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We assessed the ambient air pollution based on the ozone (Os) impacts on the growth of radish (Rahapnus sativus L. cv.

Comet) using the open-top chamber method in Nagasaki city, which faces transboundary air pollution such as tropospheric O;.

There were two treatments in the present study: ozone-removal filtered air (FA) and non-filtered air (NF) treatments. A one-

week exposure experiment was conducted nine times in Nagasaki University (Nagasaki, Japan) from March to October 2015.

The below-ground dry mass of radish grown in the NF treatment was significantly lower than that in FA treatment in the

experiments in mid-May, September and October. There was no significant relationship between the mean O; concentration and

relative value of the root dry mass in the NF treatment to that in the FA treatment. On the other hand, the reduction rate in the

below-ground dry mass per unit O; concentration became greater with the increasing mean air temperature and relative air

humidity. These results indicate that, depending on the climatic conditions, the O; concentrations observed in Nagasaki in the

spring and autumn were high enough to reduce the growth of Os-sensitive plants, such as radish.
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1. B U®HIC

FHALFEF X7V b (0x) DEERSTH LAV ViZ, HEY
BT 68 SN2 BRI EIERX ¥ ¥ ALKFEIKR
B & OISR E 2T TR E N D A ZIROKZGGWE T
» % (Akimoto et al., 2015), F V' Vi3 AM DfEHE?Z 1T T
SHEMNZ D BHBEZ RITT I EDPAMONTEY, BIIHEBER
OB A U 2 HEEEORIR., EORERFE DK
Ty ARRNEOK T2 P A SN TS (Emberson et al.,
2013; ¥E30 5, 2016; KA, 2016). HARD vV v IZ4
EIZ EABEICH Y, 20K E LT, —H{LER (NO)
2 & B F VY ORI DA & MEEKTG GO %5 525 TR
ENTWw5 (Akimoto et al., 2015)o BEBER TG G K 3
AV VIREO LA R EOWEHARTHETH D
(Akimoto et al., 2015; Nagashima et al., 2017), EWFE O
LEICBIT2BITIE, BIERRGEOFEVPRENESER
R IR SR EE O &V A3 E L Tw % (Kanaya et
al, 2016)e L72%%5 T, BliZ &0 UM ALHBIIRTIE, %
FERRBIHMIIN T 54V OEEBEIREIND,

F—F Y by TFx 3= (OTC) % 7235 92801,
B 5tk O REIG G0 & B W B O FiEo—>Th 5

(Heagle et al., 1973; #H B - € H, 2004; # ¥ - Kk A&,
2012)o OTC L i B RAWCHR I N2 F ¥ v N—=TH
%o REFRWE O RBEFCIE, MWL, BrEkx
ZOFFOTCILHBRIELRET A Vy —ICL YRR LT
HREGEWHE L L-2REOTCIZHEA S LK D2
FHOMMX 235, 2L T, TNEIhDOF v Y )N—=NT
ERFSEMPWOERRRZEZRETLILICED, 20
FTICB1 5 KGRI G 2 5 882l 5 5L TH
%o WMERY B BRBERMFD) b KRBRWETH S 4
VY OB O—DL LT/HY A F A3 (Raphanus
sativus L) B3 bo NI H T A 33V TRT B E
My ERFPRCHEELRREETHY (Kostka-Rick and
Manning, 1993; Pleijel et al., 1999). OTCik & filAa G5
CLIZEoT, AV VITHEH LRGBS H W2 Z &
DTEDHLHESIN TS (PHEHS, 1988b)s & 2 TAMf
e TiE, OTCEZH V. NI A S A4 a3y OERICHT 54
VOB R IR L Lo RGO KGR Hiv & L7z,

2. MEEHE

2.1 #aEY
feabid & LT, NV ¥4 3 ¥ (Raphanus sativus L.) O
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REW R BEDO—D>THIaA Xy bW NYHF AL
YOFETIE. 7 A RS (R A OEA L7z

