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Diversity analysis and comprehensive evaluation of
Hippeastrum germplasm based on 22 phenotypic traits

TANG Xiaowei, HENG Yan, LIU Chen, SHAO Heping, QU Xiaohui,

XIA Mingxia,ZHANG Ningning”
(Jiangsu Hilly Area Nanjing Institute of Agricultural Sciences, Nanjing 210046, China)

Abstract To explore the phenotypic trait diversity of Hippeastrum germplasm resources, 149 Hippeastrum
germplasm accessions were used as experimental materials, 22 phenotypic traits were measured.
Comprehensive evaluation was conducted using diversity index, correlation analysis, principal component
analysis (PCA), and cluster analysis to systematically assess genetic diversity and ornamental trait variation,
reveal phenotypic differentiation patterns, and identify superior germplasm. The results indicate that for the 149
Hippeastrum germplasm accessions, the mean coefficients of variation (CV) for qualitative and quantitative traits
were 42.02% and 24. 30%, respectively, while the Shannon diversity indices () ranged from 0. 54 to 1. 04 for
qualitative traits and 1. 40 to 2. 09 for quantitative traits. Correlation analysis demonstrated varying degrees of
association among the 22 phenotypic traits. Hierarchical clustering classified the germplasm into six distinct
groups: tall-robust, slender-tall, small-petaled, large-petaled, slender-dwarfand dwarf-compact types.

Principal component analysis revealed that the first five principal components cumulatively explained 65. 412%
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of the phenotypic variation, effectively capturing the majority of morphological diversity. Based on ornamental

evaluation using the membership function method, the comprehensive evaluation scores ( F-values) ranged from

—6.06 to 5. 64, correspond to ‘Lovely Nymph’, ‘Cherry Nymph’, ‘Benito’, ‘Velvet Nymph’, ‘Marilyn’,

‘Spartacu’, ‘Stargazer’, ‘Ru You’, ‘Micui Ninghong’ and ‘Naranja’,including two elite breeding lines. This

study lays a foundation for systematically analyzing the superior variation characteristics of germplasm resources,

and can screen excellent candidate breeding parents based on various germplasm traits, thereby providing a

theoretical basis for germplasm innovation.

Keywords Hippeastrum; germplasm resources; phenotypes traits; diversity; comprehensive evaluation
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Table 1 149 hippeastrum germplasm resources with unique identifiers
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Table 2 Morphological and physiological traits and measurement standards in hippeastrum germplasm
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Table 3 Genetic diversity analysis of 7 qualitative traits in hippeastrum germplasm resources

