[EAWHRPTRR RS 45105

Research Report from the National Institute for Environmental Studies No. 10, 1979,

R—10—-"79

THE NATIONAL INSTITUTE FOR EXVIRONMENTFAL STUDIES
an —_ N\ -—
RET BB WAMFR



52

ANEOEEZHPEL SHAL, ThiifE-> THBEEGEHSIALT, 0AVALHREMKERTIC
MHENL LI Fe ZO—EHAHORBEEEL L, S SCARORBIELT 28HMOD
EECERHITEREBEEZTVE, 0B TLRIB{IFMEOESER SN T 24, HHER
SO ZRHLER PR FER € v /1 E, B OMELABEMEOLEETS F X HEREELS
FHECLTWAZ LMo TE A,

[EIATRRAFIC S TR S 1 FELOBSI NASBITR [Ptk s ARERBEO
& AT ARBHIMA &, KREROMMEE LML T, FiEeARRARSE s
EREOEHEN A KIELROE, OF 2 O OEEREEEOLNER 2RI L, EWAFIE LA
RATB YRS ME DR, & SmmERR LARRERBERNEO T EARIT A EEHMN
ELT, MUSIHEETOIAFHETRES 0, WSS FICE, PRRRO—HEF &0
fehMRETETIITL, BREML DBEROTIHHCOVTHRLECHE X V0, 4O,
BE I NEHORFTRELRIEL €, ZFRTELBNE LSRENE RIS hih, BES
NAMESIEAEEEEVLT AT EER AT,

Wb 2 KEBRPE L NHEMICG A 2 EBO2REHOo it 50, £{OEA
T TRAIEEEBELED ZHNELRD B, YHFRFEDRBKLE - T, SLELV_E
LRI & B tEROWMME A & b b if, T omsikd L THEDRYICE 2 5 BOEBE & F
FraERsf, §%, SORAVYEOMORKIEMIBLED, THLLOHMSLZVREETOR
BRI g~ RBHE ST TH LTV A,

COMEHEFRADEL Diptcibich YN ETERE W WA EEZE#T AL LS
K, COREENEFTETHEASNSCE, & ol 4HFRTFICEI 5 5BOTEICHT 5 & AN
& THHEPHS DRETH D,

FfI544E12 H




(kA %)

[. #50F7T (B Madic & A KRG RIRIE O /M & g
KB@@— 5%@WH%J @ﬁ%ﬁi%aﬁéﬁ ............................................. 1

. &#
1.

2.

10

11

12.

RS |
X

A A v OB D o7 vy VS BICRIE T 35
HWIR E- HRET - EAREE

ZRUEETE R X A MAORMELDT Ty A v RICK SRITE

ﬁﬂﬁﬁﬁﬂ&i:}f?‘iﬁiﬁ@’f A& pHGD%Z .......................................... 49
VIFREERH - A —EK - BIR F - BFR IE

W 1 SRR EEILIEEE e 51
FERRAERA - BRILEET B SR - BR R - s

ZEMERRE I ANDR S —F kY P YR Ay D5 onT - 77
M & - ER E

ZEBEmEERICL R0 Ly oEOESHORSE L EEREIL

}im‘ci‘fﬁ- 6(%1{_}:@-}@@5@% ............................................................ 87
EEFT—ER - W M -wE =

Fo VU OEOBBELRIGE 7007 4 M WEOFRIEIIC

&@i'd':@‘ftﬁﬁ (SONBEBOEE v 101
BRI —ER - PBALCT - ER &

BB REIC & 5L ANE TEEROMBMALIC DT oo 1

B —BL - BE
Fobryy, vrwAiBlUbruToavBhD, 2SRy aic
Lo TIEM L X N AEEES ATP T RIFF 771 v v B L H )

G LA A DB e 123
EECT - B - B E

CVV'JFCHUZDSOZ%U[R&SOZ f:_za@gg% .................................. 131
P i« AUk

bz 7 UfEGHEE i L 2SO, BIRBDHETE o 139

Tk - PR M
wANA T —pE R L S HEGIE oA T BT S BHRIBTEE (1D
HEOBARIC BT 3EDORRELE S 534 257 FH & FARHEEE
EDREE e b s 159
AL - #mw)TH « FiE i
RAFBRHIBIC BB A A 98T 08 F v 9 BEOEDER & XSE
(LBEEE I B BEPATIRE  covvrrrerremereermmmr e e e 177



13.

14,

I5.

16.

17.

18,

19.

- 20

WC k2R BE 7 2 RSB ORI

() SO,DEFNE A BIERBE ORILR e
RBERK « TRIE

HT S B KETH G 7 2 I B O R :
(2) BREE M %8 3 P it oD NO, 35 1 08 O, 5 38 O EIBFRIGE R 2\ ¢ -
REGERIK « HRE - Wl 7 - MIE—18
RESC X 2 RETE R A S SEORT
(BINO, , O3 HBVENQO, +O; BETIHBH ZWFIT DT orreeeees
REGRIR « LR - fueE - FiF
fz}%ﬁ‘z GCﬁﬁ Ltm%@ﬁﬁ,\”y —_ /CDﬁ'Fﬁ[I ...................................
KECGEK « ERXE - BX B - BE—
@&@g‘cﬁéﬁ%@kﬁ{g%%{mﬁﬁ ............................................
KGRI - R - WA B - 8188
ATHA A+ £ d o b AD Co~ CAYURRILATRDIT oo
LAY A S =
RAGRAARBEOIHD IO -2 F 3 5 b (1) :
NO,, O BHERITET 2 FIGAERMOBBEIL DT e
A K - KEEER « HE—BE
FIHRE B3 b= ) ODEBEORHAZEENICONT e
BRiGEESE - HH F* - FIF & - HEW

M. 83 & OEs

1. :&{t%ﬁ@ﬁ%@c&‘iﬂ‘i&i{t?%%% ......................................
B &

2 SOﬁ’iﬁdC%}ﬂ‘éﬁE%@%fﬁ]%ﬁ .....................................................
ULBEAEH] .

3 ﬁ%@&ﬁ‘c&aé—:m,{tﬁ;ﬁ@%g .......... e e b ettt
Fig # _

4, EERHOLETICHT AS0,OBE
o B <

5. ERHMBNC L B AR ZBALER (NOL ) DBILE AR oo oo
 JITGYS

6. *ﬁ% __:tjﬁ;é,\@@ﬁ[‘ﬁ@%‘cg“—c .........................................
AL - PR

