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Abstract: Ground-level ozone (O,) is a major pollutant with adverse effects on plant growth and yield. The impact on
plants is generally studied by controlling the O, concentration using the open top chamber (OTC) method. The effects of O,
on ecosystems are studied by combining assessment models and indices, calculated using O, concentration or flux
measurements over the vegetation. As these effects are related to the level of O, entering into the plant’s gas exchange,
compared with concentration-based indices, the O, stomatal flux-based indices are considered the better standards for
evaluating the influence of O, on ecosystems. In China, the rapid industrialization and urbanization has resulted in elevated
O, concentration which is threatening crop production and yields. Studies are required to elucidate the O, risk-assessment
indices, including consideration for the status of the plant. In this paper, we analyze the advantages and disadvantages of
two kinds of assessment indices. We then introduce several O, flux observation and stomatal uptake estimation methods at
ecosystem scale. We also review the progress in O, flux observations, stomatal uptake estimations and risk assessment across
different ecosystems. Additionally, we present case studies and the future prospects of O, research in China. Concentration-
based indices are easily observed and calculated, but these types of indices are often lacking sufficient, robust experimental
design and data. In contrast, O, flux-based indices are difficult to obtain, although they incorporate the status of the
ecosystem. The method used for measuring O, flux is mainly the eddy covariance technique, generally seen as the best

modern technique. However, this method is inferior compared with CO,/H,0 flux measurements. The lack of a fast-response
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O, analyzer is the main limiting factor. To estimate O, stomatal uptake, one of the well-established methods uses a resistance
model for partitioning the total O, flux. Stomatal and non-stomatal resistance can be estimated by parameterizing or
converting CO,/H,0 resistance, which can be estimated using the empirical methods or the Penman-Monteith equation. O,
deposition velocity (V) is a better variable to compare O, deposition characteristics across different ecosystems and the V,
value may be affected by the underlying surface status and atmospheric conditions. The V, on abiological surfaces (0.1 em/s
or less) is much lower than on the surface of the vegetation. Generally, V, over forest ecosystems (1 cm/s) is larger
compared with that over grassland and cropland ecosystems (0.5 ¢cm/s). Radiation and atmospheric humidity are the main
factors controlling O, deposition. Fractions of stomatal uptake over different locations and ecosystems vary considerably with
leaf size, stomatal aperture, canopy structure and the physiology of plants. For ecosystem risk assessment, the performance
of flux-based indices was better compared with concentration-based indices over various ecosystems. In China, most research

focuses on the effects of different O, concentrations on crop growth and yield using the OTC method, obtaining some

significant results. There are relatively few studies that have investigated the effects of O, concentration and flux at the

ecosystem level. Therefore, relevant research on ecosystem O, risk assessment is urgently required in future.

Key Words: ozone flux; stomatal uptake; ozone concentration; territorial ecosystem; ozone risk assessment
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Pl SRR DX W T O, 3 i, B R R4S
SEE VA3 (0.2 £ 0.2) em/s F1(0.4 £ 0.3) em/s,
Padro' ™" JFI BE AR S& 7 ¥ A5 21 1 4375 el A 46 b i
A R A V43518 0.5 .0.8 F10.2 em/s , 7K 7]
B0 0.2 em/s 2247, FEHLIEAR SEBY BE ol 1] V,
0.05 em/s Ay, FREAESFLMOIFIE— A3 %L,
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S LT AR 60% 2450, fEAEAE B T
T, T AE Y LR, v, 1T S A A
BT R NMR 2, B0 7R ER 1Y L, v, E
0. 1—1 em/s M2 4k, KK B3 Vi /NT 0.01 em/
s, M L VA AP EE A 0.1 em/s HARKHAE

