JbFE L 01114 1~5

S FoxE &k B

RS ERRFR XM, REAEAKE(—25.—30.—35 F2—40"C) & 32, FFRLIA FE
FARRAC FF 09 PR 3k B B AERF P AHK R AT 4B . AR R AL F PR R AR
BB R I A S R E T % B S edAe 2 30 O fE 3 vd ok 165 ks, LR
1T M3, S TR L a0 R iR £ R £ b agAs 4, {2 A TR AKKF, BIEFFREEL
KR AL ST A AT A 238 SA KA A 4, 230 e 2] AL, ok B2k, 235 GAS| &&a
Bag T, 2 AR AL F6 SOD B e — 10 ~—25 G Wik 3, b BT 349 SOD BaiE
PEE BT T —A R TRAKKT, BFE 3 SOD B T Mhg HE0] AAFARSHKFE.
FEEY POD BEE T E A3 - F FEsT 2 694 &, 72— 25 Che— 35 Cily 38, AR AL F N &
Ay AR A3 - T AR EOAS e, 2 —35 ‘CA R (0 B3 TIA ML 3. TR F69 CAT B AR T
ZRAE BIEARE T WA Y, 12— 25 "Cily SUMAE; IR 763 CAT B Pl 2 A3 T4k 3T 208%
H8, 225 Gie—35 O ISR, stsb, ML F49 POD 4o CAT B Mo+ 8 B9 2 & T IR 7L
¥ W IAR, B A PR 842 AR R AP RO AL BAK T TR L A AL AN F TR E

B, =@ F

110161)

AEIRE A1 3 T IRAL S, ARA AT R S AKIEIRE 3169 F A F.

H H H

:S661.1 LA
[11’
) O3z ). (H202).
HO °) . SOD.POD CAT
SOD s
SOD , SOD
[24] o ’
SOD , ,

SOD.CAT  POD

 BIRFA978), o Wk, BT, 2T @ A A
54 4%, E-mal mhyblackcurrent @163, com.
: B A&EA96T), 5, -, #d%, FL 7 A RAARE S
4 @AA, E-mal lvdeguo @163. com.
LT EHF T B RE (01042608006 B ER F ik
HARR EFFAKH AE (nycytx-0803-03).
:2011—04— 28

3

: 1001—0009(201 1)14—0001—05

[5-6]

[9-11]



i i 7 EZ viae. 1-5
1.2 —30C , , —35%C
¢ D.
[12-13
' o ,0 . Ir DO MAE% Lateral folwer bud
725‘730‘735 740 C" - 10 C 3 C/h T 0.9 = BliEE-S Apical flower bud
’ 2 h, E gk g
LE
1.3 % E a6t
(4 B2
’ SRR
20 mmol/ L (pH 6. 8), »5C, = E 0.4
(Hansatech, Oxytherm Electrode Unit, UK) 2 03
) (02)Pmol °g ' ° min ' E 0.2
(SOD) 1 = 0
0 : :
’ (NBT) 50% 1 0 ey g o =
(U), (POD) (21 #% Temperature/C
, ODsn 0. 01/ min 1 1 ‘ ,
(U ); (CAT ) LBl . Fig. 1 Effect of low temperature on respiratory rate in
OD2o 0. 1I/min 1 ¢ Hanfu' apple flower buds
). U-°mg ' 2.2 SOD
Bartoli ' . < SOD
0:) i .2 SOD
. 03 I mL ., —57C .
, 0.1 mL 10 mmol/ L , SOD
(NH-HCD 20 min, 1% o 0.33% . —25C SOD
1 mL, 15 min, 3 mL . —30C ,
» 6000 / min 10 min, 2mL  530nm  SOD . (—3570,
’ (N aNO3 ) o ° SO D _ 25 C
05 Mmol °mg71protein ° min . (H202) ’ —30~—35C
: [1§
Serglev ’ 0-5 & ’ . D O Mift % Lateral folwer bud
5 IIlLO 1% ’ 12 000 1/ min 4L Apical flower bud
20 min; 0.7 mL » 0.7mL 10 mmol/ L g 051
1.4 mL 1 mol/L » 390 nm z%
iz S04
( :ng/g), £
3 g \?’E 0.3
= 5
2.1 -
’ 0.1
0
-30
’ ¢ ’ #iHE Temperature/C
' 2 < SOD
Fig.2 Effect of low temperature on SOD activity in
—30 C, ¢ Hanfa' apple flower buds



