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Identification and evaluation of cold tolerance of 51
Chimonanthus praecox cultivars

Liu Yuanyuan Lu Yang LiQiuxu LiuSiyi Wang Tongrui Li Qingwei
(State Key Laboratory of Efficient Production of Forest Tree Resources, School of Landscape Architecture,

Beiing Forestry University, Beijing 100083, China)

Abstract: [Objective] This study identified and compared cold tolerance in different Chimonanthus
praecox cultivars, analyzed their physiological responses to low-temperature stress, and screened cold-
tolerant cultivars for cold northern regions, providing elite germplasm and theoretical support for its
landscape application. [Method] One-year-old branches from 51 C. praecox cultivars were treated with

gradient cooling from —34 to —10 °C, with 4 °C as the control. The relative electrical conductivity (REC) was
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measured, and the semi-lethal temperature (LTs,) was calculated by fitting the Logistic equation.
Representative cultivars with high cold resistance and low-temperature sensitivity were primarily screened.
Their physiological indices related to cold tolerance were further determined, including osmotic regulators
(soluble sugar, soluble protein, proline), antioxidant enzymes (superoxide dismutase, peroxidase) and
malondialdehyde (MDA) reflecting membrane damage. Finally, the cold resistance of all cultivars was
comprehensively evaluated by principal component analysis and the subordinate function method.
[Result] (1) The relative electrical conductivity of the 51 C. praecox cultivars all showed an S-shaped
curve, with their semi-lethal temperatures (LTs,) ranging from —28.71 to —17.59 °C. Five highly cold-
tolerant cultivars (C25, C27, C33, C39, C51) and five low-temperature-sensitive cultivars (C10, C11, C42,
C46, C49) were screened for further measurement of cold-resistance physiological indices. (2) With
decreasing treatment temperature, the relative electrolyte leakage and malondialdehyde (MDA) content of
the 10 representative cultivars increased continuously, while the protective physiological indices, including
peroxidase (POD) and superoxide dismutase (SOD) activities as well as soluble sugar (SS), soluble protein
(SP) and proline contents (Pro), all increased first and then decreased. Compared with the low-temperature-
sensitive cultivars, the highly cold-tolerant cultivars displayed slower membrane damage, higher peak values
and a milder decline in the protective physiological indices. (3) The comprehensive evaluation showed that
the cold hardiness of the 10 selected C. praecox cultivars, consisting of five highly cold-tolerant and five low-
temperature-sensitive genotypes, ranked in descending order as follows: C27, C39, C25, C51, C33, C49,
C46, C10, C42, C11. [Conclusion] Highly cold-tolerant C. praecox cultivars showed lower cell membrane
damage, stronger antioxidant enzyme activity, and enhanced osmotic adjustment capacity. The highly cold-
tolerant C. praecox cultivars C27, C39, C25, C51 and C33 screened in this study can serve as suitable
germplasm for landscape application in cold northern regions, laying a critical germplasm foundation for
breaking the popularization bottleneck of C. praecox in these areas.

Key words: Chimonanthus praecox; cold tolerance; semi-lethal temperature; breeding of improved varieties;

comprehensive evaluation
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Tab. 1  Chimonanthus praecox tested cultivars

ETRE) A FR ETRE) A 44 R 'S pE By i

Cl ‘AHATE C praecox ‘Baixue Gongzhu® || C18 ¥z’ C. praecox ‘Hongyun’ C35 ‘B C. praecox ‘Meigui Hongxin’
C2 UEHHLLR C praecox ‘Bozhou Hongyun® || C19 ‘3 EIK  C praecox ‘Huang Yugiw’ C36 ‘H|L C. praecox ‘Mohong’

3 “KWFEL C praecox ‘Changbei Suxin’® C20 ‘&% C. praecox ‘Jinbei’ C37 ‘S faf C. praecox ‘Mohe’

C4 “%€—5 C praecox ‘Chuangmei Yihao® || C21 ‘&I L C. praecox ‘Juanban Suxin’ C38 ‘4% ¥’ C praecox ‘Qingwu Feiyang’

