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Abstract In order to understand the adaptability of introduced resources of chrysanthemum in Zhejiang and the
development and utilization of resources, the resource diversity of 28 Phenotypic traits of 56 introduced resources of
chrysanthemum was analyzed. The results showed that the genetic diversity of phenotypic traits was rich in these
chrysanthemum germplasms. The variation range of the genetic diversity index of 13 quantitative characters is
1.53-2.251, among which the leaf width (2.251), ligule petals width (2.184) and number of Pedicelr (2.062) are higher,
and number of ligule petals (1.53) is the lowest; among the 15 quality characters, the Pedicelr flower color (2.004).
Among the 15 quality traits, The ligulate petal coloer (2.004), the cross section shape of the widest part of ligulate
petal (1.629) and the flower core color (1.457) were higher in the genetic diversity index, and the angle between
primary lateral branch and stem (0.428) and stem color (0.52) were the lowest in the genetic diversity index. The
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variation coefficient of quantitative characters ranged from 17.85% to 93.61%. The correlation analysis showed that

most of the characters showed significant correlation, among which the extremely significant positive correlation

accounted for the majority. Cluster analysis showed that the resources of 56 varieties of chrysanthemum could be

divided into four groups: the first group was the double petal chrysanthemum cultivar group, the second group was

the double green chrysanthemum cultivar group, the third group was the non double petal chrysanthemum cultivar

group, and the fourth group was the large flower type Chrysanthemum variety group.Principal component analysis

showed that the characteristic values of the first nine principal components were all greater than 1, and the

cumulative contribution rate was 75.55%.

Keywords chrysanthemum, Cluster analysis, Genetic diversity, Phenotypic traits
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Table 1 Grades and distribution of quality traits

ERTN PRSI ) K 73 AT % WAL 2RI
Trait Character description level and distribution frequency % H'
ZEPi LRE=T8.57, SibR (UEER S (0=21.43, KR (1=0, 2 (1=0 0.52
Stem color Green=78.57, Green brown or Green purple=21.43, Brown=0, Purple=0
FEH RN TeE/N=57.14, /1=37.5, =536, K=0 0.844
Stipule size No or minimum=57.14, minimum=37.5, Middle=5.36, Maximum=0
HAREZEES A 1-=0, 7] F=64.3, *P{i=35.7, [ F=0, =0 0.652
Petiole posture Max up=0 up=64.3, Flat=35.7, Down=0, Droop=0
- AR AL — PR ZNR =71, 11=39.3, £=53.6 0.89
Blade at the lowest level Shallow=7.1, Middle=39.3, Deep=53.6
of cutting depth
I SEALTEAR Bif=33.9, =339, [Af=8.9, F#=23.2, L:JE=0, FxIFr=0 1.351
Bottom shape of leaf Acute angle =33.9, Obtuse angle =33.9, Perigon angle =23.2, Heart-

shaped=0, Asymmetry=0
MR S AR Bide=76.8,9:=143, [[1=8.9 0.697
Leaf'tip shape Sharp=76.8 Acute=14.3, Obtuse=8.9
W S A A TR P %=28.6, 11=26.8, Ix=44.7 1.146
Blade edge serrated depth Shallow=28.6, Middle=26.8, Deep=44.7
OB (A 25 T Z4RT) F1=3.6, £%=25, Bi4t=42.9, ik #=0, 3=8.9, £l £5=16.1, £3=3.6 1.457
Flower core color White=3.6, Green=25, Yellow green=42.9, Light yellow=0, Yellow=8.9,

Red brown=16.1, Brown=3.6
IV St FEFEHE =304, FEH=14.3, EHIEM=554 0.967
Inflorescence type Non anemone=30.4, Anemone type=14.3, Double type=55.4
B — B 5 25 R A h=87.5, 11=10.7, K=1.8 0.428
Angle between primary lateral Small=87.5, Middle=10.7, Large=1.8
branch and stem
ERAMEE B FH§=53.6, P #H=28.6, iLili=14.3, =18, J}IR=1.8 1.114
Main types of ligulate floret Flat=53.6, Incurvation=28.6, Spoon petals=14.3, Tubiform petals=1.8,

