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Changes in Physiological Characteristics of Cold Resistance of Hedychium
and Evaluation during Natural Overwintering Period

XIE Yuxuan'?, BAO Ping*?, GUO Ying? CAI Changfu?, WANG Jinying?, WEI Yugian®, CAl Bangping“?*
(1. College of Landscape Architecture, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Xiamen Botanical Garden, Xiamen 361003,

Fuiian, China; 3. Fujian Institute of Subtropical Botany, Xiamen 361005, Fuiian, China)

Abstract: In order to explore the cold resistance of Hedychium species and select the cold-tolerance species, the
changes in relative conductivity, contents of soluble protein and malondialdehyde (MDA), activities of superoxide
dismutase (SOD) and peroxidase (POD) of 3 species and 11 cultivars of Hedychium were studied under natural
overwintering condition and then their cold resistance were comprehensively evaluated by principal component analysis
combined with subordinate function method. The results showed that the five physiological indexes increased at first
and then decreased along the winter, and most of them reached the maximum value in the coldest month (February). In
the same period, the species or varieties with strong cold resistance had low relative conductivity and MDA content, and
high activities of SOD and POD, as well as soluble protein content. The correlation analysis showed that SOD activity
was significantly negatively correlated with MDA content, and soluble protein content was extremely significantly
positively correlated. MDA content and soluble protein were significantly negatively correlated. Principal component
analysis showed that the five indicators could be converted into two principal components, with a cumulative
contribution rate of 81.29%. The decreased order of cold resistance of Hedychium germplasm and cultivars by
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comprehensive evaluation was H. ‘Orange Crush’, H. coccineum var. aurantiacum ‘Orange Brush’, H. ‘Clown Suit’, H.
chrysoleucum, H. coronarium, H. gardnerianum ‘Kahili’, H. coronarium ‘Elizabeth’, H. ‘Pink V’, H. flavescens, H.
gardnerianum ‘Tara’, H. ‘Tarissima’, H. ‘Fireflies’, H. stenopetalum ‘White Stars’, and H. coronarium ‘White
Starburst’. Therefore, these would provide theoretical and practical basis for the selection of excellent cold-resistant
species of Hedychium and the promotion and application of variety resources.

Key words: Hedychium; Cold resistance; Physiological index; Overwinter; Comprehensive evaluation

1t )& (Hedychium) 3£ J& T- % %} (Zingiberaceae),
NEFAERANY), TR TR AR X, i
TEHZMIRN ST, 2R DA R BEZ)
AR} () s A [ 4412, i)z s T
FOREAIRET USRS BRSO, St KR )
EEEAEY) . ZREY)E SRkl K2
AL R S E AR IR SR 25°C ~30°C, ARy
IRRRAHCT 16°C, SR AEAE] 10°C /A I #EA
PRERARZS B, AR 2 18 R vk B 42477 3 1 A AR
BT B, AR AP 2 f 2 H
F ALK R ST R R

TEVI PR & — AN R A AR, &
BOAPUEAEEETE . BE TR S A B R bR A
1B, B 22 8 3R 3 H A0SR R AR AT
PIPLIEEHAT LR E VRN, (B HATA S RHEY)
PUIEVERIWT TEEL D, @ I e 2 B AR 0 Z2 AL 8
FRIEATPUIEMELEE PR I TR B WARIE . R TR
ZE%F H AR B 2 HR 22446 (Curcuma alsimatifolia)
R R AR AR R R AT I E , YONZEATAE S TR
7 11 HHAJEOR, BRI AT RIS e, i
TUREERT 40 3 FAT 16T BHIRAE B AMICIR T A= 3845
FREATIE, A9 S A 32 4746 (' Snow White”) &
SPTA I AT UL 14 DAL BB R T
R, RIS RE 5 UM UIAH O B AL B AR brdk
1TIGE, RN S5GRIEmEBuE. FRUr o imiEidEer
PUREMELR G VRN 5 R, DU A SEE R )
POREMPIEE . PUREMEVENY, BLAAR R HsERE
B AT TR A g N AR A T M SR

1 FRATT

1.1 pht

IR ZEIEE 3P A 11 4~ AR A
JR YT el AR A el 22 H T, s 11753~ 118°15" E,
2413'~24°46' N, J& g U HVHF iR T U, 4F
¥R 20.8°C, HAHQ AR 12°C, w&MHT AH)

