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Abstract Genetic diversity in 50 snake melon
accessions collected from Palestine (West Bank) was
assessed by examining variation in 17 phenotypic
characters. These accessions belonged to four impor-
tant landraces of Cucumis melo var. flexuosus: Green
“Baladi” (GB), white Baladi (WB), green Sahouri
(GS), and white Sahouri (WS). Principal component
analysis (PCA) and a dendrogram were performed to
determine relationships among populations and to
obtain information on the usefulness of those charac-
ters for the definition of cultivars. PCA revealed that
secondary fruit skin color, flesh color, primary fruit
skin color, and secondary skin color pattern were the
principal characters to discriminate melon accessions
examined in the present study. According to the scatter
diagram and dendrogram, landraces of C. melo var.
flexuosus: GB, WB, GS, and WS formed different
clusters. However, based on Euclidean genetic coef-
ficient distances, GB and WB had the least degree of
relatedness with GS and WS, indicating distantly
related landraces (Baladi and Sahouri). On the other
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hand, the highest degree of relatedness was detected
between WS on one hand, and both GS and WB on the
other indicating closely related cultivars. Fruit traits
variability among the different snake melon landraces
was evaluated and discussed in this study. This
evaluation of fruit trait variability can assist geneticists
and breeders to identify populations with desirable
characteristics for inclusion in cultivars breeding
programs.
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Introduction

Melon (Cucumis melo L., family Cucurbitaceae) is a
morphologically diverse crop with very polymorphic
fruit types (Fanourakis et al. 2000; Forouzandeh et al.
2010). The classification of the crop was discussed by
Hammer and Galdis (2014), they cited 18 groups
belonging to 2 subspecies: subsp. agrestis (Naud.)
Pangalo and subsp. melo (Hammer and Gladis 2014),
10 in subspecies agrestis (var. acidulus Naud., var.
agrestis Naud., var. chate (Hasselq.) Sageret, var.
chito (Morren) Naud. var. conomon (Thunb.) Makino,
var. dudaim (L.) Naud., var. momordica (Roxb.)
Duthie et Fuller, var. texanus Naud., var. makuwa
Makino), and 8 in subspecies melo L. (var. flexuosus
(L.) Naud., var. inodorus H. Jacq., var. cantalupensis
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Naud. (var. cantalupo Ser.), var. reticulatus Ser., var.
adana Pangalo, var. ameri Pangalo, var. chandalak
Pangalo, and var. tibish Mohamed).

The snake melon C. melo L. var. flexuosus (L.)
Naud., is one of the ancient horticultural crops in many
parts of the world including Palestine (Greben-
shchikov 1986; Walters and Thieret 1993). Landraces
of var. flexuosus (known locally as “Fakous Baladi”,
in Arabic) have earned their common name “snake
melon” from their slender and almost bent and twisted
fruits (Pitrat et al. 2000). They are traditionally
cultivated in the Mediterranean area, and are an
important horticultural, mainly rain-fed, crop in
Palestine, with particular relevance for the economy
of the rural communities of Palestine (PCBS 2009).

Landraces and their wild relatives represent genetic
resources, essential for crop breeding. They harbor
precious genetic variation that constitutes a “safety
valve” against evolving diseases, pests and climatic
changes, maintaining long-term food security and
sustainability of plant production (Simmonds 1993).
Landraces of “Fakous Baladi” snake melon are grown
in the open field on significant scale in Palestinian
villages, where they exhibit considerable genetic
variation for traits with economic importance, e.g.,
yield, fruit characteristics, good climatic adaptation,
pest reaction, maturity, and some stress tolerance
which allow their survival and adaptation to harsh
conditions and low input cultivation (Dhillon et al.
2007; Mohammed 2009; Fergany et al. 2011). In
Palestine; four sub-cultivars of C. melo var. flexuosus
are grown “White Baladi” (WB), Arabic: “Baladi
Abiadh”, “Green Baladi” (GB), Arabic: “Baladi
Akhder”, and “White Sahouri” (WS), Arabic:
“Sahouri Abiadh”, and “Green Sahouri” (GS),
Arabic: “Sahouri Akhder” (Fig. 1) (PCBS 2010).
However, local melon genetic resources are currently
being lost due to severe genetic erosion caused by the
replacement of local varieties by improved varieties
and improper management.

