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ABSTRACT

Understanding the phenotypic variation, correlation, and identification of important
agronomic traits will speed up the selection efficiency of elite melon materials for nutritious
hybrid melon breeding in Vietnam. This study utilized three approaches viz, correlation
analysis, principal component analysis, and cluster analysis methods to investigate the
primary and secondary relationships of the main agronomic traits affecting the yield and
quality of 20 muskmelon materials originated from Taiwan-China, India, Thailand, and Japan
in the Spring and Autumn season 2021 in Gia Lam, Ha Noi. The results showed that the
highest significant positive correlation at p < 0.001 was observed between fruit weight (FW)
and fruit length (FL) (0.744**%), fruit diameter (FD) (0.716***) and fruit thickness (FT)
(0.527***), A total of ten quantitative traits could be reduced to just four components, which
could explain more than 90% of the total variation. The first four traits viz, FW, FL, FD, and
FT contributed more than 90% of their cumulative contribution, these principal component
values representing genetic characteristics of eight agronomic traits. Hierarchical clustering
based on principal component analysis showed that 20 muskmelon materials were divided
into three distinct groups in the Spring season and four distinct groups in the Autumn
season. To the best of our knowledge, this is the first report on applying dimension reduction
methods to investigate phenotypic variability in muskmelon materials in Vietnam.

Keywords: Muskmelon, variability, correlation, principal component analysis, cluster
analysis.

Received: 18 August 2022; revised: 12 September 2022; accepted: 21 November 2022.

1. INTRODUCTION

With sweetness, delicious, and nutritious,
muskmelon (Cucumis melo L. is widely
grown around the world [1]. In Vietnam, with
great economic potential, muskmelon has
been cultivated in high-tech greenhouses and
polyhouses with an area constantly increasing
throughout the country. However, apart from
some muskmelon varieties such as TL3, King
KN, Queen KN, most of the high-quality
cantaloupe varieties are imported from
Thailand, Taiwan, and Japan. This poses a
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challenge to the selection and breeding of
domestic melon varieties, it is necessary to
develop domestic melon varieties soon to help
agricultural production have more choices and
actively produce seeds. As a result of high
growth vigor, uniform fruit size and shape,
and high yield with suitable quality, all
muskmelon growth in Vietnam were hybrid
varieties. The fundamentals in hybrid
muskmelon breeding were the collection,
screening, classification, development, and
selection of muskmelon inbred lines. Melons
have been bred and grown in nearly all of the
warmer regions of the world, leading to the
wide diversity of phenotypic traits, especially
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in terms of fruit traits such as size, shape, rink
thickness, flesh thickness, sugar content,
acidity, texture and aroma [2, 3, 4]. This wide
variety is a source for ongoing breeding and
genetic research aimed at mapping QTLs and
identifying genes that influence key
horticultural traits and consumer needs [5, 6,
7]. Many genetic studies using diverse
collections or isolated populations have
focused on fruit quality traits in melons,
including fruit size and shape [8].

Phenotypic evaluation is an important
method for selecting pure melon lines.
Keeping observed of all phenotypic traits
across a large breeding population is a
challenge for breeders. The principal
component analysis is an effective analytical
method to extract important information from
highly correlated phenotypic complex traits
while retaining the original information [9,
10]. Principal component analysis and cluster
analysis are believed to be effective in
multidimensional data processing, helping to
get the best approximation of the dataset from
which to draw important results in agricultural
research [10]. Understanding the correlation
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and identification of important agronomic
traits improves selection efficiency and more
accurately identifies promising melon lines for
target breeding programs.

This study applied principal component
analysis and cluster analysis to investigate the
primary and secondary relationships of the main
agronomic traits affecting yield and quality and
phenotypic diversity of 20 muskmelon materials
in the Spring and Autumn season 2021 in Gia
Lam, Ha Noi. The result of this study provided
valuable information for muskmelon pre-

breeding in Vietnam.
2. MATERIALS AND METHODS

2.1. Plant materials

Plant materials included 19 muskmelon
materials viz, MLO01, ML02, ML03, ML04,
MLO05, MLO06 originated from Taiwan, China;
MLO07, ML08, ML09, ML10, ML11 originated
from India; ML12, ML13, ML14, ML15
originated from Thailand; and ML16, ML17,
ML18, ML19 originated from Japan, with
check variety TL3 (Chanh Phong Agriculture
Co., Itd distributed).