Funnel shaped=1.8
ER/NEAE I fo 98 AL D) AR SEIMIRE=5.4, M1FE=28.6, W& [M1=17.9, “F-=4, B4 11=28.6, I1=7.1, 5"=12.5 1.629
Cross section shape of the widest Strong sag=5.4, Riding=28.6, Slightly concave =17.9, Flat=4, Slightly
part of ligulate petal convex=28.6, Bulge=7.1, Strong bulge=12.5
ERANEIL S EINAE=18, N E=1.8 5N E=71 £E=482 5541 4:=33.9 4} 1.239
Edge curling of ligulate petal H=7.1 5RIME=0

Strong involute=1.8 middle involute=1.8 Slightly involute=7.1 flat=48.2

slightly revolute=33.9 middle revolute=7.1 strong revolute=0
EARANETI R AR R=28.6 [7=0 “Fi=1.8 M1=42.9 itRk=12.5 ALFIR=12.5 1.385
Tip shape of the ligulate petal WIPIR=0 Z£2LR=1.8

Sharp =28.6 circle =0 flat=1.8 slignhtly concave =42.9 dentation =12.5

Mastoid shape=12.5 Tassel shape=0 crack shape=1.8
ERES Fi=16.07 ¥3 F1=7.14 $1=28.57 £1=7.14 $8£1=536 1k %=3.57 %=1.79 %%  2.004

The ligulate petal coloer

=357 #=12.5 fi=3.57 341 =3.57 FH£1=3.57 £r=3.57

White=16.07, Pink white=7.14, Pink=28.57, Red=7.14, Purple red=5.36,
Light purple =3.57, Purple =1.79, Purple dark =3.57, Yellow=12.5, Or-
ange=3.57, Yellow red=3.57, Orange red=3.57, Green=3.57
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Table 2 Analysis of genetic diversity of quantitative traits of chrysanthemum germplasm

PR =N w/ME FrifEZ P A 5t R HU(%) WL 2 R R
Trait Max Min SD Mean CV(%) H'

Pk Hi(cm) 110 40 13.15 73.69 17.85 2.021
Plant height (cm)

% 46 13 6.36 27.88 22.80 2.024
Number of blade

I3 F K (em) 48 9 7.08 29.95 23.63 1.909
Pedicel length (cm)

Vo 15 4 1.97 8.51 23.14 2.062
Number of Pedicel

1e4 59 5 7.50 17.49 42.90 1.597
Number of inflorescence

K (cm) 18.26 1.03 2.44 11.84 20.62 1.754
Leaf length (cm)

98 (cm) 10.42 3.02 1.45 6.51 22.32 2251
Leaf width (cm)

WIAK e 12.45 231 217 5.50 39.51 1.952
Flower diameter

T 672 11 129.10 172.12 75.01 1.53
Number of ligule petals

K (cm) 9.32 0.17 1.25 2.62 47.59 1.635
ligule petals length (cm)

EHIETE (cm) 9.20 0.26 1.00 1.07 93.61 2.184
ligule petals width (cm)

EIHEK: (cm) 5.40 0.30 0.88 1.27 69.19 1.662
Tubiform floret disc length (cm)

EIRTE (cm) 1.26 0.02 0.37 0.39 93.39 1.542

Tubiform floret disc width (cm)
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Table 3 Correlation analysis of 28 quantitative traits of 56 chrysanthemum germplasm accessions

1 2 3 4 5 6 7 8 9 10 11 12
1 1 0.845™ 0.518™ 0468™ 0.167™ 0.1° -0.027 0407 -0266™ 0286 -0.167" -0.293"
2 08457 1 0.508™ 0446 0.155™ 0.063 -0.033 0415 -0203™ 0.178™ -0.244" -0.327"
3 0518™ 0.508™ 1 0.909™ 0.217" 0271 0.104" 0.543™ 0.019 0242 -0.267" -0435"
4 0468 0446 0909 1 0.043 0.283™ 0.119™ 0.502™ 0.026 0.19™ -0.257" -0371"
5 0.167™ 0.155™ 0217" 0.043 1 0.209™ 0.222" 0.169™ 0.08 0.095* -0.12" -0.218"
6 0.1 0.063 0.271™ 0.283" 0209™ 1 0.894™ 0.272" 0261 0.173™ -0.114" -0.078
7 -0.027 -0.033 0.104" 0.119™ 0222 0.894" 1 0.231™ 0341 0.142" -0.133™ 0.016
8 0407™ 0415 0.543™ 05027 0.169™ 02727 0231" 1 0.167™ 0.392" -0.322" -0.191™
9 -0266" -0.203" 0.019 0.026 0.08 0261™ 0341™ 0.1677 1 0.014 -0.182 " 0.008
10 0286™ 0.178" 0242™ 019" 0.095" 0.173™ 0.142" 0392 0.014 1 -0.105" -0.241"
11 -0.167™ -0.244™ -0.267" -0257™ -0.12"™ -0.114" -0.133™ -0322™ -0.182™ -0.105" 1 041"
12 -0.293™ -0.327™ -0.435" -0371" -0.218™ -0.078  0.016 -0.191™ 0.008 -0.241™ 041™ 1

