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1. EYMFEEDA J VEEEE (Ozone index)

T 24y O BIRBENTHY, REPE< . BEHNMHOREWVIZLE IV EE
BN T HIENMONTWD, 2O, MWEEBDOA Y VigZEEE (Ozone
index) & LTIk, HMEMMEICE T 2A4Y VIREOHEME THLHMAEBREENH VLN TE
72o £72. BRI D ICP Vegetation! TiL, &Y VO % LV EMICF CX 2E L
LCRAEN LIZEOREES Y »HILE (PODy: Phytotoxic Ozone Dose) & W 541 T
W % (ICP Vegetation, 2017),

WHEBEOS Y VIBEBEELE L THOYLNTWD ERBEEBRBEELE LT UTITRL 5,

® SUMO6: BMETH D 0.06 ppm Z il LAY U EE (1RKME) 2. i€ 3z
Ml (—HoPORMEXROFHE) (bl THE L ZHE,

® AOTx: fE Xppb Z i LicA Y RE (1 KM OMEBRSZ., BEI N
HH (—HOHOREMHELROEFEHE) bl THAE LM, RbAHVWLAT
W5 FEEEIL B A 40 ppb ICERE L 72 AOT40 Th 5,

o Wi26:fEEINT-HH (—HOF oKWK OFH%E) ORI IS4 Y VR
EO2TO 1 RHEIZSOWT, Y7EA FROBMBTHREDOA Y »OELM T %
L7mEANM T A Y R)E (Weighted Concentration, we) ZFHE L72fE, 7 €A K
MOBHMNTEEIUATOEY THD (CEAY VREO 1REME (ppm)).

B o
1+ 4403e-126C

WC
B, RALENLEZEOEEAS Y VRINETH S PODYIZLLFO LY ICEHE SN D,
® Ynmolm2s!'ZRMEELT., TNULOEE CRILEZNL CEIZRININZAY
VE, BEOHIRE S D WL EMREICh > THE LZMHE,

2. FYVUOBEYMEEDOFMAE

EBROICHDICA Y v E2BRBEITHIHBNLE LT, YV ORMEBEORIRA D = X LOfiE
A=A Y Ik T A OBRRINESCHNREISEOERNFTMAETOND, EHIT,
BOFERICESHNT, WA TEET HHWICKT 54 v O FEBFAMZ O ML H) 5545 O
R E~DIGH bITONTETL, ZOXIICAHY OMWEELZFFMT 5 27 —/LIix,

1 The International Cooperative Programme on Effects of Air Pollution on Natural
Vegetation and Crops (ICP Vegetation) : [EH B M 2 7 & B 2 25 & B BB BT K 005 Y
%% (LRTAP: Convention on Long-range Transboundary Air Pollution) ® % & % &
L7, BREA L RBIEM~ORK[IGREZEBICAT L EER N0 7T 56, Y0285
AE~DOY X7 OFEREIL, RKAFOESE., EF, REMEARBEEDE OMAE~DIL
HEOEENM, EMEHRE~OREL G, [BEZEHICL D2 E~ORKIGRDE (Y
VREFRRE) OMAEAEH OB O L E i,
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B L _XANGEE, AEADOL NV ETIRIALS, TNNENLOHMWIZI CinAd Y v o
THEND D CKA, 20165 (FH M, 2019), AEETIX, &Y O EEZTIMT 572D
DEBRTHWOLNTE LAY VBB FIECHOWT, AARTEHA I CELEFiEEZ P LI
w5,

2.1. EYMHERORBEAHFEEDOF A

KRR E VoD DBEERNOELE T RICH T DY OGO KRR E BRI
T+ 27003 EL LT, MYBRBEHOREMRGEETHLI/m—AFr Ry FROT
A MR YRHDLGFEIE L, 1978 FHE D, 1984), T HIEFZOHORESCHEE, 4 v
REDKRIGREMEORELZHMT 5N TELF vy Exry PO EREE T, ATKH
ZRALTCHROBRESSAELE TCHBE T2 AT /7o —Z2F vy Exry bEGREE DL, 1978)
(K 1), #7AEVOHEETHIICERET L2 L TARKEZFATL2AREE Y 7 1 1
e rRdh DR, 1978) (X 2), MIFIFHEAMEOLLIBREA/BLI LN TEDLD, &
NEFHLEASY VIBBIZL > T DO LW EORBA D =X LNORACA YV itk
CHLLIBERTFZRETEOOEBEBEFHNAI Y —=0 7 RhE TFEMTFOAEBAE(TO
B TOMIEICHNLEND Z ERE N,