7. YR OBE N RS

_ ﬁ%@ﬁ*ﬁ'& ZDE _:,,-_-’}l,{t ...................................................
RIEERK
V. Zofth
1 S ERRAET Y KRR i 1t AEBEMRHBEMIOE B iz 2T e

PRTARRE ~ 8T - A/

227



1{
:
-
;
:

11

Contents

- Preface

Manabu SASA

Outlines of the research project “Studies on evaluation

and amelioration of air pollution by plants”™ ..o 1
Tsumugu TOTSUKA
Articles
. Effects of sulfite ions on watersoluble chiorophyll proteins ...............co.oo. 35

Kiyoshi SUGAHARA, Setsuko UCHIDA and
Michiaki TAKIMOTO

. Abscisic acid-dependent changes in transpiration rate with

S0, fumigation and the effects of sulfite and pH on stomatal

aperture .......................................................................................... 49
Norizki KONDO, Issey MARUTA, Kiyoshi SUGAHARA
and Tadashi FUJII
. Sulfite oxidizing activities in plants ...................................................... 61

Noriaki KONDO, Yoko AKIYAMA, Makoto FUIIWARA,
Kiyoshi SUGAHARA and Hideo IWAKI

. Role of superoxide dismutase in the defense against SO,

toxicity and induction of superoxide dismutase with SO, -
fumigation ....................................................................................... 77
Kiyoshi TANAKA and Kiyoshi SUGAHARA

. Active oxygen participation in chlorophyll destruction and

lipid peroxidation in SO, -fumigated leaves of spinach ... J TR 87
Ken-ichiro SHIMAZ AKI, Takeshi SAKAKI and
Kiyoshi SUGAHARA

. Effects of 80, fumigation on the rate of O, exchange and

the chlorophyll fluorescence induction in spinach leaves ----.--occcoooeeinnennnn 101
Ken-ichiro SHIMAZAKI, Kuniko ITO and Kiyoshi SUGAHARA '

. Inhibition site of SO, in electron transport system in chloroplasts

by fumigation of lettuce Plants - . - oeorvemirniii 111
Ken-ichiro SHIMAZAKI and Kiyoshi SUGAHARA

. Effects of abscisic acid and Kt ion on Mg-activated, membrane-

bound ATPase of spinach, broad bean and com leaves --.-coooovrreerrinniiennn. 123
Hamako OBATA-SASAMOTO, Noriaki KONDO and
Kiyoshi SUGAHARA
. S0, absorption rate of sunflower leaves in relation to 80, dose - ......cooooeoee 131

Tsumugu TOTSUKA and Toshiki NATORI



10.

11.

12,

13.

14.

15,

16.

17.

18.

19.

20.

Estimation of SO, absorption rate of sunflower population ------«.coovviieeenn,
Hideyuki SHIMIZU and Tsumugu TOTSUKA

Remote sensing of the physiological function of plants by

infrared color aerial photography (1)

Relations between leaf reflectivity ratio, bi-band ratio and

prhotosynthetic function of leaves in several woody plants, ---oocommmeeeirens
Masatoshi AOKI, Kazutoshi YABUKI and Tsumugu TOTSUKA

Field studies on the dry matter growth of golden rod plant

community and the physiological activity of plant community

as a sink of air po]_luta_nt in air poﬂuted ATEA  +rrrererenrrrreessiesnniesineeinnas
Akio FURUKAWA, Yoshihiro MATSUOKA and
Tsumugu TOTSUKA

Analysis of air pollutant sorption by plants
{1). Relation between local 50, sorption and acute
visible leaf MUY crvrvnirmmn i

Kenji OMASA and Fumiaki ABO

Analysis of air pollutant sorption by plants

{2). A method for simultaneous measurement of NO, and O, sorptions

by plants in environmental control chamber ... ccocveirii
Kenji OMASA, Fumiaki ABO, Shu FUNADA and
Ichiro AIGA

Analysis of air pollutant sorption by plants

(3). Sorption under fumigation with NO,, O3 or NO; + Qg oorreveeenes e
Kenji OMASA, Fumiaki ABO, Toshiki NATORI and
Tsumugu TOTSUKA

Measurement of thermal pattern of plant leaves under fumigation

with air poﬂuta_nt ..............................................................................
Kenji OMASA, Fumiaki ABO, Yasushi HASHIMOTO and
Ichiro AIGA

Evaluation of air pollution injury to plants by image processing .......c..........
Kenji OMASA, Fumiaki ABQ, Yasushi HASHIMOTO and
Ichiro AIGA '

Analysis or low-molecular-weight aliphatic hydrocarbons

(CZ - CS) in the p]a_nt growth CADIMIETS ~vovrererrreeirii i
Shigeru MATSUMOTO and Hajime AKIMOTO

Growth cabinet for air pollutants gas fumigation (1)

Some problems of reaction products in NO; - Oq system «ovovvveeeennniiennn
Shigerun MATSUMOTO, Kenji OMASA and Ichiro AIGA

Seasonal changes in growth of sunflower in phytotron greenhouse «:::o-oooveee
Yasumi FUJINUMA, Takashi MACHID A, Tsumugu TOTSUKA
and Ichiro AIGA




1.

Reviews

. Physiological and biochemical effects of sulfur dioxide on plants -...-...oeeo. 209

Kiyoshi SUGAHARA

. Physiological responses involved in defense against SO,

phytotoxicity ........................................................................ e 309
Noriaki KONDO

Effects of sulfur dioxide on plant growth oo 317
Tsumugu TOTSUKA o

Effect of SO, on photosynthesis in higher plants ..o 333
Akio FURUKAWA

. Absorption and metabolism of atmospheric NO; in higher plants ............. 343

Tadakatsu YONEYAMA

. Effects of acid precipitation on plants and soils oo 351

Kunio ARAI and Tsumugu TOTSUKA

. Sorption of air pollutants by plant communities — Analysis and

modeling of phen()mena .................................................................... 367
Kenji OMASA

Miscellaneous

. Outline of the cuiture method of plant materials in the

NIES phytotron .............................................................................. 387
Yasumi FUJIINUMA, Takashi MACHIDA and Ichiro AIGA



EXAEMEMAERYE Blo5 (R—10—79)
Research Report from the National Institute for Environmental Studies No. 10, 1979

| .

