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Abstract

Elevated O3 concentration in the air in surface layer can cause serious damage
on agriculture, forest and human health. As an important part of urban vegetation,
landscape plants play vital roles in carbon fixation and oxygen release, air
purification, absorbing and cleaning suspended particles, cooling and humidification
and so on. Studies of responses of landscape plants to O3 pollution can provide some
theoretical basis for selecting tolerant speices or cultivars. Landscape arbores (Malus
spp.), shrubs (Euonymus bungeanus; Photiniax fraseri ‘Red Robin’; Chionanthus
retusus and Cornus alba), herbs (Poa annua; Sorghum bicolor X S. Sudanense;
Medicago Sativa) and liana (Lonicera japonica) were selected as materials. The open
top chamber (OTC) was used to simulate the high O3 concentration (70 ng g™). The
main results were as follows:

1 The responses of two crabapple (Malus spp.) cultivars with green leaves
(‘Flame’) and red leaves (‘Royalty”) to chronic O3 (70 ng g'l, 7h d'for 30 d) were
investigated. Compared with control, net photosynthetic rate (Py) (-27.2 %), actual
quantum yield of PSIT (®@pgy;) (-22.1 %) and electron transport rate( ETR) (-21.8 %)
of Royalty decreased significantly (P<0.01) while those of Flame did not change
under O; fumigation. In Royalty, O; significantly reduced respiration in the light
(Resp) (-55.3 %), carboxylation efficiency (CE) (-74.8 %), maximum in vivo rate of

Rubisco carboxylation (Vemax) (-34.4 %) and maximal photosynthetic electron
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transport rate (Jmax) (-46.1 %). However, those parameters were not significantly
affected in Flame. These results indicated that the cultivar with red leaves probably
had the higher photosynthetic sensitivity to Oz than the cultivar with green leaves.

2 Elevated O3 (70 ng g, 7 h d' for 65 d) considerably reduced net CO,
assimilation (A) of saplings of four shrub species [Euonymus bungeanus (EB),
Photiniax fraseri ‘Red Robin’(PF), Chionanthus retusus (CR) and Cornus alba
(CA)]. The ratio of intercellular to ambient CO, concentration (Ci/C,) were
maintained or increased in all species which suggested that the depressions of A
under O; fumigation were probably due to mesophyll processes rather than stomatal
limitation. Furthermore, the relative losses in A positively correlated with the relative
decreases in ®pgp and ETR, which indicated that the impairments of A were mainly
affected by the light reaction process. However, the responses of the plants to
elevated ozone were significantly different. Highest relative loss of A was observed
in EB (-49.6 %), while the lowest relative loss (-36.5 %) was in CR. Ozone
drastically decreased ®pg;; and ETR in EB while increased them in CR. The light
reaction of EB was impaired more seriously but the CR alleviated the impairment on
A by increasing ETR. All results indicated that the sensitivity of EB to O3 was
probably the highest while the CR was the most tolerant species. The sensitivities of
PF and CA were found between those two. There were no significant differences in
the sensitivities to ozone between PF and CA. It is suggested that the EB was not
suitable for garden greening in the ozone polluted area while the CR could be ideal
choices.

3 The ecophysiological responses of three herb species, [Poa annua (PA),
Sorghum bicolor X S. Sudanense (SS), Medicago Sativa (MS)] , to elevated Os (70
ng g', 7 h d' for 31 d) were investigated. These species stands for different
functional types (C3, C4 and Legume). Py of both SS and MS decreased significantly
under ozone fumigation while that of PA did not change. The relative loss of Pyin MS
was much higher than that in SS. Photoinhibition was observed in MS under ozone
fumigation indicating by the decrease of the maximum efficiency of PS II
photochemistry (F,/Fy,). Meanwhile the ®pg;; and ETR of MS were also inhibited by

the ozone treatment. Photoinhibition also happened in SS, however, the ®pgy and
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ETR in SS were not significantly affected. Changes of chlorophyll fluorescence
parameters were not observed in the PA. Ozone decreased the aboveground biomass
(-36.4 %), belowground biomass (-51.1 %) and total biomass(-41.8 %) of SS. The
relative losses of aboveground biomass, belowground biomass and total biomass in
MS were even higher. They were -43.8 %, -81.6 % and -55.2 %, respectively.
Biomass and its partitioning in PA were not significantly affected. In conclusion, MS
had the highest sensitivity to ozone while PA was the most tolerant species to ozone
pollution. The sensitivity of SS was found between those two. PA is a proper species
which can be used for garden greening in the ozone-polluted area.

4 The ecophysiological responses of diploid cultivar and autotetraploid cultivar
of a liana species (Lonicera japonica Thunb.) to elevated ozone (O3) exposure (70 ng
g, 7 h d! for 31 d) were compared. Py of both cultivars were drastically (P<0.01)
impaired by Os. Although there were significantly positive correlation between Py
and stomatal conductance (gs) in both cultivars under each treatment, the decreased g
in O3 might be the result rather than the cause of decreased Py as indicated by stable
or increasing Ci/C,. Px under saturating CO, (Pnsat) and CE significantly decreased
under O; fumigation, which indicated the Calvin cycle was impaired. Oz also
inhibited F,/F,, ®psy, ETR, photochemical quenching coefficient (qp), the
non-photochemical quenching (NPQ), Vimax and Jmax Which demonstrated that the
decrease in Py of the honeysuckle exposed to elevated Oz was probably not only due
to impairment of Calvin cycle but also with respect to the light-harvesting and
electron transport processes. Compared to the diploid, the tetraploid had higher
relative losses in transpiration rate (E), gs, Pxsat, Vemax and Jmax. This result indicated
that the Calvin cycle and electron transport in tetraploid were damaged more
seriously than in diploid. A barely non-significant (P=0.086) interaction between O3
and cultivar on Py suggested a higher photosynthetic sensitivity of the tetraploid
cultivar.

All these results demonstrated that the sensitivities of landscape plants to O3
pollution were different. The crabapple cultivar with red leaves is more sensitive to
ozone than green leaf cultivar; In shrub speices, the sensitivity of EB to O3 was

probably the highest while the CR was the most tolerant species. In herb species, C3
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plant (PA) was the most tolerant species, while legume plant (MS) was the most
sensitive species, and sensitivity of C4 plant (SS) stayed between them; the tolerance
of diploid honeysuckle was better than its autotetraploid cultivar, which indicated that
chromosome doubling increased the sensitivity of the plants. Thus, the sensitivities of
plants should be taken into account when selecting or breeding landscape plants

which can be used in the ozone-polluted area.

Key Words: ozone; gas exchange; chlorophyll fluorescence; biomass; anthocyanin;

shrubs; functional type; chromosome doubling
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2k, W= ALZR0E O o BBURE, SLUChIE AR 21 BLAEN I A0 55 S A 4]
MR ZH 2, AL A0 M iR 7 25, AN & P02 BRI HLAM . 45 AR 2 3k ik A1 R
A, mr ERBREBE SR, HAHRLG . s 2R A LR, BN
HASERE CH A ISR, 2002),

1.3.2 RETERMEME KRN

SR S0 SR A R R RE ) e MR R E R, O B 2
Rl R RA 255 90 o 8 T LA J7 TRERSE MR A (1 A K

1.3. 2.1 BESE N EYRE LRI

BRI SE SRR 22 rh COL R GA AR & T LA B 5 FrR i s e
HINOKAWEY), IF BB R . RER SR 45 R, MY A0S
e N RR R RE T BRA o 78 R B LA, e A% 2% K (Mulholland
et al., 1997; Reiling et al., 1995; Noormets et al., 2001; Farage and Long, 1992;
Ewert and Porter, 20000, 145 LA R SCHR, S48 2805 LR J LR 7 2R BRI
Vi e R AL E

(1) AREFEATH BT BRI HOE S

AL L EEERE . BRI, SRR AR AR
P 78 s . JtE s PPIRAR AP RS I OC . O FERM N ALY R
AN P a2 B, VR T S A BE S 5 1K, IR ONIE R R A
VRS A I (ROS), ROS Bri 4 i, S 80an Mufls il 73 i 2, - (7] 40 i s
LA L RRRTIRSEAE S P s DA N KA — R HJ % (Long and Naidu,
2002 AEA—FP R EALH], R4 AT eI PR AL T R G 2 11 O3 E A E
YA . ARE SRR, HEARYIRR) CO, WREER I FRAK, HEm T BLdtk
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A A

(2) 1L FFf% Rubisco B IiE /& R BRARHDE A AL

ST U] OB RROE SR LR, A Rubisco BEER (175 1 MG TEAT AR, B&
& RuBP 4L %% (Vanhovel and Bossen, 1994) . 1XFiE I A74E 4 58 WA K 8 10
RN AR T I —Im FUE S, EERRPE RGN, SRR EY)
AN WHD G EAE I A, 11T %06 SHE N 1 Rubsico MRS R RDGAHEAR
FRARKS 5 SLAE R 2R PG R (Pell et al., 1997; Reid and Fiscus, 1998; Long
and Naidu, 2002; Fiscus et al., 2005).

(3) JE 3 B A - AR 5 RS Pt F S SR Aol AR

SEAIAEL ] SEUEe R S BRG. HRAZW GG I (Gelang
et al., 2000), W-ZRAAEHpk/> SRR B gi 1 & 4B (Kivimaenpaa et al.,
2005), g AL, REARBIZHK, HRW0N, BIAOGRSE I D1 &,
iR G T ARG KR SA I B LI e -4, Al
5, B A HEE (Pelletal., 1997); WFRRH OMmA BRI Z /D HECRB| R
A FIEIREFDCEEH TR K/ (Sinn et al., 2004).

1.3.2.2 BFEXEYIMEWRIER IS M0

SR BB 52 2R PR E R, HAE A ARIE T, 2238 0 B AT 52
M 2 RN AR R R 43 5 . Hofstra et al. (1981) &I, FEPIAR RACHTE 8%
SR BUR PR i, R e R H BT, R a2, mHZ
PrEFEEE S T Ao Kellomaki and Wang (1998) I 4iR1&, Os7E H Ui B B FE A 0T
WAE R R IANK, 212405 A 2 BIR KRN ERiBE (1990) [RFFERIIER
IGRFEOAEFTS, M R I AR AT, PR B, B [A] 4 PR FFIX
—iaFes AR R BEOE N HE RISz BN, O S A S — B TRl A AT
DATKSE o A7 PR SE ALK AR Os A TR A WA E = — A O 05 35 4l U I
HOEEHAME, SURIBERENE, {40 R LR EE ST . TPl Os s F Zeki
M, AL, BERARE Oz BB, S PRARPPIRAE I I Thie CEMIE, 1990) .

1.3.2.3 REMEYERNRMS BRI

MR ] LLRBE, Oy 2o ei), BEA 5 R e & 1 25 A 1)
E, PEUH A REZINR . VoA HR AR, AR AR RSN [ 4K (Ewert and



B WE
Porter, 2000), ‘T3 M EK LIS (Grantz et al., 2006), kLK A=Y & k>
(McCrady and Anderson, 20000, A&AEY) & FFC (Heagle et al., 2000; =]
%, 2003).

B JE IR T = RE R MO A 7 W ) 43 B (MeCrady and Anderson,
2000, SR BEARFERRRAC ) [ 3t &0 ——MRAR 12 i (Andersen, 2003).
JRR EEZAT: DD M RO EEHRE RGeS W4 th 32 L (Meyer et al.,
20000; 2) Os FHURAGL A LS P41 i S5 20 23405 55 BT seAb R e 1G5,
Hahn 7w R R R SR . SAAMNE BRI B R, M 2 2R i 4 4
UL, 3 md S Y BEAR RN 2R A1) 20 (Oksanen et al., 2004; Oksanen et
al., 2005). SLEAMMATE T A=A T sk IR IR . Y AR S B AL
A AEAR I T (Peltonen et al., 2005; Sallas et al., 2001). i A4 K
7E O3 M55 N A AR 76t L F#AIC (McCrady and Anderson, 2000). 3) #5738 Os
AIREEREIVER TR AR, BAREALY) I Ahis k¥ B ) (Grantz and Farrar,
1999) , wiiFEUFEY A P B, XD ER R R Bt S35, O3
IR EDI SR V4T, BRARES i B = = 5, 3K N/P L
1] (Yamaji et al., 2003). HYIAERATTH, o R E A iRE 70 BU# 205
It (Temple and Riechers, 1995) , A F) T-4EFFRikk 4K .