The diversity of C. melo has been analyzed using
several morphological traits and molecular markers
(Nhi et al. 2010; Fergany et al. 2011; Nasrabadi et al.
2012; Trimech et al. 2013). Molecular markers
provide complete morphological and pomological
data because they are plentiful, free of tissue and
environmental factors and allow for cultivar identifi-
cation in the early stages of development (Kagcar et al.
2012). In 1977 Esquinas-Alcazar conducted
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preliminary study to determine genetic relationships
of melon using isozymes (McCreight et al. 2004),
following in 1996, Katzir et al. (1996) developed the
first simple sequence repeats (SSR) markers in mel-
ons. The molecular characterization of melons was
performed using techniques including cleaved ampli-
fied polymorphic sequences (Zheng et al. 1999),
amplified fragment length polymorphism (AFLP)
(Yashiro et al. 2005), random amplified polymorphic
DNA (RAPD) (Stepansky et al. 1999; Mliki et al.
2001; Staub et al. 2004; Nakata et al. 2005; Sensoy
et al. 2007; Tanaka et al. 2007; Soltani et al. 2010) and
SSR (Tzitzikas et al. 2009; Kagar et al. 2012). Several
studies were conducted to compare between different
types of molecular markers to determine the genetic
diversity of melons. Silberstein et al. (1999) revealed
molecular variation by restriction fragment length
polymorphism (RFLP) and RAPD, Stepansky et al.
(1999) used RAPD and inter-simple sequence repeat
for intraspecific classification; while Lopez-Sesé et al.
(2002) assessed between and within accession varia-
tion in Spanish melon germplasm by RAPD and SSR.

No systematic work has been undertaken until now
to collect, describe and evaluate native snake melon
germplasm in Palestine and the loss of snake melon
landraces is an ever present danger. To increase the
usefulness of snake melon germplasm for melon
conservationists, breeders and growers, the morpho-
logical and molecular characterizations of snake
melon are required. Therefore, a survey of the genetic
diversity is necessary to encourage rational manage-
ment and selection programs involving the local snake
melon germplasm. The aim of the present study was to
determine the agro-morphological variation in four
local varieties of snake melon to provide useful
information to facilitate the choice of genitors for
snake melon breeding program.

Materials and methods
Plant material and descriptors

The study was performed on 50 accessions of C. melo
(Fakous Baladi) collected from Palestine between
April-July, 2014 (Tables 1, 2; Fig. 2). Data were
collected on morphological (both qualitative and
quantitative) characters of snake melon which
included flower, stem, fruit and seed. A descriptor list
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Fig. 1 Representative fruits of snake melon accessions A “Green Baladi” (GB), B “White Baladi” (WB), C “White Sahouri” (WS),

D “Green Sahouri” (GS)

Table 1 Geographic distribution of sampled melon fields and varieties in the West Bank—2014

Variety Districts
Jenin Tubas Tulkarem Qalagilia Nablus Salfit Ramallah Hebron Bethlehem
Green Baladi 0 0 6 6 4 0 0 0 0
White Baladi 8 0 0 0 1 3 0 0 0
White Sahouri 0 1 0 0 1 0 9 7 0
Green Sahouri 0 0 0 0 0 0 0 0 5
Total fields 8 1 6 6 6 3 9 7 5

with a set of predefined morphological characters was
adopted from Stepansky et al. (1999), International
Plant Genetic Resources Institute (IPGRI) (2003) and
Soltani et al. (2010) and was refined and used in
characterization. In total, 17 traits including 5 quan-
titative and 12 qualitative characters were recorded
(Table 3).

Morphological characters were recorded using ten
plants in each field. Ten immature fruits were
harvested from each field, where the following traits
were scored: fruit shape, fruit length from stem end to
blossom, width at the broadest point, predominant and
secondary skin color and pattern which covers the
primary and secondary largest surface area of the fruit,
skin texture, fruit flesh color (FC) and taste, fruit

weight and presence or absence of fruit hair. For
flower characterization five plants from each field
were evaluated for flower size, sex type, and ovary
shape and pubescence length. For stem characteriza-
tion the hair density and stem thickness at fifth node of
the main stem was measured. The genotypes were also
harvested upon maturity; seeds were extracted from
the ten mature fruits from ten plants and evaluated for
hundred seed weight.

