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Effects of air pollutant mixtures on photosynthetic electron transport systems

Kiyoshi SUGAHARA!, Kiyoshi OGURA?, Michiaki TAKIMOTO?
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Summary

After exposure of 0.5 ppm sulfuor dioxide (8O2), 4.0 ppm nitrogen dioxide (NOz) and 0.1
ppm ozone {03 )singly or in combination for 5—30 h to spinach plants, effects of the air pollutant
mixtures on photosynthetic electron transport systems were analyzed about photosystem I and II
by using chioroplasts isolated from the exposed spinach leaves.

1) On the exposure of the mixture of SO, and O3, the inhibition of photosystem II reaction was
not enhanced significantly than that with SO, alone. In the case of more than 30% inhibition, it
was suggested that O3 might protect photosystem II from SOz. Photosystem I was not injured by
the mixture.

2} On the exposure of the mixture of NO2 and Oa, both reactions of photosystem 1 and 1 were
inhibited significantly. Especially, the inhibition of photosystem II reaction was synergistic, where-
as that with O3 or NO3 singly was not observed.

3) On the exposure of the mixture of SO and NO,, photosystem I reaction was enhanced at 10
h fumigation, but inhibited at 30 h fumigation. The inhibition of photosystem H reaction in-
creased gradually with the time of fumigation and reached 50% after 30 h,

4} On the exposure of the mixture of 802, NO2 and Oy, there was a tendency that the enhance-
ment of photosystem 1 reaction, observed by fumigation with SOz and NO; for 10 h, was sup-
pressed by O3 participation. The inhjbition pattern of photosystem II reaction altnost resembled
to that caused by the mixture of S0, and NO;.

5) All of the mixtures containing NQz caused injury of photosystem I and II after 30 h fumiga-
tion, especiaily, the photosystem II reaction was inhibited severely.

From these results, possible mechanisms were discussed about the effects of the air pollutant
mixtures on plants.

Key words: Air pollutant mixture — Electron transport — Chloroplasts — Photosystems
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Shas, WEORELRDZERLER, AUt cls s, FARRAXELTOS
JHAOHEADHE (4, 5, 12, 13, 22), BN Eht ¥ ROE(LFHTESL (7, 8 15) BLUH
BYMHEOLR (16—18) &2 DERL (19-21) FLHFTEX LT EHTE S, SBEFLME
KE2SHTREESSAZB L TOFROBIGEFREGFT I &1, BRSO, LW THET
H% (25 23) COZEROsPNO KOVTHETIHEZLEISNBZOT, ThoDGRY
AR L THRRORFABBETH S, O DIBERS, KAXFRHSH LB TREE VERS
NHZTLRAWONTEY (1), O i L BHFLIABE B L URAMEL OBFiIc >V T HHES
NTW5(3 14, 24, 25), FFEESO ZEHEEEOKAHBES & SO it 3iEHiH & DE
EREUBFROH LT EERM LAY 10, 12, 13), X5, ZOLSHKILESHIABA itk
STHBENTVZREMEA R L, FRE TR, O BLPNO: DEAIC S0, LEIEDTI
BHERONE0E D, 1, SAEH S ABASHROMICHEN $30E5htHLhicT
BTEAEME LTI -EROERED~NE,

MRBELUFZE

R #EJER ( Arachis hypogaea L. cv. Chibahandachi), F =V (Lycopersicon escu-
lentum Mill cv. Fukuju Na2), #4 2 ¥ (Raphanus sativus L.cv. Minowase), ¥ 5 =2 (Vi~
cig faba L, cv. Otafuku), b9 €0 2 (Zea mays L. cv. Yellow Dent corn) (2iBF25C, aﬁ
EBREBUALERENT I AZIRT, 2hTN08 6 5 7, 5BMERL-bDERVE 2oL
¥ U (Spinacia oleracea L.cv. New Asia) ZBEB20C, WIST, BET0FCHB LI 4>
RETTHEETR LD TRV,

HARBBLURBAE : /7 AZTHRE LW E 7 2B8BH 70— 24 » 5 b (170 X
230 X 190cm) ~B L, #30Kx OXBEHTTBL05C (7 Ly vOBEIE0L05C) &
B 3BOERGTIERMAMEL, O30 EBNO: 2 Fh%0h 05, 8ppm (moles /noles) i
WEEIITH oy FPAKBAL, —EREBCHE L, BRAEO LS, $SotHRE =~
wy— FTEY, BMEOERRBLE LI - —KIR L, FARBETER, BOEBYAE
L, 1EB22:D 100cn’ DEPSRLEDMEKDOES (g) K TRBMAELE L, Fvh
FAOEFIL 0.22m 5 TH -7,

ABA Ot LUER © 0.5 ppm Os iC0—40RIRE L1y 5 < LIMBD ¥ 7+ 4 DFA
PIpEeh, Ko Lok OmMbEREml AN ZMo v~y 2RSS, BOEREH O SHOE
Wic@Ur, MHERII0mg 2 7FAeFasy bV Y 25849 ) — - BRI F - KR
(B50:50: 1, 0/ 0)THb. FEXF ALY —THEWNRLTABAZH Uiz, Ml 8 L%
pHZ5T n-~d%¥, pHITY 20024 YT, pH25IKELTY 2 vavx # ic T
Lz, XRBE /o< 77 THELALE, Y7V A5y TAFEL, ECDfIEH R D



= M5 7ITTMT L, O MU, BMEE & 3EBERIV

V57 OHBERVIFICET A5AMERE : #7RETHE LAY S 2 u—2F ¢ &
4y MCE L, #30kix OXBET, 25CTH 4 SMETAEL, HARBEDOHEHAME, 2ppm S0:,
0.5 ppm O3 & %423 8 ppm NO; %305 RE LAERELVIVERD, BHOEREE ST W-1,
SFUE IS HERE (A 350G, Ultrasonic) % AW T 2 MEFEAES L THER L1 REHA
#10mMKCl & 0.1mMCaCl: &%, & 5iz10°M ABA AEthb AV EETHV 110 HE
@ Mcllvaine @& # (pH 6.0) 10ml i Adr, #H30klx DONBHT, 25Cic 2 — IHME W E
s HA R L S ABEEZRE L .
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TETL, TOHIBIE—EDOL~wEfo7, 423 Vi3 PIREAGEH 2053 A £ 309 T6H R HAE
FL, bF BB VELEHOBRAED L. V77 2 EREBIEHRIN 2 OB LED,
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Fig.1  Changes in transpiration rate with O3 fumigation. O3 gas was introduced into the
cabinet at 0 time indicated. by the arrow to make 0.5 ppm.
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ORORRTABASHERIBOGLARD LT,

FRUFOSABEOERERA R 2R T, TNENOHN AR 5\ 3HOEiC
LTRENTHEEYS, ZOROFIORFRERTEN G, ABA BEIELBEOSAHEOKR
PHET 5L, SO BEOFEICL - TREZIBLLNT, Qi BLUNO: REBEDBAICIE, ABA
K& LEERDBRES NI, BB, OrBLUNO: RE LDFILDABA cxtd 2 B2 Ml
ALt

Fl O:RBBCL3ZVI-ADABASEHROE(L

Table 1  Change in ABA content in broad bean leaves with O; fumigation

ABA content®
(ng/g fr. wt)

Control 8.0+1.3
0, fumigation 48+1.7

ESRHT IEAE = i
a: JEHOESEL EREE,
b: 0.5ppm Qs 2 30 — 40 SRR L 7=,

Each sample measured three times.
a: Average of three samples with standard deviation.
b: Plants fumigated with 0.5 ppm O, for 30—40 min.

#£2 SO:, Os BXUNO: KEBS Y 5= 2 BOHMEREVA OKILEE
Itfki¥4 ABA ORER
Table 2 Effects of ABA on stomatal aperture in epidermal strips peeled from broad bean
leaves exposed to 502, O3 and NO2

Stomatal aperture (y.m)a

—ABA +10-°M ABA %

S0, 0 10,07 £ 0.63 (44) 5,76 £ 0.41 (48) 57
2 ppm -8.36 + 0.65 (44) 4.74 £ 0.31 (50) 57

0, 0 6.70 £ 0.51 (48) 6.07 + 0.35 (47) 91
0.5 ppm 793 = 0.56 {61) 4.89 + (.51 (60) 62

NO, 0 6.62 1 0.55 (45) 5.39 + 0.60 (47) 81

8 ppm 641 £0.54 (45) 3.99 ¢+ 0.41 (53) 62

ik SO,, 0, NO, IZ 302HBER I hi.
a: BHIEICEMRESR L1n 2o CHOEFERARE LSO T,

Plants fumigated with §02, O3 and NO; for 30 min,
a: Each value with standard error. Figures in parentheses representing the number
of stomata measured.
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BRCHiE Lk Hic, AL, r~ tORRIERO ABAZERALTED, 130, v774,
LYY o0 ABASHERIZBIEZ LW (12, 13). %/, FUEQIVERELIC M
WEHERTH 7209 —11 Bl BLT 2R LEERIF, Os BLUNO, BERGBEKD RBE
LB ABASEHRETHEICMEL TV AT LERLTVS, FyER2ViE, SO RETIE ABA
SERIDINIC bbb & TEELRBELER UL (9 —11) 5, 0 BXUNO, OBHAH,
FOILINBRRONLS Aot SO LARBEMOBEE LT, RAl, AIBlEs50E
FOFAO pHETIR L - T, ABACHZHR~OBEMNEC b, AAAFSHER SN EHAL
(10Yo NO3 ikicHS D % & Tl & BRSMRIC 2 - pHETAE U3, Lichi-T, SO &EHKD
BIFEEZ L EHTEBH, NO, ORBUETIERIISO: & KB L THZDFEL, SO (ZHEMIEIC
BNENZ L BEHRRSEVCIEERRETD, BESOTHRBE I3, REFRHROF I TER
Eh3 (26) OT, SO BB E LTIEMTEC LIRS, —F, NO: 33 THERSE & Ml
A, HBIETIhTEMBRICLY, S5rR/70n 7SR MPITT VE=TIRETEN, T3
JBICHDATHhD (27, 28). 20k 5 ic, BMREHIINO, DFEALRT I /BEDITY v¥sH
FTREINT, BEYHEE LTEREINT WV, NO2 2550; REATRBETEHANFVORL
DB b,

2T LIckdiL, SBELE V7 EDTHIR ABACHT 2BREHIENLERLNI
W, Os BLUNO, BRIV FTILOABA KT ABEUHIHA LI, O RIROZEAY I
BA5ATK OMBEA~OHHEEEL, KALBETS(6). O REShiSAHABA
o ZRIUSHALDE, BoB@ENST(LLTABAD K RBEASBIBShAO» A
ftiv, T4, ABA OFLIHBE~OID ALK LA 5 5, NO: AR &
RiEd 52 ¢MA0hTED, BoBBKeHEEE5L2, cOXHT, OsBLUYNO; &S0, OfF
BREREL -T2 :EbO 3,
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Summary

Changes in transpiration rate with the fumigation of 0.5 ppm ozone (O3 )and 8 ppm nitrogen
dioxide (NO2) were examined, using peanut and tomato plants which contain large amount of
abscisic acid (ABA) and radish, broad bean, spinach and corn plants which contain small amount
of ABA. The transpiration rate of peanut and tomato was rapidly lowered by exposure to O3,
Thereafter, the transpiration rate of tomato was almost constant., The rate of peanut increased
almost to the initial level and then decreased again. This oscillation continued. The transpiration
rate of radish and broad bean declined with O3 fumigation by about 33% after a lag period of 10
to 30 min, The transpiration rate of corn began to decrease 30 min after the start of fumigation
and slowly decreased. The rate of spinach also decreased slowly from the beginning of Q3 fumi-
gation. Peanut exposed to NO2 showed the transpiration change similar to the change induced
by 03. The transpiration rate of tomato, radish and spinach declined by 30, 14 and 8%, respec-
tively, 10 min after the start of NO2 fumigation. Broad bean and comn slightly increased in
transpiration rate immediately after the start of fumigation, then decreased gradually.

Stomatal aperture in epidermal strips peeled from broad beans exposed to 0.5 ppm Oz and
8 ppm NG, for 30 min was more largely reduced by 107 M ABA treatment than the aperture in
epidermal strips peeled from non-fumigated broad bean. Sulfur dioxide fumigation gave no effect
on the stomatal closure caused by ABA.

Key words: Abscisic.acid — Nitrogen dioxide — Ozone — Stomata — Sulfur dioxide — Transpira-
tion,
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Destruction of photosynthetic pigments in O; -fumigated spinach leaves
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Ippm DO i+ L ¥y oik@ABT 5L, H8HKEBIEMS /oo T e 250
F/AFERRLEACY, 120BB&CERABTHOSREOEFNLTHINEL LU0 %
FTREDLI. 7007 0 @ 120BRIBTERLRED I T, 220F6HTR
BiiosBo0ERET LT, O:FREL oKL BEEBE I/ vty 5 Y
4 = CHBEERE L2 5, BFOBRIAOFREHBERRI S hIIh 510
SEARILMOIEED Malondialdehyde (MDAY if, lppm @O BEIC & - T 86
BB T 2 bt L, 1258ME% TREBFTON S SIKELT.

ERL-7230EvBESRRB0RBiE - TRE{(HIL, BEIROEILES
O EREE TRBAHOHNOF I TR T L, COLFEARKRFLFo-L -T2
DML T,

lppm® O i 6 HRIBB Lcr o L vy 9EM G ) — 774 RA7%{THiIRENAEEH
TE5& FARIAD a0 740 aBLUL2R0F /A MR L, LELESR
FTTHELLLEABLUN T, THAEIAEHTTEEBH LTS, FBobIFEA
ERRR LT o720 OF O scavenger @ Tiron (1, 2— dihydroxybenzene — 3, 5— disul-
fonate), TRaANVE VEE ) -7 F 4 AIRGA A, FOunT sva, 40
F/ 4 FOSRIIHES RS, L L 02D scavenger @ DABCO (1, 4 —diazabicy-
clo— (2 2 2)—octane), 'Q: OFGEEIT T D20, OH O scavengerDZE B EREP
BRI, FHESONRIEH L THEBNIS -1,

® 7 :
VN0 BB L > THPED /oo T (VvBRRT I LR KMo THY, £ OER
OISOV THESIATVS (810, LALUERDL, Oitkb7ue 7 c VAROBBIZOW
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Qs BEWBLAITH Y, O: BB L~ TAMMBEOE U (16) ©, O3 NT YV VI LK
k& (9), 2o v 3 (3) i REAMIEHE O EB/LEIG% T 9 Malondialdehyde (MDA) AsERE L
TOAHBIEHBESNTVWS, TR ORI 2EPEOTRBELBBI ¢ 2WHE L L < B LH
PRI DRES L EBBMEINTV S (12, 15), ChHDT &, Oz itk 3BFDLEL
ES—FH, 05, B30 BBOKRLE LA SHrORIENC L IBIFRARBELTHEZ
t?&%L‘Cu\éo

Wbt XAKEBEOSHICE LROBMEANES L T AR EE L 1. FHRiCHL
T, $F 0, BRECEY L AARBEONFE LU MDA OERARIIICH R, T/ 0, BF
ZMAZMEE LTHASAS L-TAILVEVBROERSESFR L. Bt 0. BBEH S T
o) =7 F 420D 70T s vaeBRULNOF /4 FOMRERI LT B, HEBEY
FRCVBETEHD, BHBRREO—FOA -N—4+ 0 F T=F v (0 ) ESLTHWAEI &4
REIhi,
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Fig.1 Changes in contents of photosynthetic pigments and MDA in 1 ppm O3 -fumigated
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Table 1  Changes in contents of photosynthetic pigments and MDA in 0.5 ppm O3 -fumigated
spinach leaves

Content { %)
Fumigation time (h)
0 8 14.5
Chlorophyll & 100 99 76
Chlorophyll b 100 103 96
Total carotenoids 100 96 59
MDA 100 - 155 439
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Fig. 2 Effect of 0.5 ppm O3 fumigation on the contents of L-ascorbate { o, @ ) and dehydro-
L-ascorbate ( 4, 4). e, a: O3-fumigated, o, & : non-fumigated.
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Table 2 Effect of light, oxygen, and some reagents on the destruction of chiorophyll 2 and
total carotenoids in leaf discs punched from Oz -fumigated leaves

Treatment Chlorophyll ¢ Total carctenoids
content { %) content (%)
None 100 100
Dark (6 h) 104 . 96
Light (6 h) 54 37
’ N2 98 93
+Tiron, SmM 77 51
+Ascorbate,  ImM 76 53
10mM 96 82
+DABCO,  10mM 63 46
100mM 58 44
D, 0 48 28
+Benzoate, 10mM 49 32
+Farmate, 10mM 49 32

ot ' OFREETT 0L REAEMBEI,E 12, T 12 OH » D scavenger OLEERS
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Summary

In spinach (Spinacia oleraceq L. cv. New Asia) leaves fumigated with 1 ppm O3, chlorophyll
a and total carotencids started to be destroyed in about 8 h after the commencement of fumiga-
tion. In 12.5 h, chiorophyll @ and total carotenoids contents were 80 % and 60 % of the initial
ones, respectively, Chlorophyll 5 was not destroyed within 12.5 h and then decreased to 80 %
of the initial level in 22 h, Pigments extracted from O3 -fumigated leaves, were chromatographi-
cally compared with those from non-fumigated leaves. No new pigments were detected. The
amount of malondialdehyde (MDA), an indicator of lipid peroxidation, slightly increased in O3 -
fumigated leaves before the destruction of pigments. The increase in MDA became remarkable in
accompany with the destruction of the pigments. In the leaves fumigated with 1 ppm O3, L-
ascorbate content decreased and dehydro-L-ascorbate content increased before the beginning of
the destruction of pigments,

In leaf disks punched from leaves fumigated with 1 ppm Oz for 6 h, illumination caused the
breakdown of chlorophyll # and total carotenoids., Under nitrogen stream, however, it could not
cause the pigment destruction. Breakdown of both pigments was suppressed by adding 1,2-
dihydroxybenzene-3,5-disulfonate (tiron) and ascorbate, which were Oz scavengers. But break-
down of chlorophyll 2 and total carotenoids was not affected by 1,4-diazabicyclo-{2,2,2] -octane
(DABCO), which was !0y scavenger, or D20, which prolonged 'O lifetime. Benzoate and
formate, which were QH- scavengers, did not suppress the pigment destruction.

