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Phenotypic Diversity Analysis of Yulania Cultivar Resources
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Abstract: This study aims to reveal the patterns of phenotypic variation in Yulania cultivar resources through a comprehensive
evaluation of their phenotypic diversity characteristics, establish a scientific and practical evaluation system, screen cultivars with
superior comprehensive traits, and provide a theoretical basis for germplasm enhancement and targeted breeding in Yulania.
Sixty-six Yulania cultivar resources were used as research objects, and 37 phenotypic traits were measured. Multiple statistical
methods, including the coefficient of variation, diversity index, principal component analysis, membership function method, and
cluster analysis, were employed to analyze phenotypic diversity and conduct a comprehensive evaluation. The results showed that the

diversity index of the 66 Yulania cultivar resources ranged from 0.36 to 2.15 and the coefficient of variation ranged from 8.20% to
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30.02%. Traits such as flower color, flower diameter, and leaf length exhibited high diversity indices. Among the 45 pairs of
combinations of 10 quantitative traits, 34 pairs showed correlation coefficients significant at the 0.05 level, leaf length was
significantly positively correlated with leaf width, while it was significantly negatively correlated with the number of tepals..Principal
component analysis indicated that the top four principal components were overall growth of vegetative organs (PC1), relative flower
size (PC2), floral structure (PC3), and pedicel development (PC4), collectively accounting for 88.42% of the cumulative contribution
rate and covering the core morphological variations. This suggests that floral and plant architecture traits are key classification
indicators. Using the membership function method, the F-values of the 66 Yulania cultivar resources were calculated to range from
-1.97 to 2.4, leading to the identification of 10Yulania cultivars with outstanding comprehensive traits ,including Frank's Masterpiece,
Helmer, and Star Wars. Cluster analysis categorized the quantitative traits and cultivar resources into three groups each. The R-type
clustering results visually demonstrated the associations among different quantitative trait indicators, consistent with the correlation
analysis results. The Q-type clustering results divided the cultivars into three categories: Group I, comprising large-flowered arboreal
types (63.64%); Group II, comprising transitional types (18.18%); and Group III, comprising small-flowered compact types (18.18%).
This study provides a basis and methodology for the scientific evaluation and efficient utilization of Yulania cultivar resources.

Key words: Yulania cultivar resources; phenotypic traits; principal component analysis; cluster analysis
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Table 1 Inventory of Yulania cultivar resources

iy YRS WA A KR ErRe] Y LES A AE FAIR

No. CultivarName Origin/Parentage No. CultivarName Origin/Parentage

1 &6 Yulania acuminata SE4E%EE 34 g Y.soulangeana

2 A Lennei' X 'Elizabeth’ 35 Y "Evamaria' X acuminata var. subcordata
3 Ly Y. kobus NT.i%EA 36 IR Y.soulangeana

4 fRi M 22 Y. stellata 2% E 37 iggLsn Y. X loebneri (‘Ballerina' X LA & H)
5 Ly Y. X loebneri 38 JEVI Y. stellata SEEEE

6 =85S liliiflora X veitchii 39 Ak 22 2 "Lennei' X 'Mark Jury'

7 K22 7 it Y. X soulangeana 40 1] liliiflora X stellata

8 == AN 'Deep Purple Dream' X 'Paul Cook' 41 Pkt Y. sprengeri. SZEEE

9 X Wk F Fiy acuminata X liliiflora 42 HEWN /K Y. X loebneri

10 LIk EZ kobus X salicifolia 43 BLIZS 1) 3 1 Y.soulangeana

11 R ) Y. acuminata SHEIEH 44 A "Woodsman' X 'Elizabeth'

12 IR ER acuminata X sargentiana 45 ETR 713 acuminata X sargentiana

13 A liliiflora 'Reflorescens' X stellata 'Rosea' 46 PR Y. salicifolia SEHEIEE

14 Fii 7 liliiflora 'Nigra' X stellata 47 H 'Woodsman' X 'Tina Durio'

15 i Sk acuminata X liliiflora 43 B JER liliiflora 'Nigra' X 'Diva'