Finally, with the aim to compare together qualita-
tive and quantitative data, a numerical transformation
was applied to traits such as fruit shape, predominant
and secondary skin color and pattern, skin texture,
fruit flesh, color and taste (sweet, non-sweet), presence
or absence of fruit hair, sex type, ovary shape and hair
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Table 2 Details of snake
melon accessions used in
the present study
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SL no. Fields Collection site District Variety Cluster
10 BERC-TA12 Anabta Tulkarm GB 1
11 BERC-TA13 Anabta Tulkarm GB 1
12 BERC-TA14 Anabta Tulkarm GB 1
13 BERC-TBI15 Beat Lead Tulkarm GB 1
14 BERC-TB16 Beat Lead Tulkarm GB 11T
15 BERC-TK17 Kour Tulkarm GB I
16 BERC-QHI18 Hajjah Qalgilia GB 1
17 BERC-QH19 Hajjah Qalgilia GB 1
18 BERC-QH20 Hajjah Qalgilia GB m
19 BERC-QJ21 Jeat Qalgilia GB 11
20 BERC-QJ22 Jeat Qalgilia GB 1
21 BERC-QG23 Gensafoot Qalgilia GB 111
22 BERC-NT24 Til Nablus GB 1
23 BERC-NT25 Til Nablus GB I
24 BERC-NT26 Til Nablus GB 1
27 BERC-NF29 Sabastiah Nablus GB 1
1 BERC-JBO1 Bear al-basha Jenin WB 11
2 BERC-JZ03 Zababdeh Jenin WB 1I
3 BERC-JZ04 Zababdeh Jenin WB I
4 BERC-IMO05 Meslyeh Jenin WB I
5 BERC-IM06 Meslyeh Jenin WB I
6 BERC-JAO7 Mythaloon Jenin WB 1I
7 BERC-JA09 Mythaloon Jenin WB 1I
8 BERC-JA10 Mythaloon Jenin WB I
25 BERC-NF27 Al-Fara’a Nablus WB 11
28 BERC-SD30 Dear Baloot Salfit WB 1I
29 BERC-SD31 Dear Baloot Salfit WB 1I
30 BERC-SD32 Dear Baloot Salfit WB 11
9 BERC-UAI11 Aqqgaba Tubas WS I
26 BERC-NF28 Al-Fara’a Nablus WS 1
31 BERC-RT33 Trmosayah Ramallah WS 1
32 BERC-RT34 Trmosayah Ramallah WS 1
33 BERC-RS35 Senjel Ramallah WS 1
34 BERC-RS36 Senjel Ramallah WS 1
35 BERC-RB37 Batonia Ramallah WS 1
36 BERC-RB38 Batonia Ramallah WS I
37 BERC-RA39 Dear Ammar Ramallah WS 1
38 BERC-RA40 Dear Ammar Ramallah WS 1
39 BERC-RA41 Dear Ammar Ramallah WS 1
40 BERC-HB47 Beat Kahel Hebron WS 1
41 BERC-HO48 Beat Ola Hebron WS 1
42 BERC-HH49 Halhol Hebron WS 1
43 BERC-HHS50 Halhol Hebron WS 1
44 BERC-HD51 Dora Hebron WS I
45 BERC-HD52 Dora Hebron WS 1
46 BERC-BT53 Taqoa’a Bethlehem GS 1
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melon accessions used in
the present study 47 BERC-BT54 Taqoa’a Bethlehem GS I

48 BERC-BB55 Beit Sahour Bethlehem GS 1

49 BERC-BB56 Beit Sahour Bethlehem GS 1

50 BERC-BB57 Beit Sahour Bethlehem GS 1
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Fig. 2 Sampling sites in the West Bank

density (Table 3). In particular, a numerical value,
ranging from 1 to k (k equal to number of classes), was
assigned to each phenotypic class established, detect-
ing different degrees of trait expression.