%) 28.7°C. Z£4E)E 3 MEY) A H 224¢ (Hedychium
coronarium). ¥ [1Z£{¢(H. chrysoleucum) g5 £ 1t
(H. flavescens), 11 /™ st A 433l Jy #5522 4E(H. cocci-
neum var. aurantiacum ‘Orange Brush’). I&47° 43
1£(H. gardnerianum “Tara’). “#&¥1°324¢(H. ‘Orange
Crush’). 74 H >4 2216(H. gardnerianum ‘Kahili’).
LI FEAE(H. Fireflies’). VEHFE ZAE(H. ‘Clown
Suit’). ‘B ZE(H. coronarium ‘White Starburst’)+
KL FAE(H. ‘Pink V). ‘4t ZEAE(H. “Taris-
sima’). “PFENYH 2 4E(H. coronarium ‘Elizabeth’)
e 2248 (H. stenopetalum ‘White Stars”).
ZHEE, EIHIX 12 AR, HET
Wb T Z AR AR IS B A, R R R AR AR
A ERIMHIREREIR, 2 5 E IR TR,
PRIZHTH I 2 45 RS S A, Rk 43 )
7+ 2019 4 12 H . 2020 4F 2. 3 F1 5 H T HAIEL
B, R H PR 229 21.5°CL 105°C. 18TC
A 25°C o B A AP AT BEN LR 10 #R 2R KA —
B R HERRE, SRETEBLLTS 3 2 4 F5E
AREFFRI R, 3 IREE . B AR s, @
BT RIS R, AR T KBS HET . HXHE
UM T BN SE o FARFRFRINE 15 FH 1A BB
o, WS B T-80°CUKAE R IR A& H

1.2 5

A S PR ikl e, DA AR T AE
RO nA R B R A R R B A ek
e A ) AL (SOD) i 4 5K FH 420 i DY mef
(NBT) LM €, LA NBT JGiEJi A5t HE 50%
(BN 1 ANBEES M 567 (U)E); i 44k P (POD)
TR AR t k2, LA 1 min N ODaro
4k 0.01 A 1 AMERE AL (V) T B (MDA) S
R AR E L Z R (TBA) LE a3 g 1.

1.3 ¥iEabeE
K H Excel 2019 B H ¥4 -2 K&, FIH
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SPSS 24.0 % 5 M EAx[EIFKIAH IS ES 4T, F Duncan
R EEAT WEE AT bR HEAL e B BE 3T 32
B3 HTel: DURHIEME R T 1, R oTwkZ A 2] 80%
IR HELR B 3 R4y, B Varimax 2R T K7 e g,
RN R E R A E[CK) R TTER %, BT
SR B BRBUE (V) 3R AR A e AT IE LR AT
1B (D), D fEH v 0~1, A8 H0 5 P4 il s 51,
B JE AR HE D BRI A WK ECRE 255 14 S22 48 )& s gk
TR BT, Uij= (Xij— Ximin) / Kjmax— Xjmin)» ZH,
Ui s | MUIRAE ] ERrBIREREUE, XiRos i
FHRAE j E R AR E, Ximin RANPTE M j E
B3 B /AMEL Xjmax R T MG j E R0 HRK
. Wi=Pj/y P, b, Wi R j AN E s BIRLE,
P 327N ] ERTBIDTERE . Di=Y (Ui ><W;), A, D;
Fon | MBI ZEEVINME, Uy R 1M j R
HIRIE R, W R j E R IRE .

2 BB M

2.1 MR AR

AAXTRSE 14BN A AR H
SRR A 2 BT E TR k&, BT
R AR 2 HIBFNE (R 1). 4 DRAEIZAE)E
R A HL SR 0N 9.47%~20.42%. 17.61%~
55.27%-. 16.57%~45.08%7F1 14.13%~32.73%. 4