Key words: Active oxygen — Ascorbic acid — Dehydroascorbic acid — Lipid peroxidation — Ozone
— Photosynthetic pigments.
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Isolation of mesophyll protoplasts from broad bean and the effects
of sulfite on its photosynthetic activities

Takeshi SAKAKI' and Noriaki KONDO!
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Vo AERDL, BOLSHEES O F O R MVAFNETEHMT A DD
SMART U, VI AR EBER I — L AMARKBETER L, BCALLE
(BEEOBEM3F 1x, BEI4h) B L 1A EEF 2L, GNETT o b
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FOoips, 89f0 NaHCO:BE W 2hshi3iF 3 F Ix, L0 - 15mM TH =7z,
YFwAT0OMTIRMONEGHICE ZMBEREEE X, pHBOIRE VL THHI0mMM
OBEHREE 5L TLRELZG b o1, —F, 7075 X % pHb0THER L
1384 Y& 2=} LRiIcpHBORTHIET 2 &, BEREEEEFLJETL
T, BHEBIC L Z2MERERFOMERIE, 4 YF 2~ FF5E3DpH O
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B EROMEEARC T EHATEZRMUERRLE LT, HMELCEME L EAERT o
FZSAMERWAZ EIC LI, 7O T A MERWARAE LTI, kit PARKROSE
BLFHh 3,

O SR CHER~OEEEELFA~NLOh 3,

@ HEABERARSESCHBETE 570, 7077 R Mok LSO, B0, BALCT

TEREBERE OO D,

@ HYMRELIUCMRMICEY 25008 B LURBENORKOEE LR ENTES,
@ WEREELTERMIKBNES CEHTES, '

Hibid, HAMET O TS 2 OLSREECRET ERBONEAA~E L EENEL
T, Ve AhOBEWESREREZ LT o b PSR MVEARE L THBTEAREERIT LI, &
tz, DT A L7532 FERHCTERBIZ S 2 LSHREEEZED FHENERET - 2.

HEBELUGE

HEEE 1 v 5w A (Vicia faba L.cv. Otafuku) BELHE L LTEHLL, BT, EISC,
HEETI0FONRABETI ~ 4 BMEF s wctkic, FIUHE, BECHfIL, B THS
T lxoWEL262ALEE (HR14h) B L, Bic LEMRL ERE L, 3/, BT, ®
20C, BHEENEOCQRLBETHER LI DLHV,

7o b 75 A FOBRE MM e 2EOBROREARE LIz 2cm AEECYD, 200ml
O=Ef7 A B TEER (10—158,/50ml) 2EEESE L, BEEOHKE, 5% (w )
2O F—LR—10, 2% (W 0) €NF—¥+ 4,/ XAR-10, 05%(w v) F+A b7 VKR
HYY L, 02%(w/v)BSA,  1mMCaCl,, 06M~=F—n (pH55)T&H 3 (3, 100,
27 1x DXBHT, 28CT2HMEBRE 55Ty, 7o b7+ Z2HE L, REDBMKERI0
SETIHEEE LI bORB T, BESHTH, SBumOFfavs, v TR, R4 ESHE
DLT7a 732+ a8S, Bt 06M<= b — T 20HL L CHEP LI, Bohic 7o b
7R MIBEETO6M = b — APt BB L TKBREL 2. 7o +75 2 + O JBERAE
s TR L,

REMEEORE  BREEBEA VW T7o b7 5 2 FORARR I IMEREEELAIE L,
BSEEs O R iGiE#E 1L, 50mMHepes=NaOH (pH8.0), 1mM EDTA, 06M~=+F -, BLU
RELLTAEFIOnMONaHCO h SR -»TW 3, HIER2CTIT » e A& LT 100V-300
Wos v rFAFyI3»7TERBGV, 57 IxOXEBE L. #i%id, 7o b7 32 b8 o80An
EHEHTIT -1,
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HRORER : BRABRETET LAY 24 4cAv A&, BRS&HE—-FERLTh, AK
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HOBNMLLE6DEBbNE, BRABETEBT LAY S<2 %, B« BELE CREHE
LEATXAZRBELTIBMULETSE3E, SORBTREREGHORELLTO T IR
FERONBLIRU ST, COTER, VITAEERORFENEELERTHITEETL
T3, $RESIKOVTE, FVELAV A LBENERENE  TBUHSINPT -1,
SLREM LA DOE, BLUTOUFCERLE 2~ 3 EZTEAL 2 LBONETT 0 |
75 R MOHBETE _

HEOEH  MEROMK, pH, B JUMRAEER R (MBBLUHE] KR, BSA %
mAze, LELEEHET O+ 75 2 FOWRREEN L 1200), FERE SOEFIETEL L8
BicBE4ABMNECAD, #TX2E 2507 b T3 bOB LI, AERTIE, RE4LS
cm, JRE HEHBEL DT L5 — 2HMA v+ 2 ~— b L, BROUERICEZRETA2E7a b
752 FONREEORBETESENG S EBBEESNTE(5), EERBCHVTHER 2
F Ik oFeRE LB oML,

CDEHIRLTHELNETO TSR LONERICIIMEREEET, L0 T 130—140
p#moles O FE » mgchit» ! OFHERLIZ. BT OHERITI, 60 #moles Op T4 » mgchl™»
h 'R EoEz: b2 bR ER L.

B0t 752 bOEE BB LAZ7o 752 M ABCRKETS &, BEREEF MK
BFL, 26ME CHBEEOEEO0F IS 4, KET TIIABML LR RE I hTHS
L LEBRIKSRELL 7o b 77 A ML, ASREHLREL TV TLREBERICIEEBL R
TOAEEEMLES (2) T, BohHHizFoRO> bIRERALE,

MEREEEORE : 7o b X7 A MIBRATTRPERICLZ EEL SN IMRAOBLHEL 5
B3, HEEHTILASRICIIBERELHAE TS (K4, AZROBEREZEICMITHE,
FRRE, NaHCO: O#E, 54U pHORELZH N/, BEII0TOE FXERDERET L.
FEHB 2T 37 Ix THRAIL (R 1), NaHCO; B3 1.0 - 1.5mM THIL L (N 2). BED
pHiZ 80 DEEEAT, T0RTTRECHDL, 55 THBERERTOLUL >3 FX
BEERELEE, LARETFEEROBERNTHS DCMUS pM) K k- TRIETR2ICEETEI N .
ZhoDnZ &, FERICHO THMS hABRMIR7T 0 b 75 2 b8, fIORREICL - THRE
ENFETo TS A PORESEFRYE (3, 5 10) KEXRTHABNELZE>TE b, AERKH
TEABLOWRETOOIKBAYULMETH LI EERLTY 3, UTORIERERE2T, XBEES
F Ix | NaHCO; BB 10mM, pH 8.0 TiT =72
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Fig. 4 Effect of Naz5C3 on the rate of O evolution in broad bean mesophyll protoplasts,
Assay was performed at pH 8.0, The arrow indicates the addition of 10 mM NazS03
(A). Protoplasts were incubated with 10 mM Na3S03(C) or without Naz2803(B) at
pH 5.0 for a minute before assayed at pH 8.0.
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Fig. 5 Effect of Naz 503 concentration on the rate of Oz evolution in broad bean mesophyll

protoplasts. Incubation of protoplasts with Na2503 at pH 5.0 and 8.0 was performed
as described in Fig. 4.
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Fig. 6 }E‘,Jffj:;c: of pH of the incubation medium with Na25803 on the rate of O2 evolution in
broad bean mesophyll protoplasts Protoplasts were isolated from youngest leaves
fully developéd grown at 20°C(A), the leaves 2 weeks after fully developed grown at
20C(B), and youngest leaves fully developed grown at 25° C(C). Assay was performed
at pH 8.0 after incubation with 10 mM Na2803 for a minute at various pH.
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Summary

Some factors affecting the isolation of mesophyll protoplasts from broad bean were examined
with respect to yield and photosynthetic capacity. Protoplasts were prepared with high yield from
leaves grown in a glass house under sunlight for 3—4 weeks and grown further in a growth cabinet
under ca. 30,000 1x (daytime : 14 h)- for more than a week. Isolation from 3—4 youngest leaves
fully developed gained the high yields. The rate of photosynthetic Oz evolution of isolated proto-
plasts was decreased to 60 % of the initial rate in 2 h at 25°C, but was stable for more than 24 h
at 4°C. The optimum temperature of O evolution was 30°C. The rate of Oy evolution with
pH optimum at 8.0 decreased as the pH of the solution lowered, Oxygen was not evolved at pH
5.5. Saturating light intensity and saturating concentration of NaHCO3 of Q2 evolution were ca.
30,000 1x and 1.0—1.5 mM, respectively.

The rate of Oz evolution was not affected by adding 10 mM Naz SOz at pH 8.0. However,
it was remarkably decreased when protoplasts were incubated with 10 mM Naq SOs at pH 5.0 for
a minute before assayed at pH 8.0.° The rate decreased with decreasing the pH of the incubation
medium with Naz803. The degree of decrease in O2 evolution rate was dependent on leaf age
and growth temperature.

Key words: Mesophyll protoplasts — Oxygen evolution — pH — Photosynthesis — Sulfite — Vicia
faba,
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Effects of ozone and sulphur dioxide on the fine structure of spinach leaf cells
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Table 1  Visual and ultrastructural symptoms in spinach leaves treated with 0.5 ppm O3 and 1,0
ppm SO3 singly or in combination '

Fumigation time (h)

0 1 2 3 4 5 6 7 8 9
1 ) 1 1 [ 1 1 1 1 i
* Glazing * Yellow green patches * Brown patches
ve ) * Wilting
= Swelling of thylakoids * Deformation of chloroplasts
03 * Swelling of Golgi bodies - Aggregation of Cellular contents
v « Swelling of ER
* Swelling of nuclear envelopes * Shrinkage of cells
* Glazing * Yellow green spots * Brown patches
v - Wilting
80, * Swelling of stroma * Swelling of thylakoids
u * Deformation of chioroplasts * Aggregation of cellular
contents
* Shrinkage of cells
* Glazing * Brown patches, wilting
o Y * Yellow green patches
+ * Sweiling of stroma
S0z U * Deformation of chloroplasts

* Shrinkage of cells

* V=HHERE U =i E vt

A EEE GERREONI0 2 LHDLE SN - BT L,

AlEEEE SRS LIS OMMBEE LG, JHEETCCREsN LD TH S,
* V= Visual symptoms U = Ultrastructural symptoms

Visual symptoms were scored when they occupied about 10% of the leaf area.
Ultrastructural symptoms were observed in the regions of visual symptoms, when the latter was apparent.
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Summary

Spinach (Spinacig oleracea L. cv. New Asia} plants were fumigated with 0.5 ppm O3 and 1.0
ppm SOz singly or in combination. The leaf tissues were harvested and examined by electron
microscopy at time intervals until they were necrosed, Observations are summarized in Table 1 and
results are shown in Plates 1 -30.

The first sign of Oa injury was swelling of thylakoids in chloroplasts, which was followed by
swelling of Golgi bodies, endoplasmic reticulum and internal space between nuclear envelopes.
Later the chioroplasts were deformed. On the other hand, 80z injury first appeared as swelling of
stroma and deformation of chloroplasts., Swelling of thylakoids appeared at later stages. At final
stages of both O3 and SO injuries, cellular contents were aggregated and cells were crushed.
When O3z and 8O3 were supplied simultaneously, the appearance and progress of injury were
markedly accelerated compared with either of the single fumigations. Mainly the features of SOz
injury were observed in the simultaneous fumigation.

Key words: Ozone — Sulphur dioxide — Spinach — Fine structure — Electron microscopy




Plates
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Abbreviations:
¢ ; chloroplast P ; palisade parenchyma
¢c ; companion cell pf ; phytoferritin -like particle
cr ; crista s ; starch grain
er ; endoplasmic reticulum se ; sieve element
g ; Golgi body sp ; spongy parenchyma
m ; mitochondrion v ; vessel
ne ; nuclear envelope vp ; vascular parenchyma
no ; nucleolus w ; cell wall



EE 1 &9y 2ORLEECEG3EEE, < 22000

Plate 1  Chloroplast in a spinach leaf before fumigation. x 22000

BEH 2 &olbyY/oORMEELCEGIEI I FYT, x 46000

Plate 2  Mitochondria in a spinach leaf before fumigation. x 46000






BEH 3 w9l yyUORREEICET 5. X 14000

Plate 3  Nucleus in a spinach leaf before fumigation. x 14000

BE 4 ULy ORAEEICE Y AHEE, X 6800

Plate 4  Part of a vascular bundle in a spinach leaf before fumigation. x 6800
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Plate 6

0.5 ppm Qs T I EEBERVNEL-+r7 Ly EOERK, 524 FD
PR oha (RHD), x 22000

Chloroplast in a spinach leaf fumigated with 0.5ppm O3 for 1 h. Note swelling of
thylakoids (arrow). x 22000

0.5ppm O3 TIRHBRBAEL f-F o L vy EOERE, v5234 F0
I mERE s 5 (KHD. x 16000

Chioroplast in a spinach leaf fumigated with 05. ppm Os for 3 h. Note extensive
swelling of thylakoids (arrow). x 16000
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Plate 8

0.5 ppm O3 TIHMBEBLEL o6 9 U v v S HEOR B L O/, 1R
ENEHATEEL TV B, RHIZE &MAKOBEE SRS, X 31000
Nucleus and endoplasmic reticulum in a spinach leaf fumigated with 0.5 ppm O3 for
3 h. Note swelling of nuclear envelopes and ER. Arrows indicate continuity of
nuclear envelopes and ER. x 31000

0.5ppm Qs TIHBRBAEL LRI Ly vy BOBEMLE TV I E ().
FENT T v 2 SRR & fvic/NEE RS . x 26000

Swollen Golgi body (g) in a spinach leaf fumigated with 0.5 ppm O3 for 3 h. Arrow
indicates vesicles derived from Golgi body. x 26000







0.5 ppm O:TTHRERBRE Licky Ly o OER L 12 553k, x14000

EH 9
Plate 9  Deformed chloroplasts in a spinach leaf fumigated with 0.5 ppm O3 for 7 h. x 14000
EHI0 05ppm O TTRMBREME Lk o Ly s BRI N BREDH
K L7-ZERE. % 13000
Plate 10  Disruption of chloroplast envelopes in a spinach leaf fumigated with (_§ ppm O3 for

7 h. x 13000







BE 11 0.5ppm O T 7RIS L /o kv Ly o B x ni-filarmseg

ROEE%. X 10000
Plate 11 Agpregation of cellular contents in a spinach leal fumigated with 0.5 ppm O3 for 7 h.

* 10000

BHI12 05ppm O: CTHMEBABR L&Y Uy 9 CEES MBI,
x 10000
Plate 12 Shrinkage of cells in a spinach leaf fumigated with 0.5 ppm Q3 for 7 h. x 100600
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HHI13
1 Folg# (RAD #BHLNZ 00, BEFEEIBESR-TH5,
X 9800
Plate 13 Part of a vascular bundle in a spinach leaf fumigated with 0.5 ppm Q3 for 12 h, Cell
structure is almost normal except for slight swelling in thylakoids {arrow). X 9800
FHI14 05ppm O TI28HMBEBNE Licthv b vy oickid 2EROTHIED
R, QEEELNBELR- TV 3, x 25000
Plate 14  Apparently normal chloroplast in a vein parenchyma cell of a spinach leaf fumigated

with 0.5 ppm O3 for 12 h. x 25000
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TR0 1.0 ppm SO T 2 BRRIREAE L 7ok v Ly S EORMTU R Ot ke
T, HMYE T s vy s AF LY T -, KIS (sp) OERK
(c) DPRHBHEME P LTS, x 240

Plate 15 Light micograph of a cross section of a spinach leaf fumigated with 1.0 ppm SOz for

2 h. The section was stained with basic fuchsin and methylene blue Note low stain-
ability of spongy cell caloropiasts (sp, ¢). X 240

BEHI16 1.0ppmSO: T2HMBEMNELA AL Yy vy oEDIERE, X howh
L Twa, x 20000

Plate 16  Chloroplast of a spinach leaf fumigated with 1.0 ppm SO3 for 2 h. Note swelling of
stroma. x 20000
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1.0ppm SO, TIRMBBUAB L+ Ly BB NERL-E

BHE, x 22000
Deformed chloroplast in a spinach leaf fumigated with 1.0 ppm S0z for 3 h, x 22000

BB 1T

Plate 17

1.0 ppm SO, T 3 KMBBAB LAY LYY 9 BOMETHO — K, SiHE

BERL TS (c)o X 5000
Part of a vascular bundle in a spinach leaf fumigated with 1.0 ppm S0z for 3 h.

Note swelling and deformation of chloroplasts (c). x 5000
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Plate 18
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FHE19 1.0 ppm SO, T 5.5 BMRBME L2k v Ly YEOEREK., FRKE
TORAEMEL TS (RED. x 14000 .

