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MEERSEUHERENTFE. SR HHEIE RGN

WEE, FA4, Do, BER, AL, BE, KEK
WAL AR SO 5 A B A%, 1% 311300

BWE LUIKE S IIZH(Osmanthus fragrans cv. ‘Tian Xiang TaiGe') Ak, BFT20F 8. HEFEE). &iE40°C)
K R iR O R W ia X DU ZkE M i UL i R A R . £ R EOR, TREMNE R, WSS HEA(ROS)ZHIR R, T
FACKRREINR, BRI T REME T, EAMEEREA &, EETREMNET, R ER(AsA) & HIE 5 77 (AsAIDHA)
B AR, BBEH K (GSH) K IR 5 11 (GSHIGSSG) LA K L ER MR- 15 it H Kk (ASA-G SH) 6 PR AR <l it 1 2 2% - FHE T M09
R, AR ET R MA R A REE . FIEE R ENRROST R, PUAMERE M. PUEMLFE B LKASA-GSHIEHRME . T
Bt FRpE T, NEERZAERT R, ROSTESUAALEEIER TG IRRLE; b a5 R, AsA-GSH
TR R 2 BN )E TR SS, HEE T R MG B35 RS, TR R T . DY e T 2 i o T Re b 5
AN FEAT RS, WERIENTRERIROS, #INNAIEE J1, DA a1t E .

XA P, TR, M, SRR, DUEILEE, A ILER-A B H ARE IR
WEBE, MY, Daft Bgs, HEY, ®E, K&K (2018). WUEHPUE AL RGN T 5 i S b R e i L.

YR 53, 72-81.

L) 240 L 255 i R AU O A2 5 PR 58 A8 A - 73 BURK,
IREE e o 3 B M AR U SR A, gk T ] RS AR aE
i PE4 (reactive oxygen species, ROS)F 2 (Suzuki
et al., 2012). ROSII Z M R —J7 < FHEM N
AR, FERCE #7EY, 0 R (malondialdehyde,
MDA) (Imahori et al., 2008); 5 —J5 i ™ & i IR 4
gttt HISSHEYOCEVER IRE ), REYIE A
(Lei et al., 2015). fEHENAFEPUAIBI RS, AT
FE— ERESE B IRGEIX A0 A0 F (R K BN, 2016).
4 38 1o 1 5 AR 1 W A 188 (superoxide  dismu-
tase, SOD). it S LY (peroxidase, POD)filid & ik
Z Wi (catalase, CAT)%E Pt A LB M RIGFRId 2 1
ROS, #:R¢A N &L 7 T4 (Lei et al., 2015). 5%
WEFR B, MY PUANEEX SRV e B A — 2 1
AR . RIE M IE T, K (Brassica napus) %) i
SODMPODF 1 £ 56 TG B R, CATIE L IZHT
#ag(Lei et al., 2015); #h/HHiE FSOD. CATHIPOD
TEMESE I IS [ (Lei et al., 2016). =i M fd /N 3 (Tri-
ticum aestivum) SODFMICATIE M i 5%, PODI%
PER 2 2K (Li et al., 2017). PLIRIMLER-2 Bt H AR A5 35

Wehs H 1 2017-01-06; 5% H #H: 2017-05-04

(ascorbate glutathione cycle, AsA-GSH cycle) & 4k
FFAE 0 20 M~ i oty R RGHR U A A A i i
(Sharma et al., 2012). A IfLER (ascorbic acid, AsA)
PE R PR I 1R i A A6 ) I (ascorbate  peroxidase,
APX) 1) B A H DB B HL050 S AR I 2R i &
LK I EZ (monodehydroascobate, MDHA)— 75 [fi A]
28 B & P IR I R & J B (monodehydroascobate
reductase, MDHAR)IE 5, 3 —J5 1 A] Bk AL il ASA
A i S T A I B2 (dehydroascorbate, DHA), i &3t
R M ERIE J5 ¥ (dehydroascorbate reductase, DHAR)
I & Ji7 AL 45 ok H K (glutathione, GSH){E A HL T4k
TP DHAIE JFURASA, 772 AR 1) S8 A0 Y 23 e H K (oxi-
dized glutathione, GSSG) X nJ # 73 It H Bk it 5 i
(glutathione reductase, GR)fi4JH NGSH, Mifi5E
J% 15 Bk HoOo 5 3 14 40 0F 7 42 AsA A1 GSH 1 i 72
(Sharma et al., 2012). &)@ b 8RS &
R A FH 5 B 14 52 1 AsA-G SHTIE A 25056 DL T B FR
Bl . 7T (Solanum melongena) fE £ il T M 43
T.(Vigna radiata)ft i B8 T AsAFIGSHE &1
% 7, ASAIDHARIGSHIGSSG & 3 41k, APX.
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GRS X