T * RIR 0,05 REKCE, *F LR 0.01 A 1M 20 EBE 3 JEELAR 4 IR S H IR 6 B 7 BT 8: bk
s 91 G 100 70 Bt 110 208G 12: JE4L

Note: * Means significance at the level of 0.05, ** Means significance at the level of 0.01; 1: Leaf length; 2: Leaf width; 3: Flower di-
ameter; 4: Ligule petals length; 5: Ligule petals width; 6: Tubiform floret disc length; 7: Tubiform floret disc width; 8: Plant height; 9:
Number of blade; 10: Pedicel length; 11: Number of Pedicel; 12: Number of inflorescence
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Table 4 Principal component analysis of phenotypic characters of chrysanthemum
AR ES )%y
Phenotypic traits Principle component

1 2 3 4 5 6 7 8 9

RIS 0.129 -0.017 -0.033 0.114 0202 0.002 0.077 -0.088 0.139
Leaf length
e 0.16 -0.048 -0.083 0.003 0.103 0.067 0.11 -0.096 0.13
Leaf width
ER 0252 0.016 0.087 -0.087 —0.002 —0.063 0.04 0.166 -0.166
Flower diameter
LR IS 0.246 0.03 0.101 -0.093 0.01 -0.056 0.032 0.177 —0.165
ligule petals length
T 0.167 0.053  0.013 0.003 -0.047 0.09 0.042 0.013 -0.025
ligule petals width
EK 0.056 0.249 -0.007 -0.1 0.049 -0.08  0.081 0.146 0.003
Tubiform floret disc length
(=8 0.001 0242 -0.027 -0.1  -0.008 —0.05 0.045 0.107 0.069
Tubiform floret disc width
P 0.124 0.023 -0.082 -0.041 —0.061 —0.139 —0.009 0.029 0.024
Plant height
3 -0.018 0.01 -0.012 -0.052 -0.351 0.019 —0.066 —0.043 —0.008
Number of blade
B 0.031 -0.026  0.026 0.27 -0.055 -0.029 0.06 -0.028 0.227
Pedicel length
I -0.027 0.091  0.144 -0.024 0.175 -0.017 0.222 0.356 0.009
Number of Pedicel
168 -0.159 0.1 -0.12  -0.007 0.126 -0.164 0.007 0.252 0.121
Number of inflorescence
E-Y e -0.083 -0.012  0.064 -0.037 0.012 0.004 -0.076 —0.025 0.699
Stem color
FEHRN -0.004 0.102  0.004 -0.122 0.483 -0.162 —0.066 0.007 —0.017
Stipule size
R EASN -0.05 -0.013  0.054 -0.002 0285 0241 -0.118 -0.045 -0.013
Petiole posture
M AR — R BELNIRE -0.026 0.002  0.209 0.002 -0.053 -0.313 0.163 -0.136 0.064
Blade at the lowest level of cutting depth
AR SHFIAN 0.092 -0.031 -0.069 -0.347 -0.123 0248 0286 0.057 0.158
Bottom shape of leaf
A S TR -0.019 0.062 -0.462 -0.033 -0.001 -0.078 0.038 -0.082 -0.241
Leaf'tip shape
Il A R 0.052 0.034 0399 -0.115 0.033 0.048 0.002 -0.126 -0.149
Blade edge serrated depth
LB (L 25 FF 240 -0.015 -0.046 -0.084 0461 -0.093 0.074 0.032 0.057 -0.077
Flower core color
FiANE | 0.03 -0.241  0.034 0.109 -0.031 0.03 -0.024 0.002 0.002
Inflorescence type
A — B 5 2 A 0.087 -0.023  0.082 -0.082 -0.114 0.07 0.54 0.168 -0.011

