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Variety identification is critical for commercialization, preserving varieties' intellectual
property and stimulating breeding creativity. One of the main techniques employed for
identifying cultivars in the field is morphological evaluation, which includes tests for
distinctness, uniformity, and stability (DUS). This research was carried out in the 2022 and
2023 growing seasons. It evaluates the DUS morphological traits of sixteen C. spp. (ten C.
pepo L. and six C. moschata L.) hybrid cultivars via visual and measurable traits
investigation to safeguard their biological diversity. Out of these, twenty core traits,
including eleven fruit-related characteristics, have been chosen based on PCA score results
to streamline, and increment of field monitoring performance. As well as, these selected
characteristics could be utilized to improve identification accuracy. The results show that
the fruit's general shape is a vital indicator in cultivar differentiation, which explained
13.11% of the morphological variance The scatter plot outcomes of principal component
analysis (PCA) based on morphological DUS traits, as a complamentary assessment,
indicated two distinguished classifications: C. pepo L. and C. moschata L. clusters. The
coefficient of variation (CV, %) among examined traits ranged from 5.34% to 81.31%, with
an average of 27.14%. Based on the M-TOPSIS rank analysis approach, Selena and Walth
Ambutternut were identified as the highest-score zucchini (vegetable marrow) and squash
cultivars, respectively.
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EXTENDED ABSTRACT

Introduction

Three cultivated pumpkin (Cucurbita spp.) species
including C. pepo L., C. moschata L., and C. maxima L.
are commercially valuable. Cultivated pumpkin varieties
have larger, more vibrantly colored, with fewer fibrous
flesh compared to wild species. Fresh fruits of utilized
cultivars significantly varied in color, shape, and size. As
an important vegetable, the total production of pumpkin
worldwide is estimated to be 22.806 million metric tons
from 1.522 million hectares. Pumpkin production in Iran
was 189, 830 tons in 2022 (an average annual growth rate
of 1.21-fold since 2000). Variety identification is critical
for commercialization, preserving varieties' intellectual
property and stimulating breeding creativity. One of the
main techniques employed for identifying cultivars in the
field is morphological evaluation, which includes the
tests for distinctness, uniformity, and stability (DUS). As
well as, the DUS examination, which assesses
morphological characteristics during growth and
development phases, is costly, tedious, laborious, and
vulnerable to unusual external environmental variables

Materials and Methods

This research was carried out in the 2022 and 2023
growing seasons. Experiments were carried out in the
research site of the Seed and Plant Certification and
Registration Institute (SPCRI), Agricultural Research
Education and Extension Organization (AREEO), Karaj,
Iran in randomized block design with two replications in
the spring and summer (May/July). This study provides a
thorough evaluation of the DUS morphological traits of
sixteen Cucurbita spp (ten Cucurbita pepo L. and six
Cucurbita moschata L.) hybrid cultivars via visual and
measurable traits investigation to safeguard their
biological diversity. A total of sixty-seven characteristics
through a modified UPOV (The International Union for
the Protection of New Varieties of Plants) descriptive
term list (TG/119/4 Corr.2-2016) of various organs such
as seedling, plant, stem, leaf, petiole, fruit and seed
characters, were investigated based on the quantization
of physical and descriptors by ruler and vernier caliper,
as well as, inspection of visual qualitative characters.
DUS test was applied to screen, organize, and safeguard
the commercial cultivars with distinct superior
characteristics. The Spearman rank Correlation analysis
was performed to determine the correlations between
various DUS (all and core) characteristics. Principal
component analysis (PCA) was conducted on 67 test
characteristics to determine their primary characteristics.
By plotting PC1 and PC2, based on total DUS, core and
remained characteristics of all commercial cultivars
could be clearly distinguished. A specific TOPSIS
(Technique for Order Preference by Similarity to Ideal
Solution) algorithm (known as M-TOPSIS) was designed
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to establish a comprehensive multi-criteria decision-
making model. Using this model, the breeding potential
of ten Cucurbita pepo L. and six Cucurbita moschata L.
was ranked.

