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Cold tolerance of five species of Camellia sect. Chrysantha
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Abstract: Camellia sect. Chrysantha are world-famous economic and ornamental plants with high ornamental and medicinal
values. In order to determine the cold tolerance, to lay a theoretical foundation for cold tolerance breeding and to provide a
technical support for artificial cultivation of Camellia sect. Chrysantha, two-year old leaves of five species were employed as
materials and treated under artificially simulated low temperature environment, including C. nitidissima, C. longzhouensis,
C. limonia, C. multipetala and C. tunghinensis. We obtained the changes of electrolyte leakage rates (REC) at 20 °C (nor-
mal temperature control) , 8 C, -2 °C, -7 C, -12°C, =17 °C, =22 °C and —27 °C by using conductance method ,calcu-
lated the semi-lethal low temperatures (LTy,) based on the changes in electrolyte leakage rates (REC) under different low
temperature stresses with the Logistic equation, and also analyzed the contents of free proline, soluble sugar and malondial-
dehyde (MDA) in leaves. The results showed that the semi-lethal temperature (LTy,) of five species was: C. nitidissima
-14.58 °C, C. longzhouensis —14.27 °C., C. limonia —13.44 °C, C. multipetala —13.09 °C, and C. tunghinensis —12.74
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C. The cold tolerance of five species Camellia sect. Chrysantha could be reliably reflected by the semi-lethal

temperature. C. nitidissima and C. longzhouensis had high cold tolerance. C. limonia and C. multipetala had medium cold

tolerance. C. tunghinensis had poor cold tolerance. The REC of the five species increased following an S-curve with the tem-

perature drop, and temperature showed highly significant negative correlation to cold tolerance. The contents of free proline,

soluble protein and MDA increased first and then decreased. Under the same temperature treatment, C. nitidissima with low-

er LT, temperature had higher contents of free proline, soluble protein and lower contents of MDA. The results provide the

information for selection of cold-tolerant germplasm of Camellia sect. Chrysaniha.
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Fig. 1 Logistic curve of relative electric conductivity to temperature of five species of Camellia sect. Chrysantha
A. C. nitidissima; B. C. longzhouensis; C. C. limonia; D. C. multipetala; E. C. tunghinensis.
®1 AERELETHMELFEXESE Logistic FIAATEREFHILEE (LT,,)
Table 1 Relative conductivity Logistic regression equations and semilethal temperature (LTy,) of
five species of Camellia sect. Chrysantha under low temperature treatments
b4 [l ) 7 I 5
Species Regression equation Semi-lethal temperature (°C) Fitting degree
A AEAE Camellia nitidissima Y=134.794 3/(1+11.942 351 64¢™*") -14.58 0.983 7
JeM&AE2% C. longzhouensis Y=129.121 5/(1+11.846 868 04e"'*") -14.27 0.984 7
FrE S ALK C. limonia Y=122.132 6/(1+10.938 988 33¢™"") -13.44 0.974 4
Ek&AEX C. multipetala Y=103.730 2/ (1+28.529 765 12¢™**) -13.09 0.972 9
R4 B2 C. tunghinensis Y=112.801 5/(1+12.125 592 3¢*'™) -12.74 0.975 6

W X FORFT M AR (C),Y FRMHRESR (%),

Note: X and Y indicate temperature (°C) and relative electric conductivity (REC, %) ,