b AR S WO e BRRRUY SRR
Trait Trait Frequency distribution Standard Coefficient of Shannon-Wiener
e abbreviation 1 5 3 deviation  variation diversity index
It T
e APL 44— 056 0.99 46.99 0. 69
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e 2y == -
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==
fEitie ﬁﬁﬁé o . APP .23 — 0.77  0.84 33.00 0. 54
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Lol B 2% 25 1 RE
ﬁﬁ%ﬁﬁ*ﬂi&ﬁ; . PI .22 0.49 0.29 0.71 34.40 1.04
Perianth lobe imbrication
EZ Flower posture FP .50 0.42 0.07 0.63 39.90 0.90
15 Flower form FF .52 0.03 0.46  0.98 50.76 0.80
1 Average 42.02 0.79
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Table 4 Genetic diversity analysis of 15 quantitative traits in hippeastrum germplasm resources
. e N T o o b 22 TRRR/ % 2R
> VAN e 1
ﬁl{k Trait Ezj.tﬁ Hz .J i ¥ Standard B2z Coefficient of Shannon-Wiener
Trait . Maximum Minimum  Mean . ange . . -
abbreviation deviation variation diversity index
R H /Cn.l PH 80. 63 27.97 53. 34 8.31 52. 67 15.58 2.05
Plant height
HZERKE /om FL 62.83 19.47 40.07 8.31 43.37 20.73 2.06
Flower stem length
e e g
(EZRTETE em SW 3.53 1.31 2,18 0.4l 2.22  18.68 2.02
Stem width
Ak 25 B
Number of flower NF 3.00 1. 00 1.71 0.44 2.00 25.87 1.62
stems
Number of flowers NFS 7.33 2.00 4.01 0.85 5.33 21.27 1.85
per stem
7%
HER/em FD 24.90 8.03  16.47 2.84  16.87 17. 21 2.03
Flower diameter
BARAEBA K /om ML 15.17 5.93 11.37 1.39 9.23 12. 24 2.01
Max. tepal length
=) Y’ oz
SLRAE BT I /em MW 11. 00 217 7.16  1.70 8.8  23.77 2.05
Max. tepal width
AERRIJE fem PCL 9.47 1.33 413 1.66 813  40.28 1.98
Pedicel length
b e e g
AERRIEE /em PW 1.13 0.37  0.71  0.14  0.76 19.12 2.08
Pedicel width
AT PN 28.67 6.00 11.16 6.47 22.67 57.98 1.40
Number of petals
It B
T RO LN 9.00 2.00 5.16 1.08 7.00 21.02 2.02
Leaf number
&y u 'T‘E
JEHRIEIE em LBW 4.63 .43 3.27  0.62  3.20  18.88 2.08
Leaf base width
rh R I 5E /em
LW 7.77 2.63 4.93 0.99 5.13 20.03 2.07
Mid-leaf width M
u |~
TR /em LL 64.63 8.33 34.30 10. 94 56. 30 31.91 2.09
Leaf length
- Average 24. 30 1.96
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1.00
.00 0.47 0.42-0.10 0.08 0.08 ~0.05-0.03 0. .02 0.08 ~0.04-0.04 0.12 ~0.08 ~0.03-0.06 0.04 0.05 0.09 -0.
APL 1,00 0.47 0.42 -0.10 0.08 0.08 ~0.05-0.03 0.02 0.02 | 0.08 ~0.04-0.04  0.12 ~0.08 ~0.03~0.06 0.04 0.05 0.09 ~0.12
APS' 1.00| 0.34 -0.14 0.19 -0.08 0.1  0.05 0.06 0.02-0.20 0.01 0.11 0.08 0.15-0.08 0.13 0.06 ~0.02 0.09 0.17 0.09
0.80
APP | #%% #x% 1.00 -0.24 0.21 -0.02 0.03 ~0.12-0.16-0.04-0.09 0.02 ~0.01-0.06 0.16 -0.03 0.03 0.06 ~0.11-0.03 0.12 0.01
CS *%  1.00 -0.63 0.38 -0.46 0.02 0.16 -0.23 0.03 0.04 -0.25-0.03-0.29 ~0.22~0.34-0.47 0.06 ~0.07-0.20-0.14
PI * * . 1.00 -0.43 0.51 0.03 -0.15 0.21  0.00 -0.07 0.26 -0.10 0.23 0.23 0.36 0.52 0.11 0.17  0.03 0.60
PF *%% *xk | 1.00 -0.67 0.05 0.30 -0.23 0.08 0.12 ~0.34-0.04-0.08 ~0.44 ~0.44 ~0.67 ~0.02 ~0.07 -0.02 0.13
FF ’***- 1.00 -0.09-0.31/ 0.21 ~0.09-0.08  0.33 ~0.01-0.06 0.52| 0.35 0.91 ~0.01-0.02 0.04 -0.05 L 0.40
PH 1.00 0.88 0.19 -0.06-0.14 0.21 0.20 0.08 0.26 0.15-0.10 0.11 0.04 0.22 0.38
FL *kk ***. 1.00 -0.03 -0.04-0.08 ~0.09 0.01 -0.10-0.05-0.17 -0.32 0.14 -0.06 0.11 0.32 020
= )
s SW *k ok Rk xx ok 1.00 0.25 0.28 0.51 0.40 0.51 0.27 0.67 0.20 0.08 0.57 0.42 -0.01
[_‘
& NF * *%  1.00 0.18 0.00 -0.05 0.02 0.00 0.04 -0.04 0.17 0.21-0.06-0.28
=
H L 0.00
=~ NFS *%% % 1.00 -0.19-0.08-0.03 -0.18 ~0.19-0.01 0.11 0.07 -0.11-0.23
FD Kk ok kkk kKK Kk . * 1.0 0.67 0.63 0.48 0.77 0.28 -0.05 0.48 0.43 0.16
F -0.20
ML * Hkk 1.00 0.57 0.28 0.56 -0.07-0.05 0.43 0.31 0.22
MW x kxk k% . 1.00 0.11) 0.68 -0.08-0.02 0.57 0.49 0.17
PCL *k kk **«. *x ok * 1.00 0.50 0.47 -0.06 0.09 0.21 0.16 F —0.40
PW dkk kkk kkk kkk * . * 1.00 0.34 -0.05 0.58 0.49 0.11
PN _ o - *%% 1.00 0.02 0.02 -0.07 -0.60
LN * 1.00  0.01 -0.01
LBW . *x - ek 1.00  0.46 -0.09
-0.80
MLW * x % *x kk P — *
LL *kk  hkk *kk kK * *% * *
-1.00
dg&g_mmzqamgm—ladgz
2 5 % EEEaEaeZERE S P RE MR REL
FEAR Trait Correlation coefficient