Data analysis of vegetative and horticultural traits
The Shannon—Weaver diversity index (H') for quali-

tative and quantitative traits was estimated as follows
(Hutchenson 1970):

H = (pilog,pi)
i=1

where, p; is the proportion of individuals in the ith
class of n—class trait and n is the number of phenotypic
classes for a given trait. The estimates of diversity
index values for each trait (H') was divided by logen
for standardization of values of H' within 0 to 1
interval. An Euclidean distance Matrix was generated
from morphological data and used as input data for
cluster analysis based on unweighted pairgroup
method of arithmetic average (UPGMA). All the
original data were transformed into standardized data
to eliminate the difference in the variance of each
character. Principal component analysis (PCA) was
performed to generate a cluster diagram. Eigenvalue
and contribution percentage of each principal compo-
nent axis were calculated using the correlation matrix
among 9 characters for 50 accessions. All computa-
tions were performed using the Unscrambler 10
software (CAMO) and SPSS 16.0.

Results
Morphological traits variation

Out of the 17 traits studied in this work, seven were
monomorphic and ten polymorphic. The monomor-
phic phenotypic classes were observed in fruit shape,
skin texture, fruit hair, sex type, ovary shape and
pubescence length and hair density. All collected fruits
were elongated with wrinkled hairy skin. Also, all
accessions possess flowers with ovaries covered with
short pubescence, and stems with medium hair
density. In addition, all accessions possess flowers
with ovaries covered with short pubescence, and stems
with medium hair density. The frequency distribution
of polymorphic phenotypic classes for the five
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Table 3 Morphological characters measured in snake melon collections

Character  Character Character and descriptive value References

no. code

1 PFSC Predominant fruit skin color: 1 (white), 2 (green) IPGRI (2003)

2 SFSC Secondary fruit skin color: 1 (white), 2 (pale green), 3 (green) IPGRI (2003)

3 SSCP Secondary skin color pattern: 1 (no secondary skin color), 2 (striped) IPGRI (2003)

4 FC Flesh color: 1(white), 2 (pale green) Stepansky (1999)

5 T Taste: 1 (insipid (non-sweet)), 2 (sweet (low)) Stepansky (1999)

6 STH Stem thickness: 1 (<7.5 mm), 2 (7.6-9 mm), 3 (9.1-10.5 mm) Stepansky (1999)

7 MES Male flower size: 1 (<20 mm), 2 (20.1-25 mm), 3 (25.1-30 mm) Stepansky (1999)

8 FS Fruit size: 1 (<100 g), 2 (100.1-150 g), 3 (150.1-200 g) IPGRI (2003)

9 FLWR Fruit length/width ratio- Fruit length/width ratio [L/W]: 1 (<5), 2 (5.1-7.0), 3 (7.1-9) IPGRI (2003)

10 FSH Fruit shape: 1 (oblate), 2 (elongate) IPGRI (2003)

11 ST Skin texture: 1 (wrinkled) 2 (ribbed) Stepansky (1999)

12 FH Fruit hairs: 1 (presence), 2 (absence) Soltani 2010

13 STY Sex type: 1(monoecious, plant bears staminate and pistillate flowers), 2 Stepansky (1999)
(andromonoecious, with staminate and perfect flower)

14 OS Ovary shape: 1 (flat), 2 (round), 3 (long), 4 (very long) IPGRI (2003)

15 OPL Ovary pubescence length: 1 [short (<1 cm)] 2 [intermediate (1-5 cm)], 3 [long IPGRI (2003)
(>5 cm)]

16 HD Hair density: 1 (sparse), 2 (medium), 3 (dense) Stepansky (1999)

17 SwW Seeds weight: 1 (2.5-3.25 g), 2 (3.3-4.0 g), 3 4.1-48 g) Stepansky (1999)

qualitative traits is shown in Fig. 3. These qualitative
traits showed marked differences in their distribution
and the amount of variation.

Two phenotypic classes were recognized for each
of the following traits: predominant fruit skin color
(PFSC), secondary skin color pattern (SSCP), FC, fruit
taste (FT); the sweet FT, the white PFSC, the white
FC, and without SSCP were more predominant among
all genotypes (Fig. 3).

Three classes of the secondary fruit skin color
(SFSC) were found within the snake melon collection:
white, pale green, and green. The white SFSC was
rare. The pale green was dominant reaching 44 % of
all accessions, followed by the green (32 % and white
(24 % SFSC. Overall, the polymorphic qualitative
traits showed considerably high diversity indices (H')
ranging from 0.97 for SFSC to 0.99 for SSCP.