16 SEYh1E Y. X loebneri 49 WO 'Miss Honeybee' X 'Alexandrina’

17 75 liliiflora 'Nigra' X stellata 'Rosea’ 50 A Y. cylindrica 7%

18 2l liliiflora 'Nigra' X stellata 51 EARhL Y. X soulangeana

19 SEes Y. Xloebneri (‘Ballerina' X SZA4EIEE) 52 Eex kY| (‘Miss Honeybee' X [acuminata X denudatal)
20 = KIFAH 53 4% "Yudeng' X virdula

21 2 'Woodsman' X 'Elizabeth’ 54 s Y. X soulangeana

22 AEIDN cylindrica X 'Galaxy' 55 Ik liliiflora 'Nigra' X stellata 'Rosea’
23 EXA) Y. denudata 7% 56 i Y. denudata SEAEH

24 RERRME campbellii X liliiflora 57 L) liliiflora 'Nigra' X 'Diva’'

25 BREN "Royal Star' X 'Wada's Memory' 58 T Y. salicifolia 5T R

26 gSiil liliiflora 'Nigra' X stellata 59 LR liliiflora 'Nigra' X stellata Rosea'
27 HEHE 2 Y. Xloebneri (‘Ballerina' X 524215 F) 60 s 44 liliiflora 'Nigra' X stellata 'Rosea'




28 Tl Y. sprengeri SEAIEE 61 g S# liliiflora 'Nigra' X stellata 'Rosea'

29 —A L liliiflora 'Nigra'X stellata 62 B e Y. cylindrica var. purpurascens X 'Hong Yuanbao'
30 SR acuminata X 'Elizabeth' sibling 63 a8 Y. X soulangeana

31 H Y.virdula $ARTCVER 64 {1 % Y. X loebneri

32 5 Y. sinostellata L% 65 fEYe liliiflora 'Nigra'X stellata 'Rosea’

33 EAWE S Y. liliiflora SEEIRE 66 MREATEHR Y. X soulangeana
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Table 2 Analysis of qualitative and pseudo-qualitative characteristics in Yulania

AR S 5345 (%) Frequency distribution EZEACEE
Characteristics 1 2 3 4 5 6 7 8 9 10 11 H
TR A I M PGH 29.73 4510 21.62  3.55 0 1.17
WELEH WAL E PFB 71.17 2883 0 0.60
—4EA /N OST 15.38 3736 2418 7.69 13.19 0 1.46
i FEIRIR LSB 50.55 28.57 12.09 4.40 220 0 0 1.18
A SEER IR LSA 1.10 1538 7.69 220 24.18 4835 1.10 3.30 1.48
R TS LCU 82.30 1770 0 0.50
A BT LCL 50.55 38.46  10.99 0.96
iy B LT 52.25 3423 11.71  1.80 0 0 1.03
G EL it CSB 35.16 5275 110 659 220 1.10 1.07
1e % FF 0 0 1071 595 5357 0 357 476 0 1667 4.76 1.45
=R A AT ST 45.20 54.80 0.69
SR AEIIRTEH AR FTS 2.38 2.38 0 833 2619 23.62 724 495 25.00 1.78
SRR MBIR AL S A M £ 15.48 36.90 23.81 1071 476 238 119 119 119 119 1.19 1.73
FTM