2.2 F=T U by TF v /= (0OTC) & HRMIE

AR THHL72A =7 My 7F % 23— (OTC) &,
WEF kA (2012) 1Kk S5 THIB SR, TVINA T, T
)V, HERB L OREMR) ALV 7 4 VR (2
PO) 7 4 VA THRINZFHMOOTCTH S (U BAT
82.5 cm, ME60 cm, # 120 cm) (Photo 1)o 2P OTC % &
RN (RIGIERRT, d6i32824745008%), H#E129
BE5143 5480, BEE 16 m) (28 EEkiE L72o OTC O bl ¥ 1
Wi, EE 7 7~ (MRSI8V2-B, #VJ LV VE—¥—Ik
et ) ERIET ANV — (74 L FYIZT T4
% —FS-6200, HA/NA V) — U Halistl, WE) %355 S,
REHY B 72225% OTCHIZE A L7z OTCHICIZA
AFFRETLHIET, By POTFICAD»ZE ST, OTCH
DZEZDWNDPIG =120 b L HIT L7z WA E LT, +V
VBFET 4V F — (Ov= 27 )VZV, No. 8803ZV, #2813,
308 mm (L) X 240 mm (W) X 20 mm (D), =F 7 A&
i, W) 2@ L CEORRrOF Y v ERE LA E
F ¥ Y N—=PIIE A L 72 0; removal-filtered air (FA) X &
F UM S v T 4 vy — (JHIENZ 7 V27V,
8801, #2813, 308 mm (L)X 240 mm (W) X 20 mm (D),
=F 7 AMRKEH, W) 2@ L CHAOZERE 20T £
Fx v N—MHIZE A L 72 Non-filtered air (NF) [X 0 2 JLEX
BRI, BMEXARIEE LTARISTF v =% L
oo AF ¥ Y N—OFARKIZBIT B F YV Y BERITHS0% T
Ho7

2.3 #JUOEMEEICER L EARREFMEER
20154E3 A2 5 10 A T4 LA o 2 88 F2 5k % 519 Il
477z (Table 1)e NV A 54 2 DT %Y — % —HNT6
WEIKIR S 272, MIROREZER L fELHXot, 7 F4
MRS W) 280 -FRPYI4LO Ry b
(113 mm X 140 mm, &/ &, MRaUaHL R BER, W

Photo 1 Open-top chambers used in the present study
(Nagasaki University, Nagasaki, Japan).

0 IZIRRE L 720 ML, By bHD3AIATY, 1h
D &2~ 30T 2%z, A #. T30
MU E - 2GS, 1AFNCD & MR E 25 X ) ICly & %
Tolze ZDk, RERFMNIZERELZZOTCHIZ, F v

UN—=HT2N 8Ky MEBE L7z Ay bORERD S AL
B E COMMIZ, TRTOF ¥ =220 T, +V Uk
ETANS =LYV RBRELLZEREZT ¥ Y N—
WAL, BERHE. REORMIMEE > 2EHIZ, Fv
IN=H Ry FETRTIY ML, ERSFERED N
T4y MERERT L) ICHEIE 27w, 8Ky 908
MR Y 3720 EDH. KF v YN N—% FAX ENFXIZ
S, NFXIZE D M THEF v o N—D T4 VF—%, FV
VORI R G T T 4V — ISR L, T X Y=
MARZRE L CUEZHBLZ. DL 5, FAKENFX®D
F X VN=PRENEFNBER TR D L HIF v o N—=FIRD
ST MR B0 4F v UN—FIEE BT, E & 2
HEEE. WEBEH ORI OR E TITRb SRz, EFY
I OHEAKIEE BTV, BAROICIZERET DR 572, &R
WRFECHME L - £ EBROIFHH ., WHFBHB LY v 7)
v 7 HixTable 11IRT . 2B, RUFETIE. 3H~5HDE
BiEEFOEE, 6H~8HOEREEFTDFEE, 9H L 10
A OFEEAMFOFTER L Lz,

WPLBR A2 8 H H O RIOIEIC, T RTCHOKRY bEF x »
IN=HMCHEH LT A 2 R T v R T o 7
(LB : 7H). S 7 U v 7 LR, 3 & 3R
(M E3EB) B X OFIRdEmE R G 2oL, e
Al A, BURAE SRR (LC-124, = ARy 7 A&
1k, KBR) 2HWTS0C TS HMML Lzl s 72, Z0fk,
BT R (CPA225D, Sartorius, Germany) % Fl\ Tz HEim &
W Lzo

2.4 AEREOAE

F ¥ oN— NS & IR EOWE IR R AT (TR-
2wt, Xt T4 7 ¥ A, BE) 2w, £F v v
2N — N O JEZE SR D S & M e SIS ECER Ly L IR
ZRD Tz HAWAREERT WEE (PPFD) Ol &I 130E
++t » ¥ — (LI-190, LI-COR, Lincoln, NE, USA) % H >,
Fx YN=HLTPPFDOMEZ 1T o 720 AV Y REDHEZ
AN A V" Vi EEET (Ozone Monitor Model 202,
2B Technologies, USA) & vy, F % Y N—=HLCH V' U ileE
DWPEZ 4T > 720 30 21|, BEF—& 14— (VR-71,
WAt T4 72 F 74, BE) TRskL7oA YV VRED?S
LRI 2 5k, & HIZ 24 FI9fE, 8 FI9ME (9:00-
17:00). SUMOO (Sum of all hourly average concentration),
SUMO06 (Sum of all hourly average concentration above
60nL L™") 3 X 0" Daylight AOT40 (Accumulated exposure
over a threshold of 40 nL L™" during daylight hours (H 4§}
>50W m 2% 7213 PPFD>230 umol m 2 s~ ') & L7
(Kédrenlampi and Skarby, 1996; #t & H - # £, 1997;
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Table 1 Dates of sowing, beginning of exposure and
sampling in 2015.

