hairs, from subdistrict of Wera, while
rough, sparse hairs were observed on the stems from Bolo
and Langgudu subdistricts (Table 2). Significant differences in
stem diameter and stem length were also found (Table 3).
The longest stem of 19.100 cm was recorded from
subdistrict of Wera and the shortest of 10.667 cm from the
subdistrict of Bolo, while the largest diameter of 1.883 cm
and the smallest diameter of 1.250 cm were obtained from
subdistricts of Wera and Bolo, respectively.
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Table 3. ANOVA on quantitative morphological characters of C.
moschata stem from 3 different locations in Bima district

Location Stem characters (cm)
(Subdistrict) Length Diameter
Bolo 10.6672+1.641 1.250%+0.087
Langgudu 11.5302+0.606 1.350%+0.126
Wera 19.100°+1.735 1.883°+0.073

Note: Based on the Duncan Multiple Range Test (DMRT), the
numbers followed by the different letters in the same row are
significantly different, P<0.05

Leaves

The leaf morphology of pumpkin was quite uniform
(Figure 2). There were no significant differences in shape,
apex, lateral or basal leaves, or leaf venation. However,
variations were observed in leaf color. The leaf shape of
this species is orbicularis with 5 lobes, apex acuminatus,
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margin serratus, basal leaf emarginate, and wvenation
palminervis. Light green leaves were observed from
Langgudu subdistrict, while dark green leaves were found
from Wera subdistrict. In addition, light green leaves with
small white dots on the venation were detected from Bolo
subdistrict (Table 4).

The length and width of leaves varied slightly, but no
variations were observed in length and diameter of petiole
(Figure 2). The longest leaf of 13.200 cm and the widest
leaf were recorded from subdistrict of Wera, while the
shortest leaf of 10.733 cm and the smallest width of 11.333
cm both came from subdistrict of Bolo. The longest leaf
petiole of 11.067 cm and the biggest diameter of 0.833 cm
were from subdistrict of Wera, while the shortest petiole
was recorded from subdistrict of Bolo and the smallest
diameter of petiole was accession from subdistrict of
Langgudu (Table 5).

Table 2. Qualitative morphological characters of C. moschata stem from 3 different locations in Bima district

Location Stem characters
(Subdistrict) Color Shape Stripe surface Hairness
Bolo Light green Pentagonal Clear Rough, short, seldom
Langgudu Light green Pentagonal Clear Rough, short, seldom
Wera Dark green Pentagonal Not really clear Smooth, short, dense

M e e

Figure 2. Morphological characters of C. moschata from 3 different locations in Bima district. Notes: I: Bolo, II: Langgudu, II1: Wera
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Table 4. Qualitative morphological characters of C. moschata leaf from 3 different locations in Bima district

Location Parameters of morphological character of leaf
(Subdistrict) Shape Apex Margin Basal Venation Color
Bolo Orbicularis  Acuminatus Serratus Emarginate  Palminervis  Light green leaves with small white dots
Langgudu Orbicularis  Acuminatus Serratus Emarginate  Palminervis  Light green
Wera Orbicularis  Acuminatus Serratus Emarginate  Palminervis  Dark green

Table 5. ANOVA on quantitative morphological characters observation of C. moschata leaf from 3 different locations in Bima district

Location Parameter (cm)

(Subdistrict) Length Width Length of petiole Diameter of petiole
Bolo 10.733a+0.404 11.333a+0.291 9.900a+0.069 0.817a+0,.033
Langgudu 12.333bc+0.601 15.367bc+0.536 10.000a+0.681 0.783a+0.017
Wera 13.200bc+0.231 15.967bc+0.788 11.067a+1.601 0.833a+0.044

Note: Based on the Duncan Multiple Range Test (DMRT), the numbers followed by the different letters in the same row are

significantly different, P<0.05

Table 6. ANOVA on quantitative morphological characters of C. moschata flowers from 3 different locations in Bima district

Parameter (cm)

Diameter of flower Length of pedicel

Location
(subdistrict) Length of petal
Bolo 7.867%+0.176
Langgudu 7.8672+0.240
Wera 7.400%+£0.642

13.267°+0.569 8.0672+0.961
13.200°+0.808 6.267%+0.696
12.733%+1.157 6.567%+1.189

Note: Based on the Duncan Multiple Range Test (DMRT), the numbers followed by the different letters in the same row are

significantly different, P<0.05

Flowers

The observation of 3 flower characters, namely length
of petal, diameter of flower, and length of pedicel, showed
no significant differences (Figure 2). However, the longest
petal of 7.86 cm was recorded from Bolo subdistrict. The
biggest flower diameter of 13.267 cm and the longest
flower pedicel of 8.067 cm were also found at this location.
Conversely, the shortest petal of 7.400 cm and the smallest
flower diameter of 12.733 cm were recorded from the
subdistrict of Wera, while the shortest length of pedicel of
6.267 cm was recorded from Langgudu subdistrict.