[FACH) 1) b1 87053 B PR s FLAT A B A i . 4l Heggestad et
al. (1988) WFT K, O; Wria ~, T EXFHEPEK P A 5, RIMAER
FON TR RSO FRAIG, AT TR PAIS T DG S e

133 RESEMEYA BRI

ST R E TR E R S b2 S B BT B RS, [, Wt
FUR IS AT & B B S5 & )i # (Feder and Shrier, 1990; Stewart et
al., 1996; Stewart, 1998). {HE, KHBI SLEA A A MY ATA W) ol 1) 5 W A 548
W AR BT T, T LR AEDS 73 H 0 BE0E & 1K) L6 52 W3 o 3k AR
[FItE fE 0 &5 5 ity R TRl 52 (Black et al., 2000)

LA Gnt—SEREA) B AN W AR A e e A — BB AR B 52 i)
(Feder, 1968; Feder and Sullivan, 1969a; Masaru et al., 1976; Feder and Shrier, 1990;
Hormaza et al., 1996). {H & — LS 10Ky L2 il B L 22 7 e R R 1) LA B 7%
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ZAF RARARERVE 71 (Masaru et al., 1976; Bosac etal., 1993). H4b, RAATGH4
SV Z MY A HER, 140K T (Amundson et al., 1986)%%, 24 RS 50
FMEZFIA T (Fernandez-Bayon, 1993) , 1X¥f ] G H5 M BIRYI B2
K, M SEIR B 45505

RIEHIWTFTRET, A B A0 SE P AR SRR T A T 2
{iX(Shannon and Mulchi, 1974; Reich and Amundson,1985; Cooley and Manning,
1987; Mulchi et al., 1988; Takemoto et al., 1988; Reiling and Davison, 1992b;
Kobayashi et al., 1995; Vandermeiren et al., 1995; Pearson et al., 1996; Mulholland
et al., 1998; Bergweiler and Manning, 1999; Ollerenshaw and Lyons,1999;
Ollerenshaw et al., 1999). 1 552 51 & LA A Fh 1A & 1 %)) i AR 3 152 2]
S5 L1 5% (Houston and Dochinger, 1977). 548 BB 2534 n] DL 2R Ff iz Zi e,
(Black et al., 2000 ). HF5EE I H Ao S8 AR L2 545 A AN R A
F-¥-(Mulchi et al., 1986; Scotti et al., 1994; Ollerenshaw et al., 1999)F1 551
(Crisosto et al., 1993; Gimeno et al., 1999)¥] i JiikEPE . K5 (Kress and Miller, 1983;
Mulchi et al., 1988)F1/N 37 (Kressand Miller, 1983; Mulchi et al., 1986; Pleijel et
al.,1989; Fuhrer et al., 1990; Finnan et al., 1996; Rudorff et al., 1996a; Pleijel et al.,
1997) Fi—¥-H A 5 5 i A S AR B S KM 36K« 1 Grunwald and Endress (1988)
ORI STIN K R 0 B 1 i B AN 52 AR R

1.4 1E¥3 RE RO

PRI AR AR AU D) 2R BAEL ) 1) PR A L 5 4 o B 1155 Wi AR 1) 8 g DA S
ERRANIRETE, RAREEEM /MRS . H A SR SR BUR R
REETEEY) L, BIERZE. DN Mide. B8R, BK. WE. fed, X
e OREL e, . MESE. HATHBETEIAGE W R RS A A
TR, WK ARG AT 7 1) B AU ST T A

141 EY M REEREEEREEG X

FLIATY P T AN SRR RO 22 o AN BRI S AR R BB AN )
TRV Os MBS IE SAEMIRIIATIR, S 2RAEDNS O MIRUEME— BN . B3>



i

MEFE>MREAEY) . Heck Z5(1984)WFFT KRB, BREXT O ¥ 5B LR FITAR Er VR
BBURE,  MPRMEDIXT O5 I WY LERR B/ E R . LABRSE ], 4 O3 MR ik 200
ng g I, PSRRI ST SR I RUBME T BN, o b A R AN X
W 1/9 R 1/3, Hu R A 20 ) R B 79.38%F1 69.30% (1 H %S, 2004). +
B OO IAE AR O3 IRBERIAAT T, KRB FHEBNE M, RN, = E
FE LN ZEAR, BB KRN O IR Ll /NS . AT RIVR FE 1K) O 5 K G I3 K
TRNERTAK, BEHIREX O BRUEME LA /N2 T oK E1(1995) . [RIFIE )
(YA ] it Aol SR A Jph L ) B e A R IR SR 22 572 - Keent et al., (2005) BHFFTE T A
[ K i st R AR R 22 5, S5 IR, 24 O3 WRFEM 25 ng ¢! T 21 30 ng
g'. S0ng g i, BUBRIKE (S156) FRET H AR EIE 40%~60%; I
K 5.(Oregon-9 1) FiAk T EFFK T 20%~30%; MMiN32PEKE (R123) bk T %
AR 10% 80K o AN [R] /N 22 il Fifoxof 540 1) B0 22 S IR K (Barnes et
al.,1990; Heagle et al., 2000; Biswas et al., 2008). [FIFVEYI I [RIFEAR 1 St Rl o)
O MBBURNEA 22 7 . Biswas 55(2008)45 M ik iff 7T v il 60 4F F4EM) 20 A~/
AR I, TEARRISAE R, B A b RN G 2 B, AR R
. Pleijel :(2006)IE TN, S i INZE8T Bl L2 R0 O Jilits B AU
T B2 AR /N SRt BT MR k34 AR TR S R RS A AN 7] BET O3 8RR
PEBAAR R, FE 2 W] — JE B AN [ ANART O B BUBPE A % 7 (Yang et al.,
1982).

1.42 EHYIM RENHRESEYNESHEIEHE X

T AR O3 U 55 Fo il &5 0 o0 R D)o ORI 41 i IR B AT A 2 —
Fhiys BV . Ferdinand et al. (2000) LA T P9 A S AU AN [R] () R 4% (Prunus
serotina) i Bl AL, XFO BB I JRRE it B I RSLS FEROR, iR 2R
A L 2, TR K L AR B L, R R, R DA K
DA L i ARAR R R o R Rl bl T AL EC R, X Os U MRS,
- EL AT A RBUK (Reich, 1987). R Hb et 5L AR U FI A S5 AN BBUSRE A
(R 25 K B, = FhEU&HIY) Sassafias albidum, Rudbeckia laciniata A1 Rubus
Canadensis 4 B 4K 1A FL3 FE DU M= 40 M TR Bt S AR BBURR P 5 7 4 41
(R DD THIRR L WA 2H 2R 40 i J2 25 DA R 3 e R R A 2R 1) 58 R A Y 25 TR AH 56
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Mo RAABUBYE 5o R RAEEA T CEii AL D DUAE g b B8 O
BE =4I R g TRl B (1 RFE 25 D) AH ¢ (Evans et al., 1996).

1.4.3 @3 REFURE SAX KRR LUK E N RIEEI K F

REWIFTRY], EREMNE T, AR R RS H AR K Z2 18 1Al
W) U (Reiling and Davison, 1992a; Pell et al., 1994; Sellde 'n and Pleijel,
1995; Whitfield et al., 1997). i 2= W50 K TP, pretenseAs [\ 32 K B4 X5 O+ ) fiUsk
P 28 AN 5 S R A O HLBE G AR KUK (4841 22 48 (Danielsson et al.,
1999). H5 & () BRGNS A B VI S &R, i RC-S-RARSE (Grime,
1977; Grime et al., 1996). C-S-R & b HEM fiz A2 R A AT —PhoAS [l 1) o BV 5K
IR NN =K 2 (R . SEAHPERHEM . M2 rEE . RN E T A
WIAE 32 SIHEAD I 56 5 D PP I 226 6 5 4 87 SRS s 5™ B T U R A 2 5 A
AR s AR AR AR AESET MR PR T g . FZIESE S B
B, TGRSR, Y] Reikse—Lerh RIS (C-R, C-S-R, S-R 4F). X
— PR TN A6 R A 252 SRS PRI A7) o L aze 3 L Ath P9 A SR8 PRI 400 FL AT 018 £
P AEARO AR o i 2 U AR R B PR B R T 28 B A I DR 1 A A 0
SR BB iy o AT 6 SREME RN 5K S (1) A L 2 2L SR (18 A e ek
P15 (Bungener et al., 1999) . AN[AH)Fh %) BL AR 1) 25 S b B w1 L AR Bl S e
CICRRAETEANAT BRARGED 5 T2 SR R 1 Ry S50 55 M2 e )
DRI HAT 7 PR A= 5 S 6 (R P Aot BLAEAEDNS BB (Black et al., 2000)

144 {EAH B4 HO SRR 7 R B et A R B A R

TR (199 1) SEWF O HMUAN R A & I G & VE T s, 45 R,
O BEFN BRI YA 1E T, AN I A AR A FH DA A 390 > v 00 > 35 101 > S0,
BT O (M s M th A — (MR T AE J) . Heagle et al. (1991) S iIE /A K
BT O5 BEZE AR BEX K 080 I 52 B . %5 - Smiith et al. (1990)K FH K i Fil
Culer71, N KT HIVSER6 1120 ng g ' RO 7 & AL #E12h, £E4h N 7] WL 2L -
S IR 208 52 B35, TS WIJC s ARk . TRl —RERR 1 2 B e R I
PRk, X H T2 BT B 2 TR, ARIUAE TR I R A2 e H Ik
B it ST I R A A G R 23 e T A SR B % PR A T8 (Bender et al., 1994).
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1.4.5 EYI R AR Z B IME AR R0

HRTOBUER IS BB 20 i K. AL IEEHAE xR, mEKERZ
NOs™ PG IR K AR O I BBURS P B T T [ 20 A (o R, 2001
RESE M 1) AL B2 (PR SE DR 70 TR A I U AR T, DR Os A2 Bt ik
A ALIEAFEYI(Runeckles, 1992; Long and Naidu, 2002). #4 #H15fL 5 BE 1) £ E A5
R adE, R R SO IR Z R 22 b Tl %A, g
AR FH K 43 LA 23 COL MR FE (Jarvis, 1976)0 KA ik B2 [RICO, T BAE 35 PR IR L
AT GO ED 3, AR KRS o2 BT FRAIK T E AR IR 0518 2 (McKee
etal., 1995; Fiscus et al., 1997; Reid and Fiscus, 1998; Reid et al., 1998; Heagle et
al., 1999: Reid et al., 1999; Olszyk et al., 2000; Morgan et al., 2003), A4k, wmk
[F)CO AT LAFE = Rubiscolf G P, BEMADGE e I3 m: RN, CO.nJ LAsk
W g0 M EE A 2 A, SN AT R I B, IR mo SR AR PLRE

(Oksanen et al., 2005).

BABFFUR I, 8K S W n] AR K AL R B, DO, A
MAEAR KFERE RO XA 1455 (King, 1988). AV, 237K 7 W
K [Glycine max (L) Merr.] LA 52 7K 43 38 1K A S REAR /N, X2
TR EBAR T KRGS FL T EL (Tingey and Hogsett, 1985; Vozzo et al.,
1995), TMAE BRI T, F5EME 7 Sl O M itn =, RINATAT
FEMAR, BEWHETF50:Wammf f27en, nlags RBUIALIEHIK S M D fe
P EA 2RO MrE K /EH - Khan and Soja (2003) 5T R B : 7K 7> 78 2 4548
T, ANZE OISR N, T BRI RN AN BT RE S,
XTOs RIS B gD A B AR IR IR LA ARG 0 s A kR T E T 5430
BN, P EA A IO Mg i PG

RR MY M Z RPN O3 75 44 W . Bielenberg (2002)W 57 K L 4%
FESR AN DL T LA S R INTA N . SR17, Maurer et al. (1997)BF5TRIL, &
BRI AR TS O W18 N 4ERF 8w DG A G 1, MANRELEIR O3 X
FMET AR R KSR YT O3 I — M bV

11



o AR B 2 JURH BB ST e 50 25
1.5 REMEMH MR RERED

BEE R IAWIRN, BFFTTBeth AW s, SLAUAR B 28 B N S pT 1) =
WEEZE I T R (OTC) F 25T W 1) open air field exposure
(Karnosky, 2006). 1A 82 Hef% ) AT GEAAL) H SR IR BT AR 4 ok 2D I A PR 22 1)
P, SMAERG M T AR SRR BT Eos TR A K. 5 — WA R
SEI A HOP R ST, AT AR RS EIESE, 43 R4 R A A O
TSI B & (Samuelson and Kelly, 2001), 8 7] DL i il 52 54806 AR AR
PR REMR, SR T R I B A AR G0 SR A T = iKW Y. (Karnosky,
2005). AR Z KA A R E K1 5 SR ST s S BAE R, T HL
NI R VN TR S A EIR S IR SRy 3

1.6 REFEMEHRERIF N

P MR TS RGN K e ST B e i E EE/E . Ik
PUPE SRR V5 G 10 D MR A Y 2 T R A E S R M E LM RS, —.
2 2 o ABE 2R T 48 T el AR AR ST SR A R AR R, R BAGER B PR i e R
FI4E FH (Nowak et al., 2000; Kim et al., 2008). 57 5480 el Mo 400 A= K R 45 35 1
SO, PP B ARAE D) 0T B4R S N IR RBUR P, W RLK A S el AR Ak 1R AR i ide 2
PR RS BEEOR I U AR

H A O¢ T B4R A 5 fol AR B A 40 B0 5 22 B0 = 1 G b ia S R
A] DLEZ SRR 438 I (Ashmore and Tickle, 1987; Guidi et al., 2000; Bussotti et
al., 2003) o SR, M AT LA IFAS St SR R A DL P el B R
R AH ¢ R (Bergmann et al., 1995; Pleijel and Danielsson, 1997; Booker et al.,
2009).

LN [ FRAE ) () 1 25 e R Ik AR ) 1 B P B A O, AR IR RS & R
() P AR 2 R s BB AR Ak . k& 422 (Petunia x hybrida). % 55 (Buddleia
davidii Franch.). 2E%j(Rubus cuneifolius Pursh) Fl-—%& [ bR E A #2527 21 5 [
WE Os 115 % (Cathey and Heggestad, 1982; Findley et al., 1997a, 1997b;
Chappelka, 2002).
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o I
1.7 ZFRICKFERIRLF )

JVE BRSO R ARAR ) IR 52 AT 0, H e BB AR e i 9 Bl Ak i FH 1)
TeAR HEAR . HAR DL A o0 SLAA B M N IR AR D W, o FRATT FH ZEOGE LU L
AR i) 7L

(D) FAMREALF AR P A VFZ AL OMEY), X F 2 AR T A S 1.
R TAFAET 2 R T, A O 2 IR R fE
R TR b el 2R AL S A SR AR IS S UG R AN, fEth
R PUEENANE A E AL E e DPPH FE TR . AWI9URN, 78
PERR R B A 2L Fy ) TR U s A 00 3110 R e AU 7 e 1R DT R 2
i 70%, T HARK BTG Sy . R PR SR I AR W] 2 2 M a2 A
B, UL B TR RO IR A A . s2KIESE (2007) EEER T E A
A0 Z T [R5 AR S S 2 AR IR DO GG PE T, R (0 3817 7 PR AR R ) 2%
AR I a] BEAE DA — R A R A R T A AL R 2 S HRAEAS R EAEE S 3 (10 i 4 4
elia . 7E R AR EESE RIS 00T, FEPH o2 208 g, B4 RIFEY)
AN Tr] P gt oot B 40T G IR BB 2 A AR W I 22 e 7 0 AT X 22 e A
15, AL Z T AR R ORAVE 2 A5 2 S BT 22 e (1) G R 2= e ?