S
4 BEMHERIRTRZ

7 H )42 1086 O 1, B R A ] OTC Al
FACE( Free Air gas Concentration Enrichment) J7EF
G T RREE O X VEMI L 20558 W66 /R F AN 7™
SERIRE I, AR B T — e R R AR AR RO
BRI AR IZ LT O, B EEHRAn , Tt 7
HFAIL O, 0 A A AL A
O, % A= 25 22 5o DX sl RUBE 1y IXURS: DA A 90 340 Ll s ik
55, HRZHRITF O, W M KBS A ™ Bl
Aunan ZEHFFE R, AW NG O, ¥k B mT B S Rfst
b E AR P . Wang 2560 8 2o 8 4 v 5
P O, ¥R BE 434 A, TR IR 2 M IX 3l b J2 O3k
JE R IE T KT 7 5 e A I AL kO 0 S R
B OTC P45, dEr TRV =M X 0, 5K
T A&/ INE TSR B 7= 2 — A OT40 T 7 pR X, 5%
o DXAEY) = VR AT T 2R G AR, A5 RRT .3 F
YEWIRY Ol FOKFAEA R (AN XS O, FelURY) i
X 0,7KF- (2003 47) 0] FHOKFRG A& /N FNIE o
BB 3.04% 17.08% F1 5.92% , ARG 154
PP RO SE ML 1 A/ INAZ 1l O ¥R B 0 A2 Ak 03 #r
TH5EYCE R Z R SCE I E S P4
MEARIAS 2 0 X H AT O, MR KP4 /N =i
W 5.2% — 8.8%,

KREFEABRGERE O, 38 5 AU 52 5 T
5 RRSE— 2L [E ZE M AT K P AFAEROR 2550 (BAH G
(BT E TRk A . A5 78 H Rl il 56 0T 5T
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JEFEIT IR TSR — PP U] S T 4T B 1B 4

References :

[ 1] Crutzen P J, Lawrence M G, Poschl U. On the background
photochemistry of tropospheric ozone. Tellus B, 1999, 51(1):
123-146.

[ 2] Fuhrer J, Grimm A G, Tschannen W, Shariatmadari H. The
response of Spring Wheat ( Triticum-Aestivum L.) to ozone at
higher elevations 2. changes in yield, yield components and grain
quality in response to ozone flux. New Phytologist, 1992, 121
(2): 211-219.

[ 3] Mills G, Buse A, Gimeno B, Bermejo V, Holland M, Emberson
L, Pleijel H. A synthesis of AOT40-based response functions and
critical levels of ozone for agricultural and horticultural crops.
Atmospheric Environment, 2007, 41(12) : 2630-2643.

[ 4] Pleijel H, Danielsson H, Emberson L., Ashmore M R, Mills G.
Ozone risk assessment for agricultural crops in Europe: Further
development of stomatal flux and flux—response relationships for
European wheat and potato. Atmospheric Environment, 2007, 41
(14) . 3022-3040.

[ 5] FengZ, Kobayashi K, Ainsworth E A. Impact of elevated ozone
concentration on growth, physiology, and yield of wheat ( Triticum
aestivum L.) : a meta-analysis. Global Change Biology, 2008, 14
(11) : 2696-2708.

[ 6] Mills G, Hayes F, Simpson D, Emberson L, Norris D, Harmens
H, Biiker P. Evidence of widespread effects of ozone on crops and
('semi-) natural vegetation in Europe (1990—2006) in relation to
AOT40-and flux-based risk maps. Global Change Biology, 2011,
17(1) : 592-613.

[ 7] Vingarzan R. A review of surface ozone background levels and
trends. Atmospheric Environment, 2004, 38(21) ; 3431-3442.

[ 8] Wang X K, Manning W, Feng Z W, Zhu Y G. Ground-level
ozone in China; distribution and effects on crop yields.
Environmental Pollution, 2007, 147(2) : 394-400.

[ 9] Aunan K, Berntsen T K, Seip H M. Surface ozone in China and
its possible impact on agricultural crop yields. AMBIO: A Journal
of the Human Environment, 2000, 29(6) : 294-301.

[10] Pleijel H, Danielsson H, Ojanperi K, Temmerman L. D, Hogy P,
Badiani M, Karlsson P E. Relationships between ozone exposure
and yield loss in European wheat and potato—a comparison of
concentration-and  flux-based exposure indices. Atmospheric
Environment, 2004, 38(15) : 2259-2269.

