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Response of gas exchange of rape to ozone concentration and exposure regimes

FENG Zhao-Zhong' , WANG Xiao-Ke'" , ZHENG Qi-Wei' , FENG Zong-Wei', XIE Ju-Qing’, CHEN Zhan (1. State Key
Lab of System Ecology, Research Center for Eco- Envir ! Sci s Chinese Academy of Sci + Beijing 100085, China s 2. Northwestern Sci- Tech University
of Agriculture and Forestry , Yangling 712100, China) . Acta Ecologica Sinica ,2006,26(3) :823 ~ 829,

Abstract : Ozone is the most important phytotoxic gaseous pollutant in many parts of the world. The study reported was conducted
to elucidate the response of gas exchange characteristics of rape ( Brassica napus L.) to different O concentrations, and fumigation
regimes under equal ozone dose at a site on the Yangtze River Delta, China. Rape seeds were germinated in seedbeds on 20
October, 2004 . The seedlings were directly transplanted into twelve 2m x 2m plots on 18 November 2004 . After it became warm
and the rape turned green, twelve open top chambers (OTCs) were erected on 21 March 2005(the chamber was octagon, 2.2 m
high and 2 m in diameter) , where the plants were exposed to Oy from 23 March 2005. Over the course of the fumigation, three
OTCs were ventilated continuously (8h d~') with passing air through activated charcoal filter (CF, O, range: 5~ 15 nl-L™"),
three received 50 nl*L~! 0,(50, O, range: 45 ~ 55 nl* L™') and three received-100 nl* L~} 0, (100, O, range: 90 ~ 110
nl*L™!), which were ventilated continuously (8h d~') with constant 05 concentration, respectively. The other three were
exposed to another O; regime (9:00~11:00: 50 nl-L-! , 11:00~13:00: 100 nl-1°! , 13:00 ~ 15:00; 200 nl-L-', 15:00 ~
17:00; 50 nl- L7 1), although the exposure dose was the same as the third treatment. The additional ozone was carried out from
9:00 to 17:00 per day, and suspended when it rained. Each treatment was randomly arranged in field. Ozone was generated using
pure compressed air by electric discharge ( ozone generator, QHG-1, Yuyao, China) and mixed with charcoal filtered ambient air
by means of flow controllers linked to a desktop computer, programmed with individual exposure profiles. To guarantee controlled

and reproducible exposure conditions, ozone concentrations were measured continuously within each chamber at plant height on a
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5 min interval by an ozone analyst ( Monitor Labs Inc. ML9810B) .
After 25 days’ exposure to Oy, at the stage of rape anthesis, leaf CO,/H,0 exchange in situ was tracked at 9:30 ~ 10:30

AM on 15 April, 2005. Teaf gas exchénge rates were measured by a portable infra-red gas analyzer (IRGA) ( CIRAS-1, PP
system, UK). Measurements on individual full-dpread flags were repeated 2 times, and for each time 2 leaves were selected, and
for each leaf 2 data were recorded. During the measurements of leaf gas exchange, the relative humidity of the air passing into the
cuvette was maintained at 52.3% +2.1% , and environmental temperatures averaged (26.4 £1.0)C, and the PAR ranged
between 350 and 470pmol* m™?+s™!. Some parameters such as photosynthetic rate ( Pn), transpiration rate ( Tr), stomatal
conductance ( Gs), intercellular CO, concentration ( Ci) and ambient CO, concéntration ( Ca) were recorded automatically.
Water use efficiency ( WUE) and stoma limit value ( Ls) can be calculated by the formula of WUE = Pn/Tr and Ls = 1 - Ci/ Ca,
respéctively . Pn was measured under the different PAR by controlling the light source on the top of cuvette to achieve the response
curve of Pn to PAR. By this curve, some parameters can be calculated, such as apparent quantum yield ( AQY), dark respiration
rate ( Rd), light compensation point ( LCP), light saturated point ( LSP) and photo-saturated photosynthetic rate (P, ). In
addition, Pn was also measured under the different CO, concentrations to achieve the response curve of Pn to CO,. By this
curve, some parameters can be calculated, such as carboxylation efficiency ¢ CE), light respiration rate ( Rp) and CO,
compensation point (I") .