2.2. Experimental design

i ()
5

D)

Segmentation

(E) Data extraction

Figure 1. Image-based phenotyping on muskmelon fruits

The experiment was arranged in a
randomized complete block design (RCBD),
with 3 replications in a polyhouse at Vietnam
National University of Agriculture, Ha Noi,
Vietnam in Spring and Autumn seasons of

2021. Experimental plot area was 12 m? (1.2 m
x 10 m), each seed sample was planted in 2
rows of 10 m long. Planting spacing was 60 cm
between rows, 55 cm between plants (24,000
plants/ha). Fertilizer application per ha viz
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1,400 kg of manure + 600-800 kg of
superphosphate + 1,000 kg of NPK (15-5-20) +
50 kg of urea + 50 kg of potassium chloride.
Each plant kept only one fruit for about 7-10
days after hand pollination. Ten important
agronomic traits were monitored namely:
harvest time (HT, day), fruit weight (FW, kg),
fruit length (FL, cm), fruit diameter (FD, cm),
fruit flesh thickness (FT, cm), rind thickness
(RT, cm), total soluble solids (TSS, °Brix),
seed number (SN, number of seeds/fruit),
seeds weight/fruit (SW, g), and thousand
seed weight (TSW, g).

Fruit length and fruit diameter were
extracted from the image taken by Canon
EOS 1500D, by BioVoxxel Toolbox on Image]
software. The main steps were described in
Figure 1.

2.3. Data analysis

Data were handled by Microsoft Excel,
and analyzed by the one-way ANOVA method
in Statistix 10. Descriptive statistics using
“rstatix” package, correlation analyzed by
“GGally” package in R 4.1.1. Principal
component analysis and  hierarchical
clustering based on principal component
analysis were performed by "factoextra' and
“FactoMineR’ packages in the R 4.1.1 [11].

3. RESULTS AND DISCUSSION

3.1. Descriptive statistics and correlation
analysis between investigated traits

Descriptive parameter results included
mean, minimum, maximum, standard
deviation, and coefficient of variation, and
statistically significant of 10 traits over two
seasons (Table 1). ANOVA showed that there
were statistical significant at p < 0.01 for all
investigated traits. Overall, these yield traits
showed high variability, and muskmelon
materials have a longer duration in Autumn
season compared with Spring season. HT of

muskmelon materials ranged from 73.0 days
to 79.0 days in the Spring season and ranged
from 78.0 days to 87.0 days in the Autumn
season. Fruitrelated traits namely FW, FL,
FD, FT are important economical parameters
in melon breeding program, affected both
demand and supply [12, 7]. FW of muskmelon
materials ranged from 1.4 kg to 2.9 kg in
Spring season and ranged 1.3 kg to 3.2 kg in
the Autumn season. FL fluctuated from 13.5
cm to 19.0 cm in Spring season and ranged
between 12.6 cm and 20.4 cm in the Autumn
season. FD of muskmelon materials ranged
from 9.2 cm to 14.5 cm in the Spring season
and ranged from 8.0 cm to 16.7 cm in the
Autumn season. FT ranged between 2.7 cm
and 4.2 cm in Spring season and ranged
between 2.5 cm and 3.9 cm in the Autumn
season. RT is affected by both genetic [13]
and cultivation methods [14]. RT ranged from
0.4 to 0.7 cm in Spring season and ranged 0.4
to 0.8 cm in the Autumn season. TSS is a vital
quality trait, governed by additive effects, can
be improvement through recurrent selection
[15, 4]. TSS ranged between 11.1 and 15.0 cm
in Spring season and ranged 12.1 to 16.0 in
Autumn season. SN, SW and TSW are
valuable traits of the fruit in terms of
taxonomy and evolution, also had a significant
effect the commercial product for melon seed
companies [16]. SN trait of muskmelon
materials ranged between 158.0 and 258.0
seeds/fruit in Spring season and ranged from
130.0 to 270.0 seeds/fruit in the Autumn
season. SW variated from 5.0 to 7.7 g in Spring
season and 5.8 to 8.3 g in the Autumn season.
TSW ranged from 20.9 to 459 g in Spring
season and ranged from 22.1 to 46.9 g in
Autumn season. Three traits viz, FW, SN, and
TSW showed highest variability with
coefficient of variation of FW reached 20.2 in
Spring season and 27.3 in the Autumn season,
SN had a coefficient of variation reached 22.0
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in Spring season and 19.5 in the Autumn Autumn season. Thus, selection on those
season, TSW had efficient variation and traits can be applied to select more suitable
reached 21.7 in Spring season and 21.1 in genotypes have more phenotypic variation.