AP RE 7 W] S 19 i | (BT 9 g 4 348 o i 58 TR AR

respectively.
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Table 2 Changes of proline, soluble sugar and MDA content in the leaves of five species of
Camellia sect. Chrysantha under low temperature treatments
R s Ui 2 2R o it CIpZ2icaiines [ Sy
Temperature Species Proline content Soluble sugar content MDA concent
(C) pecies (ng+ ¢'FW) (mg + ¢'FW) (nmol + g'FW)
20 4655 Camellia nitidissima 11.15 £ 0.25a 8.20 + 0.99a 9.17 + 0.60a
M 44625 C. longzhouensis 11.29 + 0.89a 7.80 £ 0.98a 8.92 + 0.56a
g
FriE i 44625 C. limonia 11.61 = 1.45a 7.27 + 1.01a 9.29 + 0.65a
HkEAEZR C. multipetala 11.08 + 0.85a 7.09 £ 0.79a 9.88 + 0.70a
RMEAETR C. wunghinensis 11.31 + 0.95a 6.87 = 0.31a 9.75 + 0.39a
8 4 AE%E C. nitidissima 12.46 + 1.09a 11.63 + 0.96a 12.74 + 0.45a
T M 44645 C. longzhouensis 12.56 + 0.98a 11.49 + 1.19ac 13.19 + 0.90abc
¥t 424625 C. limonia 12.17 = 0.98a 10.51 + 0.99a 14.31 £ 0.87b
Bk & AEAE C. multipetala 12.40 + 0.96a 10.04 + 0.42b 14.29 + 0.79b
R4 B2 C. tunghinensis 12.64 + 1.18a 9.49 + 0.39hd 15.60 + 0.66b
g
-2 SAEZE C. nitidissima 18.98 + 1.01a 14.32 £ 0.75a 20.78 + 0.80a
T M4 AEZE C. longzhouensis 17.36 =+ 0.95a 13.83 + 0.71a 21.27 £ 0.77a
Frig i 462K C. limonia 15.65 + 1.11b 12.30 + 0.79b 23.18 + 0.97b
BWkEHZE C. multipetala 14.76 + 0.96hc 12.57 = 0.81b 23.99 + 0.37b
TRMEALH C. tunghinensis 13.37 + 0.58¢ 11.94 + 0.98b 26.07 + 0.55¢
-7 AT C. nitidissima 31.92 + 1.02a 22.85 + 0.93a 29.33 + 0.31a
M 4SS C. longzhouensis 26.64 + 2.07b 22.37 + 0.57a 30.98 + 0.73b
8
Frig 625 C. limonia 25.72 + 1.94b 18.67 + 0.63b 34.79 + 0.75¢
HEFKEAEZ C. multipetala 24.26 + 0.94bc 17.67 = 0.69h 36.09 + 0.64d
RMEAIETR C. wunghinensis 20.13 = 1.23¢ 15.35 + 0.78¢ 42.52 + 0.39%
g
-12 G C. nitidissima 45.67 + 2.02a 29.88 + 0.69a 47.45 + 0.46a
M G 4E2% C. longzhouensis 41.83 + 0.92b 29.42 + 0.45a 49.69 + 0.42b
it 44625 C. limonia 38.43 + 1.05¢ 26.19 + 0.48b 60.31 + 0.37¢
K& AEZE C. multipetala 37.12 + 1.95¢d 25.88 + 0.99b 59.18 + 0.96¢
FRMAALTE C. tunghinensis 34.85 + 1.85d 21.30 + 0.79¢ 68.32 + 0.80d
g
-17 4 AE% C. nitidissima 79.71 = 2.04a 35.62 + 0.70a 58.02 + 1.01a
WM 425 C. longzhouensis 78.33 + 2.72a 35.20 + 0.98a 59.10 + 0.91a
g
¥t 44625 C. limonia 74.04 + 2.01b 31.76 + 0.79b 73.24 + 0.86b
Bk & AEAE C. multipetala 73.90 + 2.02b 31.56 + 0.71b 74.00 + 0.60b
RME IR C. tunghinensis 70.41 + 1.06b 28.99 + 0.59¢ 82.61 + 0.69¢
-22 SAEZE C. nitidissima 49.61 + 1.36a 26.56 + 1.0la 56.19 + 0.96a
T M4 AEZS C. longzhouensis 49.41 + 1.13ac 25.97 + 0.49a 56.90 + 1.03a
Frig #E 462K C. limonia 47.15 £ 0.14bd 24.04 + 0.69b 65.28 + 0.99b
HWk&HZ C. muliipetala 47.14 + 0.96d 23.97 + 0.68b 67.90 + 0.97¢
T4 62K C. unghinensis 44.89 + 0.97e 21.49 + 0.79¢ 79.52 + 0.44d
g
-27 A6 C. nitidissima 31.50 = 1.05a 22.87 + 0.97a 52.87 + 0.89a
T 44625 C. longzhouensis 30.33 + 0.95a 21.74 £ 0.79a 53.52 + 0.67a
g
Frig 4625 C. limonia 28.76 + 0.88Db 19.72 + 0.75b 58.11 + 0.92b
HEFKEAEZRE C. multipetala 29.18 + 2.01b 19.70 = 0.69h 63.63 + 0.76¢
IRA TS C. tunghinensis 26.29 + 0.98¢ 15.38 + 0.74c 70.06 + 0.98d