Angle between primary lateral branch and stem
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Contouning table 4

FAMEAR FE s>
Phenotypic traits Principle component

1 2 3 4 5 6 7 8 9
TRANME E B 0.038 -0.159  0.009 -0.231 -0.06 -0.169 -0.034 0.104 -0.028
Main types of ligulate floret
TRINTEAE I A B AL DI TR AR -0.025 0203 0.071 0.146 0.072 0.046 -0.075 -0.074 -0.177
Cross section shape of the widest part of ligulate petal
TR INTEAE I A B AL DI TR AR -0.004  0.02 0.091 0.013 -0.106 0.449 0.003 0.073 —0.005
Cross section shape of the widest part of ligulate petal
FORANETI R AR -0.017 -0.072  0.128 -0.05 -0.064 0.166 -0.493 0.203 0.086
Tip shape of the ligulate petal
TR NEEE -0.038 -0.003  0.047 -0.026 0.039 -0.087 0.024 -0.555 0.043
The ligulate petal coloer
RHETE 5525 3957 2292 1998 1.716 1377 1304 1203 1.027
Eigenvalue
J7 ZE DT HRE (%) 20.464 14.656 8489 7401 6354 5101 4.828 4.454 3.805
Variance contribution rate
R TTERZE (%) 20464 3512  43.609 51.01 57.364 62.465 67.293 71.747 75.552

Cumulative contribution rate

FFIE . X LSl A R BES L 5 Fh LA, fal AL & i
REFF » It e 2% R 8 O R A PR AT 7

W1 T ER T OISR 2 16 B A AR R 32A
BEAT IRV » it LA 22 S5 il o 22 AOREE 1 RR IR, (3R
[E] 3t KA 1 ] A 2 A7 A2 K B AR R AL, 22k
59 BRSO3 DG RV RNIIE IR FE AN R T 24
SR e e i A 2 2 5, AR PRI g ik 5%
WAFAEZE R o A GG B — I T 51 oA UL 25
RIATHI M, T RIRT R A A B D 1 A 9
e, PRIRIE R AT e 2 2 4 2 Rl A4 e
BARERIE, JRBEH AT R IR 45 & o)
T AP BEATIRATI T -

3B EFE
a4tk #

AR ST 2019 4 3~5 H AW AO B e 4
WAF DTG AR AT, A P AN R 24 =R IR
f 51 DI 2 S5 i A3t 56 A, BEAT 8 Kk, AhAE i

B 1K, FREATHOR T 100 AT, 5 B ) A 2 6%
B o PRI RHEAT AR IR EVERFE FE, X AN [F by
FREAT MR (R 5).

3.2 HRFEMFREFIE
Z W8 (R8T d AR S Ve L — S AN A2 g P

TREGIAE) BT EREE G SER TG UL B 2 35 3 31 A
TEIAR B AR 28 SR AMER, B8 13 ME
PERFD 15 A EMR . FEbs = RAE Rl e £
PR, FEXTAH IG5 & IR BB (% 5)-

(DR B AL 5 o B o B K B AR
ELAR TR EBEAT HH ) Je 4500 i, B B2 U5 AL H TR 3
10 B

()10 SN N 3 SN 7 = 1 SN 37
FE PSR, A AR BE ML RE 30 Bk, TR ik
AN 36 il A 1 1) IR R AR AT I

B)ZEBUE FEI RN AR RS S R ZIR T
W Py BEERIR L e S AR Sl DR A Lo B
A0 FEF A BRI ER Y RN i B
AR DITHFEAR T RN 1 254 i 5 BR/NAE T 3 T2 4R
AE e INEBTESE 15 AN REMREAT IR 732

3.3 BiRtn L AL K Grit &

U ER 21 (1) 22 Sk 2 14 R 204 F1) B SPSS 25.0 3k
TG T, ARG, R M, T B 7 #
&, 1H 5 Shannon-Wiener ZFE1%485((H). FiFH R &
FE AT G s AT PR I