No significant differences were observed in the appearance
of flower characters, especially the total number of sepals
and petals. The only difference noted was the orange
flower color in the sample collection from subdistrict of
Wera, while flowers from the other two subdistricts of Bolo
and Langgudu were characterized by a yellow and yellow
to orange color. This attractive orange flower color needs
to be examined further to determine whether this accession
could be a potential subspecies. Further details of the
morphological characters of leaves, flowers, fruits, and
seeds are presented in Figure 2.

Isozyme banding patterns

The results of peroxidase isozyme analysis showed
slight differences in the banding patterns formed in 3
subdistricts in Bima district (Figure 3). There were Rf
value differences in samples collected from different
locations. Ten isozyme bands of peroxidase were identified.

The bands ranged from Rf values of 0.017 to 0.567. The
typical common Rf bands for all the locations sampled
were 0.017, 0.033, 0.067, 0.100, 0.433, and 0.567. However,
variations in band thickness were observed. It was
interesting to note that the band appearance from the
different altitudes varied in thickness with lower altitudes
showing a more intense band thickness than higher
altitudes. The subdistrict of Bolo which has a lower altitude,
and Langgudu with a medium altitude presented thicker
bands compared with the highest altitude of Wera (Table
1). A unique appearance was also recorded for the band
with Rf value of 0.133 which was absent (not detected) in
the population from Bolo subdistrict.

The results of peroxidase isozyme analysis recorded
much better and clearer bands than the esterase analysis,
particularly for accessions of 3, 5 and 6 (Figure 4).
Thirteen bands were recorded for the esterase isozymes,
with a range between 0.016 and 0.758. Common bands
were found at all sample locations (Rf: 0.016; 0.097; 0.113;
0.226; and 0.565) with varied thicknesses. Certain bands
were found to be absent in particular locations. Bands with
an Rf value of 0.387 were not detected in the subdistrict of
Wera, while bands with Rf values of 0.516 and 0.758 were
absent in Bolo subdistrict. In addition, the bands in
different altitudes showed variations in thickness. Bands in
lower altitude (Bolo) and medium altitude (Langgudu)
showed thicker bands than in the highest altitude (Wera).
This may lead to the speculation that plant altitude can
potentially influence the expression of enzyme activities.
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Figure 3. Peroxidase isozymes of C. moschata leaf samples collected from Bima district. Note: I. Bolo, II. Langgudu, 11l. Wera. The
isozyme banding patterns presented in this picture were repeated at least 4 times during electrophoresis
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Figure 4. Esterase isozymes of C. moschata leaf samples collected from Bima district Note: I. Bolo, II. Langgudu, 11l Wera. There

were 3 accessions in each subdistrict

Cluster analysis among C. moschata accessions
Combined morphological data and banding patterns
obtained from peroxidase and esterase isozyme analysis
were used to construct a dendrogram. Nine accessions from
3 subdistricts were analyzed to understand their relationships.
In general, there were 3 clusters of pumpkins with a
coefficient similarity of 0.660 (66.0%). The cluster | consisted
of 7 accessions, Bolol and Bolo2 were grouped at the same
position (0.83) followed by Langgudul (0.80), Langgudu2
(0.74), and Weral (0.73). Another subcluster was shown by
Bolo3 and Langgudu3 with similarity coefficient of 0.785.
Two other distinct clusters were occupied by Wera2 and
Wera3 with a coefficient similarity of 0.70. From this
dendrogram, it is clear that Wera3 stands alone at 0.66
compared with the other groups which consist of 8 accessions.

Discussion

The environmental conditions observed, such as altitude,
light intensity, air temperature, and relative humidity varied
widely, while pH remained stable (Table 1). The relative
humidity was recorded as decreasing along with increasing

light intensity. Meanwhile, light intensity was seen to
decrease from the lower altitude to the higher altitude.
Environmental conditions have been found to have a direct
or indirect influence on the growth and development of
plants. Gong et al. (2018) reported that changing the
environmental conditions could cause plants to adapt both
morphologically and physiologically. These adaptation
processes have the potential to result in both qualitative and
quantitative variations in the plant’s morphological characters
(Hidayati et al. 2018). According to Muthumani et al.
(2013), altitude influences the degree of light intensity,
temperature, rainfall, relative humidity, as well as wind
velocity. Reducing the light intensity would cause a
decreased temperature due to increasing altitudes. Meanwhile,
increasing the relative humidity would by increasing
altitudes (Hidayati et al. 2018). Besides, the concentration
of oxygen and carbon dioxide in the air will also be
influenced by the altitude as well as the type and condition
of soils (Laily et al. 2012).
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Figure 5. The dendrogram among 9 accessions of C. moschata from district Bima, West Nusa Tenggara (Indonesia) using morphological

and isozyme markers

The stem diameter and internode length of pumpkins
growing at the highest altitude showed the highest values
compared with plants at the other altitudes. This may be
due to the reduced light intensity of plants growing at a
high altitude. According to Burkholder et al. (1936), plants
growing at lower altitudes tend to produce more auxin to be
distributed, as well as cell wall plasticity. The auxin
hormone can promote the elongation of plant stems and
cells.

