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Heat and drought stress with an antioxidant defense system
in Heimia myrtifolia

GU Fan, JI Mengcheng, GU Cuihua, ZHENG Gang, ZHENG Shaoyu
(School of Landscape Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: To determine the effects of drought stress and heat stress both individually and combined on the an-
tioxidant defense system of Heimia myrtifolia, an introduced plant with high value but poor distribution. Soil
moisture loss with natural high temperature and drought conditions without replenishment were artificially sim-
ulated using drought stress of a control (no stress), light, moderate, and heavy stresses and heat stress of 30 °C
(control), 36 °C, and 42 °C. The upper complete functional leaf was carried out when the moisture gradient
reaches the sampling requirement under heat treatment. Experimental results showed that, firstly, with drought
treatments, peroxidase (POD) activity and malondialdehyde (MDA) molar concentration increased significantly
(P<<0.05), lipid membrane peroxidation deepened, ascorbic Acid-glutathione (AsA-GSH) cyclerelated enzyme
activity and related reductants increased first and then decreased, peaking with moderate stress and significant-
ly increased compared with the control (P<<0.05). Secondly, with high temperature stress, the efficiency of an-
tioxidant enzymes and ASA-GSH cycle increased but not dramatic. Finally, with the synergistic stress of heat
and drought, the damage of H. myrtifolia was significantly greater than that with single stress. The superoxide
dismutase (SOD) and POD activities increased significantly (P<<0.05) and reached the peak with moderate
stress. The molar concentration of MDA increased significantly (P<<0.05). The circulation efficiency of AsA-
GSH increased, but began to decrease with moderate stress. Lipid membrane peroxidation increased significant-
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ly with the deepening of stress and the normal growth could not be maintained with severe stress. Thus, with
heat and drought stress, the plant could remove excessive reactive oxygen by regulating the antioxidant enzyme
system and AsA-GSH cycle, and improve resistance to stress so as to maintain normal growth and development.

[Ch, 4 fig. 21 ref.]
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e AL, DA 7R AR R T AR R R B AR T, SR B AR A T R R A AR

R

1.1 LRHREE

SEG AR R 1 AR A BB, T 2017 A 4 F SRR e AL S A4S T W VL AR AR 2 XU [ A AR
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B A SR T T R AT 3K R B 2% I T0 T A0 F0 1 o R X S 56 AR S . SEER R BN T
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C), 154407, JeRWIy 12 h SER/12 h /WG, 66 AR S 240 wmol »m-s7 4 H 1 o i fiff 1] i
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TEHCH 5 5 ) T RE I R4 TP SR Ak R GEAH DR AR o
1.2 MEEBHERF X
1.2.1 RAMAEEMF R 8RB RREMNE  BELYIELEF(SOD) R A W mme k" | T8k
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21 BETEMEx#EE SOD, POD, CAT FH# 1 MDA & E/RiRENE

e A A R SOD i, TERE T RAMPE TR NS LA G, EEETREMX R 2
T REGSE, HAEARE (P>0.05); T 58 T &4 5 SOD [ MRS T RN, 2545 7t
Ja TR B, BT E TR AR R UhE e T A BT R R B, R R 125.0% (P<
0.05) (& 1A),

il A R B POD IE VERE S R BE AR 2 B B, AR R, 42 5 30 CHI R,
M, BETR. PETR. EETE4 DK NN T 49.1% (P<0.05), 99.0% (P<<0.05),
89.1%(P<<0.05)F1 173.5%(P<<0.05); T- 58T, POD i VEF & b 2 E 2% E A TR s, H
AR, (R E T RRME A B RO, X ERAH B 23 0 31.7% (P<<0.05), 53.0% (P<<0.05)#1 67.1%
(P<<0.05); WrIElMriE T 76 A B2 W ia ik 2w (E , Dy 42 CT 2% B2 Y 167.1%(P<<0.05) (K] 1B) .,