HHIFR (B LENIC K SAKSRBISONE S4B AT 2 EBOFE] O
R B OBRIE '
BB &

Outlines of the research project “Studies on evaluation and amelioration of
“air pollution by plants™ '

Tsumugu TOTSUKA!

ANHOEFRRICE G ARIHREAOREIBERETH O, £ 0Eh~0RtY
BEgrovTid, BLEAYRNOMADIHTH S, CHoB3EERAERRETIE
GREEEESED 2SI L, BRiFHIAAK TSN, 31, AREREOEL
REALBICIERE 2250, B RIEFNEORTHETFDETHS, £I T,
FREMNHETHE, ARBFREZSCRIESETENMBIL SEAIERH T3
Be FHEM oD T, BHM A RN O CICERENBRLA» SRITL, Ok
FEH e (1) RAFRICHLHILIEEREFSEBRREO D OERBEH ORI,
(). BArEN 7S & TNE RO K RTE 8E » B BN T & 2SO0, X6
RO ELYHERIELAET S &ickd, (. 27 -7 405 —L LTOHM
MOEENEBELIET A C EE2BE LT, AYBEIEREEEFERHRE, B
AEMVERRIIR R, 25 PR ENEEDRRETEE Lo EMR L L TTFiLo s BEE
WEL, BB RAERBINLEYBESNEES (71 oY) 2FAL
T, WRSIER & O BIASIER  TO I M EMkbi-DERBELT,

B KSERECH T 2RO R BT 5 A B AL ET R
2y RAFYREICHT BHEMOIET I T 3 E R
%) fEPE I £ 2RSS RBRE OO A
4) BE LRI Ic & A RQIERERITWED S ECM T SR
B) BEEF v Uk v MiCB W HASHYR Y A REHES S L CHEY A
sHATF o RAE BT 285 (EMS2HERE & DT FiEAL

L Fadas by -5
ELAEURR AR

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




EFNTHOWRFRBETIE, & LTTRBLEHY (50, & TEEEE (NO,) #H
EHRELT, THNTHOR—ERIROMMEBLRIT I EMOBR LI, &
DK, FRFEICEd /v OB—H2BLUNC,, SO,LDREAHADEYREICS
WTZ, ZOEBREREA L, —H, CALOFRFXEBERCER I N AR
DOUREER S L UEBEYOHHRET TOEBFRIGIC 20T bR ERA L, Th
SOEAERCMAT, HMEOEASHTICEV T, MhoE L LEEgRe 2T
TREFROESIC > THEARATEERL 1,

BEEMPAT IS L oMy, KRERROAMRESIIETIFER, BLTERE W
LASHBEECTREELN T, BeDEFBEBICEO THAS A2 & HRE
BEYZOE@MEEEIC VTR, COERLAGELTIERBSIEORAATBET
CNFTHREINTO DL AEVIBREES -7, HEHENEEALRYLSN
Mo, £LT, SINAICRES WA ERERSFREL L5 BHREFEBR LA 4
L3 AR LT, icad 3 KK HROBRERIC T 5 KRN
BNED - HDIFRMR A MR L fo, FREIS L 240, EREROKEIEDHEY
T ARSI S EREE L 2D, IhE TOSBERSHROEYESEI T
ZHIROBAULSCEEZEL LI, 27, BBEY R THd 2ENORICESHEE
KRBT 5 LoRBS L LORDE, JEMICA GNKABROREEE T
AHIRFLSTLETRBOLALEGVAZEL, L, CORRMRBEVER LA
AR BRGERERME LA EBEEL TV S, T, 58, BREERICRIT
FTRIAGROEEL R T2 ORBER LD, BRBET €2 £ v P FREOE
NiZHESLIZ DL EUTH S, ARJIRRIARHELEOEMEEET LR
oV POFITEHEECBAT ORATEO, WNNAESHSBEAKSEROEY
FELHIEFE S LB G #Ehin i,

FREI L S HFARBRO—UT, BFB2EE B AERTHFIGERRHEE
25 (R—-2-78) BL#ficL 2 AQERBEDHEE GBI EY 5 ERNTIE
—IBR5S2FEHMARE ) L LTHiTShL, ZZTH, ARENDE LTnE
NOMEEHCEILREIMFROLZIHARBERML, LI CREZN, B
N ERERE Ao hicd 50 EARAT, b OIS & UHIRNC & 2 Bfgt
REA-ELLTELN, AXPEZTOESESIH LI 2, AHEBTH, TR
BROH L G T HRELEOEMSHFicMd 2 NRARHB L FREE LT
LW, AFEKBOEHLBRETLIELE LI, 0= — XieE L - ZME L mR
TELEICHETHBONES It BB, AXORDDILEEHLNTV IHE
RO No. 105~ 127 ORXRBEFERXELLTELD SN, JMATHITEZL
be LITHAEREADE L HREN T LZARBKBEOREL DN,

I. BIERERNOLHORRER
KIF R MBI, ThETEE L THENSBE B0 #H4 5o HliE
AHEE LTRLEOGNTEL, LhL, KSBOERTZBEMET LT 5 & RIHOBICE
EOERC TTHREORBTEEALESNEV, UL, HEABBETLENMEESAT
W3 EHEMOEESEESNACEHBRONTV S GREBN- 38R, BHOE BE~ORE
£YeiE S L BOEAE O, A RRERREERE LIBS LT LKLV LD
NTVE, 20T, FPETR, ESHOSOHMEE- T RBERRICE 3£ BER, BER
Bt A EMOB RS LR LT, KSSRIICHT 2 ENOEGEICES L T0 3 EROM




BRI o &t ThiclEL T, Efon#EEEo MEoMRELE TN -, —F, LEeEs
EaEiny 28R & A0 SREY, MtE0Z(EAIEL, Ehof#Fcbrb 25
HAERTO LD OEBERE 2 /-,

