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Abstract: In order to reveal effect mechanism of elevated carbon dioxide( CO,)and ozone( O, ) concentration singly and in
combination on plants reactive oxygen species( ROS) metabolism and anti-oxidative enzymes activities, open top chambers
(OTCs) were utilized to investigate the change of ROS production rate, content, lipid peroxidation extent, anti-oxidative
enzymes activities net photosynthetic rate in maize ( Zea mays L. ) leaves and grains yield under elevated CO, and O,
concentration singly and in combination treatment. The results indicated that elevated CO, concentration ( (550 + 20)

pmol -mol " ) induced a decrease on superoxide anion( 0, ) production rate, hydrogen peroxide( H,0, ) content, content of
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malondialdehyde( MDA ) , relative electrical conductivity and a increase on net photosynthetic rate and the activities of
superoxide dismutase( SOD) , catalase ( CAT), peroxidase (POD) in maize leaves and also a elevation on one-hundred-
grain weight, grains number of per spike during the whole growth stage. While elevated O, concentration exposure (80 +
10nmol -mol ') showed the opposite effects, which resulted in higher O, production rate, H,0, content, content of MDA ,
relative electrical conductivity and lower net photosynthetic rate and activities of SOD, CAT, POD and a reduction on one-
hundred-grain weight, spike grains number of maize compared with the control. But under CO, and O, concentration
combined ( (550 +20) wmol-mol ™' + (80 + 10) nmol - mol ~' ) treatment,, compared with the control, the net photosynthetic
rate, H,0, content, SOD activity were higher earlier and lower later during the growth stages, content of MDA, relative
electrical conductivity, CAT activity were enhanced and POD activity was weakened, O, production rate was almost
unchanged in the leaves of maize, while one-hundred-grain weight and grains number of per spike in maize increased
unsignificantly. The results show that ROS metabolism rates are restrained and anti-oxidative enzymes activities,
photosynthesis, grains yield are enhanced by elevated CO,concentration, which presents protective efficacy on maize,, while
elevated O, concentration accelerats ROS metabolism rates, reduces anti-oxidative enzymes activities, photosynthesis and
grains yield, which represents injured effects to maize. In combination of elevated CO,and O, concentration, the beneficial
effects of CO,on maize are more than compensating the negative effects imposed from O, , and the latter in its turn partly

counteracted the positive effects to maize of the former.

Key Words: elevated CO,concentration; elevated O, concentration; combination; maize; ROS metabolism; anti-oxidative

enzymes activities
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(ERZRE) #17, FERS N 8 N LMFER OTCs (BEE A IENAAE, #1K 1. 15m, 7 2. 4m, FEIHE
BE) R 5HRENESGENEHIRE. FTEOEHTENBEFIRFEN CO,. .0, KEH CO, L /MER#E (5
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5 CK ZHMAFEBEZR (p>0.05) , HIFEIEE N 12.6% ~71.1% , T O, E IR MM T X
MR AR AR, B R IEE N 33.7% , a5 CK ZRIFERBEZR (p <0.01) , CO,HI O, E
FREALET , AN it SR RSN/ T CKBERAFBE (p >0.05) , MAE/NE 7L Rl 4
HIRT CK, 7 5380 69. 4% F1 2. 4% , ZFFHFAEZE (p >0.05)
2.2 RFESLE KM A T A R

FEENETHN, EEETRET WAL TR 0, P AEERKAELINE 2 Jrn, S4B RN
O, A A i KB/ NHUK T : 0,40 B, CK 403, CO, x 0,403, CO 403, 7E CO MBI RBIRMAT , K4
BRI RI B O, PR RIGH B, SF7ER M AER 5 CK Z X2 F R BEKF(p <0.01),
HIERIBETE 16.8% ~51.7% Z I8, MERKE OB T, KM O, AR RA B, BL7Efh A HA
ERBRBERT CK(p <0.01) , HIEIEEELE 19.9% ~30.7% ZJAl, CO,f O, EA1ER TR EXM A
O, FHERBRA T _FZE,EHAR_FRENEMN, HEMEEN T 0.4% ~5.1% I HAEERKHS CK
Z IR BEZESR (p<0.05),

