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Table 1. Name and code of the studied watermelon accessions

iy 03 g5 (’L Ly 0345 (b Ly 0345 (b
Code Population Code Populationname Code  Population name
name
G1 2 G11 ¥ i G21 NV
Rabor Sefid2 Sefid
G2 ;Jf G12 BY15) G22 W yde S
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G5 sl G15 &5 ea gl G25 35
Baft Hrjrag village Yazd
G6 L5007 e Gl1e6 s o G26 J
Aliabad Sabzevar Boushehr
zarand
G7 BT, G17 (b o G27 Sb Ol 5
Sarkar Aghaei Binam Khorasan Razavi
G8 REPw G18 B G28 Ol by Ol
Soghan Sistan Balochestan
G9 A3 G19 C G29 Olgio!
Esfahan
G10 Y i G20 D G30 s
Sefidl Gazvin

JH 03 e Ml a el
Lincoln & Lander,) Mapmaker V. 3.25
ad) 9o 4 4 5 «(1993; Liu & Muse, 2005
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1Ward’s Minimum Variance method
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Table 2. Analysis of variance for different traits of the studied watermelon accessions
based on completely randomized block design

Sl Sl
Mean of Squares
Sl e ey Shdsb skee PR NG S P - PR WIE FE s s Bl o 8 sl
Source of  sl;T Seed Seed Seed Leaf Internode Number of Number of Number of
variation dr length width diameter length distance male flowers leaf nodes
&Sl 2 0.0008 0.0013 0.0001 0.49 0.06 915.51 2324.23 7.51
Block
o5 29 0.19™ 0.039™ 0.006™ 14.57° 4.69" 615.48™ 1733.8™ 73.7°
Cultivar
oLzl 58 0.001 0.0013 0 0.314 0.1 248.6 613.36 21.022
Error
Sl ks o 5.22 6.36 24.17 35.58 3.98 0.13 7.26 7.21
Ccv

.\r\guluoer,v._Qr{gup_urw.u%ug_urw.ﬁ.\.cw(.}m\x»‘._“**u*ubm

ns, *, ** are, respectively, non-significant and significant at 5 and 1 % probability levels

A
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Figure 1. Dendrogram of the 30 studied watermelon ecotypes
using ward clustering method
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Table 4. Deviation of the cluster—analysis group means from the total mean

Che dsles 5 o8oke ol £s2 03,8 Sila ol o g3 038 ke O3l 03,8 Sile ol o
Trait IS oSt 5l J5 oSt 51 J5 oSt 51 IS oSt Sl e
Deviation of group  Deviation of group  Deviation of group 3 ~ Deviation of group
1 mean from the 2 mean from the mean from the total 4 mean from the
total mean total mean mean total mean
Shdb 0.012 0.087 0.067 -0.382
Seed length
ERUye 0.002 0.0025 0.044 -0.13
Seed width
FROE 0.022 0.0044 0.0002 -0.049
Seed diameter
&£ Ldb 0.11 1.029 -0.182 -1.76
Leaf length
0 Sl alols 0.078 0.355 -0.37 0.17
Internode
distance
5 J8 sl 15.67 7.48 -6.7 -23.37
Number of male
flowers
&£ s 32.42 7.35 -12.79 -36.26
Number of leaf
oo 8 sl 4.54 1.77 -0.82 -9.22
Number of nodes
Sd A 05 0.63 0.21 0 -0.5
100- seed weight
050 Jsb 0.001 1.79 1.17 -8.5
Fruit length
o o 23 0.35 0 238
Fruit width
0 5en 0.21 0.73 0.73 -0.8
Fruit diameter
4l 0.95 -0.06 0.68 -3.4
pH
o3 )9 -1.79 -2.13 0.67 0.54
Fruit weight
a8 055 -1.43 0.53 -0.41 0.42
Flesh weight
S gy Calied -0.34 0.23 -0.15 0.02
Thickness of