In general, the size of leaves at the highest altitude was
smaller than those at lower altitudes. This may be due to
the slower photosynthetic process of plants in lower
habitats and the greater surface volume of plant leaf area
needed to catch the light intensity to maximize photosynthesis
(Pan et al. 2013). This condition can affect the development
of the leaf petiole, resulting in a smaller petiole size
(Hidayati et al. 2018). In addition, plant leaves growing in
low light intensity usually possesses a lighter green color.
This may be caused by the presence of a+b chlorophyll
which is used in the photosynthesis process (Majuakim et
al. 2014). Low light intensity can cause the ratio of a/b
chlorophyll to decrease, with a greater concentration of b
chlorophyll becoming more evident. This encourages
plants to improve their light efficiency by catching every
single area of photosynthesis (Ye et al. 2017). The existence
of chlorophyll can be interpreted as a sign of water
absorbing the red, blue, and violet lights which are then
reflected as green light, and transferred into the reaction
center of the photosynthesis process (Ng’etich et al. 2012).

The flower characters, particularly petal length, flower
diameter, and pedicel length appeared to show no significant
difference. However, flower diameter and pedicel length
tended to be smaller and shorter in plants growing at the
highest altitude (Yaqoob and Nawchoo 2017). This may be
caused by the fact that plants growing at a lower altitude
tend to flower early, and therefore the process of cell
division can occur more quickly than at other higher
altitudes (Frei et al. 2014). The flower color observed at the
highest altitude was brighter than at the other altitudes.

This phenomenon could be due to light intensity, which
affects the distribution of plant color pigment (Cruz et al.
2012).

The isozyme banding patterns of esterase, and peroxidase
displayed polymorphisms. The esterase isozymes produced
12 bands, most of which were varied. Meanwhile, 10 bands
of peroxidase were detected. In these examples, esterase
could be recorded as useful for providing isozyme data of
genetic variability, considering that polymorphism can
occur in the wider spectrum (Tiwari and Bakshi 2015).
This enzyme can be regarded as one of the crucial enzymes
that is highly suitable for differentiating plants (Rakshit et
al. 2011; Sumathi and Balamuragan 2014). As a genetic
marker, isozymes can be considered highly important in
polymorphic studies. The polymorphic validity of isozyme
data in studies of plant biodiversity has been shown by
Kumar et al. (2013). Moreover, a good point was made by
Khan et al. (2010), who stated that isozymes are a useful
marker for genetic polymorphism within the plant group
structure. The differences between isozyme banding patterns
can be interpreted as revealing the genetic diversity between
varieties of plants (Suratman et al. 2016). A related finding
was also reported by Suranto et al. (2019) in 10 cultivars of
sweet potato using peroxidase isozymes. Accordingly,
Restykania et al. (2019) also found isozyme variation
among madeira vine (Anredera cordifolia). Meanwhile,
Jiang et al. (2023) recorded that at least superoxide dismutase
(SOD), catalase (CAT), and glutathione reductase (GR)
could significantly enhance the activities of those
antioxidant enzymes.

The dendrogram shows that each cluster consists of
geographically related accessions. The grouping of
accessions does not always show similarity of geographic
origin, but may express genetic similarity. Diversity of
genetic data from several C. moschata accessions from
Asia, Africa, and America have been constructed, and the
highest genetic diversity was found in Africa and South
Asia, followed by the Mexico accessions. This finding may
be useful in providing a good valuable information in
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constructing the genetic structure of C. moschata germplasms
(Lee et al. 2021).

Recent studies conducted by Putri et al. (2023) using
ISSR markers employed several cultivars of C. moschata
and found that only 18.6% polymorphism rate was recorded.
The variability of pumpkin genetics can be partly explained
by their biotic and abiotic environmental factors. Various
conditions, such as geographic, climate, and reproduction
differences may explain the related diversities observed.
This can eventually be used to help maximize the efficiency of
collecting germplasm in the conservation of pumpkin
accessions (Suratman et al. 2013). One of the benefits of a
cluster analysis is to predict genetic similarity between
accessions and parental identification by conducting the
proper hybridization selection, and to obtain better accessions
by looking at the percentage of genetic similarity. For plant
hybridization, two or more similar compatible characters of
accessions can be used for the experiment (Prabha et al.
2010; Lombardi et al. 2014; Pitoyo et al. 2018).

In conclusion, the morphological characters and
environmental conditions of plants growing in different
habitats, together with their isozyme banding patterns, are
considered to be useful as additional data in helping to
understand the occurrence of genetic variability of pumpkin
accessions. A dendrogram showed three clusters of 9
accessions studied, in which Wera2 and Wera3 each stood
alone, and a third large group was formed from the 7
remaining accessions. These results confirm the uniqueness
of the Wera2 and Wera3 accessions. This would be good
information in determining a management strategy for
improving the quality of pumpkins in the future.
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