Plate 19  Chloroplasts in a spinach leaf fumigated with 1.0 ppm SOz for 5.5 h. Note chloro-
plast fusion (arrow). x 14000

HE20 1.0ppmS0:T55 BERBLEBLLF YLy vEOERE, v5 24 F

OiEREME LN S (KE), % 21000
Plate 20  Chloroplast in a spinach leaf fumigated with 1.0 ppm SO3 for 5.5 h. Note swelling of
thylakoids (arrow). x 21000







HEE21 1.0ppm SO THSEMEBMEL 20 Ly v T ECBEXNRRE
OPHFEAN7-EGE, Iba3 2 FY7 (m) GHEBAESEABESR-T
W5, x 13000

Plate 21  Disruption of chloroplast envelopes in a spinach leaf fumigated with 1.0 ppm S0z
for 5.5 h. Mitochondrion (m) is relatively normal, x 13000

BEH 22 1.0ppm SO, THS BERBUELRI Ly y YEDE, EFEKICH~
ERUBHEL{E-TH3, % 13000

Plate 22 Nucleus in a spinach leaf fumigated with 1.0 ppm S0O2 for 5.5 h. Nucleus is relatively
normal compared with chloroplasts. x 13000







1.0 ppm SO, T HHBBEME L s 7 LYy ECRES N BaREE

BH23
EDEER, x 16000
Plate 23  Aggregation of cellular contents in a spinach leaf fumigated with 1.0 ppmt §Q4 for
8 h, x 16000
EEo4 1.0 ppm SO, T SR BMEL fo 4 v L v v v B E S hi@ian .
x 9760
Plate 24  Shrinkage of cells in a spinach leaf fumigated with 1.0 ppm SOz for 8§ h. x 9700







BEEH25 05ppmO:+ 1.0ppm SO % 30 S REBAEL 72467 L v v 9 EOHKTR
DNFEBRBEEE, A Ty TRk 3, BERAR (sp) DEG
# (c) ORBEUHEETL TS, x420

Plate 25  Light micrograph of a cross section of a spinach leaf fumigated with 0.5 ppm O3 +
1.0 ppm 802 for 30 min, The section was stained with toluidine bive. Note low

stainability of spongy cell chloroplasts (sp, c). x 420

‘ZE 2 0.5ppm Os + 1.0 ppm SO; T30 SRBUBL 250 LV ¥ v EOEREK,

*x 13000
Plate 26  Chloroplasts in a spinach leaf fumigated with 0.5 ppm O3 + 1.0 ppm 50; for 30 min

% 13000
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EBE2I 0.5ppmOs+ 1.0ppmSO: T NRBMEL ot Ly y vECHEZ A
FEGEORS (KHD) ., x 11000

Plate 27  Fusion of chloroplasts (arrows) in a spinach leaf fumigated with 0.5 ppm O3 + 1.0
ppm SO2 for 30 min, X 11000

BEE28 05ppm O:;+ 1.0ppm SO T | BHIBBRLBL-hy Ly Y vEirEEX
hicEREDEH. % 7000

Plate 28  Aggregation of chloroplasts in a spinach leaf fumigated with 0.5 ppm O3 + 1.0 ppm
803 for 1 h, x 7000







EH 30

Plate 30

3.5ppm O3+ 1.0ppm SO, T BERBUME Ltk vy JEiCEE X
Bk oS (KED . x 14000

Fusion of chloroplasts (arrow) in a spinach leaf fumigated with 0.5 ppm O3 + 1.0
ppm SO for 1 h. x 14000

0.5 ppm O3+ 1.0 ppm SO: T2HRIZBAEL ko L vy SRICRES

NI ARBAD T . x 11000
Shrinkage of cells in a spinach leaf fumigated with 0.5 ppm O3 + 1.0 ppm 803 for

2 h.X11000
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Effects of mixed air pollutants on higher plants
I. Foliar injury caused by NO; + O; mixture
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Tadayoshi TAZAKI?, Tsumugu TOTSUKA! and Tadahiro USHIJIMA?®

L2 =

KEFEREIc L 2BEORBIC L TOFKR, chi TREEL{ OEBEHL
TEAHPLEMEEATH S, LpL, £ 50fSI8MEEEOREBIC DT
~NTHY, HEEREICL2BEEOWER Py, 227, NOEODEBE T A M
B & 2O REERRIC 0T, BEFOAZCER LUK SHGhICT ST
EERRAT, ‘

b= 70 (Helignthus annuus L. cv. Russian Mammoth) 2# i E LCH
Wi, b= 7 VRATLEMHETIET, ARERBE T~ BRESE L, 7
eo7 iy s -aditiiEe TR b oaHES AL, WEO BB AT » o8
HEDBOWTIIBENZRRShih -k, 20T, —HEXBOMENSBIESL T
&/ - ARHEE B, FRBBLBI N EYOTEEELHE LA RE, B
oo 7 4 R ERIEL, NO. O; DEMEEEFEd s6ds% L.

NQ,, O:SHEA MBI uEEEARER LTS, BRELTAEST 2 LTH
BEEaR S, NO, 0BEMETIC W TEEOESRENL /-, [REEL /0
o7 swa/bibtDBETASE, NOBMUER TR, BFUTREENZER TS
o oay cna b HBELLT, $1, O BRENO,, O; REMMEIT LS

B AEHAR A YRER

HHRE R

HRRTARY BER

Division of Environmental Biology, National Institute for Envitonmental Studies, Tsukubagakuen,
{baraki 305

Faculty of Science, Toho University, Funabashi, Chiba. 274

3. Faculty of Agriculture, Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183

— et —

s




@ b DT IZEMBL T i, NGy, O;iRE MBI L 2 o] BB EDE RIS gy
AMBOBESLHTED, TOLEB e dhick-THHLbIRE N,

sno7 nBOERE, HTLLTERTOESERBLTESY, UE4 34
ZAOBEICL ~TRILZC EHHAL L,

#

BEFMCIT DI T, EPCHT ZRGHEREOEBICBT 3 ]ENNLE N, FHITDNTD
RALBEDOHTHS (6, 10, 18, Yo UL, B OMRIRMCHT 2B F2OEETE 5,

BAZHT TR, ASHERENE—-THEETAC BB EALN S, ZBEL20 20 ED
HADEEL, BcFEEL5L T3, Lbit, BFEL 7088 TH, TEroOHER IR &
HOPSAAMEEL, H-HEBLOKRKHEREHEARTICEET 2, 2h i, Mot d 2k
SEROPEE LD ACERS brnicd, BAKSHROBURELHAET 36805 5,

FHE, O ShDIHAEFICL » THINCH I 3 BAAKHFREOHELLINTE TS (15),
Menser and Heggestad (11) i3, S¥NZS0, L0, DR SNBIC L » ThWIHESHEXE K
AEHEL TV D, 208, B afltrictd 2 BSNBOREIREShTHS (4, 5,
200, TDMOBBADREEH XA OEE > TOHEERDE, White 5 (21) & Bennett 5 (3)
B, VEEASO: ENO DEAMBIC X > TEFT5 L BEL TV 3,

NOz & Qy R A O XN GHERBEOBEELRA T, WbERAE L FORGEBRE LS, &0
DI 0s13, THEETHHEYO Eic TRBELRES 5 2R LOFBENEET 3. Lol
COZBOXRSBEERENEEL HICHPAED LS URIEERTORDOLTOHEEIIT, £C
T, NO: & O3 #8B LT, b~y ) EOWRBESBR TS &ICL > TNO:, O DRERED
WA h 1T T BERAET - Foo

o

PRESUEE

WHEE : e =90 (Helianthus annuus L. cv. Russian Mammoth) ®&EF %~y 11,000
R 30NMBRL, HAT RIS LD, 07 —1D 75255 7 BOKIC 3K >F
Blf. UBEHEBC—rER e =3 FaSAber=54 b« NDRIEABERT2: 20 11 1
RESLEOERW, BER 1 AEL THOELOBENE 1 Bk s L, MoRERER
25+ 0.1°C, W20+ 0.1°C, BEDBLSOERKB 771+ bo vBRBWTIT- %, #K
384 20, MERBid A # Ay 2 20 1,00045# % 8 2 EFEADR D icPd T ETIT-1To FERHE
i E%4~ A LOEH W,

soa7 . AflithhEg: 28/ —niKRBLT/oa7 s w3 IR LRIE L, C DTSR
TE-0I, —BUFETHINB T b Y2HAVT Yoo 7 WE BT A FEERBELAE, &
=7 VDRELETE I/ oo 7 LERIEEBBEAFROAE WY, BFcKAMKE TS &




RE-Taibiy, 7007 4 nE&BAELSE, ABNK 7 oo 7 s vEBEMERE S BN
Bev7 UhLESUNEEEEET, BE+ 7Y L, BERZRIATESGRSD, —HET
v b vicL B, Ty s — vk BHEHCER L Bk, EEBLHEL, Yo
07 g S RITBEAERES D TR, ,

T bvigkd oo 7 vOHE Armon (2) DAk -F. 8087w YEYIDE A
7k~ VA, hEXF 4 F—TH | BT LB L - T ERBRE LD, TOWN
E#% 645, 663nmTHIEL, R L-Torvo 7 s LERERDI,

Chl g = 12.7 Asss - 2.69 Agss

Chl & = 22.9As45_ 4-68A663

TH it kB o070 vl Wintermans and Demots (22) OB ic k-7, Bl
BAMELAEERBEFOMI=H 7520t AN, E2ANRLLSICI00HBIY / —EA
h, 7552 LTEBRCKREL:, B0, 7532230y oo 7 ; vHillEE 100ml=8 7522
BL, LBoOIy - ATEHEL, BREBLECNA T, BREBROTY - vTilc L, BER
B L, COBEEXIEBOEAL, Ehoroo 7 s adieiciit, WELA, MHED
WHEE 649, 665nm THIEL, KA L -T2 oo 7 LERBERDI,

Ch]ﬂ = 13.70A655— 5.76A54g

Chl b = 25.80 As.gg - 7.60 AGGS

PIEOBEIC Y > T2 n o7  ASRERKLE (01), £0ME, HMEKK0.97, @
BEMORNR 0.94 7, MECKITIZIZ ) : | ORRHEH 2T EHHBL I,

—BOELE ARSI TREED REAT» 12, BOLAHETZ oo 7 4 vSRICESH
MEIDPAERBNTAL, 7007 4 vORBRELY , —ABEKCE-TITH 7, B2EDHoH
BEDSEETREALEENRI, FHISOERTE LD T,

T - BB 2 ~3 OMEET 50T, REMEMBILI 0T v OGEIES
EREREEELBZOT, REEHEABRH L, x4/ —thdsoa 7 VEREOELREZEE - 1)
REE, FE - BRE, EBE - BRETHE, (®3), BE - RETIE 2 W% THRHERRIT
MO, YIS 2 %, 126058 TI8%, 4B TIRBHIC - 12, RAEGIE7 oo 7 4 VBB
BRI - 12, i - BEREE &R « BHRETIR4BE M RIc T d 2 oo 7 « v ERIZELY
104, BEAKEY 007  vOMRICEFEE (, BICEETHIELO T EHHBLOT, B
BOHERLRT 3Ly / - VHBEOREIER « B TIT- .




Tprsoo 7o vERABOERR 58 SERETHIFENE L, LhL, ASHEREN
Higt > CAMBELAFERT2LE R LMD, T0hbd s30T, £FR, FEEHEOAENSHE
Biclhia, 24T, EF&4 7007 4 uililiEi o0 TROONAULISEECFMATH A EE

&1

Fig. 1

4 2

Fig. 2

5~

w
T
a
8,
o
1

)
T

Chi asb x10°? mg.'cm2

Extracted with Ethanol

Extracted with Acetone
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Relationship between chlorophyll cencentration of ethanol extracted and that of 80 %
acetone extracted leaves. Sunflower leaves were cut into half and chlorophyll was
extracted from right half with 80 % acetone and was extracted from left half with
ethanol. The relationship determined by linear regression is shown in a figure,
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CH a-b {right haif ), mgfcm?

b7 VEDERTOD /o7 4 VEER, TROEGHEAO 7 0o 7 00
/iy /- VEREARCTAEL 2. iiE08ME DR L -mEga!
RATHERIN D,

Relationship between chlorophyll concentration of right half and that of left half.

Chlorophyll was extracted with ethanol. The relationship determined by linear regres-
sion is shown in a figure.
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Fig.3 Effect of illumination on chlorophyll concentrations in ethanol extracts. Ethanol

extracts were stored in the light at room temperature (0), in the dark at room tempera-
ture (®) or in the dark in a refrigerator (@),
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Fig. 4 Effect of ethanol extraction on dry weight of leaves. Sunflower leaves were cut into

half and dry weight was determined with or without extraction with ethanol. The
relationship determined by Yinear regression is shown in a figure.




&/ —wibic X 2EBERBOBOPEL SN (B4), COFRE, 15/ —nfldiick -T2 o
a7 ke, 8, I8H, 5o EnEIL LAk EELS5ND, Knudson B (8) 13, T4
/- BROEERICNT 27007 s oRtE LTERTAHEEZHMEL T A, 0%DEHE
ROZ(F, 7007 s vBAEBKICHEETAC LICHYD, RBSEBLNL, T TUTOER
EWTR, MERSPORESEH -8, EMREAIEL, BAEREVOZ7o0 7 i
ELTHERL

KRABYT A MBS HHE%R4~5 8o -7 ) % 1 DOMBIz >3 108+ AR 2
BEF v -HIZBE, EURICBOCTREEG KX, BEE0°C, BET% DT T NOy Oy,
LLSIRBEASAESHEHAEL, ALRBIZREF » v Y-l LUMBIR>VWTIHT
TIFMICRESN TS (1), FROBEREL, NO x4y v IHitk s NO-NO, - NOx
St4rét (Thermo Electron #8, 148D AW, O34 a3 it L 30, e (i d®,
806%) FHWTE=4 - EHIET- 1

KRGS 2 MBEH, B 4001z, BEBCOENIC—BEKE L, THBEZOHEST -7,
BMEOBEEART O, 270 YAP, 700 vt hifsa—HRoELEOmRKICHT 28
B TIOERRICSH T TRU T, ATREEOFMEH R QB L A-fEd~TlkownT, TELXOEME
LTTHROEREL SHA, 2EMOERDVTIT-. Uk, ZORIEMEL LSBTV AERRF
Efre L, LMoWEEIC>W TOREEREOFMmIIITHE L1,

HRBIUBE

NOz, O, BMiE L URGABIC L 2 BEEORE  B#ic, NO,, O,H Mm cofEEss
EDESHRRT T HO>OTH~I, JHREEETICE, fAOBHPEE, SoiESIL-
TREZLEDHESHESNTHS (3, 4, 19, 22T, #ROBELEZ, EMBIICNO T
LAAHEEEORBELE -~ (H5), 2~8ppm NO Bl E T, ZEBEIEOREHEE
T, i, HETHEHI-AHBRIHESIT, 10 HBEEES BLTFTH -7 0.2ppmO;
HOBTHEFROEMZBO T RETORRI L1,

BT LR I fREENHEI NS - BE, +4bb, 0.2ppm0s & 2ppm NO,
LRSNET 2 LAHBESFERLL (H6), /7, O:08EX 0.2ppmé L, NO.DEELE
BT L Fe i THHBEORBEES ML (®6), LaL, 0.2ppm Osd0.2ppmNO;
DRAMIBIC & > TR E AL DAL 50T RSO BB RS 15 o s

50, & 03, NO; S0 DESHREIC L > TEEOESHBEEIEOR L O AT 3 & OfEH
HEOEBIZ 2O TEREIN TS (19, 200, LL, NO L Oy DBEARBBICE AFBIzo0T
OWERDEL, PRABOR L D bHEESHENT 2 L0BEEIMHTLERLNE, S5, B
MEEATS LB TNEL AR LD SEZOBREME/D LD, BN e - ERE O AR




U EOBEN, S0 L0, DRSMBMIZ >V THESRTHS (19), LaL, SEKLHT-»
1N, & O ORASMBOFERICHE VT, FOLIUHRIEEILT, BELEBETH LFIC
BMBOES L O bHFOREMSEML L, L L, BEABRLAHNROESIENICL-T
FELCRNY, HELBOTHRERLEAETH - . BRECB VT HESAE L 2BE0EM

| T i k]
80
s 60 ®
= o]
2eob )
M 3
o
220k i\
> iy
AR
[oR “"—é
op,  OoCE8sBecceve
: :
o 5 iC 15
Leat Order

K5 NO k& AMHBEORRE, t<=7 ) ORMIIOTHEEEOFKEEE 8.0 ppm

(®), 40ppm (@), 2.0ppm (O) NO; 5 HENE | o RiIcBEL -,
F A IMREDTAEE R,

Fig. 5 Foliar injury caused by NO,. The degrees of foliar injury were determined after the

5 hr-exposures of 8.0 ppm (e), 4,0 ppm (@) or 2.0 ppm (o) NOz. Each estimate is the
mean of ten determinations.
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Fig. 6  Foliar injury caused by NO; and Oz mixture. The degree of foliar injury was deter-
mined after the 5 hr-exposures of the mixture of 0.2 ppm 03 and 8.0 ppm (o), 4.0

ppm (e}, 2.0 ppm (2) ot 0.2 ppm (4) NO3, Each estimate is the mean of ten deter-
minations.
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Foliar injury caused by various concentrations of NGz and/or O3. Ozone concentration

in the mixture was 0.2 ppm. Each estimate is the mean of ten determinations in the
4th to 6th leaves counted from the bottom.
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legend in Fig. 7.
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Summary

Many workers have reported about the foliar injury caused by air pollutants. However, most

workers have concentrated their efforts on the effect of single air pollutant and less js known
about the effect of air pollutants in mixtures, In the present report, we investigated the foliar
injury caused by NO2 and Q3 mixture.

Sunflower plants (Helianthus annuus L. cv. Russian Mammoth) were grown in pots in a

phytotron greenhouse for 4 to 5 weeks. Chlorophyll was extracted either by 80% acetone (acetone
method) or by 100% ethanol (ethanol method). We compared these two extraction methods and



found no differences between these two methods. Then we used methanol method, because this
method is more convenient than acetone method for the determination of the chlorophyll contents
of a large amount of plant materials. We tried to estimate the degree of foliar injury by chlorophyll
content,

No significant foliar injury was observed when sunflower plants were treated with 0.2 ppm O3
or 0—4.0 ppm NO; singly for § hrs, When plants were treated with the mixture of O3 and NOz,
the degree of foliar injury increased with increasing concentration of NQ;. The chlorophyll
a/b ratio was reduced before the foliar injury was observed when plants were treated with higher
concentrations of NO; singly. The changes of chlorophyll 4/b ratio cansed by the treatment of O3
were similar with those caused by the treatment of the mixture of NO2» and Os. Furthermore,
the symptom of O3 treated leaves was resembled with that of NOa + O3 treated leaves.

In the present report, we found that the degree of foliar injury could not be determined by
the changes in chlorophyll contents or a/b ratios. The changes in chlorophyll contents were
influenced not only by the concentrations of air pollutants but also by the species of air pollutants
or by the plant age. This fact may suggest that the determination of chlorophyll content is not a
suitable method to assess the air pollution effects or to estimate the activity of plants.