pericarp
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Figure 2. Graphic representation of genetic diversity of the
30 watermelon ecotypes using principal component analysis based on the 16 studied traits.
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Table 6. Coefficient of phenotypic variation (CVPh), genotypic variation (CVG)

and environmental variation (CVE), the ratio of the genetic variation to environmental
variation (CVG/ CVE ), broad sense heritability (h?)
of the studied traits in the different watermelon accessions

o CVG CVE CVPh CVG/ CVE h2
Trait
b
Seed length 17.956 2.324 18.1060 7.724 98.351
PR
Seed width 13.622 3.771 14.134 3.61 92.880
oy s
Seed diameter 20.868 4.400 21.326 4.74 95.742
sk
Leaf length 13.471 3.425 13.900 3.93 93.928
o Sk ol
Internode
distance 15.024 3.868 15.514 3.88 93.783
5 Jf Sl
Number of
male flowers 37.943 49.994 62.762 0.75 36.548
df_,: sl
Number of leaf 32.810 38.960 50.935 0.84 41.494
6o S slun
Number of
nodes 22.375 24.862 33.448 0.89 44.749
o e 0
100-seed
weight 21.980 6.5760 22.943 3.34 91.784
ose Jsb
Fruit length 35.132 4.016 35.361 8.74 98.710
o5 P
Fruit width 17.363 5.448 18.198 3.18 91.036
osn kb
Fruit diameter 3.588 5.959 6.956 0.6 26.612
!
pH 17.55 5915 18.524 2.96 89.801
050 OJ3
Fruit weight 30.757 24.226 39.1530 1.26 61.713
RERT
Flesh weight 45.923 14.293 48.095 3.21 91.168
Sy Caalinns
Thickness of
pericarp 27.908 4.792 283172 5.82 97.136
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Table 8. Correlation coefficients between the studied traits of the different watermelon ecotypes

x1 x2 x3 x4 x5 X6 x7 x8 x9 x10 x11 x12 x13 x14 x15
x2 | 0.74"
x3 | 028 0.273
x4 | 0.024 -0.011 0.103
x5 | -0.143 -0.05 -0.068  0.483
x6 | 0.27 0.148 0.35 0.17 -0.05
x7 | 0277 0.172 0.3 0.185 0.097  0.572°
x8 | 0317 0.21 0.50 0.268 0.198  0.546" 0.613"
x9 | 00137  -0.12 0.183 0.254 -0.067 0219 0.145 0.276
x10 | 0.849" 0.663" 0.407"  0.035 -0.312  0.343  0.3189 0.374 0.158
x11 | 0.228 -0.016 -0.072  0.019 -0.042 0.233 0409  0.148 0.089 0.106
x12 | 1.235" 1.005" 0.753" 0.502" 0.292  0.305 0.482 0.729 -0.0005 0.92° 0.078
x13 | 047" 0.436" 0325 0.28 0.151 0.123 0.225 0313 0.116 0374 0283 0.106
x14 | 0.067 -0.041 0.058 0.189 0.058 0.197 0.283  0.178 0.074 0.171 0.39 0.063  0.256
x15 | 0.274 0.194 0.38 0.181 0.158 0382 0399 042 0.121 0311 0428 0017 0424 0.5769"
x16 | 0.214 0.058 -0.103  -0.003  -0.084 0.008 0.086 0.106 0.269 0.149 0.38 0.27 0313 0.078 0.152
Fruit diameter o g s :X13 pH @ dewl : X9 Internode distance o Sl ol X5 Seed length & Jsb : X1
Fruit weight g 053 :X14 100-seed weight S e 035:X10 Number of male flowers ; £ slax :X6 Seed width ,4 5 ,¢ X2
Flesh weight s 055:X15 Fruit length o5 Jsb X11 Number of leaves & sl X7 Seed diameter ,4, L5 X3
Thickness of pericarp <o s culs :X16 Fruit width o5 oo 1 X12 Number of nodes sl o § slaas X8 Leaf length <5 , J,b X4
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Introduction