et 8 R B CAT 36 4 Bl R i B i 2 3 B e, HARfE R, 42 5 30 CH LR,
PR RRREE TR P TR EE TS BIN T 68.1%(P<<0.05), 42.5%(P<0.05), 23.7%(P<0.05)
1 131.3%(P<<0.05); TS F, CAT J&PELE 30 Al 36 “CH Rl % Ba f2 B 5 B FHa F Rk s, &
o B T BB S B K, B BN T 40.1%(P<0.05)F1 4.1%(P>0.05), 42 C2 8 b Fia#E s {b A
B3 PR E FAEEE T 2R EIE(E, 42 CT 2 4L 104.6%(P>0.05) (E1C),

e il 8 R B i MDA J5 S BE 2 Mk R B A I RS R B T 2 B T RS BT, R A
IR F MY, HARE B % (P<0.05); T /a8 T MDA #8281 FIta%, T EEIE T aFEm, 55
WEAH LA 38 T 133.4% (P<0.05), 117.5%(P<<0.05)#1 79.6%(P<<0.05) (& 1D),
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Figure 1  Effects of heat and drought stress on SOD activity, POD activity, CAT activity and MDA contents of Heimia myrtifolia
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THEEHE T, AsA JUEE/R W FETE 30 Al 36 CHJ Bl A a2 B 5250 EIHE T Rem s, 7R T 5 0HE
KRR, BETREMEE/DN, TR0 R 24 5 19.3% (P>0.05) Fil 37.4% (P<0.05) ;
PRIF B E R AsA JT S B JR U B A 0 30 R BE BT R R, EERE T S A AT 42 CT X BRAL A L T
382%<P<005>(l’§l 2A),

T8 T SR R DHA J S B R Wk R B A IR 1S R BRI R, R RETR . P
F¥$3QEIEJL%L%FW&%L¥L HETRHAER EFES T 5E T, DHA & B /R EETE 30
136 CHI Bl & B #2520 B FREm S, e T Sk i R ME, 25013 T 162.5% (P<<0.05)
1 115.4% (P<<0.05); Hplal/Ea T DHA J5i i BE /R vk 2 6 30 7 2 g i B, s T R hiant 5 42 CT
N HEZHAH L3S T 115.8% (P<<0.05) (& 2B) .,

AsA/DHA FUAE 76 &5 P 3a B B35 IR R i 2 AW 3, WM B 25, TRBET, AsA/
DHA [V {5 Fifi % 38 2 B 3 2 R R @ #, fEdE B T 550 52> 1 68.8% (P<<0.05), 65.3% (P<<0.05) #il
72.6%(P<0.05) (K 2C),
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Figure 2 Effects of heat and drought stress on AsA contents, DHA contents and AsA/DHA of Heimia myrtifolia

23 BRETEMEXEZE GSH X GSSG REE/RIRER T

e LR 38 R B B GSH oo B R e R 3 T RE B S I S R R E S, XL PR EET
FIMAEBL LT PEBEY, KANEFEEP<005), BETRHARNEIHES, ZRAE%E;
TRME T, GSH it BE /R uk B2 B W ia R B2 S B BT e T Ry ad, 7 30 #1136 “CIf 76 i B2 1 i
REORAE; DhFEIBRE T GSH 5 BE IR vk B Rl 38 A2 B2 5 BV R RE, ST S Man 5 42 CF 50 i
AR T 58.8%(P<0.05) (& 3A),

e i P8 R Bk R GSSG it JEE JR vk J8E it 3 TR A8 1 i £ BEAS [ ke e, )k B A R R T
RIS TG EoHES, hETRAMERE T RARRTEES; T50AT, 78 30 f1 36 CHf GSSG
Jot R K K R BE A WA AR R B BT, fEE R T R A e ORME, 2 BN T 46.0% (P<<0.05 1
52.4%(P<<0.05); PH[FEMrE T GSSG Joita BE /R e L BE W38 R 56 B TH)a B RE, w5 id i ik e ok
{6, 542 CT X AU 3 1 26.4%(P<<0.05) (1 3B).
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fe/ME, A A 03 s b T 27.8% (P<<0.05), 21.3%(P<<0.05), 33.3%(P<<0.05) FI40.1% (P<<

0.05); T5 Wi, GSH/GSSG b (A ki 5 Mria 72 4 B 8 R RR g fa s, ZEEE T 500> T 28.8%
(P<<0.05), 37.5%(P<<0.05)#148.1% (P<0.05) (¥ 3C).