Results and Discussion

The outcomes showed significant differences in terms of
means, ranges, and coefficients of variation for each
characteristic. The correlation results showed that fruit
characteristics were closely similar to the DUS
fingerprint for recognizing Cucurbita spp cultivars. In
addition, the two characteristics cross-section of
cotyledons in seedling stage (P3) and length of peduncle
(P52) showed no correlation with other traits, implying
that they had little influence on the production and
development of other characteristics. Out of 67
phenotypic traits, twenty core traits, including eleven
fruit-related characteristics, have been chosen based on
PCA score results to streamline, and increment of field-
monitoring performance. As well as, these selected
characteristics could be utilized for improving
identification accuracy. The results show that the fruit's
general shape is a vital indicator in cultivar
differentiation, which explained 13.11% of the
morphological variance. Remarkably, the scatter plot
outcomes of principal component analysis (PCA) based
on morphological DUS traits, core and remained DUS
traits, as a complamentary assessment, indicated two
distinguished classifications: C. pepo L. and C. moschata
L. clusters. The findings revealed significant variations
among the investigated traits with a high range of
Shannon—Wiener (H') and Gini-Simpson indices. The
coefficient of variation (CV, %) among examined traits
ranged from 5.34% to 81.31%, with an average of
27.14%. High genetic diversity was also observed among
the hybrid cultivars. Based on the M-TOPSIS rank
analysis approach, Selena and Walth Ambutternut (WB)
were identified as the highest-score zucchini (vegetable
marrow) and squash cultivars, respectively. The top ten
C. pepo L. commercial cultivars were identified as
Selena, Zigma, Yosra, Cherlout, Medal, Bodem, Navid,
Nilz, Belami, and PS1306764, respectively. The top six
C. moschata L. commercial cultivars were screened as
Walth Ambutternut (WB), Aniso, Carmela, Arela, Gilda,
and Rashel, respectively.

Conclusion

These findings developed the different evaluation and
statistical methods of phenotypic traits that could
potentially be beneficial in future valuable DUS
investigations. Some top-notch germplasm sources were
also screened for squah breeding. These findings
provided important reference for Cucurbita spp. breeding
in future.
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Table 1- Ranking of the twenty core DUS testing traits

sy S anll Cdp DL PCA Ll
No. Trait ID Trait information PCA Score
1 P30 SR e 9.20

Fruit; general shape
ol (s L s dilo sy pde Lingrs i S

2 P22 : ) i 6.97
Male flower: ring at inner side of corolla
3 Plg cl:- kslﬁ-‘bw?)J.MUa- :}?-j r.k;\.fé‘ﬁ-) IabLAJf 663
Female flower: ring at inner side of corolla
6 gep S 1S, bt s b Sy K
4 P46 R ﬁs-l"" 5L lie 5o §~w>f )’ 455
Fruit: color of ribs compared to main color of skin
5 P44 o e &) SLET R &).ﬁ b..('u)fﬁ Jw 436
Varieties with two main colors only: Fruit: distribution of green color
0500 03 8 Sl 11303 8 ol ol s Laid
6 P36 037 203 ot 80102 4.35
Only Neck type varieties: Fruit: curving of neck
. P24 _Jf&_&\; o 3 s il &) wu L Jf- 427
Male flower: intensity of green color of ring at inner side of corolla
o\i& e
8 P52 e 4.19
Fruit: length of peduncle
o3l 18 oS
9 P12 Sl oS 3.92
Leaf blade: size
10 P21 J§ Cl> bgl-&‘b Cond 03 e price &) [WER :-GJLA J{ 385
Female flower: intensity of color of green ring at inner side of corolla
11 P37 0 gan 49)§.§ le.g;‘;‘ CJ\> J.-.w 9 )‘Jub; E"."U ru)\ BE 355
Neck and Zucchini Type: Fruit: blossom end
0 gent ln S
12 P40 T 3.44
Fruit: ribs
0500 05,8 Jsb 303,86 a0 s L
13 P34 g 02 02 el 2 3.33
Neck Type: Fruit: length of neck
,ls o
14 P39 acihanc 3.32
Fruit: depth of grooves
5 Cuns g sl
15 P11 i 3.24
Stem: tendrils
gy 3555 1,
16 P67 IR 3.19
Seed: color of hull
Cow ‘& Ol e °
17 P57 et 312
Ripe fruit: intensity of main color of skin
YU o 6, s 16§, KK
18 P14 R e il 3.11
Leaf blade: intensity of green color of upper surface
Sl
19 P10 . 3.06
Stem: mottling
20 P35 b ;5‘-*> L MW 23035 ks o 3)‘>O_>; b r\;)_‘ 0> ki _ 209
Neck Type: Fruit: diameter of neck in relation to maximum diameter
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Figure 4- Box-plots analysis of the 67 DUS patterns of the examined pumpkin cultivars. P1 to P67 represent the
investigated DUS testing traits, and the full name is provided in additional table 3. The top and bottom borders of the
box are for the first and third quartiles, and the bold line in the box is for the median. The small circle means the
abnormal values in each trait.
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Figure 5- Correlation of 55 traits in sixteen examined pumpkin cultivars:

(A) heat map for correlation analysis of 55 testing traits (lower triangle) and 20 core traits (upper triangle) for cultivar
identification. (B) Circus visualization between twenty core traits. Note: The colors and areas of the squares indicate the
absolute value of the corresponding r. red and blue squares show positive and negative correlations, respectively. The
squares without background color show non-significant correlations with P value above 0.01. The abbreviation of P1 to
P67 was the same as additional Table 3.
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Table 2- The percentage of contribution of principal axes was analyzed for the investigated traits.

PC ois oy ) gss (1) oz
Eigenvalue Variability (%) Cumulative (%)
1 21.73 39.52 39.52
2 6.42 11.67 51.19
3 5.49 9.98 61.17
4 3.79 6.89 68.07
5 3.45 6.27 74.34
6 2.92 5.30 79.64
7 241 4.37 84.01
8 221 4.02 88.04
9 1.81 3.30 91.34
10 1.57 2.86 94.19
11 1.17 2.12 96.31
12 0.99 1.80 98.12
13 0.52 0.95 99.06
14 0.36 0.65 99.72
15 0.16 0.28 100

(C. moschata L. o «C. pepO L. :call) . g 3550 545" o5l svas, s M-TOPSIS Lzl =¥ J 0
Table 3- Score and ranking of sixteen studied Cucurbita spp. Cultivars. (A: C. pepo L.; B: C. moschata L.)

A B
C. pepo L. S.C&r‘e Rafw X C. moschata L. Sﬁr‘e Raﬂnk
B 0 o 0
Selena 0.73 1 wWB 0.72 1
Zigma 0.68 2 Aniso 0.45 2
Yosra 0.59 3 Carmela 0.44 3
Cherlout 0.56 4 Arela 0.31 4
Medal 0.56 5 Gilda 0.26 5
Bodem 0.53 6 Rashel 0.25 6
Navid 0.50 7
Nilz 0.48 8
Belami 0.46 9
PS1306764 0.35 10
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Figure 6- PCA score plots of the sixteen examined pumpkin cultivars were analyzed by 67 DUS testing characters (A), 20
core traits (B), and the remaining 47 DUS testing traits (C). The studied cultivars were divided into two subpopulations
using both DUS testing traits data and core DUS trait data. Note: Pop 1 is colored in blue, and Pop 2 is colored in red
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Figure 7- The Eigenvalue, Contribution rate (%), and Cumulative contribution rate (%) from the PCA of
studied traits in the 16 studied pumpkin cultivars
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Additionsl table 1. Cucurbita Spp. cultivars used in this
current investigation.
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Additionsl table 3. List of DUS traits evaluated in
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Additional Table 4. The evaluation scores for the DUS
testing traits.
Aadditional table 5. Description of 67 DUS testing traits
in Cucurbita Spp. cultivars.
Additional table 6. Detailed information of DUS testing
traits in Cucurbita Spp. cultivar.
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Additional table 8. Twenty selected traits Spearman rank
correlation coefficient.
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Additional table 10. Classification results by DUS testing
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