Exp. No. Sowing Beginning Sampling

1 5 Mar. 23 Mar. 30 Mar.
2 9 Apr. 21 Apr. 28 Apr.
3 30 Apr. 11 May 18 May
4 14 May 22 May 29 May
5 15 Jun. 23 Jun. 30 Jun.
6 9 Jul. 17 Jul. 24 Jul.

7 5 Aug. 13 Aug. 20 Aug.
8 18 Sep. 26 Sep. 3 Oct.

9 5 Oct. 16 Oct. 23 Oct.

Table 2 Seasonal and periodical mean concentration of
photochemical oxidants (Ox, ppbv) from March to October
measured near the present study site (Kogakura monitoring
station, Nagasaki, Japan).

Spring Summer Autumn
Year Mean
Mar.-May Jun.-Aug. Sep.-Oct.
2003 38 (8) 20 (1) 20 (4) 27
2004 35(2) 21 (0) 23 (1) 27
2005 38 (2) 13 (0) 11 (1) 22
2006 34 (9) 31 (4) 42 (1) 35
2007 51(2) 28 (0) 33 (0) 38
2008 50 (0) 29 (0) 35(0) 38
2009 52(2) 35(0) 42 (0) 43
2010 50 (0) 27 (0) 35(0) 38
2011 45 (2) 22 (0) 30 (0) 33
2012 45 (0) 22 (0) 29 (1) 32
2013 44 (2) 21 (0) 30 (0) 32
2014 45 (2) 27 (0) 35(0) 36
2015 43 (15) 27 (0) 37 (0) 35

Values in the parentheses indicate the number of daily
average concentration which were not available during each
period.

Musselman et al., 2006) . AFHlIFER % S0t L 7220154 @
TV VRN EDRETH - 720D F T 5 72012, ElF
VLRI & 5 /s 7 8 ST — e B R S0 A2 J& T 2003 4F 7
520154F 1B S 7= Ox i % . RIS BREH > A
74 (2018) B X O RIGEBRBEMERECRA L Vi L, &
EDOIADS10 HOAFHES X 08 A A M o 3416 %
L 72

2.5 #EHERIR

W bR R, M REER X A ERICOVWTHE
Fx N—OF R FEH L. Welch® tiiE % H T, FA
X ENFXD4F v ¥ N— RO TIGE O 2O N % fa
5% CTHELZ (n=4) 25O BROFNT I IZHHBE 547
O, EEEBREHBOFERER L OMBSITIIBIT 2
il %2 OFEKEIZHIMDHHEIZ L o THEL 720 $XTO
FRRHENTIZIZ IBM® SPSS® Statistics (Ver. 22, HAIBM) #
w72,

3. & x

Table 212, 2003 4E 7 5 20154E 12 K Ig 1 T £ 17z Ox
REOESR G~5H). EF (6~8H). ®F OH. 10H)
BILO3IA»S 10 A O FHHEEZRT. 20054 F THO W
PR 1330 ppby Kili TIRWETH - 7255, EBIFETH)
T OXIEF AT S 722006 4E LI, 2009 4E @ 43 ppbv
¥ — 2712, 30 ppbv Ll EDED N T W7z, 20114FEH 5
2013 4E1330 ppbv B HT:THER L T 7225, 20144E & 2015
AEIE35 ppbv 2B 2 TH Y. 20154 O W] F3 i 132011
DTN E > 720 — . BEOTFIREIL2009
FERE—Z7 IS D, 2015F0Z . Kl H
LV bOO, FAETIERIE, o7z TIUITKH L THEFL
FRZE O B I IR T30 & B B L AR ORFEL2L %
R L. 20154EDZ U 20104F LLRE T LRI AU 20 - 720

Table 312, HFEEOBEBEH BT 5 OTCHO I &

Table 3 Air temperature and relative air humidity (RH) inside the open-top chambers (OTCs) and average photosynthetic
photon flux density (PPFD) outside the OTCs during exposure period of each experiment.