(2) HHT, [ A A [ 5 R A0y SRS e i N F AR 2, (H R [A)— 2k
AT R AN [7] G 0 A2 A5 P PR SR s Ao oot S 47 G i IV R 9 i A WARTE o 5 T-7K 43 Jiipie
e B AEL T AN [R] % A4 i W PR R Aol ) g B 222 St B HL Y AEATLBE A AR
W D i, QARG P A sy T AR ) I DT A A IR S v (B UK,
2007) . FECVRIR N 23 5 BB T AR 45 Fa A AR AL RRAE R AR AR AL, S
AL S Gt AR IS A S M ER IR 240, RS R, AL
B PEWD, R A AL A, A 2 A A A H A AR
B EAENE? HTROENING, SEETERE IEIG N, FERE Y8k
A4, PRI A 5T 1) £ A B R A A AR R AR e . 52 B RLAR TS L )
OUT, AR AT E AR B AT S s e 7 X ) A A R IR AT
WA RS AR SLAR VS e S, NEFEYI I M B . T itk 72
o) BRI WAL AT R A S

(3) TP hRe R 2R — A HAHLUB SR/ B AE R E, SRR P9y
H5 FHAL A €8 5 FLW IR BE A5 -2 I S ARACL I e 5% (R REL ) 4 1 ( Walker, 1992; Chapin,
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1993; Noble and Gitay, 19960, & BLAT5 GO0 AN [FREA R/ b 52 00 FIIT 0
%, H3E H AT KA D fig B A 2 (B0 AR R RO 22 e 0D o A fl R
Zefbid AR, KN C3 A, C4 MY S RHEY), BT TALERS . HH R
TRE. AR BT SE AR AR AR AR R AN [R],  AEdtys B Ae ) 77 Tl Bess 1R K1)
e DRI AT 00 2 LU R0 B8 AN [] Ty i AR )0 S A0 T L IR i Y. 22 e, A e R
H I AP PR AR -

1.8 FEXHEEHRAR

(1) BEARTT AR AT S R Wi

DEARGE T2 o HE St TR LTI i S T IR - R S S G NP N il
TS A . MRV HECE A BRI AL, T AR AR - (i 5
X RLAATT R MBI 2257, 7R P A (3 B R A BB R IR S
(2) [l MRHEAKT R4S S () i .

PEPERE B I DU MREEAR (ZLEm A 20k Jih. 22M0A), i
IFSEHAE iR B S B R RS i 2 3968 J1 A S 3L R Ay e 55
PERAE S TRAR AL, RO SRS S (N AU v 22 5 S LU, U
EANGCEHINE 2 EE P S2 SR 7P (s
(3) FEAHHDIN RAT 5 G 1R

WP =PRI RER K FARY) CGRMEY A A, C3 AR, C4 )
(PR DR (i BURTI RS e R W s N DI WA RN N VNI & S e DAk )
LA A A A A N 22 S, LA LA S IR B, T 9 S A R
LR AR, FIW R R SSRGS A, W] IR O 08 HE 3 & SRR A BRI
¥ NSSLELY/R
(4) JHEASKEDINS AT G R i .

DI GO AR 224 () A5 A it bk S LRI DY 65 1A b Bt O R, TR 5E
RAITRFENN, ARAGERZA N e EE R AU 2RISR
A ZESE, B RO IR Y IRTTIR SR S IR, O e AR 5 1 15
HRME T,
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o SERMRLS ik

E-E RUHMRERE

2.1 LI

SR A BOEAE T ERFE BB STT (39°92' N, 116°46' E) S50 = i)
T 464 open-top chambers (OTC, W4 2.4m, EAEA 1.8m) F kAT
(1. B 2-1 A BT RAAFEZ Y OTC RN AR K TR =91 COo,
WREAw Ry, LIPS T ARG P IS AN AR B — IR AN
HROCHRS #E N 650 umol m™? s, AHXHRE A 60 %A .

\ 1 \ 1 8BS, cozt AR
EHRSE

BETBRA 5

2-1 RLEEAC BRG] 1 45 K7 B (YR, 2008)
Fig. 2-1 Structure of the air control system (Xu Hong, 2008)

2.2 KM 5RETE

2.2.1 LIEM

126 LA HS DL B AR AR BT 5UR Bk 5 (Malus spp.) IR0 S A <+
%’ (‘Royalty’ ) Fl 2 K& CFlame’) s PUBPH WLEEAR , 225 A (Euonymus

15
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bungeanus) , ZL.M-47## (Photinia X fraseri ‘Red Robin’) , %i#+ (Chionanthus
retusus) Ml £l5iA (Cornus alba); —FhRLAMEY), KUK (Poaannua). wift
% (Sorghum bicolor X S. Sudanense). %% (Medicago Sativa) ; 2.4 (Lonicera
japonica Thunb.) —fFkfF KB Q2N = 2x = 18) APUREAAS A SLF—
(20 = 4x = 36).

2.2.2 SLIGALTE

FEIEACBAT— 4, R AR BN R A% OTC o H 2 AR Hid i
Ui M OTC HIIAEE, AR HIRIHEA T OTC B &id i kil €, i OTC
WK SRR IEAR = T Sng g ENILE ARG AERIAS OTC ik NS4, Sl IS
SLAE UL R IR R A o AR AR N SRR, Al R BT R . AU A ] CF-KGl
MR R A AR (AT KSR A IR~ ] ) Gt I v T e s B 1 <
HIS B . ISR AR AR R B R e T E A B K Ll E A &
AR, ARG PR B AE AR I 8 U o A TR ek S 1K SR 23 BT A Model
205, 2B Technologies Inc., Boulder, Colorado, USA) K147 A~ [a] Wy I i A= K46
MR . b KA ZE 5, RRG R E, WA T BRI AR SRR Tt
— U AERAR NI AR B B R . AR AR A IR e v /e AL U B R R S
G390 3217 °C 1 76/57 %, Hii A OGRS (PPFD) 2 1000~1500 pmol m™ s,

23 MERNBRTGZE

2.3.1 HRSRZHRNE

2.3.1.1 BN SIKRZ 3

FIH GFS3000 ARAZ e f 5 E R 48 (Heinz Walz, Effeltrich, Germany )
D7 AN [) A ST (1) 56 4% JE TF I IR BN AR A #3816 K
1500 pmol m™ ™", FIXFIE B FITELE 23 5 B A 605 % and 25+0.5 °C. T =T
CO, SR, M AR CO, (380£10 pmol mol™). el
(Py)s FALTIE (g ZBEHE (B) . 4 CO, IKE (C) ES 54 von
Caemmerer and Farquhar (198 1) by @ A3 4% H sl il AR B
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B SEI bR S
2.3.1.2 SR HBEATL

FERT IR, A A A H M 5 e € R4 (GFS3000, Heinz Walz,
Effeltrich, Germany ), IEFHT 564 e M i AT R ASHe H AR E o W2
FIEIRERE . 2R 28U BE BL A CO, Wi B T A SR 3A 58 SE R R oK
HHATHEE . e M 6:00 HEAT ) 18:00, FF—/NEHIE —IR, KA IS
B /INHE, RIS EAT 0T

2.3.1.3 }4&-C0, a5 th 2N E

FI A AT B 9 e 2 248 (GFS3000, Heinz Walz, Effeltrich, Germany ),
R 58 4 R AT 65 -COo Wi N E 2 5E o i3 R AFDOE B2 150 6045
%, 2 TIEBEE N 2540.5 °C, JEHEBEE W N 1500 pmol m™ s™, WIEANH] CO,
WREER (400, 300, 200, 100, 50, 0, 400, 600, 800 pmol mol™) LA K, K —
WREE T RFEE 4 PP BUE AR E Jo BEAT il %

232 MHEE a Rk ASENE

AR B FN 2 6l 2 248 (GFS3000, Heinz Walz, Effeltrich, Germany )
D5 B 58 4 E TP R I 4 3R a 9802 8. AEIEIERY. 40 min J&, I 64
B (<0.1 pmol m™ s F1 0.8 s MIHEAIKk G IREF BN TG (Fo) M K58t
(Fm)o WIAZ9EIG(F,) H Fy=Fum-Fo IFEAIRK . XIFEN M-85, 17606400
umol m™? ™). 5 min Z WIRAFREY (Fy), RJGHEM 1s FIMRIIKM3RAEE T
BRRIG (Fu)o READGAG, FTHFEAINEEHE T BT (F). WEIEMN
PRGN IO FE (Fy/F), ARG HEK (NPQ) 73l BL R At
H: Fy/F= (F-Fo)/F 1 NPQ = F/Fi,'-1 (Bilger and Bjérkman 1990, Schreiber
2004). JEARGE AR & 778 (Ppsi), A FAHERKREL (qp), JEARHT
B R (ETR)ZM d1 B R A 305 psy = (Fu'- F)/Fa', o = (Fu'- F)/(Fu'-Fo))
F1 ETR = ®pgy X PAR X 0.5X0.84

233 Y= EZFNHHL

ARG, BHATROIR R . B . 2L WA, IfRAE
8O°CIMHEFE FHET 72 /NI RAE ARG AE T 02— HLFR°F (BP221S, Sartorius,

17
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Géttingen, Germany) g 22T 8, M TEAMRTE, EPREKR. 2. T
HZ Mo AR EE TS5 VR AR B /(T E A+ 25T ) X 100%.

2.4 it hF{ERE

T B M3 K SAS B4 (SAS Institute, Inc., Cary, NC, USA) Hfp)—
M AR (General Linear Models) KAGH! ., AbPE|A]) 2= 5 H — 0 )7 Z 087
(ANOVA) 4T, 4 P<0.05 A2 3. AbBEFIAE ) IR AC B ALY 1 ik — f 4k
PR AL (1) 5077 2250 i PR o o6 tmi Y e 8ok B, i oo TT 250 ik
AT Ak BRI S M Z TR R AZ BN, (A — i M [ AR B2 TA) 22 e il ek 95% B A /K
VI ENEEZER (LSDooes) KA. EAT 21 43 A FUAH SR 4347, FF
] Sigmaplot 8.0 /4 (Aspire Software Intl., Ashburn, VA, USA) #47 L 434745
RHEE . ARG M 7 & =1 .

18
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E=F EMFTANRE S FHI0E

3.1 31§

XL RAEE B R EEAM I AHE R A DA B OB (Seinfield,
1989; Ashmore, 2005). H i, 4=t F V52 HolX 1) AWK BEAE B T+ 5 (Stevenson
et al., 2000; IPCC, 2001), Z¥ &1 AN Y= AL = 1Ko A F 52 T
YA KRS (Lippmann, 1989; U.S.EPA, 1996), SEUAVEMRE R, E&
R DHER ! (Adams et al., 1989; Fuhrer et al., 1997; Ashmore, 2005; Hayes et al.,
2007),

SR A AL AR A (Runeckles, 1992), ¥ fifAERAMA T, P2 T —
ROV H HIEAEYESE S T (ROS), X84 5l H AT 4R 2465 I (Heath,
1980, 1987). “EAI AT Ao ol bR HESRM AT 8L (1 o3, BRI ey, 3 A
MBI T G T o — B, AT DU I A Y5 AR A ) S R e S A i P R
PORBEARAEAAT T (Foyer et al., 1994), H WIHIHAAN) TR FELE R 2RD
My IR RP o, IR LA KRB N 3R, XA TR REAS T BR V5 I AR ) T
(Severino et al., 2007). D& 7 K, —LEAMNEHUEN TN ethylenediurea
(EDU) HMIHTIR LRI ST B % Jal et SR B M) 90 35 (Tiwari et al., 2005;
Hassan et al., 2006; Manning et al., 2006; Paoletti et al., 2006; Zheng et al., 2006).
RN RN SRy E K TIRR S/ DDl = k712 N1 L0 S G b S S N (VU Y B SN
ERiE TS T BE /) (Yamasaki et al., 1996; Tsuda et al., 1996 a,b; Ghiselli et al.,
1998; Kerry et al., 1997; Wang et al., 1997). R, FeA bt im b 4e 4 &t
VFREA 2 ORI 4 BB S sz S A aa ) e o BRATMB B AP R s 20 i i e A
HAB SO RT S ES AR S ERE St fhdo R8s R r stk
it

gt REE N AT, 7T AN A — L8 [E 5432 (9 5 21 el
Zferh . ERARZAREE WA, Horh—SE g R B AL, S A e Ry
ot M MAEE ARSI O R T S BRI s R 8. A/,
ANTR] P 9 5 it RO SR S8 G R A N AT 503 R WA
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CO, [FALIRAL TR SRR 5 BBk 1 RANE IR 7, JF HBESCR AL L fg
(Dizengremel et al., 2008). Ik, “ARAZ e (1K) 5 W] LAFH K I AR )0k B4 e
AR AR DA RO B A RO ) o 38 SO0 e D FATT3R AL 1 5 A —Fi L
F G303 O A 5 v B AT AT R S SR ARUa O & A FH 400 35 1 i 04
{3755 (Seppo and Wang, 1997). FET- DL BT FB, AT LIEREM T 6 E51E
FHIGC RN A ] s DA HoAth — S A= BRI FE (Calatayud et al., 2006).

