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o8 = WX EEZN

B OE. PN TEARRUER, e MNE (18 -1, -2, -3, -4, -5, -6. -7 C), %I
PR PHAM A (Prunus armeniaca Linn.) ShRESS Rt LAl (Ho0,) 2 AT HTIR I BR—43 Bt
K (AsA-GSH) T IAT 79T, 255K, (REM N T A MESE H,0, &8, -7 CHIHUME
ARl CFEIE 15 RIMRAR RO R e TR r Xt (18 'C) 1Y 5.49 £ 7.22 £%. IRIELAIRN, <[
W15 MEES AsA Sl S5 M APX SEBE S T JEEME, -7 CIY, “HIE 15 MESE AsA. MDHA,
DHA. GSH Fll GSSG & & L it B 40 1 T B4 T 66%- 69%-. 48%. 52%. 53%, ‘JuTilE" T T 78%. 79%.
59%. 66%-. 65%, -7 CH}, ‘15" ML APX. MDHAR. DHAR. GPX. GRihE. AsA/DHA,
GSH/GSSG 43l /& X IR 1) 2.87 £+ 1.07 £, 1.42 f%. 1.60 £, 1.20 fir. 65%F1 1.03 {5, ‘JuTlE" EXTH
2.41 £%.96%. 1.13 fi5. 1.08 fir, 98%. 54%. 97%. 5 KK H ‘[Hlik 1 5 MESSFEMGIE I A = 1) AsA-GSH
MEIR L, v AN H H0, AL, X 0] g JLP TR e 7 e 2R 2 —
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Effects of Low Temperature Stress on Ascorbate-glutathione Cycle in
Kernel Apricot Pistil
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Abstract: The peroxide (H,0,) content and ascorbate (AsA) -glutathione (GSH) cycle in pistil of

two kernel apricot (Prunus armeniaca Linn.) cultivars under different low temperature (18, -1, -2,
-3, -4, -5, -6, -7 C) were studied using the artificial climate chamber. The results show that H,0,
contents in kernel apricot pistilincreased under the low temperature stress, at-7 ‘C, the amount of
‘Weixuan 1’ resistant to cold stress was 5.49 times more than control (18 ‘C), the amount of
‘Longwangmao’ susceptible to cold stress was 7.22 times more than the control. The content of enzyme
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like AsA and so on and activity of enzyme like APX and so on in “Weixuan 1’ pistil were higher than those
in  ‘Longwangmao’ under low temperature, at -7 °C, the contents of AsA, MDHA, DHA, GSH and
GSSG were decreased by 66%, 69%, 48%, 52%, 53% compared to the control (18 ‘C) in ‘Weixuan 1’
pistil, were decreased by 78%, 79%, 59%, 66%, 65% compared to control (18 ‘C) in ‘Longwangmao’
pistil. At -7 °C, the activity of APX, MDHAR, DHAR, GPX, GR, GSH/GSSG were 2.87, 1.07,
1.42, 1.60, 1.20, 1.03times more than control (18 ‘C) respectively. ASA/DHA was 65% of the control
in “Weixuan 1’ pistil. The activity of APX, DHAR, GPX were 2.41, 1.13, 1.08 times more than control

(18 'C). MDHAR, GR, AsA/DHA, GSH/GSSG were 96%, 98%, 54%, 97% of the control respectively
in ‘Longwangmao’ pistil. The results indicate that ‘Weixuan 1’ pistil could maintain efficient metabolism
of AsA-GSH cycle, inhibit the accumulation of H,0, effectivity, this might be one of important reasons for
higher cold tolerance of ‘Weixuan 1’ .