Air temperature (C) RH (%)
Exp. No. Month Daily Daily Daily Daily Daily (um(if;ljg s
mean max.* min.” mean min.”
1 Mar. 128(0.1)  20.1(0.3) 64(0.1)  47(0.6) 21(0.4) 447
2 Apr. 17.8(0.1)  27.1(0.3)  107(0.1)  51(0.7) 18 (0.4) 538
3 May 201(0.1)  259(0.1)  169(0.1)  74(0.8) 53 (0.6) 325
4 May 2201y 298(0.1)  167(0.1)  57(0.7) 33(0.5) 461
5 Jun, 239(0.1)  283(0.1)  208(0.0) 83 (LI 62 (0.7) 270
6 Jul. 270(0.1)  314(02)  239(0.0)  78(L1) 60 (0.9) 345
7 Aug. 281(0.1)  338(03)  243(0.1)  75(1.0) 49 (0.9) 355
8 Sep. 247(0.1)  306(03)  203(0.1)  68(0.8) 44 (0.6) 332
9 Oct. 200(0.1)  292(04)  149(0.1)  65(0.8) 29 (0.8) 374

Each value of air temperature and relative air humidity shows the mean of eight chambers, and the standard deviation is shown
in parentheses. * Daily max.: mean daily maximum 1-h value; ® Daily min.: mean daily minimum 1-h value.
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HXHEE S X FOTCHMI B 5 P34 PPFD % /”§ o A3
HICHEM L7281 T bK<, AFBHAXED12.8 CTTH
0. KRRV D &Aoo - EBIZS HICEM L %8BT T. H
FHEIRAT28.1 CTTH o 7zo IR AR b KA > 72 F2 5k
X3 HICHER L 7292801 THIEMED AT % TH - 7225 T
HEACE X4 H ISR L 72 B2 TR, 18% TH -
720 FIPPFDIZ4 A ICHEM L 725 B2 THed i < 538 umol
m2s ' THY, ROEhD o 72DIZ6 HITENM L 72 FERS T

Table 4 The concentration, sum of all hourly average
concentration (SUMO00), sum of all hourly average
concentration above 60 ppbv (SUMO06) and accumulated
exposure over a threshold of 40 ppbv during daylight hours
(AQOT40) of O; outside the chambers during exposure period
of each experiment.

Conc. (ppbv) Dose (ppmv h)

Exp.
Ni Month oan gy SUM  SUM  AOT
i i 00 06 40

1 Mar. 42 51 698 019 0.68
2 Apr. 58 74 981 527 223
3 May 51 56 863 351  1.09
4  May 52 65 878 392 166
5 Jun. 36 38 596 000 025
6 Il 18 21 288 000 0.00
7 Aug. 31 42 529 000 043
8  Sep. 39 45 661 045 045
9  Oct. 43 59 729 239 107

8-h: 9:00-17:00, °Daylight hours: photosynthetic photon
flux density >230 umol m ™2 s~ (i.e., global radiation >50 W
m?).

270 umol m™*s™' TH - 72,

Table 4 2 ZFFEBROFEFIMPICBT 2 H¥HF vV ViRE,
H A8 [ - ¥ 4+ v > i EE. SUMO00. SUM0638B & Y
Daylight AOT40 % 753 HFE3F v v iltiE B X OV H i8I
P4 ViREEL E DIC4 HICER L 72FEBR2 TR &<
FNENSSnL L' (ppbv) BL U 74 ppbv TH Y. ZNHH
ROHBMMDP o 2THOEB6TIZZNZNI18ppbvE L U
2 ppbv T - 720 V¥ K — X DT & 5 SUMOO,
SUMO06 3 & OFDaylight AOT40 (%4 J 125 M L 725582 Tix
b B <. N ZF N98lppmv hy 5.27ppmv hB X O
223ppmv hTH D, ZNONFRDED)>72THDFEEG6T
EZNn 1288 ppmv h, 0ppmv hB X 0 ppmv h TH >
720

Table 512, NV H &4 2> O FERE T E8B X Ok
DY HERBIINTH4 YV 0EE L, FAROIEZER %100 &
L72BEONF X128 5 2N OMIE (%) 2757, WFho
FEEIZBWTEH, R ERICHT A2V Y OE R
BB N Lh ol SR, OHBLITI0HICEh LN
Fhti L 72 FEER3, 8B L UICBWTIE, AV VICk->THT
W EESAEICK T L2, 72 SAPHOER3IIZEW
TiE AV VI & o TR EEDPA RIS L,

Fig. 1ICKFEBIM o H¥E4+ v VIREE FAXK O T
HEEER % 100 & L72FEONF X281 5 Z N OHRE (%)
DR ERT . BTV ViR & TRz Hm O AR &
OMICHELHBEIZRD ONL D572, 72, SUMO0R
SUMO6. Daylight AOT40 & T #5450 HI%H i > B4R 12
BOWTOARLHBIIRO N o/ (F—F7IIRET),

Fig. 2a-c\ZHAAL AV VIREED 72 ) O b T ez & D24k

Table 5 Effects of O; on dry masses of shoot, below-ground and whole-plant of Raphanus sativus L.