PIAHI T B ZH B2 (1) B PRI (i e AT B PR B
JERN s (2) b7 G B Rl 10 T ST S SRR AN [] 11 oA 8 A B L

3.2 R5 7%

3.2.1 SEIgHH

MR G BB AT R 2w W SE AN SR i A B (‘Royalty™) F1k
f3 (‘Flame’) HIZhH . B4 50~60 cm, KARAEK—, AL ET. BHA
AT BT 20 cm HARH) PVC &, BRTCHIE A L Je s AN AR 1
3: 6 KBATIR G o AR K RIFR I N A, W K AE IR I R0 Bk

3.2.2 SCIGALTE

2007 £ 7 H 7 H, BHYMEIIN OTC HiEN—F, iR pra iy
MBHER AR S B 385 73S 9 (CF air, < 5ng g 03). 2007 457 H 14 HIF
UEALEE, AHE R (K OTC {RHFRAIRIEAE 70+ Sng g’ , AH 30 K, KM 09:00
FHGARBE, 16:00 45, 10 ) OTC 38R s AW PE R I 98 5 1< H (CF air,
<5ngg' 05). RAMHERIESM 222,

323 SHERZRMMEFERRASENE

20074F7 H30H CAbBEEFE 16K e FE 4 1) ik ) AR AS 4 . MsE T7 L2 R
23.1.1.

I 5E SEWRI S AR s, G A SR (>8000 umol m™ s™), 335t
ENARE TR (Fu'), RS ASATEENTEN (F). JaRG I SE
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PRt P N A I R LU AT B K @psy = (Fi'- Fo)/Fu's ETR
= Opsy X PAR X 0.5X0.84, respectively (Genty et al., 1989),

REMH24K )5 (200748 H8H) , WIE N 5-CO, WM hZk . W 55047
TiIEZ M 23.1.3.

3.2.4 FitHHh

ARSZIGIA AR, BN AEEEIAS N, BN AN X R RS LR 6 FRFED) -
Bk SAS A A I — M AR K AT 70 H1 (SAS Institute, Inc., Cary, NC,
USA). APV 34E 1) 25 Sl ik — M e JTE ALY R (1) — 0 5 22 0 Wk X 43

3.3 ZEREQH

G A T A7 B AL BN G R AS TSN 52 (6 3-1). HXIRAREL, %R
AR RAS I N O R B L, (H2g0EE CO, WM BT (&
3-1)0 XKW, BEALHR, HOta s AR K FRAR E EE 32 Y BRI i AN 2 i<
FLRMIPTEL (McKee et al., 1995; Mulholland et al., 1997; Farage and Long, 1999;
Biswas et al., 2008). L&A K IWFFER W], LR HIA R SR80 F 1 HAZ a1,
T A2 X 4l fo 5] COL IREETFH S A S Y. (Reich 1987; Weber et al., 1993). K45 )
RIS JAE AL BN B2 TR IR AT & 2257 (3R 3-1). 4B 16 K5, K
WS R G 1L S B UM A% 8 B 35 RIS, T KIS iy
BERN. XU, AL RENEIERS [ B LB OGRS T
JBUFRY 2 N FH O A 27 ROR A e SRR B B2 50, T 2 I S 0T I 32
BRI .

T E-CO, MR i 2 240 2 i AL BRI AS TR0 (R 3-2). RIRIESHERH
KW (Resp). J2ALE#% (CE). Rubisco BERAL SN 5 RIE AL (Veman)s 5%
KGR AL (Jna) ERASCHE TR ZRRC. HE, KGR LA
& COL W N TS HOIF A S BIR KN (K 3-2). WRLIM A S5, K
B, BRACHE RS S EEOLAE R R g . R E (CE)M
Rubisco BEFR A SVt KAH AT AL (Veman) 1 B AR T E 32 22 d1 R R SCAB 3R AP 1)
Rubisco Ay P F1 5 & 1) BRI 3 20

21
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# 3-1.2007 47 H 30 H I SLAN 21 (S5 i R 5 RS (g 35 it b KO I SRS B2 HR e ) (P, 10GA TR, E, &G, o,
FLFBE CL 4 MU la] COL KR BE; Dpsyy, YRS 1T [ T 7=%0; ETR, HLFAEIBHE)

Table 3-1. Effects of O; on net photosynthetic rate (Py), transpiration rate (E), stomatal conductance (g;), intercellular CO, concentration (C;), quantum yield
of photosystem II (®@pgy) and electron transport rate (ETR) of Crapapple cultivars ‘Royalty’ (Red leaf cultivar) and ‘Flame’ (Green leaf cultivar) on 30™ July,
2007. % (+/-) indicated percent changes in Os-exposed (O3) relative to control (CF) plants, (O3-CF)/CF. Data presented are means of 4 plants. LSDg s, least
significant difference at a=0.05. Asterisks denote significant difference between O;-treated and control plant * <0.05, ** <0.01, *** <0.001.

Cultivar Treatment Pn E g (o4 Dpgyy ETR
(umol m~2s™) (umol mmol‘l) (mmol m s (umol mol™)

Royalty CF 12.7 4.30 275 322 0.113 71.0
0O, 9.25 2.56 151 329 0.088 55.5
%(+/-) =27 2%H* -40.5 -45.1 2.17* -22.1%* -21.8%*
LSDy s 0.27 0.74 84.6 24.4 0.018 11.4

Flame CF 9.70 4.02 267 348 0.080 50.7
05 8.88 2.33 136 330 0.078 49.4
%(+/-) -8.45 -42.0 -49.1 -5.17 -2.50 -2.56
LSDy s 1.33 0.70 66.2 50.8 0.025 15.8

Treatment 0.0001 0.1936 0.5724 0.2297 0.0054 0.0055

Cultivar <.0001 <.0001 0.0002 0.6311 0.0441 0.0442

Treatment x Cultivar 0.0007 0.8904 0.8702 0.2594 0.0781 0.0782
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R 3-22007 4 8 7 BN E SLAENS L1 P 35 ot o« 0 AR 000 AT 6 i ke« U RO 15-C O Y B 2 Z B 5 CH TRIIEIR, Resps FRALACR,
CE; Rubisco iF R KRR, Vemas IAICE W FALIEE R, Tna)

Table 3-2. Effects of O; on A-C; curve parameters (respiration in the light, Resp; carboxylation efficiency, CE; the maximum in vivo rate of Rubisco

carboxylation, Vimax and maximal photosynthetic electron transport rate, Jy.x) of Crapapple cultivars ‘Royalty’ (Red leaf cultivar) and ‘Flame’ (Green leaf
cultivar) on 7"August 2007. % (+/-) indicated percent changes in Os-exposed (Os) relative to control (CF) plants, (O;-CF)/CF. Data presented are means of
4 plants. LSDy s, least significant difference at a=0.05. Asterisks denote significant difference between Oj-treated and control plant * <0.05, ** <0.01, ***
<0.001.

Cultivar Treatment Resp CE Vemax Jinax
(pmol m2s) (mol m™s™) (umol m'zs‘l) (umolm Z5h

Royalty CF 6.42 0.119 29.1 144

O; 2.87 0.030 19.1 77.6

Yo(+/-) -55.3%%* -74.8%** -34.4%* -46.1%%*

LSDg s 1.28 0.028 4.90 13.5
Flame CF 4.44 0.071 27.6 136

Os 4.00 0.054 24.4 122

Yo(+/-) -9.91 -23.94* -11.6 -10.3

LSDy 05 0.92 0.015 5.19 28.8
Treatment 0.0001 <.0001 0.0009 0.0001
Cultivar 0.1729 0.0690 0.1711 0.0131
Treatment x Cultivar 0.0006 0.0002 0.0295 0.0018
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3.4 NG5

MEL B, AN [ml R i 35 0] SLARU TS L R RO AN ] o £ 0 St ol el T
HOLEERE, GRS &2 77780 JEH U L33 % . Rubisco MR A IV i
R A 3 g RO H, 7 A s T 23 1) IR AR R R, AT R A v ) S AU
PR . XS S RATZ AT BB . BT HO SO R R R SO IR Rk R e B
AT N R 3 BT g S L v U S R U R T v R N AR IR LI S —
A 3 ik 2R AR R e TN SUB S 2E M A Re I W FRATAG VAT BEAT LA R R
PRl Rt — e BR . R WAL, ALl kR K EH
[F— A EkE Z g2 R g (Lee and Collins, 2001). 4R1, 5480405 55 10 54 1E
R s — RO AE T PRI M o SXRE sk ] REAT 6 8 25 17 20 A0 4 A S A A A
—H O RIMEfE R o A (et W4 b, A T Re ok S A A
ra A PR AR o TR AT BB AN R« SLARU IR FH A A — A 1 41 it B
AN b, ARG R TR MR G, AR E O o I M I i 2 e
I RBUEK (Marrs et al., 1995). G P T SAE R T 2 B4 T IR,
EYEE R k. A BRI, B PUEAAI) TUE AL A Ak A R R
A TR BT A M A 2 TR D4 40 T 4 52 SR F AR KB (Burkey et al., 2003; Conklin
and Barth, 2004).

P T30 T S AU B TR T v S AR BB B B S el bR R A A0 i 1o
PR EBE R . AATHN S RE, 2L AR TR AR SRS P P
By B . I, ARSI T B R E— 20 T i ) RS T B AR A v
L EAN o7 NG 2 oV e = 0 ™= A WY o S B = VR R N T AN T e
Az IR o
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EME EMEARNRE S FHIE

4.1 3|18

Hh R RAUE MR R, R EAEN . e AR
RN R A WA SRR IIAE R R A ST A2 % (Seinfeld, 1989). Bl T
AR IR R R ZE SIS 8 I, BRI RN R WU IR BE AR s, A
17175 50 I R 5% 1 2 B 4k P Pl T A AT 10 ng g7 FHE 2 H AT 60 ng
gy IO I R R B 2050 4 RLARIR A AR BLAE IR AL 1340 20% (IPCC,
2007). 1998 4 8 H, HORAHLX S O3 M B K/ IAE R 2R BE 4
5 431.2 pg m™ A1 122.1 pg m™ (B —BERITKZE AT, 20000, 204024 T 215 ng g
M 6lngg's RARENS SR BCE INEVF 2 NP BIE . a2/
R UL SN SEAE o AR MO B K AR AR S R G o 32 B RS G AR
(Lippmann, 1989; U.S.EPA, 1996).

SAGE Y A R LEE AR N, R AR SUOMA T K, R Sy
fil P BV L 44k 20 T (Heath, 1980, 1987). X 6id 484k 70 14 Boahi e L 11
RRFE Ay, SEAIRBHE. L8 s FHa SRR st
(Overmyer et al., 2003). 4] LUl jf AL T B 8 BEAIG Rubisco B 75
SR G A4 FH (Pell et al., 1997; Bassin and Fuhrer, 2006). 5 IE[AE), 5
AELRE S 1 TR ) £ R T % (Dilip et al., 2008). Mt 7EKWISRE, MR K
R R B2 # 52 #1904 (Grandjean and Fuhrer, 1992; U.S.EPA, 1996). 11k
7= e LA SRR A P26 N A 36 (1 A o T P, S e A0 B A ) 12 PR 5 =
FEAE T EAE W RO b, 17 el WRRE 40 %k S 480 REL 400 14D W) I8 F 4 %5 22 (Lumiis - and
Ormrod, 1978; Paoletti et al., 2009; Szantoi et al., 2009). 7l AR EEALE ik i+ S T
AR, WL D AR, RSO S5 il i SO,, NO, BA K — S8 Bk Jith
(Jim et al., 2008)(F1EFH o T3 4h, 5 253 0 LA A TR0 368 17 el AR IR A R R 4 11
TARK, wfLLE B LRy T i I A1 H (Nowak et al., 2000; Kim et al., 2008),
1T, I e AR HE AT S AR G 1 i 7 [ SIS0 A ST AR

FELA) RT3 T 0 5 A DAy 2R OUL S AL VR B R 400 U ' 1) 5 A (Ashmore and
Tickle, 1987; Guidi et al., 2000; Bussotti et al., 2003). #Rifi, W0 FHIFAMES
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FEW) I A A DL A 1 5= o 1R ARG 52 AH O O R (Bergmann et al., 1995; Pleijel
and Danielsson, 1997; Booker et al., 2009). “TARAS # Rl 25 2258 6 S HUE AT AE
A2 P 30 05 W U P AR A B 9T T BE (Owens, 1994). ‘AT T 72 [ H 21 5
FUE X DG FH AT, I BT8R 5 8005 3 N N AEHLEE(Seppo and Wang,
1997; Calatayud et al., 2006; Biswas et al., 2008). A T Ji 18 A 7 4875 Y™ F i
X BEATERAL I A ARFE Y, FEEIESHEDE KRG HE VARG~ N
KRG, AW r R A0 75 o) W R AU e AR 2. BT AR A G
RENMD AL RECEFVFZ R T A FAEYIAT RAR R A2 BEA= 25 00 Y. 1R
(Barnes et al., 1990; Burkey et al., 2000; Calvo et al., 2007; Biswas et al., 2008; Feng
et al., 2008; Ainsworth et al., 2008), SRR & SV bel ARRE AR BL4T5 G i A= B
A= 251 B (RAmS et al., 2006), R A& EH [, X 5 TSR H 6= (He et al., 2007,
Feng et al., 2008).