DHAR. MDHARHIGRYF 4 & 2 3 5% (Wu et al., 2015;
Nahar et al., 2015). R & FEPHE T, HEPH A
T ASAMIGSHA KBV #E, H& i, FEiE %
Tt (Arab et al., 2016; #iET%E 2016).
PRI 1 22 48 P A O s P i, s S A
b I SR

FEAE (Osmanthus fragrans) & A £}(Oleaceae)
KR JE T SR AREGEAR, Fels I s IE A, HRAT
NG RN . IR, ARSI &, BERKE
P> DL R B g R AR 3G g2 w7 Rk AR S R R
(Hijioka et al., 2014), 3k [ 5 J7 I Ry 1 [X 2 2= 32 |
Pl R, o IS TR AR, &R R SR
EE (MRielg s, 2016), ™ HE M IR B K. &
LR T L ERRELRL, LR E SR ZFEH(O. fra-
grans cv. ‘Tian Xiang TaiGe’) A1k}, #FR T R &R
fipiE R V0 ZEEEROS = AR, 1) B+ 5 = i o
X5 Pt AL B I T A ASA-GSHAEFR i, IF ik — 25
R HUEAL BT RGN AR 52 Sl i+ 5
T B ] P o 7 %) 22 S, DA I B DO R T 5 e i
Jop 3 () A B AR A e ST, R s T R i E
VY = PRy i Pl 7, 3 T A DU 2 A 90 0t B 35 A
PRALEEL AR

1 MR5REE

1.1 =R

HEIR A BN 34E 4 K 7 & 18 U Z= £E (Osmanthus  fra-
grans cv. ‘Tian Xiang TaiGe)SZAE 1, H#TVLATM M
BiAl A R A A R4, B4l m. 20154E5 7 4],
B R 3 (16 7540 cm, N4230 cm), F4a
B LA R LI, A2 EpHE N6.55, FEALk.
TUNLRHR KRR ENEFTLINH, EIRSEE .

1.2 scagshsE

201546 H20H, EHUEK RAF. Jofk i s H oK /M
IV ZEHE307%:, BENL Y FiddH, xfHA 127, HR
RRH6%. TR, WEIRSIRENEK28°C,
W H20°C, 12/NAF Y6 IR /12 /NI BE IS, AH 68 A
(40+3)%; W B IE % bE/K(CK, 75% I A] £ 7K & (field
capacity, FC)). &%+ (LD, 60%FC). H &7
(MD, 40%FC) 1 # £+ 7 (HD, 20%FC) 4 M . K

VUGB R GO0 T 5 il S R i R 73

FHFR B g il e 5 K &, R R P5 AR B T 4h 78 & A
HRHFERIK 7y, JRACFEI0K . AbFRGE A S HURE, JEHL
VUZEAEAS 26 N B S 553X 52 B Thfe it o A 5
WRGE A%, B T-80°CUKA N RAE, T A
KFahr.

i AR HE B b A B 2H A g I A 6 7 X R
AL AR 3T 2 1 H 47 40°C/30°C (B /1) b,
o HE N R AL B AN T B iR P R AR BEAH, fEN T
SAEFE B, L N 12/ IR /12 /N BRI
JEHBBEFE 400 pmol-m™2-s™t, EE M E A2 K,
K F AR ) 7 R P CURE R AR, FH 10 A AR A

1.3 BIUEIRERRENE

131 EHEMAEIENE

O, & ENE Z 128 1B MIZEH] (2005) 177 % H,0,
il E 2 I Rai%s (2012) (1 5 R P I F sk . 79—
B (MDA) & 8l € 2 i Hodges % (1999) 1) J5 2.