Key words: NO2-03 mixture — Foliar injury - Sunflower — Chlorophyll content
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Effects of chronic O; exposure on the growth of sunflower plants
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OEBERATHD, HEUNCHT 3HEENROAZ VN EBELONTOAMEIA V' Q) THAH (11, 14,
29, 32, 35 ). Bige, REFTH T EMEIC 5 TH | BRITAET 0.1 — 0.2 ppm D Oa 4 LI LT
fEhTwa (7, 10, 24, 33)

O: DREMEE ML Tk, SEESPEOENMREI L 2aMME L, HENEREDOHRET
CEBRREHR L - HAE U218 EBIRINE NI, O5ick 2 BHEEC >V THES S DMK
MIEEINTED, HPEGCRBEESEC L0 (4, 10, 14, 34, Xé&mk (6, 17, 31, FF
W (19, 26, 41), RBMHOEE (13, 42) BECEBES5A 3 LERES TV B,

ECATHRAEFATHUINTY 5 55 LHEWERED O DR EZICL - T, HH04ER
PCRBREELZILLEZL SN, H2MICEMELEL 206 2, BE% { OMRESEEOEY
EHOT, TOAERPNEICRETERYO: RIBEBOEECOVLTHE LT3, Heagle & (8)
BERFOMEIRL>TAS - b2 - YOREPEDLEREL TS, T/ Tingey & (36) 1T
ENEO L2 THAY YA 2 v OEESHES RS L0 5, FROERVET 7 160, 1 77
YR, F4x 27, 30, P QD HELBCNTHHEINTV S, Ll Bennett & (1)
RENTERBE QR L - TAA L F¥PYF Xy FohRIBMEEZNZ L 05, F #2 Horward &
Treshow (15) HEFEORAMEYMOERENOICL » TRESNZLHEL TS, ZOLDITER
BEOMMBIC L » THEL ZBHESBI QO TV E AL S h Ty, L0 b0 5T
1 EONET, EOEEECPNEOERIRIETO:OEEBAZAL TR, 2EORKEBECR
BT EEORITIIThbh T,

MM O RBSOBE, TOMEFEOT TEL ORI ZRIGHET Y, Th o ORUEOM A
DR L L TRERIICERDBBROBBES N L EL 603, 0;08NEEs L VFBICHENE
BT, RPOERS, EEBECHIET B LD B0 2h0sc5 4 — 56 (5). ZDMEAD
NFA - SR BRET O DEEERT AL ENSE LEDNL, T TEAMTRE VT, KLk
77NV E01IHLU0.2ppm O OICIZHAESERZE L, HHOERICRIET 0, DEEITOVT, \»
HW AERBEROFEEERACTHRHNL .

HE&AHE

WEYIME L EBMBE L TovTe27Y (Helianthus annuus L. cv. Russian Mammoth) %
i, BFE2FHAICI2IFME L2, ~v L — 100048k 1 BRERRLTRE L, fikT2r
MEEE Lo ALBTAFES L7 72 F 5 780K (BHZElem, S520cm) K IB-TEEL,
ATIHB 7 a -2 F v Eqy b (170X 230 X 190 cm® NRTER) TI2HMERKL 12, BEET
Holkcghiitnaalx, 18ka0 18EEr Tl ATEBLELTH, ~— 34254k,
v—txR, N=F 4k pEFIE2I201 01 (BED RBESLAOEMG, EEEILTI
8KIT hg® Magamp—K %A 1o F 12815 OFE T AKAEMA CHELApH 6. TIZHAB L /. KIE
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& LT Hoagland No. 2 O BEH (12) £ 72 Hyponex 10005 % R8T GBI - 3'@) =
Atce BKREETOHEEMER LTV LD LY,

Fu—-2% p B Ry FREBTIORT LS H—COBRREME S L TRlMEFRL 2. [EBE
25+0.5°C, EEBEIETSE5 %, BHRUBOAssA 527 k7 7, HE8) £ A
W, BERA b7 v s ik - T 800 nm A DB EAKE L SR, MY LETEHE 420 #Em™
s (115 Wm™, 30kix) DBETH -7, S EMEEHMT 40N E L, FER 40
F—BLU=VH VI 40 —2BLTASPLEEL TV A AIHEREEZRELLERE+ + &
Foo FICEHEE L, F oy B Ry FROBMEIL20—-40em s T, B5EIZ75m® b (AR 10
B850 Thoto ¥+ €y PADCOBEEIFRARCOMET (URA-2SE, BE{E
RED 2RO LHEARKCL > T400 2 dppmicHlBIL 2. v EF v FATRY —vF -7 Lic
W EEE, MECLAEEGPTEEBEEIC LI,

0BT | HEE120HICRERELHIEO/ o— 2% s €2 9 b EE—IEHBLA (FL
BEE . 800m® ™) ATABMIXRER /o~ + v 4 o FIHESZBEE L. 2 HERMEL
toik, BERABSD GI2HBOICRRME L, O3 BEKEBIR L - THE (0.) h o R4 &
H, B{ELAAKEREL T 2y PAKREEKB LI, TI 032y 2 2RI E D 035
(8068, CABERED FRAVAFHERICL>T, F+E4» bADO; BEXSEMICAEL, #
AL, O:BE% 0ppm ), 0.1 £0.002ppm, 0.2 £ 0.004ppm& LTEREBRHTT - 2.
O: HBHEGERNE L £, ERDPOSo-2F+E4 o P HOBRBERALRIE L 72ER, 0.0
PR ETE-TH 1o T 0:REBNEOR, B (S0 s ZKER (N0 bl
Lizadd, Zofifilicid3 s AEBBaEhiss i,

Y7 s F B L UEERT | O:RRNE ARG T AEA S LEE6 D L 128 5 IT1208 k0
Yix o vy v Uk, SEMBECEMIMNICERORHEEM SMIRORE GERmEd 5%
&) ZSHTLICHRFEML 1ok, ERBEEET (31008, 747 -#HE) THMELL, BH,
MYEAAE L%, EMEE, £ @EFREE0), R, TEEad, 80-90°C T 3— 5 HRIEE
L, EEEAGE L, N, EOMEREEIBRLEOMA LB,

ERENOETEL LUERROT -2 20T, UTFIRTRILL - T, HuEER (RGR),
#MiEMLE (NAR), HEHEY (LAR), HWEEK (SLA), BER (LWR), ZBH (SWR), H
B (RWR)Y #EH LA (5)

RGR=(1/W) = (dW./dt) = (lnW,—1a W)/ (t;— 1)

NAR = (1 /F) « (dW/ dt) = (W ~Wp) Un Fa=1n F))/(Cty= 1) CFy — 1))
LAR=F/W

SLA=F/F
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LWR=F/W
SWR=S/W
RWR = R/W

PR LZZTW,, F i A% (i=1, 2) oBbEE BEGEE. £7F S REIEXE Z,
RoRERHELFS, Uk, FRABLY RGR=NAR X LAR, LAR=LWR X SLA £ &
w5,

B 7

0.1 ppm 35 & 05 0.2 ppm Oy REFIKEE | — 2 BT, BEORBOBREORMIC 0, 1T £ 55
B AIREED—>TH 3 ERIROES (14) SBES i, O MIRIRIAE 1535 > TH
RREROTRHALAD, Tl BEL AR b EMSRD Sht, TRREORRE0.2
ppm O RELBOBEREETH » 70 & 705 REMEHRINE < 15 3 06 » THMBRO T
BEoORBENLONB LD o (F 1),

EMERICRIZT O RRORE
=7 ) OAESH0OEBOENCERET 0, RELBOEELH KR, REOEERALE 6

£1 =7 ) oREACRET 0. REOREY

Table 1  Effects of O, exposure on some characteristics of sunflower plantsa)

0O, cencentration (ppm)

(1.0 (control) 0.1 0.2
Visible injury (%)) 1.2 0.4 9.5+ 52¢%%C) 4581 7 3xx
Withered leaves (%)) 1104 345 0,5%%x 12,0 £ 2,64+
Withered leaves dry weight (mg) 68,2+ 23.8 206.5 1 38, 2%*% 695,2 + 139,74%*
Flower bud dry weight (mg) 17.3 £ 6,5 16,058 10.6 + 3.8%*
Numbet of leaves 244+ 1.2 237+ 18 26,6 + 2.2%%
Plant height (cm) 48.2+ 3.4 47.1+£ 3.0 42.8 £ 3.8**

a) MEERISHRIZEDICET B 12O ERM E BEREL T,

b) AEFHEENT 2ESE.

¢) BAEXOMBRICTT SHABERE (1 - BE), **: GRE 1 ¥ THE,
AR ERE0.1 BTHE.

a) Plants were harvested at 12 days after exposure started, Mean of 12 plants and
standard deviation are indicated for each sample.

b) Percentage of the total leaf dry weight,

¢ ) Significance of difference from control (t-test), **:p<0.01, *** p<0.001,
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Fig. 1  Effect of O3 exposure on the increase in dry weight of whole sunflower plant, Dry
weight of withered leaves was excluded. O3 exposure was started at 14 days after
sowing and continued for 12 days thereafter. Each symbol is the mean of 12 plants
and vertical bars indicate * standard deviation of the mean. (O, 0 ppm (control),
®:0.1 ppm, @ ;0.2 ppm O3 exposure treatment.

BOTT TIHEMBHADKEHIL 015 X0 0.2 ppm OsiC & » THREITHL Lo, 0. BAHE12
B THBR L, 0.1ppm Oy B T11%, 0.2 ppm O ABE THIZEORLHED b t,
O, ZBABIC L ~>T2TORE &, £, 1B, £ ot E,SNHESNTH: (2, 3, 4EE1),
EHHI0, RBMIEHI2ADTHRBKEHEL, 0.1ppm 0, LEX TI13%, 0.2 ppm O, MK T8YE
DELAEEN Shic (K2), BOEEMMCHT 2 0, DB BB EOL: B 58BE L#E L TH
EThH-/r, BENMMETHICTHRR EEHEL T, 0.1ppm O: UEKX TI5%. 0.2 ppm O3 BB
KTiR50% b 0D sBEs 0l (J3), Chikd LEROEMERE I hoBEREELLET. B
BAEI2HS THRREEHEL T, 0.lppm 03136 %, 0.2ppm O: TH ISHBED LT &1 5
fo (B4). itk sERMBEREOHERIBRRMICEGEEE IO AHERLIIFEETH-
7o (B95) '

0.1ppm O MEX OB OB HBE OMMO R L EHBH SN 27205, 0.2ppm Os
BERE - T LAHNBX oMY L 0 ERAEM LT (B 1D, FERIESEREBERI2EDO
BT v THICREA SO THEI N, GBX EEL T, 0.1 ppm O MIBXOHMT
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Effect of Os exposure on the increase
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HIEFEEIEHEDSNIID b 0.2 ppm O MO TRILF GBI LI (R 1,
MEAE HEME) &0tk » TGS N, EHERIOMENCE L Thadh -

HEEDENSA -V LREITO:REENES

RGRENARODEAAE 2ETT, RABOSFELEOTE6A B TE, 0lppmB LT 0.2
ppm O3 MLEEX DAY D RCRIZHBK & i LT, &4 15%. 19%8L Lz, LipLOs BB
ASDI6HMITY &, 0.2 ppm O3 MBI & GREIC RGREBX & D 19%B &b S#7ohi, 0.1
ppm O3 BLBZ RGR AL S #90h » fzo O3 BBAIC 3 5 NARDEALIZ RGRD DE k& FIB
HEEETRL e O BEAERIN6 BRITO. 1ppmE LU 0.2 ppm O3 12 & » TNAR BB L1

%2 kw7 ) OEHEE®R (RGR) ESFEMLR (VAR I fid T 0, RE D Hi28”

Table 2  Effects of O3 exposure on the relative growth rate (RGR) and the net assimilation
rate (WAR) of sunflower plants a

Exposure O, concentration (ppm)
duration
{days) 0.0 {control) 0.1 0.2
RGR . 0-6 0.276 0.235 0.224
(mgmg™' d¢-1) 6—12 0.189 0.196 0.154
NAR 0-6 1.232 1.149 1.058
(mgem™™ 47Y) 6—12 1.185 1.274 0.844

a) MHEECRCTHEEN L.

a) Dry weight of withered leaves was excluded to calculate these values.

0 B

b,
%é{» * ﬂ
S %

O.DE 1

0 ] 12
Exposure duration (days)
M6 b=7)OEmREE (LARY REF4TO.REORE, hARK 1 LR,

Fig. 6 Effect of O3 exposure on the leaf area ratio (LAR). Symbols and conditions are the
same as in Fig. 1.
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Fig. 7  Effect of O3 exposure on the specific
leaf area (SLA). Symbols and condi-
tions are the same as in Fig. 1.
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Fig. 9  Effect of O3 exposure on the stem

weight ratio (SWR). Symbols and
conditions are the same as in Fig. 1.
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Fig. 8 Effect of O3 exposure on the leaf
weight raric (LWR). Symbols and
conditions are the same as in Fig. 1.
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Fig. 10 Effect of O3 exposure on the root
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B 6 HR3 T Os DEEFICE » TNARNDFEBIIRAY, 0.1ppm Qs I NAR 2D SHTS
Matie LML 0.2ppmIBRCGREVEF LI NARE ML S &1 (W DHR2%),

ZCTROGRALEGT B LARDEALIL DV TN, LARIE 0.2 ppm O @ 12 I 5] 2 B ML HRIT
oo THBX & s U TR 2B8H ML 7 (K6), XS LARESLAELWRIZS#ML T
Wt, SLAIRO2ppm O30 & » THTOMAER L fic T E - 708 (W 7), LWRIZ0.2
ppm Oz 128 BULEI & -» THBR L2188 ML (K8), RICHPMEERDOEET/ICHT H2ED
& (SWR) LABOBIE (RWR) DV TH~. 0.1ppm Os 1IZHHRFBLIC L >TSWR,
RWRIHHBR L0 &% 3, 5 B8 UAICT &M 7208 0.2 ppm Os B MK BX & It
LT, SWR 9%, RWRE2B%E/LX&/, (9, 10)

% =B

AERIZETE=7 ) 0EERE, 0.1ppmE LT 0.2 ppm O ©I12HEEGERBELETE -
TEHF Ml s ardy (1), ThEBRGROBPIRMEN S (R2), 0.2ppm O iKRE L
HL-HEYO RCRICMBEMAZE U THBREORCROBI B L » 1, MWOAER, NEIZHT S
O: DFRIT SO THE { ORIBHE XA T DM (1. 8, 15, 16, 20, 23, 27, 36, 37), Oshima
5 (25) ot ) EAVL O ENREROERT, YO RGRDET L20EOEHTIOHVTHEL
TWwa, b2 ) 2R 2E0HLy DEBIZBVTE, 0. 1ppm O RBNEIL L > TRGR iF4
BRLECH/D LS, AESRE Ko E ZiIFR CEER L (R2). € CTRGR 0K
DAk »Thh b ENLDhERINT 57, RGRENARE LARTCHF TR LI (2
BELEURIE), +DEENARDE(LII RGR ERRELGELAER L. THhid 054 2 EROIHIA
EELTNARORDICRAT 5 L ATET 5, HYOXEBMO KL - THHENDL T LEE
BEO; DENHBEBRERCEREINTY S8 (6, 13, 17, 26, 31, 41, 42), FEBO LS ALK
B O; DEMEBNEIC L - THEMOXAREE HSIDT 2L ECONARDETRRET 5
bDEEbNS,

0.1ppm O; RBAEOLS, HMONARE RGR LERICAEE s TRIBEL TV 3 (&
2), Tanaka & Sugahara (30) 3£ 75 % 0.1 ppm © _ER{LERHE (S0,) K200 RRE L 1-&%,
SO D | EREEZCNAFBHBMEDRA — -2 F v F7 =47 980(07) 2BET S
BERA——FF VY FYRLS -+ (80D) HSEBSNS0 ik B7m07 4V RBERE N
EHELTVS, AERICEWT, 0.1ppm Oy KRBE Wi T, BEFGER6BEHLEETH
BEREFRBLAZERSEVEML AL - 2, O mtkoBEI SU TV 2 ZRAS TN,
OBV D OMECHEEE2 57 ERREEIATVLS (3, 18, 39, O KRMRBRBI NI
BYTHO: BHOBECHEST ARENSFENS AL REHILENT, TOHERNARPRGR p
FELAESNEL OGNS,
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—750.2 ppm O3 KRR S NAEY T IROBEEEICIHRR O & i L TNAR O RDAWE
Td 70, I LARDHEML 727291 RCROWLIENAROBL L @it i s (&
2. [6). O RRAMEOENTH SN LARDMMEESE LT LWROBITHNE NS (HF
8l THOBRBICL »THICRWRY, £LBETTUHLIMNSWRORL LA (K9, 10, Tn
1308 DM 5 1 B R AREMOIMBLE(L S E /2 L 4R T, Bennett & Oshima (2)
bOERBENI= Vv VVYORWRERDT AT EEZRE LT3, $thOEMToMRHE S O,
OEBES 3 LN HHEHMNO OhH D (25, 36, 37, 38)e LN 5O HEMPOLEREND
SEREABE Y EEATHRT 5, SEROE L, ETAESWASREDOEHOEIE)
Lo, TREERLABORBECECTHRL LTI ARERMEL LI LermmT S
B, RABIEOWERERRT AHSHLEINTV S A0), FHEERICEVT, HiT02ppmO;
SRARR Y CHE SN, BFEEORD, BEEOEN, BREEOBMEV -LEHRE, O
& WA B0 B, BERE W - ETHEHKECHETHD (F1d

Shimizn & (28) 3ERE SO, DEMBBERICEVT, =2 ) OEREFEFHTHEITL
TWAR, S0: bHEYDEEDR 7 * — 22 ELSH T, EEEORE Ly OEEIIGICEE
TRCEAETRL TV, EERFERCOL S THENOEREZBH LEH O ASFLREOEE
RS A A THUUAETHELELNG, LELAKFERECREE LD LEAT L
WICIE, EERITHEC X » THRAE W & S BEHOATEEE GEaR, &Efits) o&fhiciL
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Summary

Fourteen-days-old sunflower plants (Helignthus annuus L. cv. Russian Mammoth) were
exposed to 0.1 or 0.2 ppm ozone (0z) for 12 days in an artificially-lit growth cabinet. Plants
were harvested at 0, 6 and 12 days after the start of exposure, and the growth analysis was per-
formed, White fleck of injury developed on many leaves by the exposure to 0.1 or 0.2 ppm QO3
for 1--2 days, and subsequently old leaves were withered. At the final harvest, the dry weight of
whole plant was reduced by 11 and 32% by the exposure to 0.1 and (.2 ppm O3, respectively.
Root growth was severely inhibited by Oa, while leaf growth was slightly affected. The relative
growth rate (RGR) and the net assimilation rate (VAR ) were reduced by the exposure to 0.1 ppm
O3 for the first 6 days, while they were not affected for the following 6 days. In contrast, the
RGR and the N4R were reduced by the exposure to 0.2 ppm O3 through the course of exposure
period. For the last 6 days, the reduction of the NAR was greater than that of the RGR. The
leaf area ratio (LAR) and the leaf weight ratio (L WR) were increased by the exposure to 0.2 ppm
O3, whereas the stem weight ratioc (SWR) and the root weight ratio (R WR) were decreased. These
changes of growth parameters may indicate that chronic O3 exposure affects the net photosyn-
thesis and partitioning ratio of photosynthates in sunflower plants.