22 fii AR (Euonymus bungeanus) & HATIR s BB I 2 A REAR 5 AR
BIIRRIFIT 22 B AE L il e EU 1 8 A R A ) 2 P 55 D7 THI (T et @l 1992;
Spivey et al., 2001), T HH PR a HTHE BT IF AR IR . 20 M4 f(Photinia X
fraseri ‘Red Robin’)& i 222l (UINHEAR, ST JUFEA 5 F2RIRE . i
T R v Rk F /K A e i pe e CBF Bh 4%, 2007). ¥ 75 (Chionanthus retusus)
JE AT AR — MG A, AT 80 0% T gt AL A8 S L SRl 1 Ik 1 i i
(Soejima et al., 1998; Chien et al., 2004), 11 %+ A7 B R B oK WARIE 2135 A

(Cornus alba) & —F s WK HBEAR, |32 N T3 E R ket b . A 55%H
WK N e 0 R T R F 9T R % £ (Gitelson et al., 2001; Merzlyak et al., 2008;
Gitelson et al., 2009), T B X5 Y MIPLIEIHAG . LLE YR HEY) 2 A A
R R AE AT AR AR I, PRI R AR UM T AT 220 . HAT, AR
T IBE AT ey 5 SR AT G P A A 2k W R WA TE o

PRI, AU H A (1) TSRS Gent DU R EAR 2 md, (2) HhBe Dy
BEAN LA BURNE, (3) s T EUBURPE 2= 5 R AERLEL, (4) b I ARERAL T
LG E D) -
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4.2 MR57H*

4.2.1 YR

PURR P AR EEAR CZZHEA . 20 h ., WAR . Z0EmA) B ILZROG A e AR
BAT A R 1S AT REAIS 1% 50~60cm R, K HAf AN 542 20cm ¥ PVC
@, FUEAEA . Yk Bl 1 30 6 MEBIHHMTIRG . 7ESEid T
FEFR IR MUK TEAL , BEG TR 5 SRANK 73 hid o

4.2.2 LT

ASEIG AR ERME BT T R &= ) 4 A OTC (HAZ 1.8m.
2.4m) FHEAT. 2007 4FE 8 H 1 H, ®A OTC LR EEFN 6 BAblk, &N —
AN AEE NI, BT OTC H 78 NI 2 1o 8 I 1R 56 B A(CF, < 5 ng ¢!
03). HEMNJG, WD REMTE OTC RN 70 £5ng g, BERM 09:00 JFEGALER
£ 16:00 450K, JLAbH 65 K. HARSABIE AN 2.2.2,

4.2.3 SRR E

P E Walz 2 74277 1) GFS3000 Y& 6lE R4, fEALEE 60 K5l
SEBOHT S A T R SRR e o REFRAE AR BERAR BE A 43 HIE I 6 ARkt
ATIE . AR e 70 2.3.1.1,

424 MFERERASENE

FIFH 75 E Walz 23 5477 1) GFS3000 J6-& 76 E 2240, e 61 K5
ERF e I MG RTS8 B AE 0 BRI A BE A 4> I E 6
MR gAT I o HAR 5 J7E 0L 2.3.2,

425 £ EZFHHL

FESRLANEEE 65 KJa XS HPIREATBAIAPENCER, A B p R P B L 6
BRAEYIEAT I E . RARNE LS 233 o
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4.2.6 HHESH

ARSERILA 2 ANMEBE, FEAAEIEE 2 AN, RSN AR 6 FR. B
Pt SAS KA — MR PER R 3E AT 4047 (SAS Institute, Inc., Cary, NC,
USA). AR Z [AFIE I 2 il il Student-T A58 KFEATIX 4o 18I 0
T3 ZE 53 W R H Wi A BRI ) 2 TR R AE HLARN o X DYRPEEAR ISR AS #e . ISR 3%
RIS S ) RS R SR AR PR 5 0] B AR AR AL AR BEAT Pearson sUAH G 73
e

43.1 Rk

T EBERARAHSHCR L, BRI B A TN, G ah iR
#, P=0.0013; ZEMBEAE, P=0.003; LT, P=0.0019; ZJfila] CO, HkEY
HRFE CO IR HLAE, P=0.0077) (£ 4-1). SXTHEARLL, BB NZHA, &
AR LA L AR O G G 28R DL T B B BRAG (] 4-1),
TR IAE SR BN ¥ B R Al Lo UG, (R L2818 R fA fL 5 A Ab 2
FO R 2 e AN 3 . 2R ARRIZDH A B 4E i ] CO, 5415 CO, LI
52 B ST Y50 o SRTAT, U IR LT S AR AE S AUAR B R 4l i A) CO, 5415t CO,
[ LEAE RO BT e DURPBEAR D, 22 R (1356 G T AL 5 B A SR AR AL
NRRRFR SO, T IR R R R D (] 4-1).

432 MFERNSE

MVFZ SR RIS EORYL, WUREA R S VA W& 2257, 1
i Fo, (P=0.0256), Fp, (P=0.0152), ®psy (P=0.0007), ETR (P=0.0007) Al NPQ
(P=0.0001) (£ 4-1). fEREMI T, ZIHGTAMN Fo {535 A%, 17 F0 A = Rl Fil
) Fo (EIFRCH Z 2 B2 500 (K 4-2) ZRARFIZL B ARAE RS AL BT Fr (H AR,
T 2L A R AN I AR AL B R %A W 2 . 2R R Dpsy Al ETR 23 61
R ZE B AR, T o5 X S S R s 7, A i AN B 1R 2 50%
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A2 BN LM . 61 KIS AATEZ M I3 FI 205 AR 1) NPQ S & BRI, Tl 22
AR NPQ Thvai. AL W2 FRAC T DUMAEYIN) Fo/Fr, BT RERIEADII
EMESA X IR AN GR 4-1, B 4-2).

433 Y= ZFNHHL

TR AR R, AT He 52 3 Ab BRI T A8 FLGN (R 5 (K 4-1). 5L
SEAL B 2 PRAR T ALE AR AR L, JoAD =AY IR A 2 B W2 5. R
BEFEAR T DUMEAR AR T H(P=0.0383) (& 4-1). {HZPUREARM A AL
BRI I RE B ER. ZTE, WA TE. W TEDEYREWH
I RS WA TR RS, ARy T E
PALIGEL /i w 7o

434 SRS, HMRERXASHUREYERIEXES

MR AT LU ARG 2R, G I A 2k 5 Dpsi, ETR LA AEY)
UL R W E EASG, 15 NPQ MFFIK R A (R 4-2). Z&MGHAEA f
TEIAR AL T R B EAS. Opsy A1 ETR AL EE NPQ
REFEAAAG, WS TEEEEFIEAX. 54, NPQ St T 5
TG YRR T 566 MR IR AL 2 IEAOCLISE, 65 NPQ
(RAERT AR AE 5 A DG (3K 4-2).
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Plant species

Kl 4-1. RN 60 K)o, UM FEAMEEAR(EB, ZH3A; PF, ZLM-£i4f; CR, #iJk; CA, ZIHiA)
AR B S EAB N[5 CO, ALK (A), (a); AL FE (), (b); ZEEHF(E), (c); Mulf] CO,
WRPERE ) COp R FE LLAL(C/C,), (d)]o CF XTI, O3 WALEE. & T K5 L AN fh b
B[R] IME

Fig. 4-1. Instantaneous net CO, assimilation (A), (a), stomatal conductance (gs), (b), transpiration
rate (E), (c¢) and ratio of intercellular CO, to ambient CO, concentration (Ci/C,), (d) of four shrub
species (Euonymus bungeanus, EB; Photinia X fraseri, PF; Chionanthus retusus, CR; Cornus
alba, CA ) under charcoal-filtered air (CF) and O; fumigation (O;) on the 60™ d after treatments.
Error bars show SE, n = 6. Means of each parameters were analysed using the Student’s t-test to
compare values between treatments in each species. Letters are comparable within treatments in
each species. Values with different letters are significantly different (/<0.05 Letters are
comparable within treatments in each species. Values with different letters are significantly
different (/<0.05)
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R A1 P60 KRJn, S MWL PH S X RS RIS LW ESEIEN (A, & CO, [FAfbd%; E, Z&M5H
Ry ogo LR CIC, MR COLIRIERMAN T COIRIELL; Fo, f/NI; Fr, TKNZIG; Fy/Fr, JCRGE INAERGE N N s KBCE . Opsn, RS
11 SEfri 774 ETR, HyLd=; NPQ, IRtib ¥ K; SDW, 2 TH; LDW, M TH; RDW, # TH; Root/Shoot, LI Biomass, /i

Y.

Table 4-1. Effects of treatment, species and their interactions on gas exchange parameters (A, net CO, assimilation; E, transpiration rate; g, stomatal

conductance; Ci/C,, the ratio of intercellular CO, to ambient CO, concentration), chlorophyll fluorescence parameters (F,, the minimum fluorescence; Fy,,

the maximum fluorescence; F,/F,, the maximum efficiency of PSIIphotochemistry in the dark-adapted state; ®pgy, the actual quantum yield of

PS Il photochemistry; ETR, electron transport rate; NPQ, the non-photochemical quenching) and biomass parameters (SDW, stem dry weight; LDW, leaf dry
weight; RDW, root dry weight; Root/Shoot and Biomass) after more than 60 d fumigation. The values in the table are the P values of the two way ANOVA

test.
A E Os C/C, F, Fi F,/Fn, Dpgyy ETR NPQ SDW LDW RDW  Root/Shoot Biomass
Treatment <.0001 0.0004 0.0002  0.0082 0.0481 0.0015 0.0165 0.4996 0.4925 0.5869 0.1527 0.8435 0.0383 0.0032 0.2607
Species <.0001 <.0001 0.0001 <.0001 0.0318 0.0096 0.0208 0.0011 0.0011 0.0004 <.0001 <.0001 <.0001 <.0001 <.0001
Treatmentx  0.0013 0.0030 0.0019  0.0077 0.0256 0.0152 0.4906 0.0007 0.0007 0.0001 0.2612 0.0645 0.7182 0.0262 0.6182
Species
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Plant species

Kl 4-2  BUAEACEE 61 KT, DUMEEAEEAREB, 2K, PF, ZLM-fA4H; CR, Wk, CA, £0ki
RV Z P B HAAN [/ DRI F,), (a); B KPEAE(F), (b); e K IGALFR0%
(Fy/Fr), (¢); JERSE 1 FIE T =8 Dpsn), (d); HLFAEIBHZ(ETR), (e); IENEHZEIF K (NPQ),
(D] BEAS A FhAS [ b B ) (1)~ 5 EDR 8 T A9 2R 47 LU AL

Fig. 4-2. Effects of O; on minimum fluorescence (F,), (a), maximum fluorescence (Fy,), (b),
maximum photochemical efficiency (F,/Fp), (¢), quantum yield of photosystem II (®pgy), (d),
electron transport rate (ETR), (e) and non-photochemical quenching (NPQ), (f) of four shrub
species (Euonymus bungeanus, EB; Photinia X fraseri, PF; Chionanthus retusus, CR; Cornus
alba, CA ) on the 61" d after treatments. Error bars show s.e., n = 6. Means of each parameters
were analysed using the Student’s t-test to compare values between treatments in each species.
Letters are comparable within treatments in each species. Values with different letters are
significantly different (/<0.05).
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Plant speC|es

Kl 4-3 BLAAALPE 65 KRG, PUMFEAREEAR(EB, £4HiAK; PF, ZLM-41##; CR, W 7r; CA, ZLHiA)
FAE R BRI [(2), 25T H; (b), MFTE; (c), ITE; (d), #Etk; (), EWE] 1
AR o BEAS TAPAS [R) AL ] R S B T A5 R4 T L o

Fig. 4-3. Effects of O3 on stem dry weight (SDW) (a), leaf dry weight (LDW) (b), root dry weight
(RDW) (c), Root/Shoot (d) and Biomass (e) of four shrub species (Euonymus bungeanus, EB;
Photinia X fraseri, PF; Chionanthus retusus, CR; Cornus alba, CA) on the 65™ d after treatments.
Error bars show s.e., n = 6. Means of each parameters were analysed using the Student’s t-test to
compare values between treatments in each species. Letters are comparable within treatments in

each species. Values with different letters are significantly different (/<0.05).
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4.4 i

4.4.1 SR

SR PRAR T DUFREAR 6 Gl R, (R 4ERF e 1N T C/Ca (3R 4-1,
Kl 4-1) X—g5R 5205045 R —3(Mulholland et al., 1997; Biswas et al.,
2008). XKW, SAALFET 0 G A IR BRAIS 32 Bt PR 40 i 2 31 45 5
(), AN TS FLBR Hl(Reich 1987; Weber et al., 1993). [T Ci/C,, HAh 1%
[ WS HAT 22 W AR T BRSO, AR I FRARFR B /N . IX SR,
SUEAAC BT 22 R AR I A A U S e, TR AN B A

442 MFEZERALSE

WL E MR R PSS H, AP EAE R R NI FE 52 31 T B4R
V(R 4-1, B 4-2)0 F/Fn AR FIWE S R A CMEI 4R R AT, Y
FHHEA IR Fy/F PG (P=0.0165), KU RAAAEHL T EDURREA L L T 605
(K 4-1). EXTRAALL, FFPFEARN Fo/Fm 76 SR A EE 3 I — 00 R R,
{HIEZE I (K] 4-2)0 X T Dpgy AT ETR K ihi, AbFARIR Ffr£EAS BN (K
4-1)0 REUN L2 AR Dpsy M ETR IS0 L5 FOMR IR OS2 AR S, 22 M ARAE S48
AEFEN Dpgy A1 ETR {235 FRAR, M S 76 R AR PR T &0 2 & 8 (18] 4-2) . IX3& 0,
FELeRRART, SCRGE I RN LR AR i s R g L 2DEARSE [ AR
LML AR B T S H . A N AR A NPQ (H, KM, R
STRERAER N (& 4-2). SRT, RAE S EUR SR Dpsy A1 ETR 3G 011, XULH], 4
PEHL AR IS AE A H N2 T, S8h, WIRME R AL NPQ PG, %
W3 9 P R BRSO i T B 22 B ] T A S K AN 2 #FE S (Calatayud and
Barreno, 2004). FHIME TS RELH, 1565 BRI BRAKRE S 5 dpsy A1 ETR 1
PEARARBE BB OG . XA, ot a s AR i PR T 202 AR AL R 3 2L
Bl an e s i A o