Table 1. Descriptive statistics of eight agronomic traits over two seasons

p
FiKy

Trait Season Min | Max | Mean | Range Star.ld.'?lrd Coeffl.cu'ent of .Sta'tl'stlcal
deviation variation significance
0T Spring 21 | 73.0 | 79.0 | 75.5 6.0 1.8 2.3 **
Autumn 21 | 780 | 87.0 | 82.4 9.0 2.7 3.3 *x
W Spring 21 1.4 2.9 1.8 1.5 0.4 20.2 *x
Autumn 21 | 1.3 3.2 1.6 1.9 0.4 27.3 *x
FL Spring 21 13.5 | 19.0 | 16.2 5.5 1.6 9.8 *x
Autumn 21 | 126 | 204 | 154 7.8 2.2 14.5 *x
FD Spring 21 9.2 145 | 11.1 5.3 1.7 15.2 **
Autumn 21 | 8.0 | 16.7 | 10.4 8.7 1.9 184 *x
FT Spring 21 2.7 4.2 34 1.5 0.4 12.9 **
Autumn 21 | 2.5 3.9 3.2 14 0.4 13.3 *x
RT Spring 21 0.4 0.7 0.5 0.3 0.1 11.2 **
Autumn 21 | 0.4 0.8 0.5 0.4 0.1 174 *x
TSS Spring 21 11.1 | 150 | 13.1 3.9 1.2 9.2 *x
Autumn 21 | 12.1 | 16.0 | 13.7 3.9 1.3 9.7 *x
SN Spring 21 | 108.0 | 258.0 | 216.4 | 150.0 47.5 22.0 **
Autumn 21 | 130.0 | 270.0 | 226.2 | 140.0 44.2 19.5 *x
SW Spring 21 5.0 7.7 6.4 2.7 0.9 13.8 *x
Autumn 21 | 5.8 8.3 6.9 2.6 0.8 11.8 **
TSW Spring 21 | 20.9 | 45.9 | 30.6 25.0 6.7 21.7 *x
Autumn 21 | 22.1 | 469 | 31.6 24.8 6.7 21.1 *x
Note: ** mean statistically significant at p < 0.01.
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Figure 2. Correlogram chart for ten agronomic traits over two seasons

Note: ** mean statistically significant at p < 0.01; A21: Autumn season 2021; S21: Spring
season 2021.

Correlogram chart for ten agronomic Figure 2. The density distribution of each trait
traits over two seasons was presented in is shown diagonally with blue color indicating
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Spring season 2021 and pink color indicating
Autumn season 2021. At the topright of
Figure 2, a two-variable scatter plot is shown
while at the top, with the symbols *, ** ***
indicating statistical significance at P < 0.05, P
< 0.01 and P <0.001, respectively. The boxplot
on the right illustrates the difference between
two seasons. Knowledge of the correlation
between yield and its components can help
breeders to decide the selection pressures on
the traits involved in order to simultaneously
improve the vyield traits [17]. FW is a
polygenic inherited trait and governed by
many  genes, located on  different
chromosomes [4]. Overall, in this study, the
highest significant positive correlation at p <
0.001 was observed between FW and FL
(0.744***), FD (0.716***), and FT (0.527***)
suggesting that simultaneous selection of
these characters would lead to yield
improvement of muskmelon (Figure 2).