M 1 ANLXMZo—2Fy b xy b, A EXBRENZET (RS
<EW) , A BERRERSEERE 2 — (WERMNAT) .
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M 2 BRNEMT 7 A b bwr A BESEENIEAT (KRS T
M), A R LR (REHE i) .

ATHHE 7o —2FryExy NI, BEBEICNA THREBEESCHENHFE ALK, &
BeANZ FANKGHETRRL T, ML L DHBBEDOZAIZ L > THWICE <
JERE N EAT DR, 1978), D, ALK 7/n—2AF vy Exy hER WA Y
REERCHONTCHERELTBANTEET 2MHMICH T 24 Y L ORBEFMICEREEHT 2
TEEFELY, ZAICHLTHERER 7 74 b hr i, 7 R K DEABRORIA b
EOTHEOEMARL T L —LFECLDINEDOHWENDHD b DD, HEMAEITHRERIZITW
o, REBER WY VIBBEERICED EYORESCHKEGRIIK T 5 EHEREL W
STEE LRIV TOF Y v OEBEFMTHENTESL, TLT, 774 Y NO
FYUORETHBERARETCHL L, AR T 74 FhrnraBBEEHEL. AV v
REOHNBERLIBE CHEYERKE L, TOREEELZMRDLL T, AV VORARE
BEOBMERINEICK T H2REISESCNEISE 2 ERWICFTFMT 22 LN TE D,

FY KT DM O EINEOE R R OMIC, AV e I K D RKIG D HE
MR ETEELHMT 52 EZ2HMELTARNER 7 7 A Ve 2R AT 25 FikE L
T, ZEX#1t (FAC: Filtered Air Chamber) #E2XH 5, ZHiE, — O T7 74 Fbhe %
HOLHBHMICEHBEL, IR 7 ANV =R EICKXoTHEEYEEZRE LRI EZEANT D%
ftEL, RRIGEWEEZUONAREETOEEHEAT IR EELR T, ZOWMENTHEY
EFERLTHET 22T, ZOBHIZBIT 2 RKBERICEHMEDEELFMT 2 HIET
HoHUHIRS,1988), Z D HEIE, KHRNAHOMEHWEELZ, tFEAF VX ML b 0
ThoHZ LRt I ECBNT, RERBEEHER-ZL X,

2.2, Z24—I)LFEFrxN—0DOFH

HRKR T 7 4 P bu R EOREIEEKEL TH LIS, FACENEATE 5
EHFTL L ORBEEAHIR SN D FHE D, 1988), 7o, 7 7 A b~ r o N o=
FHECHBENS LI VA, BAOZNALLEE S BRARD LD, MY OEH G
BELTEHEABARRERE CTHD, 22T, BARKICIVEVWEARTRE T Y Vo ELY
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i FHEELTA-T U by T F = (OTC) BRI (X 3) (Heagle et
al., 1973; /MK, 1999), OTC T REFHMLH SN/ BOF ¥ N —T, 20O FEHIZHE
SNEER 7 7 I EoTF vy o A=A RPEAISH, EEOBRBKEHICH > TRE
W o MEEFEo, T0d, OTCHNORESCEE TN KO T O ICES L, FHAREIC
FVEWEBRE 2D, SblZ, 774 ey iR L TREHEST V= 7 ax b
LEMTHY, REHFT OGN LDV, ZOXICHEGREOHNCHRET DX 47O
Ty RN—F 74—V RTF xRN =LpEh, OTCIEZDOREENRTF ¥ o N—ThHd, &
LT, FACHIZ OTC 25 Z & T, MEGREDEEDOHITICIE W THAX & IEFILIX
ERT. AV OMYEREFMT L ENAREL o (BRI S, 19845 MK 5, 1988),
Z LT, OTCICIEkx e BN MZ b7 6 (BEEH, 1984; MK & & H, 2004; i &
KFE,2012), M TORKIBENZOZICEBETT 2D ICKRIETEELHLNCT DD
ORI FIHER TV D (FEES, 1988, 1992, 2006; & M & #JH, 2007; H & 5,
2018),

