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Abstract: Abundant ornamental lotus germplasm resources exist, yet breeding faces bottlenecks such as unclear ge-
netic background of parental materials and low efficiency. This study conducted genetic diversity and biostatistical analyses
on 10 quantitative and 11 qualitative traits across 238 ornamental lotus germplasm resources. The results indicated that
Shannon-Wiener diversity index ranged from 7.708 to 7.858 for qualitative traits and 7.560 to 7.881 for quantitative traits.
The mean Shannon-Wiener diversity index for quantitative traits was higher than that for qualitative traits. The number of te-

pals exhibited the highest coefficient of variation

1S H # - 2025-07-06 (64.82%) and the lowest Shannon-Wiener diversity index
BEETHE ITHA R RS Q3 S4B 3 [ 4% (2025) 28 (7.560) , while most leaf-related traits (e.g., leaf length,
5] leaf width, and leaf height) showed limited variation. The

TEHE BN XFER(1970-) B ITHEHEA B+ BIAFIE 5, FE N correlation analysis revealed significant positive correla-
FOMFAEY T B IR S T BT, (E-mail ) 2426663129 tions among leaf-related traits or reproductive organ-related
@ qq.com traits, while the number of tepals remained relatively inde-

BIRAEE : 22X, (E-mail) lftchina@ 163.com pendent. The first five principal components, extracted via
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principal component analysis and explaining 61.799% of the cumulative variance, effectively reduced the 21 phenotypic

traits into five dimensions representing: growth vigor, flower status, plant architecture, petiole spine density, and flower

color. Cluster analysis grouped all resources into six distinct clusters, each sharing similar phenotypic characteristics. These

clusters provided specific parental candidates for cross-breeding. This research unveils the rich phenotypic genetic diversity

within ornamental lotus germplasm, offering a foundation for screening elite parents and creating breakthrough cultivars.
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Table 1 Ornamental lotus cultivars used in this experiment

Y il G wn ETES) ARl HT i Ah
1 3/ GBLA 61 e 121 BRI T4 181 FrllE
2 %R 62 [ {ITEag:d 122 HAE 182 JNEA
3 AR EUY 63 211 123 JER B8 183 L R
4 INERE 64 k& 124 VNTEAR 184 JUEE
5 SUAIR 65 Kig 125 e 185 P VE 3%
6 i f il 66 HrersE 126 SCE L 186 Ewi
7 A 67 TR 127 b m 187 SN
8 KEmik 68 1350k 128 HEYN 188 B R
9 Wi 69 BOKK K 129 B 189 R A
10 R i 70 W wasE 130 FHA 190 —3
11 2D iR 71 Hepel 75 4 131 kel o 191 I 3
12 BEFAR 72 W 3 132 AR 4 IR 192 it
13 HHILRK 73 LR E 133 LT3 193 TIEFER
14 kG 15 74 ZE 1 Fh0 134 E 194 HEAE
15 (£ /i 75 Wi £1 35 135 ERIET 195 SRR
16 b 5 76 e 136 KAE 196 =B ER
17 BEFEAR 77 AR 137 FAKAwRY 197 VAN
18 I HGLL 78 INFF AL 138 i3] 198 B
19 VRRIIE 2 79 FEAE 139 pAEs 199 /NEE
20 RAHLL 3 5 80 kT 1 140 2 200 HEE 1S
21 INEH 81 T T 141 B 201 SR Tt 3
22 F Ak 82 ZRiber 142 HAEEW 202 EX
23 K 83 Tk e 3 143 T 203 Eoged
24 AN 84 TR 144 VF B I i3 204 P
25 H 2 i 85 SIS 145 FEH 205 -0
26 KE 86 pUXAN 146 Vg2 206 B
27 B fof 87 — K DU 147 T 207 EHF
28 RES 88 E) 34N 148 KA 208 B
29 Nl 89 e 149 ey 209 ¥ g
30 iR Ea e 90 FANEY PN 150 HEAF 210 He T3
31 TR 91 WEIFLT 55 151 FRIN LT3 211 UIE
32 Ky iE 92 AN} 152 bi=YiB. 212 LR S
33 FH el 440k 93 RIAEE 153 A 213 I Rt A
34 T3 94 Xk 154 /NFELL 214 Pl 3%
35 KEFHE3 = 95 i 155 KU 215 AL
36 BT 96 bR IE) 156 TR 216 —3H
37 4ker 97 IINGE R 157 FAN= 217 BN
38 HHNER 98 L1435 158 R 218 S
39 B 99 HEAE T T 159 EEE| 219 FERFK AT
40 LT 100 T 160 g 230G 220 Gz A
41 A 101 NS 161 B 221 ELjE
42 AR 102 B 5 162 R 222 AE
43 B YN 103 e 163 4 R 223 W
44 TR 104 R4 =78 164 Vil es 224 H T
45 FIHLL 2 5 105 O 165 R} E 225 i
46 Bzl 106 I H KT 166 oy 226 INAER
47 2T WLk 107 W= 167 SR 227 ARy Yo
48 HLAR 108 TEEEME 168 AT 228 |
49 Py w3 109 BEIR /N 169 IR 229 R
50 W g 5% 110 — T 170 4K 230 bLg
51 21 50t 111 T e 171 e 231 /NBET
52 Bk 112 WM 172 EEEE 232 AW
53 IHG LT 113 I\ —3E 173 HRHG 233 LA
54 NS 114 Ry 174 EVipi) 234 s
55 AR 37 115 TR 175 Sh w52 235 itk
56 fAHERA 116 &7 Hh 176 VSIS 236 =A%
57 WA TR 117 Lk E ek 177 HA 23 237 H+
58 ZIE 118 I By 3 178 #H 238 HFHIF
59 T4 119 FIRpiE 179 N
60 1% 120 FHFER 180 pRIEES
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Table 2 Genetic diversity and frequency distribution of qualitative traits in ornamental lotus germplasm resources