Variables - PCA

.................................

Dim2 (25.8%)

Dim1 (27.2%)

(A) Spring season 2021

Significant positive correlations at p <0.001
were also found between FL and FD
0.667***), FT (0.693***). This information
can be useful for future melon breeding
programs to obtain high yield muskmelon
varieties. For example, crosses can be made
between cultivars with large fruit. The above
results have served as a basis for the selection
of elite muskmelon materials by multivariate
method. Despite of HT of those muskmelon
materials in Autumn season were longer than
Spring season, the variation and FW and it
related traits were higher than Spring season.
The quality traits viz, TSS were also higher in
Autumn season compared with Spring season.
These results might due to the difference in
temperature between day time and night time
in the Autumn season in the North of Vietnam.

3.2. Principal component analysis
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Figure 3. Contribution of traits on the first two major components

By applying principal component analysis
(PCA), the most important characteristics in
the data set were revealed. PCA is a technique
that falls within the data framework of
multivariate statistical analysis. To determine
genetic variation and relationships between
muskmelon materials, PCA was used. Total of
8 quantitative traits could be reduced to just
four components, which could explain more

than 90% of the total variation. A PCA diagram
is presented based on the first two
components (Figure 3). The arrangement of
traits on PC1 and PC2 demonstrates that some
traits are highly correlated with each other as
seen in the overlap pattern of traits. Variables
on the same PC and next to each other
indicate a positive correlation between them,
and an increase in one will lead to an increase
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in the other. However, the traits at the opposing
ends are not correlated and an increase in one
point will decrease the other traits and vice
versa. In both seasons, based on the first
component, accessions exhibit high positive
component values representing relatively high
fruit weight (FW), fruit length (FL), fruit
diameter (FD), and fruit thickness (FT).

The market value of melons is influenced
by fruit quality in terms of fruit size, and fruit
shape [18, 1]. In both seasons, FW, FL, FD,
and FT which were fruit-related traits strongly
contributed to the total wvariation of 20
muskmelon materials. However, in the
Autumn season, the total of the two first
components achieved 55.2%, which was

slightly higher than the Spring season (54.0%)
(Figure 3). The first component, accounting
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for 27.2% of the total variation in the Spring
season and 35.3% in the Autumn season, was
closely related to fruit weight and fruit shape,
including fruit length, fruit diameter, and fruit
thickness (Figure 4). The first two
components accounted for 54% of the
morphological variation, and fruit length,
being the most important variable constituting
PC1. Kaur ef al (2022) [12] highlighted the
importance of fruit traits in muskmelon
breeding for yield improvement. The second
component, which accounted for 25.8% of the
total variation in the Spring season and 19.9%
in the Autumn season, was mainly correlated
with the characteristics of seed number (SN),
one-thousand seed weight (TSW), and seed
weight/fruit (SW) (Figure 5).
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Figure 4. Contribution of agronomic traits to PC1 in (A) Spring season, (B) Autumn season
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Figure 5. Contribution of agronomic traits to PC2 in (A) Spring season, (B) Autumn season

3.3. Cluster analysis

Diversity and the relationship between
traits are essential information in crop
improvement programs, and the success of
plant breeding programs relies heavily on the
existence of phenotypic variation and
inheritance for specific traits. In this study,
hierarchical clustering based on principal
component analysis was used to investigate

Cluster Dendrogram

genetic similarity. The euclidean distance was
used as a measure to measure this phenotypic
similarity among 20 muskmelon materials
based on 8 investigated traits. The
dendrogram showed 20 muskmelon materials
were divided into three distinct groups in the
Spring season and four distinct groups in the
Autumn season (Figure 6).
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Figure 6. Cluster dendrogram of 20 muskmelon materials in (A) Spring season,
and (B) Autumn season