C5 “KIEB4 C praecox ‘Dahua Bozhouw’ C22 ‘&l C. praecox ‘Jindie’ C39 ‘i C. praecox ‘Qiyan’

C6 “KRIEAZ C praecox ‘Dahua Donglv’ (23 “&MELLE’ C. praecox ‘Jinlian Hongyu’ C40 “THM  C. praecox ‘Shiyuemei’

C7 “KRALFE’ C praecox ‘Dahua Suxin® C24 “BH LM C praecox ‘Juanlian Jinbei’ Cc41 HEEH C. praecox ‘Tanxiang’

C8 “KJEHEP  C praecox ‘Dahuti’ C25 ‘&M C praecox ‘Jinpifeng’ C42 SHEHREE C. praecox Xinke Huti’

C9 WRALIEEE C praecox ‘Danzhuang Dieww’ || C26 ‘“&#%8°  C. praecox ‘Jin Panzi’ C43 “FEIALT C. praecox ‘Yaochi Xianzi’
C10 ‘¥§¥E T’ C. praecox ‘Ehuang Xiaguan® || C27 “HH’ C. praecox ‘Jusu’ C44 ‘BREWEE C. praecox ‘Yanguo Qingxue’

Cl1 ‘M & & C praecox ‘Fenmian Hanchun’ || C28 ‘&R’ C. praecox ‘Jinwu Cangjiao’ C45 ‘B4 —5 C. praecox “Yuhong Yihao’

Cl12 “HHE C. praecox ‘Huangban’ C29 “ELE) C. praecox ‘Jinxiang Hongyun’ || C46 ‘EHLLLIE C. praecox “Yupan Hongrun’
C13 ‘“#i¥IE& C. praecox ‘Heban Tanxiang® || C30 ‘&/&’ C. praecox ‘Jinyan’ C47 ‘KWL C. praecox “Yuwan Zanghong’
Cl4 ‘#H&EHC  C praecox ‘Huang Jinzhi’ C31 ‘fE’ C. praecox ‘Jingyu’ Cc48 ‘BBE’ C. praecox ‘Yanyu’

Cl15 ‘W C praecox ‘Huanglatuo’ C32 “&FW C. praecox ‘Tinyun Bozhow’ C49 “#IME’  C. praecox “Yangzhou Huang’
Cl6 ‘JEHE C. praecox ‘Huti’ €33 ‘H4 C. praecox ‘Kouhong’ C50 ‘FEAl C. praecox ‘Wu Xiw’

C17 “4LKF>  C. praecox ‘Hong Taiyang’ C34 WM C. praecox ‘Luoyang’ C51 “HEAHK C. praecox “Ziqi Donglai’
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Fig. 1 Effect of low-temperature treatments on the relative electrical
conductivity of branches of different C. praecox cultivars
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Tab.2 The semi-lethal temperature and cold tolerance ranking of 51 C. praecox cultivars

