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Analysis of Freezing Tolerances and Its Physiological Differences of Two
Rosa Species During the Overwintering

LIU Qiang, YANG Shuhua’, JIA Ruidong, ZHAO Xin, and GE Hong*

(Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, National Flowers Improvement Center of
China, Beijing 100081, China)

Abstract: To study the changes of freezing tolerance and its physiological basis of annual leaves and
shoots of Rosa beggeriana and R. fortuneana, the cold hardiness was estimated by the semi-lethal
temperature (LTso), which was assessed by electrolyte leakage rate with Logistic equation, the
accumulation of starches in stems was observed by periodic acid-shiff staining and the contents of relative
water, malondialdehyde, soluble sugars, proline, ABA and activities of SOD, POD and CAT were
measured. The results showed that the freezing tolerances of leaves of two Rosa species were similar, but
the shoots of R. beggeriana exhibited stronger cold hardiness than that of R. fortuneana. Compared with R.
fortuneana, R. beggeriana accumulated more soluble sugars at the beginning of cold acclimation, which

transported to shoots and stored as starch under the possible signaling regulation by increased ABA content
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before defoliation and hydrolyzed as soluble sugars at the midwinter to sustain osmotic balance, and
depended on higher activity of SOD to maintain redox balance, while the higher content of proline and
POD activity observed in the shoots of R. fortuneana could not sustain the osmotic and redox balance,
which led to more damage of membrane lipid peroxidation and weaker hardiness eventually.

Keywords: Rosa beggeriana; R. fortuneana; freezing tolerance; overwintering

WE (Rosa L) MWINH SR “PHGETE MR, AMFILAAL 200 B, )20 TA0Eek
TGS B FEYR AT HIX, FE B 65 B (Krussmann, 1981; #Tf%2, 1985). 2 HHIALHZ 5 A
TE B BB A A 10 0, KEI N TIERIn FBAs st AL 15 50 P B8O H T R Rk sk,
T A8 S I AL R PP ESR AR A= E M — AN E2Z5%12 (Gudin, 2000). H 1981 4ELICK,
Hh ]2 2 ) FH A A S AR H R PP T IR 4 AT, KA T HUEEMEARRIG Rl RAE AR (B
B L0, 19895 MRAE 5%, 2016),

I A 5 MRV AEL ) A A7 R B A B 2 A i R 32, R e AL P 3 T FR b 25 B — R4
BRI, HRAEMALEKE N BIEWYI IR B P k1 5 A A B AR AR
WaaRpERE ) (Burke etal., 1976; Chinnusamy etal., 2007; 7%, 2014). T ARAMDEALLY &
2%, i BV 2 AR 52 2 R RS, AT S VAR B 2l 2 R, I
PUIEMENLHINE S FE AR 2208 (FR22 R 2%, 2014; Wisniewski et al.,, 2014). HHjH 5<%k 8 Y
PUEEHERE T IIHRE AR D, T BRN—28 H 2 5 Pl 3 A B AR MO e T Pise e S (e
B, 1991; FWIS 4%, 1993; Hakametal., 2000; 5K¥% %%, 2006; XS%K 4%, 2012, 2013).
VR T M X AR K 2 AR AR AR, ARIR IR FE L TE R BT FERE J) (Pagter et al., 2008) F{fIF
HZ 4 A MBI (Azzarello et al., 2009), Hafih7e 5 — NPT HOIFENETR bR 00 2 I A
REFLSE AL BUFERE Sy TRk, TR E AR A h i B A IR N Ak S BT SE 8 T 1K 8l AR A A
T, X TRAH T AR P sE R R A R

LA - w1 b X1 25 o 365 RN R 7 M DX V2 B R 1 KA LR B 2 4R 2R e e RA: 4% A 1
FOMRE, D B A R AN [R] I ARG~ BRI (LTse), LARA @ PIA S p BT IE e ) B 22
Sy HFREAT I R £ BUIEAH DG AR BRFR AR 1 7, RN AT LA 9 3 L M AR A 5 2 e 1) A B
fillio

1R

1.1 RIEMR R B EENE

I T 2015 4F 9 H A 2016 4F 3 HAEP EARN B EBE S AL B FITREAT, SERAR A H 2
JRERIE P 3 BR 2 RIS (R, beggeriana) FVKILARTA (R. fortuneana) “44FEAM Fr A 4 o
LTso AAHXS /K (RWC) BUM E I, H A R 2B RS T FAA FREE#H, HT
JLAFE BRI 2 A BN A P [ 505G %, - 80 CORAFA

PUIEMEN E 22 Lim Fl Arora (1998) 157k, KM WM IS HHRIUA Logistic i Fe T AR
FHULRE (LTso)o HAml7E 20154E 9 H 22 H. 10 H 14 HAT 11 A 10 HHEAT 3 Wk HUFE
752015 429 H 22 H#A 2016 45 3 H 22 HEAT 8 IRALAHUFE . 4RI H [R]H A1 5 25 251K rh k1
A BT, M EE KT 0.5 om SEIMACIR, KBTI 0.2 em KW ZERL, B4 ELr, AN
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07g, M2 1g, FEFFES A, FIT 8 KA MG b HE,

