5535 B 8 W S &~ £ Eild Vol.35,No.8
20154F 4 A ACTA ECOLOGICA SINICA Apr.,2015

DOI: 10.5846/stxb201306081450

BRE, XN, B, NI, BRR, B4, B3 UV-B FFHE R 05 ¥R BEFhE X R M i A IR R e UL AR 0 s 4R 254441, 2015, 35
(8) :2695-2702.

Zhao T H, Liu B, Wang Y, Liu Y O, Zhao C R, Yang X, Cao Y.Effects of plant endogenous hormones and antioxidant ability in soybean leaves under UV-
B and ozone stress.Acta Ecologica Sinica,2015,35(8) :2695-2702.

UV-B {E511E 8 O, REA BN XKEMF HIEMEF
mEsE TR

BREE, X Kk, E B, NBEE BER B X, ¥ %
TRPHAO R, f2:Be, W 110866

WE B RKEM R WIERBEXT UV-B F1E 38 09 1AL &l Fnm 5z g 20, 2 43 T 7K 7 B 2 A 4 9 IR 8- % UV-B
(Ultraviolet-B) F1 O,( Ozone ) FIrifl B 38 o7 L 25 58 Fe Al . LAK 5 ( Glycine max. ) AR B4R, FIHFF TR ZEHFSE UV-B(0.32
W/m*) 1 0,( (110£10) nmol/mol ) & & Wi XF K Gt J P IR R & i MG MUl R G sg . 45 R tE R OB EE
WI, 5XF A EG, UV-B AR S M ABA (Abscisic acid) & ZR ( Zeatin riboside ) 75 1 TAA (Indoleacetic acid ) 74 .
F4A%  TAA/ABA ZR/ABA  (IAA+ZR)/ABA W{H T, 0, (Superoxide anion free radical, 0, ) 774z # #F1 MDA ( Malonaldehyde ) 7
1+ T1 %, SOD (Superoxide dismutase) .CAT( Catalase) Fll POD ( Peroxidase ) 1 1t i B FAR ; i W O, W1l T, R T - ABA Fil TAA

FREETFE ZR A BERMN , IAA/ABA ZR/ABA [ (IAA+ZR)/ABA {8 W 3E TF &, 0, /A MM MDA 2 1400, SOD [ CAT
F1POD Ttk B ERRK; UV-B 1 O, B AWHA T , REI A ABA & & ZR S EA IAA & I FR (%, ZR/ABA  (1AA+ZR)/ABA fH F
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Effects of plant endogenous hormones and antioxidant ability in soybean leaves

under UV-B and ozone stress
ZHAO Tianhong” , LIU Bo, WANG Yan, LIU Yiou, ZHAO Chaoran, YANG Xing, CAO Ying

College of Agronomy, Shenyang Agricultural University, Shenyang 110866, China

Abstract: Widespread areas of crop production are presently at risk for damage from ambient atmospheric ozone ( O,)
concentrations and ultraviolet-B radiation (UV-B). The concentration of tropospheric ozone and UV-B have been rising due
to aggravating urbanization since the Industrial Revolution, which has had a significant impact on plants and plants play an
important role in adjusting structure and function of the ecosystem. Thus, to correctly evaluate how elevated O, concentration
and UV-B radiation affect plants is of great significance. The effects of O, and UV-B on plant growth and some physiological
indexes such as photosynthesis have been reported separately for a number of species by controlled experiments , but only few
experiments have focused on their interaction. It is not distinct on interaction mechanism between O, and UV-B. Especially,
it is lack of reports to investigate the effects on endogenous hormone of a single species exposed to UV-B and O, under well-

controlled experimental conditions.Open-top chambers were utilized to investigate endogenous hormones content, change of
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lipid peroxidation extent, ROS ( Reactive oxygen species, ROS) production rate, anti-oxidation enzymes activities in
soybean leaves under elevated ozone concentration ( 11010 nmol/mol) and UV-B radiation (0.32 W/m’) singly and in
combination treatment. The results indicated that enhanced UV-B radiation induced a decrease on abscisic acid ( ABA)
content, indoleacetic acid (IAA) content, zeatin riboside (ZR) content, the activities of superoxide dismutase (SOD) ,