Distribution of quantitative traits
For each quantitative trait evaluated, the descriptive
statistics including mean, maximum and minimum

and coefficient of variation (CV) values are summa-
rized in Table 4. Among all quantitative traits

@ Springer

recorded, stem thickness, male flower size (MFS),
fruit size, fruit length/width ratio, and hundred mature
seed weight (SW) showed relatively low CV values
ranging from 13.6 to 32.9. About 52 % of the
accessions had medium stem thickness and fruit
length/width ratio. Accessions differed in fruit size
from large size (20 %, to medium (48 %, 24), to small
size (32 %), with the fruit length/width ratio ranging
from 3 to 9 among all genotypes. Also, accessions
differed in seed weight from large (23 %) to medium
(44 %) to small weight (33 %). All quantitative traits
showed high diversity index ranging from 0.78 for
MES and 0.97 for SW.

Principal component analysis (PCA)

The current study assessed the diversity of 50 snake
melon populations collected in the West Bank,
Palestine, using 10 selected qualitative and quantities
characters (Table 3). A large genetic variability was
observed in the Cucumis genotypes with respect to
fruit skin and FC (Fig. 4). PCA was used to evaluate
and describe the variation in snake melon accessions.
The percentages of variation explained by the first
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Fig. 3 Diversity indices and frequencies for polymorphic qualitative fruit-related traits recorded from the 50 Cucumis melo var.

flexuses accessions from Palestine. H', diversity index

three components were 33.41, 22.02, and 11.54 %,
respectively. The principal characters with higher
Eigenvectors that delineated the accessions into sep-
arate groups in the first two components included
SESC, FC, PFSC, SW, T, and FLWR (Table 5).
Figure 4 shows the scattering of 50 snake melon
accessions and component scores of the first and the
second principle components. The formed clusters are
mainly related to variation in PFSC, SFSC, FC, SW
(with H' 0.98, 0.97, 0.98 and 0.97, respectively) in
principal component 1, and SSCP, T, and FLWR (with
H' 0.99, 0.98, and 0.91, respectively) in principal
component 2 (Table 5). From Fig. 4, it was clear that
three clusters were formed from snake melon acces-
sions. By these components, accessions from WS and
GS varieties which have striped pale green secondary
skin pattern; grouped in cluster I. Also, accessions
from WB local landrace with white PFSC, SFSC, FC

and have no SSCP clustered in cluster II. Cluster III
comprised accessions from GB variety with green
PFSC, and SFSC, pale green FC and have no SSCP.

A detailed description of the snake melon fruits
used in the present study is provided in Table 6. The
range of variability of phenotypic characters in terms
of maximum, minimum and mean values are presented
in Table 7. The results depicted some variation in
phenotypic traits among the four snake melon culti-
vars (GB, WB, GS, and WS). Fruit size (g) and fruit
length/width ratio were larger in WB (131.5, 7.3) and
GB (115.56, 6.0) compared to WS (108.9, 4.8) and GS
(104, 4.2) varieties.

Clustering analysis

Based on
estimate

the Euclidean genetic distances to
the level of relatedness between
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Table 4 Measured characteristics, range of variability, means and coefficient of variability and frequency distribution of the 50
snake melon accessions from Palestine

Variables Min. values Mean Max. values CV % Frequency of traits distribution H
Small Medium Large
Stem thickness (mm) 5 8.32 11 14.04 0.34 0.52 0.14 0.89
Male flower size (mm) 15 23.06 31 13.61 0.12 0.66 0.22 0.78
Fruit size (g) 53 115.96 201 32.99 0.32 0.48 0.2 0.93
Fruit length/width ratio 3 5.74 9 23.03 0.3 0.52 0.18 091
Seed weight (g) 2.6 3.6 4.80 15.6 0.33 0.44 0.23 0.97
H' High diversity index
Scores
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Fig. 4 Cluster diagram constructed on the basis of the two principle components axes, which contain 55 % of total variation

WS31; GB17 and WS40; WS41 and GB18-20;
GS46 and WB4,5, WB7,8, and WB30; GS47, and
WB30, and WB6; GS48, and WB2, and WB29;
GS49, and WBI1, and WB28; and GS50, and
WB29,and WB35 were the least genetically related
genotypes (distance = 4.2).