i EVEp WABECRD P FBCIR S ( LTs)/C BLIEMHEF
Cl y=100/(1 +7.973¢"%3) 0.933 -25.85 10
c2 y=100/(1 + 8.097¢"%% ) 0.949 -24.18 21
3 y=100/(1+7.803¢"°773) 0.936 -26.58 7
c4 y=100/(1 + 6.525¢"%5) 0.940 -22.46 32
Cs y=100/(1 + 6.666¢"*' ) 0.916 -23.28 29
6 y=100/(1 +7.003¢"°™ ) 0.923 —24.64 19
C7 y=100/(1 + 6.999¢"% 1) 0.960 -21.84 39
Cs y=100/(1+6.157¢"7¢ ) 0.928 -23.88 25
9 y=100/(1 +7.614¢"°77 ) 0.947 -26.16 9
C10 y=100/(1 + 4.336¢"6 ) 0.928 -19.30 49
Cl1 y=100/(1 + 3.389¢"%%*) 0.947 -17.59 51
c12 y=100/(1 + 6.599¢"%23) 0.919 -22.93 30
Cl13 y=100/(1 + 6.820"%>) 0.941 -22.77 31
Cl4 y=100/(1 + 6.163¢"%*) 0.964 -20.93 44
Cls y=100/(1 + 6.577¢"%75) 0.982 -21.53 41
Cl16 y=100/(1 + 6.373¢"76 %) 0.905 -24.11 22
c17 y=100/(1 +7.378¢"%°5) 0.971 -22.08 36
Ci8 y=100/(1 + 8.566¢"% ) 0.963 -24.95 16
C19 y=100/(1 + 6.047¢"%*) 0.967 -20.95 43
C20 y=100/(1 + 6.824¢"%>) 0.939 -23.92 23
21 y=100/(1 + 6.973¢"76*) 0.959 -25.25 13
c22 y=100/(1 +9.560¢"%°*) 0.969 -23.69 27
23 y=100/(1 + 6.620¢"%*) 0.958 -22.26 33
C24 y=100/(1+7.015¢*%>) 0.968 -21.84 38
C25 y=100/(1 + 5.697¢"%%*) 0.970 -27.49 3
C26 y=100/(1 + 7.854¢"% ) 0.961 -25.57 11
27 y=100/(1 + 10.655¢"%2%) 0.978 -28.71 1
C28 y=100/(1 + 4.077¢"°7*) 0.967 -20.70 45
C29 y=100/(1 +7.391¢"%3) 0.937 -23.45 28
C30 y=100/(1 + 6.441¢"5 ) 0.941 —24.84 17
c31 y=100/(1 + 8.575¢"%%*) 0.939 2473 18
Cc32 y=100/(1+7.027¢"°77 ) 0.955 -25.13 15
C33 y=100/(1 +7.296¢"™™) 0.938 -26.60 5
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C50 y=100/(1 + 5.984¢"%23) 0.991 —-21.74 40
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Fig. 2 Effect of low-temperature treatments on malondialdehyde content in different C. praecox cultivars
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Fig. 3 Effect of low-temperature treatments on superoxide dismutase activity in different C. praecox cultivars
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Fig. 5 Effect of low-temperature treatments on proline content in different C. praecox cultivars

~J
(=

(A [JC25[CJC27ZZAC33 I C3oll C51

=)
(=
T

a

bbC ab

bl L[ bc

w
(=]
T

I

abb

IS
[
T

AR S/ (mgg!)
[ (O8]
=] [

._.
S
T

4 -0  -16 22 28 34
R/ C
A RDUIERL R B, IREERUEAL

0rg  [CJCI0CTIC!H  EZZAC42 B CAGE C49

60 |
T S0 F
s
g c
~ 40 c
e ¢ o
G 30 | cd € dd d d
= d € de

cd md de

3 cdd od e dd
K o0 A, aa G de
= 2 ¢

10}

0

4 -10 -16 =22 28 —34
R/

6 MIRIEAEE T R B A% AT PN 5 B

Fig. 6 Effect of low-temperature treatments on soluble sugar content in different C. praecox cultivars



186 b =

ok R R

548 4

HEHFRRRA TR, SS &R E NREEsh. £
=34 C I, mPLIE MM AL 55 SS B BRI T FE
T 9.38% ~ 16.94%, T K il B i P AL 2% R B T
40.65% ~ 46.18%. R IRFUZ WA SS & &= K IE
TE%, RIAHAU RE 2T N E
235 ARBAFAFHAER TR R O SO0