On 17 April, 2005, ratios of dark-adapted variable to maximum chlorophyll a fluorescence ( Fv/Fm, i.e. the optimal
photochemical efficiency of photosystem II) were determined in situ, with a portable fluorometer (PEA, Hansatech, UK) on 5
leaves from field-grown plants in three replicate OTCs per treatment. Measurements were made on the 5th and 8th leaves from the
top of the canopy at 10:00 ~ 11:00. Samples were dark-adapted for 20 min before recording fluorescence induction kinetics (5 s)
using an actinic excitation beam of 400pumol-m™?+s7 !,

The results indicated that there were no significant difference in Pn, Gs, Ci and Ls between ozone concentrations, and higher
ozone concentration (100 nl*L™') decreased Tr and increased WUE in comparison with CF in the constant concentration exposure
way . However, dynamic ozone exposure regime significantly decreased Pn, Gs, Ls and WUE and increased Tr as well relative to
CF . At the dynamic exposure regime, Pn,Rd, Ls and WUE were 17.0% , 16.7% and 36.6% lower than those of 100 nl+L™!
treatment, respectively, and higher than 29.4% Tr was observed despite the same exposure dose. In the constant concentration
exposure regimes, higher ozone concentration (100 nl*L™') markedly decreased the AQY, LSP and P, and increased Rp and
I", bul there was no significant difference in LCP and CE. In the dynamic exposure regime, AQY, LSP, P,. and CE were
11.9% , 48.7% , 21.3% and 10.6% lower than those of CF, respectively. Whereas Rd, LCP, Rp and I" were 7.9%,
22.6%, 99.7% and 78.7% higher than those of CF, respectively. There were significant differences in the parameters such as
Rd, LCP, LSP, P, and CE between O; exposure regimes. The increase of Oy concentration induced significant decreases in :
Fy/Fo and Fy/ Fm of the 8th leaves from the top canapy, but it had no any effect on the Sth full-spread leaves, no matter what N
exposure regimes were imposed. It can be concluded that dynamic ozone exposure regime has greater detrimental effects on the
photosynthesis of rape in spite of equal exposure dose, suggesting that traditional exposure regime (invariable concentration) could

not really reflect the response process of plants to elevated O; concentration.

Key words:ozone; rape; photosynthetic characters; carboxylation efficiency; apparent quantum yield; chlorophyll @ fluorescence
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CBRTAR 0, KE R 0, BRI (EZEMEHET) MM A K38 ME YW, 3 MR, CO, BRI MM
EFT 0, FILEM A A EEKT R BN,

1 #ES5H%
1.1 ABiRHT

FTRMBETHLEEXNTURRGH, OTC-1 AT EAHNGARZ BEHEa s, T EQE TR
REBXRRGRAL ERE. ARA O, HTHRESELEM 0, REBER RS2 FEERITBEHY
BRRURE, HHERHNBEAR O, KENBESE, BEHERRINYIHNBABEIFRLSEN. SEN
O, ¥R 3@ it ML9810B %! O, 73 #7{ (MONITOR,, & E ) # 17 Ml . Ltk 4 P AL, Hop gl 3 R o E B ik
TEE, MEAFERFEBRTARELREN; S - MESTERER WO, EREIFAERN A NEHEK, &
EHFRMT (DFEERTRERHKS(0, EHRS5~15n"L" , L FHR CF).(2)50 nl*L™' (45 ~ 55 nl-L™') .(3)
100 nl*L™' (90 ~ 110 nl*L™"),(4) 100 nl- L' S5 B (LA T FR 100M), B2 S R4 F:9:00 ~ 11:00 3 50
nl-L7"511:00 ~ 13:00 % 100 nl- L' ;13:00 ~ 15:00 ¥ 200 nl*L™';15:00 ~ 17:00 2 50 nl-L"", 0, VAR I B 2 1
WE PLC MEEH RAFHR, E3ME s LBYNBOKE xHRDMER. 8MEENKH 2 mx2 m,3
AEE /DMK EEMR3 mo M3 (Brassica napus L) F (£ 19 5)F 2004 42 10 A 20 B K H#EM,11 A 18 H
BHRBI/DX A, 2005 4F 3 A 23 FHES, W EEMEMEN., BRESHEN 9:00 ~17:00, FHE LB
Ko EHRMBENMEFTHAN HEEHE RS SHER - EKENRAEFERRIRHET.

