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Concentration of O, at the atmospheric surface affects the changes characters of

antioxidant enzyme activities in Triticum aestivum

WU Fangfang, ZHENG Youfei* , WU Rongjun, WANG Jingi
Key Laboratory of Meteorological Disaster( KLME) , Nanjing University of Information Science & Technology, Nanjing 210044 , China

Abstract: Using ozone treatments in OTCs (open top chambers) , the effect of increase atmospheric surface level ozone
(0,) contents on antioxidant enzymes activities of winter wheat leaves( Triticum aestivum) was investigated, in the growing/
development (G/D) periods including reviving, jointing, booting, heading, filing and mature stages. Two experiments
were performed in two years by doing each experiment in one year,using six OTCs in each. The chambers were equivalent,
but two were fed with air while the other four with ozone at different concentration, in that two chambers with 100nL/L. and
the other two with 150nL/L. Winter wheat were grown to all life stage in OTCs. From reviving to mature stages, the plants
were treated for 8 h (8:00 — 16:00) in every sunny day with different dose of O,, respectively. The activities of winter
wheat leaves (the second and the Sth from the top). Catalase( CAT), peroxidase ( POD), superoxide dismutase ( SOD)
and ascorbate peroxidase ( APX) were measured. Antioxidant enzymes of each treatment was assayed in triplicate. The data
were initially compared by analysis of variance and differences between means were detected using the Duncans Multiple
Range Tests. Values of P<0.05 indicated significance. Quite similar results were obtained during two years’ experiments,
suggesting that as a G/D stage is progressing, the activities of leaves catalase ( CAT) and peroxidase (POD) increased

firstly but consequently declined. Under the increased O, stress, CAT and POD activities raised and their peak values
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appeared earlier, but POD needed higher O, concentration than CAT’s, The activeness of CAT and POD is induced in the
later G/D period. Subjected to low concentration of O,, POD activity was found to remain unaffected in longer time
compared to CAT. When the O, concentration was increased to 150 nL/L, the relationship of superoxide dismutase (SOD)
activities against wheat growth stages was altered from double hump to single hump style. SOD activity was found to be
obviously decreased in the advance G/D period under higher O, stress. No obvious influence was found for the time
response of ascorbate peroxidase caused by O, stress, but in a certainly range, while O, concentration could induce APX
activity. The effects and influenced strength are significantly different between superoxide dismutase and ascorbate
peroxidase against O, doses. CAT and POD are more sensitive to O, than SOD and APX. Taking together,the elevated O,
concentration in atmospheric surface layer, impinges on the time series features of CAT, POD and SOD. O, stresses could
induce oxidative stress. Antioxidant enzymes activities were upregulated under low concentration and short time ozone
fumigation. Otherwise, enhance O, irradiation and prolong fumigation time the activities of antioxidant enzymes were
inhibited. The effects on antioxidant enzymes activities are relate to ( G/D) periods of winter wheat, dose of O, and the
exposure time. Various antioxidant enzymes have different O,-sensitive, representing that the threshold of subjected to O,

the responses time to O, stress and the variation scope of antioxidant enzymes activities are different.

Key Words: Triticum aestivum; open top chambers; O, stress; antioxidant enzymes ;time series feature
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Fig.1 CAT activity in winter wheat varied growth stages (reviving, jointing, booting, heading, filing and mature stages), subjected to O;
tress by different concentration with 100 nL/L and 150 nL/L
L0, IV, V,VE SR REER T, 301 30, 2 R0, Sy eS| it s AR -0 R A BRI 28 Duncan [R 2 T MR 224056 22 5+ .35,
ARG T P<0.01, RFR/NEFHE P<0.05
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Fig.2 POD activity in winter wheat varied growth stages (reviving, jointing, booting, heading, filing and mature stages), subjected to O;

tress by different concentration with 100 nL/L and 150 nL/L
LoV, V VE 2 BIREGEE I, S50 01, 2B , iR, R0, sl K] 5 BE 3R 7R Ab B E] 28 Duncan [ TR 240 22 50 W35
ARKE T4 P<0. 01, AFE/ING FHE P<0.05)