MEET 4 CUKFATIEN 2 h, RJFNEIREIEERE (CDW-A10, #Z BRI AT R A
H, TP PRI AR EE . AR FE R A SR T BRI N E] 17 AR, BRI #
- 68 Co AP K R 20 &0 %1 (TREL-8, LogTag, New Zealand) JHATRHIMHAE, HAk
H: -4, -8, -12. -16. -20. -24. -28. -32. -36. -40. -44. -48. -52. -56.
-60. - 64 fl-68°C, LL4°C/1.5h [FHEEREER, BEAEREYERS 1.5 ho

B B AL B 45 A SRR T 4 COKFIIE I, 2 5 4% 0.2 g /20 mL ddH,0 73%e, 254%
1 0.3 g/20 mL ddH,0 4335, & TIEMEIRIK (THZ-C, FFHseib &R AR, 754D 1200 r-min’
B2 h, E 75 I s SR (HI8733, HANNA, Italy) il 5E#) s S84 (ECy), ZJ5 100
T 40 min, FEAHGINE LB SR (EC). MXHS%E (REC, %) =EC,/EC, x 100.

1.2 FIBIFRNE

ABA e S 5% (2014) (W7 EMSAEE M. FF 2015 429 H 22 HFI 11 H 10 HREEMF
i VR R O B Jo FRH 0.5 g Zcda, Il sk A s HERR TR, NN 20 mL $2H0A R (IR - LR OWs
IR =50:50: 1) RZIHRY 5 min, 4 CELOF LRE, JERTE 40 C FIRERZAR T, A2 mL
LTRSS AT . ABA W 52 K AR P03 It T4 IR R S i il ) & (At B B R PR A
A, R B R R

X 2015429 H22 Hy 10 A 14 HAI 11 H 10 H 3 YCRERIM R FEM LA 2015 429 H 22 HE
2016 4F 3 H 22 H 8 YCRARMALAFEM T 5 RS & AR BRAR AR . AR 7K (RWC) llE R
FHETE, 115 CHE 30 min, 25 85 CHE 5 hy mI PR 50l e SR FH BN LG (2392 (A2, 2000);
A AL (SOD) . i S AL Wil (POD) Al 4 A S CCAT) Y5 PR & P 5 208 A1 AT — % (MDA
R MR SR NE G R BB TR, R & B bR RH e s B R A A .

Pt W A 3 IR . S5 R TR SPASS18.0, Al FH XS & [CHT 2 Mk 22 1%
(P<0.05) FFRZELLEAIHT, FIH Pearson’s AHSCHEMEAT LTso 55 HAh P FE A B G BR8] 1A <1 5>
i

1.3 HLRZEHIER

KH A D) R 7, B4 FAA [ 52 2R BB 2 LE N /K (70% L E 2 h—T75% L% 2 h—85%
LlE 2 h—95% I 2 h— /K LFE 1 h—TE/KAEE 1 h), “HEIEW (12 IEKLEE +1/2 ~H A2 h—
i IR 2 h—ai IR 2 b, RS, 2 SR ASh AT HL (Leica, RM2255, Germany)
PIF, SRS R (PAS) J5 T Olympus BXS3F Y B N W24

2 HiIR50H

2.1 BEIER LT 35T

RIRYIMETT IR T 9 A NI, BEHE HAP B BERRAR, 25 5035 P AN KA LR A AR 5 1) LTso 44
MBI R R, AE 11 10 H AT R LTso BRI, Bedk LTso 20 AIAE 12 RIS 1 ik 3
RAE (P 1), ZRH AR R o i B 3 B (1 b P AR 2 DU RE 3945 2B i, 2 Je Bt R P T
Bidk LTso JPaR 2 ETF, RIS i e SIAE S B o
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Fig.1 The dynamic changes of LTs, of leaves and shoots of two Rosa species during overwintering

* means significance in 0.05 level.
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Fig.2 The dynamic changes of RWC, soluble sugars and proline in leaves and shoots of
two Rosa species during overwintering

* means significance in 0.05 level.
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S RGERRL (B3, B)s KA AR ZERRARG =25 T RN, T3R5 J2 40 M F ) 1
HEGH M A7 Ve BRL I SRR CELL DD o I H PR Rl 88 300 4% b m s bl 5 R T 2200, AH S R 41 LTso
HBEACT RICAART . IRGEFRW], T A I I 1425 00 38 2 25 n g3 ok 70 40 B AR e B 0 o, 189
AR S R, DMRRAIBIE R TRE ), QR AN I A S A e IR R IR s (HRRAE AR
T 25 P A7 Ve N HIRE A B 70 40 B, LR REAE S AL A8 (1) T B PRl DA R0 T 1T, 5 B0 M 4544
TR ERIA . ERL (BRI T EPE, 2004) AR U 45, 20060 FIRFSE 8 & BUAEAE AL
()4l ol o 22 5