T RSB EARE ARG T8/ FORTE 5% KT EARRF SAEZRAE R —RE T 25 8%,

Note: The lower case after the figure in the same column indicate the same temperatures under different species had significant difference at 5% level.



1408 I = 7|

36 %

SR FL A R T G DR A G A % A A A o

A R -5 T P 0 4 M P A A )
vy R 7/ i Bic K BUCEE R I SEN I N I 7/ RN | K
55RO A R SR AT AR AT 4 32 3% SARN R 47 240
R A AR 1, DA 98 25 AU U 300 T 48 L ) 43 3 (
B, 20005 Mo et al, 2011), AWF5EH, Z ARG
J& , HREAEA T R IR 5 AR S b
Ab PRI R BEARAE 5E TS T RERE S T RESE
T4 AR TR 28 0 30 2 K (] B P A T i
I 2 Al 22 R A REL 2R 201 4 Y 1% e 14 I s
AR, DI OR A 20 P B R A AR 1k o (H Y IR
AkSE T R B — i AR, A0 PN i P SR L 2R G B
IR PR PRI P A 2 | B80T 5 P W R 2 i R
G /b, & BN B, (HR TR AR [0 B 3E IR B A%
PFR LT M i €M 1) 4 AL A0 0045 1008 35 1T
Y fie 1 nT Re S o, FR SR A 22 0 T T R RO
I B2 , S R T U AP Jlh 0 %o A AR P 43 3

MDA J2JBEfG i A 1Y 79, W] 5 40 R 1 55
ShE I OR AN MRS ) A e M 5 340 2 3 S 4 LRSS PR AN 1
FIUg 05 12 1) 2o S Ak, 5 S04 M S 1 2 (Pl 4 2 5
2000) , MDA & iy 28 A6 AT DA S AR I 36 5 A 40
MR AR RS . 24 MDA B, 26 A
Yy A0 RS2 ) A B R ™ B (ERT IS 2011) , AR
FEH, BAEZR I A MDA 5 dk Bl 20 95 B e ARG o 2
P FFHE T REREE S, S5 EIE5F (2010) 7RG R IR T
ZETAHY RN IR P R RSS2, B T
JE ARG, I v MDA B 2 i, 2 B 41 A
RAT i A YRR 4R S AR, MDA 5 1 K - T
TRBEAE , B A ], i e Al Az 2™ A7 3
ZJ5 MDA Zr it TR AH FREIE BN AT R ATk
W U M 2 S5 2 VAT 0 B R AT, 1 20 g AN
FRB TR S AL FERE 982 T MDA )& B, X i
AR RV SR ( TIRRESE ,2014)

ENTEREAE L e i P 1) ¥ e PN T E Y 2
R P B AR M LK S AR A I T 2R 2, AR
P AR I FEME R 22 AT R AR IR 25
N HEAT A AE AT I FE M b A R AR SE R A e
BRI 38 I T BE 8 23 P Bl K S S5 B, A= AR
ST A% MR AN T i — TR