- WAL Z R R AL WIS AT (% )
ik (H)
1 2 3 4 5 6
WAIBIZIN 7.844 20 76 4
A TR 7 7.814 49 51
I i ] 7.858 18 82
- G RE 7.771 37 39 24
A 7.819 10 50 33 8
S 7.819 32 64 4
pIREN 7.776 20 3 59 12 5
Pl 7.730 42 8 50
I 7.810 4 13 53 8 18 4
SRR B 7.781 54 41 5
RS R A A 7.708 79 7 12

SEMIB ARG 1,23 4305000 BT IR A T KA IR ; it I TAT 0 (0 2 8 1.2 43S0 oy s (5 2 (5 I TR B AR ) 1,2 43 Sl 0 o 4883
Pz s I R MDEH ALY 1,23 0000 REGH  WORLRE JHELRE ; H-R ORI 8% 1,23 (4 405000 3 J0 A A A Al 22 2R A 1,23 4
X RL S R IR LGS 1.2 .3 4.5 AN (R AR MALAR AR AR LB 1.2.3 2050 % R R 2
FOREARL TR AEAS A 1.2.3 4.5 .6 2350 W FE AN JEIT AR BEAR T RERIR BOR B B HERS AR BE i 1.2 .3 433 X W E R 9
U AL MERS Y6 AL TR BE A 1.2 3 2050 %0 L TE Ak | BRIt Ak i Al . BRI A 0N A 11 DB PRR A WA A 1R 1 LA RE A B o

SRR E I,

22 WMEREHEHRNEESHE

I 3 AT, 238 o WL far A6 A BT HEUR Y 10 4
BRI H }7.560~7. 881, Hih K44 2 kE
PEFRBUR K, RNt Z M R F 5, HIKEM
FE AR AR R ELAR AR R B st iR 2R
PEFE Bl /b, 10 D EEMERE SR REH
13.93% ~64. 82% , MESEE M) L S+ R BGE L T 30%),
AR AR A B AT A RO B BT
RIS S B T 20% , 48 Bk RO S R U
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AHIEME AT, 25 N2 4 Frs , 250k 2 0] 777
A 2 A M (P<0. 05 P<0.01) , B AE8E A
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Table 3 Genetic diversity of quantitative traits in ornamental lotus germplasm resources