1. —EEMEICL3MEDOTEETORER - £ OHE

a) S[REHEOFEMIC DT

CEERERR I £ S O REREY, —BICSRE, ENERBAEIC LY, T L TER
Al HEEL LTRET 2, EEEOAHBEREAL L1007 SO,BEE, MWD SO EFtkosz
Hitk-THELODLENS S (AHWEBT - 320, A~EYWThH, £ERELEEBRRic
£ T, ARETEDRBERENLMTS 8. AL, =7 ) TEE~BATLEERBOE
WEKISEBRSoRBREETH S, £, ENMNTH, BEOHMNEEREEICH L THE
THB, £7, FA—DERTE SO L ZAEMEORRARREL TS (99), TOL 5 LES
WESERCOREROBAMY, Emicky 25 HHMABGEOZE L3 L5 THE (99, 3 1,
ﬂﬁ@%ﬁﬁmﬁféS%ﬁﬁﬁwﬁﬁéﬁﬁ§ﬁé.Iabfﬁmsm&ﬂﬁmﬁimxété
%< DTN AT » - HRTHAD SR (115),

SO £ B EMicE I AOREEDREE, BRI PEYOEEICL - T, EMREOSE L
HRMBAOBEIC L 2 BEE S HAROBIEE LTENS, ChooaEBEON M, BERR
BOWBL S EROBICRE N EN S, ERESHABIC L ABRBLFMSED —BHTE -z, BEER
- OEEFMETIE, s o074 vEERE S LICLAEROFMESBRE SN TOEN, EHOESR
BLDETART L L, KESHDsHELTE, 22T, ERBO# v I ilBEEREE &
5 EBHAFEEOEAESOT TN T, i, JHEROEZERZIMNT 2FEIMNOREINT
WD, FEIE T, ChGORMEE RRT A~ CERMETRC L 5 FEEOBBLRL L (A
S0 -178R), 0,3 LUSORIAFHEEFHMBELEELT, 7007« VORIHFIED
FETonmich v EEZ b 0FH 74 vy — 2 A X SKEZLTREL, Aohihahvz ek
BB A A TR L1 T8, AH 7 (L QBEREMEE 7007  LEREOR
CIEOHBBRMED Sk, $/, BEFHELBEHEA L 775 2E-TSOHEHELO,
WEROHESEIE LR, BLELOHEERCBECR 75 2 ERSHHBICERNLT
Wihi, O, M HHERBLECHN, BREOBEMIIEDS 1, —H, SOMERETIE, B
DEEAEICEVCBEHCBAES, 2HcHAORALAETAShIBRE LR F 77 L OlAME
EZOOEAMEY & D THBRETR Ui, CTORER, HRAZOEHICEORRT SAREED
%ﬁ%iﬁ%ﬁﬁﬂ?%éﬂ%ﬁ%%ﬁbfvéc

—4, HEYHOERHLBOBREIC L - TETZCEMBMOENTYV S, RHBHABOKER, &
B, g, REHi L -TET 5. LrL, —EOnBENBESETTE, EoSHRELTR




FTODMEICED 53 (99), 22T, BEEND Yy — v E2RIFT R Lic kb, KIBERY
21T & BRI B EE L D A0 ENED M S Bk b 3 MEHA 515 C &L
5, BT, -ERBAHTT. SOA% SN no SEEAEORHELEIL, CHARE
ftovy — v EROUREERRO/C 7 — v EOMICEVHRBBERARD SN, &%, EREAE
Bs 45 EBRE OMEERY L, FARN FICKY 5 @NO T HEEE DA ELFET 5 Tk
DEEEHET 26D TH B,

B ZER(ERREIC & A R RO

SOARBLAL A, BEopfh, BALE L LTRAESAAIREELEHMCHET 2L, BR
LiekBREAHT S, 20H/0BEHHA TV DMbd 5, TS5, £ FHMAOEEE:
WEh, 6007 BRI NZ, Bicooo 7 vahingfIhEl, soa7 (v
b SHBICHKI - THBENZ (6, 7, 9,11, 16, 107, AREBT - 5), BoBHEoEES L
TIREOBB{LAERMTH Lo 4T 7 F (MDA) 2B Edf, MDA £ E 7o 7 4
WRBOBIEC DO THEN L, SOMERIEABESES T L, FiK/ oo 7 o v aDO5HR
10, BEEOBRALIC ' 0,655 LT BT &Ml ac i1 (11, 16, 107, ABEEI-5),
soa 7 wRRRILEDY S0, BSOBFICEL Tiabud LT 0nBENEL GNE, B—iC
AREETHH LEEERTROADL L7, ERBCLS0, ARORETHEZ, B0, %
HETIERR - N—FF Vv FI2465—¥ (SOD) ORFEHAETHY, COBERO, BRIZHEK
$ho SOBEIL T, 7907 ¢ VHREAGHTIC SOD BUMET 5T &3, RFFRicEL
THHTRUsS N (16, 107, AHERD -5), BESCEREKD 5 /97 BEHSORBEIRE -
THRBEFFCI/ oo 7 c WHHHEH 5 0R0, ORBEZHE MBI ETHD, HE, &~
SNOBIEE L po 7 VIZEREBEIC L 3ORESHRCY (13), ZOBEOT T E
518, BMBICL By v BRRBEFROENL, 5035 » o EARBEOHENHO R
EHAL SO HCHEERMN LTS, 34, SODENBIRBICLY SOD MHHOEAHMNE S A
fo (14, 108, FHWEBT-4), 2O LR SOBRCL->TO, DAERDSREENRE T LER
WL, 0L FHLTHE, VTRt L, BEDLI A, LIo=>0BIEHGERic
FLTWAEEZLDOHEEHRLEEb D, MDARKKBEEL T30, 0, hoERENEE
EFZoNTHEY, MDAEKOBMIIZO, £EMKOERLEEL LN S,

AVY (0) BB E-TH7 007 ( VEHSETZY, LOBEIKL0, BEELTNETE
DBAE izt ot (16), Livl, Ot d 37007 ¢ vOMERIEHSO,OBEEHELTHED
BSR4 BT 5 79, 0,4 SO,08MEIRS2EELNE,




c) SO,HFHEx T MO

REERGE T 2RO BEREERDP T 2L EREEL, OEBEREE St ¥EHTHO
(FHETD - 2 B8, ARERYEOMIEEL L CIBF OB AT 5 0, ElE
L UHELF VAN TORAPBETH » oo KRPD SO REOLAALTHE > THMICBINES N B0
T, SOexfd 2EMOE—FHOMBIKH TH 2, ubhb, SAMALZ LSOk L L5
HELCBRINS, LoL, SHELaR RELEEZO0EE-TED, £0MERKEE
CTHARBIEE ISRy, BEERE L CTERIERALLSO M, B2, fi=
OHEACZVBFEBESHEREA TV S (68), SO,0HEE, pHIET, EEFES 5V X HRE(
Av, O BWEORBAGTELONS (15) OT, pHEERE, EHRBOET(LEE, 0, 0
FHREET & HIERM A PR 2 EEE LTIRY st L 7.