accessions, pair-wise Euclidean distances ranged
from O to 4.2 among all accessions (Table 8). WB3
and WBS8; WB4 and WB7; GB10 and GB21; GB15
and GB23; GB16 and GB27; and WS33 and WS44
accessions were the most genetically related geno-
types (distance = 0). On the other hand GB24 and
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Table 5 Contribution X loadings PC-1 PC-2 PC-3

percentage and major

characters associated with Explained proportion of variation (%) 33.41 22.02 11.54

g;‘;l‘;‘(r;‘znﬁtfgfrslg"g;{)n Cumulative proportion of variation (%) 33.34 55.36 66.90

accessions and their Traits* Eigenvectors

Eigenvectors SFSC 0.910* —0.066 0.153
FC 0.905* 0.252 0.210
PFSC 0.881* 0.275 0.242
SSCP —-0.232 —0.833* 0.281
FLWR —0.111 0.794* —0.464
T —0.179 0.552* 0.334
STH —0.371 0.005 0.583*
FS —0.184 0.381 0.486

* Significant factor loading MES 0382 0.479 0.171

(values above 0.5) SW 0.644% ~0.252 —0.152

% As in Table 3

The generated UPGMA dendrogram has discrim-
inated the collected accessions into three main clusters
(cluster I, II, and III) (Fig. 5). The first main cluster
(I) contained accessions that mainly collected from the
southern Palestine (Fig. 2). It was divided into two
sub-clusters (Ia and Ib). Ia comprised accessions from
WS with distance coefficient ranging between 0 and
3.7. Subcluster Ib contained accessions from GS with
distance coefficient ranging between 1.4 and 2.4. The
second and third main clusters (I, and IIT) comprised
accessions that were mainly collected from northern
Palestine with distance coefficient ranging between 0
and 3.2. All accessions from WB, and GB were
discriminated in separate clusters, II, and III,
respectively.

Discussion

Palestinian snake melon landraces are cultivars of
domesticated agricultural plant species C. melo var.
Sflexuosus which have developed over a long period of
time and as a result have adapted to the local natural
environment in which they live. It has been a
widespread practice of Palestinian snake melon
growers to save seeds from their crops annually for
the following year’s cultivation. The seeds would
come from selected plants that were best suited to the
local conditions and over generations of selective
breeding, a few cultivars have been developed with
different traits across the country (Ali-Shtayeh and
Jamous 2005, 2006).

In this study, seventeen quantitative and qualita-
tive well defined traits were selected in order to
characterize snake melon cultivars grown Palestine
(Stepansky et al. 1999; IPGRI 2003; Soltani et al.
2010). All snake melon cultivars fruits share the
elongated shape, hairy skin and wrinkled skin
texture. They also possess flowers with ovaries
covered with short pubescence, and stem with
medium hair density. Morphological differences
and similarities in fruit, flower, seed, and stem
among the four cultivars were detected. The GB and
GS accessions share the green PFSC and pale green
FC, whereas accessions of WB and WS share the
white PFSC and FC. Also accessions belonging to
the GB and WB genotypes share the absence of
SSCP compared with WS and GS accessions which
have striped SSCP. Overall, all selected quantitative
traits, and polymorphic qualitative traits revealed
intermediate to high diversity index (H') ranging
from between 0.78 for MFS and 0.97 for SW. These
relatively high diversity indices are mainly con-
tributed to either the presence of more than two
phenotypic classes or the even distribution of the
classes of the individual traits. The variation in
Palestinian snake melon populations reflects the
heterogeneous and heterozygous nature of snake
melon landraces compared to commercial varieties.
Obvious differences were observed in fruit shape
and dimensions and fruits color and shape. Simi-
larly, genetic variability among flexuosus accessions
from Greece (Staub et al. 2004), and Jordan (Abdel-
Ghani and Mahadeen 2014) was previously reported.
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Table 7 Variability in some quantitative traits of Palestinian snake melon local landraces
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Max.
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108.9 £ 36
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257 +£29

7 10
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197
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115.56 £ 42.0 96