OCK ®B0O; B8 C0Oyx0s 8B CO,
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. bS]
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2 ANFES AL E i3] ] a IMESMER Eiipe ] 23
& Flower differentiation  Tasseling Filling Flower differentiation  Tasseling Filling
HE I Growing stages H= B i B Growing stages
B 1 RREALETERA LSRR (R ER) B2 ARLETFTEXHH 0 FERBRNEL(HERER)
Fig. 1 Variation of net photosynthetic rate in maize leaves under Fig. 2 Variation of O;" production rate in maize leaves under

different treatments( by Ducan” s multiple range test) different treatments( by Ducan’ s multiple range test)

AFEAETREXRY A B0, S22 mE 3 fin, AR MBTHN, TR B0, 58 BHK/MRF
h: 0,403 > CK 403 > CO, x 054038 > CO, 403, Hr COAIEARM i H,0, 5 BB AMEIERN 50.2% , 7
T ERAAE R 0 A B2 (p <0.05) Fitk B2& (p <0. 01) & T CK, i O H M BRAIMIE A 71.7% , EHET
BHAS CK ZRIMHFFERZE (p <0.05) Btk & 257 (p <0.01) . ZE/MESLH, CO, x O, AL BRI H,
0, FBAT CK, MZEHENAELMES &/ KBS (K ZHZRABE(p >0.05),
2.3 AR EXRM 5 B | R E RN

WE 4 B, A FEILLERG E KA MDA & BRI WA AR, S48 E K A MDA & & B K3/
W N : 0,403 ,C0O, x 0,403, CK 4b3, CO,403 . XiHBA CO,ALFHPEME T £k A 9 MDA & &, HFEKIE
BEAE11.1% ~19.2% Z &), HAEER IS CK ZH#EE R BEKF(p <0.05) . FK,0,43H CO, x 0,43
=T EKRMFE MDA &, KR SIEE 2 5I7E 14.8% ~31.7% M 2.8% ~9.0% JEEIM, H 0,43 Kt
J B9 MDA & B FIER B E R T CK(p <0.05) , #—25 30 O, 3B A S v kM H AR Ak
RENE,
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B3 ARAETERMN A K0, SR BLGRTRESE) B4 ARLET IR MDA & BIZAGIERER)

Fig.3  Variation of H, O, content in maize leaves under different Fig. 4  Variation of MDA content in maize leaves under different

treatments( by Ducan’ s multiple range test
treatments( by Ducan’ s multiple range test) (by P & )

ME 5 ATLLE 1, &AL EORM: AR X B 5 3Rl R B/MKIR R : 0, 4038, CO, x O, 403, CK Ab3E, CO, 4k
R CORBEAREMT , TR A BEAE R, A AER S CK Z Rk 2RI E8EK
F(p<0.01) , HEFIEEE R 11.8% ~19.6% , M O, EAREMT , TR F MM EEA S, HA SR
BEAE20.0% ~35.3% 28], 5 CK# Ik, /M HZ R B & (p <0.05) , i AMERX P ERK D EH
(p<0.01), 7 CO,f O, FAREAERT, 5 CK M, EXRM BN EET S, BARBEER/N, #
3.9% ~7.7% 28],

2.4 A[EALIEN KM A5 S ACERE R

&l 6 A AFALE T E KA SOD J&E MR LB AL, H SOD fEHE BRI R Jy: CO A3 > CO, x 0,403
>CK b3 > 0,43, BLEA RV E CO AL T , T KM SOD J&E M3 i, 3F 2 BIAE /INE S AL AR A A 5 CK
ZIRIFTERBE (p <0.01) 1B EZERF (p <0.05) , HIIETEE N 1.9% ~78.1% , T O, ¥ & 7+ = W5 E K wt
F SOD JEHREAR, HEBKFEIE R 32.6% , H7EER IS CK Z A FAKRBEZR (p <0.01), CO,H O, ¥kE
AREAERT , EK0F SOD {EHZEERBI/NF CK, B2 %A B3 (p >0.05) , MAE/NE 2 A 5
KT CK, 3/ ME AR ZF K BEKF(p <0.01),