WEHFE LTy O—ETHET 71 B (ABA) 2Z (AU, SEBE SOHtL T
WIERME AR T C EAB S i (1), &5, ABAR2E L SUHEMISO,RBizLh, §8
CRAABAL, SO0BARBVT VWAL EbimEhi (3, 4, 8, 15.69), —F5, C,fi¥ITH
Hhoeoay, YAKFLGABASHENDUEIVICEDLHOLS, SOHL, 7L %?L%IFLEJ
U iEfRpE AR LA (109, REED - 2), SODHI~DHEEL LU ABA DS O #
fE2HET 2 ERSMELTEY, B ABA BSOS ILEALERE, SO k5 pH BT
KERELTWACZ EARBT 37 -4 25T 3 (109, KEHEE0-2), ABAOIEABIEIH
EDECAFHETHY, K[AMEESICE T 5 ABADREI A It 5HMT, ATPT —+iC
WTAABADOEB DVTHRT LTS (RMEED - 8),

R SO,RBIC L VEMIC, pEDOHBERENBI bbb oF, pHARE AL T
LiZng &Rt Lic (73) &%, MANNHEMHETH 27007 vAEMPpHET XD
UUAEHMECLBEEbRE (11, 16, AHREBI -6 0T, OMBIOVTE, Thl
FBR LI a1,

SO BB SN/ EYMFICIZROFMBIESERTS (FHREE1 - 9), M A4 v B
A4 & iclh< b LI 2 Ht IR T, BRBOBLEESIERMICERL TV S, B
Wi s B b T 5 iEHASO,0BBELBED—oTHEEEI L NLHDT, HEYITE T 2 EEE L
EUERER LI, BRMEOLETTF + 7 oo CORTERET 2 ESFUHSR B SN, FHckE
MARSOMAILEN i AE 4 AMMICERASh -1 (12, 70, 110, AREBI-3), $1,
WHEROBLEART 258 THELRHEENR, W 200MMcE0 T, O L EREED
McBIED H 5 C Lhimsnt: (110, FAMEEL - 3), B THHORE, S5 FMEDLEL
EHIHES EOSRICESN A HFRETH 5,

SO, & 2B ENSO,”, 'O, W EDFEMMEIC LD C Lo ohiciip (11, 16, 107, AH#
®m—5), IEHREONLEBIEGE ., SO IHT A ERNERVITIBERNTF TH BT LR



BRENT "0, 0, o ERENZDT O, ONEBIESEETHY, BREPD X -4 +
YFYVA LS~ (SOD) M OBREEH S TWE, SODEHE SO, Iatd 2 o Ric
MEREAFLET R EHO M - (14, 108, FEEED—4),

L RARNTAG 2 DEFEW T O L L b > TV B 0D THLD, SO BT L &
LT, TRLOFEREEATEILYEDNG, S0,k SODOHFEMBL, D (14,
108, AMETN - 4), £, FEICLDABAOEMLERD LN (1) 55, oL OERICS
WT b ESEREINS,

DEBXTE MR E b Lic, SO MELLEYNEFRET LLHOTHE, 508 DI
POTSOAMEHEDEFEHET 2 -0 OB EPHERIN M ESDIERETH 3. FAE,
CEDOABAEH CERERILIEE, HEVRA- S —FF L FIRLY —+ (SOD) FEHAE~
AL EICLOBEIMEHETE Z20TREVLEELTV S,

2. EPOREGHE - ERICREITHERSAORE

a) RE(tEREOMhEE

WO EMERA XN T 23 BUAREIE TS 2 LS HMEE (CORINAR ioxtd 5 S0.0ME
R, BICTREESRERLUCEDS, SO BERAABICEHNE B3, £~ ) OHETH,
ATHER (#)40klx) FT, 0.5ppm SO BB LY, HAKBESTERED S ETT A0
603D RBERZ B 2, LAL, 1.0ppmSO, TRENMIBHTEMEAN, 1.5 ppm SO, TS
BLB, TOTLER, SO L BREHMEVDROMINBEBNTHL, EHERNTHS L0
Ab. XEB3OKTDEEELEK, v VORSEEEHN0FME S 2 SOBE (C: ppm)
ESO, ¥ =2 (Y, BExEY (ppm - day)) EOMEERM 558, HiEeid,

logY = 1.26logC+ log 9.6 x 1073

Etiate, ZORKE, SO,OEEHMEFEC=0 04 ppm’i‘f‘.ﬁ}\?“% &, Y=0.55 (ppmed) &ti3,
L7zds->T, 0.04ppm®D SO BETEERBL T, KA MBRELI0FE P X4 3108 2 05,
0.55+0.04 = MHEN D, TOMlL, R—E4#B5 LR L TUAMREBICLARELS
HEETTELLEERT 2, 7 VOETR 1 KOEOHGMNM2~3BEH0, Lid, S0
FERBEEEERL S 2B 10~150/M> 5, 2H90 A, 0.04ppm SO, & H B L
BETS, 27 Y LRREED SO BEME & SHEMOER, T L THAEEDORESREFEDR
FExHIG B EICES D, MYOERCE, AERBIEOBFETH, LB ENEEOKBE
THR&oT EEROLVL, T, MENOEME BEICRIT ¢ EEESO,0HEEFOhicd 2
Wi, EBRicELXDSOBEOL & THYLENMERL, 20846 &0, EEEAHIGED
BEBEDSO,DEBENE SBTRB LR FEMS TV EE NS, £2 T, 0.05ppm &