A TEIER TE B A 5 27.38 238 357 1786 595 119 238 119 238 1.19 33.33 1.74
FTC

R ACIERAEH H M EE — B 36.90 11.90 595 13.10 7.14 238 952 357 7.14 714 0 2.15



A& FTD

H R AEIERIEA /MU 28 — 35.71 26.19 3690 1.19 0 0 0 1.14
4y 4i FTP

A RRAEA A 28 =6 88.10 11.90 0.36
HE FTT

H—RRAEIERAEA A A Y 68.75 8.00 11.00 500 1.00 0.90
FMS

B — R AEIRRAE R I A — 6 19.05 23.81 19.05 9.52 950 14.29 1.70
FTO

A — A IRR AL A — (A 63.33 1833 333 167 500 167 667 0 0 0 0 1.18
{7 & FSP

H—RACHRRAERE A IEE — 68.18 3182 0 0 0 0 0 0.63
43 4i FSO

R AEIEIRAEA A A 36.90 25.00 1429 1071 357 238 1.19 1.19 1.19 1.19 1.65
STM

B T E TR S A A 36.90 28.57 1548 559 357 357 238 238 119 119 119 1.75
STD

TR AEIRRAE A T AU A — 39.28 1548 595 17.86 833 238 0 0 0 0 0 1.43
{7 & STS

R AEHRRAEHE A EE — 40.48 25 3552 0 0 0 0 1.08
43 4i STP

1642 Bifs SCF 69.77 2326 581 116 0 0.81
kBt GCS 58.33 2262 119 595 119 0 1.13

Ferp PRI F B 22 1

The characteristics coding in this table follows appendix table 1; PGH: Growth habit of plant; PFB: Position of flower buds; OST: Color of one-year-old shoot;
LSB: Shape of base of leaf blade; LSA: Shape of apex of leaf blade; LCU: Color of upper side of leaf blade; LCL: Color of lower side of leaf blade; LT:
Texture of leaf blade; CSB: Color of spathaceous bract; FF: Flower form; ST: Sepaloid tepals; FTS: Shape of first whorl petaloid tepals; FTM: Main color
of outer side of first whorl petaloid tepals; FTC: Secondary color of outer side of first whorl petaloid tepals; FTD: Distribution of secondary color on outer side
of first whorl petaloid tepals; FTP: Pattern of secondary color of outer side on first whorl petaloid tepals; FTT: Tertiary color of outer side of first whorl petaloid
tepals; FMS: Main color of inner side of first whorl petaloid tepals; FTO: Secondary color of inner side of first whorl petaloid tepals; FSP: Distribution of
secondary color on inner side of first whorl petaloid tepals; FSO: Pattern of secondary color of inner side on first whorl petaloid tepals; STM: Main color of outer
side of second whorl petaloid tepals; STD: Secondary color of outer side of second whorl petaloid tepals; STS: Distribution of secondary color on outer side of
second whorl petaloid tepals; STP: Pattern of secondary color of outer side on second whorl petaloid tepals; SCF: Color of filament of stamens; GCS: Color of

stigma of gynoecium
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Fig. 1 Data distribution of quantitative characteristics in Yulania cultivar resources

X R 2@ A B 10 NMECEIPIRE 2 BTG (GR3) , BREESE . FEEA T BT RHE
66 1 == @ it P B IR ) B PR AR 53 R GG B 8.20%~30.02%, 1 B His MR (1978 e i FE AR X oK . e
AR KRR 5 REUR K, FEHRK R, ERKES =, HWRT 20%, B 3 MECE IR R
JERIXT G, AR RIS I BOK . TER T SO AN e K A S R AU, R AERTE R
IR ARR AR E, AR S 22 R A 2 R SC R E . IR IO RTE , TRbl B (MR 2
Ky EFT 49.00 frs SMEEAEH KB ZE MBUR, (H = AR 5 REGIAE TBURAKTF, 3R EXHA
PR (20 A8 S FE 0, (ELPR AR S R AURUD, HARS B B S ME R B S R R 2 B ma, BRI e AN mi
TENFRE S FAFIE AL OB . EEARMRZE BB, AR5 KRB B, B0 AL i

FXT B S A BB N B2, I R R A T 881
* 3 EZBRMBEMERST

Table 3. Analysis of quantitative characteristics in Yulania

PR SN B /ME T Wz THIME PRt 22 B R (%)
Characteristics Max. Min. Med. Range Mean SD cv
ek E (em) INL 13.50 2.20 6.75 11.30 424 1.26 19.59
H K (em) LL 30.50 2.30 15.20 28.20 14.33 1.93 13.28
B (em) LW 20.60 2.30 9.55 18.30 8.97 1.35 14.43

K E (em) PTL 14.40 0.60 2.50 13.80 2.49 0.91 30.02



FEHRKE (em) SSL 7.00 0.10 1.20 6.90 1.31 0.40 27.66

LK E (cm) PEL 3.10 0.10 0.55 3.00 0.64 0.14 2232
HHZ (ecm) FD 23.00 1.00 10.39 22.00 10.19 1.23 12.52
e 8 TN 55.00 6.00 9.00 49.00 12.85 1.15 8.20
SN A K (em) OTL 13.60 1.10 7.25 12.50 7.39 0.77 10.29
MR TEE (em) OTW 9.50 0.30 3.63 9.20 3.78 0.69 17.24