1.3.2 MENLEGTEMNE
IN0.2 gt IR AW R AR 3550, NS mLBERE 2%
(50 mmol-L™t, pH7.8), J&21J510 000 xg& L
10734 (4°C), T L35 H T SOD. PODMCATH 1
(5 o

SOD (EC1.15.1.1) 7% 4 I =& 2 M Giannopolitis
FRies (1977)1) 7% . POD (EC1.11.1.7) f1CAT
(EC1.11.1.6)7% Ml & 2 B Kumari%:(2006) 1) 77 2 -

1.3.3 mFmMEEMARHKSENE

H00.2 gff i Il E kS 4 24 5), M5 mL 5%
(W) IR TEER, JR21J515 000 xgi 021548 (4°C),
I b i W 2 18 Rai 25 (2012) 11 J5 2 0 %€ 0 36 1 iR
(AsA)VIS BEH IR (GSH) & &

1.3.4 AsA-GSHEIHH X B E M N E
0.2 gFf i B W RT3 5], NS mLE0.1%
(v/v) Triton 11 mmol-L™" EDTA i) 2 2% i ¥ Wi
(PH7.4), R%1J516 000 xg & 0220541 (4°C). NFEM
-2 256 b e B I sg e, BALL) BL ks i VR &
BEVE 5], 5261 B0, HUT 2R 3 Ol R kAT
AsA-G SHIE IR AH 5 Bl I £ (1 5E

APX (EC1.11.1.11) 7 ¥ ll '€ 2 It Nakano Al
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Asada (1981)f1) /7% . DHAR (EC1.8.5.1)i% Ml &
fEDoulis%:(1997) (%) /77%:. MDHAR (EC1.6.5.4)i5 P
W& Z M Hossain%%(1984) 111 /7. GR (EC1.8.1.7)
WM 5E 2 B SchaedlefliBassham (1977) 1) 512

1.4 BT

BT AT B 250 6 vk B 2 1P B HAR HE R o B3 20 N
24, —H AT RPE, B4 hmiEma TR
5P [F] e . i F Origin 9% {4 (OriginLab A ], 3%[H)
BTG AT HEEE. R One-way ANOVAX] -5
o 3R 5 v i T 5] P 3 23 AT AR, VPR T S b
TE (e R B e A2 AR e, R T Tukey 2 H L
#(P<0.05).

2 HZR5ITR

21 FESEWEXMNEFHHEROSHMMDASER

L2

Bl o - 5 3 i B e i ), DY 2R P ROSHTMDA

F1 T SERGA K £ 18 DU ORI — R R 0 R

FRIZWI S, FEETERE T, O EdE%,

H,O, Fl MDA & & 73 %l b Xt HE 32 /3 7 149.2% (P<
0.05). 144.8% (P<0.05)#1276.2 % (P<0.05) (#1).
EENA R, O A48 % | H,0, MDA S 843 il o
IE 180 T 44.4% (P<0.05).31.9% (P<0.05)#1123.4%
(P<0.05), T-F it FE T, O A% 5T 5
JopIEAR B A BT B, B RE W ) e 2 R T R B A
40.1% (P<0.05); 2 & b FIMHE R, H0,AIMDA
TEEAT G TREAES, e B E ks )
WeAE, 7 EE b B 5 38 5 12.3% (P<0.05) Al
14.5% (P<0.05). FHULAT UL, 5 A0 E i bl v] BAS
SIFEEROSE EME RS FAFREE BE T . T2
el I R P A DO A 45 7 L, ROS Ty & A AR ik
SR FE R B 2K T A E

22 TEERMENEFERFEEEHTR

TR IE T, SODMCATIEVEREA AL HH 5 1l 2
ey, EE A RPE N 3 HON B RS N 1 389.1%
(P<0.05) (K1A)#1394.6% (P<0.05) (K1C); BE#

Table 1 Effect of drought and heat stress on reactive oxygen species and malondialdehyde (MDA) content in Osmanthus fragrans cv.