Exp. No. Month Treatment Shoot dry mass Below-ground dry mass Whole-plant dry mass
(mg) (mg) (mg)
1 Mar. FA 15514 n.s. 41+7 n.s. 195+20 n.s.
NF 143+13 (92.9) 38+5(92.4) 181+16 (92.8)
2 Apr. FA 210+16 n.s. 64+5 n.s. 274+20 n.s.
NF 210+15 (99.7) 62+6 (97.5) 272+18 (99.2)
3 May FA 344+13 n.s. 276+5* 621+18*
NF 344+6 (100.0) 238+18 (86.2) 583+12 (93.8)
4 May FA 188+5 n.s. 95+13 n.s. 283+13 n.s.
NF 169+17 (89.7) 83+9 (87.5) 252425 (89.0)
5 Jun. FA 200+9 n.s. 68+13 n.s. 268+16 n.s.
NF 179+22 (89.3) 59+6 (86.5) 238426 (88.6)
6 Jul. FA 175+15 n.s. 98+12 n.s. 273+18 n.s.
NF 166+19 (94.9) 88+10 (90.7) 255+28 (93.4)
7 Aug. FA 197+14 n.s. 124+22 n.s. 32134 n.s.
NF 187+11 (94.9) 109+15 (88.0) 296+22 (92.2)
8 Sep. FA 232+24 n.s. 84+8* 315+£27 n.s.
NF 239+13 (103.3) 69+8 (82.9) 308+12 (97.9)
9 Oct. FA 383£15n.s. 254+20* 636£35 n.s.
NF 353+36 (92.1) 206+26 (81.3) 559+57 (87.8)

Each value shows the mean of four chamber replications+standard deviation. Relative value of NF to FA is shown in
parentheses (%). FA: O; removal-filtered air; NF: Non-filtered air. Welch's #-test: * p<0.05, n.s. = not significant.
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e H PR HPEHREE S X 0P PPFD & @Bk
Y. HYHSIRE & O H MR & B v ViR
H72 ) OW T EROLILE L OMIITAE B RADHIEA
A LN (FRZNp<0.058 X 0p<0.033), [inB L O
FXHEEE D LS - THAL YV Vi ED 72 ) O T &
HOAV VX BMTEDPELL Bofze —H FHPPFD &
DOMICIEFE R IEOMHBENRD 5 (p<0.016). F¥PPFD
DMNE - Ty BfiA Y ViRED 72 ) O FEER O F
VX AR TFIEEM S e, Kl & AHXHEEE £ 7213 PPFD
B L OMIHEE & PPFDOM BRI IEZ N Z10.816 (p=
0.007). —0.600 (p=0.088) B &£ UF -0.891 (p=0.001) T
Hol,

100

95

90

85

80

S R=0.164ns
70 | | | | | | |
0 10 20 30 40 50 60 70 80

24-h average O3 concentration
(ppbV)

Fig. 1 Relationship between relative value of below-ground
dry mass of Raphanus sativus L. and the mean 24-h average
O; concentration during the exposure period. Relative value
=NF/FA X 100 (%). 9r, March; <, April; @ and O, May;
A June; V7, July; [, August; &, September; ¥, October.
Solid legend indicates the data with significant reduction by
the exposure to Os. Statistical significance for R is shown:
n.s.=not significant.

Relative value of below-ground
dry mass (%)

o

0

4. % =

SHFROEBRICBWT, Ny A543 ORFREERA
FV UL o THBIMETF L7z (Table 5)o £720 +V v1C
LM TFHEEROAERMETIESHPAZ T TR, 9H
ET10RICHEM L 723 i EBRICB W T HBED SN, T
WM L 72 P IR SRS RN BT 2 68 EY O Rk &
HThO, TOERIRAGH: EORBELOBEL ZT
LTI &5 (Kostka-Rick and Manning, 1993). A7
T FEZEE 2 ERICHT 54V VB OBE L Lz,
EBHIHE RO+ V) VIREIZBREFICRE L, DV TKFICHE S,
RIS B4 VY OHEREENRO LN o 12 HFED
ZIUdm b IKD o 72 (Table 4) L7255 T, b FEEOEY
HRICHT 55V Y OFBENINC L > TRZ > TV R
D1DELT, FV VIREDENHETFONDL, €I T, FA
XAZx3 % NF X O #ih T EZE = O (%) % FFEBTH
WL (Table 5). * vV VigEL OMBREHH~ (Fig. 1) o L
LS, MEOMICERZMMIEED 5N, SUM06
% Daylight AOT40% D4+ V' v F—=ZX L DERIZBVTYH
AR SN olze ZOMEIE, HTFEHOEZY
ERICHT 24V v OB X o TR Z - 72K,
TV VIREDOENZT TRHEAPATE RN L EZR LTV,