IR A BT AS RS M B 2 IV EER B (SPO & &
FISZm A 7 B . 10 AN AR ME SRR SP &
A BT E RS, (R EREA R

BARKE, mPLo€m e & (B 7A1 SP & &
FE-16 ~ 4 °C AL PEFT B W3 B I, 52 4 °C 0 IR
39.08% ~ 50.00%, % B LE T AEIRIR e T, mHisE
i AP AR R S E AT HLE; f£-22 ~—16 °C A3
BB, SP & R4k LA R, HIE N 12.82% ~ 42.30%,
HAE-22 C IEFNIEME, N 0.31 ~ 0.44 mg/g, BiHIILRE
W 7E AR AR S 4E R SP B4R S B LU R
AR IR 5 5 B & R E I FRAIG, SP & & FR%, &
BH R I 52 A R 2 15 A i 52 BEL SRR A ek, 72
FEIATRE SIS -

G T8 B0 o b B 4% (B TBO SP & B AE—16 ~
4 °C R B FFE 2 BB, FET-16 C 1A H| g
8, N 0.26 ~ 0.34 mg/g; M5 Bl & 1% 15 W6 (7 n gl
SP & B NS WA R AT U IR BUR A R
IR AU, Aeilid 12 =208 Ik DR HUIGIR, (3
WA RE I EBR
23.6 AKEE T R B A e AP £ 2 IR AR ) £ R4
S

SR FH 25 83 43 B 0T e AR o o 114 % T A B o H
FRigbAT A B . AKHE B 1T TR EE KT 85% (AnifE, It
FEELT 2 ANERFo BrAE R 2 AN 3 B A BT,
g3 Al CILL CI2 %7, HARHIEAR 23 51l 9 4.90 AT 1.65,

061 A [CJc2sC27ZAC3 3 3 mmCs]
_osp 2 4
0
é‘) 04} { c
=~ a
Eﬂ 03} abd| abab
I a bell aba 2
ﬁ 0.2 -b g c
= ool é é
2 %
'
4 -10 -16 22 28 34
HREEC

A, FHUESFN; BOREEBUSRG AN,

TR F M IKN 69.93% Al 23.38%, 2 it 51k F ik
93.31%(3 3) . X W PT R B 32 570 RE A% BT Hh
A RO A RS A LR F EE R, B
7oA o AR B3 B 23 B & AR AR AE E s b
B fr 7, 25 BB R ClE B H X (REC). X,
(MDA). X,(POD). X5(Pro)Fl X4(SS); CI2 F ZE 1
5 X;(SOD) A X7(Prod. LTI, @i 3 7 43 #ir
MR 2 MR GRS ISR W) 7 A
IR AR, 785 A S E S, v T hisE
PRI
2.3.7 R A SR AP S L AR

BT AR AL B IS B, 45 S E R e i i
FI B FRARE T B B REL o v LA A
aAEE 2 AN TR EISRE TR T . AEILEER |,
BT E A SO AE 2 S E R B SRE R BUE,
FARYE o 1A RS 2 BIRLE (4399000 0.75 1
025 AT AL L&, 13 BN A ISR & VEIME . 1%
PEME R /NS SR P SE M5 55 B IEA G, 256
PR E R S, SRR TR . R 4 BoR: 10 MR
AR I A o ) B FE PR R S AR IR R I €27 >
C39 > C25 > C51 > C33 > C49 > C46 > C10 > C42 >
C11, ¥ ik 45 R vh i) Lo ME ab A 3 & T30 5,
U S A T S5 S, 3K T B BN T &R
PEAT 45 SR e 1
3o ®

WM A Dy FRE R A =TT AR 44 R, AEJL T
X R R FH A B AN o] AR B H AN E, (H AR
T3 FEVA M IX PR HE T LK 52 B B S 1 2 S AN
TR PR = R G0 A 1) R BR . Rk,
51 ANUEME G AT R BT FEVE S8 78 S VPN, AR i

06 B [ICI0IC! ZAC42MC46 I C49

o
9

<
~
T

o
w

AR E AR (mgg™)
(=]
)

e
s

k\\\\\\\\\\\\\\\\\\'s.
— RARRSH e

~
|

—_

=]

-16  -22
REE/C

7 AR AR BRI A ATV M R 1 R KR

Fig. 7 Effect of low-temperature treatments on soluble protein content in different C. praecox cultivars
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