0.1 ppm® 2 BHED SO MBFIC & 2 BRERTBHRT L = 7 ) OERELEAE L (114, 4D,
ATHRB S 0 — 2% o Eay b Q4BMEAR G35kix, 25°C) /103 (20°C), BE75%) «
W1 BRI%S S, 5EMSORBLES L, TOBE, £v 7 ) OEMERRI, 0.05, 01
ppm SO,V TFNO AT LREBEL S F bt Lvl, BEEI~SEICEY 2 EmME & B
Hit, 0.1 ppmMETHEX O RS ot £ ORBEIKE G2, BEEEREIT 0.1 ppm il
HX T LHBEO# 0 EE0RE - o0, EORSGENTELERIHEHEIMBED £ A o~h%iIcE
TEFLTVE, 34, EYOELHASOMmict vmdlahsy, EFEEROME, fEERD
e AERAA SNz, &I, FATIIE ho—85HSO AN ERT 54, HEEET
REEEEHETIESC M LE LIFRRS N TE 7, £ TRMEE G5kix) @ 2 By
v, B 0.2 ppm & 0.3 ppm D SO MEI B LT, 50 DI25E SO, BEOWESmy LR E
Treds ka4, 106 0 ppm i E L TLA LR UCATFRE T e ~7 ) 25 BB SOM
BLf 4, TOBRE, ARESO,BEIR0.05ppm& 0. 1ppm &40, Fill & [ &7 SO, EE
TH-=t, LELOLTho SO X THHHELEET S Sl - 12435, HHOETIE SO M
Ry -THELLDE SN, BIEORBER & LERTT LAER, 01 ppmiZE0 SO METIH,
w7 Y OEMERIIELALSEELAS L0, EMOTEL HEEF NG &, E4kE
WMORBEFICEFOELE b ST L, LS50, —FCHEERE LAPNEEELs5 4 /s
T, BORSGHRPB~OBBETOERNBL CNLT EMHAL 2, Lk TEDREMIE
0.1 ppmBBEDSO MBIt L - THETHES NS L5 ThaY, LEARBICEVTEZDET %4
#3245 BERREOCEIET, EYOHRPELLSNMEL TV L >ICEDNS,
A~ & 3 iz, SO,cxtd 3 et B I BT O REERR RS L AGE L
HREELEEL LLBS TR S, AHEET -3 TRESATHWA LI, EMOERRIR
AR, Rk, FokE &, FBREEOBR, EMEES L FEMEO KRS &OEBEgIES, 5
EREORICHS T 3 EENPERNE O AL SR D 555> T3, S0,0%
fERERBEO L OWMBICHET 20k » THPORIGERE > T b, Tk »THEES
fEEELE L SOMEIREAELT A LK 5, EOSQORINGEMEN ¢ & (KILEAEEN A GRS
T &), BRICEY ZEHEBRARLERFEOC &, MARO pHEFENSVC L, SORBHEIHh
THAAHRBENET Licd e s, ERRERINLSO PR Eicdsohicizil, ER
N SO DERIShitd v &, FEORMMEEVE N &, SOEBENTHAEDORLE
E(ﬁ)ﬁ%ﬂénéﬁﬁm,EELtﬁ%@%ﬁﬁ@%%ﬁ£&5%ﬁﬁ%@£®%ﬁ&%ﬁ®
%n&bké<@@.Lﬂbb?mﬁ%%ﬁti6C&ﬁ£®ﬁﬁﬁ8%§%ﬁ&é$ﬁm%%ﬁ
B THOTRUWAEBDNA, AEEHN - 3 tEHEBO#Y >V T, SO0, F-2 (30,
BE <M SEREOBEMHRLEOATHADTEREINLL,

WP ERADREICS L L &, SO,RBPHERGRC L DL HILHEBEEA spR 7T




VEETL o BEORSHEE L SOEE, BRLOME 83) 2 bb#¥s ¥l 2HH
L, EA#oER4s TTEmmiEH, SOBE, BELE(LEE TEELGNEE~DSOZHED
AR L (113), 208, 02ppm SO.REB TR, bv7 ) EESo BT HHmEE M
DOXBSREE R, VThORBEEHTLREASEEL G ST, £ 7 1 BEHORERE
RN 4 (4 mPEERL mA ) TS 2, C OREREMTRETOKX, 0.8ppmSO;,
SO BRE THELAREE 0B ET L, AARSEDK T L BRI D T 5 TR
HUPIE 1 B) ioh T T 545, BEMBHEKS 4 UETREIBE-FCMEERL . INoDE
BASHLAE LS, MEYEHCERTHEEL T2 & 20Ky, BREATEEL T34
KB LT SO BB L HXAHRAEDETHEETHE L AL D,

HERSHEMOEREE I ARG THL, SAORHMAESH L SOLEBBI LT T EDTEE
HEGETH B, SOORBN 2 BNCHT 2RI >0 T, SBEL¥EMRAIGChoHED OGN
T& 1o TORKE, SORBILL 0EDHICHKET 2ABNAHEIND T &, SOE AT LK
CERBEA R BRNEELSERET A LB EBmoNnT3 (18, 19, 83, 93, 1120, ZOHFER
4 % SOOEMEEE LTUTIRENS LI N LOHEL SN D, B S0k TAD AL
MPRBOBEO pHAMET L, REVADEREMMLTSC &, B ICHIEES X UERKE
A5 RE A A OWRINE L OBEIOME, BB REELEL ATP, NADPH & 4KY
AREKBT CEROME, FICREETEOMAE, 4ETH5, BROBFZMEL T, MH
BhORBEEEROE BRI 20 THESh, BEERSc L ABEERHHENEDONT
W, Linl, RARBTEERKHETASO0EBIMLTRIZEAEHRELLhat, £EK
Lk BBEFAICHT S S0, BERA~L L, REAZARNEEARCBERE LD L, SO
BElLick kL cBELAS | BRERBOES, TRCEEELEL -/ CRHEET-6),
2 B0 T 4 bFE LN OROREGEL T A0 ONRETE, BRMLERAERL,
T AR EEReBIEL 4, 1 BREB0EE, TRACREELLE» -k (RREED -
6)0 o7 4 bR SHEFEONEOERERI, NNREHETHE, BRICLINAR
OB THEEZRHFELENLHELZ ), BEFEEEES EAMENIHEAERY A LEFRLT
Wh, ZNODERR, SO LLREN ARROBLEET ERMECRP - HHATESLLT
LATHBLTVS,