catalase (CAT) , peroxidase (POD) and a increase on ratio of [AA/ABA, ZR/ABA, (IAA+ZR)/ABA, superoxide anion

free radical (O, ) production rate, Malondialdehyde (MDA ) content, in soybean leaves during the whole growth stage and
the ratio of IAA/ABA, ZR/ABA, (IAA+ZR)/ABA showed significantly increase at flowering stage , but slightly decrease at

podding stage. Elevated O, concentration exposure showed the similar effects, which resulted in lower ABA content, [AA

content, the activities of SOD, CAT, POD and higher ZR content, O; production rate, MDA content, ratio of [AA/ABA,
ZR/ABA, (TIAA+ZR)/ABA compared with the control and the ratio of TAA/ABA, ZR/ABA, (IAA+ZR)/ABA showed
significantly increase at branching stage and flowering stage. A increase of ZR content may improve the antioxidant ability of

soybean. UV-B radiation and O, concentration combined stress induced a decrease on ABA content, IAA content, ZR

content, the activities of SOD, CAT, POD, ratio of ZR/ABA, (IAA+ZR)/ABA and a increase on TAA/ABA ratio, O;
production rate, MDA content. The ratio of ZR/ABA showed significantly decrease at flowering stage and podding stage, but
the difference of the ratio of IAA/ABA and (IAA+ZR)/ABA is not significant at the whole growth stage. The antagonism
effect appears between ABA and ZR under enhanced UV-B and O, in combination. Obviously, enhanced UV-B radiation
and elevated O, concentration caused significant variation on endogenous hormone balance and accelerated ROS metabolism
rates and reduced anti-oxidative enzymes activities in soybean leaves. Compared with UV-B and O, singly, UV-B and O, in
combination caused significant decrease in soybean endogenous hormone content and antioxidant ability. UV-B and O, in
combination enhanced the negative effect on soybean compared with UV-B and O, alone but less than the simple

accumulation effects of UV-B and O, alone.

Key Words: enhanced UV-B; elevated ozone concentration; combination; endogenous hormones; soybean

AR, TR R ARG RA VR Y SRR, SBOr R R 0, E H T A, HiT4
BRIT POy 2 — Ry IX B 2= O, %k it 60 nmol/mol'? RIS, 1 TR AUZ AR M i IR H o n & | fdi )55
HTE (28 SN SR D) R AP R AR 1%, UK R Y UV-B 98 Bl 288 2%, UV-B @4t
BERRA O VR EE TS RERE XTI 4 KR B B 6B 1E I DL AR B A AL AR S5 B = 2R i 2 s 7
PRI, A5 AR S I THT O , W0 396 01 R 58 Nk 5 S5 5t 8 T st e AR 0 1 S Ay R P A S i s

TP FEANEN — R EEAD = FEY AR AT AR AR S v 55 5 T i 4
B, R O, 0] AW BRI AT A TAA FI ZR &4, ABA S THE 0 O, i vt T il b P IR R
W) 55 1) (P15, TAA/ ABA (CK/ABA FLAERRAR' o Li % 2 BFFE T UV-B 3458 XF 10 A~/N32 5 R o TR 3R 15
M, &3 ABA 2 it i E TR A 3 AR AR S AR ZR SRR TAA B RN [ ) e R
RIS, BF R, UV-B fRAH8 5K 5 40 TAA Fil GA (Gibberellin, GA) & N[, il ABA 5 4%
IR A TREEN Ambasht % CUBFSE T UV-B AR SR A O R B TH S A ME RN R E NE RS AR
S B R BRI T A I R IS AR R 45 R B O, UV-B A Wil R EA D IF]
YERL, T H O it 5 = VEH . BAT, N ARG B EURNEE SR S 5 6 T30 X A 40 A D8 38 3R 52 o 1 A 5 6
DLARTE , 52 AR F X I 0 I 35 23 400 I 1 55 i B R oy ML BT 5 o AN BH A