Key words: Ozone — Plant growth — Sunflower — Growth analysis.
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on CO, assimilates partitioning in plants
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ELESOSRSE T2 L 2R T 2HEN N 2hd b (1, 2, 3, 5, 8,10, 1),

HHRMAKHEEONREYETH 2 NO: 3, FhESENOTCREsh9T T LidBas
LB LT, REDNIEBDONO A -5 (7, 14, 15) itk-T, EoKL4EEL
TR &S h i NO I ke & aERRIc 72 0, Ch o RSN T TS TR0 E R
BIMEROBS L0 TAPhR Y Y TRELSN, TI/BEARCs vy AlRORMEY
B ENHOMEL T, L LEDTRBSNINOIHRIIEROTDOEROEY, +HbE
S E~OBELLICOVTHE, BHE2EICNO 2 2% L RO BB O NBD B L & h
LOHE (T) BRI THWBEDATE D,

Pllo k> HMMSE AT 5 HNT, 2BHEOLERME SN EBCEMED, 1 OEITBNO,
EBCODEETEA, EhoDERLEWELRFCOMOERICHTIERLT 7. F1HEER
LT, =270t tueoavd | KOBERUNOAEEL, REANO:RLENOREBEE~OE
AR Lrce B2HBELT, 1HO -7 B COR252, EhoO CHEHEYDOE
R EIF T NOBRBORELRIT L,

B LFE

HERREME LT o v 7w Y (Helianthus annuus L. cv. Russian Mammoth) & F9€oa
i (Zeg mays L. cv. Dent) B{HHA L foo “¥L— MO0 ISHECHB LA BT A A TR T 45
Wiz 1,/ 1000084 » MIZ3HEOHEEL, BHRXB7 24+ o vEE (B/HE 25720+ 0.5
°C, HHET0%) THK LT, BE% | EMEcdEmEis)s, 1 £y b %) BRI TCE
Ltze ALELE LTI N—3F2F4 b0, E—hER, =54 b, pERF2:2:1:1 (B
Bl wEE LA boeRy, B 18 1L RIK15g, w77 v 7K (N: P;0s K0 = 6:40:5,
W. R. Grace Co. Tennessee, U. S. A) 5g&#—tiAf, BESERLIVLS>HAEEET
W, BIBE LTI R w72 100045H% 1 F 5 24D 100 ~ 200ml 3B 2 @52 12,
HER1 B KE S % LY 2EES Y, BREREHGT S 2BEHEIIC AT
B7yo—24 iy b (30klx, 25°C, R.H.70%, A 76580 14710600 AicigA L7,
UNODOBEBITEZDF v B3 w b PUZERE L, PEHCT 130em x #i50em X H & 30em D:ER 7
7Y niisBloR{ERE v, AtRORECHI 2EE2ecmD7h S 12 OO F 6
FRIWOELZXLIAL, ERSEI LYy VRIZR YV TO2AEH L, Bidki+9ZH 50
A& Sk LREICKEB L, RIEARNOZRRRABIKEESWIIZ207 » vick bz
L Fh A SR, BEIZ20- 40em 4 RETH - 1. BEOH IBADTHEERTO T &I NOx
Mptic ke =5 — R, BLUSED NBNESRIF UL -7 Eb% sHEMY NI,
¢ DOFMEFERI T TIREBELLAE (13) TEERULZ "NERONO, #2 2 EHE b L&A
L, {b%Fea NOx e (BEAREBF Model 258) itk - TNO BEA 1 ATLitE =5 — Lighi
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SEEL 1,

PBEoLHRGHECEDERRBOBEOE 7 VOES T (BN Muhol) LifEEMad
(FE 9 ZH I rh THRIMEEEED O by E o3 06 R, TAFNTEH4 ] ppm & 3.8 ppm
OEED NQ: (99.7atom% "N) ZHEHT CHEINBE L. FERPEMPLIUKETRGE
BREICEBEAAHEIRAEL D - 1o, BEETRESIC 2 EFEOMMLERRL, il 7o~z
Ed oy FRICELE. TLTe=70d2, 4, 6, 24, T2HM&IC, toxoaoidd, 24, 72
WMt 2 @SR L. BRUA =7 ) @R LITRFEBFIED S, FOBEHERSRIIRE
&S, by a1 YRBBEESICREMOESE, RIS, v Eoa o3 ZERY
iz 108 AT Lig vt ., BRBIEHB0S# Ty / -V TR LB+t E45+ 1 ¥ — (Kinema-
tica, HY bw ) TERL, MWK CGRAENO. 5A) TEBL & / — WAIEES & FEE M
L7, FOMOMAIIIBCT2 O Lk, Bk CETRIfEHTI- 2000 T8FRNLL /.
AEhOLERRIS 0y —AVETERL, UNEBEBELSEMIE (1) KI0HE L,

HH 2 HBEROREHOLFEOE e T U 2BERY, ATHBY o -2+ + % o b
(30klx, 25°C, R.H.T70%, BA-B&HR 147106504 2RIs@EF>BFTHA LK. —Fi
BCO, [F{LAT48RFE & 18] (L2450 2 ppm DB O NO, 2 BHREH L (NO. X)), MERINO, % &
BLITOHERE Lz, 48800 NO, S#BRBO®, MO b+ v ) EBRO-FIZHEY, 26
MkicEZB 1 LECEEEERVT, BRETEHROED LT~ 3HEDER °CO, % 300 - 400
ppm OFHE THAMFENL &S ¢ 1o, EHLRETICE{RBNOZES S 27T - Ry 7 TREXE, 27—
RYFIY —F534 L5MOFITCO, FMEBFLSRAZECLD, CO: BEEHS0ppm £ THT
SHi, TOHBa®CO; (90.Tatom% BC) IN HCIEMZ THCO £REES R, R4LFEN

O mature ) immature

B ERTERALE T Y ORHNOER
Fed leaf: "NO, BB, Ln: %, Sn: ¥, Top: BEbOHE,

Fig. 1  Schematic diagram of the sunfiower plant used in Experiment 1. Fed leaf: 1%NO0; -fed
leaf, L1-4: leaf, S1-4: stem, Top: expanding leaves,
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Tk, BRININO-NOFEN T - EEIoND, L9/ W ABEERD "NBE &4
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dEN, 7y EOERIKELNICEERLT S, RBUHEEERICIEBEDD "NDOSS%
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IR RBERD SNOWBBURBENCHELI, BEREGOL NN & & bic HRNIKE
BL, e ) OBEDL ST D0 phase BIBH SN dd - Fo, & 724K E D 57203 H ]
DL UNEORDE, RBEESPO *NEOBDIDBETH -1, "NIEBEMSZICAY, E
G738 (), BB, SEUTOTRECRIBEALBH LS -1,

FEB2 BCO, AR THRIZMHEMESEAL SGOINS AL "CRELECHELLERBY YD
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£1 b7 RBLAO NEEEETA~ONOIHEES (ER 1)
BNAERODONO, 135 6 3 (1.3 DXL wREE L1,
Table 1 !N content (atom % excess) and ' *N distribution (%) in the sunflower plants fed with
15N-labelled NO, from the sixth leaf (counterpart leaf of L3).2 (Experiment 1)
b SN content (atom % excess) L5N distribution (%} in the plant
Plant part -
o° 2 4 & 24 ™2 0 2 4 6 24 TN
Top 0.02 0,05 0.15 023 029 027 06 22 47 7.7- 178 1366
L4 0.01 0.04 002 0.03 0.03 004 0.1 1.7 0.7 1.5 20 25
54 d 0.03 0.07 0.13 021 015 0.16 0.f 03 03 07 08 1.1
Fed L Soluble F, 12.32 10.36 8.24 520 1.75 079 83.8 574 499 372 8.0 43
Insoluble F, 0.48 1.30 1.55 1.78 227 192 123 325 372 437 606 440
L3 0.01 0.01 001 001 0.01 001 062 02 04 02 01 02
53 0.05 0.16 0.27 027 0.27 0.27 0.7 1.5 24 28 29 3.7
L2 0.01 0.02 0.01 0.00 000 0.00 06 07 02 00 00 00
S2 0.02 0.05 0.08 0.10 007 07.07 0.3 1.0 1.5 1.8 1.0 08
L1 0.01 ¢.00 0,01 0.00 0.00 0.00 0.1 0.0 00 - 00 00 00
St 0.01 0.05 0.07 009 0.12 0.11 03 1.2 15 21 26 29
Root 0.02 0,05 0.06 010 015 0.18 04 15 1.3 25 42 55
a: 2MABOFHE,
b: B1A28HE,
c: PNO, BREOMHMH,
d: Q0% x4/ — MBS & THHES,
a: Averages of duplicates are indicated.
b: For designation, see Fig, 1.
¢: Hours after the termination of ' ¥NO, feeding,
d: 80% ethanol soluble fraction and insoluble fraction.
100
£
- Fad Ieatf
s
S
S
2
Aa
@
o
O 2 24 as 12
Time after 15SNO2 fteeding (hrs)
K2 t=7)ORZFEROLs /- VABES & REES~D "NO 3 HEHE
(88 1)
Fig. 2  Percentage distribution of 13 in ethanol soluble and insoluble fraction of the 1"’NOz

fed leaf of sunflower plant (Experiment 1)
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#2 »oEna o BBhIo PNREEEBEAND PNOSHEIE" (E8 1)

PNETROD NO: 1% 6 ICEBE L1
Table 2 '5N content (atom % excess) and ' >N distribution (%) in the cormn plants fed with

15 N.labelled NOz from the sixth leaf.? (Expetiment 1)

'SN content (atom % excess)

15N distribution (%) in the plant

Plant partb
' 0° 4 24 72 0 4 24 72

L10 - - — 0.89 - - — 11.0
LY 0.00 0.13 0.78 0.69 0.0 0.9 5.2 14.7
18 (.00 0.01 0.33 0.23 0.0 0.2 5.1 8.6
L7 (.00 0.00 0.01 0.03 0,0 0.0 0.0 1.2
Fed L Soluble F.d 7.80 6.51 3.28 1.08 938 77.5 43.6 12.7
(L6} Insoluble F, 0.34 1.00 2.33 2.07 6.0 20.3 40.5 . 38.7
LS 0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.0
L4 0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.0
L3 0.00 0,00 0,00 0.00 0.0 0.0 0,0 0.0
L1+L2 0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.0
Stem Q.02 .06 0.27 0,34 0.2 1.2 3.8 8.3
Root 0.00 0.00 0.08 0,18 0.0 0.0 1.7 4.9

a: 2 AEkoFEE,

b B HEEER,

¢! BNO, RO,

d: 80% ¥/ — ATEEES & TGS,

a: Averages of duplicates are indicated,

b: For designation, see Materials and Methods.

c: Hours after the termination of ' *NO, feeding.

d: 80% ethanol soluble and insoluble fraction.

M3 toE0a ORBEGDT S — ATERESE RBES~D NG S5

100 =3
L Fed leaf
g
L)
]
=
[
2
=
3
2
=3
]
&
I S— L 1
=g 24 a6 72

& (ER 1D

Fig. 3  Percentage distribution of 15N in ethanol soluble and insoluble fraction of the ' "NO2
fed leaf of corn plant (Experiment 1)

Time after 'SNO, feeding

—116—

{hrs)




CEESES SO BCENRED SHBLALET A, MBXT25.8%, NO.XT201%8& NOKXT
KEVHREAED S, BEHETRIEh -1,

HICMMABSTNOSERBIEL SREBELR LA, 2ppm NO,» 2 HE/:43 3 BT
0, FOBNEHECTELERBERI0~0EEE -1, FUESTURECECTHEEREE
EEE ke CHRBEINLNOSERLD BN S, FHTRLENICIEERLTV 3, &
RFEERIFTECHTEL, EPTHNECECERSS 50, NO, BBoRBIILOBiics0
THREATBB LN T,

F 4 AR A~ D UC D TEIEE TR Lize PCO. B LIED & PC o i M & & 5 61
O PO, HRREE NO,KTIREALRKT, NO.RBIC L HEILDHYL -1, 905
DEMEET B A BRI B LT 3 0o 60 BARULERIC B L, 0%5FEi, Y
0% HHE, B, FEEICBEL 2. EHLR T 2AREIBIC I W20% BEMLIEICEREL, S0%H FiY
i, 15%04R, BB EMOEECEEIL . N EERRCPC & THE~LEE A CBE)
Lo,

%3 b7 )EEMOLERBEL KUSRABEICRITTNC. BEOER
(EBE2) NO,@ 2ppm®BE T P00, FALAT2 HH &E(LE 1 AR
& Ls
Table 3  Effect of NO3 fumigation on total nirtogen content and total carbon content in the

various parts of sunflower plant (Exgeriment 2). Sunflower plants were fumigazeg
with 2 ppm NOz for 2 days before 1°CO feeding and 1 day after 100, feeding.

Total nitrogen (% on D.W basis) Total carbon (% on D.W, basis)

Plant part onb 24h : Oh 24h

Cont NO, Cont NO, Cont NO, Cont NO,

Upper leaves

+ Flower bud 4.40 5.09 4.07 4,51 44.9 45.6 44.6 45.0

Upper stem 1.79 2.38 1.70 1.92 40.8 41.1 39.3 422

Fed leaf® 4.15 4.66 3.83 4.33 43.0 43.0 41.4 42.9

Lower stem 0.79 1.10 0.70 093 42,6 41.5 41.7 425

Lower leaves 4.10 4.35 3.35 4.02 40.8 41.1 39.9 41.1

Root 142 1.56 1.49 1.71 44.0 43,4 429 447
a: 3EFEOFLHE.

b: BCo, @k#gorkR.
c: 00, EMLE,

a: Averages of 3 replicates are indicated,
b: Hours after the termination of **CO, feeding.
c: '2CO, fed leaf.
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Fz4 =7 EIEAAD PCOSHESICRITT NG, RBOEE (28R 2)
NO; {2 ppm D RE T *CO, FLAT 2 BRI & RMLH® | BRBE L -2
Table4 Effect of NOz fumigation on the percentage distribution of *3C in various parts of

sunflower plant (Experiment 2). Sunflower plants were fumigated ;vith 2 ppm
NQ2 for 2 days before 1300, feeding and for 1 day after 13c0, feeding.

on° 24h
Plant part
Cont NO, Cont NO,
Upper leaves c
+ Flower bud 24+£0.5 48:1.7 7.2+3.2 122+ 2.5
Upper stem 1.9+0.8 1.5+0.7 29+£04 2614
Fed lea 64.7t5.4 58.5+45 219:59 21,1+ 1.0
Lower stem 27.5%5.0 31.5£2.4 52737 499122
Lower leaves 0 0 0 0
Root 3404 3515 153t 1.5 14,2 £ 2.2
a: 3 EiEoFEEE,
b BCO, F{b#OBERH,
o MEREER,
d: B0, ALE,
a: Awerages of 3 replicates are indicated.
b: Hours after the termination of **CO, feeding.
¢: Standard deviation.
d: 1°CO, fed leaf.