SO,IC & B BFEARORAMLINE £/~ 2 b ic, REIH & FRHE BsE L THE B
ARE LR, MMEERIARENCAZEIATHAZ EMALHICED (2, 3,5,6,9,
10, 72. 76), =561, TOMEFMEZIORGILEEVEETDICEETHE C EHMRENL
(10, AHERN—T7) ZDOLHSR SO, L ZBTRERHELBHTRENTH S L, S0,
BEHOBRENEOCEZRERL T34, EcRRE N SOAED L 3EETERT 204
S%DMETH Do '




b B LEROEMEE

ORI R4+ 2 B(bEE (NO,) oEBIcH>01T, e=7 )% 4ppm& 8 ppm®@ NO, T 2
BAMLEL R, B BMESRRL L, BREYONESEERS, 4 ppm R CHNEHY)
DEDRE%, 8 ppm ETOBICETF LT (7B £40.1, 0.5, 1.0 ppm® 3 RIEED NO, B
THUAMEEERE L-ER LHEROE, % Baso/-figERG, GHEXOHEOZ AT I,
83, 74% &, 1.0 ppm NOBEX THEUBF AT L (18), CHhOLOEEROHEE NO, - =
(ppmxd) & DRHicEDERARAESD Sz (NO,F —A20ppm » d TABDEMERROE
Tre COTER, BEENC, THENBSERIc L0 NO, F — 28R RE, Bino¥mERic
M LR S OMBIERE b > T VB EEEKL TV B, £<7 ) Efli- 2BIOEBRTO. 1 ppm
NO,. 106 EAREIMERIC & U &M B AN S T 278, BRI0~15EMTH, ERBAENE
BHOELORE{ ot 2O LR, BTRROATVEEIICE =T VT, NOZBICH
LTHAMOBELMIELE L - TVACEAERET 2, 2R, NORENBERETHNE, W
MOBHIC L > THEGFERIC LY, EPEESESESNIUEELEL o2, CHiBEL T,
AHERN - 5 I NO SEMH A SN 8RS L UVHEHNOEELETLIBEC L TRIS O
TWEDTBREENL,

Hitmicxdd A NO, S s HEoEmIc >0 THEL THt, AAE, 74Yv, 2579,
FHAE, FOLYYY, AVvFrerABLUrvE0a YO6BOEREHE, 1.0 ppm NO, G
14HBLEGRE L7 B0), Z0M&%, 68L sAKEOHMAMEI SN IHEE O EDTI~83
%)o LivL., EFBEOEMINO,RBIRELDTA VY PTHHATHRIAEESFhns, 4 vry
v AP by E oIy TREENA LN, BEHEEED MMl hicfit), Bho GHRE
+ FRYRERE) HRBESEL TEL LAERARA DN, —F, KEEYTE, 1ppm NO, T2 H
FRIRRINEE L8 (85) ik 2L, MEEEROWMAEEL LT, bvh T FHNO,REK
LDBOEEESH, Fa9F Iy, U5, AF20, AXAF/F, A NTETIEER
WELBBRTH o1, I ZXAA4A TFTREOHTHLBAELH oI TE LD - o, HAED
ERSBOEMIESHOSVET, 2EEBLU T v 22 TEHEXRBESEENS, HiIThA
VHATF, sowydE, BAKOHLEHMTHE, BERERLLZOBEHNES - (85,
NO, DR EIc ¢ © L H HEEEREH,AASNEDIE, — DI FED NO B 1D Z R H
LTWE, flZd 7 bPe=7 ) ZEREDNOBRNAES oM, FoEo02 Yy THEEONY
LUTHB BN, ChRELLTSARMARKGOZRICLS 4D, T, B—@UTH, SAE
BB A & - TRRALET S (90, FAW, cv v U dhmE#E-T, 1HDI L TR
BEAHIEA L2 T, NO, 4 ppm T 3MSRIRE L, MWEPONO, SRAMELL 00, TO
HE BRI HIAITERT S, BRETROS, ZhdENoSILHACBREIET
TNO, ABBLTWAT A2 FT, ERKNO OB &, SNO, B KBRS bHE



BTER (90),

—H, EMONOJERBALEETAERLE LT, BHOHNRRBITERREIEO RS /HES L T
BT EHMEH N, EMICRINS NI NO Ok, B4 (NO,) 12715, NOy D
ERISEYOEEER SRR, WHRLE) wHBEWICERT 30T, THOMIRENFIETSH
Bo LCTIHHMHEEBITRER (NIR) MIEATBM, FOMEESEGE, ERCHEBIERL
T, BielEEL L1207, ZOBRSTPHEYOBEICE > TRE3E0D TH L, KRN
CHMHSICE - THREXNLO, KoL oFEHEI NS0T 5 (00,

Linl, NO,BERic L A[EEDFEL, NO; OBHEBTIRTOBASEHETE 23T
B, FlIZE, NREMHOFEH s Ly v ik T, NO, 8ppmT 6 BT 2 L, FESH
TFTTIRINO, MERMEN, BECBRILRNSTS Thics, BEETTUENO, OERHML LA
Wich b b, BEAOKEERIROLREED L (88). ‘

Bllhicat~fz k5 i, NOJoxtd 2iEMiMGHEMOBIic L - TE L B3, 20w, #Y
DEERICKTTNODEELFM+ A0, EREOBHZERS L2 0 THBERN & Uikl
DEE$ & CWEEEIC RIT T NO, DR BOBIE £ I B LTS5 5,

c) WETHROEEE
EEHEREDOSONce v 7 ) BEBIND &, ERCTEEEHSRHT 5 LT TRB~,
T, NORO,0B—BILURENARLBWHBECRELRHNLABEREF~E, O
T35 RIS RBEOBS, £<7 VT 0.4ppm Oy BLETE L TARBENSREL 1, % 72,
NO, TRAMRMECREIIZ 0.6 ppm U LOBENSHETSH -1, L L, THER0.2ppm & O,
& NO, EDBENRICES 5 HRETE, LEFMAD 0K ICAREESRBIL 2 REH),
TDTERO,+ NO, BEH ZAMTH ZADEMFAEENT 2L LARLT VS, BATALLEE
D& S EEFHOMRDRETREEL A0 TU L, LERBE~OEET LAY S hi (35, 95),
b5, 0.20pmD S0, 05 HBVIINO,D H—# 2 T3 2 BMEH LT btaAR~0ME
PEULBOH SN - 128, NO, /039, SO0,/ O, BENRRBICED, HOHBIENSTELL
ETH3lemBooni. BATE, BHRORKERMHOLEL TV A LAEETH S, L
1T, BARETFIRBY 3 KAEROBESETHET 21588, B -FRs20MEHR% b
CICEMT B E, BNFET A LD HREL, SR, BAY 2 EROBIOLER. SR
~OREBERRINITAS M L, BB 2 DRRHO b L THOKTGRO MWRET 8 - il
TEAHFEETVOMELZT T LILENH L,