PR RRE /MAE A bR 2 LE2TN BREB (%) SRR R
5 (em) 156.57 37.83 116.30+21.52 = 18.51 7.868
M (em) 54.53 25.30 39.49+5.50 RIS 13.93 7.881
58 (em) 47.07 18.57 31.46+5.51 e 17.52 7.873
HARE (em) 144.03 19.33 99.39+20.09 LEIEN 20.21 7.862
AR (cm) 12.00 2.53 8.40+1.75 AR AR 20.84 7.859
LR (em) 148.73 36.73 91.51£20.17 A 22.04 7.859
A EHAZ (em) 30.03 9.60 15.90+3.49 e AR 21.94 7.861
WA E(H) 137.33 13.00 58.93+38.20 TEW R H 64.82 7.560
HEEHB () 321.33 27.67 148.09+48.08 Vil 32.46 7.814
MRS O B 21.67 4.67 11.18+3.03 RSO B 4 27.11 7.843
F4 WEFHEI0MBEEROBEXESITER
Table 4 Correlation analysis of 10 quantitative traits in ornamental lotus
LGN s RN it 5 RTRIS R bk mE EEER R SR MO R
= 1.000
LnN 0.643** 1.000
5 0.563 ** 0.880 1.000
ARG 0.891** 0.571* 0.490 ** 1.000
AL 0.550** 0.545* 0.464 * 0.501**
A 0.412* 0.263 ** 0.245* 0.379** 1.000
R ER 0.226 ** 0.283 * 0.265** 0.189 * 0.203 ** 0.574* 1.000
AR -0.014 -0.078 -0.115 0.004 -0.032 -0.148*  -0.317* 1.000
e AL 0.158* 0.260 ** 0.318* 0.120 0.219* 0.396 ** 0.449*  -0.391*" 1.000
WO BB 0.209 ** 0.314* 0.329 ** 0.180 ** 0.170 ** 0.513* 0.563*  -0.251** 0.682 ** 1.000
* FORAARMEIE 0.05 BFEKF ;™ FORMSENMET 0.01 B R EKF,
24 WMEFERBEEROERS ST TS o3BT A R BE K T AE b T A PR XS T

UL T A7 AL 21 AR AL AR B KMO A 56 Al
Bartlett BRIE A 50 45 2R (£ 5) Wox, KMO B {H A
0. 752, Bartlett BRI A 5 (1) 18 2 PR SR (B R 0, R ]
AT LA 238 o W5 ey AL A B B IR Y 21 AR AL AR
HEAT LT 53T
£ 5 KMO IEF1 Bartlett 3k 1016 45 R
Table 5 KMO test and Bartlett’ s sphericity test results

KMO Bartlett BRI A5
B PELET () H i P
0.752 2 343.572 210 0

WL o A6 2% B MR 22 BEPE A BTk, L R £
FEPRFE AR DBOUA LR A H8br . R PG FRAE (A 51
AR R T, LU AE(E R T 1. 000 s i 42
BOE R i R e (1) T RS
A FE K 4 R A (> 1,000, B ST R R N
61.799% (% 6) , 1% T 2MIEI MK EE,
FHX 5 A A REAC R 21 AR RIMIR AR 1
KREBustefE e, miFE 6. £ 7 A 8 1 ElH
RHAEE Sl 4. 740, J7 22 5TER R N 22. 573% , FRAE
] 1 48 %6F fH > 0. 500 B9 A iy | 4 i S AR
K MR A R B AR R AR R R R0 B
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B AE T RIHE SR AR B AR S e T B A B 1Y
WRBFIRE 5 3 EMA MR EE N 2. 107, )5 22
TUHRR N 10. 034% , F7AF 1] 5 26 X > 0. 500 1A
FETR BE SRR I B (R BE i3 AR R e TR
PO AE AR B R BORAS 5 4 o R
1.941, 7 22 TTHR RN 9. 242% , R 1iE [h] 1 4 %) {1 >
0.500 1Yy X A M AR BRI 55 5 3 o R AR H
1.227,77 25 STk % 5. 842% , 5 1iF 1) & 4 XF {5 >
0. 500 (A FE @, LR S 5T IR AR RIS | oA
PEPRAFFAE ] AE R /N, P, AR DTkoR  RRAE (A
FIVRRAE 1) 38 K /N 32 B3 0 BT, AR 58 T 6 19 21
AR R R i AR AR RL L 4K
FE AERE R B0 AR AL R AR R B S R AR e
JF TR g AR R AR 6 AF 18 AR BA
AP AR e T, FE A 2 W T OB A A6 9 TR A 2
PR 225,
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Fig.1 Scree plot of principal components
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T, FEOE LIBT3 HEH ARITH) b S
—3LHF AR, EERF AR R 2 (208~
242) MESSOREEIZ (11~16) 5B IV & T
KBRS DM SE 18 Iy IR, R A
A RE R AR I B R AR R B 2 M
A BSOFIHE 00 BB D /5 55 V 2R RE AL T
R AR A AR 103 1y B, h SR KR
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Table 6 Principal component extraction of phenotypic traits in or-