1= Y o °
Jb |E 72 201101 1~5
.—35C ¢ 2). ;
2.3 POD , CAT
¢ > POD , —25C , CAT
. POD - —10°C —25C 39.7%. CAT
, POD —25 —35C - .
1 , (181.5%) —25C 1 , 129.4%,
97.4%). POD . —307C ,
- - —10~—257C . —35C 2 .
, . —357C . (60.5%) 1 . .
212.8%. —35C .2 POD CAT C b,
C 3. 2.5 0z
. , (02)
350 O Mi{t% Lateral folwer bud
B Tt Apical flower bud B ’ ’ B
_ o 03 K ) 03
; S
2 250} . ] 02
:{5 f: - ’ _25 C
= E - o, o,
. , —30C : ,35°C
~ .
:i‘i,; ARG 02 -
B3 — —30°C
b 10~—30
[)
§ ’ ’ —35 C ’
¢ 3.
g SgE ~10 5 O Mi#E%F Lateral folwer bud
#J¥E Temperature/C e Tii{e % Apical flower bud
3 ¢« POD T4
-]
Fig.3 Effect of low temperature on POD activity in 2 51
¢ Hanfu’ appk flower buds %
s 3r
3
& 208
167 O WiAE% Lateral folwer bud W, L
e Apical flower bud i:f =
r w 15| ' L
" = - . 3
" a 0.5 HZ
= . “10 25 “30 “35
N2 % ; 5
X3 i Temperature/°C
3 5 (0%
E Fig. 5 Effect of low temperature on O3 content in
¢ Hanfu' apple flower buds
p 2.6 H:20:2
*25‘ - -30 ¢ ) (HZ 02)
it Temperature/C
. H20:2 -
4 C CAT - , —10C —25C H-0:
Fig. 4 Effect of low temperature on CAT activity in , ., —30 °C 1
¢ Hanfu apple flow er buds o
P ,—35C C 6.
2.4 3

)¢ ’ CAT



° ° A @A o134, 5~38
. POD  CAT : o
O WA Lateral folwer bud ,—25C |, H202 ,
6ol [i{E2F Apical flower bud CAT ’
POD —35C 1 ,
H20:2 , CAT
H20:2 .

LA’ H0, content/ng + g

-25 =30
Y Temperature/'C

6 ¢ ’ H, 0,
Fig. 6 Effect of low temperature on H> O, content in
¢ Hanfu’ appk flower buds

[19 .
. 2
. —30C
, —307C
; —30C
’ _3O°C D
. 0: . H20. HO - .
SOD.CAT  POD ,
. (a1 ,SOD 03
\ 03 H> 02, CAT
POD H202 .
02 H20:2 , —10~
—35C SOD
, SOD
, 2 03
\ POD  CAT —35C
s H202
. H20:2 .

[ 1]  Rhoads D M, Umbach A L, Subbaiah C C, et al. Mitochondral reac-
tive oxygen species contribution to oxidative stress and interorganellar sig-
naling [ J] . Plant Physiol, 2006, 141: 357-366.
[2 , , .
[J. , 1997 39(4). 308-314.
[ 3] Miyagawa Y, Tamoi M, Shigeoka S. Evaluation of the defense system
in chlorplasts to photooxidative stress caused by paraquat using transgenic
tobacco plants expressing catalase from Escherichia coli []) . Plant Cell
Physiol, 2000, 41(3); 311-320.
[4 Lafuente M T. Sala J] M, Zacarias L. Active oxygen detoxifying en-
zymes and phenylalanine ammonia-lyase in the ethylene induced chilling tol-
erance in citrus fruit [ J] . Journal Agrc Food Chem, 2004, 52 (11 ).
3606-3611.
[ 3] s s s SOD)

[J. ( ), 1993, 27(1); 83-85.
[ 6] Sala] M, Lafuente M T. Catalase in the heat-induced chilling toler-
ance of cold-stored hybrid Fortune mandarin fruits[ J| . Joumal Agric Food
Chem, 1999, 47(6): 2410-2414.