1.2 W5 54+ 8 ¥ ik |

EZ 0, BR/EH 25 X(2005-04-15) , EEH MR LB, BHRE L TR ELRIFNN F  AXE
PP-Systems 2% A 4= 7= H) CIRAS-1 BIEH A NS IERMERE T 9:30~10:30 7 2 KW E N GHEEK(Pn) K
HFE(T) SARE(C)E, BRENMLENE 2 FWF, 8 iEREE 2 K, B8 MIE#HTH I
(SPSS #X 14 10.0), MEH KK BHEHN(26.421.0)C, KEMMNEEN 52.3% x2.1%, K BEE 350 ~
470pmol m™* s~ KRB (WUE) R Pn 5 Tr ZH(Pn/Tr). SALFR$IME (Ls)#% Berry 1 Bjorkman'™ ffy
FETHE(Ls=1- Ci/Ca). BRI ETIM LED X618, W& T 0r A oA 8 3 X 0 48 57 554 58 9 W 1, 48 3l 1B
Pn-PAR BJWE R R . BT £ AE BT (PAR <300 pmol-m™?+s™" ) 3Rt W A il 4% 1K) 47 88 B 4R R 3 dPn/ dPAR By 3
WE FF=H(AQY), 18 Pn AFATH PAR THAE R XM S (LCP), Pn B KHT ¥ PAR fHAE R AIER (LSP) 18
PAR {9 Z W8 Pn HREVEIR (Rd) . .

FUHME RGERMEE CO, WM, RAMBEE S, WE T H A EEN CO, WEARMEN . AN
8] CO, WEBE(Ci)/NTF 200 pl- L' Pn FI Ci (HAEE, FMELK BT, ELRFE dPn/dC ARLBFE(CE), T
Pn HEBTH Ci B MG CO, WEFMES(T) 0 G EHRTR Pn AT IR (Rp), B TR T MK
WP IR AR /I, BT LAGE AL 3KE O T R R 0 o e

I A AH 5% 2 43 71 ( Hansatech /A 7] ) F 2005 45 4 § 17 H 10:00 ~ 11:00 3 FIXHE E THT LB K
@& s ot R (e ) Fofdl 8 Bt A CF ) BT @ RS B ME , U J M A BUSE B E Y 20min, F M40
BEHEES K,
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2.1 KK O, EAELIWMEN F KEZHRSHNE
SIS AR ROFETIGE ESENTATUREREEER, ATRBER., RAEENADMEE %

RN TYRREHBRAERITEAR. R 1R, IEEHEESN CFLE P X, 100
'L 'BSAEERK, AWERTHMAAE, S 5N CF.50nl L™ # 100 ol L' ALK 78.7% .81.9%
83.0% ,{H&4 LB A MG CO, MEZRAHE, FLR O, WEL R ER T NEX M EH A wy R B EH 7 4 ‘
THREEW,ZWH 0, IEHMSE 7r BK, B 100l L' A EBERTFHR,EAENBETHEERER £
ERBWMEN Tr, 205 CF.100 nl L' 40 B 12.5% M 29.4% , S FHENERRHMEE 0, WEREM,
WIEMH F s R T B ERRA o, WEMBE TN MLEEM.ER, W 100 nl- L' SI5LEEEKT CF, X
% CF #84.8%, SILMFIMLRMBIMEMNEEE HPHSERTHAIM L SHMLEBEREFE, 7 ,
% CFA 100 nl* L' 79.6% 71 83.3% ., &£ | M RE BRI WUE BE O, RENENTMBEA TN b
#ENSERHBEET WUE, HME 5K CF.50,100 nl- L' AL HEAY 66.7% .65.4% 1 63.4% , H % 7 X 3
BEKF,
1 TE O, REFMIET T K k3R S MBI

Table 1 Effects of different O, concentrations(nl-L~!) and exposure regimes on gas exchange parameters of rape

Tei Pn (pmolm™%+s7") Ci (pl'L™") Gs (mol'm~2:s"') Tr (mmol'm™?+s7") Ls WUE (pumol * mmol ™ * )
CF 15.5£0.89 a 229z 12 a 657+ 28 a 3.76+0.32 b 0.29+0.02 a 4.30+£0.17b
50 14.9+0.40 a 20619 b 601 = 21 ab 3.55+0.36 be 0.31+ 0.01a 4.39+ (.58 ab
100 147+1.0a 230+9.3 a 588 + 71 ab 3.27+0.41 ¢ 0.28+0.02 a 4.53+0.35a
100M 12.2+1.1b 240+ 11 a 557+60 b 4.23+0.28a 0.23+0.03 b 2.87+0.19 ¢

* BFPFRRFRERRE 5%KF LZE R B Different letter within the column stands for significant difference (p < 0.05)
2.2 KK O, WRE ATl S i i Y6 me B 2 5 5 i ,;