INL: Internode length of flowering shoot; LL: Leaf length; LW: Leaf width; PTL: Petiole length; SSL: Stipule scar length; PEL: Pedicel length; FD: Flower

diameter; TN: Tepal number; OTL: Outer tepal length; OTW: Outer tepal width; The same as below
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Fig.2 Correlation analysis of quantitative characteristics in Yilania cultivar resources
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Table 4 Principal component analysis of quantitative characteristics in Yulania cultivars

LGN F 4 Principal components

Characteristics PCl1 PC2 PC3 PC4

MR SRR LW 0.932 0.124 0.098 -0.028
MR KR LL 0.920 -0.077 -0.026 0.070
R PTL 0.800 0.458 0.137 -0.135
AMEAERE T BE OTW 0.809 -0.299 -0.081 -0.069
HMEAERE KB OTL 0.791 -0.526 0.027 0.009
ARG B INL 0.831 0.341 0.122 0.163
FEMIRKEE SSL 0.755 0.515 0.021 -0.096
T E A FD 0.548 -0.666 0.407 -0.097
et s TN 0.610 0.190 0.718 0.166
TeAE-KFE PEL 0.642 0.086 -0.054 0.750
FFME{E  Eigenvalue 5.979 1.465 0.736 0.664
77 % 511k 3 (%) Variance contribution rate 59.794 14.648 7.364 6.640

23t 571k % (%)Cumulative variance contribution rate 59.794 74.442 81.806 88.446
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Table S Principal component score coefficients

R 155 ZREUERF Matrix of component score coefficients

Characteristics PC1 PC2 PC3 PC4
R LW 3.11 0.86 0.73 -0.29
K LL 2.20 0.17 0.73 -0.72
R PTL -3.58 -3.85 235 1.92
SMEEAER R TEE OTW -3.49 2.84 0.89 0.46
AMEAERE KB OTL 1.26 -1.64 0.07 0.42
AEE T % INL 0.44 0.32 0.28 -0.57
FEMIRKEE SSL 4.70 6.24 1.42 0.85
1EH A% FD 1.64 -4.34 3.58 0.17
R TR TN -0.05 0.03 0.16 0.08
164K )% PEL 3.11 171 2.11 9.08

1~10 HPAEZ L AR FRBC, e 2rr, HEITRE . SR dnz . EROREC. I, R, CEE

1-10 were respectively 'Frank's Masterpiece', 'Helmer', 'Gold Flinck', 'Yellow Lantern', 'Tolanthe', 'Rullan’ ,'Star Wars','Betty,"Eva Maria' ,'Sunsation'
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Fig. 3 Top 10 Yulania cultivars ranked by comprehensive evaluation score
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Fig. 4 R-type cluster analysis of quantitative traits in Yulania cultivar resources
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Cultivar designations correspond with those in table 1
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Fig. 5 Q-type cluster analysis based on quantitative characteristics of Yulania cultivars
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Fig. 6 Comparative analysis of quantitative characteristics among clustered groups of Yulania cultivars
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Appendix 1 Grading standards for 27 qualitative and pseudo-qualitative traits in Yulania cultivar resources
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PGH: Growth habit of plant; PFB: Position of flower buds; OST: Color of one-year-old shoot; LSB: Shape of base of leaf blade; LSA: Shape of apex of leaf blade; LCU: Color of upper side of leaf blade; LCL: Color of lower side of leaf blade; LT: Texture of leaf blade; CSB: Color of spathaceous bract; FF: Flower form; ST:

Sepaloid tepals; FTS: Shape of first whorl petaloid tepals; FTM: Main color of outer side of first whorl petaloid tepals; FTC: Secondary color of outer side of first whorl petaloid tepals; FTD: Distribution of secondary color on outer side of first whorl petaloid tepals; FTP: Pattern of secondary color of outer side on first whorl petaloid tepals;