B3 30k
CHAI SF, TANG JM, WANG ML, et al, 2015. Photosynthetic and

physiological characteristics of Camellia petelotii seedlings under
drought stress [ J]. Acta Bot Boreal-Occident Sin, 35(2) ; 322—
328. [SeMks, FHEERY, EWEE, 55, 2015, TRHAX 4L
RAFEOCE A BRER R [T]. VALY 24, 35(2)
322-328. ]

DENG RJ, FAN JX, WANG YQ, et al, 2014. Semilethal tempera-
ture of Pitaya under low temperature stress and evaluation on
their cold resistance [ J]. Plant Physiol J, 50 (11). 1742 -
1748. [ X4, WEHT, FoKIE, 4F, 2014, fRIRHA T K
R BRI AT ()], AR BEE R, 50
(11): 1742-1748. ]

DENG X, DONG C, ZHANG GM, 2012. The effects of drought
stress on the antioxidant resistance and osmotic adjusting sub-
stances content of two varieties seedling of Camellia nitidissima
[J]. Chin J Trop Crops, 33(6): 1034-1039. [ Xjl, # /=, 7k
T7H1, 2012, TEXTPIRNGAEAS L i 4 ML R J1 BB B ) i
ERAE [J]. PGEYZR, 33(6) : 1034-1039.]

FU LG, 1992. China plant red data book [ M]. Beijing: Science
Press. [ 837 [H, 1992, HEEYL R [M]. JLat: Blaih
Jikt. ]

GUO WD, ZHANG ZZ, JIANG XW, et al, 2009. Semi-lethal tem-
perature of Fingered citron ( Citrusmedica var. sarcodactylis
Swingle) under low temperature stress and evaluation on their
cold resistance [ J]. Acta Hortic Sin, 36(1) ; 81-86. [ ¥ 4%,
SKECE, ¥/, 4, 2000, fIRIELPRE T BT SO TR R
SEFHLIEMEAMT [J]. RIZ2E4M, 36(1) : 81-86.]

HE W, Al J, YANG YM, et al, 2014. Study on the semi-lethal
temperature of germplasm resources of Vitis amurensis branches
[J]. N Hortic, 21: 19-22. [fil ff5, L%, # X W], %,
2014. LIHIETRI BT IRAS A% BRI BRI BERT 5T [1].
JEZ, 21: 19-22.]

LEVITT J, 1980. Responses of plants to environmental stress
[M]. New York: Academic Press: 533—568.

LIANG SY, 1993. Camellia nitidissima [ M ]. Beijing: China For-
estry Publishing House. [ 3280, 1998. &4E2% [M]. Jb3L.
HhE Al A ]

LI G, JIANG WB, WENG ML, et al, 2007. A preliminary study on
cold resistance of six Magnolia species seedlings [ J]. Acta
Hortic Sin, 34(3): 783-786. [ 2N, =T, Hir®, 4,
2007. K2EFL 6 FE a4 P IE RIS [1]. W2
4, 34(3) : 783-786.]

LI HS, 2000. The experiment principle and technique on plant
physiology and biochemistry [ M]. Beijing;: Higher Education
Press. [ 44 4, 2000. 18 97 A= 30 A Ak 52 56 B 2 A0 B R
[M]. Jbat: mSEEE i ]

LIU HM, ZHANG Q, SU Q, et al, 2014. Studies on evaluation and
screening of cold resistance during seedling stage in eighteen
species or varieties of Spiraea [J]. Acta Hortic Sin, 41(12)
2427-2436. [ XNER, U195, 57, 55, 2014. 18 Fh5LR 3G
WPIFEMEIEN SIfEE [J]. b 224, 41(12) ¢ 2427-2436.]