*o fE P<<0. 05 /K3 W3 A 56 5 . £E P<<0. 01 K A 5% P<<0.001 7K EBEME . MR 5 0 Bk & X3 3.

GEIES

*: Significant correlation at the P<Z0. 05 level; **: Significant correlation at the P<C0. 01 level; ***: Significant correlation at the P<Z0. 001 level.

The specific meanings of each trait abbreviation are shown in Table 3. The same as Figure 3.
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Correlation analysis of phenotypic traits in 149 accessions of hippeastrum germplasm resources
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Fig. 3 Box plot of 15 quantitative traits for 149 hippeastrum germplasm resources
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Table 5 PC analysis of phenotypic traits in 149 hippeastrum germplasm resources

lERN F A4 R AE 18]/ Principal component eigenvector
Trait PC1 PC2 PC3 PC4 PC5
A 78 #UE 4 Anthocyanin pigmentation in leaves 0.027 0.022 0.228 0.692 0.243
AEZEILTRAE H B  Anthocyanin pigmentation at the stem base 0.198 0.023 0.012 0.704 0.095
TERETE T B . Anthocyanin pigmentation in pedicels 0.114 —0.133 0.160 0.710  —0.031
A6 IE IR Corolla shape —0. 546 0.338 0.093 —0. 291 —0. 126
4% 28 & 2 FE Perianth lobe imbrication .545  —0.408  —0.106 0.261 0.228
L2 Flower posture —0.573 0.542 0.126 0.135 —0.025
1E% Flower form .579  —0.672 —0.225 —0.088 0.077
Pk 5 Plant height 0. 157 0.513 —0.634  —0.037 0.429
2K Flower stem length —0.185  0.555 —0.576 0.041 0.464
EZE 98 Stem width 0. 666 0. 248 0. 307 —0. 202 0.333
622505 Number of flower stems 0.002 0. 046 0.431 —0.313 0.460
PAZEAE %0 Number of flowers per stem —0.131  —0.035 0.464  —0.031 0.455
1t B 4% Flower diameter 0. 820 0.236 0. 009 —0.129 —0. 161
B K A6 R K Max. tepal length 0.532  0.507 0.095 —0.139 —0.279
B K AEBE R 98 Max. tepal width 0.647  0.448  0.317 0.153  —0.138
JEAT K JE Pedicel length 0.591 —0.143 —0.342 —0.266 —0.011
AEHE 5 B Pedicel width 0. 895 0.167 0.103 —0. 106 —0.089
14646 9% Number of petals 0.553 —0.696 —0.183 —0.095 0.141
I F 4 Leaf number —0.038 0. 060 0. 006 —0.12 0.547
FHEBI G5 Leal base width 0. 540 0. 396 0.454  —0.091 0.068
v Mid-leaf width 0. 549 0.452 —0.097 0.229 —0.043
It Leaf length 0. 190 0. 396 —0. 589 0.201 —0. 164
$FAEAE Characteristic value 5.293 3.250 2.227 2.066 1.555
J7 2% 5T#k R /% Variance contribution rate 24.058  14.772  10.122 9.389 7.070
2] 5Tk %/ % Cumulative contribution rate 24.058  38.830  48.952  58.341  65.412