R [ T B R EY , X 0,75 e 45 Ry BURK , A SCA T T 203 % ( Open-top chamber, OTC) , BF5¢
O MR FETF A UV-B 45 S 858 60 R S0 i DY TR 3R 2 25 ARSI I M U R 52 0, B 48 7R K T P T
T3R0S AR T v R 58 AN o S SR P I AL B 2 Ay e — TR AR SEAE X A R AR Ak 4 35 B B
PP A FE K
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1 #MREFE

1.1 A

PAK L ( Glycine max. ) #e3s dtfh“ k3= 297 (I TARFHEFLAL) il i Ak, iz s Fh LIEk 8114-7-4 54k
84059-13-8 Z2AC VR F ML, A= WA 130—133 d, 3& & s ih 452 LA HE S 8 - 3 Rh i
1.2 5Tt

RGP FE R 2E B vk PHAC A 25 2R 40 [ R B AMIF FE sl b AT, R N RS X R G T B 26K, £
WA 12 S5 578 2 AH R OTCs (BN IE /NGB, 04K 115 m, 5 2.4 m, BERE % RE ) Jo 5 HFCE R <
R B, FEALHE T A R AR R AR A A% (BGY Q8 Y [E) LA R W45 T AR N O,k B 1Y) R 45 1%
JERAS (S-900, 574 =2 ) FIEHE /A 5 A SR R RSGE ., UV-B 3R BN R I v B2 AT R A9 KT 48, 2040048 (L
CHDEIRIESE AR 2 WA 310 nm) B TR GAERE 17 40 em &b, /A4 UV-B 485145 0.08 mm £ FRET 4k 2 A
F U8 BRSO AR bR B ER A UV-B 55504 0.32 W/m? A0 T 0k B0 B K S S BE R i 5% 224517 . SR
FAFA O KA (8200, PG == ) FINGE IE 52 4R AT (AL SO R DL R ER T ) X REIE)Z EIT R O, 7K E
FUV-B 5 56555 B A5 AG TR HoAE By P 17 30,

I 4 ASbHE, B, CK ARFE(OTC HH XS IR, O, R IS B (4548 ) nmol/mol , UV-B A 5558 & 0.30
W/m?) (O 403 (O, e TH , 2 (110£10) nmol/mol) UV ALBE (UV-B 38 R K, 0.32 W/m?) Fl 0,+UV B4
ALBR (O, W AT UV-B 38 43 8 ( 110+ 10) nmol/mol 1 0.32 W/m®) , FRA~AbFEBEE 3 IREE , SR A Akt
55, U g F SR iy AR 95.83 me/kg, A RUBE 10.98 mg/kg, HALHH 88.20 mg/kg, T 2011 4E 5 J]
14 HEER, BEASE ICE 25 25, B %A 10 B KR EF T MG AR B 5 MR K —BUW 9 (W<
LY 125 Bk AT 18 Jikk/hm?) | 1 20 d JEHFAR I E IR BR M E AL 9 h(8:00—17:00) , X5 [H]
KAy NERHA S —8, Tos IUE S s AR IR R 2R . Bl PR G R (6 A 30 H) JFIEWI(7 H 24 H ) fih
JEMA(8 A 12 H)HUEE,9 A 7 B 1EMra Ab B B 2 K & et 7R B I A0 B4 )5 B 6—7 F AH TR
AL TR IR A, I AHOC A B AR AL R R
1.3 W H Sk

IR IV LR (TAA) V&R (ABA) FILEKZ (ZR) & EE R S RO G ik e ™, 1 g
KEM RN 8 £ 80% FFEE ( Filid ) 1230, HLAR 212K 4 Cad B, #5010 min(4 °C, 18800 r/min) , 5.0 J5 FRHE N
ANDVF R B G R 2 W, B0 e A LIEW, AR INA PVPP (Polyvinylpyrrolidone ) F8404%2], B0 10
min J&7 F3EWE C18 /T, FEAIA 1 mL pH3.0 BEBRZE kiR, LR OBRE RT3 K, FE (LR OTER)
AHEZS TR 4,2 mL BV AR, 3 0.45 wm B HLERGLFLIE L, BT 7546 76 = R0RAH 2,55 {3 ( Agilent 1100LC,
) EGE TAA ZR ABA &4,