Key words: kernel apricot; pistil; low temperature stress; AsA-GSH cycle

{ZH4# (Prunus armeniaca Linn) ZEAAIRIRIAGE, HRIAREN., L#ERELE ORFHE 5,
2004; JEEME %5, 2005), WA OO HIZ A A s R B E N, AR
M2 — o I AESRAT 253 R A e B FEAG AU AR PR B, WF S T A ) B e A T A A
WEILRL . R BERSE . BIE WY = 1 S UKAZ AN B B Rt A R e (24675 4%
2004; dpKHE, 2009; rHE, 2010; EWEHe %, 2010), {HA WA AN[A] B B HAE 8% B Prpam
FR—23 e H I (ASA-GSH) 1 I IRF 9T 4R 25

WEEAAT T, AR R FA%, P4 A SIS BR LG R 2P, S BOREETE
AMRE, BURYZEGE IR 2, 2009; ZFEAA %%, 2011). AsA-GSH IR R4 &MY
PP BRI TR I YA AR R 2 —, AR R DR MR T A ALY CAPXD) . Flit &Pk i
MRiC )5 (MDHAR). B PR M RiE 5l (DHAR) . 23t H kit &b ¥l (GPX) A4 bk H ik
W REE (GR) MIMEL/ERT, AERBEAPIRMER (MDHA), BAPIA MR (DHA). FALEA b
HIk (GSSG) HIZ5HF, ik H0,, 4k AsA Fil GSH EALIE VR4, IR AR
i, 5SS RAWIE AR TREYAEKT 7 M7 (Mallick & Mohn, 20000, 5K Pria T
A MESE AsA-GSH T RAEHIAL, AR T4/ te s B RIS LB,k olodb A7 A R 48
R LT T 2

1 PR ik

11 e E5LIEAE

PUMRAR Sh PR CFEIE 1457 FIMRREMURGERR RN BCA b B S N R HiE B A
5 5 KA A A .

T 2011 4F 4 [ 17 HREC “fe E0E W6, 2011 4F 4 F 22 HREC ‘FE 15 6, &40
P HCE BEACE—30, KA REFI 20 SRR, TRGESNE AR P8, B A6 4 DI 8Kk 20 AR I
CAEIRERA S50 0 A TF B4R ) 1A ek, AR S AR el s a6 s, IREGR A Bk /X, T8 3 WK
Hi (18 C) KIEEHKIT.

WTAEFEE (-1, -2, -3, -4, -5, -6. -7 ‘C). FEASFHYEL 350 K& IT KL,
YR Tk, BRE 50 £, AN MSZ-2F BUBIAE R . BL 18 'C T 50 ANFEALIIMESE A X, A
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FEPAZ 10 CA A, Jabh10 “C/0.5 h IR 2 2 ‘CAAr, FFLL 1 °C/0.5 h [y 5 4 28 ab #E iR
FE, 4EFF05h 5, LL10 °C/0.5 h M THE = (18 Ch. Huhidekl, STENTHUMES, WA G &
T - 80 CUKAfi & M. 18 C F RSP 50 MNMek IMESE, STRIEE AR, BT - 80 ‘CUKAH &
H.

12 MEFRZ*

SRR A R 3 R G (2009) [T VAT G, ARMAREL S5, X2 UG T 4ot MESE A
MRS K BRI L Gt I 2 R, R OGN IET .

Ho0, &5 &l s R ARAE D5 55 (1988) 11751k, FREUMERS 0.5 g, I E AT JERP AL L mL AR E
VKBS, pPue It E RS 5mL, fE4 CF, 3000r- min™ &0 10 min, 4> BUWI 1 mL 2
O 0.2 mL 5%k, 0.2 mL k&K CHECH 1 mL IR + 0.2 mL 4%fifR%EL + 0.2 ml ¥R
KB, JTHBRBRA MR RS WO #7495 3000 r - min™ 2.0 10 min, # LW, 1 0.5 mL 7
B UETTHE 2 20, N 1 mL 2 moL - L™ (BRI IR TIIE, (€A% 5 mL, 7£ 415 nm Fill;E OD i,
TERLBIE HoOp bt th £ 71 5FE 5 Ho0, 55, AsA. DHA. MDHA. GSH. GSSG %, APX. GPX.
GR. DHAR #l1 MDHAR i {4 34 4% i oJi - (2009) 17 VAT I 5E o

1.3 HiRAbE

AL BLR ] DPS Gt AT b4y, iIe 4 8ok 3 IKE R BT IME £ bR, SR LSD 43
Mk AT Z ELE, EXCEL 1EK.