[7 s 5 . ’
0. , 2007(10); 32-34
[ 8 , , - [y
, 2009, 26(1):6-12.
[9 , . LJ-
, 197(4); 40.
[ 10] . — [J].
, 2000(1); 32.
[ 11] , , . 0. .
2001(6); 21- 2.
[ 12 , .
(1. , 2008, 36(1); 163-167.
[13] . .
[J. , 2008, 31(4); 1-4.
[ 14 , , .
0. , 2006, 32(2); 156- 162.
[ 15 . [M]. » 2000.

[ 16] BartoliC G, Yu] P, Go' mez F. Inter-relationships between light and
respiration in the control of ascorbic acid synthesis and accumulation in Ar-

abidopsis thaliana leaves|[ J] . Journal Exp Bot, 2006, 57. 1621- 1631.
[17] , ) [
, 1990(6): 55-57.
[ 18]  Sergiev I, Alexieva V, Karanov E. Effect of spermine, atrazine and
combination between them on some endogenous protective systems and
stress markers in plants [ J]. Compt Rend Acad Buly Scii 1997, 5I:
121-124.

[19 , . [M].2
, 1998 344-365.



JbFE T 201114, 5~8 . .

F O R s THRE, BHA D B ALTH

( 110161

AR R GHR AT GGG F BATT N B RSAFT 2K 3 B 70 Frhik
B, S AT BT B B T BREG R H AR A E COT R Tft%é\%\%uﬂh%ﬁi%ﬁ&
(SOD) HEBRHL 6 Aot S 46 4769 BB, SR 2k 0 A8 77 iR 48 SR T N B IR T RRK
DRI I AR Ko A #oh. LER AU AR AT AL DR ARSI R AR M HKE
#5000 ~ 60208, A ER Kb i R AE.

H 5 H

: S 663.2 :A . 1001—0009(2011)14—0005— 04
[ [ 26]
. , 1
’ ) 1.1
; ; 2000 5 8 10 16
s 1
, 2 a , « 2
1.2
s B (1969), & 1L & #i% AAFRET TKE . 4
BRI A A T 09 HF 70 TAE. F-mail; shenyaxi @163, com, . (CK). N
: vre AR Rk ST BhARE (F10-092-3-00). 80% ~90%
: 2011 04— 11 0. 70% ~80%405 60% ~70% . 0% ~ 6040, 0

Research on the Effect of Low Temperature on Respiratory
Rate and Antioxidant Enzymes Activities in ° Hanfu' Apple Flower Buds

MA Huaryw LIU Guo-cheng LV De-guo, QIN Stjun
(Horticultural College, Shenyang A gricultural University, Research Institute for Breeding and Physiology-Ecology of Northern Fuit,
Shenyang Liaoning 110161)
Abstract: In order to research the response characteristics of respiratory rate and antioxidant enzymes activities in
apical flower buds and lateral flower buds under low temperature treatment (—25, — 30, — 35 and —40 C), * Hanfu’
apple flower buds were used as materials. The results showed that the respiratory rate of apical flower buds increased
firstly and decreased sharply to the lowest point at —30 ‘Cwhich was lower than that of lateral flower buds, and then
kept at a relative low level although it increased slightly. In contrast, respiratory rate of lateral flower buds decreased
firstly to the lowest point at —30 C and increased sharply to peak at —35°C, and then decreased again. In both apical
flow er buds and lateral flower buds, SOD activity displayed fast increasing trend when temperature went down from
—10Cto —25C and then SOD activity in apical flower buds decreased sharply and kept at a relatively low level
while SOD activity in lateral flower buds only decreased slightly and kept at a relatively high level. POD activity in
apical flow er buds changed in zigzag mode, appeared peaks at —25 C and — 35 G however, POD activity in lateral
flow er buds decreased firstly and increasing subsequently to the peak at —35 ‘C which was higher than that of apical
flow er buds, and then decreased again. CAT activity in apical flower buds increased firstly to the peak at — 25 C and
decreased subsequently, in contrast, CAT activity in lateral flower buds was changing zigzag with peaks at —25 C and
—35 C. The increasing ranges of POD and CAT activity in lateral flow er buds w ere obvious higher than that of apical
flow er buds additionally. It was hypothesized that higher respiratory rate and ability of eliminating ROS in lateral
flow er buds were contributed to alleviating oxidative stress induced by cold temperature.
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