E =

1. BBECRITSZ"NO,—NORKMLMBE~DBE (EB21)

HMOEL, O HEER(LEMEMD AT R I HHEE LT, 27 VHEAOKNO, il (*NH):
SO IFRDEERM (6), AFER~DENH; #20HE (4), tv7 N Epr oLy v oEA
D ¥NO; #RADREEE (1), 1 FBEHORFKERDBHE (3) BENTONTEL, ZOKE, ¢
NOOWBEERIVFhOEBOTEALI B L, FUabEI LS LV ABLTT L /B~
EMEINABZT EHIHOMITE 12, b7V BLPF I Tua BT NQ, 2 A2RE L EHR
LiBWTS, 25/ - BERPD SNOKRSHERT 1 /BOEELEL NS (T),
w7 D EHLOEPNORBICIE, BRERDZEIFIEE 20RO REMHE S5O N DR &
SEFTLAERBATHHG 2 20 phase B ohi: (H2), FIFERT I/ BizR{tiH- 5NON
D—WHIEEEE D S LICHESREE > TRHOBE~BB LR THELEL N3, BEREES
KF w7 EDY —vFd—~"—LBRLTVETHA D, FEEMCNDATNA SN H245 572
BifoficBL Lz, ChIRBBEEOBRSE LTRATH, 7 v 32 BrofoBRtans:
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FERE L7 UNO - NABUIK S BEATT I /BREED, EDORIBLAILEERTEDLEERL
LD, FRED T EEREBLfo 4 2 A, B0 PNARHERN S ¥ THBREI» LD
BN BE LR (12) THLEBLATVD, trEoayEhALOSNOFHICHE, b=
70D LS5O0 phase HEH HHT, £ UNRO B/ L REBSHO UNERO BN S
—~F Lzt (H3), FPoEoavGe e ICHNTRININ/NO A 73 /BELT
WhicHEAT 328 HE, ¥ ¥ B~ORDRAADEEh 1,
REEHSHE LA SNHE FLFOZICROH S h, KOTHECR~BH L1, RIS
UNDPBES L HRILEEDTHY, ERCHAVCEERBLUNEG I ZFLIEMLL. FiB
MEE L2052 LSOO SNAGR LA, ZREFHOEMAF LGICbhbboFEE
FEROBIGTLE L, bTHLEENLADTELAENL o, TLTETREEERRET LA THOR#
HIZEPNIRRBEAEBH Liib -t ChOoDERS2 S, REBECRNZ A NO.-NREE
DRATHOEREFEZRICERT EHUASZ L ERTELVAZ, $LZOLIUATH Y - i
B o RIE NFEICA - L BRIZBEERT 2 "NOSH/ vy — ¥ (12) ERUL TV 3, #-TNO;,
CHORT2EHGT I /B NABEBISOERERBLCERICHAENLEDEEL
b,

2. EhoOXEREDOERICRIZTNOG RBORE (R82)

Ev 7Y Ao RO RRIcL T, 4243 8ppm NO, D 2 BRIEB TEo2RERER
HSE0, EOLEFREGIETLL 1D, 1L.0ppmEITONO; D24HME RE Tk, HIMLIOLm
HBEREL LD -0, HOBEHED LEDHESHETET -4 (11 £ 0.2ppm0; @
RABRRICE nEBELEHAL, HELSETLAL (8). TOMCHEM TS, KAERF D
BRI VBOERFBROEBLZUOTOLOWEEBEY (1, 2, 3, 5, 100, ZhH6OH
Fit, BECEEINHEEENORPE~DEHRY, KQBFERY ZRBICE - TR SO FEcE
BLARBRTESIELEAGOTVE, ZOLI0HE%E b v —y — % - THEITHITL807T,
ER2ICBVTE T ) D I O "CO 454, oD "COERPREMN~D PCoLELC
A 2ppm NO D2 B L 3 HBEZFOEEEH~/ . LA LNO:ORB LD BEHEOL
ERWMELEE -0, SREBEREGT, $ 728050 PCORRPITMA~D PC © 38
KT ZNORBOBBLELALIHONEb -1, CORRELT, 2ppmNO:® 2 HIu
LIBHRB THERTHEGRER S, GRcd 25288844 5 HERE TS, $1084
HBEHZCBENHTEALTHEAIC L, PCOERILE ¥ BRTRITII NO, FEEIT -~ 1o, H
BEBEOHIWS S PCO, FULBC I NO, BEBET->TWIENT L, N BEORBRIEAS 12
ELTEDLTHIUEDTHY, FhP bicfFB LIzt <7 ) OMEENKED > fo i pENPRINT
Eliifpote &, HENBELZONS, BECNOSOEEER UAHLNERTHED TS 2.
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Summary

To investigate the transfer of NO; -nitrogen absorbed in plant leaves to the other parts, and

the effect of NO2 fumigation on the translocation of photosynthates from the leaf, two stable
isotopes, 15N and '3 C, were introduced to a single leaf for less than 2 hours in the forms of NO,
and COz, and the fate of LS and 12 C in plant was followed.

In the first experiment, about 4 ppm ®*NO; was supplied to a single leaf of sunflower and

com for 65 min. in light, and the fate of ! SN was followed over 72 hr. **NO: absorbed in leaf
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was first incorporated into the ethanol-soluble fraction, then gradually incorporated into the
ethanol-insoluble fraction. Some **N was directly exporied from the fed leaf, ' ¥ N incorporated
into ethanol-insoluble fraction was hydrolyzed later and transferred to the other organs. 'SN
exported from the fed leaf was first found in the stem and next in the young growing leaves and
roots, although negligible transfer to the other mature leaves was detected.

In the second experiment, 300—400 ppm ! 3CO was fed for 90 min. in light to the single leaf in
sunflower plants which were previously fumigated with 2 ppm NO2z for 2 days, and the plants were
further kept in NO; atmosphere (2 ppm) for 1 day. NO; fumigation for 2 to 3 days caused an
increase of nitrogen content of all plant parts, but no change in carbon contents. The effect of
NO2 fumigation on the transfer of ! *C from the fed leaf and the partitioning of 13 in the various
parts was not detected in this experiment,

Key words: Nitrogen dioxide — Transfer of NO, - Nitrogen — Translocation of photosynthates —
15 13
N - °C.
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I-9
EYD NO, REREEXET 5 ENAIOERCXT 5 NO, DR
HEIURRBROXESEOER

IR « KBGRIK - HRXE . Fg &

Effects of fumigation periods and light condition during NO, fumigation on
plant’s factors controlling NO, sorption rate

Toshiki NATORI!, Kenji OMASA?, Fumiaki ABO? and Tsumugu TOTSUKA!

g B

NO, DEBEGHEE (FH%H1) BLUVEEBEENREE EiH2), SSouNOG
BUrOREHEEZ T (BRI EHfllor 2 RELXRTIERC > TRELE,
ALY ABRBER 0 - 2%+ VX9 bAT, t27Y, boEoay, $a 7
), b=k, b, THHAL08~ 1.2ppm NO; 25 BEREBL, FOM®D
NO: N EE & HHOAE % FE¥cllE L1, +0O8R, EhoBRcBFRLINO, ]
HEE & HAKZRAAELS ) oFEHEE L OMICEENERSED o, T 5K
B2, bvb, 322 ) CHRNBY2EB /0o -2 5+ Y2y AT, 0.2ppm
NOARBLESS 1~ 20 AMBM L. ChENORBXE L, BB
LT, A-BEEA T TN ARBLFic, BILO-BOEMEER L2, TO%
bz, MROEMIC ST 1.0~ 1.3ppm NO, TLEMSEBRLT, £CH O
NO, [UEERK L EBEE L FRICAE L 72, TR, BB N0, NEEE D
BERNO, FBREUMBRTREETE~ . UL, NO, RERTRI=+OEH
BEHBREO 69 BILED L, BhEXSERIINBRD 136 WML T, —
F, HEHELTNAFNIZI X 1071x, 16.0%x10% [x, B8.3X10%Ix, EEALAT
KA ARBIS o —RF » 2y PRATE =7 JI20.8~1.2 ppm NO; % 5 Rl 2%
L, #OBONO, &% LA TEE 2 EECRE L, £0OER, Kh 16.0x10°
Ix & TEMEEIEL LI . EEONO, NEEEA YR AN ER %
B L8R, #81) ~3) OLFhoEET > TATILEARONO, BE = 0
ppm ERETE o

1. ByASiRs SuBiEs

2. ESrAEURM RS

1. Division of Environmental Biology, The National Institute for Environmental Studies, Tsukuba-
gakuen, Ibaraki 305

2. Division of Engineeting, The National Institute for Environmental Studies, Tsukuba-gakuen, Ibaraki
305
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-}
ORI NO, BB OHEM4L LOEHHOZEREHOE/LITHLLL LT, BT L5
NO, [N HE 3, REURE, SIIEHS 20 KB OB T 228 & officE v 48 BB
FgRhoh, Eok, HARBFBOWMILT A EMRSNTNS, (2+3+5-7+8+9) LiL, HYO NO:
I E R AL R A DX BEER TH A A LENONO, BEIC U TR LIsR i, Ko
(2) 13802, O3, NO1DBE—HEZWFBEESHARBTTE =7 ) OF RNEEFET M0 O BE
BARAZE GRENTONABE) L2 THRELTV2, UL, I THEMPOBEEEA
1258, BERBOLEREEATIBEES, HAVENO, 2EPMEE LABAOSABAD NO, #
B2 TREBHISHTHIE N,

AR T, FEBEET CHEOLEAEY 4 MO TENE L URBNO, REERLTV, F&H
ORFEDVTR e 7 )V EHOTNO, BBEEREITY, BT 5N, NE*XAT 2 ERIC
DLTHREET -1,

i

HHEFE

¥EB 1l S NOREER

NO; it ZIEHBOREIMME LT, v 729 ( Helianthus annuus L. cv.Russian
Mammoth ), + = b (Lycopersiconesculentum Mill cv. Fukuju No. 2 ), + 27 (Cucumis
sativus L.) T #H A ( Pharbitis nil choisy cv. Scarlet Ohara), b7 2= ( Ricinus communis
L.} +Ea2y (Zea mays L, cv. Yellow dent corn) 22 NE THESHTHAEE (3) LEFL, A
THEL(E-PeR ~=3FaF b =340 DBFI (2121111, BFHEE)) 2830y FiICHE
Bli, Thofh 18624/ BT s LT, 774 o »BF Gl 25 C, HUBETS %)
THRLU, THoDEpE ALK ARBEEBH /o -X 3+ B4y b (K& 30T, HHEE
50 ~ 60 %, BEHN LK) KHAL, SERIZIOSBDLENL LM, 0.8~1.2ppm NO, % 5K
RS RE L, ZORONO, [NHHE & AMEEOBNELE RS (1) ORELLFERL L
DEBSAE L, —EORBHEBiBoryTEe=T7Y, e, 22w, THHF, tuEO3
SEREMCOWTION, oI T 48EER L,

EB 2 Bl NO,RRER

EE 1) OBEAGEE, EBHEELT, 29, b, e¥0UEBELY, 229,
b b iBEEREEIE, T 70E T Ao vEETITAMECHESE 2 5O RAEB YR
BB/o-Z+e Ry FICBLT, [E25C, NEBEE 5%, BNBEN IS0 L ETEE
Edh, —HD*r iy FTHEHNO ZBX L LT02ppm NO, 24-FHMbEERBL, thh
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3, NO, 28T ¢ HBRE L1z, NO, 2BFic20T, NO, BBBEE, e=9Y, t=},
F27WEDONT, FHENI8H, 60A, 67TBTH7, £OH, LEZHIENO, BREBX, R
Ko+ T hOmEaEtho AL A RBERA/ 0 -2 F s V2o MCHELT, #FBICLD
81154, 1.0~13ppm NO; DS5EHHMEBEZER LI, TOMDNO, NEEE L AREE LR
1) AL AEICLDRIBAE L, £ BERTREKS-VOENEEBETEREHES
BELK. 58, +29) T, FEX, HERXE HNO, EKHERBOEREGAIICT TC—&D
TEHPFELLTOROTHEALAEEZBROTHERA L, 1RIOERICISHEMIC >V T 10 8 % {F
L.

EB 3. NO,RBHOXRHLEALER

EEBIE L LT w7 )EBY, 774+ boviBE QR 25T, HXHEEE 75 %) THRL 7.
WA 329% 102 1x, 160X 10% 1x, 83X 103 IxLFNFHEALALXR A ZREEY
D-Zip bR, FRKLEHEE27 Y2EEL, 0.8~ 1.2ppm NO, TEBMREL, zoM®
NO, W58 L AR ELER 1) LEBSHECIE L. |E0RBE®RICE E~7 Y 10584%
fFRL,

D BATA S 1 ) ORSCERE A BT A B RSERERE, SEMELUEEREOL
TNO, WEEER L —RM T TH b - THE—SEL & AMEEOMBERERD TE &, LORICR
| BEORHGER L SBOER@EA A L THE L,

m R

1) 95 NO, BBER

HEER 1) M Ui 6 ORIz 0T, NO, RBMG% 2 ~ 3FME, 3~4%E, 4~5
BEBZheho | BETHEE L TE SN BEBEXN D O NO, IUEHE & BT faEy/ic b
DEYBEESE 1 ITFT. HBevT7 )20 Ti, BBEOL 7 71Dk 4~5BHEBOHEE
IREIL 7o, ZARORE ENO, NEHE I 2~ 3RMATRET 2L, e 7 UHBRLRE(, ROT
k=b, THHA, boIw, a9, tvEoaOETH-7, M1iTd, NO. ZBHE &K
®2~3BHEE SN BB Y/ D ONO, NEEE L BAIEE 4 ) ORBERZRT. K
LB D —8HE & B 1L E N B BRI Y ) O BURE & MATIBE M/ D ONO, INERE & DO/
it YO LB ICEHGENMEESED S, FNTNOMEIIC OV THEUMESDOR
B & AT NO, BB 412 D O NO, INEHE & ok %, NO, REML® 2~ IBME, 3~ 48
BH, 4~5BMBDENFRIZOVTRY, Sozsh 2R LTRIKTRLIL, ERIZHY
Fod _TOEMT 1.2~ 1.4 x 10° mmHg » volppm™ OEIREETN TV,
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1

6 MR DY OARBOREL & NO, NH M, RhD2-3, 3-4, 4-50
A5G, ThTHhOREO 1 BHTEEEETRT. NO, NEHK & 88
ENN O OEHEEOKE, E=7 ) 2RO T2 - 38EE, 3 - 451E,
4 - sRflHB o =0 DFEEETRYT.

Table 1  Transpiration rate and NO2 sorption rate of six different plants. The values in 2—3,
3—4 and 4-35 columns show respectively mean values for one hour during 2-3, 3—4
and 4-5 hours after initiation of fumigation. The N/T ratio is mean value of data
which were obtained during 23, 3—4 and 4—5 hours after initiation of fumigation.

Transpiration rate1 (T) NO, sorption rate2 (N} The

N/T, .

2-3 34 4-5 2-3 3-4  4-5  ntio®
Morning glory 0.283 0.290 0.297 0.349 0.360 0.364 1.2
Tomate 0.361 0.376 0.355 0.526 0.451 0.486 1.3
Sunflower 0.506 0.490 0.721 0.708 1.4
Cucumber 0177 0.180 0.171 0.201 0.211 0.198 1.2
Maize 0.149 0.152 0.161 0.186 0.191 0.202 1.3

Caster-oil plant 0.278 0.300 0.293 0.342 0.369 0.366 1.2

1: x10™*gH,O/cm® .5-mmHg.
2: x107°gNQ, fcm® ‘s-ppm.
3: x107*gNO, mmHgfgH; 0O - ppm.

&1

Fig. 1

—
—m Sunflower
©Morning glory
*Cucumber

2 Tomato
B—cCastar-oil plant
A Maize A
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NG sorption rate (xlﬂ-ggNUz/cmZ-s-ppmJ

L i | | | 1
G570z 03 04 05
Transpiration rate
lxm—ﬁgHzD/cmz-s.mmng

6 BEOHYONQ, WEEE L RBREOMMA. (ESHR, NOBE 0.8
~1.2ppm, FEEE30°C, HHEES0 - 60 %, BEIN—40klx. £HhEhO
AE#IZ, NO, RBHK® 2 ~ IFREEO—REFEEELTRT.
The relation between NO2 sorption rate and transpiration rate of six different plants
treated with 0.8—1.2 ppm NO2 at 30°C, 50-60% R. H. and 30-40 kix., Each plot
shows the mean value during 2--3 hours after initiation of fumigation.
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2) BRI NO, BB =k

ATMLE E LT, £EMEAEC T 0.2 ppm NO, BB BEShitt=7), b= b, $a9
W20 T, BIRERERTR, £ 1.0ppm NO, RELIT -7 AR OHEMIZ 0TS [IFEI
BBET-1. REBAKK 2 ~ 3IBME, 3~ 4BME, 4~5HEBicehEnBohs | K
FEIHEDOBAIRE L 72 D ONO, IEEE, BURELLDORNEE BB THOLRERY
Ry OEGEREER, B4 U110 @EEPY L THRL 1EEYDOBEEBER2ITRT, ik
B O NO, RBX L MBROM T, FiARE®RD 1.0ppm NO, BBIFOEMERE, NO, IX
EFEELLEN I ot LL, BEPERSFRE IEL BRI ONO, REBX D A HEL
155 T e, BEBICOVTE, 2710, 29 ) T t REOHSRE 5 ¥ TNO, BRRIHBR
OMTENE D, LbL, b b TRAEEENAD SN, NO; BEXOEERESHBX D 69
BT LT, BEBKLE 2 ~ 3WHUMECH Sh A BAMEY 1 b ORHGHEE & B REF 47
DDONO, REEFEOFEEN 2 TR L. TOER, MoBEEZR P NO, RERIEOH R ithd
Hod, BAEZELY 0 ORTORE & MABE Y D ONO, [UEEE L oM ERMBEAGKMED
bhtc. &3 iTiE, NO, RBBWE, 2~3KMEB, 3~4KEH, 4~sEEDTATHIZONT
[FONIEARE LT O NQ, WEHE & BMRE L) ORMEREO AR LIEE R LI,
NO; 2BXBLUMBX VTN S 1.2~1.4x 10° mmHg « volppm™? DEKSHHER 1 OHEE —
BL TV,

3 NO, REBREOASRHEEEILRR

NO, RBEOREMHALEA =T ) 20T, NO, REHGEH 2 ~ 3KMBII, | BATEY
BELTEOH:-BATEEYT D ONO, INEEE L BABE N/ 0 OEFEE S 3 itxm L,
329 x 10° IxDfEiid, ER1) Oe=9 ) DF -5 LE—Th 5, BEHMNBI X1 Ix TREH
SEEEAHEIT I L T, BATIEE S/ ) ONO, BUEREE & B 1 0 ORBEE O,
NO, RZBAMAHE 2 ~ 3HME, 3~4BE, 4~BEELhFRICOVTRY, 2o
LTHEAER LI,

—127—




#®2

0.2 ppm NO, EHIRBREDOHM 1.0ppm NO, BBEHOEL<TY, b=, +
29 ) OEFOEE E NO, INEHRE -
ZhD2-3, 34, 4507 LOFPRIEL LBALTH 3.

Table 2  Transpiration rate and NO2 sorption rate of sunflower, tomato and cucumber shown
in Fig. 2. The values of transpiration rate and NO2 sorption rate indicate mean
values for one hour during 23, 3—4 and 4—35 hours after initiation of fumigation.

Leafl Transpiration rate? NQ, sorption rate? nl;::::_
s’ 93 3.4 4.5  2-3  3-4 4.5 BB
content
Sunfiower
Fumigated 1676 0430 0392 0393 0568 0568 0543 512
Non-fumigated 1510 0.374 0371 0.356 0560 0530 0501 453
Tomato
Fumigated 2043 0348 0363 0.339 0408 0472 0434 540
Non-fumigated 2980  0.327 0.339 0329 0.381 0434 0420 397
Cucumber
Fumigated 2254 0095 0.108 0.075 0.110 0126 0.08 278

Non-fumigated 1931 0,102 0.102 0.0%% 0.125 (.121 0128 1.69

Bl b

#3

Table 3

: em? fplant.

1 x10 % gH, O/em® -s-mmHg.
1 x107%gNQ, fem? : 5. ppm.

: % on dry weight basis.

B 2 iR L7 O NO, DUEEE & BATEE 4 70 » ORBEF ., CDHO
ROFREF1LELTHS,

The ratio of NO; sorption rate to transpiration rate per unit water saturation deficit
of plants shown in Fig. 2. The ratio was obtained in the same way as in Table 1.