K6 1MIMKRRMAMREZEEEES

Table 6 Comprehensive scores of 149 hippeastrum variety resources

g OO e ey O OO el pmgrm D0
Cultivar Composite Rank Cultivar Composite Rank Cultivar Composite Rank
score score score
Al Al % 5. 64 1 JKF i 0.91 51 A (6 VKRR —0.63 101
PRk e 3¢ 4.74 2 KI5 0.91 52 | &miEE —0.66 102
e+t 4.59 3 AC I/ # FU KT 0.89 53 | KK —0. 69 103
ik F R 4.49 4 [LE(ERIINI2 0.88 54 | B —0.77 104
4 5% 4.41 5 fili % 0.85 55 E TS| —0.81 105
Hr 3k v 3.32 6 WAL 75 0.81 56 M 5% 31 4 —0.99 106
KIERK 3.04 7 77 il 0.76 57 bif 3 F —1.08 107
il 2.89 8 o A 0.72 58 | XA —1.18 108
RERBEL 2.83 9 NH 0.68 59 = fE L —1.28 109
s A 2.80 10 | 8% 0.64 60 | i —1.32 110
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F6 (4
s 0O ED e a0 T e g O AT
Cultivar Composite Rank Cultivar Composite Rank Cultivar Composite Rank
score score score
g =T 2.76 11| k& 0.61 61 | FIZF —1.43 111
BN ES 2.76 12 | # ke 0.59 62 | AL —1.47 112
R 0 TR 4t 2.75 13 | Wi 0.58 63 | JFm —1.59 113
A 2.66 14 | B 0.51 64 | FERHEM —1.60 114
M E 2.65 15 | PHOYG2 58 0.42 65 | A —1.64 115
SNl 2.60 16 | ZeyE KU 0.37 66 | WSALEEHH —1.69 116
e 2.56 17 | #wi% 0.37 67 | R —1.71 117
LR 2.47 18 | 2 fifr g A 0.35 68 | —1.71 118
R4 2.43 19 | BRERF 0.34 69 | AEIMAHE W —1.73 119
EAE W 2.42 20 | BH 0.26 70 | FHEE —1.74 120
ARES 2.26 21 JiE %] 4% (1 0.26 71 ez —1.76 121
W 52 e 26 2.12 22 | WA 0.25 2 | R —1.82 122
G b S 2.09 23 | &EBR 0.22 73 FHSEAN % —1.87 123
W T % 2.08 24 | EBHL 0.18 74 E A —1.90 124
A 0 A5 AT 1.99 25 | /AR 0.16 75 | k7 U gt —1.93 125
LR N 1.99 26 X 5 0.15 76 | A AT —2.00 126
Z1 5 ik ) 1.83 27 AR N 0.14 77 Rz —2.10 127
i 1.70 28 | &EKmE 0.12 78 | FHEZR —2.14 128
THERZ 1.67 29 | EIGHE 0.08 79 | Z KRR —2.26 129
#F 1.65 30 | Xk 0.03 80 | ZLWi —2.28 130
5 1.57 31 | BEaHER —0.05 81 | IhE —2.33 131
5 Bk 1.56 32 | KKF —0.06 82 | FRMHE —2.42 132
B 1.49 33 | WHEZE —0.10 83 | XY —2.50 133
EI S 1.48 34 | sk —0.12 84 | EHT —2.55 134
ZiE5 1.42 3% | arhE —0.16 85 | HikA —2.58 135
WEAE 1.36 36 | FR A —0.21 86 | Hfilis —2.68 136
Eug 1.36 37 | M —0.23 87 | aEAZAE —2.76 137
o3 AL 1.32 38 | 4% —0.25 88 | Wk —3.00 138
B g /N iR 1.27 39 | Fiifm —0.26 89 | #wMT —3.13 139
B AL 2 1.23 40 | A5REW —0.28 90 | EEEKHE —3.36 140
Lk 1.22 41 | AR —0.29 91 | B —3.48 141
B H e 1.22 42 | A —0.31 92 VL3 2 46 —4.00 142
[ 5 22 1.16 43 17 —0.37 93 | it —4.14 143
TR 1.12 44 HEAE —0.52 94 | WG R —4.46 144
o lnl 1.08 45 B 34 2% 35 —0.53 95 | A L —4.69 145
54l AL 48 1.00 46 | R —0.55 9% | WEEL —4.80 146
|- §2 0.98 47 | kIEfLE —0.58 97 | B LG —5.76 147
Fis 0.97 48 | IR —0.58 98 | 123 —5.85 148
B £ 0.96 49 | #EWm —0.58 99 | K —6.06 149
iRV 0.92 50 | BYSA —0.61 100
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