NYAEFA D DERIIHS S E Y OFEFH ORI,
SILCTRE 2 EOBBERMIC X o TEIT 5 2 e i s h
Twhb (P H5, 1988a; Izuta et al., 1991, 1993), &2
Ty AV VOEMEHORERZ, BtV ViRES-) 0T
Rz i D2 (% ppbv ) TEHli L. & FEEMIH PO H
TP B & OV H I R EE & O B4R % #-X72 (Fig. 2a,
b)o ZOREF, TFIRIRCHIREE AR & HAL o+ iR
B2 O THEEEORTAIE LW EPBHLNIIR S
720 KREMMOEZD L. NI AT A T OMT RO
ERICBUT DLV VEZHIRERS, 6. TE w2 HFC
bokdmlkbA (Fig. 2a. b, OB DL VLD
BEh oz &h 5 (Table 4). NI A543 DEYEED
IV VLI AAEBRERTEROLN 72 EZ BN D,

0

=T >
S52 o1t @) 04| (®) 041
o5 8 &
289 o2t 02} 02}
g 2 o .
5 g T 03r -0.3 F -0.3 F
R58 04t = 04 | Al 04t
S ] AN \
83& 05f v 05 v 05
298 s} 06 06 |
[ = ; c
538 o7 R=-0740 o7 | R=-0.745 07| R=0782
S8g oalbzog) |, | fezoen) | T[e=00w),
0 5 10 15 20 25 30 35 30 40 50 60 70 80 90 200 300 400 500 600

Air temperature (°C) Relative air humidity (%) PPFD (umol m2s1)

Fig. 2 Relationships of Os-induced percent change in below-ground dry mass (DM) of Raphanus sativus L. per unit O;
concentration with (a) average air temperature, (b) average relative air humidity and (c) average photosynthetic photon flux
density (PPFD) during the exposure period. =7, March; <, April; @ and O, May; 2, June; ¥V, July; [, August; &,
September; ¥, October. Solid legend indicates the data with significant reduction by the exposure to O;. The solid lines
represent the regression lines (#=09). Pearson correlation coefficient (R) is shown in figure. Statistical significance for R is
adjusted by the Holm’s method and is shown: * p<<0.05 for (a), p<0.033 for (b) or p<0.016 for (c).
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—J. EEBL 20X IFV VIBEREDP o ERETH o
ThH. KRB AR W Tl 4 ¥ B2 A <
NI HETA DY DOEMERDOF YV X BRI TIERD
ONahoEZON5E, T L CTEFHRImA 20T
A FARREDT60% 2 W2 5 X 9 BRI (9
B3, 8. 9) ICBWTIEINY A F AL T DF VvV EZENR
REL B, TORICAH Y VIBENEL holtZl b,
NI NTA DO THOEWEREOF YV VI X B HERK
TARDONIZEEZOND, TNHDOREENP S, 20154
DOEBOF Vg, SiRB X OCHRHEE R WA RS
T NYAFA AL DEHTF Y VD E R I
WEERIZTLNVTHo72EEZBNL,

Izuta et al. (1993) 13, ABIFE & WAk D KA BBE AFAlf 52 BR
% PR R CTIT % o 7245 3 PRI IC BT 2 S 1
I FI9MEAS20C % #8 2 7= FEEBR Tl &V v F— A D8
o TNY N FA T VOEEPKTTEI L Z2HEL TV
bo AT VOERHOBREZRDOLENO—DL LT, ED
AL A L7-FEA Y Y IRINEAH I 51D (Musselman et
al., 2006). FHEH S (1988a) 1. NV H ¥4 T DEFR
WATEWE, EOF Y VRIIGHEARE . F Y VRS
S b lz2HLTVw5, Lz > T ARfECTRILD L
FHIHE - THALA V VIBES 72 ) O T iz HE O T2
L o2 HHE LT, EoRILEA LEES Y v 0
OWMABEZBND, Fon —BITHY OEDRILITHEE S
ECIEME$ % 2 & 5 (Larcher, 2003), HHAHEE DO L&A
RS 4V VBRI b FEOLILE A L7z v R
OWIMTHMTEX L LEZOND, it & HHEEOMIZIX