OCK 80O; O3CO;x0; 8CO,

& - OCK ®O; B CO,xO0, CcO, = 6000.00 -
z aA #E
& 40.00 - dz T, 5000.00 -
S L Frrgig L aA

#2 3000 |- g T 4000.00 A

o 3 FoARtS  bB X2 300000 |-

28 20007 N £ £ 200000

=B - = 2 e

£2 1000 §-‘- ¥ 3 100000 |- - -
B LN z Bo - &
2 0 %-_- ! I . 2 0 L L P
= INES AL i A PMLITILE W K
= Flower differentiation  Tasseling Filling Flower differentiation Tassehng Filling

2251 Growing stages 275 i B Growing stages
B5 RRERAETERN A5 E S0 LR ER) B6 RRAET FHKeH SOD M EL (BB ER)

Fig.5 Variation of relative electrical conductivity in maize leaves Fig. 6  Variation of SOD activity in maize leaves under different

under different treatments( by Ducan’ s multiple range test) treatments( by Ducan’ s multiple range test)

B 7 R, ARAEXT KM A CAT iR X SR EA AR, SRR ARy CO, 403
>CO, x O,4L3H > CK AbFH > 0,403, Hrp, CO,ABIRg F KM f CAT HE#R B &R T CK(p <0.01) , HEK
WIEy 117.6% , T O ALBEAE MR T - CAT {EHAEA R A4 T N 3 A R A2 B BRI, KRR 1E 32.0% ~
58.5% 2], BAE MRS CK ZRfFE B & Z5R (p <0.05) . CO, M O, W EF B E AR AN T KM A CAT
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EHRERI A CO, MR T O, IHIER, B & E A E AN i CAT &M, HIGiETE
% 14.8% ~59.3%

MK 8 WTLAE H , ARAAE LA T B EKM A POD FE#ER/NERFEIR N CO,4H > CK 4# > CO, x 0,
b3 > 0,403, FHrp, CO L3 Kt POD FEA Frt s, HEB R IE N 43.9% , 5 CK M, 43 HI7E /)
I MER Pk 2 7 B (p <0.05) AR BEKF(p <0.01) , M O WREF KM T, MMk 5 POD
A RS, HFEIBTE 27.9% ~33.8% Z I8, HAr BI7EfE EARE R 5 CK Z Rk 25 B & (p <0.05) F1
W BEKFE(p <0.01), CO, O, MRFEABREAENT , TRkt i POD 1547 Bri#ds, HFFIBTEE N 14.8%
~59.3% , B O,%F E KM H POD FE#: A HIMER R T CO, X KM HEA/ER , 3 B E Ko A 9 POD 7& M3
A RIALFE g el 7 T S AR B AR T

5

= 160.00 ~ OCK B0O; B CO,x0O; CO, E 250.00 — OCK ®O; 8 C0O,x0; CO,y
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X2 8000} Ko bAB
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Flower differentiation  Tasseling Filling Flower differentiation ~ Tasseling Filling
H:FH I Growing stages H: B I Growing stages

B7 AFEAETEKRMH CAT HHEREAL(FTERERE) B8 AFALIET ExKMHf POD HHEKEM(FERERE)
Fig. 7 Varation of CAT activity in maize leaves under different Fig. 8 Varation of POD activity in maize leaves under different
treatments( by Ducan’ s multiple range test) treatments( by Ducan’ s multiple range test)

2.5 AR ERAFRL= 2 R0

AFEAEN EAR T RE SRR RN BABORESR, I057 | FiR, F 0B TR B AE 5306
B RPRAFZIN COALH > CK ALH > CO, x 0,403 > O, 403, TR E Ny CO,ALHE > CO, x 0,403 >
CK 403 > 0,403, B T AR E MR R T A 2 MR EF, Bt CO, ¥k B R £ ok = &3, 4
B, 05 W EFA R NIFEAR T ERI= &, T CK AHEERERE R KT CO, x 0,4 # [ #68 CO,
WETHE X AR BB T O3B X KA M HAEA