The ratio of NO, sorption rate to
transpiration rate per unit water saturation deficit
(x10"*gNO, ‘mmHg/gH, O-ppm)

Fumigated Non-fumigated
Cucumber 1.2 1.2
Tomato 1.3 L3
Sunflower 1.4 14
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Fig. 2

X3

Fig. 3

BE L RBUEE OM G MESRER, NO,BELBROVTRHILIEBEALTH 5,
NO, BE 1.0 — 1.3 ppm, RIERRLEHETIZ 0.2 ppm NO, T, £+ 7Y T38
H, b= +TE60H, £2v)TE6THHARE L. ZOOFSRINBXDE
(o

The relation between NO2 sorption rate and transpiration rate of cucumber (2, &),
tomato (o, ) and sunflower (o, ®}, Measuring conditions were the same as in Fig. 1
except for NO2z concentration. NO2 concentration was 1.0-1.3 ppm. Before the
measurements, the fumigated plants (closed markes) had exposed to 0.2 ppm NO2 for

38 days (sunflower), 60 days (tomato) and 67 days (cucumber). Open markes are the
control plants.
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NO 7 sorption rate
h1ﬂ—ggﬂﬂzlcm2-s-ppml
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(A | | |
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Transpiration rate
(xiﬂ'ﬁg Hz0/cm?.s.mmHg)

NO, RBEDOXEHELEZ 1IGEDE ~ 7 ) DRMEE E NO, [ EE O
BAfE, 329 x10°1xDiEid, M1 oL FALTH 5,
FEHE O:329x10%1x @:16x10%x A 83x10%1x

The relation between NO2 sorption rate and transpiration rate of sunflower obtai§1

under different light conditions during NO2 fumigation, The value at 32.9 x 10
was the same as that in Fig 1.

(©): 32.9x 10% Ix, (#): 1.6 x 10° Ix, (a): 8.3 x 10° Ix

ed
Ix
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£4 NO ZBRONFEHLEZ 1BEOEMEE & NO, IWEEBEOH, it 2
-3, 3—4, 4-5KHHE I NTNMEShAEOFBETRLTS S,
329x10°%1x DERF 1 O~ 7 )VOEELELCTH S,

Table 4  The ratio of NQ2 sorption rate to transpiration rate per unit water saturation deficit

of sunflower. The measuring DOndlthns were the same as in Fig, 1 except for tight
conditions. The value at 32.9 X 10% Ix was the same as that of sunflower in Table 1.

The ratic of NO, sorption rate

Light intensity to transpiration rate -
per umt water saturation deficit
(x10°1x} (x 10 NOz mmHg/gH; O -ppm)
329 1.4
16.0 1.4
8.3 1.2

% B

RAMEIT L2 NO. IUEEE L, MOmBMER, FIINO, 4 BB T 2BOEM:, £H BO%
REHICHPOOT, RBUBE (EML[AMEOEE), #2EICEd 25 7ER S 20 i
Tk 2 4 2 IHEEST (RALIER + AR o OMicE NG H 2T &8
HEsh, BiLh - LR, BERVBAFROHLZEITOONTOA, (2-3+5+789) K1~3
ICREATV B LK, EYDREITHDH ST, £/2E=7Y s bw b2 T, BIAE & LT0.2 ppm
NO, ZRHMRE LTS, Soic, =7 ) TREBNOXRGCIhDbST, BUMELHO
AR BOHEE & BVBIEEY 700 O NO, PUEEE & ORI EMABMERSED Sk, CORRE, Yo
HBIBERE, 550VENO, RPMBBichbbod, E5iT, NO, BBHOLEMCHhiD
57, BHIKBIANO, NEARET 3ELERE, A LBKBETISABR TS LT &%7R
LTwb, &2AT, BAMEM D OREE & BABENLYONO, NEEHE L OMICH &
PBARLRILT SBECIRDO 2B BELLNS, 1) [ILENTONO, BEH 0ppm &7 3
2) [N TONO, RENKGHONO, BERKALTELT S, 20 1) &£2) 3, HiBO
BTN T D ORBEE & BB L D ONO, NEHE L DROBEEOL HROE L LTH
bbhd, ARSHERLB I ARMEFBIUNO, HEREICET 371k 0, # 2ANEE
EXERT2EMAIORESERTH S /2 ABEBALHE (RAENTO /2 BE) 2RI L
ZORRICE L, JALBEATNO, BEA0EIRET L, BAMELE O OBEHEE L S8
B DONO, IEEEEDHIE 1.2~1.4 x 10 *mmHg * volppm™ &3, £1, #3B8LY
FARREINTVE LI, FEBRERTR, EMOERER, 0.2ppm NO, RIHRE, 35T,
NO, RBROAFHOELICHIhH ST, BEMZEYT D ORTUHE & BATBE 4D DONO, X
HHEEOHI, 1.2~1.4x10°mmHg - volppm™ THh-t, ZOERZERBEAL TN
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O & [ILEN TDNO, i%ﬁ% 0&EETEHLEEARLT S, /2, RBERIPRBOLS
Th, =70, Fav ), r7rTRISABFATONO, BEZ0EFETESCLEZRLTY

3,
ETAT, REOITEE L, [ABMNONO, #BELSQ FHRETE AT L, NO, DR BERKS

EoIETT Y TRNO, BERFOREH b o TR EENKT 5 LBy ohi,

M fEE L TV EERLTVS (2). Kibickud, BElicKir oBALINO, 1 &
PTHEL, HREMHEEICND, ChOOEREFIRENIKEEOT I /RBRIZAKRENh 3, L L,
- REITR, APFELZOOTNO, NBRERATEYT SEMERENFRODicL B2 BTl
OEEHFRET DI+ FEERSRE LW AI EHRL TS (4), LRI, X
MEH<, 8x 10 1x BETS, FENIC0.417 X 10-% NOz cm?.s OFEE RIS 15 NO, %+
SRBTEALELRB LT B,
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Summary

NO» sorption rate of plants was investigated using sunflower, maize, cucumber, tomato,
caster-oil plant and moming glory (Exp. 1). Plants were fumigated with 0.8—1.2 ppm NO, for
5 hours in an artificially-lit growth cabinet. A linear relationship between NO, sorption rate and
transpiration rate per unit water saturation deficit, regardless of plant species tested, was observed.

Effects of long-term fumigation with 0.2 ppm NO:z on the sorption rate of NO; were ex-
amined (Exp. 2}. Sunflower, tomato and cucumber were grown for 1-2 months in naturally-lit
growth cabinets with NO; and without NO;. Immediately after the long-term NO, fumigation,
NO: sorption rate and transpiration rate were measured under the fumigation with 1 ppm NO; for
5 hours in artificjaily-lit growth cabinet. Both rates were similar in the long-term treated plants
and in control plants. In tomato plants, long-term fumigation caused decrease in leaf area per plant
to 69% of control,

Effects of light condition during NO2 fumigation on the sorption rate of sunflower also ex-
amined (Exp. 3). Transpiration rate was clearly decreased at 8.0 x 10? Ix.

In experiments 1), 2) and 3), NO; concentration in stomatal cavity of leaf surface was esti-
mated to be 0 ppm, even though plants were injured as seen in tomato plants of experiment 2).

Key words: NO; sorption -- Transpiration — Long-term fumigation - Light conditon.
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(1) BAOBRAACLEEOTHEERORBICESTEELERICONT
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Measurement of the thermal patterns of plant leaves under fumigation
with air pollutants
(11 ) The major factors caused the appearance of characteristic visible
injuries on leaves by air pollutants

Kenji OMASA!, Yasushi HASHIMOTO? and Ichiro AIGA!
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YA A O, WMy O™, £HRE, 49, AFREAYICL-T, TORHEOEERIR
18 5H, 0.1 ~% volppm F2EE O ELEHT 5 MEE OBY A 2 TR L - Iic i, S omiRE
RETH, COABER, HRARCLIEPWHEORGBEELIERTHD, TORHME, #20
B 0RaE (13, 2D EBELTFERH R TH 5502, NO;, 01207, BIHFOER
DHYEHSB L, S0, NO: Tk, BoREOHGHHEA, ML, A6, RIfE, et
BEDHER To-FEREREE LS, 2 LT, HEHRLB2UERCHHICTRES
o £/, O: T, EoXAoMREGxFENCHEES A, aBRPHRERLEO/NA
HEEERMEND (11, 13, 2D ZHoDERE, [AE2ELTOV A0 NER, HREE,
MEBOBEY - ABELFOWE, SEAORBEEN, KkaRE, MEOBBHILRES,
TOMOBERCBENEHOEREILTELZOEELZONEN (8, 9, 12, 18, 28),
ERBETTEFTLTIVAHPOBCE VT, LALOKES 2TRFOERRERA IS
TAERICD>VWTERBNDLOE—MNKR CABRERL B OHL, TOTEAFNO—DIT, &
PHARE XL T 2 EHBERE LB TH—r>—ECHET L, [ASGPHERIANERORER
S AN, BT AT T EEEZ OND, BT R TR L SEYEOTAL
RIS, EEROSHMETRE—7, B Ebick{bdd (22, 23), 3/, HEHEAES, BY
OEPRE TR, [HROREPTEROMBEICL DRSS (17, 26) Thill, BROMETO ALK
AHRMAET 2R o 2 -5 BOEMOFEHRNENTE T 2TEREETE, BERORMIcIHRES
AHEOIER & [RGB R A 2 UEEEE & ORRAE BN L OERNICRI T LIITEN
Vo 2 LT, 1S IERORBEIGEETIERICDVTHLD T LRTEULD,

FAROMERERT dicic, BEOE, EBRMRARS 2 7 LFBEEARES LoEEAl 2
FLEREL, BEAHENTIFHRcovTRALA (7, 22, 240, £LT EGEEHELL
T, EHEICS T 2 RFURIG, AEURE, HRrANEEE 2 ETAFHARE L £ (22, 23),
E5ic, ZOFEO—DOMEMMLE LT, SO, RERL-EMEOCERSHETNL, ATREDE
R EHERST L7z (22), AT, SOMAT, NO, Oy iK2WTRETL, HMMECERAH
T1hb, [IRGELUF 2 EE OEmMAM & o HEER & ORIV THES 2§#R%
BfroTcHEd 5,

i |
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ME&HEXURE

M EEMEE LT, 724 oy (B 25°C, ®20°C, T0%RH, H#AN) T,
W= FaFAb, Ne-FA4b, E-br TR, N#ELD2 140 1OHTODAF Y b (EEI0
cm, SE20cm) WIEE®RO ~ THMEE Lt oy 7 =2 Y ( Helianthus annuus L . cv
Russian Mammoth, 1fE&DTERES ; 1800 ~ 2500 cm?, IEH: 20~2580 AW io, RIS
&L, TEEBRWT T O I08EATHE (SEFHRT 130 ~ 140 onf ) D HERERICER L T
B HDEEAT,

HE . RIEREESE, SERCREINTOAGERTFAEEEBHOEHE A/ (1),
EERNOTE, BEY, Theh, 250 0.1°C, 622 | FRATEH ~ 1, T4, HHZBES
Wrst o, SEMED £ 0.5 BENTH 77, BEHEESNCR, BHEecEcEEd 31
DOBTEEB L ERICEVTH— LSRR B o0 EY » 28T L, fmER, &Rt
D ik 20X 20 cm® (B] 9 & Hsr o, #100cm®) OARMISOE O HiciEs L, ¥ktik
S EEEREOBERICcE v Lz, REELTE, 800 nm Dl LOBE S RRd S8 » k
7 anyEBNO BT v EROLY, ERANOBREEORER i, Sl ERERERE
EORMOELEICREEE AN, &7, ERAOBEE, BROY —v—i— 5 L URAH T
St MEOMEI LD, BEmICey P ShhBORRB LURRIMEH—IC®OT LA TS
fo (23) ARERIC B 5 5HE T ORGSR S & UmE o4 2 WM ERF KT B EN & 05
ATHAHEOT FABERNT, 2HTH, 2.47+0.01 x102calsem? s} 1.540. 15cm™
(EIET) Th-7,

RO, iﬁ@fﬂﬁﬁi?&[?ﬁ%&mbt &ﬂﬂyzfA%mht(ﬂ,
23, COVAT LY, 256" 2AVDEBEIGA I L0TE, BRESNMRREL, 0.05°CTH 2,

EERHA 774 b oY TEFSEARBHEOHANR & §3EEERICE DY, BE
HiZ2y b33, £ LT, BEEMMETSERILEETYESE LB, SO, (8 2volppm), NO,
(% 7 volppm), O (%91 volppm, 1.2 volppm) %44 | BREET 5, 7 O, WoEMOEELH
(256 x 240 Bi%) DREEEEE 2B REGHH v 27 4 THEIL, F— 4 2BEF — 7ICHmM
¥ 5, REORE, H 1 OMRBERL, BUOERORBRSSTORITL, TRENEE L RE
KDL HR LR, BERELT S, Cho0—HORBERSERT LKk, BT -7
ME N BLORBRTHRAER T — & 2 BEEAET 5 LKL DIFREREL, HRETIHED 2
SRORE, BE THEREEBMCED 5, '
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b= 7 YISO, it &L 20 REC MY ATFRERBT 2BA50ERE L HEEORALN 1 B
FUB2IERT, M1, 2 volppm MBSO KRB L LEDEORSREBIFEHELOE
RELTHY, M2, 2oRENEHACEG 2BESFLEFEERN I BERAL KA ET 5
WEEDEHTH E, SO, DRBHNC 22.8 ~ 24.0°CTh » -EHED, BEoKAIKE-TERL,
BEBSHRO0ER/ U AT, 231 ~253°Citiiof, LT, BEROICHEOERHTEC, B
R AMED - 2o LinL, BHBTHBAMICL D ERIZRL ST 18, RBHEBRE0MED S,
ERASBEOER KSR LY, RENIMDoBESHEEEOEES BT &, WM
PRECEVHBMICAREDORRAD S SN 5, KB LAHRFESRR LLRBR -] L T/,
BB EDAOR A TOERIHEREME LT, JEBERBEREZS THVEROLEF L
BEEERDHE EEBELF23.6°CTH L, ZOLEWEERR, hoBaATOERNHicdHH

1%

Fig. 1
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8 Time after starting the fumilgation

SO, RBICEH w7 VEDRSG (— ), &E ) BLUEHER
( Y oEIF L, BIESM: ¢ KB 25.0°C, MR 62%, it 2.47
X107 2cal »cm ™= s, AL ; 25Kix , BMzEreydd AEmERBIEL ; 1.5

1

S$*Cm
Time courses of maximum (—-—), minimum (----- ) and mean (——) leaf temperatures
of a sunflower leaf during SOz fumigation. Environmental conditions: air temperature;
25.0°C, relative humidity; 62%, radiation; 2.47 x 10" ? caleem 25! , illumination;
25 klx, boundary layer resistance to heat transfer; 1.5 seem L.
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Visible
injury

24.0
30min

X2 B1DS0, s PO S MO LK | HiiclEsh b ERioa#E
BIHO OB, RiEbiGROPSERR] (min) &k,
Changes in leaf temperature distribution during SO2 fumigation in Fig. 1 and visible

injury on the leaf observed ca. 1 day later. Numerals under the pictures show time in
minutes after starting the fumigation.

Fig. 2
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Kiz, NO; REBMHEOBBAMERNERT 5 BEOERL L EHERONAR 3 LU
Hdicmds K3k, M Tvolppm ONO ICRR LS 0EOEERES L ST HEE DS
{tTHy, M43, TORBIURGIKBI 2BENHEEEEDFETH S, NO, DRk
228~ 239°CTH-LEEH, WHoREBicH-TERL, EBRHHBREOSEALBAT,
26.0 ~ 21.6°CIT 15 72, Bk, EACIAEAL C, BOhREHE, BIRITEH -7, BEHA
FEH3053 A S hRBIC KB HRE LIS, 071, BRBOERERSEIKBRERT - 72,
ZLT, B0AEIIE, KBHLEL 1, RRPMDOBRRNTEBFEOER L HHT L,
SO, DS LA, PHPEECEVERICHREORRNA S h, JTRERBEMLZSTHL
FEBICL & WHEBEAH 5 C LHTD 5N, KEBRE LGN - REBER0F O S TOEE

SWICONT, LEWHEBEERDDLE, BELE 25.5°CTHD, U, KELAHEMNRERL
AR B LTV,

e
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Leaf temperature (°C)
) Y}
& o
o o
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NO,concentration
o
o

_ {volppm) 3 1

0 20 40 {min) 60
Time after starting the fumigation

3 NO,REicfste7 1EORE (—-—), &E ()& X UEHES
( ) OERREL. BEEHEEL LRLTH 2.
Fig. 3 Time courses of maximum {(—-—), minimum (----- 3 and mean (—) leaf temperature

of a sunflower leaf during NO7 fumigation. Environmental conditions were the same
as those in Fig. 1,
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Visible
Injury

°C 275

B4 B3 oNO, BilEhoERAGOELE M | BRICEES 05 Efion#
Fo BEHO FOHT I3, BB EORREN (min) ££4,
Fig. 4  Changes in leaf temperature distribution during NOz fumigation in Fig. 3 and visible
injury on the leaf observed ca. 1 day later. Numerals under the pictures show time in
minutes after starting the fumigation.
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Bgic, 0,1 L AFREORBNBERSRRS 3 BEOMAER 5 ~FBIRT, K52, #1.2

volppm @ O; i RFE L7 & & DEORSRIES JOHGERADERE(LTH D, K61, FoRENT
BARICE 0 A ENH L WEROBETH S, 0, DRBANC 22.7 ~ 23.8°C Th - 15l As, B
DEBICHE > TERL, RRBEBBOONBBLABAT, 226~257°Ckii-f, BLT, Ei
DEHOERNE, BRAWMOBES 7. UL, ERRTLRAICEL VBRARRE - Tk, B
TR G RE05E D O AT KB HRR LS, 050BE TR, AWM MAKBREIT -4,
CORRT, BiREEiEKENEDonT, 12, BEDBBRAED SNWNED -, REEME
DEREAMEFEROFHELES 5 &, FMPEREL, ~EL TERLEHNE L, BAKHED
sk bbb od, AIRER, BRiCZ - TTOEFEIREEHbR, EESHLOMIERIZR
HohiLn, T, KB, BERScELR bbb ST, BRRILAIRER, BABTEE,
kg L REF L ORI EREGLBRIIED S REb 7, 5, ATREG, REOMKERICEL
n, BAIKERH LI, -1,
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Leaf temperature (°C)
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0.0 50 46 (min) 60
Time after starting the fumigation