2 ZER5HT

21 RBAIEXZ A AT R

STEY — A M 4 % AR
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Ile%i 1, ¢ E]lﬁ 1 % ’ HEIIJFPE -4°C Eﬂ'l&ﬁ}‘:%ﬁﬁ Table 1 The changes of browning rate in kernel apricot pistil
gi‘{/ijt\%g’ @1{1% 18%, ﬁ‘ﬁ ‘jTZITFE” t -3°C under low temperature 1%
- pORAL % B ek ¢k 1 L WEIC Mk 15 T T
HTEJE% 25%5’31‘%1{‘1’ 5T HT Iﬂlﬁ 1% Temperature Weixuan 1 Longwangmao
MESSH K AmA, e T 1810 FIA 92%, 18 CH Control) 0 0
e P e e 3y o PN , -1 0 0

T3 109 /2 A7 FMERS AL T~ IEHOIRAS, 1 B+ :i 1‘; 52
B WA MESE, -7 Cif, ‘HlE 1S’ -5 53 92

(> BB Ay A e -6 90 100
MR TR ESSE AR FH . I 100 100

22 (KRAEMZHATIE H0, 28I

AFREREALBER L 157 e MESS HO0p S E AR 1 PR, B IR AN
BEAG, A MERE H0, S IS E, -7 CHF “HIE 157 MESS HO, FRZ XY (18 'C) 11 5.49
i, CHEMET AP 7.22 f5. 18 CHF, “EME MES HO0, HEIRLT ‘Hik1%5’, -1~-7C
OEEME MR T RIE LS, WK, T8 HO, R, W, ZEMCEME)E,
FHE 15 H 0 BREEAMT L . ‘HE 15 M H0, S & it ride 4~5C,
TEFEME AE3~4°C, S (2010) P& ML H1 A A3,
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100 - D E%1S Weixuan 1
m 5 EME Longwangmao

H,0,/ (pmol - g'FW )

{38 / °C Temperature

1 {ERAETCAEES HO, RENTK
[ A NG RS iR 2 57 B3 (P<0.05).
Fig. 1 The changes of H,O, content in kernel apricot pistil under low temperature
Different small letters in the same temperature meant significant difference between
‘Weixuan 1’ and ‘Longwangmao’ at 0.05 level.

2.3 KIRALIEIHZ AR AsA-GSH BIRFIRELMR S 2RI
231 2t AsA. MDHA Fil DHA 4% 4%
ANTRH P AR EE A A MEES T AsA. MDHA. DHA & & 128 (b W&l 2 s

AsA/(pmol - g'FW)

DHA/ ( pmol - g FW )