{E& STmk

FRITHey BRI TT M S e v AN SR AR AT AT

=

—
(=]
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Table 5 List of materials used in the experiment

i 5 st i TR s fif %5 st i P 5 s i

Code Varieties Code Varieties Code Varieties Code Varieties

M1 e M15 Bl R M29 PRI A M43 TR B
Bacardi Cheeks Etrusko White Ingley yellow

M2 1T M16 E i M30 FEN M44 Fekar
Lantern Cheeks Purprl Ferry Tammy Red

M3 24 M17 gy M31 FE£x M45 AN
Muse Candor pink Ferry Lime Redstart

M4 A M18 UIE: - M32 BWH M46 AR
Lightning Becky Tessa Snow Melissa Red

M5 LIPSy M19 ¥ PR M33 RIH M47 AR
Aru Dante Dark Tessa Pink Lexy Red

M6 Wrkr M20 E PR M34 BRI M48 SRR
Stray Dante purple Tessa Yellow Disco club

M7 I 34 M21 [ESS M35 ki M49 R
Matisse Verena Dark Smile Salmon Florange

M8 ES) M22 FAKE M36 57 I 4L M50 e
Kindly Early fall dark Lollipop Red Harley

M9 L M23 2 Y 24 M37 Hii 2 J Sy MS51 s
Sweetheart Roseanne Radost Raisa

M10 L EAR R M24 2 {7 i M38 EIEZ RS M52 =iz
Tide Pink Royce Radost Yellow Kim Pink

Ml1 U M25 RS M39 B3 M53 W
Esther Dark Maliba Snazzy Juicy Dark

MI12 NFE M26 55 )1 M40 PRAL M54 E20)
Belicia Lollipop Celebrate Country Music

M13 kit M27 % M4l &R M55 B
Pinky rock Smile pink Florange yellow Lola

Mi14 eV M28 PR TRR M42 i M56 HA
Pinky rock dark Etrusko Pink Champange Yellew Lily

FIPAT N 5 Rt 5 AR 20 HT » 18 SCHIRR 1 5 4 5 82
U OB RO T e s 2 5 SR Bt Wi 45 R
I s SRAEANER T ORI H I8 E LT 1R S
SR e, BT, ISR S B R E
B B[R B B & SO

Brigt

AW T W VLA s B R 00 H (2018C02G401-
0879) WL AV B R AW R HE 1H KI5 H (201-
8XTTGHHO02-1). WL Al Bl e dh 77 B & 1
T5i H (CA20170007) 3L [7] % By

S 3k

Chen W., Kong D.C., Cui Y.H., Cao M., Pang X M., and Li Y.Y.,

2017, Phenotypic genetic diversity of a core collection of
Ziziphus jujuba and correlation analysis of dehiscent charac-
ters, Beijing Linye Daxue Xuebao (Journal of Beijing
Forestry University), 39(6): 78-84 (B, L& 6, i,
], e, ZRUE, 2017, B O R BER 2 FEE
LeERAARAE, LR K254, 39(6): 78-84)

Du Z.Z.,Li X.X., Song J.P., Wu Y.H., Zhao Q., Xu T. Zhang X.

H., Barbara H., Hu J.G., and Wang H.P., 2019, Phenotypic
diversity and adaptability analysis of 228 accessions of in-
troduced garlic genetic resources, Zhiwu Yichuan Zhiyuan
Xuebao (Journal of Plant Genetic Resources), 20 (5):
1186-1196 (#FILIL, G, RILHE, BB L, B4, 1R,
T F, 5kBEf%, Barbara Hellier, Jinguo Hu, Fi#-F, 2019,
228 3 51 E KGR BEIR AR 2 ARk 0 At Sl R D
Iy, FEPIEAE TR 24, 20(5): 1186-1196)

Hong Y., Bai X.X., Sun W., Jia F.W., and Dai S.L., 2012, The
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numerical classification of chrysanthemum flower color
phenotype, Yuanyi Xuebao (Acta Horticulturae Sinica), 39
(7): 1330-1340 (J#, HHTHE, #0 1, PO, ®08 =,
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