1 ARMAHIZIE A A S (%)

W12 AR08 2 F, BRVTE B &R, HR
PR FRAR G R 20 35 25 B, 4 RIA 20.6%~
75.3%, LL‘SRESRECERIGIREEOC, VI &%
TEM /Ny 2020 45 2 H, B A0 B A XS
FHREKR, HUGE 4t 200, BhraEEe. WE
A, 2019 4F 12 F H3GnE 8 50%, TR
BTN R A AR 2 B R, SRR R E
PERGK, WERINS . TP BB &, B
FAC. R ZAERIAENT P EBC, 0 BRI
B EREREE . N2 HE 5 ARIRFET, &Fh
BRI LRI R R D7 2 AR, PE AL
By 4 AR A A L S 2R AR AN B 3, AR
JR AR B SR ) 22 5 3, ELAH [R] A 1R) AN [R) ol
) 1) 22 St R

THEEEASE SRR TS E A
AR BT E TR AR (A 1), kR
MBS, HARMBIIYT 2 Ak KE, R
H MR 75 5= A I B BUE 5 A SRy E
F, (et THEARPTIEME RIS R . A — B P 2E o
IR R AR A SR R, PrEEEssrn)
. 7E 12, 2. 315 HEWWHEHEEASE
4354 0.236~0.756. 0.301~0.830. 0.205~0.700 £
0.146~0.669 mg/g. 2 A i, Br B Zfe. iR
A, MU REM g BN 12 ANER
ANRES, HApF R EEEN, L, i

Table 1 Relative electrical conductivity (%) in leaves of Hedychium germplasms during natural overwintering period

SKEERFIA] Sampling time (Y-M)

T Tl
No. Germplasm 2019-12 2020-02 2020-03 2020-05
1 FEES 248 H. coccineum var. aurantiacum ‘Orange Brush’ 14.49 +1.23bcd 25.70+2.45h 23.670.81h 21.80+1.79cd
2 HEhi° 4 FAE H. gardnerianum ‘Tara’ 17.28 +5.44ab 49.55+1.02b 39.77+4.00bc  23.76+1.26bcd
3 “f&71 248 H. ‘Orange Crush’ 9.47+0.33¢ 25.90+2.35h 16.57 +1.59i 14.13%1.92g
4 ‘PO 42546 H. gardnerianum ‘Kahili® 13.9942.66bcde  17.6140.52i 17.24+1,08i 15.83+1.19fg
5 EA R ECFEAE H. Fireflies’ 11.22+1.39de 45.35+3.02de 45.08+4.25a 26.71+1.68b
6 SEECEAE H. Clown Suit’ 11.96 +3.09cde 36.69+0.73f 27.40+2.48gh  18.12+1.02ef
7 SRR AL H. coronarium ‘White Starburst’ 20.42+1.27a 55.27 +0.68a 42.3340.92ab 24.53 +0.98bc
8 KLt 246 H. ‘Pink V° 15.7042.21abed  29.2240.41g 26.27+0.67gh  22.12+1.52cd
9 it A8 H. ‘Tarissima’ 14.52 +3.00bcd 50.42 +0.68b 28.47+3.42fg  31.13+1.03a
10 RINTS 2246 H. coronarium ‘Elizabeth’ 16.60 +0.31abc 38.700.72f 36.11+0.63cd 32.7343.21a
1 ‘FIE3AE H. stenopetalum ‘White Stars’ 16.79+3.97ahc 45.65+1.89de 3453+2.06de  32.64+3.30a
12 1 Z4¢ H. coronarium 15.39+2.33bcd 43.28 +2.33¢ 31.88 +1.55¢ef 27.12+0.25b
13 2L H. chrysoleucum 13.36+1.21bcde  46.730.93cd 27.61+0.80gh  16.83+4.19fg
14 I JE Z4E H. flavescens 15.99+0.64abcd  48.40+0.25hbc 27.44%1.60gh  20.780.76de