RIE F 7% (Apparent Quantum Yield, AQY )2 3RMEAH 4 %F 6 HE B F) AR, D6 0R 1f il 28 A ) 4 ) 38 AT 30 P
HEABKET M. 132 T, HE O, WA KRN, AQY S EE 4434, 12 50 1 100 nl- L~ Ab3E 1] R R 7K 7'
HRETLEEEER, 100 al' L' siALEEEMRKT CFM S50 nl-L™", 2050 - EH/ 88.1%F 92.7% ., A,
EMHFECETHEET, BKEN O, BT M M A A, FES R TREMNAEGER, 0, IREH
MANBKZET Pn,iEXfRERFRER(R)EEHBHEN . Rd #2850 nl-L™' .CF.100 nl-L™' M7 R MK, B
LBEERHIBHTEEKRT, HEAFET . HSBXEFAN R EEB THEEREER,

A 5 AL B ) 6 1M 5 (LCP) AR FOG 38 ( LSP) 43 BIHE 20 ~ 34 pmol*m ™2 ™' 1 998 ~ 1953 pmol m™ 2 -s™'J
BN, iS50l L™ '4bH LcP BK,BE® T CF #1100 nl-L™', 7 100 nl-L'SyAES L 100 nl+ L' 4bBEF
38.9%,HERXFBEMHKT. RKE O, HEREMETH A LSP,AMARNET  IBERX I NS EFRKT
EE AR B HBEET, BREMAERERO7]1 pmol o m o5 RSB Pn M AQY BIEWEEZ—,

R O, e fE TR BA T RACH W B AL ERE =L T BERW(R2), P HH O, WEH i
W B &R, 5 CF AL, 100 ol - L' 0 EH P, TH T 9%; Rt 100 - L' B ZEHEBEEMLT 100 '?
nl LA, BRAAELSERRERN I EFARRALA O, WIEMERE IR LB EHER BT, 3
SEATAFHFHmEN R HFEEEEE A EENNERR,

2.3 KK O, HEZEAIT MK K CO, W R 25 A5

HFR 3O, RE O, B BRAZ MBI B AR, EXRRRERMN Co, HMERHME 0, W
BRSNS &M, 5 CFAEH,100 nl- L' AL FRYEPRR G RIE AN T 91.5%, CO, b ST 49.0%,
BEE MR L MBS, 100 nl L' 212540 B A L2024 100 nl- L' AR EEAK 11.2% , T OGP
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Table 2 Comparison of photo-response parameters of rape under different O, concentrations (nl*L~')and exposure regimes

%H HEFH E PR (Rd) R (Lep) HWAB(LSP) BRAGHEE(P,,)
Ttem (AQY) Apparent Dark respiration Light compensation Light saturated Photon-saturated photosynthetic P,/ Rd
quantum yield rate (pmol'm~2+57')  point (umol*m2+s7') point (umol m=2+5~ ") rate (umol*m™2-57})
CF 0.062 a 1.40b 22.5 be 1945 a 26.2 a 18.71 a
50 0.059 ab 2.00 a 34.0a 1953 a 24.0 ab 12.00 b
100 0.058 be 1.16 ¢ 19.9¢ 1434 b 23.8b 20.59 a
100M 0.055 ¢ 1.51 b 27.6 ab 998 ¢ 20.6 ¢ 13.64 b

* BY AR FRRRTE 5% KT LEF B Different letter within the column stands for significant difference ( p < 0.05)

2.4 RO, MEBMAMMENHFHFERASHENER

RE O, W& MBIy AN Lt (8] 5 M) I Fo/ Fo(PSIL K RTEHE) M Fo/ Fm (PSTL Bt K N B F 30 %) ¥
HREER WA BT AL (E 8 i) MERRARR, P 100 nl-L ' HEFH Fol/ Fo # Fo/ Fm 8% {&F CF #1 50
nl-L7 (R 4), FRAER, 100 n L' BSLBBERTHMLE, RHEHRANE T, HSBXATREUE
MR YT PSIL I R DIIE B R B TR

X3 TFE O, REMKEFXBEM A CO, MRS 5%\ X4 FEHO REMMEFTATHRHAHRREXLSUHES
Table 3 Comparison of CO,-response parameters of rape under different Table 4 Comparison of chlorophyll a fluorescence in leaves of rape under