YRR ISR E D B AA ALY AL (SOD) 1 PR 1 NBT( Nitrotetrazolium Blue chloride ) Y63 JE I 42 ;
AL A (CAT) 1 PE SR FH R A e | DA% 4340 0D, 870 0.01 Jg— SBT3 B ; i AL Wy (POD) T
PER A BRI | LABE53480 OD 35 0.01 S —> I 7 B 79 8 (MDA ) & R SR AR T L 2R
PEIE AR B T H 3 (0, ) PR s AR R T B I AE
1.4 Hdabs

i H1 Excel Fl1 SPSS17.0 #AEXF SE8 B #E 1 T 58 71500, R RS 38 7 22430, 91 FH LSD 7E 0.05 7KF- T i
T2 E R, SR & A I [ AR 22

2 EREH

2.1 UV-B f1 0,2 A WX KGR ABA ZR Fl TAA 75 #5200
WE 1 FoR, BEE KRG AT AL, KO A ABA SRS FAHES, ERAEFHN, KGR ABA
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TR EECN CK>0,+UV-B>UV-B>0,, 5 CK #itk, 0,403 UV-B £b#F1 O,+UV-B 4B~ ABA & &
BRI 23530 18.73%—30.15% .15.43%—39.01% 1 11.95%—18.20% , 31 HAE 3 MEFAERA 4 B 1455
F| g2 57 (P<0.05) ,
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Fig.1 Changes of ABA.ZR and IAA content in soybean leaves under UV-B and ozone stress
AR NG FREFRIR AR AL B R] 25 535 0.05 17K

BAEFNS ARG R ZR w2 TGS, 5 CK ML, 0,43 T ZR & &1 FHiF A
13. 63%—20.64% , TE45 M E B I3 25 5 8 3 (P<0.05) ; UV-B 2L BRI O,+UV-B AbFHF ZR £ 1 F 8 23 51
9 17.99%—22.56% 1 33.98%—41.77% , 3 HAE4 L B I 55 B 3 25 53 (P<0.05)

ERAETWNK G B IAA FRJR2 MBS, 5 CK AL, 0,408 UV-B 431 F1 0,+UV-B 2L
TAA SRS 98 9.12%—11.14% 21.04%—29.22% F1 15.60%—19.28% , 31 HAE 4 F i1 22 &
2% (P<0.05),

2.2 UV-B Hi1 0,58 A Wa X K G0 P I8 3 T 1 52 )

KM F IAA/ABA ZR/ABA FI(IAA+ZR)/ABA HWAERE R GA & PSR ALK 2 i, 255080 .
BAEF WIS A K TAA/ABA [ ZR/ABA FI(TAA+ZR) /ABA 2 TRE#EH, 5 CK ML, 0,4 F K&
M TAA/ABA HHS 1R 2y 29.18%—60.50% , I HAE 3 B AT A6 35 3] @ 3% 25 5 (P<0.05) ; UV-B AL R
TAA/ABA 318 A 1.56%—28.53% , 1E 43R 125 53 13 (P<0.05) 1M O,+UV-B AbH N TAA/ABA 7454 1 At 40
PIRIAF) B 25 (P>0.05) , O 4R KRG M H ZR/ABA B IR A 9.20%—29.82% , 3 HAE4 4 5 i
ik 3) 35 25 5 (P<0.05) ;UV-B A3~ ZR/ABA BUH T BAUAEFF AR 135 W 3% 25 7 (P<0.05) ;0,+UV-B
WEFER ZR/ABA HIREIRH 21.42%—28.89% , 3 HAEAS AT B 22 7 W 3 (P<0.05) . [AlFEH, O, 4B
KEM R (IAA+ZR) /ABA TE3 AR AR 3] 2 35 22 % (P<0.05) ; UV-B A0 T (IAA+ZR ) /ABA 7EF-4E
WIRNZE IR B i 3 25 5 (P<0.05) ;1 O,+UV-B A0 T (IAA+ZR) /ABA 7E45 4 B B R IL 5 10 2% 22 55
(P>0.05) .