Based on the phenotypic traits in the
Spring season, hierarchical clustering based
on principal component analysis showed three
major groups viz, the first group included 3
muskmelon materials (ML09, ML14, and
ML04), the second group included 5

muskmelon materials (ML06, ML03, MLO5,
MLO7, and ML17) and the largest third group
included 12 muskmelon materials along with
the check variety TL3. On the other hand,
based on phenotypic traits in the Autumn
season, hierarchical clustering based on
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principal component analysis showed four ACKNOWLEDGEMENTS

major groups viz, the first group included This study is part of a Key Science and
only one material MLO9 which showed the 7echnology project at the Vietnam National
highest fruits weight, the second group ppjversity of Agriculture: "A pilot study on
included 2 muskmelon materials (MLO05, and jmpa0e-pased phenotyping, building big data and
MLO7), the third group included 4 muskmelon gpp/ication in plant breeding” - code “T2021-41-
materials (ML18, ML17, ML10, and MLO3) 757p” The authors acknowledge financial
and the largest fourth group included 13 gyppors from Vietnam National University of

muskmelon materials along with check variety Aoricuiture.

TL3 (Figure 5). Those muskmelon lines
responded dynamically under two seasons,
responsiveness to the weather conditions, and
presented useful information for breeding
high adaptation muskmelon varieties in
Vietnam. Recently, hierarchical clustering
based on principal component analysis has
been used by Gong et al. (2014) [19] to study
diversity in apples. Igbal et a/ (2014) [20]
studied genetic diversity in tomato. To the
best of our knowledge, this is the first study
applied hierarchical clustering based on
principal component analysis to investigate
phenotypic diversity on the agronomic traits in
muskmelon in Vietnam.

4. CONCLUSION

This study investigated the phenotypic
diversity of 20 muskmelon materials in the
Spring and Autumn seasons based on ten
agronomical traits in Hanoi, Vietnam. Three
quantitative traits wviz, fruit weight, seed
number, and one-thousand seed weight
showed the highest variability. Fruit weight,
fruit length, fruit diameter, and fruit thickness
contributed more than 90% of their cumulative
contribution suggesting that those traits can
be used to classify muskmelon materials. The
result of this study is highly useful for
effective utilization of muskmelon germplasm,
provided a foundation breeding population for
the hybrid muskmelon breeding program in
Vietnam.

REFERENCES

1. Wang X., Ando K., Wu S., Reddy U. K,
Tamang P., Bao K., Hammar S. A., Grumet R,,
McCreight J. D. & Fei Z. (2021). Genetic
characterization of melon accessions in the
U.S. National Plant Germplasm System and
construction of a melon core collection.
Molecular Horticulture, 1(1): 11.

2. Burger Y., Sa’ar U, Paris H. S,
Lewinsohn E., Katzir N., Tadmor Y. &
Schaffer A. A. (2006). Genetic variability for
valuable fruit quality traits in Cucumis melo.
Israel Journal of Plant Sciences, 54(3): 233-
242.

3. Pereira L., Santo Domingo M., Ruggieri
V., Argyris ]., Phillips M. A., Zhao G., Lian Q.,
XuY., He Y., Huang S., Pujol M. & Garcia-Mas
J. (2020). Genetic dissection of climacteric
fruit ripening in a melon population
segregating for ripening behavior.
Horticulture Research, 7(1): 187.

4. Kesh H. & Kaushik P. (2021). Advances
in melon (Cucumis melo L) breeding: An
update. Scientia Horticulturae, 282: 110045.

5. Lian Q., Fu Q., Xu Y., Hu Z., Zheng J.,
Zhang A., He Y., Wang C., Xu C., Chen B,,
Garcia-Mas J., Zhao G. & Wang H. (2021). QTLs
and candidate genes analyses for fruit size
under domestication and differentiation in
melon (Cucumis melo 1.) based on high
resolution maps. BMC Plant Biology, 21(1): 126.

6. Du X., Liu H., Zhu Z,, Liu S., Song Z.,
Xia L., Zhao J.,, Luan F. & Liu S. (2022).

30 AGRICULTURE AND RURAL DEVELOPMENT - DECEMBER 2022/VOLUME 2 NUMBER 2



SCIENCE AND TECHNOLOGY

Identification of Candidate Chromosome
Region Related to Melon (Cucumis melo L.)
Fruit Surface Groove Trait Through
Biparental Genetic Mapping and Genome-
Wide Association Study. Frontiers in Plant
Science, 13.