1000 600
~ 800 T
| on
oh .'6 400
g 600 g
=)
£ 400 =
= 2 200
< 200 <
0 0
3 —
2, or, =1, @8rT,
& NG ZRER IR R — K4 S FASA
= I B H 22 7 B E(P<0.05), K'5%F
&1 B RN A — W T A K 4y 26 A 18]
%= 5 8 3FP<0.05)

W BE hE R
TR OFE TE

B3 FHEFFpiis# i GSH = GSSG B & B Rk B & GSH/GSSG YAl # % v
Figure 3 Effects of heat and drought stress on GSH contents, GSSG contents and GSH/GSSG of Heimia myrtifolia
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o IR P8 B A R APX TR MR A IR RS 2 BN R, IR MRE T R4 BT
P, hETRAMEE T R4 2% G PR, %Qﬂﬁfr@i’ﬁﬁaiﬁf TEME T, APX G5
Je ETHE TN RER B, T8 30 A1 36 CIFAE B2 T 5 ik e KME, 433 m 1 60.0% (P<<0.05) Fi
208.3% (P<<0.05); W[ Mrift ~ APX 3 M F 56 5 T 52 Wy if *?UF?({E 5 42 CF 5 ) MR 440 He g
T 87%(P>0 05) (& 4A).

T E T A A GRS PR Rl & R A RN R R R, XHR4] . RE T RARE L
#, *I;?E%IW%tA, EETRAZRLTHE LTHER, SAXEFEHEE;, TREPHE T, GR
WEER R TR TR RS, e 30 fil 36 CH, T2 RN AHRME, 43303 T 128.3%(P<<0.05)
1 71.8% (P<<0.05); PhrFEMA T GR iH M THE T 2 Wi o 5 2l i KAE, 5 42 CT 5% AL H 3
T 28.7%(P<0.05) (K 4B),
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Ba T, DHAR WM RS BTG TR, 78 30 F1 36 Cif, H T2 N ikm K0, 253mn 7
69.4% (P<<0.05) F1 47.2%(P<<0.05); a0 F DHAR 1§k T8 T2 s f & Kl , 542 C1
AT R AH 3 1 145.0% (P<0.05) (&1 4C) .
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P, XL RETS ., BETREIMASETRE LAY, TETRAMEE TRAERRREE; T5F
38, MDHAR JE P34 29058 BTG TR, 78 30 F1 36 Cif, H T2 ik KA, 403
T150.0% (P<<0.05) 1 561.5% (P<<0.05); Wp[FPria T MDHAR &% TR E T 2P ba k8 g KEl, 5
42 CT 5 X B AH 3 in 1 100.0% (P<<0.05) (&1 4D) .



5536 B4 S J MRS o R T X e S B AR Y R T 899

)
—
(]
(]
[w]

800
600
400
200

GRiE 1£/(nmol-min~"-g~'

(e}

—_
(=)

MDHARJE 4/
tg g
o O
>~ =

6
S o
N s

[}

Elid it
TR
Or, mr, BT,

N FERE R R R — K A At TR R TR FE H) 22 R B 3 (P<<0.05), K5 7B
o A — W BN AN R K 43 26 4 ) 2 7 2 3 (P<<0.05)