[11] Liang J, Zeng Q, Zhu J G, Xie Z B, Liu G, Tang H Y. Review
of indexes for evaluating plant response to elevated near-surface
ozone concentration. Chinese Journal of Eco-Agriculture, 2010,
18(2) ; 440-445.

[12] Paoletti E, Manning W J. Toward a biologically significant and
usable standard for ozone that will also protect plants.
Environmental Pollution, 2007, 150(1) : 85-95.

[13] Uddling J, Giinthardt-Goerg M S, Matyssek R, Oksanen E,

Pleijel H, Selldén G, Karlsson P E. Biomass reduction of juvenile

http ; //www.ecologica.cn



6036 VST

34 4

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

birch is more strongly related to stomatal uptake of ozone than to
indices based on external exposure. Atmospheric Environment,
2004, 38(28) . 4709-4719.

Musselman R, Lefohn A, Massman W, Heath R. A critical review
and analysis of the use of exposure-and flux-based ozone indices
for predicting vegetation effects. Atmospheric Environment, 2006,
40(10) : 1869-1888.

Mills G, Pleijel H, Braun S, Bueker P, Bermejo V, Calvo E,
Danielsson H, Emberson L, Gonzalez-Fernandez I, Gruenhage L,
Harmens H, Hayes F, Karlsson P, Simpson D. New stomatal flux-
based critical levels for ozone effects on vegetation. Atmospheric
Environment, 2011, 45(28) : 5064-5068.

Mills G. Mapping critical levels for vegetation. In: Mapping
Manual 2004, UNECE Convention on Long-Range Transboundary
Air Pollution. Berlin, 2004.

Hogg A, Uddling J, Ellsworth D, Carroll M A, Pressley S, Lamb
B, Vogel C. Stomatal and non-stomatal fluxes of ozone to a
northern mixed hardwood forest. Tellus Series B-Chemical and
Physical Meteorology, 2007, 59(3) : 514-525.

Danielsson H, Karlsson G P, Karlsson P E, Pleijel H. Ozone
uptake modelling and flux-response relationships-an assessment of
ozone-induced  yield loss in
Environment, 2003, 37(4) . 475-485.

Feng Z 7, Tang H'Y, Uddling J, Pleijel H, Kobayashi K, Zhu J

spring  wheat.  Atmospheric

G, Oue H, Guo W S. A stomatal ozone flux-response relationship
to assess ozone-induced yield loss of winter wheat in subtropical
China. Environmental Pollution, 2012, 164(5) : 16-23.

Fuhrer J, Skirby L, Ashmore M R. Critical levels for ozone effects
on vegetation in Europe. Environmental Pollution, 1997, 97(1) .
91-106.

Wang C Y, Bai Y M. Study on the Impacts of Ozone and Aerosol
Concentrations Changes on Crops. Beijing: Chinese Meteorological
Press, 2007 41-42.

Griinhage L, Hiénel H D, Jdager H J. The exchange of ozone
between  vegetation and  atmosphere:  micrometeorological
measurement techniques and models. Environmental Pollution,
2000, 109(3) : 373-392.

Baldocchi D. Assessing the eddy covariance technique for
evaluating carbon dioxide exchange rates of ecosystems: past,
present and future. Global Change Biology, 2003, 9 (4).
479-492.

Wesely M L, Hicks B B. A review of the current status of
knowledge on dry deposition. Atmospheric Environment, 2000, 34
(12): 2261-2282.

Giisten H, Heinrich G, Schmidt R W H, Schurath U. A novel
ozone sensor for direct eddy flux measurements. Journal of
Atmospheric Chemistry, 1992, 14(1/4) . 73-84.

Muller ] B A, Percival C J, Gallagher M W, Fowler D, Coyle M,
Nemitz E. Sources of uncertainty in eddy covariance ozone flux
measurements made by dry chemiluminescence fast response
analysers. Atmospheric Measurement Techniques, 2010, 3(1):
163-176.

Baldocchi D D, Hicks B B, Meyers T P. Measuring biosphere-
atmosphere related gases  with

exchanges of biologically

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

micrometeorological methods. Ecology, 1988, 69(5) : 1331-40.