F1 FRALETERFN~ENHEL
Table 1 Variation of grains yield in maize under different treatments

o A HA A AL AR AL
Treatments (g-100grains 1) (%) (grains- spike 7!) (%) (g-spike 1) (%)
CK 18.12 £2. 06bB 423 +14.53bB 43.17 £2.16¢cB
CO, 21.43 +0.58aA 18.3 475 £21.66aA 12.3 52.43 £3.12aA 21.5
0, 12.67 £0.32cC -30.1 364 £21.07¢C -13.9 36.23 £1.46dC -16.1
CO, x 04 16.67 £0.46bB -8.0 402 +12.22bBC -4.9 47.87 £1.76bAB 10.9

FPBEAR N BME + FRAEE The date are average + SE above table; | b 100-Grains weight ; 5 %{ Grain number per spike ; T}/ & Weight per
spike ; X} B 4L % Relative variance rate; [f]— ARF/NEFHERTER BE (p <0.05) , ARAKXEFHERSEZFREE (p <0.01) Values
within the same column followed by a different letter are significantly different at p <0. 05 (smaller letter ) and and p <0. 01( capital letter) , respectively

3 itig
3.1 AR EXKM R E EARE R

ABIFERY , FIRE CO MR R T KM A Bt A AR, 5ot & BB R B 7T BB R Mk E CO,
ALERERE T R TETH FH 9 CO, ¥ RSN T CO, %t O, By HLER T4 5 T Orr i iysa ", A X5
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B OB T, U e A R R 590 078 B A %, HEEK T o6& 18 R8Ok RSB B, 5 3
T EERTNRE SR, Xt ] AR R AR v oK M SRR O, 0BG b AR THMIEE, CO, x 04k
BRI 5t A R 2R AE/NE b SR A = T X AR, T AR AN T X IR, X U B A K R
R, MU O, E R @t A BB MHIEART COMREHIEM.
3.2 ARG EXRMNFEEE B bR

AL, O, EAEM E AN O, PAEREMN H,0, 5 B ETHHHE TR, RW O, KEAR
RESE IEAE YR I TE M R =4 S UG & (B 1,0, F BN IMIBE KT 0, FA B, X T H
B BT SOD WKt 0, ik, A AR H,0,"" i CAT 3 H, 0, 3% R AR ™ F1 POD HIIEHTE OB T X F
FERIZIR . Os EAM YRR T LAS AR B B EE A R, B Bar M REEMIHIGI R ZREHNK
HEHERER D T WR O3 I REYHEN— T ERE, CO,BHE, FETREMEMNH 0, 4
HRM H,0, 5 &M A FEREN T M, AT T S E h a0 B, X0 R 33 Co, x
O, K FRFE KM A O, PR R GXHREA LK 0,0, 5 BB T RN EERE, HAPIREY, &
COMRIERMT MWL T e —E A ERRG T HMH WAL 0,88 ™™ X TERR CokET
B O, X KM i ERN EHERE R ; B E COA43 5 , MYPDLE =Y AR MR T H A 5K
e ™ T 0, H,0, BARIBMEM:, B, X T AR CO B IAEAM T, EXMH A 0, PR A
1 H,0, %8 TR RHEERERE
3.3 ARIHERN KM F BERR T SRR BB

MDA RAH ¥y 40 I B st EALAE R IR & 7=, SR B B B, R &% S E Ak fg s,
s BN B T A R AR . DA RRE , JWKE 0,403 T £ kM 5 MDA & &f14ME F
BHETRR OKET , ZRHRERE O, iB M Y41 AR AL /E A 3GR , BOE M3, I Y1 AL iR
i, BRIERINN, 0, T LIS BN AN EFIAR R i LR ST , e R B 2% , N BELAS BT IR 25 19 & B, B
B — E B BRGS0 B B R AL PR RIS R A B e i R R DY, R 4 FIIE S WTLUE
H,CO, M O IEFBEAEATHEKRM A MDA &8I RINE B SRIET 0, —4b B, 3 7T AR by Bk
B CO, M HE KM MDA S EMINE H FERMEME RN, BT, WAL TR F EHRESEE CO, R 0,
Jii8 S B BRI 4 AR AR i AL R B IR IR : (1) CO, WK FH R o) s AR 40 F BE ) fh 22 a3 (B =2
RABE)  NTIRE TEYAREST O, e A", (2)CO WK EFBERARE LR T HYH
PIEBEY 0,5 JLBR I (4N CO, ¥R FHE FI AL A S AL B8 A, BET Xt O, B9 A B S) P R T
YA RZ O #5h,
3.4 ARIGHEN RN 5 HLECERTE HEAE mm