A4 #FHiETFmibxt®ik APX, GR, DHAR f» MDHAR #1445 % "
Figure 4  Effects of heat and drought stress on APX activity, GR activity, DHAR activity and MDHAR activity of Heimia myrtifolia
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TR T — i, POD 36 PE R 28 (kW] 4 SOD I CAT % Mk 18 %, 1361W] POD & 8 2 X Bt v v T 52 e
() A A, MDA J5 dk B8 7R W P8 i Iy 200 A 3 48 7 S 3 346 n LB S v SR — it SR PR R a0
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SOD, POD #1 CAT J& ¥ bifi 45 p e 7% B 2 BUSETH G By fa %, Hoh SOD 3% 4 B 2 5+ POD 1 CAT & 1,
MDA J5 et 5 7R vk B2 DU 2 B 2 30 A B8 1T 0 1 o o T 52 e, gl b MDA o 5 58 IR ik B i o Joy
TEREPE TG N, 3 ol L B AR S B ST 0 S R R, {H SOD FI CAT G LM s AW, POD
PR R 0, XS AR RS R A — B0, W REZ T POD 7R TE R U U bR T CR B . =
i8R, SOD, POD 1 CAT i M Sk I 2 8 FF+ %, POD F1 CAT {f £+ i i %, SOD I 1 1 & 4%
AN, X5 RN X WAL A Rhododendron jinggangshanicum &5 ik k30 A WF ¥ 25 R AHARL s MDA Joi it J2E
IR AR R ERR S THia S, X SR TSR 45 ORI, AT RE S B A AE R IR IR R B — 1S N
P, DGR T A R A o ot AR Ak P R

AsA-GSH I ¥ 2 A8 90 14 P9 35 B % M S0 B el 60 S 23R 42170, R A0 3 2o 39 i S Ak R 5 e R0 R G i
G PERE B AsA-GSH 1§ A (195805 DUIE v BB 38 1 il T 5 PRIl e 7, v B2 W 3e ) 8 % i g APX
T P AT P2 BE 38 = T B, GR A MDHAR {5 P4 A 8 9 (H S AN 40 B —JBhae , 1 DHAR 3% 1 2 53
FH—Whit, ¥R N DHA, GSH Fl GSSG it fif JBE /R Vi B N I e 25 34 T, AsA JF o JB8 7R R J3 AN 7
T W, DHAR JEPERGGR 5 DHA B, AsA Wb, % 58— SILVA & iF e 45 /A — 3K,
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AT RERH & DHAR 35 1 B AR 3G IEAG IR AT LA APX IS BR A SE . ANBE LT AR FE R AsA, it AsA JT it B /K ¥k
FE R KT RE, Tovk KA AR 24 FE TR R e . SRR ME T, MR E 28 B8R, SR
BT TR, WA RN, X SV REEE RS ARl A AsA/DHA H{H #1 GSH/
GSSG H {5 B 2 W 52 F et 3se, 5B B ae 18 i AsA ¥R 5 NI ss B — T S 7, APX, GR,
MDHAR #1 DHAR & P34 2 56T e R R H, X 5SS e g S —30. AsA, GSH fil DHA
Jo ek JEE R M B R B SR BRI E NBEEH, GSSG it EE KUK SR BT, S T X T
M 38 B A 0 Y Y AsA-GSH 15 25 BE % J B JF 45 06 MR SR TR B, BRI AR . SR E T,
APX, GR % ¥: 1 AsA Jit & BEJR ¥k B 5 b JH#a %, DHAR % ¥4 Al DHA Jit & B R vk ¥ 0 E T T F%,
MDHAR 7% ¥ fi1 GSSG Jfi £t B /R W S e 7, R S Wi FOEER N L APX 5 BR 0 32, ARG
D A5 45 2 A B0 PN )P, PRAIE X 6 PR SR T BRBE T 5 A5 7K o3 A R A% il T P R b R AR v B T R
PR S B K, % W 8 AT o i e A Rt B — i B B

ZE LA, @R T RN T, BN P A B R G T S UEA TR N, AR R AR I
WAKEE . BAEWHILE ML T, 5230588 P8 00280 2oa A 80v B ae 4y, i v B2 0 M aa
T, WA AR R AR R AZBE T, R — haE v R R . WSS R B, #E 30 36 °C
2 O PR BT AR AL I AR 32 T, AE 42 CCHF INAS B 2 I #b 38 7K 20 D0 25 1 B R I 1 5 o A TE e )
R B AR A ARG B, T DA B R TR AR LT R KR, T D R b X SO0 R ) kA
BABE pal P KIS KO A .
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