7. Oren E., Tzuri G., Dafna A,, Rees E. R.,
Song B., Freilich S., Elkind Y., Isaacson T,
Schaffer A. A., Tadmor Y., Burger J., Buckler
E. S. & Gur A. (2022). QTL mapping and
genomic analyses of earliness and fruit
ripening traits in a melon Recombinant Inbred
Lines population supported by de novo
assembly of their parental genomes.
Horticulture Research, 9, uhab081.

8. Pouyesh A., Lotfi M., Ramshini H.,
Karami E., Shamsitabar A. & Armiyoun E.
(2017). Genetic analysis of yield and fruit traits
in cantaloupe cultivars. Flant Breeding,
136(4): 569-577.

9. Ringnér M. (2008). What is principal
component analysis? Nafure Biotechnology,
26(3): 303-304.

10. Lever J., Krzywinski M. & Altman N.
(2017). Principal component analysis. Nature
methods, 14(7): 641-642.

11. R Development Core Team (2022). R:
A language and environment for statistical
computing. R Foundation for Statistical
Computing, Vienna, Austria. Retrieved from
https://cran.r-project.org/bin/windows/base
on March 10, 2022.

12. Kaur S., Sharma S. P., Sarao N. K,,
Deol J. K., Gill R, Abd-Elsalam K. A,
Alghuthaymi M. A., Hassan M. M. & Chawla
N. (2022). Heterosis and combining ability for
fruit yield, sweetness, beta-carotene, ascorbic
acid, firmness and fusarium wilt resistance in
muskmelon (Cucumis melo 1.) involving
genetic male sterile lines. Horticulturae, 8(1).

13. Lazaro A., Fernandez I. C., Borrero M.
J., Cabello F., Lopez-Ses¢ A. I, Goémez-
Guillamén M. L. & Picoé B. (2017).

Agromorphological genetic diversity of
Spanish traditional melons. Genetic Resources
and Crop Evolution, 64(7): 1687-1706.

14. Cosme C. R., da Silva Dias N., Silva K.
M. P, Silva C. V. T, de Queiroz 1. S. R,
Rebougas T. C. & dos Santos Fernandes C.
(2017). Yield and quality of galia melon grown
in coconut fiber under different concentrations
of macronutrients in the nutrient solution.
Idesia, 35(4): 119-128.

15. Akrami M. & Arzani A. (2019).
Inheritance of fruit yield and quality in melon
(Cucumis melo 1.) grown under field salinity
stress. Scientific Reports, 9(1): 7249.

16. Zhang H., Zhang X,, Li M., Yang Y., Li
Z.,Xu Y., Wang H., Wang D., Zhang Y., Wang
H., Fu Q., Zheng J. & Yi H. (2022). Molecular
mapping for fruitrelated traits, and joint
identification of candidate genes and selective
sweeps for seed size in melon. Genomics,
114(2): 110306.

18. Shajari M., Soltani F., Reza Bihamta M.
& Alabboud M. (2021). Genetic analysis and
inheritance of floral and fruit traits in melon
(Cucumis melo) in the full diallel cross. Plant
Breeding, 140(3): 486-496.

17. Thakur H., Sharma S. & Thakur M.
(2019). Recent trends in muskmelon
(Cucumis melo L.) research: an overview. The
Journal of Horticultural Science and
Biotechnology, 94(4): 533-547.

19. Gong L., Meng X., Liu N. & Bi ].
(2014). Evaluation of apple quality based on
principal component and hierarchical cluster
analysis. 7ransactions of the Chinese Society
of Agricultural Engineering, 30(13): 276-285.

20. Igbal Q., Saleem M. Y., Hameed A. &
Asghar M. (2014). Assessment of genetic
divergence in tomato through agglomerative
hierarchical  clustering and  principal

component analysis. Pakistan Journal of
Botany, 46(5): 1865-1870.

AGRICULTURE AND RURAL DEVELOPMENT - DECEMBER 2022/VOLUME 2 NUMBER 2 31