FTT: Tertiary color of outer side of first whorl petaloid tepals; FMS: Main color of inner side of first whorl petaloid tepals; FTO: Secondary color of inner side of first whorl petaloid tepals; FSP: Distribution of secondary color on inner side of first whorl petaloid tepals; FSO: Pattern of secondary color of inner side on first whorl petaloid tepals;

STM: Main color of outer side of second whorl petaloid tepals; STD: Secondary color of outer side of second whorl petaloid tepals; STS: Distribution of secondary color on outer side of second whorl petaloid tepals; STP: Pattern of secondary color of outer side on second whorl petaloid tepals; SCF: Color of filament of stamens; GCS: Color of

stigma of gynoecium
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Appendix 2 Ranking of Yulania cultivar resources based on comprehensive scores

H4 Ty L AR H4 Ty L SRR
Rank. Cultivar name Score Rank. Cultivar name Score
1 M2 TEAAE Frank's Masterpiece’ 2.40 34 A7, 'Wada's Memory' 0.06
2 HH/RER Helmer' 2.00 35 K% 7ji 'Chang'an Xishi' -0.05
3 &5 92250 'Gold Flinck' 1.7 36 Ffk 'Meimai' -0.05
4 HEATSE Yellow Lantern' 1.57 37 —A%¥% 'One of girls' -0.34
5 VA 224 Tolanthe' 1.55 38 J}E 'Danxin' -0.38
6 #7124 Rullan’ 1.14 39 43l Randy' -0.39
7 SERKEL 'Star Wars' 1.13 40 KU Ziyan' -0.43
8 3 'Betty' 1.07 41 & ZkF "Mag's Pirouette' -0.49
9 F LT 'BEva Maria' 1.04 42 /NAT N "Xiao Keren' -0.55
10 £ {4 'Sunsation’ 1.00 43 f#i]% ‘'Jane Eyre' -0.57
11 %% 'Golden Glow!' 0.99 44 41 76E 'Hong Yuanbao' -0.59
12 %M 'Gold Cup' 0.97 45 S ‘Black Butterfly' -0.66
13 H #i 'Daybreak’ 0.95 46 ¥ N Pinkie' -0.69
14 MZ 'Lennei' 0.95 47 £t 'Lvxing' -0.72
15 HYH] 'Spectrum' 0.90 48 R E M 'Spring Joy' -0.76
16 J R 48415 4 Pickard's Ruby' 0.81 49 3% 5# 'DeqingS#' -0.77
17 ##, 'Hot Flash' 0.78 50 fé 'Jane' -0.80
18 TLIE il E 'Wada's Picture’ 0.73 51 T 'Else Frey' -0.81
19 #19 'Yellow Bird' 0.67 52 HEH "White Rose' -0.82
20 £L5 'Hongyu' 0.60 53 114 4# 'Deqingd#' 0.83
21 Hifi Laholm' 0.58 54 FIZHE 2 'White Rose2' -1.00
22 &A% 'Golden Gift' 0.49 55 8 /R4 Norman Gould' -1.01
23 i TEAK brooklynensis 0.45 56 FHZF Ricki' -1.03
24 EAi$L Rustica Rubra' 0.44 57 220 'Annie' -1.08
25 i 'Galaxy' 0.42 58 /R Merrill -1.29
26 EHE Lois' 0.35 59 Y418 Leonard Messel' -1.32
27 % virdulaNo.1? 0.28 60 I 'Susan' 11.33
28 58 'Royal Crown' 0.24 61 JE/R 'Neil Mceachern' -1.37
29 K4k 'Diva' 0.24 62 &l Jenny' -1.37
30 £[iz 'Hongyun' 0.24 63 %i4% 'Chrysanthemumi Flora' -1.38
31 EJT 'Yudeng' 0.20 64 fAj 3 *4F 'Jane Platt' -1.43
32 il Judy' 0.12 65 M 'Salicifolia' -1.52
33 % 'Wufengensis' 0.09 66 Fof Jingxin' -1.97




	1.2.2性状测试方法及时间  （1）植株性状观测在休眠期进行。（2）一年生小枝颜色观测部位为植株上
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