‘Tian Xiang TaiGe’
Temperature Treatment intensity 05 (nmol-g~ FW) H.0, (umol-g™ FW) MDA (umol-g™ FW)
28°C CK 7.56+0.77 C 20.11+1.01 D 4.09+0.64 C
Light drought 14.04+0.44 B 33.08+2.33 C 7.42+1.32B
Moderate drought 15.49+0.45 B 40.60+2.30 B 14.29+2.55 A
Heavy drought 18.84+2.05 A 49.24+1.74 A 15.39+1.69 A
Sum of squares Between groups (d.f.1=3) 402.69 2743.44 532.18
Within groups (d.f.2=20) 25.94 73.89 57.58
40°C CK 10.92+0.81 b 26.52+0.51 ¢ 9.14+0.67 b
Light drought 12.79+0.78 a 37.52+3.73 b 14.11+151 a
Moderate drought 11.92+0.64 ab 45.60+0.92 a 16.361£2.29 a
Heavy drought 11.30+1.69 ab 34.64+4.18 b 8.48+1.74 b
Sum of squares Between groups (d.f.1=3) 11.98 1117.58 264.48
Within groups (d.f.2=20) 22.59 162.38 55.13
P: Ft ** ns *
P Fd *% *% *
P thFd *% *% *%

Ft: ANFER BRI, Fd: AN AT A0 B R 50, FixPd: YA LN 5w Mhia B A RIS . B Jy-F B e 1R (n=6).
FIZIAFR S F RN AR T R A E Z 57 22, [FSIAE/NG P REORAN A s iR A HR A 22 57 18 25 o AR MR Tukey 2 E LL AR, * P<0.05;

** P<0.01; ns: NEE

Ft: Effect of different temperature; Fd: Effect of different drought treatment intensity; FtxFd: Different responses of plant tissues to
drought and heat stress. Each value is the mean+SE (n=6). Different capital letters in the same raw indicate statistically signifi-
cant differences of drought stress, different lowercase letters in the same column indicate statistically significant differences of
heat stress. According to Tukey test, * P<0.05; ** P<0.01; ns: Non-significant
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Figure 1 The effect of drought and heat stress on the activ-
ity of antioxidant enzymes in Osmanthus fragrans cv. ‘Tian
Xiang TaiGe’

(A) Superoxide dismutase (SOD) activity; (B) Peroxidase
(POD) activity; (C) Catalase (CAT) activity. Ft: Effect of dif-
ferent temperature; Fd: Effect of different drought treatment
intensity; FtxFd: Different responses of plant tissues to
drought and heat stress. Each value is the mean+SE (n=6).
Different capital letters indicate statistically significant differ-
ences of drought stress, different lowercase letters indicate
statistically significant differences of heat stress. According to
Tukey test, * P<0.05; ** P<0.01; ns: Non-significant

t USRI R GE0 T 5 i A P R A R, 75

HFEE R IR, PODYE M 2 263 f5 B (18 %4 (K 1B),
R E BT A B, SXTRRAR LRI 7 177.9% (P<
0.05). H—miR4bF R, SOD. PODAICATIE 114>
L IR0 7 131.7% (P<0.05). 153.5% (P<0.05)
F155.2% (P<0.05). 1 F =il b [F] i 7, SOD.POD
HMCATIENERI R I NS T i 5 BRI, SODFICATE 1
A RE B [ Jolh B A B AFL, ) b v B A e v
1122.2% (P<0.05)#116.3%, PODIF I | T % &y [5]
o B O B AR, BB BET R A BN T 92.3%
(P<0.05). bRz FEH, T8Mar, Uy
SODFICATH [ REFEROS; PODTE R A iy
TN TE BRAE F S 2 G0 BT A i P R e
SOD. PODHICATIHiERRRE /1B —F R B2
Tt P F e U SRS R R S E R S R
oI PRI AE A P Ko DO 2 LA 5 5

2.3 TESERMEX USRI MEEK T EIF0m
HETRPHET, WU AsAS S B0 > 1
45.2% (P<0.05) (K2A); miAbEE T, AsA% 5%t
HE M EE T % 7 26.0% (P<0.05); 5 & i 1 [7] i
T, AsAT il Ab B 5 FE (1) 3G D& T R, WEAIK
TR . T R A R DHAS & 5 %) B AR Lo 1
717 100.6% (P<0.05) (KI2B); mimAbFE i DHAS &
EE X A3 1 T 48.4% (P<0.05); -5 il b [7] iy Ak
TR, DHAS &AL b B b R Wpie i ik 2 e, 552
BTRE R TREPHET, ASAIDHAIZET T [ (K
2C), H TS N ixE ) B> 766.3% (P<
0.05); M — i AL H T, ASA/DHAKE X I FEAR T
55.2% (P<0.05); 5 Al =i B 7] o 1 B5F ASA/DHA
PR T T 5 0a, R e b T R e T 1%
{EHIR/> 752.0% (P<0.05). FHILAT I, DUZH:AE 23]
T 5 R P A B 2 7 A A SO R, I e B A
AsA% & . HINDHAY EE1THI1H, {HMASA/DHA]
WA T LLE Y, BEE Ba R g 5s, DYZRpEnt
R HUEAIE JF DB ks, BitEae SR, 1B
DI Sy SV S R S e ey N B S G R EEVER
e