BRIEOHERZD N2 Eh 5 (p<0.05), WTIho
BREERDA Y Y IERZ O HF G L h 2 FET 52 &
FHEL WA, &V IR ORINASE Vg o InE b
b L7ceEZONE, —, FCHIRE L TR LD,
S PPFD DMt > CTNY A 54 3 v O T HzERO
KFIEmA SN, 4V VEZEAMET L7z (Fig. 2¢) 2
LTy B2 RETEE LINY AT A4 3 OERITH
T 54 Y OFBEICHT HI5E T, OB TREE L
IHNTA AL DF Y VEZWNEL 5B I LI TY
% (Izuta et al., 1991), SFLIZKIC L > THILT A Z 25
(Larcher, 2003), f&%A4 V' Y RINE DS EEHOREZ e 5
TN & E 2725, MBI TV VRS L
K %BHTeDEZHN5, Izuta et al. (1991) 25HE L7z &2
BBMBETICB B4V BHEEBIE. KL HIAHREEDS
—EDEETITbN TV, RAFFETIIEAMIERE L2
OTCHTEE T > 72720, [iRLHIHEE 2 &0 EF B
BIHHINTBL Y, EBRITEICATRESR LS55, H
3 PPFD & SEIHIXHEE O I A E 2 A OMEIRD Sh
Too TOTEF BENE W E SR LA L, AHRRED
KT LAWEEZRLTWA, Lzdio TRFFMEER T,
JEHRIE ORI AL S B 2 AR E DK T I X - THALM
AT SR S, TILZAL22A T VIRINEAE T L.

VHFTA D DEWERIIBIT ATV VEZEIMEL o
EEZOND,

5. ¥ & &

AREFZETIE, BERRGEPHELRIFICBVT, £V
ANDEZEDSEANNY AT AL A OEERIREL Lot —T
My TFx N — (OTC) LY, FV v ORI
HH LKA FERZ 20154E3 A2 5 10 A2 ¢
To7z0 IV VIREIRFIIRDE L, DV TKEIIHE?-
72 Z LT, 20154E5 A, 9B X TV10 A L 7-5F
MEBIZBNT, Ny A5 AL IO TEEZER) L V12
X o THBIZET Lz B 512, FHIFEERY R b o35 500
RIEYHAHBIEDS TV E, NV AT AL O T ERD
IV VLI BETREZE LW ENHLNII R o720 TNHD
HRPO, BERAGREPEE ZRFCTHUNS NS V'~
. BBESLMRETIZ, NIAFTAToDEHHF T VI
WHIICEE B2 RIZTTLARLVTHE I EBHLNII -
720

| 33

AL THMA L7z =72 by 7F ¥ 8 —OFERICE L
F LT, WRIigear B A 2 S ONIE R IR ERSE
FHEER Y v 4 — RETREELICSE K2 ZHEE S
20 F L7z, 7o, WIFEAMLICIE, ARSCOBMEEITHE
LCREBELZZRERZBLY F L7z, RIGRBERBEIEREECR
AR RGN o & S — e BB R R R 2 3B 1) 5o b
FEVY Y VBEDOTF— 5 SHRMTEHE T L, BFEAD
F 2 IR LOYETICBLE LCRERELIERZH Y
Fl, CCREHOEEELE T,

51 A X

AEACR, WHBRE T WA — 7> by TF v YN —
(OTC) DBFE, #FNIRREEFF ¥ > 8 — BT,
27, 77-81 (2004).

Akimoto, H., Mori, Y., Sasaki, K., Nakanishi, H., Ohizumi,
T., Ttano, Y.: Analysis of monitoring data of ground-
level ozone in Japan for long-term trend during 1990-
2010: Causes of temporal and spatial variation, A¢mos.
Environ., 102, 302-310 (2015).

Emberson, L. D., Kitwiroon, N., Beevers, S., Biiker, P.,
Cinderby, S.: Scorched earth: How will changes in the
strength of the vegetation sink to ozone deposition
affect human health and ecosystems? Atmos. Chem.
Phys., 13, 6741-6755 (2013).

Heagle, A. S., Body, D. E., Heck, W. W.: An open-top field
chamber to assess the impact of air pollution on plants,
J. Environ. Qual., 2, 365-368 (1973).

EH A AHE M KE R = W AR R R
BRLMEFMHETICBI B NY AT A ar0ERICHT



192 J. Jpn. Soc. Atmos. Environ. Vol. 53 No. 5 (2018)

5%V Y OB AR R 23, 209-217
(1988a).

Izuta, T., Funada, S., Ohashi, T., Miyake, H., Totsuka, T.:
Effects of low concentrations of ozone on the growth of
radish plants under different light intensities, Environ.
Sci., 1,21-33 (1991).

HEH i BRHE M RED 2O Ok Y v 0
VT A NV LRI, RSB B S aE, 32, AT3-81
(1997).

Izuta, T., Miyake, H., Totsuka, T.: Evaluation of air-polluted
environment based on the growth of radish plants
cultivated in small-sized open-top chambers, Environ.
Sci., 2,25-37 (1993).