Wohlfahrt G, Hortnagl L, Hammerle A, Graus M, Hansel A.
Measuring eddy covariance fluxes of ozone with a slow-response
analyser. Atmospheric Environment, 2009, 43(30) . 4570-4576.
Hortnagl L, Clement R, Graus M, Hammerle A, Hansel A,

Wohlfahrt G. Dealing with disjunct concentration measurements in

eddy covariance applications; A comparison of available
approaches. Atmospheric Environment, 2010, 44 ( 16 ).
2024-2032.

Tong L., Wang X K, Geng C M, Wang W, Lu F, Song W, Liu H
J, Yin B H, Sui L H, Wang Q. Diumnal and phenological
variations of O; and CO, fluxes of rice canopy exposed to different
05 concentrations. Atmospheric Environment, 2011, 45 (31) .
5621-5631.

Fowler D, Pilegaard K, Sutton M A, Ambus P, Raivonen M,
Duyzer J, Simpson D, Fagerli H, Fuzzi S, Schjoerring J K,
Granier C, Neftel A, Isaksen I S A, Laj P, Maione M, Monks P
S, Burkhardt J,
Wichink-Kruit R, Butterbach-Bahl K, Flechard C, Tuovinen J P,
Coyle M, Gerosa G, Loubet B, Altimir N, Gruenhage L,
Ammann C, Cieslik S, Paoletti E, Mikkelsen T N, Ro-Poulsen
H, Cellier P, Cape J] N, Horvath L, Loreto F, Niinemets U,
Palmer P I, Rinne J, Misztal P, Nemitz E, Nilsson D, Pryor S,
Gallagher M, W, Vesala T,
Zechmeister-Boltenstern S, Williams J, O'Dowd C, Facchini M

Daemmgen U, Neirynck J, Personne E,

Skiba U, Brueggemann N,

C, de Leeuw G, Flossman A, Chaumerliac N, Erisman J W.

Atmospheric  composition  change:  Ecosystems-Atmosphere
interactions. Atmospheric  Environment, 2009, 43 ( 33 ).
5193-5267.

Lamaud E, Carrara A, Brunet Y, Lopez A, Druilhet A. Ozone
fluxes above and within a pine forest canopy in dry and wet
conditions. Atmospheric Environment, 2002, 36(1) . 77-88.
Baldocchi D, Hicks B, Camara P. A canopy stomatal resistance
model for gaseous deposition to vegetated surfaces. Atmospheric
Environment, 1987, 21(1): 91-101.

Erisman ] W, Van Pul A, Wyers P. Parametrization of surface
resistance for the quantification of atmospheric deposition of
acidifying pollutants and ozone. Atmospheric Environment, 1994,
28(16) : 2595-2607.

Stella P, Loubet B, Lamaud E, Laville P, Cellier P. Ozone
deposition onto bare soil; A new parameterisation. Agricultural
and Forest Meteorology, 2011, 151(6) : 669-681.

Gerosa G, Derghi F, Cieslik S. Comparison of different algorithms
for stomatal ozone flux determination from micrometeorological
measurements. Water, Air, and Soil Pollution, 2007, 179 ( 1/
4) . 309-321.

Massman W J. A review of the molecular diffusivities of H, O,
Cco,, CH,, CO, 04, SO,, NH;, N,0, NO, and NO, in air,
0, and N, near STP. Atmospheric Environment, 1998, 32(6) :
1111-1127.

Jarvis P G. The interpretation of the variations in leaf water
potential and stomatal conductance found in canopies in the field.
Philosophical Transactions of the Royal Society of London B,
Biological Sciences, 1976, 273(1) : 593-610.

http ; //www.ecologica.cn



214

AR A i A 2 AR R S O AR AL RSO SR 5

6037

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[47]

[48]

[52]

[53]

Rummel U, Ammann C, Kirkman G A, Moura M A L, Foken T,
Andreae M O, Meixner, F X. Seasonal variation of ozone
deposition to a tropical rain forest in southwest Amazonia.
Atmospheric Chemistry and Physics, 2007, 7(20) ; 5415-5435.
Ball J. A model predicting stomatal conductance and its
contribution to the control of photosynthesis under different
environmental conditions // Progress of Photosynthesis Research.
Netherlands: Springer, 1987 221-224.