LIRS, SOD CAT, POD 5 1 44 #1KE O, vie B 3 I T il 338 , Bk — AN 5 X A Rz
W T M. TZEAIRIE D , BEE 8 S R A B IR, &4 B MR A e SOD ., CAT,POD ¥ 35 R 8L &
W BB, XTEESARBBER O, MBI B A A L & B R B Wil %,
W AEKMSEOH T, FE ERER X — BB BIR, Bk B B HTEARTHLH B AR BEE , o KA
WL EALERE MBI, (BAERAE B, O, b B T oK M e EAL S M IR T 3 i . BFgEm ™,
TERR OB F MYt E B A EBTEN —ERE, KB T4 RN S IIRENE ALY
MR B Y B L E AL ERE B TR IRE

Hge e BT R, COMRE T E AT , AR T N HIF /N EMH } 9 SOD,CAT . POD & H: R [F
BERE, X 5RRBEHHRSER T2, RARKE CO, T EHEIENIELEREEMER, m&
B CO, x O, 4B T KM i SOD CAT 75 Sk B 38 Tx4 8, B POD BT% 455 T-% Bt BEHA 46 R )
PRI RIS B AL B M X HE R B vk B CO, 4 HEAE P B mel R R B BT A TFl o Rudorff 4P BFSE I H, B CO, ¥k
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JE T RESRALFE LR T ) FOR B E 4k O, B8 ARt KA Y B B AR B AR (0P AL B BLSF) , T Gaucher
P RS R , B CO, RSB g FAL AR IR LIS C MIRE R, 38 FTRE N BB R O, R 9T &
LBl REL M EIK Z 3RS 1 /4
3.5 R[EALIEX F KRR R0

ABRFRN, O, K EARKM T MR EXREEFHE BN D E TR, &REREB, HE
HTRRAREE: (1) O ATRM F )G, HEFEEAEN SIS EDHE, H X S8 TR, HaEE
WA NI SBORAERTRE TH. (2)0,3kEFE TSI ST, £ S TR & o,
BEA M 40 R [F] B R AR T YR B E RS COIBA . 5ZMR, CO, A3 F R R B MR R %S
FXHHE(p <0.05) , %M COWKBEABAEEKT= R, ForRB M vy T eAEAIEY, COo,
WERI W 5 N Y 6 S ER, BRI T CO, Xy 1, 5-Z B R % IR K% R 4k E AL B ( Rubisco,
ribulose-1,5-bisphosphate carboxylase/oxygenase ) B4E S & B S MM IR SR AR I HIEPEK H 4R 5
HARE; mIKE CO,MHRRGL MR AR, B\ THYN CO,MELER, ikl geR CoMEH
B R ERRR, SMEMEN,CO, x 0,40 B i E K= BRI 8, HARH A CO, x 0,43
ATt B, SX T BB R O, Wk B FH B % T K = B bl /R FE KT CO, Wk B8 T80 e LA R 1 BT B ™

G LR, Ok A RPER T EARM R &, (23 T HM A | 8 B4, INE T AR o &
RIS, IO TR M B DT B AL T 855 , 3 R M RN 63 F 80 5 Tl CO, ¥k B 7= ) 5t A 5, X &
Kt i R BRARIRN ; SXHRAE L, CO M O,k EARE S/EA T W EARIFA= & M A S E AR,
JERR I E AR B BT BB AR AL B R R S, X FBEBURT CO, MR FHR X E K A LR 373800 63
O,k B AR EARM A ERL R
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