LIU SH, TIAN YH, WEI LP, et al, 2011. Semi-lethal low temper-
atures and impact of low temperature on antioxidant system of 30
varieties of rubber trees in Xishuangbanna [ J]. Plant Physiol J,
47(5) : 505-511. [ XITHAT, MfEe, BHANFHE, 4%, 2011, PHRL
R 30 GBS A IR BB IR B AR R XS4 L &
LR [J]. A B, 47(5)  505-511.]

LIU WP,SU SC,LIU X, et al, 2012. Comparison of different culti-

vars of blueberry overwintering ability in Qingdao of China



12

VA . TP AR A Y I T FE P LT 5T 1409

[J]. Am J Plant Sci, 3: 391-396.

LI XL, LI JY, FAN MH, et al, 2006, Heat tolerances of major Ca-
mellia species [J]. Acta Bot Boreal-Occident Sin, 26(9) . 1803—
1810. [ 25950, 22200t Juldbte, 45, 2006. LIZRJR L2 A
IHERETS [T]. PRI, 26(9) « 1803-1810.]

LYONS JM, RAISON JK, 1970. Oxidative activity of mitochondria
isolated from plant tissues sensitive and resistant to chilling
injury [ J]. Plant Physiol, 45, 386-389.

MO HD, 1983. Logistic equation and its application [ J]. J Jiangsu
Agric Col, 4 (2): 53-57. [ = H#E, 1983. Logistic J5 1% K H:
R (0] IR EBE AR, 4 (2) : 53-57.]

MO Y, LIANG G, SHI W, et al, 2011. Metabolic responses of al-
falfa ( Medicago sativa L.) leaves to low and high temperature-
induced stresses [ J]. Afr J Biotechnol, 10(7) ; 1117-1124.

PANG JA, MA DH, HUO ZR, et al, 2000. Effect of salicylic acid
on chilling resistance of cucumber seedlings [ J]. Acta Agric Bo-
real-Sin, 15(1): 112-115. [ Je4s2, Dtk FEHRZE, 4,
2000. 7Kk A7 R 1Ak 30X 52 v v I &) B T IR /B 7 19 52
[J]ARdEAR =4, 15(1) : 112-115.]

SHI C, WANG YZ, LIU GJ, 2013. Application of Logistic equation
on determination of the semi-lethal temperature of five different
varieties of apple branches [ J]. North Hortic, 2: 36-38. [ i}
W, T2, XIEA, 2013. W H Logistic J7FEH & TR
BERMRERIIREE 5T (1], AL 2, 2. 36-38.]

WANG GQ, LI DQ, ZHANG JP, et al, 2014. Comparison of cold
tolerance within 6 cultivars of Iris germanica [ J]. Acta Hortic
Sin, 41(4): 773-780. [ £ #f, Z 35, kAP, 55,
2014. TEESEE 6 A>T FEME LLEL (], E2ER, 41
(4) . 773-780.]

WANG L, WANG CL, MA X], et al, 2012. Cold resistance of new
weigela varieties [ J]. J NE For Univ, 40(12); 43—-46. [ £#,
A, DEE, 5, 2012, FaERT S AT (1], Kb
Ml KE54R, 40(12) » 43-46.]

WANG SG, WANG ZL, WANG P, et al, 2011. Evaluation of
wheat freezing resistance based on the responses of the physio-
logical indices to low temperature stress [ J]. Acta Ecol Sin, 31
(4): 1064-1072. [ EARI, FEIRAk, E3, 45, 2011. RFE/N
2 RIS 1) ST R BT R PN (D], AR 3S2E4R, 31
(4): 1064-1072. ]

WANG W, LI HX, ZHAO MX, et al, 2015. Study on the cold re-
sistance and the semi-lethal temperatures for seven pear cultivars
[J].J Fruit Sci, 32(5) . 860-865. [ £ ¥, ZS4I /i, WA,
4§, 2015. 7 AR B IR~ B0 IR B R T SE 2 VA
[J]. SRR, 32(5) @ 860-865.]