443 SR EFHE
BE AR A 4 v B BAR R T [F) AL RN A 457 2B A PR R v 508, 2B AR B 3
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FERE R WA 2 B I R TR ZE ) FR AR (Skérby et al., 1998). BFFTL R
W, AR PR S e A R W PR AR B B 0 2 IEAROG, X i T h
HORE AR MEORIE(E 4-2). AR AEY) R FLR bR A7 53 b A 22
F#(P<<0.0001). HE DU REA ) 0 RAAL PRI S NARLGR 4-1, &l 4-3). 1)
ek U LA S N AE R R ) 25 22 (R 4-1), 2 ARAE SR AR AR PR AR et bE
FAR, AR B A (A 4-3). A AR R AR ER N AR T I
AWFHNAR, (HRZTHEDEERNE 4-3). KIS B FRT, 1X 5 AR
2FF ST 25 SR A L(Cooley and Manning, 1987). X—&5 80, 1R a] LLE
SE AR A3 IO R Y SRS P RPIR o RV AL S Ak B DAL e bl R A
Ak, AR Z ARSI B b, XA REN e R EAME TS
FREAXT PRI B T OB AEFZAb, X TT A8 U TR B DA A
PR S A A 1) o A —AN B A
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Table 4-2. Correlation among relative changes in gas exchange parameters (Py, net photosynthetic rate; E, transpiration rate; g, stomatal conductance; Ci/C,,
the ratio of intercellular CO, to ambient CO, concentration), chlorophyll fluorescence parameters (F,, the minimum fluorescence; Fy, the maximum
fluorescence; F,/Fy,, the maximum efficiency of PS Il photochemistry in the dark-adapted state; ®pgy;, the actual quantum yield of PS I photochemistry; ETR,
electron transport rate; NPQ, the non-photochemical quenching)and biomass parameters (SDW, stem dry weight; LDW, leaf dry weight; RDW, root dry
weight; root/shoot and biomass) in four shrub species (Euonymus bungeanus, EB; Photinia serrulata, PF; Chionanthus retusus, CR; Cornus alba, CA)
exposed to elevated Os;. Changes are expressed as percent differences between Oj-exposed (Os3) plants and CF plants, (O3-CF)/CF, before Pearson’s
correlation test. Asterisks denote significant differences, * <0.05, ** <0.01.

E g Py C/C,  F, Fo FJ/Fm  Opsn ETR NPQ  SDW LDW RDW Root/Shoot
g 0.994%*
Py 0.564  0.614
C/C, 0849  0.787  0.228
F, 0661 0732 0540  0.187
Fon 0531 0617 0637  0.004 0.970*
F./Fp, 0.619  -0.566 0300  -0.757 -0.261 -0.018
Dpsyr 0837  0.869 0.924* 0539 0674 0677 -0.089
ETR 0839  0.871  0.922* 0540 0.678 0.680 -0.093 1.000%*
NPQ 0.692  -0.739  -0.984* -0344 -0.645 -0.704 -0.136 -0.974*  -0.973*
SDW 0.074  0.021 0360 0346 -0.537 -0486 0269 0.261 0.256 0.276
LDW 0.880  0.920* 0854 0532 0809 0787 -0.208 0.976*  0.978*  -0.932* 0.055
RDW 0.108  -0.001 0404  -0.617 0635 0782 0497 0.229 0.229 0.378  -0.545 0307
Root/Shoot -0.580  -0.532 -0.581  -0.726 0.099 0.127 0.106 -0.644  -0.641 0579  -0.856 -0.498 0.507
Biomass 0465  0.510  0.987** 0.179 0402 0520 0402 0.868 0.865 0.947% 0479 0.767 0349 -0.627
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4.5 INgg

ANTR] eI AR EACS S AR5 S I BBUREAN R o 2R i T e SR . Dpsn AN
ETR [FRRREE R, e PURRHREA P SO Rl s 300 R il B TR AR
FESEHAR,  H.psy AT ETR BN T by, 2 PURHEA sh TP s (A b o 952
R, (R RIS TT R AN SR IN K LA e R . 20 AR AT 2 B AR
) S AR U 22 e AN I

ANTFIREA S A0 S A AN TR R g 3 0 e 95K BE 22 (R ZE 3 ) e 21
R ORAME BAL TR G R A FR . B T L EERRL, BT A A R4k
s R, A% E O TR R REAC IR LA U, P DT s K AR AT
KEFIN e WABFITURE , LR IFANE G 78 LA G0 B X P
MR A — A UG I (R B #%
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ST AR SRS Y

ERE EXREYIRESFE0 R

51 31§

AT N ETE SRS T R A BEYR, b R AR A2 2 < 1 HE T80 A B
B0, kARG G . BL O AREAETS B BT A S 2 v G H ™
JE A NS A A T () AR 22 4 el vh 21 2100 A4t 5125 RUAEIKR 8
2 60ng g (Fowler et al., 1999). RAABEMINHEIREMIM LK BRIEDI P &,
2 SR 35 4 e

WY TR B 45— A A MRE OBSHAEBRHE, AR RGE P
H5 FHARL A €8 5 ELW BABE A5 2R I HS AR UL e 5 (R AEL 420 2 1 ( Walker, 1992; Chapin,
1993; Noble and Gitay, 1996). RIEHYHE A [ E 2 I RR B & $ ks
53 AT BL S e [ R A AN AR [ A . iRA AR Sk Ae, SO LUK AE 7 A
C3 HHM C4 WY ARDIRES MY i T OB S BAEPR ERAN], SO
X SR U P RE s W K 28 S o RV RAEUBUR M E S M D RE AL & A R
WEAEW, H2 TRHEY) R AT B m 0 AU 443 32 TR 22 SE5R 1)k
(Fuhrer et al., 2005). H Fi £k E FE A2 A SR AU IR IS BT — U AR,
EE B )AL T BRI AR A KT 8 DL AP () R 5 A S 1)
A2 (Bassin et al., 2004; Bungener et al., 1999a,b; Franzaring et al., 2000;
Nebel and Fuhrer, 1994). 4 KESLIEY, BAR SRS SEHEAD RS
AR RO Uy, FAEAC 2 B B B AL B B BN R R R S
(Reich and Amundson, 1985; Reich, 1987). C3 Fl C4 R IR T AN [H] (A5 414
PRI A e R Dl g DL AGE N e E#ASAH A (Ward et al., 1999; Nayyar, 2003). 5
C3 HWAMLL, C4 W —BAABNR I T, PR REIRE T =, C4
T RELL C3 MAMIMIBTIER . AWIURMIEK, 5 C4 MW 52 3 1
AR ARLL IS 2 C3 M KT /M. ML (Rudorffet al., 1996).

Prel b o JH AR 40 A kg i T R A R B AT R ) AR RORR A b L I
BRI o3 2 A PR A ORI A il G A T T R A T LR . O
LS P S e BAR sy, IAURR, & —REE S bl . b T
SELF R N0 v B2 ) SRR, G SR oS SR A UM 2R I AR ) R ] T b
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et HARMYMREZ, JBERS . RIHIRATA B 1k 2 5 R A%
PEAHSC I Dy RE AR 43 07 2, A A W A R A7) SR A R R AR I o ASHIF 9T B Y
WL =M R D) RE AL I AR g AR SR CE%E, Medicago Sativa).
C4 %) (&5, Sorghum bicolor X S. Sudanense). C3 #4#) (H#4K, Poa
annua) . HE & P OL RS, AT RN B AR sk s m PR R R
(Sorghum bicolor) 575 J}#E (Sorghum sudanense) A2 [ — i i —4E R A
BE C4 #4), RAREHAEDRE G, 2007); 120K 2 — R W)
FERL MR ET AR Es A, JeA 1T SR A U T C3 R A A
RA C4 M= FHR, 1T C4 MW PHRON B Pt s T C3 M) 3 R .

ARSEE W H S D TR =M R Dl i 20 FEARE AT e B S AR T Uk Ik
ZESts 2D FEUR BB 22 S () A B AR A SE L A B S T RE AR 43 SR I
KFs 3) TR N il AU ALY, AR SRl S LR iR T =

5.2 R 57*%

5.2.1 SLIG#F R

AT T AR EL A O A HBOR (Poa annua). =it 5E (Sorghum
bicolor X S.Sudanense). %% (Medicago Sativa) 1. SRJGHIHIEREE
£ 10em [ PVC &, BEFUR AR Y. Ll 1: 3. 6 MILBIdTRSG .
REFP A G, REPAEE R AZE /NI 10 ZEAE N S kL. 7R SER0 AT
R TR R o PN T AL, 3 G T3 53 7 BRI ZK 43 i

5.2.2 LIt

ARSI A E R BT R () 4 4~ OTC (EAZ 1.8m. fH 2.4m)
g T, 2007 4F 7 H 10 H, 4> OTC LRI EERIEY) 6 %5, N —AME
W AEE NI, BT OTC R 7 NTEVER 1L 8 )5 I S (CF, < Sng g™ 03).
WENIALE R G (2007 47 A 17 HD, A RLELEE OTC F17EAN 70 £ Sng g
FERM 09:00 FFERALEE A 16:00 £55, FLARRE 31 K, [FINPIASXHE OTC 7548
FENIEEBELIE R MA(< 5 ng g Os)e HARSLARIHUTIEN 2.2.2.
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S AT L Y R
523 MR RN E

FI#EE Walz 274771 GFS3000 Ya& i ellE RS, fE4bH 23 K5
(2007 #£ 8 F 9 H) ME wfrsc R T B SRR e . BRI AE X6} FECRN Ak
PEA A3 AR 6 MRRIEAT I e o HARI 2 7k L 2.3.1.1,

524 MR FRZERXRASENE

FI#EE Walz 28745771 GFS3000 Ya& i ellE RS, fE4bH 23 K5
(2007 %£ 8 F 9 H) ME wprsc eI F R4 R S5, BEMREE X}
FEFIALFE P 2 R IR 6 MRSRHEATIN S E o HARI 2 v I, 2.3.2,

525 Y= R EFNHE

FEALEE 31 KJ5 (2007 4F 8 A 17 H) HHATHIMIFIBEIR SR,  Ab PRI}
AN 6 RRFEDIBEATINSE o D5 W) FAE W) B e 25N 28 B 10 B
HAKT7:5 0, 2.3.3,

5.2.6 #iES

ARSI T 2 AN, BN R 2 AN, BEANNREERTEYIA 6t 3
WM R SAS #AF: (SAS Institute, Inc., Cary, NC, USA)H ) — M2 ME A
(General Linear Models) o 4b BRI A AZ N I8 i — M e MBI (1) — o0 7 2
AT EIWT, R REAS R AL BE 2 1A) 22 Sl k. 95% BAR KPR B i) W 2 E
(LSDgos) KW

5.3.1 SRR

BT A 1SR AS e 2 B W 835 52 ) 4 PR 5 R 10 A8 B RGN 1K) 5
(P<0.0001) (& 5-1), REAAELT, mPFERUE T 6 A T 20 25 PR,
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BEARARIE 7300k 49.7 %A1 65.0 %, 1M FL 2K GG 3 AR AL BN R IR AT
WEER (K 5-D. ARMEYRKAS TR RELIET RNVAAME: EFE K
SALFERIRFR R R K (2747 %), m PR IR E RIS (-63.7 %), 2RI
HLUBRAE LA B N AAL R R RMA B RR (225 %) (R 5-1). Z&MEH A
AR AL ERRL: PR 28 I dOR BRCRE E R (-60.9 %), HT&EIRZ
(-43.4 %), HEORINZENEHRRAT D R (21.8 %) (& 5-1. A4
] CO, M BEKE, HAE MR BRI C; AE R AL BN 825 T i v P B 2 PRI
(24.5%) (£ 5-1),

532 HFERNSHE

SR MBI FAE Fo/Fns @psy A1 ETR _FAFAE BEARL TN (R 5-2),
SUEALFER, HAEM Fy/Fos ®psn A1 ETR 28 FAA%,  BRACFEEE 20514 28.8 %.
48.0 %+ 48.0 % (F 5-2). wfFH Fv/Fm fHAE LA AL BER B2 B%, 1H 2 Dpsy
FTETR fEACE 2 W& BE 2R (K 5-2). RARLEAFLEE T Fy/Fns Opsi
Al ETR #EABELZN (R 5-2), SLAMIEEZE R T =MEAREDN g
(P=0.0002), [AJIGEEHINT qu(P=0.0174) A1 NPQ (P=0.0139) [¥J{H .

533 &Y= ENHE

My B E A A . MR EE A A W N A e 3 3 S B b FERD ) AS
RS REI (3 5-3)0 SLAEUCFER, P RNUE A (3 B A 0 2 PRAIG,  FRAIG
PR30 43.8 % H136.4 %, HUARAEANFACE T EAYEAENA R (K
5-3) R AR EAR AT R ARARL: P BRI A R AR A PRI,
HE PR (-81.7 %) i I PHR I PR E (-51.1 %), FLAKEIZZ A
B (3R 5-3)0 i PHRERIE A 1) R AR A AL BN B R, T ROR R
BEAA . HAEEYBRURFLE (512%) HT P (41.8%). RAMPE
FREAR T =M R L (P=0.0247).
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Table 5-1. Effects of O3 on net photosynthetic rate (Py), transpiration rate (E), stomatal conductance (g;), intercellular CO, concentration (C;), ambient CO,
concentration (C,) of Sorghum bicolor X S. Sudanense, Medicago Sativa, and Poa annua after 23 days exposure. % (+/-) indicated percent
changes in Os-exposed (O;) relative to control (CF) plants, (O3-CF)/CF. Data presented are means of 4 plants. LSD os, least significant difference at 0=0.05.
Asterisks denote significant difference between Os-treated and control plant * <0.05, ** <0.01, *** <0.001.