(R Bt 5 A Rl 3 R R R 2 57 88 35 (P < 0.05) . LU IR IR

Data followed different letters within column indicate significant differences at 0.05 level. The same is following Tables and Figures.
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TR E A S ERN, A 2. B 2R
2, EEBRECE. B ERN, SRR
BYEE A S SR 0.9%~28.2%, BiE & KK
HECETE, BUNMOATER B &3, T ESTR
B, BReBVT 20RO 240, PE B SRR
KL A 2 RN R E AN, HAR R A
ZR¥EE. 2 25 AAERTE, SRR
BOTERWAEE TR, HERGEBKEIER.
BEAY S ALEEEME  ERE AR MR
F B E AL B AL i (SOD) I PE 2 4k | 2 26T )5 [
HIas (3R 2). BMFAE 12, 2. 3 15 A SOD it
43519 89.51~184.97. 97.72~188.06. 81.87~187.57
A1 76.83~178.84 U/g, 3T 2020 4 2 Hik 2| f s
HERIJE 20 TR 205, HRFTARN T4
ARI(12 A)B R, BINtEEEA 1.7%~26.4%,
Hop B LR R R, 2, i
B 2 F AR I 1 1R B R S8 A 0 B 28 - e 3t i,
M GERE T A P 35 1 AR )~ 1 . SOD v 1 1)
{6 A8 12350 I M B € PR RS, 2 H B 24E
(1] SOD ¥t e, “BEIE 248 W 2RI, *H
BOZEAE, RE MR 2R BAJE2-5 H), &
RS R SOD 3 12 7 PR A, AR T30 5 A /T
AKFAHY . [FRS, BR 5 HEH&FR A SOD & 14
AR ES, RIS M SOD JE 8 2 7+

2019-12

= = =
o % o

AR
=
=

Soluble protein content (mg/g)

=
(]

(=]

2020-3

<
e

<
o)

=
o

N R A R
Soluble protein content (mg/g)
=3
s

<

1 2 3 4 5 6 7 8 9 1011 12 13 14
AT Germplasm

K1 E A Jm i R I A R AR . 1~14 WAR 1.

3 (P<0.05).

SEAEEEE  dEYEE(POD)S SOD
it [F) R R DA A AR PR, i % 38 5 B 0L A
B H202, i b0 41 i IS 1 3 S Ak, TR 2 R4 PR
A AE B AT K POD TEMEAR1L 5 SOD Witk i
A AR B, 12, 2. 3.5 H &FhEH 1 POD
M4y 5] 885.6~3370.8. 943.3~3570.2. 677.9~
3 054.2 1 558.5~2 286.0 U/g (K 2). 14 ANFf 5 IH- i
(1) POD #& 134T 2 HiA Bl i KM, FreA B 24E.
AR EA. B 2. R B &R, H
AT A POD & M35 B 25 189 (P <0.05), 31
N 3.2%~50.3%, HHr, BB ZIHEERN, B
E A S ONI RSy 9 NS =Y i NS PIERE =V i 0 8
AP (] ) POD 7% P 35 22 57 2 3% (P<0.05), H
P&V 2 4L POD WA R(3 570.2 U/g), ‘HE %
TE 05 /N(943.3 Ulg), BB f vt e Pt E L
AR, MK JEQ2-5 A), &FER POD i
PEX B HLRERE I

AZEEE ISR N i
(MDA) & &1 2K G N (R 3).14
AP 7E 12,235 H [ MDA & #5358 3.63~
20.92.5.24~25.26.5.38~19.62 A1 2.94~13.43 umol/g.
Bre B EAE . MEZEAL. TR B BT .
EHE. AR EL. B EERMha