2.3 BRI/ INA A A B A B A A Y I AR

Wi 3 PR  AE/NA i A KR E AR R SR AL AR I (SOD ) 3 PR R A A IS P RRAIE, T 10T L, S22 000G
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Fig.3 SOD activity in winter wheat varied growth stages (reviving, jointing, booting, heading, filing and mature stages), subjected to O,
tress by different concentration with 100nL/L and 150 nL/L
LI, I0, 0V, VL VI SRR T 9], ST 100, 2] Aty SR ), eyl . ARl B3R b LRI 28 Duncan [R5 BEARZE R0 22 5 B3,
AFKE FHE P<0.01
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Fig.4 APX activity in winter wheat varied growth stages (reviving, jointing, booting, heading, filing and mature stages), subjected to O;
tress by different concentration with 100 nL/L and 150 nL/L
LI, IV, VL VI eGSR 3 3], 38130, 2 R0, SilAah) R0 | b)) 52 B3R b BRI 28 Duncan [R5 R 2240 46 25 5 3,
AFRRE FH: P<0. 01, AFE/NE ) P<0. 05
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BB /N APX SRR R AR AR AE A TR] . T AN IR 75 303 2 BRI AR B ad FE v APX S PER = T
XTHR SRR T APX TS PR T 5 T s TE T 5 00 BE 22 5o 10 38 TERESR I LU APX T @E%{Eﬁﬁm,ﬁ
IHIVER, Sh93R0, APX A TGP RE 2 /N A2 A0 A R A 3 108 T2 T 188 I, 76— RE S BRI N 3 0 O, A, 1
S APX I PETFE , APX B2 H,0, W ERAE " | APX 1 PE T il LIS O, ik 15 . X AP i APX @@Yﬁ%
PEFE i LUK INE 7= A BB AS BEHRAR R s ) s i iR BE 04 O, 1033 . 24 O, MR B B R A Rt ) 5 K it
APX it 1 e BRAEG, B AL BE 1055 .
2.5 AREBUEAEX O, KHUEE 2 5

TR O, 4 JE [T E AL BTSRRI AN 1 B s B A E KT T, 5 T 0 X APX (R RN B8 A
) ARk EE O, %F APX 1% PEA A2 HEVE T, TR T O, H1 A . CAT BEGVETE RS A K ih T, 5 T, FI1E
FHBN AR ], EAE SR BE A 22 5 FL LB A K, CAT BTG PEXT O, F B Usk , B ARV B O, REWH 8% CAT I
PE, O, MR EE AL i IE CAT @’E}‘(ﬁéfﬁ%ﬂaﬁﬁ@tﬂﬂiﬁdtmmm%ﬁo ANTE] O, HeBEXF POD il (1) VF FH i 3 22 574
K FFTEIMREIA T 5 RIS T o0 AR EAM IO, BB POD BEXT O, Wk 5 A 2 1y A, Ho 55 72 Bl EL I 52 1sf [
CAT B T— T, T F T g X SOD A FH 3 BE 22 Sk 550N, FE T30 300 i BRAE FHASORE AN TR, T o0 S5

*1 AREKBARE O; REEATMERENEFEMEITEL
Table 1 Relative changes of antioxidant enzyme activities subjected to O; tress in winter wheat varied growth stages
T S AL UG P AR A I A B PR AR
ACAT/(U-g lmin™") APOD/ (0D, 55 g™ +min™")

2008 AL(%) A2(%) A3(%) AL(%) A2(%) A3 (%)
1 38.26 42.27 2.91 8.02 25.41 3.07
I 52.91 22.19 -20.09 7.17 33.02 —43.70
I -8.18 -48.49 -43.90 0.20 32.22 -60. 82
v -20.45 -37.13 -20.97 12.06 -55.62 -24.42
v -8.84 -23.76 -16.37 3.33 -68.46 -18.03
Vi -23.58 -34.91 -14.81 -9.52 -52.65 -24.96

2009 A1( %) A2(%) A3(%) A1 (%) A2(%) A3 (%)
1 31.46 34.78 2.52 6.92 21.09 13.25
I 41.84 0.94 -28.83 7.71 28.88 19. 66
I -7.70 -54.80 -51.03 4.40 23.88 18. 65
v -17.19 -48.81 -38.18 11.68 -68.09 -71.43
A% -6.79 -41.73 -37.48 -6.87 -73.14 -71.15
A -19.82 -44.28 -30.51 8.04 -47.14 -51.07

R S AL I A S 1 ) A f PR il BRI S AL B M 72 f b1
ASOD/ (0D g™ "-min") AAPX/(pumol g !min~")

2008 AL(%) N2(%) A3 (%) AL(%) N2(%) A3 (%)
| 31.01 32.49 0.92 34.62 7.69 -20.00
I 22.01 28.56 4.69 17.95 -5.13 -19.57
I 14.68 3.72 -8.93 31.11 6.67 —-18. 64
v 10.81 6.72 -3.31 20.00 -5.00 -20.83
A% 4.82 -26.18 -26.78 29.23 -7.69 -28.57
A -22.32 -32.68 -12.75 23.08 -12.82 -29.17

2009 AL(%) A2(%) A3(%) AL(%) A2(%) A3(%)
1 21.54 27.58 4.96 22.86 8.57 -11.63
I 14.86 22.19 6.39 15.91 -4.55 -17.65
1 11.07 3.40 -6.90 10.71 -7.14 -16.13
v 0.83 2216 S1.33 16.92 -3.08 -17.11
v 0.34 -25.79 -26.04 15.00 -8.75 -20. 65
A -13.81 -20.40 -7.64 7.87 -16.85 -22.92