30

OFl#%1%E Weixuan 1 B FIF Longwangmao

MDHA / ( pmol - g* FW )
o

8 -1 -2 -3 4 -5 -6 -7
{38 / °C Temperature

8 -1 -2 -3 4 -5 -6 -7
{38 / °C Temperature

2 (RBAE TS AsA. MDHA 1 DHA BT
Al — WA NGRS R 2253 23 (P <0.05).
Fig.2 The changes of AsA, MDHA and DHA content in kernel apricot pistil under low temperature
Different small letters in the same temperature meant significant difference between
‘Weixuan 1’ and ‘Longwangmao’ at 0.05 level.
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AR A, FEE 15 A REME ST AsA. MDHA. DHA & &Rl RS0 THE
BRI A e, HlE 15 MEET AsA. MDHA. DHA &40 —5, %4 -3 C (¥
HIAHD A2 H K, AsA. MDHA. DHA &40l bk 18 CXf U 17 24%. 22%. 31%, ZJ5
MR, e ENE MESSH AsA. MDHA. DHA & &AM —8, ¥IE -2 C (LA HSRD
KB KA, 23T 9%. 18%. 19%. -7 CIF, ‘Hik 15 M ‘LI #EEE AsA. MDHA,
DHA 2%, Mk 15" MESEP3 FFET 66%. 69 %. 48%, ‘JeTlE” BT 78%.
79%. 59%. {F -3 CLLG, ‘Hik 15 M AsA. MDHA. DHA R 2B B &k B2 mT
T
2.3.2 *F GSH #= GSSG 4% t9%

AN MR AL B A= T AV S GSH. GSSG & & (AL Wi & 3 fri

CHEIE L5 RN e EET MESS GSH Fr R B I BRI B A T S BRI AR E A, AR A
HISEZ R - 2 CIIARIRE, 2 18 C EFF T 19%F1 10%, -7 CH&EHEIS, 29T
B% 7 52%F1 66%.

“FEIE 1457 R e EIR MESE GSSG & IIBHIR A NI FEAK, -7 CHF, Al 18 C
FBF T 53%M1 65%. 7EFFEERES, CFE 15 MRS GSH 1 GSSG i, A HEH U
RIS, w3 T A

OFl#%1%E Weixuan 1 B FIF Longwangmao

20 - 10
; =

2 aa b [ £ 8
£ 15 - cn

%o s 6
g 10 - %

= o 4
= Z
jasi 5 »

8 2

0 0

18 -1 -2 -3 -4 -5 -6 -7 18 -1 -2 -3 -4 -5 -6 -7
{38 / °C Temperature {38 / °C Temperature

3 {ERAET-HAMEE GSH. GSSC EEMTH
[ A /NG B RS iR i) 2 7 2 (P <0.05),
Fig. 3 The changes of GSH and GSSG content in kernel apricot pistil under low temperature
Different small letters in the same temperature meant significant difference between
‘Weixuan 1’ and ‘Longwangmao’ at 0.05 level.

24 (LRALIEIHZ S IESE AsA-GSH TBIRF IS (L BEE 1R 22
241 2 APX. MDHAR #= DHAR 7 4 &%)

AL H M A MESE APX. MDHAR 1 DHAR &P (1AL ] 4 for .

L 15 R MR MEESTh 3 MK VE PER BEIELRE T B R SE T S B A . < H

M 1457 MESEH APX. MDHAR. DHAR JEHERECRME I -4 °C, J35lExs i 3.58, 1.51 Al
1.93 f%, “HEME HITE -3 C, HHIEX N 3.08, 1.39 F1 1.49 %, -7 °C, Mk 15" &xt
fY 2.87, 1.07 Fil 1.42 £, DL TIE RN 2.41 £5. 96%F1 1.13 £,

RIS, FRIE 1957 WESSER TR ABURANETE. ‘HlE 15" ST APX. MDHAR.
DHAR G SR N -4 ~-5 C, ‘KT H-3~-4 C, ¥5idvA 50 B B4 —
S
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OFl#%1%E Weixuan 1 B FIF Longwangmao

6 - ~ 035 | a
a a = a
~ | B 030 | b
E 5 a a - a, b
W 4 b [, E 0.25
3 b % 0.20
£ 3 =
=z E 015
w2 = 010
g %
T 0.05
0 % 0
18 -1 -2 3 -4 -5 -6 -7
g 0.30 {38 / °C Temperature
=025 ioa
g b Tb
E 020 :
1o b
g 0.15
~ 0.10
L 0.05
)
0
-6 -7

18 -1 -2 -3 -4 -5
{38 / °C Temperature
4 {ERAETI-AEME APX. MDHAR #1 DHAR SE1ERIZE (L
AR EA RN F R R A ZER % (P<0.05).
Fig. 4 The changes of APX, MDHAR and DHAR activity in kernel apricot pistil under low temperature
Different small letters in the same temperature meant significant difference between ‘Weixuan 1’ and ‘Longwangmao’ at 0.05 level.