28
201
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62

MEFS
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104.0 £+ 43.6

166

61

183

42 +£038
3.62 £ 0.1

48 +08 3

4

73 £09
315+ 05

6

6 £ 0.6
383 £ 0.6

FLWR 5

3505 35

4.6

2.8

4.4

2.7

4.8

2.6

SW

% As in Table 3

Morphological and pomological traits considered
in this study showed a large variability for the
Palestinian snake melon cultivars. Results of the
PCA based on 5 qualitative and 4 quantitative traits
showed that 67 % of the total variability is accounted
by the first three PCs. The fruit traits including FLWR,
PFSC, SFSC, SSCP, T, 100-seed weight, and FC were
of high discriminating level and were consistent in
their contribution in the first two components and
therefore could be used for snake melon characteriza-
tion. The SFSC and FC were the most discriminative
traits among the morphological traits used (Eigenvec-
tors = 0.9 in the PC 1). On the other hand, STH and
FS traits were consistently present in the third and
fourth components and therefore contributed less to
the total genetic variation present among snake melon
genotype. Studies based on morphological and pomo-
logical traits conducted for snake melon in Jordan,
Tunisia, and Turkey found, respectively, 39.9 %
(Abdel-Ghani and Mahadeen 2014), 89.8 % (Trimech
etal. 2013), and 44 % (Sensoy et al. 2007) of the total
variability. Characters related to fruits were powerful
for studying the genetic diversity of local landraces of
snake melon in Palestine. Results showed that, among
these characters, some were good criteria for discrim-
inating between cultivars (PFSC, SFSC, FC SSCP, T,
and FLWR). Similar results were reported by Abdel-
Ghani and Mahadeen 2014 in snake melon collection
in Jordan and by Henane et al. (2013) in snake melon
collection in Tunisia.

In the dendrogram generated by morphological
characters, similar accessions in terms of fruit color
characteristics have positioned in similar clusters. All
accessions from GB genotype were separated from the
other genotypes mainly based on SFSC. Besides green
PFSC, pale green FC, and absence of SSCP con-
tributed to discriminate GB from other landraces. The
white SFSC trait clustered WB genotype accessions
together. Similarly, WS and GS landraces clustered
together based mainly on pale green SFSC and striped
SSCP. GS genotype was discriminated from WS
forming two subclusters (Ia and Ib) based mainly on its
green PFSC and pale green FC.

The cluster analysis showed high degree of diver-
sity in the germplasm of Palestinian snake melon.
Among the cultivars with the same names, there is a
similarity between WS and GS (av distance coeffi-
cient = 3.1) and between WB and GB. However, the
levels of similarity observed were not high enough to
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Table 8 Snake melon Distance coefficient Pairwise accessions Site of collection District Cluster
accession with minimum
and maximum relatedness 0 WS33 Senjel Ramallah 1
based on their Euclidean WS44 Dura Hebron
distances
0 WS37 Deir Ammar Ramallah 1
WS39
0 GB16 Hajja Qalgilia 1
GB27 Sebastia Nablus
0 GBI15 Kour Tulkarm il
GB23 Til Nablus
0 GB10 Anabta Tulkarm 11T
GB21 Jeensafout Qalgilia
0 WB3 Zababdeh Jenin 11
WBS Maithaloun
0 WB4 meslyeh Jenin 1I
WB7 Maithaloun
4.2 WS40 Beit Kahel Hebron 1
GB17 Hajja Qalgilia 1
4.2 WS41 Beit Ola Hebron 1
GB18 Hajja Qalgilia 1
GB19 Jeet Qalgilia 1
GB20 Jeet Qalgilia 1
GS46 Taqoa’a Bethlehem I
4.2 WB4 Meslyeh Jenin 1I
WBS5 Meslyeh Jenin 1I
WB7 Maithaloun Jenin 11
WB8 Maithaloun Jenin 1I
WB30 Deir BalLout Salfit 1I
4.2 GS47 Taqoa’a Bethlehem 1
WB30 Deir BalLou Salfit 11
WB6 Maithaloun Jenin II
4.2 GS48 Beit Sahour Bethlehem 1
WB2 Zababdeh Jenin 1I
WB29 Deir BalLou Salfit 1I
4.2 GS49 Beit Sahour Bethlehem 1
WBI1 Bear al-basha Jenin 11
WB28 Deir BalLou Salfit 1I
4.2 GS50 Beit Sahour Bethlehem I
WB29 Deir BalLou Salfit 11
WB35 Petonia Ramallah 1I

believe that they are synonymous. WB vs GS and WB
vs GS are the most genetically distant cultivars. On the
other hand, WS vs WB, and GS vs GB and WS have
shown to be the most genetically related cultivars.