Leuning R. A critical-appraisal of a combined stomatal-
photosynthesis model for C; plants. Plant Cell and Environment,
1995, 18(4) : 339-355.

Gerosa G, Cieslik S, Ballarin-Denti A. Micrometeorological
determination of time-integrated stomatal ozone fluxes over wheat:
a case study in Northern Italy. Atmospheric Environment, 2003,
37(6) : 777-788.

Tong L, Feng Z W, Sudebilige, Wang Q, Geng C M, Lu F,
Wang W, Yin B H, Sui L H, Hou P Q, Wang X K. Stomatal
ozone uptake modeling and comparative analysis of flux-response
relationships of winter wheat. Acta Ecologica Sinica, 2012, 32
(9) : 2890-2899.

Wesely M, Eastman J, Cook D, Hicks B. Daytime variations of
ozone eddy fluxes to maize. Boundary-Layer Meteorology, 1978,
15(3) : 361-373.

Fuentes ] D, Gillespie T J, Denhartog G, Neumann H H. Ozone
deposition onto a deciduous forest during dry and wet conditions.
Agricultural and Forest Meteorology, 1992, 62(1) . 1-18.
Lamaud E, Loubet B, Trvine M, Stella P, Personne E, Cellier P.
Partitioning of ozone deposition over a developed maize crop
between stomatal and non-stomatal uptakes, using eddy-covariance
flux measurements and Forest

Meteorology, 2009, 149(9) . 1385-1396.
Keronen P, Reissell A, Rannik U, Pohja T, Siivola E, Hiltunen

and modelling. Agricultural

V, Hari P, Kulmala M, Vesala T. Ozone flux measurements over
a scots pine forest using eddy covariance method: performance
evaluation and comparison with flux-profile method. Boreal
Environmental Research, 2003, 8(4) . 425-444.

Mikkelsen T N, Ro-Poulsen H, Hovmand M F, Jensen N O,
Pilegaard K, Egelgv A H. Five-year measurements of ozone fluxes
to a Danish Norway spruce canopy. Atmospheric Environment,
2004, 38(15): 2361-2371.

Altimir N, Kolari P, Tuovinen J P, Vesala T, Back J, Suni T,
Kulmala M, Hari P. Foliage surface ozone deposition; a role for
surface moisture? Biogeosciences 2006, 3(2) : 209-228.

Cieslik S. Ozone fluxes over various plant ecosystems in Italy: a
review. Environmental Pollution, 2009, 157(5) ; 1487-1496.
Gerosa G, Vitale M, Finco A, Manes F, Denti A, Cieslik S.
Ozone uptake by an evergreen Mediterranean Forest in Italy. Part
I. Micrometeorological flux measurements and flux partitioning.
Atmospheric Environment, 2005, 39(18) : 3255-3266.

Fares S, McKay M, Holzinger R, Goldstein A H. Ozone fluxes in
a Pinus ponderosa ecosystem are dominated by non-stomatal
processes: Evidence from long-term continuous measurements.
Agricultural and Forest Meteorology, 2010, 150(3) : 420-431.
Fares S, Weber R, Park J H, Gentner D, Karlik J, Goldstein A

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

H. Ozone deposition to an orange orchard: Partitioning between
stomatal and non-stomatal sinks. Environmental Pollution, 2012,
169(1) : 258-266.

Turnipseed A A, Burns S P, Moore D J, Hu J, Guenther A B,
Monson R K. Controls over ozone deposition to a high elevation
subalpine forest. Agricultural and Forest Meteorology, 2009, 149
(9) : 1447-1459.