T A IR, JLHFE, =% W A% ko
VATA DAY DEREREE LI =TV by T
F X YN—I X B RABBE ORI, A 7555k,
23,284-292 (1988b).

Kanaya, Y., Tanimoto, H., Yokouchi, Y., Taketani, F.,
Komazaki, Y., Irie, H., Takashima, H., Pan, X., Nozoe,
S., Inomata, S.: Diagnosis of photochemical ozone
production rates and limiting factors in continental
outflow air masses reaching Fukue island, Japan:
Ozone-control implications, Aerosol Air Qual. Res., 16,
430-441 (2016).

Kérenlampi, L., Skidrby, L. (eds.): UN-ECE Workshop
Report: Critical Levels for Ozone in Europe: Testing
and Finalizing the Concepts, University of Kuopio,
Finland (1996).

WS A, KRETE: BN —F > by T F v N —
VAT LD KRB S 47, 186-193
(2012).

Kostka-Rick, R., Manning, W. J.: Radish (Raphanus sativus

L.): A model for studying plant responses to air
pollutants and other environmental stresses, Environ.
Pollut., 82, 107-138 (1993).

Larcher, W.: The exchange of carbon dioxide and oxygen
Physiological Plant Ecology, 4th ed, Larcher, W. ed.,
pp. 91-100, Springer-Verlag, Berlin Heidelberg New
York (2003).

Musselman, R. C., Lefohn, A. S., Massman, W. J., Heath, R.
L.: A critical review and analysis of the use of
exposure- and flux-based ozone indices for predicting
vegetation effects, Atmos. Environ., 40, 1869-1888
(2006).

Ry KRR BRBE 43k ¥ A 7 & (Air Environment Early
Warning System in Nagasaki) (2018), http://nagasaki-
taiki.aa0.netvolante.jp/ (2018.4.24 7 7 £ R)

Nagashima, T., Sudo, K., Akimoto, H., Kurokawa, J., Ohara,
T.: Long-term change in the source contribution to
surface ozone over Japan, Atmos. Chem. Phys., 17,
8231-8246 (2017).

Pleijel, H., Norberg, P. A., Selldén, G., Skérby, L.:
Tropospheric ozone decreases biomass production in
radish plants (Raphanus sativus) grown in rural south-
west Sweden, Environ. Pollut., 106, 143-147 (1999).

WD Gk, INTTERL, FEH MR RAAERIE LMY — 45
BRI S 24V v 0B — KQREFRGE S,
A67-AT75 (2016).

KREEE: RO EMW—E35  RIEWIITT 206
FTXTF U (FVY) ORB— KARHEFRGE
51, A57-66 (2016).

(5%#H2018.2.21) (3B#kH2018.5.25)



ARREFRHE $£635F H55 (2018) 193

F—T vy T Fx oN—FEEHCTNY AT AL T DOERICHT S
F Y DB AR L L7 RO KA IR S
s BOKER, TE O HEFRLT, IIM R, LD BEAY

RWF KA BRIERL =800 852-8521 JRMi IR Rl vl ST T 1-14

FV U E X BB RAHRPEERREFICBVT, AV UANDEZEREVEININY I AL 3 OEERIREL
L. =77 by TFx 23— (OTC) ik VTV v ORI A5 B L 7o RABRBGEH R 2 1T - 720 RIGRFEHN (B
BRI ICOTC R &% Ly 4V Y BRERRIX LI ZERX (RAHFOF YV v ZBREL VX)) O2MBX Z3%F 7, 1.4L
Ry NCTHEBF LAY AT A 3 0 ORERFIBGR UL G L. LEMBRICY V7)) 0 7 %247 THRELHER (M B3 BX
OV PR &R (M) ofzE w2 e L7z, & ORGSR % 201543 A2 5 10 BT TEFIM T 5 720 WIho
EBRIZBWTH D L ERICH Y Y OREBEGREEIEOON o725, SHP, OHB LT I0HIZE L 7-2EBRICB W
T AV VI EAHMTHEEROFERETAED SN2, 22T, HTHEEROF YV VIS L LR E L ) VgL
DERE TR, FREZMEBEED SN odze —H, BAE Y ViRED ) O T2 EREOE(LFR & & FZBRIH b o
P RIDB L OFIHAHEE & OMICHELRAOHBEIAD SN (p<0.0538 X U p<0.033), KRS HIHEEE W ENY F
FA AT HE Y Y DOEREIFHLR T VI EAURENTZ, DEORED S, MR KGR HE 2 ERTBI SN
TV E RBEGEMKETIE. NI TA T DX BtV VIEZEOROCREYIERE L KITT I LA o7,