Both cultivars WS and WB have almost the same
characteristics of the PFSC, and differed mainly by the
fruit secondary skin color and SSCP, Both cultivars
GS and GB have a similarity in terms of the PFSC and
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Fig. 5 UPGMA
dendrogram (based on
squared Euclidian distance)
of 50 snake melon
accessions performed using
morphological and
pomological characters

White Sahouri Fakous <

Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num +---==----- Fmm Fmmm Fmmm o +
/Ws33 33
Ws44 44
Ws32 32
Ws45 45
WS38 38
WS35 35
Ws40 40 é

Green Sahouri Fakous

White Baladi Fakous <

Green Baladi Fakous <

GB10
GB21
GB18
GB15
GB23
GB12
GB22
GB24
GB19
GB20

FC, and differed mainly by the PFSC and FC. This
suggests that WS may have evolved from WB, and GS
from GB.

Thus, it has become obvious that the method of
seed-saving practiced by local farmers has maintained
genetically diverse crops cultivars namely GB, WB,
GS, and WS that are particularly suited to growing in
their local environment under rain-fed agriculture.
These plants have now become a valuable genetic
resource for future generations. This practice of seed
collecting has been largely maintained in Palestine,
since highly modified crop varieties have been
unhelpful, and were generally not well adapted to
the local environment and rain-fed agriculture.

Most traits screened in this study are with economic
interest especially those related to the fruit quality that
serve as target traits for plant breeders and snake

@ Springer
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melon growers and consumers in addition to their
importance in snake melon characterization (Decker-
Walters et al. 2002; Kristkova et al. 2003; Jose et al.
2005).

Some desirable phenotypic classes recognized in
the immature fruit included straight shape, sweet taste,
skin colors, and crispy or soft texture are critical for
fresh snake melon consumption and consumers’
preferences (Stepansky et al. 1999). Marketable fruit
shape, dimensions, and weight are the most important
characters that attract growers and meet their interests
and also of great importance in packing and trans-
portation. Based on the results, it would be possible to
select favorable fruit shape index and weight that
meets consumers’ needs (Stepansky et al. 1999). The
immature fruit shape index (FLWR) and fruit weight
(FS) varied among the studied snake melon
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accessions. Fruits of accessions from GS and WS
landraces have relatively short, straight, stout, crispy
textured fruits with light yellow color or light green
skin. Such traits are favorable to consumers and
traders because of their importance in packing,
transportation, food processing (e.g., pickling, stuff-
ing... etc.), and longer shelf-life. Therefore, priority
was given for collection, evaluation and conservation
of these landraces, a situation which may threaten the
biodiversity among the local cultivated landraces of
snake melon. Presence of pubescence might be
associated with plant resistance to insects in plant
species; more pubescence is less preferred for egg
laying (Gillman et al. 1999).

The characters adopted in this study could be used
to establish a catalog of local snake melon cultivars.
The concordance between the results of PCA and
cluster analysis showed that morphological and
pomological analysis can provide reliable information
on the variability in snake melon. The overall analysis
of all traits brings out a wide diversity in plant material
that may have important implications for genetic
resources management. This diversity could be due to
the antiquity of the culture in this region and particular
cultural practices (e.g., rain-fed agriculture, self-
saving of seeds) (Ali-Shtayeh and Jamous 2006).
More interest has been focused on the diversity since it
was known that the domestication of snake melon
occurred independently in different areas especially
around the edge of the Mediterranean. Thus, it is very
interesting to conduct the proper management of these
genetic resources. This can be addressed by different
tools such as the establishment of ex situ collections.
The on-farm conservation can ensure the sustainabil-
ity of these resources. It is also possible to explore the
techniques of tissue culture as an alternative as future
protocols for in vitro micropropagation and even cell-
cultured snake melon can be developed. Further
studies are needed involving chemical, biochemical,
and molecular markers (Raman et al. 2011; Kacar
etal. 2012). They would clarify the genetic variation at
the molecular level in these cultivars.
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