Kurpius M R, McKay M, Goldstein A H. Annual ozone deposition
to a Sierra Nevada ponderosa pine plantation.
Environment, 2002, 36(28) ; 4503-4515.
Karlsson P, Braun S, Broadmeadow M, Elvira S, Emberson L,
Gimeno B S, Le Thiec D, Novak K, Oksanen E, Schaub M,

Atmospheric

Uddling J, Wilkinson M. Risk assessments for forest trees: The
performance of the ozone flux versus the AOT
Environmental Pollution, 2007, 146(3) : 608-616.

Emberson L D, Buker P, Ashmore M R. Assessing the risk

concepts.

caused by ground level ozone to European forest trees; A case
study in pine, beech and oak across different climate regions.
Environmental Pollution, 2007, 147(3) ; 454-466.

Gerosa G, Marzuoli R, Cieslik S, Ballarin-Denti A. Stomatal
ozone fluxes over a barley field in ITtaly. " Effective exposure" as a
possible link between
Atmospheric Environment, 2004, 38(15) . 2421-2432.

Michou M, Laville P, Ser¢ca D, Fotiadi A, Bouchou P, Peuch V

exposure-and  flux-based approaches.

H. Measured and modeled dry deposition velocities over the
ESCOMPTE area. Atmospheric Research, 2005, 74(1) . 89-116.
Meyers T P, Finkelstein P, Clarke J, Ellestad T G, Sims P F. A
multilayer model for inferring dry deposition using standard
meteorological measurements. Journal of Geophysical Research,
1998, 103(D17) ; 22645-22661.

Coyle M, Nemitz E, Storeton-West R, Fowler D, Cape J N.
Measurements of ozone deposition to a potato canopy. Agricultural
and Forest Meteorology, 2009, 149(3) : 655-666.

Zhu Z L, Sun X M, Dong Y S, Zhao F H, Meixner F X. Diurnal
variation of ozone flux over corn field in Northwestern Shandong
Plain of China. Science China; Earth Sciences, 2014, 57(3) .
503-511.

Tong L, Wang X K, Sudebilige, Wang Q, Geng C M, Wang W,
Song WZ, Lu F, Liu HJ, Yin B H, Sui L H, Feng Z W.
Stomatal ozone uptake modeling and comparative analysis of Flux-
response relationships of rice. Journal of Agro-Environment
Science, 2011, 30(10) : 1930-1938.

Sorimachi A, Sakamoto K, Ishihara H, Fukuyama T, Utiyama M,
Wang W, Tang D G, Dong X H, Quan H. Measurements of sulfur
dioxide and ozone dry deposition over short vegetation in northern
China-A preliminary study. Atmospheric Environment, 2003, 37
(22) . 3157-3166.

Padro J. Summary of ozone dry deposition velocity measurements
and model estimates over vineyard, cotton, grass and deciduous
forest in summer. Atmospheric Environment, 1996, 30 ( 13).
2363-2369.

Zheng Y F, Hu C D, Wu R J, Zhao Z, Liu H J, Shi C H.
Experiment with effects of increased surface ozone concentration