2020-2

2020-5
08D a
ab
0.6} e c
d d d
de
0.4F f ef
g g
g

0.2t g
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fi i Germplasm

Fig. 1 Changes in soluble protein content in leaves of Hedychium germplasm during natural overwintering period. 1-14 see Table 1.
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Table 2 Changes in superoxide dismutase activity in leaves of Hedychium germplasm during natural overwintering period
s SEEEHT IR Sampling time (Y-M)
Germplasm 2019-12 2020-2 2020-3 2020-5
FEES 248 H. coccineum var. aurantiacum ‘Orange Brush’ 176.20 +6.67ab 183.51+2.17ab 168.66 +5.75bcd 151.16 +5.88bc
B4 FEAE H. gardnerianum ‘Tara’ 120.29 +4.36f 137.61+3.03g 126.46 +1.66f 116.35+5.46¢
> ZAE H. ‘Orange Crush’ 184.97 +1.66a 188.06 +0.86a 187.57 +7.75a 178.84%2.52a
7 5 42 4¢ H. gardnerianum ‘Kahili® 146.81+10.52¢ 169.89 5.19cde 123.39+3.65fg 129.67 +13.73d
FBMHFEIE H. Fireflies’ 94.83+4.68gh 111.36+8.36h 105.16 45.68h 88.2343.43g
R EE H. ‘Clown Suit’ 163.82+12.99bc  174.2845.96¢d 178.80 +6.64ab 158.37+1.73b
SREME AL H. coronarium ‘White Starburst’ 101.76 +1.08gh 128.66 +2.64g 113.62 £8.24gh 86.044.51g
Brera£4E H. Pink vV’ 145.06 +13.37e 171.86+3.89cde 169.77 46.14bc 134.55+7.34d
‘Yt AL H. ‘Tarissima’ 108.07+11.63fy  136.4945.29g 125.56 +5.25f 101.60 +3.02f
“AFTEYS 3448 H. coronarium ‘Elizabeth’ 140.0343.74¢ 166.49 +1.91def 145.21 46.53e 137.8247.60d
‘HEZETE H. stenopetalum ‘White Stars’ 89.5142.42h 97.7246.68i 81.87 +3.55i 76.834.90g
H 24 H. coronarium 147.51 +4.58de 164.70 +7.34ef 158.31+11.39d 153.85+16.07bc
#EHZE{E H. chrysoleucum 161.24 +7.96¢d 178.66 +6.92bc 166.39 +4.62cd 141.55+8.37cd
I JE 246 H. flavescens 154.5549.67cde  158.84 +4.75f 142.28 43.49¢ 133.2842.90d
2019-12 2020-02
4000 5 40001 g a
3500 | 2 3500} b
3000} © 3000} : d ge
sﬁ 2500} 2500} ; ¢
é 2000l G d ed © 2000F 8 2 oo g
1500+ g X 1500+ i |
1000 [ h h 1000}
500 500+

2020-03

3500 -
3000
2500} b

2000 d

ef ef

POD (Urg)

150018 € o
1000 } gh h
500}

12 3 4 5 6 7 8 9

F )% Germplasm

10 11 12 13 14

2020-5
30001
a
2500f , a
2000} b b b
1500 . c .
000 c de cd
1000 p def of
500f
0 -
1 2 3 4 5 6 7 8 9 1011 12 13 14
F i Germplasm

K2 BB ZTE mE A R L E AL R (POD)E 1 (1 A2 1L

Fig. 2 Changes in peroxidase (POD) activity in leaves of Hedychium during natural overwintering period

tRAET 2 HBBIECAESN, Hopfies+ 3 A
AILFNEAL, IR RESE d T AR I ST R A [FL i
Blo SRR ZAEM 7 10 MDA S &
THELEY e AN RAR . S FE A MDA &
e KA EERTURAE N 11.2%~45.8%. J5 7253 Hr ¢ A,
Rt 2 e, <R ZAEM I MDA SR A
BFEH, R 2 DMK ERES, Hd, 7

bk e AR LU o N EANNE AN S E 12
R, BB ZAEM RN . A5 &R 5
MDA & 1T B, Ut B R Y WL 40 i i 485 4 T
KA TAA, BHIE T G S ACRE R A, Tk
A L T E AT A RT (2 A)fE,
14 NS RERUT HOTE N A& 2= 1 H AR BRI, R A
ez BT .
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Table 3 Changes in malondialdehydecontent in leaves of Hedychium during natural overwintering period
s SKAER ] Sampling time

Germplasm 2019-12 2020-2 2020-3 2020-5
#2548 H. coccineum var. aurantiacum ‘Orange Brush’ 5.60+0.52fg 6.23+0.78¢ 6.40+1.18ef 4,63+0.16c
BEi 4 FEAE H. gardnerianum ‘Tara’ 7.78+0.55¢ 9.95+0.46d 8.840.69d 6.06+0.09c
&34 H. ‘Orange Crush’ 4.37+1.03gh 5.4540.73¢ 5.3840.95f 4.61+0.83c
PH B 84216 H. gardnerianum ‘Kahili’ 3.63+0.87h 5.24+0.70e 6.700.59¢f 5.36+0.54c
SEH R ECFEIE H. Fireflies’ 7.12+0.70¢f 9.19+1.41d 11.0742.13c 4.9442 25¢
G2 H. ‘Clown Suit’ 7.22 +1.99¢f 9.300.71d 7.9440.31de 5.45+0.71c
‘EMF %1% H. coronarium ‘White Starburst’ 20.9240.41a 25.26 +0.63a 19.620.55a 13.43+1.59a
Brera£4E H. Pink V° 8.83+0.50de 12.76 +1.29¢ 11.87+0.91c 9.84+0.69b
Hifh 34 H. ‘Tarissima’ 11.08 +1.89¢ 13.73+1.42¢ 15.42 +0.45b 9.69+0.51b
PIETH 2218 H. coronarium ‘Elizabeth’ 4.860.95gh 6.63+0.55¢ 7.0140.91def 5.9740.19c
‘HEFETE H. stenopetalum ‘White Stars’ 10.22 +0.98cd 12.92 42.45¢ 12.48 +1.77¢c 2.94+0.34d
H24E H. coronarium 4.86+0.58gh 6.83+0.09 7.95+0.66de 4.994+0.63c
W EZEE H. chrysoleucum 5.01+0.77gh 6.74 +0.65¢ 5.85+1.11f 5.200.07c
I JE 246 H. flavescens 13.49+1.01b 19.48 +0.23b 11.4340.39¢ 6.16+0.07c