OTC WA Y VREIX, FACIETHHINDKED XD ICIEER 7 4 V& —FITX 5T
BM<MALIENTELRET TR, BR 77O AY v T A2zHET 5L TH
KTDHILHAMETHD, ZTOXIICLT, AV UVRELZEZTFREORY O REIRZE LU
BINEEZEREMICHM T2 2 &M TE 5, 7 AU FTiX 1980 45 5 1987 4|2 National
Crop Loss Assessment Network (NCLAN)., = — 12 v /X TlX 1986 FE/ 5 1991 4
European Open-Top Chamber network (EOTC) 7y =7 " DNEEIi, 2 LAXA
YU BARXBREDEEREMERRIZ, TROONEEF Y VRELLIIEAY D
HMEBREELOMERIHEYLIR, £V 0 A7 MICH LN D X 9272 o7z UMK,
1999; B, 2001),

HARIZEBNTH, KEHTARECAY Y E2BRBETL7 40—V FF vy U RA=NREIL, £
N AR LICBEEEROMERL, HERMB TOA XONEICKHTDFY DU 27 31
Wt & 41 7= (Kobayashi et al., 1994; /K, 1999), =L T, BEWE T T, A%
KEE LM X VLT ) =g 2B T ZAREBRDOT 4 — /v FF v =B %
SN(K 4), Y IR THREINERCNEICEDEENFME TN ICESI< 7T T ¢
AN LRV OREERLAY DY 27 FEMICH WS TS G E, 2001; Kohno et al,
2005; Yonekura et al., 2005; Watanabe et al., 2008, 2010, 2012; {# 5. H, 2016;
Yamaguchi et al., 2014, 2018, 2019; Kinose et al., 2020),
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M 3 HATHHINTWAN O —T vy T F ¥ 3—(0TC) D— 6.
B ERRERFPEER Z— (B ERMAT), R BHKT (K
BRI, A W KZ (LFL IR FKHFTT) . Heagle et al. (1973) 7358 %
L7 OTC IZHEOR M TLIO KRB THD.

X 4 U= ORI DOT7 40—V RF v N\— (ST RS, KEE/\E
TF) () EHNTABREMDOA—T by T F v N — (Fde: &R prge
pr, BERRAIET; A: S ERRERFEE R Z—, B ERNAT)

2.3. FAIMRBERATL FACER# AV UBEVAT LA

T4 MR EREBETAIZ.OTCREDT 4 — L RF ¥ U N—NOAEF BRI IR
FIZEWR, WIFNOZ A TDOT7 4 =)L FFr A" —IZB\WThH, MEBEIZITERD, flx
T, AV R GUAROEART v oA TFTHNrbREND OTC OHE. hE MDA
VO UOREARMNESN L ITHICRD, e, HWERDIT I AR T 4 VLT K DB FRK
ORI D TEEKEORT, WO XL REHORW—FEDOREKE, FHEOWD . Kk
DEFHEZNICHE RKRBEDIK T & Vo ZMARDENTH 5 (Fuhrer, 1994), Z D X
IMTF ¥ RN —NIZBITAWMEAEDOEALITT ¥ > N—2 5 (Chamber effects) & FEIZ 4L,
ENAOFY VI EDOZELZ ST LT ARBERH Y, Fr o AN—FBRTHELNTLA Y
RES LITHARBREERESCNE L OGRS OZNLITR LD L VIBENED
72 (Kobayashi, 2015), Rt OB AN HEE COBBEERICBVLWTHLAETLTEY ., OTC D
FOBMRLEEEEL2EZRERIANVREREAT 7 DR WVIRETEIRE CO2 & IR
T 5B R KA CO 8 (FACE: Free-air CO2 enrichment) FEBR 2372 & 7= (Allen et
al., 1992), T, BBEN R LR L2EMBEROEHIC CO MHMDF 2 —T7 01 7%
REL, ThLoom RS TRmEBEELZBRL, 22— —Hl#HIC k> TR EMDOF
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— 75 CO: Z MM LT, HMEREKZES> KT D CO:REZH—ICLFIED LWV
IR ThDH, ZOMgkaA Y CIBEEICHL, IEREHIZEW T, EBOB ALK TS
FACE Bl DAY VIR VAT AN E, FIH &1 TH Y (Morgan et al., 2004; Karnosky et
al., 2007; Tang et al., 2011), HARIZEBW T b AZ xR L L7z FACE R O A4V Vg v
AT ARBEH LTS (M 5) (Watanabe et al., 2013; Kobayashi, 2015),