A1: Ty 5 CK MIBHE AR BAME, Al= | Upep-Uck | /Ueks

A2: T, 5T CK HIAHX A (1,

T 00 FIARRAZARAE, A3 = | Upyso=Ungp | /Uﬂoo;/ﬁ\:EP Uck, Urioo, Upiso M 3 KBS HF 21
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14 ] RIFTT A HL)R RO/ N A T A AL A Bh S R 4025

T, FIVE JHRLN: 22 5 1 30 BF 8] Fe POD il 6, 156 B SOD i X O, 1 5 1) 52 i A 7 88, Tiid 32 1) 1) 1 POD il
SEOLULE R RIEEXT O, UM A 22 5, CAT B fe Uk, RS2 POD i, PRS2 SOD fiff , fie i /2 APX fiff

3 £ 5itie

3.1 /NEBUEALEE CAT POD SOD WG M, fE/NEAE K R & R h 2 BUE TS S BRI AR e A . B fb
AT PR O B PR AR IR O, e it % A2 BCAE , CAT T POD i3S 1 A e A H B A 7 309 I S 2 17, SOD g Ay s
JFHRAE ph £ WU ph 28 A S BRI R 4R . O, fE/ N BRI E SR A KA S T CAT i . POD RS M T+, J5 0]
A EIHIE . O, U8 T /NI A B BB Rl & SOD Ff e/ Nz i o e 8 ik T AR F87
PrEALPERYE S X it — 25 52 i B /N 22 5 0 A0 7= i AL A B, Oksanen S50 95 48 Y O, W B T i35 25 14
T EPEEOUHIE H, 0, R HE2E PIFNE A« J B[] P v 3 5 184 35 T A I st e LI (445 5 P o, i 4 FH e
[E1) 3 U T A B 40 O X B SR I P ) e AR A S i, A I A A A R — 2 AR SR L
[vi) sf AT G2 AR IS P ) R 1) 3 B0 AR P 7 A T I %) o o i ) AR T

3.2 NEBUEAERE AR O, W i REEON . WIS/ IR B O, FER RIVE AR A R e AR
FR P YA AR P I 1 AR 2R TEH KOE, CAT POD SOD 2545 48 10 T i TS 4 vk 85 338 in i % 75 5
T A= Hr4 %, SOD HiER 0,7 FOH - X% H,0,, CAT .POD 4k H,0, 7% H,0M"*) | X SEEgIE PR, ML
PUE AL R G T AR B Bl JEx RS I e N, I T AR R, A RO IR T e R iR
it 2 BRI 2 O,k BE R R A A T R s in o, 5 SR R P 2 BRBUR REAA R R, 5
KT ARG BEEE REPRART O, AT AT A — R A B i, S R AR BN R T AR BB 22 5
O, BIMEAIR . [ AV, MY g B S A R R AR S I R BB tEAs 1k
SN BB YING, TR S B 3 P K =k W iR nT 3 i e R A PR &R G2 R ) SOD L POD |
APX il CAT W35 i M8 28 SI5 R 2 M B9 -4 . SOD 2B [ iy 515 3 B 55 — B Bl 26, ml DLk i & i
A A B B AR Y H,0, A1 T-40; 1 POD  APX Il CAT W] LU Bt f 1Y H,0, , it [
SR BRI . SOD TG PERGHE N, 3% v] BESEAH P BT EA R 1 — b 7 T N Bl O SR R A 3
T, B R Gt —2 A 8, POD L APX Il CAT S& (-4 BS Mk — 25 TH e iR 2 D Bh i bR IS M S B e . (H
B BEE R H AN WO SR 2R S0 B0 IR, SOD  POD I CAT AYIE PERE 2 AR, O, M T, /N T
ST P 1 722 A I B ARV B -1 FH B ] - 2 = IR s BAR

3.3 AFEEXT O, ABUBIE AT IR E 0, 1A S APX B MEZE A E F W THa, W O, HIEA X
FERIFE . POD BT O, sk % i3 ma 1 s () 4 B . O, PR A SOD e A I J 1 30AS A s P ) 0k 2%
TR, SOD [ AT 45 7 /N HUPERE AR (G5 3Y] . CAT BEXT O, 88U, 1% M8 AL g B A K, SR 3R BE 0, 75 QL 45 /R
ity {0 CAT BFREMN 321 O, W BERE =, O, ME FH B vE , A AE R it Ao AR rp 0 ) T 1 C 2l R i Bt AR L
il (A A PTG AR 52 B AN — ek
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