2.2 RS

76 5 A HEFRT, POD 5 SOD 3FE. A A
EASEEMEE IEMHKKSR; SOD iE!tS MDA
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TR R s HIXT LR 5 MDA & i AR 3 1A
KKZ(FE 4). Hrb, POD. SOD iE. AlEMEEE
TRREAE R R EE, ¥WKT 0.6, UHTEBAT
e, HMYIRPEILEE R GRS IE R LR KR
FEER, ERNEMPEMBER . 18R B3

R4 ARMA IR A0 R R P 2L B AR IR B A S 2 B

—EREE A RNE, WMRIREA AR EEE, K
AN BE P B —Fi b SRl 5 P o [ (1 LS AR/
Ik, @B & 2 M EAREA T LR A P T,

2.3 DIMLEATIN

ERAAIT W ERE R 14 A EAEE
Pt s it 1) 5 AR BRFR AR AT AR HEAL AL B, SR 5
1T ERST 0T R 5 Al 0L, FIPAS R DTk
435N 54.76%F1 26.53%, ZEFRTTHRFIAF] 81.29%,
Vi IR B 2 (8] = FE ARG, AR 5 AR bR

Table 4 Correlation analysis of physiological indexes of Hedychium germplasm in natural overwintering period

0 & R R 1 A B
POD Sob Relativetﬁljgt#ciofductivity MDA Solﬁfb‘I{Z El:fieﬁl\ :'oient
POD 1
SOD 0.792™ 1
AHXF S % Relative electric conductivity 0.005 -0.144 1
MDA -0.205 -0.305" 0.495™ 1
Al A& & Soluble protein content 0.642™ 0.828™ -0.211 -0.369" 1

** P<0.01; *: P<0.05.

K5 ZALRHYTIRER TR STk

Table 5 Contribution rate of main components of cold resistance of Hedychium

43 Principal component FFE{E Eigenvalue TIBk Contribution rate /% ZTTERZE Cumulative contribution rate /%
1 2.74 54.76 54.76
2 1.33 26.53 81.29
3 0.48 9.65 90.94
4 0.32 6.49 97.43
5 0.13 257 100.00
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FB RS R EE VP SN Pl
SHE[CO)IF R & R AEU)], 53 H TP sy

R 6 LRETHN R B A

AL R E0 38 0.674 Fil 0.326, e3R8 14 4>
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Fe. ‘AN SR &EAA 12 HW D S
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Table 6 Comprehensive evaluation of principal component physiological index coefficient

4> Principal component

1 2
POD 0.390 -0.152
SOD 0.382 -0.033
2 fEEPE Membrane permeability -0.132 0.618
MDA -0.013 0.532
AR (45 & Soluble protein content 0.333 0.056

E NSRS UESUR L IE i i B YL pa SR U NI E SN

Table 7 Principal component analysis of physiological indexes of Hedychium leaves during the overwintering period