X 5 FACEM DAY VBEFEL AT L. E: EME IR L LIz AT A
(W EJL#4E) (Kobayashi, 2015). A B ARZ L & Ly AT A
(dbvgE K&, JbugEfLmg i) .

FACE Bl O A Y VBBV AT ATHT ¥ U RN— 10| TOABEREIHIHREIC
RO ZREWR, BE EAOLDICHEM LAY yo)—{kid, BRIREBTA L 5 8Lt &
PR AF T D720 BRICEBEA T V2 D03, 0 80z SICERE A Y o KBRS
R E, TOEDOMPDOWENRBEFZIZRDENVNI Ry ARy hOFENSMER S
Do Fl. AV UVRBEZRTIELZIENTERWVWED, Y VRENT TICHEDICERY
BERETLALCHB S TV DRI CIEIBROBEICMESEL S, £ LT, KH#
gAY VR AEE L BERGEH S AT ANLETHY  FEREIE LML ELE R HALEX O
MEZZRITLHZLEHERZLL, RELKELHT 2 EOMENRAEL, AN EERVER L
@ofw5MSJwA2w®o_n%@EWEM@ﬁ//% AT ADKREIT OTC @
FETHibhLTBY, FYro "= REVWIRELEDOFRE N T, BT U TBRE G
ERERIRT 208N H 5, 7ok, U.S.EPA006)ICLNIE, Fr o AN"—RiL, AV
N B2 LS ENH DN, AV T HI2EMOINE E RENICELSE DY
DTIEHERNEINTWD, D7, OTCIISIEH E A Y KT 20D DR LN & O
IEEEERMICHM L., TOEBIEOEBICBOWCHFRARTFETHIEEZDLND, L
LR, ThoORREZFNATOEMIIHTLH2AY 0V 27 FMICEYICFIHT 572
HIZIE, OTC NOKIBLNmE, JAEH 2 E O M EZREL T I ENEETH S (U.S.
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EPA, 2006),

24, AV UVREEDOHEIZONT

Y UREE LRSI EOICENT DA T AEERT D FikE LT, WEKES
XPHNWOENDZENZVN, TORELERITEBICEREZH WSS, BIAERY L LT
EHEBILW N E L 5 (Brown and Roberts, 1988), = D 7=, Atk O A A & KIZi@E T (A
TV 7))k TERBIAEMZWMVERS 2, b LITEEBE 22 K[ MEBICEEEZ W
HWEDND D,

FYUREOHBIZENT, POTIEHPIC-EREOAY V2B BET L0V, Wb
W% Square-wave MDAV VIREOHNEL# Z2 - THRE FiEPRLATHE (KM 6), Z
T OAY A EDORBA N = XL DALY VHEICEHD L BInTDOAX 7 U —=
VIZRECBVWTEHBEECBWTHLHEERBEFIETHDL, LLrLERL, 2O X5 A
VUREOHNEHIMO CARAARTHD, TOH, BATEFTT 2T 54
YOURATFMICHIHEIND Lo 7%, AV AT Y O RE IR A I RIS B E B
AT o e O DBBEERICE T, WAREICHMBHSELRED L Y 2 RE
(AR ELLALERRIE) 228 T, ARV BAREICEWRELB 2724
CEBET D FENERE RS TWVD,

160

140

120

100

80

60

7> ¥ EE (ppb)

40

20

537

6 BB MBS A Y VIBEBEOHNEE (A, FER) &
Square-wave Bl F V' UEEO HNEH (B, BEH) .

3. BEXH
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