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Effect of Elevated Atmospheric Ozone Concentration on the Bioavailability of Cu in Soil and Oxidative Stress
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Abstract: Using a Free Air Concentration Enrichment (FACE )system, we studied the effects of elevated O; concentrations on bioaccumu—
lation of Cu in wheat plant and its oxidative stress to wheat plant in pot. At elevated O; concentration, both concentration of available Cu in
soil and uptake of Cu by wheat shoots increased. The malondialdehyde( MDA )contents of wheat plants grown in Cu—contaminated soil at ele—
vated O; concentrations were significantly higher than the control. At the wheat mid—tillering growth stage, we observed an increased activity
of superoxide dismutase(SOD, EC 1.12.1.1 )and phenol peroxidase( POD, EC 1.11.1.7 )in the Cu and elevated O; treatments. However, activi—
ties of these antioxidant enzymes were induced by Cu and elevated O; treatments at the wheat panicle initiation growth stage, and inhibited
over the exposure time. It can be concluded that elevated O; concentration can enhance Cu bioavailability and toxicity to wheat, which results
in increased oxidative stresses and damage to the self—protection mechanisms of wheat plant.
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Figure 1 MDA contents in the leaves of wheat at mid-tillering

growth stage and panicle initiation growth stage
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Figure 2 Effects of Cd and ozone treatments on the activities of
CAT(a),APX(b),POD(c¢),SOD(d)in the leaves of wheat at

mid-tillering growth stage and panicle initiation growth stage
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Figure 3 Cu content in wheat shoots at the mid-tillering
growth stage, panicle initiation growth stage and

grain mature stage, and in wheat grains.
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Table 1 Content of the available form of soil Cu

Ambient blank Ambient with Cu FACE blank FACE with Cu

A
tu ﬁf’l:'/ 1.64+0.06 58.03+0.22 1.75+¢0.11  62.03+0.45
mg-kg

AHFTEABL, KOs W Tl RE ST /A2
X Cu YW, I HOR B, 7E Os WRETHA T +
Herp Co ARG & HARA P R 05 WRETHR
FLE I LU L7 s 3R G LR 2 — il



5 28 45 1 1) AR

B % 25

I SFLE A i SRR , A AR e i
e, A FHOLGH AR TR, Y R AR )+
S PP R (0 P MR L 2 B B 5 B R 05
WHETHE B oL T A P AL BE Il 2 £
FHREAR, L3 b ARk 3 5 e 32 BRI, 17 52 1 5]
R AR B AL A 5 =, R 05 T
U T A A BEAILA , U5 7RG A A AT TR
PET WPIAE ], SO RRAEAR ) P S B2 R S
FELEFZIAPE, FE R O W TR TR B T, /AR
RIS, (AR PR 3 pH FI LR SRR AL Y
U AR AR I IR B A S O SR R B A
WA R R T VAR AT B R o AR AT AR AL %o
H 4 A WA R (Y AR S T S P D RS i 7
JEA ZR A TF T4 Rt — PRI o

3 #Hig

(1FACE [N/ INZ 5 & 2805 T XY Ambience
PEl N )/ N2 5 i o TEA2 ZESS S  FACE BN /INAZ +
HE Cu BRI & =W ST Ambience X4 .

(2) BE&E/NEZWMAK LT ,FACE [l Ambience
/N2t I MDA & i iR 2 B Cu Y554
WF T/NEM R 820 MDA, 1ii#E O; Fll Cu XL
AT H/NEE I F N MDA B35 & 8, 05 Al Cu
X /NZE I R R B8 AT RE ARV R A PR RIAEH o

(3)5 Ambience FEAH L, 2 8% T O, FIHE 4 Jim i
THY/NZZE I F SOD FEA POD il e 4 SURK , 7 3 BE 1)
s PEZ 25T (ARG R R ] g, b b R
L OPR T SUTHEI BN

SE 30k

[1] Vingarzan R. A review of surface ozone background levels and trends[J].
Atmospheric Environment, 2004(38 ) :3431-3442.

[2] Sandermann H, Jr. Ozone and plant health[J]. Annu Rev Phytopathol,
1996(34) :347-366.

[3] Pell E J, Schlagnhaufer C D, Arteca, R N Arteca. Ozone—induced oxida—
tive stress : mechanisms of action and reaction|J]. Physiologia Plantarum,
1997(100) :264-273.

[4] Krupa S V, W J Manning. Atmospheric ozone: formation and effects on
vegetation[]J]. Environmental Pollution, 1988(50):101-137.