2.3 UV-B #l O, G W X K G F 3 ARt i 5 i

K3 2451 T RAMNE FREM A O, PPA A MDA & & RO E G As s ol . B R 92k & B

fEk R EM 0, PR R FTES, 5 CK M EE, 0403 UV-B AEFEFIO,+UV-BALH R O, 774k R Y
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Fig.2 Changes of IAA/ABA ZR/ABA and (IAA+ZR)/ABA under UV-B and ozone stress

BEWE 51N 2.05%—14.26% 0.79%—12.30% F1 7.04%—18.03% , H. O, 4R O, 77 15 38 R A IF A6 1) 46 3
W25 W% (P<0.05) ; UV-B A FRANAESS ] 22 57 1 2 (P<0.05) 0, +UV-B AL IAEAN AT I 15735 3] g 3
725 (P<0.05)

TEREAE T N AL PR R G MDA &R 2 EIHEH, 5 CK MHLL, 0,43 UV-B AL FEFT O, +
UV-BALFE T MDA 55 5 (1938 1% 43 531 4 13.05%—19.83% .5.97%—12.70% il 18.73%—42.35% , H. O, 4bHi
MDA &5 16 T 46 W A 25 2013k 3] 8 3% 25 5 (P<0.05) ; UV-B A BRTE /P B0 M 45 S A B i 3% 22 5% (P<
0.05) ;1 O, +UV-B AbFRAEA A 7 I 45 3] 35 22 5+ (P<0.05)

o 0CK 00; sUVB mO;+UV-B
%28
HoE o
27, 20.00 a € 60.00
x> a a < 2
Bk b <5 _ 5000
W 22 15.00 a a &
5E a b2 b = 2 4 40.00
= 25 p bb 1 5 & 4V
WS £ 10.00 41§ 2 30.00
e E Aol a
EES 5 £ 20.00 ab a
=SS 500 HES t
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o o
o & B FFie 253 vagsa.i FrieH
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Fig.3 Changes of production rate of O; and MDA content in soybean leafs under UV-B and ozone stress

KGR SOD {iEHE  CAT IEPEA POD TEPERE K G A B R AR L an &l 4 iR, BE KRG A B I A
K& SOD Gt TREEHE, 5 CK M, O4bHE T SOD & MR FE IR R 11.80%—17.36% , 3 HAE 414>
A B IR B I 3 25 5 (P<0.05) ; UV-B AR FAUAE B ] 25 5 3% (P<0.05) ;0,+UV-B 4bFH SOD {5 P 1 %
&4 11.09%—23.22% , 1E45 4 B B IR 31 g 35 22 53 ( P<0.05) ,,

5 CK AL, 0,403 \UV-B ZL 3 O,xUV-B AbHE T R M Jr CAT & PERRENE 73514 14.29%—22.22% |
8.70%—14.81% 1 4.76%—48.15% , 3 H. O, AL 3H O,+UV-B AbFE R CAT 5 H:AETF A I A4S S0 05 3] 1 5 2%
5 (P<0.05) ;1M UV-B AN ESE Y 22 ¢ .3 (P<0.05) . 5 CK AHLL, 0,403 UV-B 4L FEAT 0,+UV-B 4b 2
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Fig.4 Changes of SOD CAT and POD activity in soybean leafs under UV-B and ozone stress

T REHF POD 1M BIREIE S 514 22.50%—45.74% 5.37%—52.27% M1 19.23%—35.47% , H. 0, 4L ¥ F POD
TR A T IR B 35 25 5 (P<0.05) ; UV-B AL FEAETF A8 ) A4S 32891 2% 5% 1 3 ( P<0.05) ;0,+UV-B
ALEETE A A F B R 3] 8 25 22 5% (P<0.05)