R Germplasm I 18] Time (Y-M) c@) C(2) u@) u(@) D
PSS AR 2019-12 1.272 0.778 0.766 0.863 0.797
%;?;;”gfu”;h‘{a“ aurantiacum 2020-2 1.821 0.064 0.900 0.713 0.838
2020-3 0.887 0.298 0.673 0.762 0.701
2020-5 0.454 0.667 0.567 0.840 0.655
BN E Y i 2019-12 ~0.450 0.668 0.347 0.840 0.507
H. gardnerianum "Tara’ 2020-2 0.358 ~1.209 0.544 0.425 0.504
2020-3 0.385 0,618 0.362 0.568 0.429
2020-5 ~1221 0.549 0.159 0815 0372
BB 2019-12 1772 1.081 0.888 0.927 0.900
H. “Orange Crush’ 2020-2 2.230 0.123 1.000 0.725 0.909
2020-3 1.584 0.640 0.843 0.834 0.839
2020-5 0.938 1.005 0.685 0911 0.758
P 4 2019-12 0.038 1.426 0.466 1.000 0.639
H. gardnerianum “Kahili’ 2020-2 0.431 1.014 0.561 0.913 0.675
2020-3 0372 0.992 0.365 0.908 0.542
2020-5 ~0.374 1.204 0.365 0.953 0.556
ER R AL 2019-12 -1571 1.111 0.073 0.933 0.354
H. “Fireflies’ 2020-2 0.810 0.903 0.259 0.508 0.340
2020-3 ~1.268 ~1.049 0.147 0477 0.255
2020-5 1871 0.625 0.000 0.831 0.271
“E5° %748 H. Clown Suit’ 2019-12 0.204 0.967 0.506 0.903 0.635
2020-2 1.453 ~0.801 0.811 0.530 0.718
2020-3 0.788 0,033 0.648 0.692 0.662
2020-5 0.149 0.852 0.493 0.879 0.618
M 2019-12 0,974 0,998 0.219 0.488 0.306
H. coronarium ‘White Starburst’ 2020-2 -0.128 _3312 0425 0.000 0.286
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43 (Continued)
R Germplasm i8] Time (Y-M) c(Q) C(2) u(@) u@) D
e —td 2020-3 -0.755 1971 0.272 0.283 0.275
H. coronarium “White Starburst” 20205 1534 0232 0.082 0.650 0.267
WL T 2019-12 ~0.228 0.756 0.401 0.859 0.550
H. *Pink V? 2020-2 0.720 0,545 0.632 0.584 0.616
2020-3 0.160 ~0.253 0.495 0.645 0.544
2020-5 ~0.609 0.257 0.308 0.753 0.453
N i 2019-12 -1.006 0.551 0.211 0.815 0.408
H. *Tarissima’ 2020-2 0.271 1783 0.522 0.323 0.457
2020-3 ~0.705 ~0.808 0.284 0.528 0.364
2020-5 ~1.242 -0.268 0.153 0.642 0.313
RIS 21 2019-12 0.002 1.012 0.457 0.913 0.605
H. coronarium *Elizabeth’ 2020-2 1.053 0.301 0.713 0.617 0.681
2020-3 0.207 ~0.252 0.507 0.646 0.552
2020-5 ~0.114 0.021 0.428 0.703 0518
EECETE 2019-12 ~1520 0503 0.086 0.805 0.320
H. stenopetalum “White Stars’ 2020-2 0.857 _1.278 0.247 0.429 0.306
2020-3 ~1.454 ~0.681 0.102 0.555 0.249
2020-5 ~1784 0552 0.021 0.816 0.280
SE~Yia 2019-12 -0.134 1.128 0.424 0.937 0.591
H. coronarium 2020-2 1.224 ~0.797 0.755 0531 0.681
2020-3 0593 ~0.259 0.601 0.644 0.614
2020-5 0.102 0.259 0.481 0.754 0.569
LSk 2019-12 0.577 1.186 0.597 0.949 0.711
H. chrysoleucum 2020-2 1.767 0.896 0.887 0,510 0.763
2020-3 0.430 0.382 0.561 0.780 0.632
2020-5 ~0.565 1.017 0.318 0.914 0512
e 31 2019-12 ~0.053 ~0.049 0.443 0.689 0523
H. flavescens 2020-2 0.792 ~2.483 0.649 0.175 0.494
2020-3 0.089 -0.340 0.478 0.627 0.526
20205 0382 0.611 0.363 0.828 0514

C(x): ERAMFHE; UX): SR RHUE; D: 2746 PNME.

C(x): Principal component score value; U(x): Subordinate function value; D:
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Comprehensive evaluation value.
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Fig. 3 Hierarchical cluster analysis of cold resistance of Hedychium based on comprehensive evaluation value
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