Species Treatment Px E g5 G C,
(umol m 257" (umol mmol™) (mmol m s (umol mol™) (umol mol™)
Sorghum bicolor X S. Sudanense CK 15.22 1.95 143.04 232.41 405.28
03 7.65 0.76 51.94 175.45 411.88
Yo(+/-) -49.74%** -60.87%** -63.69%** =24 51%** 1.63%**
LSDy 05 0.14 0.05 3.83 491 0.09
Medicago Sativa CK 13.97 4.73 840.81 346.46 375.55
03 4.89 2.68 213.17 370.77 414.85
%(+/-) -65.01%** -43.39%** -74.65%** 7.02%** 10.46%**
LSDy 05 0.42 0.23 18.66 6.60 0.33
Poa annua CK 10.20 5.68 434.35 372.72 417.45
03 10.10 6.92 531.91 397.08 435.19
%(+-) -0.90 21.80%** 22.46%** 6.54%** 4.25%%*
LSDy 05 0.20 0.25 20.46 1.80 0.32
Species <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Treatment <0.0001 <0.0001 <0.0001 0.0361 <0.0001
Species*Treatment <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

43



Hh R R ot S 1 S JUR e MR T S A e 10 A B AR 2 i o

R 52, SURAL BN =R AR GRTR. EAE . B3R MR RTINS EL (Fo/Fo, WRS R IOCRR s Dpsy, JERGE T HYSE R & 1740
ETR, WL AR qp, HFRHKREG qn, ADEHFKREG NPQ, ARJLib 2 EK) 5N .

Table 5-2. Effects of Oz on chlorophyll fluorescence parameters (F,/Fp, ®psi, ETR, gp, qn, and NPQ) of Sorghum bicolor X S. Sudanense, Poa
annua, and Medicago Sativa after 23 days exposure. % (+/-) indicated percent changes in O3-exposed (Os) relative to control (CF) plants, (O3-CF)/CF.
Data presented are means of 4 plants. LSDy s, least significant difference at a=0.05. Asterisks denote significant difference between O;-treated and control
plant * <0.05, ** <0.01, *** <0.001.

Species Treatment F/Fn Dpgyy ETR qp qN NPQ
Sorghum bicolor X S. Sudanense CK 0.760 0.264 33.228 0.508 0.763 1.675
03 0.738 0.249 31.362 0.543 0.782 1.647
%(+/-) -2.956* -5.549 -5.616 6.974 2.515 -1.632
LSDy s 0.017 0.038 4.799 0.053 0.047 0.378
Medicago Sativa CK 0.798 0.565 71.250 0.778 0.389 0.470
03 0.568 0.294 37.027 0.739 0.677 0.852
%(+/-) -28.823* -48.032%** -48.032%** -5.083 74.075 81.328
LSDy 05 0.178 0.032 3.935 0.095 0.293 0.788
Poa annua CK 0.749 0.468 59.018 0.768 0.584 0.934
03 0.750 0.389 49.034 0.716 0.738 1.608
%(+/-) 0.115 -16.891 -16.918 -6.682 26.183 72.274
LSDy 05 0.046 0.230 28.982 0.267 0.533 2.276
Species 0.0139 0.0003 0.0003 0.0002 0.0174 0.0139
Treatment 0.0011 0.0005 0.0005 0.4401 0.0176 0.1190
Species*Treatment 0.0011 0.0029 0.0030 0.3011 0.1462 0.3744
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X 5-3.0 RAEANEEN =R R AREY) (EMFEL BAE. REUR) B ER RAI/BL(Shoot dry weight, Z5T-H; Root dry weight, #RT-#; Biomass, £
YriE; Root/Shoot, MRjet k) MM .

Table 5-3. Effects of O; on Shoot dry weight, Root dry weight, Biomass, Root/Shoot of Poa annua, Sorghum bicolor X S. Sudanense, and
Medicago Sativa after 23 days exposure. % (+/-) indicated percent changes in O3-exposed (O3) relative to control (CF) plants, (O3-CF)/CF. Data presented
are means of 4 plants. LSDy ¢s, least significant difference at a=0.05. Asterisks denote significant difference between Os-treated and control plant * <0.05, **
<0.01, *** <0.001.

Species Treatment Shoot dry weight Root dry weight Biomass Root/Shoot
Sorghum bicolor X S. Sudanense CK 0.755 0.440 1.195 0.584
03 0.480 0.215 0.695 0.448
Yo(+/-) -36.424** -51.136%* -41.841%* -23.352
LSDy 05 0.078 0.177 0.138 0.282
Medicago Sativa CK 0.215 0.092 0.307 0.428
03 0.121 0.017 0.138 0.138
%(+/-) -43.838** -81.675%* -55.156** -67.801
LSDy s 0.035 0.067 0.067 0.350
Poa annua CK 0.116 0.049 0.165 0.418
03 0.121 0.034 0.155 0.281
%(+/-) 4.650 -30.656 -5.876 -32.924
LSDy s 0.034 0.070 0.104 0.486
Species <.0001 <.0001 <.0001 0.0247
Treatment <.0001 0.0005 <.0001 0.0105
Species*Treatment <.0001 0.0040 <.0001 0.4239
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5.4 i1ig

SRR SARAS R B AR W Yy AR o C4 RE) i PN S R
PIEREAE A A H S oL SR B R WRNRRREKE, mfF R3] 5
SRR NTHAE o T C3 AEA R RN i B BT AU (36 5-1) 0 RAT5 3
NEOCEEF AL, AR AR TSRS, ROR ORI 1/
B I PR DL S HL A% 3 7 o (Calatayud and Barreno, 2001; Dann and Pell, 1989;
Farage and Long, 1995; Hill and Littlefield, 1969 ; Grantz and Vu, 2009). =5 F
FAE AL R 2 R AR AR S o A R — 2, VRO B AR PRI
AN AL SR RS, H2EETE AR CO, WA . XUll], RAEH
1 06 o VE IR A A AL BRI T 2 808, Mt i el R 2 T B3,
AR e IGEEHIEE Rubisco MINEPEZ R T . CA MY f TR, 7ER
AR T HOUSAEH AL SIS G, e ) COp IRFERN B FEAL, B
T AR R AR AT W] g2 AL IS T 3 5.

SRR SRADG & AR B AR A N A AR RO . AR
SECGRHEEE A T O], T HSEOCE RIS D RS I L
R FERRAC (R 5-2)0 XU A8 A0 sk LA T 06 & f 1A% 36 52 3158 ik 1T B
R T EbEER. W2 R AGEMRE L BN, AR, s kA
TOGAME, AE RO 2 R G T AL IS IR A 2 B B 5 . IR LA
YN, C3 MR AREA B BER L. WER EE, RELEN 1Ak
AAHE R, Ut B = PR AE AR T R BE 0 48 s T G A 2 K B A

X AL BT, DT RIAKEE, =My Ay B R 222U 8
(X 5-3). mFHERAEY SR RE, HAERZ, MR RARKAED AT B
Oy AR O A A S A R B XU, SRR A X AR
KRy m, FAREBAS, HRENTMEZE,. RALHET, s AdyER
S 3 T W, Foh i F AR AR 36.4 %, U ER o AR IR 51,1
Y, Tk £ LS D 41.8 %0 3Kt T 2E W A R K ME— RS G A Bk 7]
e, HOLE RN R A FEEYER R il R A AL B 5 T
HAER YR, SXAa, o B A, MM E B E R A Y =
)R EBRAR, BRARRERE 00 43.8 %, 81.6 % F1 55.2 %. C3 HYHRKSHTH
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YA, ik B R AR 2T A A B R . Bk BE, S
ALPR A 2 BRI T =R AR LY (P=0.0247), i B =P 1) R4 Y e 52
B SN E > 1 ) MR A0, AT R 23 B ZE A SR AME DG B I i
R, TEAEVFZAHPIAE LT IS MY SN o

Lia MR AL P AR S H M= PO S H L SR
A EC AR, Ak, SRMED N A UK i =, C3 FHA) 2
REAK, 1 C4 FHYE P T WE 0. SRV B4R HAT B R U2k,
XS AN S —2), A — 22 F o 45 BOE AT (Fuhrer et al.,
2005). C4 tHY) e BURYE R T C3 AR, X5 RATZ /i AR AT I,
5 HoAh— 282238 X C4 FHY) IR 45 RA— 3 (Winner et al., 1989; Volin et al.,
1998). {HIEMA —LLmF5TR I, C4 FEPXS AU, WH FEF yellow nutsedge
(Grantz and Shrestha, 2006; Shrestha and Grantz, 2005; Grantz and Vu, 2009). FE4/
XS BUBEAMN 5 AL AR, SN PTEALEE 1. A A K IE R
LR HABIAET 414756 (Bassin et al., 2007). C4 AH ) P11 A KT %5z iz vy
T C3IMYRAR, I BB R AT Geimt A RRAKRR, R G R
A=y AR B (1) PRI P 1) 2 2 vy T L oK, DRI B AR B A UK

5.5 &5

PR AR R AT R U ZE R B . E A AR g
RIOCSHN LY R SR S R T AR B K, =l S AR e Bk
(K1 BTG, FRARIFOCGHRARAT AR, FOG N5 52 2 25 1520,
B A RN BBAT W AR, R SR AR D I R R s SRS
BT ERAR, A R RN NI SRR, B AT BOR
AR A A A LA S BRI AR, S B EER L JGR N B A a
SR T BRI o

SLEAURAE S F 2 VR IZ 10, mn S RERL R o A BOE Il i — el 2R
AL PERORZEAT - DRI AN RE AN S L T fi 7R Jem PR ) B Lo B 4 15 UK,
IR A% E5 5 2 R LD RE R 22 00), AR AR DL R AR S W [N 1o 5 FCA 2% AR AR DX
P — 5T It o Ty i 25 S WU P T e — b EE RO B 22 5. DR LA [l
MRERAL SR IERE - BRATI A% 55 5 25 RSl R i SL AR M IR =%, A g
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SENAER R AN R ) SR AU, BT SRR . WA TURE
LKL — il A AE SRS G B DR R, T B S AN — DB IE ik
CE




S TR Sy L

EARE BRAEYIREISFE00 R

6.1315

X 2 LA — R B AR Y. e A BAE RO B A
(NO) FHERMEATHI (VOCs) FEIE I~ AL e W 2B ik (Fowler et al., 1998,
Placet et al., 2000 . #i 4 IPCC HFR 7, A tH F it 2 B4R BEAE B AR 19 I (TPCC,
20010 ST RANTHAGFH NKK SRR, RN s e KR T
% T A A (Lippmann, 1989, Fagnano et al., 2009). CVZ8 5 K e iEHE R,
SRR BT s A I 0 R = B AR R UL & FAR AR R G 7 A ™
53 (Adams et al., 1989; Fuhrer et al., 1997; Ashmore, 2005).

VEARRG Y, WA FEE L f LR A& N (Runeckles,
1992), HT AR FEMEY AL F L FFE (Reich and Lassoie, 1984), Rubisco
S E Al (B IETERIFEE (Pell et al., 1997; Reichenauer and Goodman, 2001),
HETAE ARG R, RIS, B TERE AR B S AR RS R R,
SN T ITIGHE R (Amthor, 1988, Biswas et al., 2008b). K1) 45 5 i 5L
T HEIERK, BET/EY %= (Grimm and Fuhrer, 1989). REHFL KT
AN R X B4R Wi 3 ()4 38 Ce.g. Burkey et al., 2000; Calvo et al., 2007; He
et al., 2007; Feng et al., 2007; Feng et al., 2008; Imai et al., 2008), {H &% 4%t R
B Y WA ST /D (Biswas et al., 2008a) .

AN TR ) b 208 R [R] — REL A AN [R) b Pfoi SL AR I B3O ME AN [R] (Paoletti et al.,
2009), SEEEP)GE, IXAPBUSPEE T USRI . BUABFIURIR, N B U
BRI MR B M AEAT A B S AL B AR s e DL P 4 Ak g
F#AK (Biswas et al., 2008b). Heta il i e B LB RHE, &R IN &
MR, B AL RS, s DL BT RE 35 AR B R . X e MR
A BRREME M S s R ot RAR UK . AR B, AR InfE AT S 8
MR 2, i RGO, Ot S By SN, Jua R EE ) 3G N

(Warner et al., 1987; Aranda et al., 1997; Xiong et al., 2006). IXYEFE AR HAL
W2 BN IR EEE MY R 1 190, He ikt T 54918 (Pustovoitova et al., 1996; Al
Hakimi et al., 1998; Xiong et al., 2006) FIFHE FIHTIERE N (Chinnusamy and

49



Hh R R ot S 1 S JURH R MR T A e 10 A B AR 2 i o

Khanna-Chopra, 2003). 2 HAA 1, ¢TGN AE 52 M FE YT 5L A U= 11
WIEIEH Do FA MR A OARINAT G IN T M)A RS G ibutt . BT
LRSI AR COy ¥IRIMLEE ST, 1 [FIALRE ) I3 st 2 19 n i 25
AU IR g UL 41 B %8 (Dizengremel et al., 2008).