2.4 FESRMEXEFESBHKKFAER

MiE T 5 FE s, WWZEHEN FGSHE &
W, A e i IE B AE (KI3A), 5% FEAH
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Figure 2 The effect of drought and heat stress on the AsA
content in Osmanthus fragrans cv. ‘Tian Xiang TaiGe’

(A) Ascorbic acid (AsA) content; (B) Dehydroascorbate
(DHA) content; (C) AsA/DHA. Ft: Effect of different tempera-
ture; Fd: Effect of different drought treatment intensity; FtxFd:
Different responses of plant tissues to drought and heat
stress. Each value is the meantSE (n=6). Different capital
letters indicate statistically significant differences of drought
stress, different lowercase letters indicate statistically signifi-
cant differences of heat stress. According to Tukey test, *
P<0.05; ** P<0.01; ns: Non-significant
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(C) GSHIGSSG. Ft: ANFIREEMRZm; Fd: AR AbER 53 E 5
W, FtxFd: 9406+ 5 i e A mIm R BN EUE
SPBMALIRAER (n=6). A FKE FBERRA [F T R A HE ] 2 57
B, NEVNGFRERRA R EiR A H IR 2 7 223 . 4B Tukey
Z E LA, * P<0.05; ** P<0.01; ns: RNE3&

Figure 3 The effect of drought and heat stress on the GSH
content in Osmanthus fragrans cv. ‘Tian Xiang TaiGe’

(A) Glutathione (GSH) content; (B) Oxidized glutathione
(GSSG) content; (C) GSH/GSSG. Ft: Effect of different tem-
perature; Fd: Effect of different drought treatment intensity;
FtxFd: Different responses of plant tissues to drought and
heat stress. Each value is the mean+SE (n=6). Different capi-
tal letters indicate statistically significant differences of
drought stress, different lowercase letters indicate statistically
significant differences of heat stress. According to Tukey test,
* P<0.05; ** P<0.01; ns: Non-significant
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IEHJJ»LTGSSGQEE R, e RE Bk R e b R
T izt e w17 79.5% (P<0.05). TSl T,
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SRJE I, FtxFd: A0S T 2 miR e fAR Emm L. 5
AN EUE B EFR I 12 (n=6). THK%?%@%*@?E‘%
HA) 2578 F, NR/NGZRERRAF iR % 7 R,
B TukeyZ FE EL4R, * P<0.05; ** P<0.01; ns: A&

Figure 4 The effect of drought and heat stress on the en-
zymes activity of ASA-GSH cycle in Osmanthus fragrans cv.
‘Tian Xiang TaiGe’

(A) Ascorbate peroxidase (APX) activity; (B) Dehydroascor-
bate reductase (DHAR) activity; (C) Monodehydroascobate
reductase (MDHAR) activity; (D) Glutathione reductase (GR)
activity. Ft: Effect of different temperature; Fd: Effect of dif-
ferent drought treatment intensity; FtxFd: Different responses
of plant tissues to drought and heat stress. Each value is the
mean+SE (n=6). Different capital letters indicate statistically
significant differences of drought stress, different lowercase
letters indicate statistically significant differences of heat
stress. According to Tukey test, * P<0.05; ** P<0.01; ns: Non-
significant

(E3C); ¥—miEhit , GSHIGSSGH: i i
62.6% (P<0.05); GSH/GSSGTE % & T 5wk th Al 1
FH B ik B A Jo M BRI, T R e, B EE b
] it 5 o B T S 0 1. 49.2% (P<0.05) . M L id4F
AT CAE Y, 5 v e DY 2 e A2 3 A A
AT GSHAIGSSG I Fr it 3k 4 7 S b ik Jii ~F- 7,
DA SR