2015-11-10 2016 - 01 - 05

B3 THER (A. B) MAEBARE (C. D) EPAS REHLER
X: AKRJBtif; Phe BPIRCHS: C: BE. #ikIRmieh k.
Fig. 3 PAS staining results of shoots of R. beggeriana (A, B) and R. fortuneana (C, D)
X: Xylem; Ph: Phloem; C: Cortex. Arrow shows starch grains.
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Fig. 4 The changes of abscisic acid content in leaves (A) and shoots (B) of two

Rosa species before leaf abscission
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Fig.5 The dynamic changes of SOD, POD, CAT activities and MDA content in leaves and shoots of two Rosa species during overwintering

* means significance in 0.05 level.
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F1 LTs SEEBEREEXESH

Table 1 Correlation analysis between LTs, and physiological indexes

ok . A MK ﬂ%-ﬁv@ [Ty T - - CAT
Material Organ RWC Proline MDA Soluble sugars

e i Leaf 0.951" -0.981" -0.894" 0.116 -0.590 -0.908" 0.450
R. beggeriana #i4 Shoot 0.874" -0.789" -0.653" -0.674" -0.879" - 0.469 -0.319
KAEART i Leaf 0.996" -0.802" -0.596 -0.968" -0.875" -0.929" -0.885"
R. fortuneana i % Shoot 0.762"" -0.917" -0.744" -0.884" -0.324 -0.962" 0.592

*P<0.05, ** P<0.01.

3 e

I FH I 52 AN RV VR R I HL S 8 48 & Logistic 77 FEH ST FEUEARIR (LTso), & RAMBIHT
FEMEYS BN H I 79 GIREN, 20050 {HSZ, VAV Ab P I R rp (1) A 5 . B B DA BRI PR i 4
AR KR JEE b S Wi BT JE P I IR UMERAYE (Lim & Arora, 1998). 7EELA %4 @A) LTso M E W57,
e300 A7 AT PRI S AR I Bl P /D A5 ) 8, B PRARREL 22 B RF 2L 3 - 30 °C (CEMJE 4%, 1993;
sk AF, 20065 XA S, 2012, 2013), =i - 45 °C (B#eFPREN, 1991 fEABIT, #
RFE B AP S IS 502 PR A BRAGHRIE 2 - 68 °C, PRUELMA L fe mriB 3 17 A, BOAASHHIN E T LTseo

AR, AR T AR F I AR UM 200, YIMbRe ) BB = . A
ST, PRI SR A I S RN RE R AR 22 5, S AR S AR Ik e o Wik, Btk
11 A RLEE m T RIE AR, LTso SAREE T - 55 C, Mk KIE AARE R PIFER 1T
40 °C, RIAE by i HE A (10725 30 35 AR 4% UM Iz K11 JRUAR S M X Ay 5 SR HEAR ) KA IR o 25 4BL
(P4 B HBLAEREA (Arora et al., 1992, 1996) [IPTIEVEMFFY . DHaERMBREN (1991) F K
TV VR A BEAS 4% 65 5 GV T4 GG 2 I A BT 9 b A R UR I BUFENE A A ) i ol 35T
WEL N - 45 °C, KIEAREMI LG MAE (R banksiae) F-SVHE N - 15 CHitr, H
R A T 2 S AR TR 22 5. X T BB TSR AN R 0300 5 7 v B

FPUIENE AT — DN RIS S S 5 AT AR N e FE . AR I, WiRh sk Fr
IR 2 AE R AR T K 2 R BB AR 1) B A A — 3, MRSk R B IR & =7
UL I VE I R AE, R D AN S5 0K, FEmiB B s Al s iE R, LR E)
PUEMN R R FPUIEAE BN LHHCA A R . AHOCHE A 4 Rtk — PSR T Bidghe, 1 X 5
AT BRI P TS R CEME 2%, 1993 XRHIR 4%, 2012, 2013) 5. {HZEM b
IYBTRIN, PG A e R AT R P A R AT I A B USR] AP /e B BBl 22 57 1ok, Ak
] s PR S AR A AT A KA R B B R R S SRR, (BAEVR T N R S e
AREFF K5 TAEZS 08 ks 4% b R IR IL nT s bl RN & B = T RIE R T . R R 4%
TEBRA IR E Ry R AR AR AE AL 25 5, B A V& i T8 JF B B ZE A S0P (R B Ky, (™
A IR AR B RESR S, B RIEAARE P B —E B e bk, S FAL SRR BT
BT I, A TR AR A U SR P 39 i 5 A 2 0 b m s P 5 1 T v S A R K 1 KA 3 DDA O
(BACRA EEPE, 2004; XJHE 4%, 2006; Pagtera et al., 2008; Rubio etal., 2016). .k, #5iil
W ABA & SO TR R F B3 T, A A e N 1 AE 5 Ak S i, T RETEAR
W B () [R5 2 T e 1 52 B AR I 3@ AL . AFRR B, ABA & i TR e L
HERERE s R AR ARk, AT AA N IERE 12 % (Peng etal., 2011; Gongetal., 2015). 45
B[R] — I I FORE 2 Hp T e B A AR AL, AT DAFEIN S ) g b i R TR ) ABA T RE
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