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Effects of elevated ozone on foliar chlorophyll content and antioxidant capacity in

leaves of Cinnamomum camphora under enhanced nitrogen loads

NIU Junfeng', ZHANG Weiwei' ,LI Li' ,WANG Xiaoke"* ,FENG Zhaozhong' ,OUYANG Zhiyun',YAO Fangfang’

1 State Key Laboratory of Urban and Regional Ecology ,Research Center for Eco-Environmental Sciences,Chinese Academy of Sciences , Bejjing 100085 , China
2 School of Resources and Environmental Science,East China Normal University ,Shanghai 200062 , China

Abstract: Elevated tropospheric ozone (O,) and enhanced atmospheric nitrogen (N) deposition exert great impact on the
physiology of forest trees. The respective effects of these two pollutants have been studied thoroughly during the past couple
of decades. However, little information is available concerning their combined effects on the physiology of subtropical
evergreen trees. In the present study, O, effects on Cinnamomum camphora, a native evergreen tree species, widely
distributed in subtropical region, were investigated under enhanced N loads. One-year-old seedlings were adopted and the
experiment was carried out in open-top chambers (OTCs). O, fumigation regimes were set at ambient air (AA), ambient
air plus 60 nmol/mol ( AA+60) and ambient air plus 120 nmol/mol ( AA+120) ; N load levels were set at 0 (CK), 30
and 60 kg-hm™a™" | designated as NO, N30 and N60, respectively. Membrane lipid peroxidation, foliar chlorophyll and
ascorbic acid contents as well as the total antioxidant capacity were examined after treatments for one growing season ( May

5-September 10, 2009). Foliar MDA ( malondialdehyde) concentration was significantly enhanced by AA+120 treatment
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but changed little in AA+60. Neither N30 nor N60 affected foliar MDA concentration significantly. Chlorophyll a content
significantly decreased under both AA+60 and AA+120 treatments, and was significantly lower in the latter than in the
former. Both N30 and N60 significantly increased chlorophyll a content, and the increment under N60 was significantly
greater than that under N30. Chlorophyll b was also significantly increased by both N30 and N60, while was only
significantly decreased by AA+120 rather than by AA+60. AA+120, as well as N60, significantly decreased chlorophyll a/
b, which, however, was affected by neither AA +60 nor N30. The effects of elevated O, and enhanced N on foliar
carotenoid content were similar to those on Chlorophyll a content: significant treatment effects ( O, and N) with significant
differences between treatment levels ( AA+60 and AA+120, or N30 and N60). Besides, AA+120 significantly increased
the total antioxidant capacity, on which, however, the effect of AA+60 was not significant. Significant difference of the
total antioxidant capacity was not found either between AA+60 and AA+120, or among the N treatments. There were no
significant interactions detected between O, and N on foliar MDA, chlorophyll content and the total antioxidant capacity in
our study. However, the effects of elevated O, on the reduced ( ASC) and total ascorbic acid ([ ASC+DHA]) content were
significantly modified by N loads. Under NO, both AA+60 and AA +120 significantly reduced the foliar ASC content,
which, however, was significantly increased by AA+120 under N30 and N60. AA+60 also tended to increase the ASC
content under enhanced N, although its effect was not significant. The effects of elevated O, on [ ASC+DHA ] under
different N loads were similar to those on ASC, although they were of no statistical significance. Enhanced N loads

strengthened the tolerance of C. camphor to O, through increasing the foliar ASC content.

Key Words: cinnamomum comphra ;membrane lipid peroxidation ; chlorophyll ; ascrobic acid
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WA THRIRIEZE N, JFT 2009 4 4 H rha) 8 B 50RO EE th AT AL BRATEE B . 2009 4E 5 H 10 H 8K
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F a HAMF S AA+120 ZbH R EFEAL TSR E b &it, 5 AA SR, FEEIA 30.9% , ML T
AA KEFR K NO ZbFE  AA+120 55 N6O ZbFHIA I RN T 43R a G4 R b I IIE (4R a/b) X
R 230 6.9% 5 6. 4% ; AA+60 5 N30 Ab S EH4E 2 a/b 5 AA 5 NO 05 FIE T 3.9% fl4.7% , &
REIGIT R E, A N EEEXST 0,5 N ARG N 2L TSR R a, BIRR AL RN 5 A, H A
P AL BTN 7K F- 5556 B AA\NO) AH LE N b KO- Z AR L3 B 25 5 (K 1)

F1 RE(0;) &(N) UK O;xN 3t &M NS FRz 00 B Z 1%

Table 1 Significance of the effects of ozone( O; ) ,nitrogen(N)and O;xN on the examined physiological parameters

M 5EFEHR Physiological parameters R4 0, AN HREAXH 0;xN
42 a Chlorophyll a/ ( wg/cm?) 0.000 ** 0.000 ** 0.292
42 b Chlorophyll b/ ( wg/cm?) 0.000 ** 0.000 ** 0.295
4% % a/b Chlorophyll a/b 0.006 ** 0.007 ** 0.271
1% N & Carotenoid/ (wg/cm?) 0.000 ** 0.000 ** 0.623

T4 % MDA/ (nmol/g) 0.033" 0.398 0.099
WFERIPIRIMAR ASC/ ((pmol/g) 0.008 ** 0.262 0.000 **
SPERIMAR [ ASC+DHA ]/ (umol/g) 0.499 0. 498 0.016"
BYTEALRES) FRAP/ (mmol/g) 0.004 ** 0.870 0.819

#* P<0.05, # *P<0.01

2.2 0, LA B N b A 40y v RSN i Ak 5 il
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Fig.1 Multiple comparisons for the foliar chlorophyll a, chlorophyll b, chlorophyll a/b and carotenoid content among different ozone( O; )

and nitrogen( N) treatment levels. Lowercase letters a, b and c indicate significant differences ( P<0.05)
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Fig.2 Multiple comparisons for the foliar MDA content and the FRAP capacity among different ozone ( O, ) and nitrogen ( N ) treatment

levels. MDA -Malondialdehye , FRAP-total antioxidant capacity expressed as pmol Fe?* - g~! fresh matter. Lowercase letters a, b and c

indicate significant differences( P<0.05)
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Fig.3 Effect of elevated ozone( O; ) on the foliar content of ASC and [ ASC+DHA ] in Cinnamomum Camphora seedlings under different
nitrogen( N) loads. AA-ambient air, AA +60-ambient air plus 60 nmol/mol, AA +120-ambient air plus 120 nmol/mol. Different letters

indicate significant differences( P<0.05)
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