upon winter wheat photosynthesis. Acta Ecologica Sinica, 2010,

http ; //www.ecologica.cn



6038 GO O 34 %
30(4) . 847-856. .
[67] WuRJ, Zheng Y F, Zhao Z, Hu C D, Wang L X. Assessment of SRR
loss of accumulated dry matter in winter wheat based on stomatal [11] 2%, w5, RER, GHEE, X9, BRE. MYtz
conductance and ozone uptake model. Acta Ecologica Sinica, 1o VAR B LA BT Y DA 4 AR O ST R op AR A RO A
2010, 30(11); 2799-2808. 2010, 18(2) ; 440-445.
[68] Yao F F, Wang X K, Chen Z, Feng Z Z, Zheng Q W, Duan X [21] ERZL, AU BRI R B AR fb T % AR 0 1) 2 i AF
N, Ouyang Z Y, Feng Z W. Response of photosynthesis, growth 8. dbnt, KR, 2007 41-42.
and yield of field-grown winter wheat to ozone exposure. Chinese [43] &%, B5EkE, 8 - Se ik, 3, BKEM, 29k, £Hi,
Journal of Plant Ecology, 2008, 32(1); 212-219. BT, BEarde, pERis, FRER &/NERILR ARG
[69] Jin M H, Feng Z W, Zhang F Z. Impacts of ozone on the biomass Kol i 7= O R R A . AR AR, 2012, 32(9) .
and yield of rice in open-top chambers. Journal of Environmental 2890-2899.
Sciences, 2001, 13(2) : 232-236. [62] AIAHK, INBEM, T =4, X X4E, Franz X Meixner. & PG40 F
[70] Chen]J, Zeng Q, ZhuJ G, Liu G, Cao J L, Xie ZB, Tang HY, JERC T K L R B A O B 4G e H AR (R AR A, o R, Bk
Kazuhiko K. Nitrogen supply mitigates the effects of elevated 2%, 2014, 44(2) : 292-301.
[ O3] on photosynthesis and yield in wheat. Chinese Journal of [63] M, FRF, I8 - SeJukg, 0, WM, £Hi, RO,
Plant Ecology, 2011, 35(5) ; 523-530. TR, XA, BN, FEarde, ok, KR AL R A &
[71] Feng Z W, Jin M H, Zhang F Z, Huang Y Z. Effects of ground- A TGl & 5 7 8 R R R M. Aol R R 2R,
level ozone (O53) pollution on the yields of rice and winter wheat 2011, 30(10): 1930-1938.
in the Yangtze River Delta. Journal of Environmental Sciences, [66] FAE K, IRA, RRE, B, XEZ, AFL. MERE
2003, 15(3) : 360-362. WEHTINX 2 /N2 6 A AE T2 . A= 2524lk, 2010, 30
[72] Wang X K, Zhang Q Q, Zheng F X, Zheng Q W, Yao F F, Chen (4) . 847-856.
7, Zhang W W, Hou P Q, FengZ Z, Song W Z, Feng Z W, Lu, [67] ZRR7E, FA K, B, WA, FiEE. RTRILFEMR
F. Effects of elevated O3 concentration on winter wheat and rice SRR () 2 /N FE T o BRI SR BEAG . AR 2R 3], 2010,
yields in the Yangtze River Delta, China. Environmental 30(11) : 2799-2808.
Pollution, 2012, 171(12) ; 118-125. [68] WI577, EXOR, WRke, MIRE, Jaf, Bibes , K=,
[73] Wang Y X, Wang X Y, Yang L. X, Li P L, Zhu J G, Kobayashi TSR . A FH A& /N A N i X R e Bl A5 R M 7. A A
K, Wang Y L. Ozone stress increases lodging risk of rice cultivar AR, 2008, 32(1) : 212-219.
Liangyoupeijiu: a FACE study. Acta Ecologica Sinica, 2011, 31 [70] Wrbg, &5, REE, X9, SR, M, FHRE, MK
(20) : 6098-6107. . i RUE 2 i L A XS /N 22O A PR Bk i 52 AL A
[74] XuH, Yang J C, Chen S B, Jiang G M, Li Y G. Review of plant AR, 2011, 35(5) : 523-530.
responses to ozone pollution. Chinese Journal of Plant Ecology, (73] E=d, EBE, %, %K, ﬂiglﬂ, Kobayashi K, *
2007, 31(6): 1205-1213. b, REME PR JLENR RS in——FACE BF5E. 4=
[75] Zhu Z L, Sun X M, Zhao F H, Wen X F, Tang X Z, Yuan G F. A2E4R, 2011, 31(20) ; 6098-6107.
Variation of ozone concentration of winter wheat field and (74 V8%, #l, BRETE, B, 200 FHP Y R 4TS Y b
mechanistic analysis of its possible effect on wheat yield in SN T *E%ﬁiﬁ'_%*ﬁ, 2007, 31(6): 1205-1213.
Northwest-Shandong Plain of China. Chinese Journal of Plant [75] ZRIGHK, Phbed, BXRUUE, IR%%, B, =EE. &7

Ecology, 2012, 36(4) . 313-323.

A /INE HH L AR e B AR AU ARRAE B Ko 77 i B4 A R i) AN AL
M. RIPEZSER, 2012, 36(4) ; 313-323.

http ; //www.ecologica.cn