242 *f GPX #= GR &M 697"

ANFEMRIR AL PR A= F AT MESS GPX FI GR 35 2RI 5 FTR .

IRIMA S HE 15 A BEE MR GPX it Rt BTG PR, k15’
WESS GPX W MER RAE U BIAE - 4 °C, XK 2.36 £, ‘HEME MESIETER M ML -3 C,
DX IR LY 2.09 £, AR -7 CCURMEIBERIEAL, A2 AE 0 R 1.6 £ 1.08 £5. AL CFEIE
1457 MESE GPX G MEAEWMA AT ZARIR S SRS & T TR, SIS RIS N T T

O [Fli%1S Weixuan 1 ® J5Fl§ Longwangmao

140 - 0.5
~ 120 a o a a 4 a
a ~ 04 - a a
E b b = aa %a 2 b mb b
- fz, aa b
0 b a T 03 F
3 b b
£ b 3
= E 02t
% g
] % 0.1 -
0
8 -1 -2 -3 -4 -5 -6 -7 8 -1 -2 -3 -4 -5 -6 -7
{38 / °C Temperature {38 / °C Temperature

5 {RIRSET{_ABEE GPX. GREEMENE
)W BEAR /NG P BER R bR 22 52 i 3% (P < 0.05).
Fig.5 The changes of GPX and GR activity in kernel apricot pistil under low temperature
Different small letters in the same temperature meant significant difference between ‘Weixuan 1’ and ‘Longwangmao’ at 0.05 level.
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B, AR AR, AT e ENE ARRAETE . REENE T, CEE 15 M e
MERS GR WIS S5 B PRI S, HiE 157 MESE GR WEMEAE -4 "CHok, X m
1.25 f%, “HFEWE 7 -3 Chek, XK 112 %, -7 CREESRAS, 25 %K 1.2 55/
98%, ‘Mik 15" F ‘JeTiE M GR 7E%2 2MRIR MM 5L A K, H FE 157 MESEE
PEGRZ ST T MESSTEE. CHEIE 15 MEESHh GPX FI GR IS TERIP R EAE -4~-5 C,

HFME TR SRELE -3~ -4 C, BT AR T A 8
25 (KBAIBIZHAMESE AsA/DHA 1 GSH/GSSG L& R &0

IRIRALFE A= A RS ASA/DHA 1 GSHIGSSG FUAk A4k an &l 6 Fiv. &l 6 af%n ik 1
57RO TR MESS ASA/DHA LUAR Y BER B BRI R R, -7 CH 233l 5k o R 65%F11 54%
K1 GSHIGSSG Bt B2 1) FEACSE ETHEBRAS, 78 - 2 CIF LU E IR, @& X fY 1.57 f% 81 1.5 1%,

=7 CHZX IR 1.03 £ 51 97%., Il WriE lE) [k 157 MESSORER 7AD&= 1) ASA/DHA il

GSH/GSSG, f&—Ef/E Al AsA-GSH i A kAT

O %18 Weixuan1 W FIE Longwangmao

25 3571 a
aa
20 2a a a a 30 ad a
« i 2a B 25+
T 7
A 151 O 20 28
< T
Z 10t & 57
1.0
051
0.5 r
0 — 0
8 -1 -2 -3 -4 -5 -6 -7 8 -1 -2 -3 -4 -5 -6 -7
mE/C Temperature {38 / °C Temperature

E6 FERAET{ZAZEEE AsA/DHA #l GSH/GSSG RIZE{L
[l BEAN NS B R i R ) 72 5 B2 (P < 0.05).
Fig. 6 The changes of AsA/DHA and GSH/GSSG ratio in kernel apricot pistil under low temperature
Different small letters in the same temperature meant significant difference between ‘Weixuan 1’ and ‘Longwangmao’ at 0.05 level.