[5] Krupa Z, Baszynski T. Some aspects of heavy metals toxicity towards
photosynthetic apparatus—direct and indirect effects on light and dark
reactions|J]. A cta Physiologia Plantarum, 1995(17 ) : 177-190.

[6] Masarovicova E, Cicak A, Stefancik 1. Plant responses to air pollution
and heavy metal stresses[M]. Handbook of plant and crop Press, 1999.
569-598.

[7] Schraudner M, Langebartels C, Sandermann H. Changes in the biochem—

ical status of plant cells induced by the environmental pollutant ozone
[J]. Physiologia Plantarum, 1997, 100 : 274-280.

[8] Foyer C H, G Noctor. Redox sensing and signalling associated with reac—
tive oxygen in chloroplasts, peroxisomes and mitochondria[J]. Physiolo—
gia Plantarum, 2003, 119:355-364.

[9] Hernandez J A, Ferrer M A, Jimenez A, et al. Antioxidant systems and O;/
H:0, production in the apoplast of pea leaves. Its relation with salt—in—
duced necrotic lesions in minor veins[J]. Plant Physiology, 2003, 127 ;
817-831.

[10] Dionisio—Sese M L, S Tobita. Antioxidant responses of rice seedlings to

salinity stress|J]. Plant Science, 1998, 135:1-9.

[11] Lin C C, C H Kao. Osmotic stress—induced changes in cell wall peroxi—
dase activity and hydrogen peroxide level in roots of rice seedlings|[J].
Plant Growth Regulation, 2002(37):177-183.

[12] Noctor G, Foyer C H. Ascorbate and glutathione : keeping active oxygen
under control [J]. Annual Review of Plant Physiology and Plant
Molecular Biology, 1998(49 ) .249-279.

[13] Dhindsa R S, Dhinsa P P, Thorpe T A. Leaf senescence correlated with
increased levels of membrane permeability and lipid peroxidation and
decreased levels of superoxide dismutase and catalase|J]. J Exp Bot,
1980(32):127-132.

[14] Bradford M M. A rapid and sensitive method for the quantitation of mi—
crogram quantities of protein utilizing the principle of protein dye bind—
ing[J]. Anal Biochem, 1976(72):248-254.

[15]Cakmak I, Horst W J. Effect of aluminium on lipid peroxidation, super—
oxide dismutase, catalase and peroxidase activities in root tips of soy—
bean( Glycine max )[J]. Physiol Plant, 1991(83):463-468.

[16] Cakmak I, Strboe D, Marschner H. Activities of hydrogen peroxide
scavenging enzymes in germinating wheat seeds[J]. J Exp Bot, 1993
(44).127-132.

[17] Asada K. Chloroplasts : formation of active oxygen and its scavenging|J].
Methods Enzymol, 1984(105):422-429.

[18] Ruban V Lopez—Sanchez J F, Pardo P. Selection and evaluation of se—
quential extraction procedures for the determination of phosphorus
forms in lake sediment[]]. J Environ Monitor, 1999(1) :57-61.

[19] Verma S, Dubey R S. Lead toxicity induces lipid peroxidation and al—
ters the activities of antioxidant enzymes in growing rice plants|J|. Plant
Sci, 2003, 164:645-655.

[20] Mishra S, Srivastava S, Tripathi R D. Phytochelatin synthesis and re—
sponse of antioxidants during cadmium stress in Bacopa monnieri 1[]].
Plant Physiol Biochem, 2006(44 ) :25-37.

[21] Smeets K, Cuypers A, Lambrechts A, et al. Induction of oxidative stress
and antioxidative mechanisms in Phaseolus vulgaris after Cd applica—
tion[J]. Plant Phystol Biochem, 2005(43):437-444.

[22] Maksymiec W, Krupa Z. The effects of short—term exposition to Cd, ex—
cess Cu ions and jasmonate on oxidative stress appearing in Arabidop—
sis thaliand[]]. Environ Exp Bot, 2006(57):187-194.

[23] Pirker K F, Goodman B A, Pascual E C, et al. Free radicals in the fruit
of three strawberry cultivars exposed to drought stress in the field[J].
Plant Physiol Biochem, 2002(40):709-717.

[24] Yong—Ki Lee, Sang Mok Kim, Sanghwa Han. Ozone—induced inactiva—
tion of antioxidant enzymes[J]. Biochimie, 2003(85) :947-952.

[25] Pierre D. Effects of ozone on the carbon metabolism offorest trees|[J].

Plant Physiol Biochem, 2001(39):729-742.