O; concentrations (nl*L™') and exposure regimes different O, concentrations {nl-L™') and exposure regimes
mib¥ME(CE) KR (Rp) CO, #ES () hiif=| 48 (upper leaves) Tz (lower leaves)
It;m Carboxylation efficiency Light respiration rate CO, compensation point Item Fol Fm Ful Fo Fol Fm Fu/ Fo
(mol-mol ') (pmol*m=2+571) (CO, pl*L7 ")
CF 0.820£0.011a 4.58+0.37a 0.838x0.004a 5.18+0.15a
CF 0.142+0.009 a 3.76+0.41 ¢ 33.60x1.87 ¢
50 0.139 + 0.011 ab 6.3720.47 b 45.8123.37 b 50 0.825+0.012a 4.7520.38a 0.840+0.007a 5.25+0.28 a
100 0.143+0.008 a 7.20£0.51 ab 50.06 + 6.24 ab 100 0.823+0.006 2 4.67+0.19a 0.823:0.013b 4.66:0.39 b
100M  0.127£0.006 b 7.5120.328 60.0425.31 a 100M 0.814:0.0102 4.39:0.28a 0.802:0.009 ¢ 4.07+0.25c
* BIPARFRRAE 5% K ¥ 1257 BF Different leter within « BB RAFGRAE 5% KF £ 25 BH Different letter within
the column stands for significant difference ( p < 0.05) the column stands for significant difference (p < 0.05)
3 itig

3.1 REXTHETH SEZHRSEHE W

REBMRENNRENEARENE MU RALIIEABRZRERZERT, RHLEREFIBRAE
ML RRE T CO, AR, AT RS A R (BR BT R RSB R 38 H % BB AE BT o 4k,
HAHRBE TR, RABRHEAAEENESILER, S5 RuBP B4LMRH .RuBP B A RH R LHBER S, L&
EYBENEHEEARERETIENASH TS WS BB IR R 408 WY F Mk &Rl kR,
Farquhar 1 Sharkey'™ A}y , 51 64 B & M B SFL AN 3R SFLFR 40 B R 7T RAAR B I 4 1] CO, MR S ALIR
HEKMEAEAN . REY G 5P BAT AR, HEEHBRD, I E Ls EM AR, A0 UHAN LS ERE
THRIEEZSIBHAH, RZ,WE Pn TR, BIEE G BENFERT , G WH R #BF & ERE, et
Ls TR, XMERXEERTRNEEFREET AABKMESIEE, TARSILTE.

W EAREIR, BT 0, IMEMBETAXMMEMN SR ANER, AR 1L, BRAESKE
MERTRT,0, MEMMIFRSENHFE PG L NBEEMER BHBSESHFATH Pn.6s BEMK
TR, CiARML FTROSTHN, ESKLRMERE—H ARG EENELEZHSSERM
EMANAHEEEMNEERR, ZWARFFHARABENTRE DBIELTEX—R. XEUEHH
FPHRBRME, XFHERTES O, RENRKITRE X, B o, EARFEPH B EB/LME (BB HEIE
BH4R), it H 50 ~ 100 nl*L~ 200 ~ 50 nl*L ' MEIEMS TR, EXHFTET EHYR S RIW 0,, 0, —HFIM
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R4, SN A R R G YL 5T REE U™ ERBR™ , SR YR R — R 4 B A L R R 2 4L,
a0 B M K, T R A RN, RS ST B AR A P T R BOR A R B T4,
H4,100 0 L7 O, UIEERBEERIFRIE P BEETRNAETREERNBAK, REHYES !
AERAEEEZENTXHEFEAENEIKRE 0,. 5 Po ML, R H 0, WE B3 vl LI MEHMEN F 8
HBEE B ANFANERGE D, X FEYRETEMELREN, BE VS EKE Lh ALY
R, ASSEAVBER THYKARER, RETKIAARE GEXREEENEE, TUBLHEE
ERMTFHEYERKEFOENRR, REIBRPHEAAGSERARRTMENEYERT R, REE &7
BHRE.
3.2 RENWEMNHK.CO, K EWMENSH MY IH

TR KR . FAFHERER CO, EARYBEREAYK AT CO, MEWMBESHMENR T~
B OCAME A% RALRR JEIRIR R CO, AMESRE Y, EEEREERRETRT, HREN 0, HERKT
RWEF 78, R ER BB KA B, T3 a2 R FB K& BB SRS R e R AW (R 2), 8
HAREREREMN o, AR RIEALE YR ER D EH FRMHMEEMAZR, LHET AL A PSR
RLEHER PSII B A KB TRERMEM(ES), FEEBAREHENHBMK PR, AT, 100nl-L' 0,
T RET | R AE Y0t B Rubisco BEXY CO, #1 O, KA HME T, B RERFA HIEM Co, HMZ A B FHA
HLERATERAABNHBEL(E ),

SiE vk A BT AL, S A N RO S A R A B G B R IR R AR R, R A MR A
Je3& GEEF A AR A S, T B0 R i PSIT K2R 3 # #0 PSIT R 9 6 R S AL 2 S8 B PR IK, BRE AR SRR K
KO, MENBEMINETEXZWAMYHEETYHEES 2R, BEdRRERTUES, UEHM 0, BH
FRUEEWE) LR EELHEY KK 0, WEF & m i’
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