25 FESERMEXUFERFMER-A B EATE
FHEXEEMERNTN

VU= e i AP 12 8 2 57 3 2 1 i 38
Fhim, BEETREBAT, APXIEE SRR T
279.7% (P<0.05) (Kl4A); H— @A T, APXIE
PEES GBI N T 78.2% (P<0.05); T 5 ik v [
Jop 38 T APXE M B FE T B ka8 in 7 42.0% (P<
0.05), A FIEAE, 5 F0 15 B[R] il APXGE 14
B R, AR TR TR MHE T, DHARTEPEIZ
B0 T R i A B AE, 50 REAH b T
42.2% (P<0.05) (F4B); miftria ™, DHARYE 143
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fn 7 65.9% (P<0.05); & il T F¥rE e, DHARTE
YRR RS T BRSSP A e i ik 3
VEEAF, R Bl R BRI T 37.7% (P<0.05). MD-
HARYE M 7E 1 5 B8 2 bk, o+ 5 i d i
IR BNEAE, S5XFIEAH L3S N 7 171.7% (P<0.05) (K
4C), HEZME TA N, B —-miRphiE s, MD-
HARYE L0 B 38 41 1 105.3% (P<0.05); %%+ 5
EE PR EI G R, MDHARGE VEE R T T 2 i 42 &
1 75.7% (P<0.05), iAFUEfE, 7 A FE 1) 5] 1)
R MRS EAG . T 58 T, GRS 21N 5 4
RS, T T R a ik BIE(E, o fe 1
Jn7 140.6% (P<0.05), 7 &1 5 fpid iy 2 2% T BF
(K4D). miE M T, GRIG M 5t A L1 in 1
42.1% (P<0.05). B#E TR &Rt FpiE T, GRIGME
L2 T 2 e 32 55 7 39.2% (P<0.05), ik 44,
T HH R B B I ) e O B, R AR T R
Eo LA, BT REAERE T, APXEAE
G B AE 71, B D IR 8RR BE BN ER, APXTE 14
BE PR, TERREEES . TR R P e
JrDHAR. MDHARMIGRIF 1445 2 e 38 hn J5 PR 1
B U B HE I 1 5 ASA-G SHIE PR A 1T 2% 6 SR AR A
AL, WiE R R R R B A R R BN A L, AT
AR EL P, 4ERFIHIR I IR 18 1T .

2.6 it

T 52 e il I K 2 2 R AEE 0, iR A
fi 3K e ok, R SR E, 2 E e X iE
Wi i KT ¥ — it (Root et al., 2003). ASHF 7T
t, A, P FROSHIMDA S & 2 3
B, 5 WE T RGeS T s iR e, B4 5
H, U PR T R A RO TR R
P IE e N ROSE EAR T — g, o FE W R B ie
N EA R RO, E P E A T, ROSAN
MDA % & 2 3 [, ViRl i X DU 2= ket i i 52
G E, A0 G S, RS R AT
I RS RERE . Liu%s(2011)%F 600 AR AAE Y T 5
B E B, SOD. PODAICATE 12 1] & 1EAH %,
SODJF 11 i 4 58 £ i %5 CAT FIPODIE M 42 &, =
DUEE 47 3 B i B H,0,. ARWF R KRB, BB—Mria R
SODJE HEIZ i #E i, 50,7 Al 1A — B A8 4k
s, AT BE T B R R T O, R A