Watermelon (Citrullus lanatus) is a tropical or semi-tropical plant and is considered
to be a rich source of antioxidant compounds. China is the leading producer of
watermelon in the world followed by Turkey, United States, Iran and Republic of
Korea. The study of genetic diversity is important not only for the conservation
of plant materials, but also for the utilization of the heterosis phenomenon in the
breeding programs to produce hybrid seeds with high heterosis in yield, which
have greater adaptability and tolerance to biotic and abiotic stress environmental
conditions (Abdolinasab & Rahimi, 2017). The province of Kerman is one of
the most important regions for watermelon cultivation and production in Iran. In
the present study, we used the multivariate statistical analysis based on several
morphological and economically important physiological characteristics to evalute
the variaton in thirty ecotypes of watermelon that had been collected from different
parts of Kerman province.

Material and Methods

The collected ecotypes were cultivated in a completely randomized block design

with three replications in Kerman. Sixteen morphological and physiological traits
were evaluated. Analysis of variance, estimation of the descriptive statistical

Email address of the corresponding author: m.abdolinasab@gmail.com
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parameters, cluster analysis, the discriminant and the principal component analysis
(PCA), the correlation between traits and the cophenetic correlation coefficient
were calculated using different statistical software packages. Components of
variance and coefficients of genotypic, phenotypic and environmental variation,
also broad sense heritability were calculated with the corresponding formulas.
Results & Discussion

Analysis of variance revealed significant differences among the investigated traits.
Correlation between fruit weight and most of the traits was positive. The length,
width and diameter of seeds, which directly affected the seed yield exhibited a
positive correlation with this trait. Therefore, they can be viewed as beneficial traits
in terms of increasing seed yield. Also, the fruit length, width and diameter as well
as flesh weight, which are important yield components in increasing fruit weight,
successful variety showed a positive correlation with this trait and can lead to the
selection to increase seed and fruit yields. Cluster analysis using ward method
classified the studied ecotypes into four groups. Based on the principal component
analysis, the first and second components, with characteristic root of higher than 1,
justified more than 92 percent of the total variation. The first component represented
leaf number trait and the second component represented male flower number trait.
NaroeiRad et al., 2010 showed that fruit length, fruit width, fruit weight and yield
were the most important traits in the first component and fruit number and seed
weight were the most important traits in the second component. Also, Huhl et al.,
2008 showed that length, width and weight of fruit were the traits with the greatest
importance in the first component. Seed and fruit length traits had the highest
heritability (98 %) and the lowest heritability (26 %) was associated with fruit
diameter trait. The results of this study showed a great deal of diversity among
the morphological traits in the studied ecotypes. The accessions had been divided
into four groups in which group 1 produced the highest seed yield. Therefore,
the accessions of this group can be used to enhance yield. The Hejrag accession
showed the minimum length, width and diameter of seeds, as well as the lowest
weight, suggesting that it could be used in the production of small-size seed seed
cultivars in breeding programs.

Conclusion

This study showed that the quantitative traits are a useful tool for preliminary
evaluation of genetic diversity in watermelon ecotypes. Based on correlation
analysis, the traits including seed diameter, male flower number, number of
leaves per plant, number of nodes, fruit length, fruit diameter and fruit weight
had positive association with flesh weight. Selection of parent plants should be
based on the wider inter-cluster distance and superior mean performance for fruit
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yield and quality in four distinct groups. The ecotype Yazd was superior for pH,

flesh weight and thickness of pericarp, so it can be included in further breeding

programs for developing superior varieties. Also, the Neyshabor accession showed
the maximum seed length, width, diameter and 100-seed weight, making it suitable
for the production of large size seed cultivars.

Keywords: Water melon, Cluster analysis, Principal component analysis,

Correlation
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