Os

5 O, RBIMD e~ IEORE (- —), BE () BIUBIER (—)
ORERFZE L. REFHI R 1 EMETHS.

Fig. 5 Time courses of maximum {(—-—), minimum {------ ) and mean (—) leaf temperature
of a sunflower leaf during O3 fumigation. Envircnmental conditions were the same as
those in Fig. 1.
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Fig. 6

46min

°C 255

Visible
injury

24.0
30min

B 5 @ Oy 25 Wikl th o SR i DZAL L | HikicgE S h SO 8E
HHO FOBER, BEMHBEOFEEIF (min) Z&4,
Changes in leaf temperature distribution during O3 fumigaiton in Fig. § and visible

injury on the leaf observed ca. 1 day later. Numerals under the pictures show time in
minutes after starting the fumigation.
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&ic, itk AAREOS 5 —D>OMBNLERTH 5 BOLMICHRIIG— it ATRENSRRT
BIFEIONTENE, LA 1lvolppm DO, LRB LA LS DECEERES LU EHEAD
ERZETHh, H8H, TORRNIBBAREIIZENHLHEROEETHS, T OESIC
b, ZUOHEABICESATb, BRlicEED SRR T, 0, ORBATIC 2.8~ 23.8°CT
B 1o R, BRECEEIME-TER L, EEBGKE0EE L 1HAT, 23.6 ~25.9°Cich
ot ZOEES, BLT, EROESEOEENEL, BERENE -7, UL, BERHTLE
B & DEEMBIL - Toiee BE, COBAICE, BROHAPR TS 2 REEL®605E T,
KB RS bhII b - 1o REFMDOEENT & REBOEEE T 3 &, FHCEEOBHL
L EVERSESD ORI 2h 6, AIHREG, BEo2michEMBE—icREL, 05
Bich, ERSH L ARERNNGE OMCHBERED Shik,
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n Leaf temperature (°C)
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7 OB e~7EIRES — ), &E - ) BLUEHHER (—)
OERE L. BEEHFRIRI1LELTHS,

Fig. 7 Time courses of maximum (— - —), minimum (------) and mean (——) leaf temperature
of a sunflower leaf during O3 fumigation. Envirotumental conditions were the same as
those in Fig, 1.
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Fig. 8

Visible
injury

30min

K 700, EEHEhOER O LR 1 HRICBIE S 05 Ef O A
Ho BHEOFO¥FE, REREHROMFBIEE (min) 2&4,
Changes in leaf temperature distribution during O3 fumigation in Fig. 7 and visible

injury on the leaf observed ca. 1 day later. Numerales under the pictures show time in
minutes after starting the fumigation.
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DT, BESOWET 52 EMTES (23), TBORBRIEI S £~ 7 ) BORFHLOER &
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T, REGEE EERV ARFERE, ERNBVBAHCEVTKREC, ERDOEF L LbiRDT
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Fig. 9 Relationships between leaf temperature and transpiration rate (—), stomatal resist-
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O3 (—-—3. Environmental conditions are tie same as those in Fig. i.
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Summary

Visible injuries on intact plant leaves caused by fumigation with various air pollutants, 802,
NO:z or O3, reveals respective characteristic symptoms. Factors caused these characteristic injuries
were examined from comparing distribution patterns of leaf temperature during the gas fumigation
with visible injury pattern observed ca. 1 day later. The distribution patterns of leaf temperature
were able to be converted into distribution patterns of the gas sorption rate using the calibration
curve because they were measured under the uniform environmental conditions of air temperature,
humidity, radiation and air current on the leaf.

As the results, in the cases of 8Oz or NO2 fumigation, it was recognized that there was a tend-
ency for appearance of injuries to be occurred in the sites where gas sorption was over a threshold
value. These results suggest that structnal and physiological resistance of the leaf tissues and
metabolic capacities are uniform at the sites on the leaf, and the characteristic injury by 802 or
NO: is caused by differences among factors governing the gas sorption such as stomatal aperture
and boundary layer conditions at the sites.

On the other hand, in the cases of O3 fumigation, the distribution patterns of gas sorption on
the leaf were scarcely related to characteristics of visible injuries occurred on the leaf. These results
suggest that factors caused the characteristic injury by Oa are not only gas sorption into the leaf
but also differences at the sites concerning tostructural and physiological conditions, metabolic
capacities and so on.

Key words: Air pollution — Image processing — Thermal pattern — Visible injury — Sunflower
plant
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Interclonal variation in responses to air pollutants of hybrid poplar trees
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HEL - EEPEL DR 7 5 GARERE ( Populus sp. ) RIS RS AT MK & T FREKRRE
HBURATREZL D ZER s SERA UHEFRERISTER - FHL 03502 HW I,
INSDETFOWA (REM15em) 21/ 1HT -7 5 2F 9 7Ry McHERL, 774+
bovBECEE2 X 1C, BEEE 70 5%, EMEBEROSEETT, YTIRMOEEER
FiE (3) ki 0BHR L, ERICIIERH 256 ~ 30 MICER Lic@isE A,

KEBRMEORE  UMRMCREEINTOAIATHED Vo0 —- 24+ 3o (KGRERE;
AT 2EE25T05C, HERETOL 3%, B30 L 3kx, EE 30T 10 cmsD5
HFTHZARBET 120 i, HICBRRRNY 7 AERFLIAIANTAF T VT (BE7
YFD— 400 NE, HZ8) 2A0Thb, ERET R A ARER LRSS T T3 ~ 48REI{L
SRk, KA P VREZHNRETH RBEEIT -7,

ARBEEOHEE M ARB I ITHBEORERE G v 2 BBR, HEHETIZ 12~24 Bl
WEL, IEEESEELThoBirsE ChmETomMEasic L 5 BRF (— BEKL,
o4 4, H O EEERSTHELY R1) KL, 3~9BERDOLETHONIME OF HIE
TkUi £/, EROHEL, FARBORA L AHBEEEOEZRIEERELHEL, ¥
FE L7,

#1 F7 7 SERORREEE OHERELE

Table 1  Index as degrees of visible injury in poplar cultivars

Degree of visible injury No. of damaged leaves Necrotic area (%)
(=) no no
) a few leaves trace
+) a few leaves < 10
(+) < half of leaves 10 ~ 30
() > half of leaves > 130

RAUEE ORIE - ZBUEE 13 Steady state porometer { LI — 1600 C B ; LI —COR ##) ©
BMIEL, #8210 mm Hg ¥ DIicBBE L, pg/om?/ s TE LI, HEIIF, ZHEEHLEL,
BREERETEFLY 6 - TEHOBOEEREZIF LABEODROHELID 2em? ZH v, &
C-RAF e Ry T3~ 4 BRESMEE £ BORE L - AREE A OMEL L, 10 ~ 12 BEko
20~ 4 WOEDEGE L ERBEEL RN, Th, HREBROREEE R, AERZORTL
HORBEF - 2THRBBET - RIC, 3~6@ED6~12KOBETAEL . T, HRE
EOVME s RREOCHEHOELMIPETE » €, RMEFOHFRERD,

—151—



RREER

TRREORREE - AEMEE
UANFERBETEREES ATV AFRERL S T3Sz OWT, 03 S0, TRENEL
foo REY —ARHA B (2) DA FOHRRY ) — = FOEREBEL L, AFALOE
RISV TABECTEEESRET 5 L BbNIRE F - R 5EE L,

%2 OREEEH,ILALET I REROO, & S0, T A Z O LR
RREIEMIVTNS 6 BHE L, IREEORTIRE 1 28K,
Table 2 Comparison of foliar damage in poplar cultivars, exposed to O3 or 8Oz for 6 hr
Symbols of degree of visible injury of leaves are expressed in Table 1.

*Degree of visible injury *Degree of visible injury
0.2ppm OSppm  OSppm 2.0 ppm 02ppm O0Sppm O0S5ppm 20ppm
1 - - - + 31 S + + +
2 - + ~ + 32 + + - +
3 + - - + 33 - + - +
4 + + - + 34 - - - +
5 - k. +H Ht 35 - + - +H
6 - - - + 36 + +H - +H
7 - + - H 37 - - - +
3 - + - H as + +H - +H
9 + + + +H 39 - - - +
10 +H + + HH 40 - + - +
11 - + - ++ 41 ++ +H - +H
12 + + - + 42 + +H - ++
13 ++ +H - + 43 + - - Ht
14 - - - + 44 - + - +
15 - - - + 45 - + + HE
16 + + - + 46 + + - HH
17 * - -~ +H 47 .o + - H
18 * k= - + 48 - + + +H
19 + + - * 49 + + t had
20 - + - + 50 - b4 - *
21 - + - + 51 + ++ + H
22 - - - + 52 + + - -
23 + + - + 53 + +H+ - +
24 + - - +H 54 + + - ++
25 + + - + 55 - t - +
26 + + + + 56 - * - +
27 - * t + 57 - - - +
28 - + - + 58 - - - H
29 + + - +H 59 - - - +
30 T + - + 60 - + - +

* il 3~ 9 MEDFESHEER T,

* I Each value is the mean of 3 ~ ¢ plants.
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#E2 (0TF)
Table 2 (continued)

*Degree of visible injury *Degree of visible injury

Sample Sample

No. 0, S0, o 0, S0,

02ppm O05ppm 0S5ppm 2.0ppm 02ppm OS5ppm O.5ppm 2.0ppm

+Ht
+H
+

71 + +
72 - ++
73 - -

61
62
63
64
65
66
67
68
€9
70

1 | W

£ T O I I B I |
R EEE R L EE:

[ S T T T O T O I

t+ ]+

O3 I & ZAIMHME R EXRE I BEEH 5V IRARREO/DS ERAKITRBIL, TSR BT

-ﬁb,Iﬁﬁ%%“ﬁ%ﬁm@ﬂﬂiﬁD—VZ&@6%ﬁ§<%¢6htoit.S%K&%%

DREHECHEROTANE 270 - v ALREL, shsBIIEAL, E2RO3/ -
ZARIEBMHBE(RDON, ST THHESNTVEER (8, 17) LAETHE-7. L L,
#+ U7 AESIOGETR, FROEERIEDLSNT, 0, & SO, THEBHCBERA I BRKIERS
RE LI, HEOSR LIMREEORBEREOERE, MARKCERBE>ZESEREOETRERE
EhRE <, fIAREDONIEM-T,
NBREORBHEELHR2ICRT, O, TOUHRFOXRIEFORBRAARET 0.2ppm » 6h
DERB Y - 2 TR0 FOLBICAERESRREY T, MEUTHMEERL 10 ORETRE
Lizicd &30, LHL, 0.5ppm - 6h OFBEF-2ic3d L, BRBF -2 THRERFOH
BLAH- B0 50 I HEEAREL, FEifkc, BREF -2 ToshThoBEEREE
3B L 7z BRI 50 ¥ TREREASMA LI, $£72, SO, T 0.5 ppm - 6 h DERE F-
2T 85 ¥ oSBT REESEEEY, | GETHFCAEBRESRAL LT ELLLEL,
2.0ppm « 6h OEHRB F—RicTdE, 1 [EERVT, FASHOTREERFEBIL, K75
FOLETHEICTHRBENRE L, CORBRLYD, 01, SO, DTHEFNILNT E£7 7 M
BORZHE - BREHEZAEBEORREEL SART A B HAARTH I T ENTFRINT,
tf, A—REATO: 50350, KT 2BSIHHBFROTH I HENR 2 DRSS/~
o (#3), 2ENORBY —RigHT AERLY, 05 & SO, E NTNORENTBRZHL KD,
AT HAEEMATRL . WA o L CRERORSEE 7+ BN 80 B 5, —
i<, 0; £S0; #NFNIKHT ARIMULHEBIT 2L FV AL (r=0.353), TDI LR,
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#3 A7 7REEDO,; & SO; kKitd 2 BRBHOLE, BHIFEHET .
Table 3 The variations of O3 and SO2 sensitivities in poplar cultivars.
Numierals in the table are the number of cultivars.

Degree of visible injury

SO
2 o, Total
- * + + +H
- 10 7 2 0 0 19
+ 14 10 5 3 1 33
+ 3 3 1 2 2 11
+H 0 1 4 0 0 3
H 1 2 1 0 1 5
Total 28 23 13 5 4 73

BAFERRESER (2) PRAERM (13) OBREFRTH -7 UL, ZCTHMG L L,
O0s& 80, U TERERORLILBHRAEETELETHSY, SO EMLTRER T H
THHH, Oz it LTRIERHTH L0, TORMTHLSEY, SADH R A5 ) -z vy
THGRER e, oz did, SEEBT->THEVY, HEOAKERMELESRETHE
LTVBRHFTTS, #hEhoAIERMECHRIICRIET 5 RERICE - T, ASEREE
EHN, BB TE S LETRR LTS, Ld, EU Populus BA O S E RS FoiEm Y
ELTHRATE 30T, $f0H—-%, ARHLEREUAOBREERICHY A RISOEEL L UH
HOHEFICEREFEHEL 50D,

0; RBIC & SRMEFOEIL ,
AHEEOCREEEEZRAB L 1388, S, Oy o L THEREMNRN S 20 8B4 BIELT,
O BBICLZRMELOENMERELL (F4)o 0 REBAIOEBEEDFIHEIL 9.4 ~134 ng
sent /s /10mmHg EDHHETHEAL, ERAUELIEWEOS ~ 18 TH D, HEickse
B4z 0.1ppm Ox % 4 KRBT T 5 &, RERIOMICH~, SEICL D EBCEF IR~
AL Lo 6 METRESZRD SNIEh 7201, 1o 14 RECREA 3% b REAIC L.
Tlie g, BRICED, BERZELREAD, RREFOTILS—BTREOT EARL,

EBRRBHEE L AR AIC LR (15) Lb—FK L7,

O BBic L AHEEEOEE, Steady state porometer K LAREHF OB H o EHO
BRBENRNLEIEERTES (11) OT, [AEBEROEHCBRT LI ONB, 30T, 0,
REIC L ZRWEE O EE L aIREE ORBUZE & DBREE 1 icr L. BFESRREEAR
RLGEHTE, REEEOHERW NS VERHELS N, BEIOKIIEROT A RENE
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F4 #75 DEBOEHEFICRETO; REOES

Table4  Effects of O, exposure on trangpiration rate in poplar cultivars

Transpiration rate

2
Sa;;p]e (ug/cm? /sec/ 10mmHg S.D.) % of initial
Initial 0.1 ppm 4 h exposed

5 134+ 1.1 13,7+ 1.5 102 +11

7 10,2+ 1.1 94+1.5 92 £ 15
10 115+ 8 10.2+1.2 89* :12
15 119+ 9 7.9+ 1.7 66*** £ 14
18 11,2+ 14 114+ .7 102 t 6
24 11.0= 1.5 8.6+1.4 FE¥** 4 18
26 119+ 1.1 95+1.0 BO*** 4 8
29 93+1.2 7.5+ 9 81*** + 10
30 10,5+ 1.0 6.8+1.6 G5***x 1 15
32 10.3:1.1 74+27 T2E*% 4 26
38 39+ 8 84+ 4 B4%** + 4
43 124+ 16 11.2+ 1.4 90 +11
44 109+ 1.0 96+ 1.2 88*%* 4+ 11
46 11.8+ 8 98¢+1.7 B3*e* 4 14
49 33:x1.0 94+ 6 101 + 6
51 12.2: 1.1 11.5+1.0 94 + 8
53 1.3+ .7 {06+ 9 94* + B8
67 . 94+ 1.0 8.0+1.3 84*%* + 14
69 96=+1.1 82+12 85*% +£12
70 10319 6.9+ 2.6 6T*** 3+ 25

AISERE L 6 ~ 20 BOF L ERELEE R,

oM B PERRR R I N EN %, 1 BELU0 1 FOEREBETEREETI .
Each value is the mean # standard error of 6 ~ 20 leaves,

*, ** and *** indicate mean values that are significantly different from initial
values at the 0.05, 0.01 and 0.001 levels, respectively.

WTWBEEALNG, Lirl, AHBEOREL NS WRERTH, RREEOMERELVE
BICE 2050, HAREI L - CRILOMBENS SFBL bW SEMSRELTVAEELGN
o COERNS, ARMEOREEEINS W —SFOEEERVT, ¥ 2RBROSIHEDOE
{bds, TEEEOREIA2(MELTWEEVA L, L, T RSELMEI k 3T 1EME
EORBICHEOAGERMERGEEIKET 2L L 6H (oSN T VS (20), $7, %
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Summary

- Responses of hybrid poplar trees to air pollutants were examined concerning the appearance
of foliar injury and the change of transpiration rate.

73 cultivars of poplar trees were fumigated with 0.2 or 0.5 ppm O3 for 6 h and 0.5 or 2.0
ppm SO, for 6 h, The extent of foliar necrosis appeared by Os or SQ; exposure was quite dif-
ferent among cultivars. The sensitivity to O3 and $O2 was almost the same in 80% of the cultivars
tested, but in the rest 20% was quite different, Several cultivars which responded specifically to
each air pollutants could not be found.

20 cultivars, selected on the basis of the sensitivity to O3, were used for measuring changes
of transpiration rate under fumigation with 0.1 ppm Oz for 4 h. In 70% of the cultivars the
transpiration rate was declined to 65% of the initial values, but in the rest 30% there was no
decline of the transpiration. With increase of the foliar damage, the inhibition of transpiration rate
became lower and the gas sorption rate tended to increase in most cultivars. However, there was
only one cultivar which exhibited the higher gas sorption rate without any visible damage during
the fumigation with O3. . Among poplar cultivars resistant to O3 exposure there were two groups:
the one had low sorption rate of O3 and the other had the higher sorption rate. In this experiment,
we could not find any cultivars which were highly sensitive to O3 with the high gas sorption rate.

Key words; Air pollution — Gas sorption — Indicator plant — Ozone {(Q3 } — Poplar — Transpiration
rate,
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