O, B 2 1y [A) i S 7 38 SOD IF 1k 16 5 ; B — it &
PODMICAT I 1 it & M o, S5 H,0, & & & IEAH K,
H,O, [ R B3 T CATHIPOD B i 2 5, A He v
HER, TR A T CATIE ML 5, PODIEME A,
X5 LiugE(2011) A FE 45 R A — 2, Tae T
ZEHEAA N CATHPODIE R HO 8 R B 4T, 7 £ 1 []
K, HRGE. SilvaZs(2010)WF LR W, T im iRk
I M (Jatropha curcas) CATHISODyE 4 #45%, (HAE
T 5 v i Bl [ 3 B 52 B s B, RS I A A AT
H,O. i E /K P B, ROSTERR RGEA & UUARY i Fr
Yo S AR, R R P F A . ASHE T R A
FE - B e i o [E] B i, DU ) SODAIPODE
P T S ie, R I B SCR A A Bi
fEE J1(Silva et al., 2010); = & b [A i F HiE L
TR RS, TR, Rt TR
K. EVE. ThREMOUCE . BEIRFIBET, (EAEThAe &
&L, #Em 5 &2SOD. PODRMICATHH M &, BERS4 T
£ 1EH 247 (Silva et al., 2010).
AsAFIGSH 2 B L Pt AR, AR T 4ERF4H i
WA AL IE R T 47, ASA/DHA R GSHIGSSG & B 1
AsAFIGSHI AL FUIRFS, AT DUE AP A AL 77 8 45
5%, B R ASAIDHARIGSH/GSSGA | T 4k 7 #i
VIR AR JE IR, b e BT I B 45 3 (Liu
et al., 2011). T F/iE T3 R (Malus pumila)it f+
AsAFIGSH 7 & 514 5 %, AsA/DHAFIGSH/GSSG
IR RE; iR R, SRR AsAY B
B BT S T, AsAIDHARZ T % (Ma et al.,
2011), F 5 &R A E T, & (Phoenix dac-
tylifera)i /r ASANIGSH % & T [%(Arab et al., 2016).
RNV M e sl ey IS L N U=y s
FrASAE RIC W E AR, T REE BT A TETH FEASA
TEBRH0. M [ I, AW & BCE 2 I ASA, & 54t
Frfae, EETREMIET, ASAGEEEFK,
72 T HO S B AR RIEFE T KEASA, HER
WS EIFN TS . T Wil F DHAS & S 56 1 5 B 1)
#, HET R Ea Rk B, X T P SR
i B DHA 1) & B 4E F7 505 1 AsA ) HL ik TR 75
(ASAIDHA); Fifi% T 5 Wb f2 B i o, DY a2 51
455 e, AsSAIDHAIZHT 1%, T Wrieas s 1
FH, FHASAFIDHAS B /D, HEIE UL i ) %
k. =ME T, DHAG®RE S5, 5 TFMhiads
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B, TREEYFEBE T, AsSAKILIEE S
(ASA/DHA) B #1 FE A%, KT 5 — e, X 5Ma%s
(2011) MM 7T &5 JAHALL, DHAS B8 LT e NI,
() et DU At gk — 245, ASARIDHAS B
KK . GSHE & Kk i /) (GSHIGSSG) TR H—F
B 38 R0 T 5 R P 1R Pl B 38 R e T e R R
#ath, BT RN, GSHIRJR i, HET
5 aa fe o 1R ol i BEAIS . Ak, ASA/DHA A
GSH/GSSGAZ AL I 2 7 R B, JHpil i BASAIL R /)
SR, SR AE S A S RS AR AL
AsA-GSHTE I 2t bt A A U 1) 220 Rt
g5, A UL B R i gk Ak G T A AL 4% (Foyer and
Noctor, 2011), ZERF4HAE N EAIE 5. T 55
TG T R APX S & 53 EFF, B iR B
& T8 —E (Silva et al., 2010). & T 5 a i A
HIFEK:, #kF(Malus prunifolia) APX. GR. DHARAI
MDHAR ¥ 2 35 F+ )5 % 1) 2 4k & % (Wang et al.,
2012). DYZEHEAPXIE AL 5H,0, & i 2 7k K,
T 5 A R 8 R APXGE M 3 9, 5 Zou Sk
(2016) (1IHIF T 45 R — B B — [P A0 B By [4) Jolh aa I
APXRE A 245 bR i 8 I H,O,; i B2 A1 EE JEE 3 [
R, APXIEPEREC B B K T 2 ia. —J7maf
RE S BT Wb R 3 5 S0 7™ i 4%, HOp KA
o5 — 77 T U & POD I CAT I Bk 8 7 1 AR A VU 28
BARGUEALRE J1 R % . DHARGEYE 5615 T B 1)
%, DHAJRA]# i DHARY IE 5N ASA. A 78 45
REIR, B DHARE I 38 5 AsA S & 4K, DHA
TR, XS5 SRR AR B
5irf, AsA-GSH{EH LLAPXE B AF H 42, DHARN
F B R AT B RE A EE L R B e R
DHARE M52 T Homr T 5 0E, R0 B
IR RSy, BEEEWEINE T, DHAREVEFEL, HY)
P TE 3 F GSHAR A 1) HL 7 (A4 0K DHAGE J5 il ASA
T-E A F A F, MDHARSE ETHE R, S5AsAS
BEEAMK, SAPXIEMERIEMSE, BT EEHE
JiiE FMDHARAE S 4EHF T AsAS &, Sl
B 45F, EIE P E AT 2 APXGE M R,
MDHARF 1 F#1K. GRAERF GSSGIL 5 AGSH, T 5
A FEHE T, GRIEM 2 NG T R0
#, 5EGSHE LMK, 5GSSG £ fitH<(Wang et
al., 2012). PUZ=fEd i A7 GRIGE K I TTGSHA 1,