namental lotus germplasm resources

BRMERS  AHE IR B
N 4.740 22.573 22.573
TS 2 2.963 14.110 36.682
Fr 3 2.107 10.034 46.716
ES W 1.941 9.242 55.958
FIr 5 1.227 5.842 61.799
Fsr 6 0.984 4.686 66.485
Fisr 7 0.919 4.378 70.863
FEsr 8 0.795 3.784 74.648
FHT9 0.755 3.593 78.241

) 0.713 3.393 81.634
FHr 11 0.657 3.128 84.762
T 12 0.548 2.609 87.371
FHr 13 0.514 2.449 89.820
FA 14 0.502 2.389 92.209
FH 15 0.409 1.950 94.159
B 0.353 1.683 95.842
FAr 17 0.291 1.388 97.229
F a5 18 0.228 1.087 98.316
FHIF 19 0.162 0.770 99.087
F S 20 0.098 0.468 99.555
Fr 21 0.093 0.445 100.000

FRIEAR 45 2 O3 1977 26 TR, T 22 SRR A 3 e 70 A
HE S L], SRAR TR AT n A R R B 57 LU
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Table 7 Principal component analysis of 21 phenotypic traits in ornamental lotus germplasm resources

- F AT RHE 7]

ik %1 ElS %2 E 553 £ %4 EG 555 £
i 0.701 0.487 -0.064 -0.306 0.013
i 0.746 0.386 0.153 -0.096 -0.174
5 0.713 0.322 0.112 -0.069 -0.245
AR 0.653 0.473 -0.077 -0.324 0.029
AR AR 0.568 0.396 0.290 -0.094 0.078
TE B 0.605 -0.054 -0.535 0.083 0.190
R ER 0.618 -0.190 -0.252 0.354 0.165
W R -0.416 0.713 -0.171 0.183 0.029
iy 0.619 -0.315 0.012 0.407 0.015

ES8 0 AR 0.651 -0.227 -0.208 0.434 0.060
DALSIZN -0.033 -0.042 0.594 0.086 0.451
AR T € 0.087 0.158 0.437 -0.327 0.332
T fi] B 0.178 0.104 0.589 0.062 0.031
R DGR 0.312 0.141 0.205 0.456 -0.264
AR B3 -0.019 -0.145 0.462 0.676 -0.230
873 -0.046 0.093 0.543 0.143 0.153
piach -0.008 -0.076 -0.115 0.051 0.688
1E8 -0.409 0.746 -0.167 0.273 0.006
IS 0.054 0.421 -0.245 0.457 0.352
P (i -0.308 0.671 0.001 0.325 0.014
WSSV AR -0.551 0.345 -0.117 0.074 -0.065

3 i i AHCE MR AR S5 R B T13.93% ~ 64. 82% , Hor
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YRR IS Z R £ 0 S AR TRGE IR 146
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K- (7. 730) , B AE 2 ()5t 4% A8 S ARG ST | S
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AAT M, B PR P AR 5 R B N o K
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Fig.2 Cluster dendrogram of 238 ornamental lotus germplasm resources
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