FEAKEY) 2 ARG T ) — AN E A GRSy, KEEREENAESR. &
% (Lonicera japonica Thunb.) & —FIARBUEAY), &M TIRIEERIHERTE,
eG4  CA&H —T 24 ML (Lietal, 2003; Chen et al., 2005). H
T HME LS FNE, DR 2 AR, Rl retE, 3R
JH AR K (Leatherman, 1955; Chai et al., 2005). 24 T ¥ /& 25 F AN [l Z 1 3 1R 2K,
A EE M AMAAGR S A4 CRBIE ) HRHIUMGSAMM CILFE—
57) (Tanetal., 2005), F& 7 G0 7R ™ &, PURS A0 PR PM a1 an = 54 Bhie
R E BRI I T (Li, 2007; Li et al., 2009). A4, Fetatihnfs 3250
JE AR A= 3 AR o A [ 84 o 2 A0 SR 4 vs e (R PR g 2

PRI, ASSEE ) H g (1) PRI O ] 5088 20 4000 B4 IR A 3
S5 (2) o BN R RS 1 A R U E 2= S W AE L

6.2 SKEHMBIEHZE

6.2.1 {E#H

MALZRA EIUTAIAR AR AT R 2 78R3 AN A m B, < KBAE (A5 140
A IFE—S (UG O TR A KIS, 8 2 Ba Tt %H
TEH RO —FLLE, RS RIEE 40 ZhfRE, AEK B4R T HAe
35cm WA, HEFUE HIEAT Peiik BEl EALARRR 1 30 6 RIEATIR G o AEREASK
Kb Ferh, AR FFRIEN TR, E TR 3 B RN S R A

6.2.2 LIt

SIS AE R B A YA 5T it = ) DU T [RI46AE (Open top chamber,
OTC) "k T, OTC HiA& . 2.1. 2007 =4 H 1 H, AR Z AR
£ OTC 1, > OTC HE AN WHMIUE. KRG, iEMPAE OTC FidEN—.
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WA, BT AR R B AT R RIS AP (CF, <5ngg' 03 &M
JG, WA~ OTC HFEA O, FFRFRHKEL 70+ 5ng g, J5I4MFA OTC P8R 7T
NI IR T I ) 2 ASAE R R (CFD o BN KB RE N 31 K, &R 09:00 TF
453 16:00 45 . SRAGER SR UE SR AR, il CF-KG1 B RAK
RSB, AR R I 2R AOME AL B OTC e A7 TR e S22 1 SL AR
JE il i B 7 T (Model 205, 2B Technologies Inc., Boulder, Colorado, USA) kK
HEAT R

6.2.3 SRR E

I AAEAL S 2 15 RANE 24 K, R AURAS M=o 6l E 248 (GFS3000,
Heinz Walz, Effeltrich, Germany) il 2 BT 56 4% & JF i A (P Bk N S AR AS #e . b2
FORE HE A ABEAS it M A Lde X = R A A DA ) o 5 77 00 2.3.1. 1.

FEALBR S 55 20 R, DEARACH AR . E VAL 2.3.1.2. AEBEATRT
HRAREAS AT BEAT L B = ARAE PR A AT RL,  SRAGHIE I R 1005 T3 2 () AL
FIE(gs)o

REBE S5 27 K E G -CO, WM e . WE T ES [ 2.3.1.3. B4 I
B A i Y. i 28 480 4 4 Photosynthesis Assistant (Dundee Scientific, Dundee,
UK) 3RTFAHICHIZ 4.

6.2.4 MFEERAESENE

I AAEAL S 5 15 RANE 24 K, FIH SRS M= 6l E 2 48 (GFS3000,
Heinz Walz, Effeltrich, Germany) & #1155 &I R I 4R8OS H . A
PRI F 12 2.3.2,

6.2.5 ¥R

ARSI AL 2 AN, BEANEEE 2 AN, BEANSANCBREAS SRR 4 BRAED) .
BT K SAS B4 (SAS Institute, Inc., Cary, NC, USA)H [ — 2k P AR 7Y
(General Linear Models) o [A]— gt Ffi AN [7] Ab B[R] AR AZ e f 2% 2 9O S 400 5+
M 7877 2554t (ANOVA) BEAT, 24 P<0.05 LN 225 W2 o ALBLNIG ) A2 1.
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RN T R AR T () o 5 ZE o A B o R Y th Ze S Hek v, T
ICJT ZE Gy AR W AL BRI i M TR AS AN, [R] i R AN [R] AL B TR 2
W 95%EARK- T /N BE Z AW, MG AR (Py) 53R
(go) HEATLAMERIAHT, FFH Sigmaplot 8.0 (Aspire Software Intl., Ashburn, VA,
USA) #ATUL L IER .

6.3.1 SR

FAAMTE 14 K (AOT40,2940 ng g' h) Jio, {F6aE (Py) ZEHE (E)
FSILTIE (g) BWEZEFE (KB 6-1, K 6-1). ARIM4NIER CO, #KJE 5 AN IR EE
CO, WJE M ELAEAE SLAAAE B S5 0 B2 R IR 3 22 (R 6-1). Bl
(Pn), 4HMIE] CO, WS 5 A FL 8T COL IR FE M LUAEAE A 2 R B 2 (K
3-1), SR, AFESFRZEBEEMSTIALZEEZRE o R, WEGRALTL
R AL BB RS ILFERZESEE R (K 6-1).

FAAMETE 23 K (AOT40, 4830 ng g h) Ji, 2B R TN SL G BE 1452 2 A 3
5 R A BN R (] 6-1, % 6-1)0 DURHA L AAE RLAMBER, 2R
(P=0.002) FI'SLFE (P=0.002) &35 FFAK, (H2& AR AL SR 2 I
AR AW . R RS T oA, HEn 7 4iEm Co,
JE 5 AMNEIREE CO B IILUAE (R 6-1)0 R SRS AL WP Z R A RE, H
SEAN TR AT SRS YA N AN ] MRS LR 1 A R 52 B A Ry
PAZ BN 20 (P=0.086) (3R 6-1). VUM EA R G R FRFERE (-62
%) Ak (49 %) K, RIS USRI Z&EE SR (41 %) FISSLFIE (-46%)
[ FRARRE Bt T =A%k (B 6-1).
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B 6-1. AFARFID AR 2 AAE BLAA AL FE 14 K (AOTyp, 2940 ng g h) 123 K (AOTy, 4830
ng g'h) &, XBEEEOCEHEER (Py), (a),EBEE (B), b), ILFE (), (c), Ml CO,
AN COLIRFELL (CY/Cy), (AL

Fig.6-1. Effects of O on instantaneous net photosynthetic rate (Py), (a), transpiration rate (E), (b),
stomatal conductance (gs), (c) and ratio of intercellular CO, to ambient CO, concentration (Ci/C,),
(d) of diploid and tetraploid honeysuckle after 14 d (AOTyy, 2940 ng g'1 h) and 23 d treatment
(AOTy, 4830 ng g'] h), respectively. Error bars show SE, n = 3. Letters are comparable within
treatments in each cultivar. Values with different letters are significantly different (/<0.05)
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% 6-1. 14 K (AOTy, 2940 ng g h) 123 K (AOTy, 4830 ng g h) [ SLAMEFLS, SLAANEE, Al AT H AR A SARAS B HL (P, A
Ky BEIEHAR; g, RILTIE; C/C, MIH COy WREREFE COy iRELLAE) M4 RIS E (F,, F/Ne)s Fon, KPEG;  Fo/Fp, WG
RGN B KA ERR,; Opsy, JERGE AL ESEBR 7774, ETR, YoM TEISIER, o, WK REG NPQ, AR K 250
iops Al

Table 6-1. Effects of treatment, cultivar and their interactions on gas exchange parameters (Py, net photosynthetic rate; E, transpiration rate; g, stomatal
conductance; C;/C,, the ratio of intercellular CO, to ambient CO, concentration) and chlorophyll fluorescence parameters (F,, the minimum fluorescence; F,,
the maximum fluorescence; F,/F, the maximum efficiency of PS II photochemistry in the dark-adapted state; ®pgyy, the actual quantum yield of PSII

photochemistry; ETR, electron transport rate; gp, photochemical quenching coefficient; NPQ, the non-photochemical quenching) after14 d (AOT4o, 2940 ng
g'1 h) and 23 d treatment (AOT4, 4830 ng g'1 h), respectively. The values in the table are the P values of the two-way ANOVA test.

Py E g c/C, F, Fun Fy/F Dpsy ETR QP NPQ
AOTy Treatment 0.005 <0001  0.001 0267  0.020 0.011 0.577 0.341 0.340 0.144 0.031
(2940) Cultivar 0.240 0.005 0.005 0381  0.494 0.472 0.830 0.894 0.893 0.874 0.521

Treatmentx Cultivar 0.847 0.933 0.180 0822  0.863 0.736 0.992 0.217 0.218 0.346 0.078
AOTy, Treatment <0.001  0.007 0.007 0.009 <0.001  0.069  <0.001 0.005 0.005 0.030 0.015
(4830) Cultivar 0.978 0.640 0.534 0.805  0.304 0.281 0.023 0.814 0.809 0.599 0.538

Treatmentx Cultivar 0.086 0.029 0.028 0.184  0.979 0.265 0.104 0.107 0.106 0.430 0.107
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HE-CO, M W i1 26 24052 B AL HE 5§ PP A8 BN 520 (3R 6-2) DUAE AT
CO, MR [ e KIF A IR (Prsats -83 %), Rubisco BEFRAL S W IR e KT A4
TR (Vemae =77 %) FIE K TAEE (Jnax -78 %) FERAMEL R &
fi%, 2RI, AAARMIXEESHOFRAT 2 B AR T R g . B 2 PRI
TERWE (CE) (P=0.041), {HIEA[A] S A AR IFERA W& =0 (R
6-2).

6.3.2 HEEZERHASHE

FAAbTE 14 K (AOT4, 2940 ng g’ h) J&, Fo Al Fy S TFE, 1 NPQ A
WERRE (K 6-2, & 6-1). [AE, Fy/Fun, ®psy, ETR, qp S HOFEGT 85214k

S AL 23 K (AOTao, 4830 ng g h) J&i» Fo, Fu/Fim, @psi, ETR, qp B K2 NPQ
Bz 2 W (K 6-1). A BERIT Fo, MK T Fy/Fm, @ psu, ETR, qp A
NPQ ZZHMl (K 6-2, £ 6-1)0 5 fHKMIARL(-12 Y%)MILL, DPUfEIA dpsy
PRARFE EEBER(-30 %), J34h, ETR A1 qp FEARFESERCN, 7001070: 30 % F1 25 %.
5 AR NPQ 324 (-4 %) MHLEL, DUf5AE NPQ FRIRFEEERUR(-25 %), 34t
Fu/Fm F1 Fry 730 B T 9 % F1 10 % (& 6-2),
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% 6-2. SLAMLHE 26 d (AOTyp, 5460 ng g h) Jaxt 5k (KE) MIURHE LFE—5) Jb
Fr-COL W ML S G (Prar, A COLWRIE NI FALIE A Vomay, WA T Rubisco
KIBWIER . T, BAICH R PAHIER; CE, RALF

Table 6-2. Effects of O3 on Pn-C; curve parameters (P, the steady-state rate of net assimilation

under saturating CO,; Vmax, the maximum in vivo rate of Rubisco carboxylation; Jy.y, the
maximal photosynthetic electron transport rate; CE, carboxylation efficiency) of diploid
(Daomaohua) and tetraploid (Jiufengyihao) honeysuckle after 26 d (AOT4, 5460 ng g h)
treatment. % (+/-) indicated percent changes in Os-exposed (O3) relative to control (CF) plants,
(O5-CF)/CF. Data presented are means of 4 plants. LSDy s, least significant difference at a=0.05.
Asterisks denote significant difference between O;-treated and control plant * <0.05, ** <0.01,
*F% <0.001.

Cultivar Treatment Psat V emax Jimax CE
(umol m2s™) (umol m'zs‘l) (umol m'zs‘l) (mol m2s™)
Diploid CF 21.17 13.35 56.65 0.029
O; 17.95 10.60 41.05 0.020
Yo (+/-) -15.21 -20.60 -27.54 -30.81
LSDy 05 3.58 4.44 18.84 0.015
Tetraploid CF 34.30 17.50 68.95 0.035
(0 5.76 3.96 15.40 0.009
Yo(+/-) -83.22%** -77.37* -77.67* -73.10
LSDy 5 2.17 13.42 48.41 0.048
Treatment 0.031 0.008 0.005 0.041
Cultivar 0.655 0.491 0.331 0.717
Treatment x Cultivar 0.017 0.030 0.035 0.222
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K 6-2. RAALEE 14 K (AOTy, 2940 ng g h) F123 K (AOTy, 4830 ng g h) J&, —fFAA
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NPQ, ()] 22tk

Fig. 6-2. Effects of O3 on F,, (a); Fpn, (b) ; Fuo/Fi, (¢) ; @psi, (d) 5 ETR, (e) ; gp, (f) and NPQ, (g) of
diploid (Daomaohua) and tetraploid (Jiufengyihao) honeysuckle after 14 d (AOT4, 2940 ng g'l h)
and 23 d treatment (AOT4, 4830 ng g™ h), respectively. Error bars show SE, n = 3. One-way
analysis of variance (ANOVA) was used to identify differences between treatments in each cultivar.
Letters are comparable within treatments in each cultivar. Values with different letters are
significantly different (/<0.05)
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14

e Diploid r=0.853
12+ o Tetraploid ?=0.724 G

T

S

o
E 0
CLZ 12 ® Diploid ?=0.404
© Tetraploid (?=0.455
10

0 5‘0 1 60 1 éO 260 250 360 350
gs (mmol m'2 3'1)
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Fig. 6-3. The linear regression between net photosynthetic rate (Py) and stomatal conductance (g;)
of diploid and tetraploid honeysuckle in CF (a) and in Oj; (b) after 20 d (AOTjo, 4200 ng g h)
treatment. The solid line means the linear regression of diploid and the long dash line means the
linear regression of tetraploid honeysuckle. The regression equations of diploid in CF and in Os
were y=1.8314+0.0313x and y=0.854+0.0216x, respectively, while the regression equations of
tetraploid in CF and in O; were y=2.149+0.0298x and y=0.685+0.0215%, respectively.
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VISR QA IRE 132 2 A A (Calatayud et al., 1999; Calatayud and Barreno,
2001). LA ESREE], AR RT3 OGS /E IR IE A R RS
TRINGE ) AR 2 I8 5 IR TAE B A 8 (Nie et al., 1993; Farage
and Long, 1999). PURSAALE BTG ST Opsy, ETR M1 qp FRAGHREEI HE 544K
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