VTR R GO T 5 il S R iR 79

TR H KT AR A AL 38 o (HIX — R 2 A PRI,
HE R A A, GRIE M B & AL,
AsA-GSHTE A ok S it 78 /2 IGSH, DHAE N, fiff
FFASAIKTFEAK

g TR, T REERME T, AN
LA A B8 2R G0 T A s AT I B, B8 4 4
IEHAERK R E MR BRI b E e, DU
A P 370 A T R ASA-GSHE B BE AT RCEh I, AR
B, EFE VY ZEAE R N ROS & B KA N i, PRI
ROSH 83t i, HIEHhFME T, PUZHnt )y
ZRIRA S, MRAET, Tk IEE KRR L
. 2 b, DUZSHEREIR I IS B AR A b 8, £
GEl AR AT R IR S, T2 B AT
X

S50k

PRI, YTut, 4-Bebk, k&%, XIEH, FRE (2016). F
P R T R AT B AT ARRRGE R R . N AR
4% 27, 335-344.

ZEJh, ZBH (2005). 4 AR R T E Rl AR SE Y
B, ZEEMT 27, 211-216.

2K, T (2016). =il TR A WX B 4 BUEA
it v PEANE M AR R . AR 36, 403-410.

BRI, Sy, A48, TR, I, BEL, HRE, ke
(2016). Fli A A = I T 5 0 T A A KR R AR SR
MIFEM. Z38KFE 31, 62-69.
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Responses of the Antioxidant Defense System of Osmanthus
fragrans cv. ‘Tian Xiang TaiGe’ to Drought, Heat and
the Synergistic Stress

Xinlu Xu, Dandan Li, Yuandan Ma’, Jianyun Zhai, Jianfei Sun, Yan Gao, Rumin Zhang
School of Forestry and Biotechnology, Zhejiang A&F University, Lin'an 311300, China

Abstract In this study, we explored the solo effect of drought stress (control, light, moderate and heavy), heat stress
(control 28°C, heat 40°C) and their dual stresses on the antioxidant defense system of Osmanthus fragrans cv. ‘Tian
Xiang TaiGe'. The experiment data showed that after drought treatment, reactive oxygen species (ROS) accumulated
gradually and membrane lipid peroxidation increased; the activity of antioxidant enzymes increased significantly under
light and moderate drought stress. Ascorbic acid (AsA) and its reducing power (AsA/DHA) decreased significantly under
heavy drought stress, whereas glutathione (GSH) and its reducing power (GSH/GSSG) as well as the activity of enzymes
related to ascorbate glutathione cycle (AsA-GSH cycle) showed a trend of first increasing and then decreasing, with the
peak reached after moderate drought stress. Unlike drought stress, ROS accumulation, antioxidant enzyme activity, an-
tioxidant content and AsA-GSH cycle efficiency all improved significantly with heat stress. Furthermore, we found that the
dual stresses injured the cultivar more severely than either stress alone. ROS level increased slowly via antioxidant en-
zyme activity, and the AsA-GSH cycle efficiency was enhanced at first and then decreased significantly with increasing
dual stresses, especially after severe stress, and was unable to maintain oxidation reduction equilibrium. Under drought
and heat stress, the cultivar quickly activated the antioxidant defense system to eliminate ROS, which improved the re-
ducing power of the organism to reduce the environmental damage.

Key words Osmanthus fragrans var. semperflorens, drought, heat, reactive oxygen species, antioxidant enzyme,
ascorbate glutathione cycle

Xu XL, Li DD, Ma YD, Zhai JY, Sun JF, Gao Y, Zhang RM (2018). Responses of the antioxidant defense system of
Osmanthus fragrans cv. ‘Tian Xiang TaiGe’ to drought, heat and the synergistic stress. Chin Bull Bot 53, 72-81.
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