A SRR ZHEFEZ G EWRIN, HiE 15 METFREL -4~-6 CZN, K
TR MESS S FURSELE - 3~ - 4 C IR, A7 FH A Ml A58 14D 52 R 5 82 15 e v ) Pt R Y TR B A — B

Ho0, & — P B AR SRS R4, TR . RS 2P A M N TG PR R oy A8 0, B4 T,
H.0, Ja B it 484k, HoO, 7 & 2 i A A e R FE I R 2L FR bR 2 — (Selote & Khanna-Chopra,
2006; Shaoetal., 2008). AWIFTEN], (-JHAMESE HO, & AR VA MR Z BTG INZEte, v 5 ki
ZJE RN, AR T A S E A ST IR S K, AR KL, AsA-GSH IR S EBRIG A RS
ZHL, Al H0p KSR . FEAFIFMRIRMNA R, FHE 157 S HO0, eI EIKT
FHE7, GEHIESTIEMERN L 15 MEE R ASA-GSH 7HFR 45 28 40 e bRk A3 R0 1035 B 5 rh o B
TR HO,, FRARIE T AL FE L, CRAT 0 M P RS PEI DT, 31X S ARG Seah 1 CERE 4%, 2010;
B 4, 2010 —3.

AsA Tl GSH WA N EZ PP, AEERRIETEE A A7 R EZAEH Gk
25, 2010, —FEHAMIBGEAEH (Nagalakshmi & Prasad, 2001), MDHA il DHA J& AsA 7t AsA-GSH
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PEIR P AR JFURAS , FE5 B ARSI — R S PR EE i 4F 5 # 2 (Noctor & Foyer, 1998),
GSSG /& GSH [Mfifb=¥), GSSG 7EX GR MEM FidliEm GSH, GSSG Ak X R E
AsA-GSH [HEH 3% . APX. MDHAR. DHAR. GR. GPX /& AsA-GSH fEFfrf 221, {EAE.
IMBIREE FIEER HoO, S MR R Rt R EA/EH Qinetal., 2003), I8 f (11555 4% 41 B 2 il ok
YIRN AsA-GSH fEFR LR v VE I T, AR T hE i ) 2 (Rao etal., 1995; Calatayud et
al., 2003; Srivallietal., 2003), 7EAREIMERTH, L 15" A e EiE’ #EST AsA Ehisl
W e S PR 3 A I VA A R IR B d KA, J2 ASA-GSH i FA IR B3 MY, # T AsA-GSH
FEER U 5938 N e ) 2 5 IR PR, P B ST 4R BRI R FE 2 LTk 20 5, BERLT HL0,
B RV IN 0 B, T LER AsA-GSH [FIH IR BEA RUIFIIE B HoOp LASR, A7 ILAR A i th A1 &2 E
L 15 MESEAE KNG N AsA SEPUAEA IS B RS ST R, BIA K
IR T B, URH R 1S MESSYERIEIG T RETE Ar b AsA T, B
(1) AsA. GSH JE/KF-, AsA-GSH TR m T ‘e FIE’, AR T H.0, AR 5, RIH H
A BRI BUIEE .

ASA/DHA HERESIE N AT 55 (Asada, 1992), CVHHRIEIN A GSHIGSSG & i b M vk 2
RIIf{5 %5 2 — (Pukacka & Ratajczak, 2006). i¥¥% ', AsA/DHA. GSH/GSSG W] LAk 3R /s 41
AR JUIRAS, OB A U0 I 40 P =2 R A i . (Kt 4%, 2010, AR ‘FliE 1
57 MEES ASA/IDHA K GSHIGSSG LM TR R EE", ik 1457 #ESSHEEma R
ARG N R ), A1 M7 A B R AR T e R, AR S R 8 DR KRR A 1 AR S
71, ARIT AsA-GSSG I, & H BA R SR PTIERe ) I E BN 5.
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