WANG YH, LI JY, TIAN M, et al, 2006. Influences of low tem-
perature stress on Camellia species’ two physiological index re-
lated to resistance to coldness [ J]. For Res, 19(1 ). 121-
124. [ FOK4T, 222000, M, 45, 2006. {RiEHE X 102D
fift 2 ANLTEMEA: PR ARAEIR [J]. AMROLRHERTSE, 19(1 )

121-124.]

WANG Z, 2000. Plant physiology [ M]. Beijing: Chinese Agricul-
tural Press. [ M., 2000. A4 [ M]. U, P EAER
HhRRAL. ]

WEI X, JIANG YS, WEI JQ, et al, 2007. Investigation on the geo-
graphical distribution and habitat of Camellia nitidissima
[J]. Ecol Environ, 16(3) : 895-899. [ %, #iz/k , Fici#,
45,2007, M A6 A ) 4 4K 28 3 BB O3 A 5 AR B R A AE Y
[J]. S, 16(3) ; 895-899. ]

WU HM, 2004. Study and evaluation of germplasm resources for
sect. Chysantha Chang in Fujian Province [ D]. Fuzhou: Fujian
Agriculture and Forestry University. [ 53t | 2004. fR#t 416
ALHAHYR BRI S [ D], A AR, ]

XU K, XIA YP, XU BY, et al, 2005. Measurement of cold toler-
ance based on REC and the Logistic equation in Camellia hi-
emalis ‘ Shishi Gashira’ [J]. Acta Hortic Sin, 32(1); 148-
150. [#R5E, HHETF, BB E, 5, 2005. LIH FILEE Lo-
gistic J7REAE 24 /NECER p B sENE (U], 2R, 32
(1) 148-150.]

XU Y, CHEN FD, 2008. The LT, and cold tolerance adaptability
of chrysanthemum during a natural drop in temperature [ J].
Acta Hortic Sin, 35(4) : 559-564. [ VFEE, BRAME, 2008. 4
AE 8 A~ P IR E BOUIR B L HGUFERE R [J]. 2%
i, 35(4) : 559-564.]

YUE H, LI GH, LI GW, et al, 2010. Studies on cold resistance
of different macadamia cultivars [ J]. Acta Hortic Sin, 37(1):
31-38. [RifE, ZEE4E, ZREMS, 4%, 2010, YN R AAE
AR FERE R BE S (1], P24, 37(1) : 31-38.]

ZENG W], JIANG ZP, CHEN W, et al, 2013. The research of
semi-lethal temperature and cold tolerance of Camellia oleifera
cultivars clones in Guangxi [ J]. Chin Agric Sci Bul, 29(4) .
23-25. [ SR, VLIRS, BRAE, 4%, 2013, 7RI EAk
Tt RARRFEOUIRE ST SEEVRTE [J]. hEREE R,
29(4) . 23-25.]

ZHAO CQ, LU ZG, PANG YZ, et al, 2003. Semi-lethal low tem-
perature and low temperature adaptability of tow Taxus media
species [ J]. J Chongqing Univ, 26 (6): 86-88. [ X E &, /4
VAR, PEAKE, 45, 2003. S b L1 G BT E 5 X
IR AE NP [T]. ERRAAH, 26 (6) : 86-88. ]

ZHAO SW, 1995. Study on cold tolerance and introduction of
Camellia nitidissima [ D]. Beijjing: Beijing Forestry Univer-
sity. [BUHERR, 1995, AEZHUIEME S5 IFALAEBISE [D]. b
| Any N e

ZHU GH, LIU ZQ, ZHU PR, 1986. A study on determination of
lethal temperature with logistic function [ J]. J Nanjing Agric
Univ, 3: 11-16. [ AAGEE, XIHAL, KK, 1986, B Lo-
gistic ARIEM Y HLURIR L BOCR BT [J]. R
MR, 32 11-16.]