3 Fit5itie

ABA SEAEY RN N FE A B S R A VR R R e AR ) ABA Y B ol B
PUrk, W Ao 2R AR 25 SRR W B AL B IR UV-B fR A O, /a5 3 K GAE R ABA RFH,
FEWE AR R YR 3h ABA SRS, T ABA 1557 5 il A b AU A9 | 32 30 4038 L I, i
SOD 1 CAT S5 R4 il PR HFHE 0 O TE 4, AR B ol A 7= A NG B 2 0] B s A A7, DA S i A ik X 38 F) it 52
M, X SASCHELE KRG Tatyana 78 K5 (IBFS 58 M —50, BF2ER I ABA SIS KRG
HMUERE T S IEASE, BRI ABA 75 B BEE Wrae i [A] B 2B 4 T34, ABA 5 380G 1 T O30 40 B s 25 44, M
SR 0 B K A SR B AR AR AR R, (G RS R A UV-B fS e R RN ABA (A
LTRSS UV-B FRET R0 T S (A R 4 5 20 B 2k 25 e T 8, BT BB S5 58 | Mg-ATPase 1514 T B ffint:
SRIARILT pH (EFRAG, AN N ABA ) 281G 56,

ARG LG R R | S KGR Z 5] UV-B 48511 O, Bhad i, K SR vR A AR K & B 2 2R, 1 P9 IR &R
TAA iz 52 BIRRE], T TAA SRR, A A T an i 43 24, S (AR AR B AL , T B0 | DT 326 7 A6 336 358
K BTARFSEIAH , UV-B SE5HER AT, T TAA REGEIZ UL UV-B 45 G , M 72 A= YR fife i 4
TR WA HEEAN " BRI UV-B 38 5RO, M BEAZ 512 POD I 3% 35 M M F#AIK TAA
i, A POD fE I —FMIEERI AT RES 5 T TAA AOSEEAIF T 1R TAA IRERE .

ZR JER G S A RN T U IE ) A MR 2 — RIS R R 0, BT = AN, R
MR ZR S EFHE, M UV-B ST HNA T ZR SRR, X 5 Lit' AOBFIe 45 SRS, MROCE 0 i 98 & 2R,
FE UV-B 3@ SO PTH (7—14 d) ZR &6 B R M AE R 315 1 (21—28 d) U5 S 28 3 hn ik 34, I L b o ]
AR LR —5, X 0T A8 5 PR A BRI AR AR 56, BAMFSEHE Y, UV-B @55
AL ZR B AR R, T o T b e I e A, WD IR e S | e B A Sk R RS i 7 R 4
LB, 45 5 SOD S5 A 47 il (14 36 P8 , 2 3 A BB A /E T, UV-B s ST 5 i ZR S 4t , TRk S
UV-B 13 FEOCE S GG H AL 2 BH , B s v A% 2 R 20 380 ZR MFBLEA .

http ; //www.ecologica.cn



8 1M BRE A5 UV-B SR ESRAN O, 7 BT X REL I A IR A S A RE D 52 2701

FEYI VIR Y T 2 [MAAF ARG A AR, ARG R B, 7€ O, F1 UV-B JB8 F KT F TAA/ABA (ZR/
ABA FI(IAA+ZR) /ABA {H IR, [FIRS, KGR IAA/ABA (A TE B B, 2 5 52 F Rk 3 130 I 36 ) 491
R — 8 BB, TR 38 A BREE ABA S HE80M, N K & 8% . 76 O, F1 UV-B B— Al
AR, iR ZR/ABA E i TXF R, UAHH ZR & i it 81— Pt S E T (B 8 B A WA T ZR & i
TR ABA ST DAR BRI R A FE PR, RS R ARG AE UV-B ISR TAA A
ZR oW TR, ABA St BN, B A S5 IAA/ABA . ZR/ABA HLAEREAR, 6] UV-B BEISE X F i 4 1
HAGERM, LSRR B, KA R R 0, B 25 T AUAR TS AR AA T i TAA/ABA \ZR/ABA {E R4
TR

UV-B RS HE5R A O, W TH S fE— e B Bl IR &0k i ABA Fl TAA & BEAK ZR & st THe, DX
PR TR 38 3% 22 ) ST A 1 RO T S A S AR SO L TR B R I B R S R bR AR RE R e (R
SEiil FECOR G R YA R G BB, IEAR L AL FR B N, X K SR &0, UV-B A O, 5
A T3 B R 2 RSt AR MR AT BT AR (ELI /N T R B b A R S i A 7 2 20
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