. BRIFFFEOIHOHEYIERDORR
KEFGME T S REHOB VM ABES LT, 0BHCRNS A RETES L BIEE



FMTE2HENSE S, UL, HEETH, vHREEL FEMNCEGT A EORRS,
BB ORZYOMEMSE, £ERGCLAMERBRECEH L IHL D OMBEASKELTY
5o RIEFHMO 7 HOMYMEEO@ENEL LT, RO 4 [Ed L LEPBBTEEOREELS,

1) BHECRELSCHTIHRRAURIETHET &,

2) REEEeH L TRECRIET 5T &,

3 BEE L EHMORG L OMBEHRNICREBTE LT L,

4 EMfsesE L TRISL, RBEEOBENHRLFMTELT L,
AT, HENROHIRS A BRI RET BEECFEL 5 AMmiEEis LT, HER
D& B EROFZFAELERNRIGS BEL + 35, BUOEOBRA AIRE - HREICRS<
ks &L UESCEHRARE, HEZ00EV, BESHOBERDOREDE L THRET
- e —H, Iﬂiﬁﬂtbfc%ﬁfﬁ?ﬂﬁ?ﬁ& LT, MESHEEFEL-IE— 2oy IDind, L
L, TOHHEE, $UBRBEHLCHD, £ OMMANRBRT S 5. HiL, KSBERICHT S
BPORICEHTEEA L RS EATFHBELINTORE L, £ T, ZERTRHARBEROE
WEETHML, TBho, TOBHD OATERINELFML 5 2FEOHERELHILT, #Hih
#1 7 -BEAFAL THMOERE L BHRR RSO T 2 BEREROREA I - f,

[, ZEEEREC & 34T - £(LEFHOEL

AREREHC L S EMOARRESER 20T, FRRiE L U~ OEBOEFELTMA
LRBROBHMFERE L UNEED»S bEETH D, SONEHAELFE L~V TORELHELT
mé@ﬁﬁ.ﬂﬁﬁ%ﬁﬁnéﬁﬁm<dmm%@&ﬁ%&ﬁ@ﬁﬁﬁ%wéntaﬂﬁ@%&b
TR7o07 4 AOMENEOHBNLIEDT, /o7 1 vEFRTLIER L - THERRRE
REBTAZLbTEEREBLNG, COLHRBEIEBET I, HERBTEERIGO L
BOOMEZLERC S (2, 3,6, 0,71, 76 105) 2 &, £/, 2007 ¢ vhLRESALIL
KORELFR DS S (72, AMEBT —6) T EMBHLNK. TNOHOFEWIIEH THBMEL]
ERIICAE TS BHASD D, £, BREOSO,BRICLD, £FFDRA~ N —FF L FYR
4£% —¥ (SOD) OBFEFLFREHSBH SN (14, 108, FHEEET —4), BEESO, THED
AR o 2 &, REFROE(FVFMEL L TRLABOVFELEHN S, 50,8
Bitk-T, ' BEk 7744 v B (ABA) SiELih (1), =FrryBiUx sy Y4
DBRESNDH, ABAPIF LY HBOREBERNTHEFL (EHT B0, =5 VO HFED
EHRRERETH LS BoONS, ETEEEE, gD, SODEHEAR =54
- ERRER E S, KEBERS 5V SO,0FMLEMEE LA b, hoREOEE =+ 5ick
AT ELENEH D,




2, ZBLHRCHT IERESA RBEOR I~ T
‘ﬁékﬁﬁ%%ﬁ@?%%ﬁ@ﬁ%ﬁzKﬁﬁ%ﬂﬁ%?%%%ﬁ%&ﬁ%b,%mﬁﬁéﬁﬁ.
kﬁﬁ%ﬁ%%ﬁ%mmﬁﬁtéiﬁmﬁﬁébﬁp.ﬁ%ﬁﬁ%@4$.T&ﬁﬁﬁamﬂm%
BEt Lo 4 5 GBERANICERESNTEY, BERROSBREETTHRESN, LI ZOHE
bHBHERT &b, BEENE L TRELAT L, BAERDA 2DGEOdh o BEEFHO
BORESBELE, S5k, TOETEAEAERFLEXTOEL, —BEBESHREEERT
BT L& i,

TO—FELT, 4%, BEERBHERED 0,;, SO, BLUNO;wH+ 2RFMHAEFARL L
(75, 124, 125}, TOER, SO BLUO0ICH L THAHRBESHERCHEAS O SELEH SN
fodi, NOpiot L Cld & Bl B ERIC S - f2o BMEH DT LI, SO, TV
T LSO cH L TERTEC, #Z0, kL T @, £ L &S0, ML TH L&
BOFET I LETH ke T, OBELSOBEHOBERRTI - THBEIEERL TS
LR, BEOHRNAKRNRIUGT S RECEET A EERELTV 3,

Wi, ERMAELBERERFEATUEL T, Bt KSEE o B A R ERERNE
DRI DT U b, ZDIBSOLIH L THRBEAREICRAL PT 0, 08RE0S
REHRHEE R U £/, KRR RESHLRIZETOOIRES L TR S ¢ & RS
BLETHD, BRMTSOMML THFERFOFHKLC 182 L HBROBAKGBERREL, "M
B, OF 20828l L., 208, 31008 ERTESL, 112 Lt s
BIMABES S (125),

L@, SREUHRHIBARBET TEOL S HRIGERTAEHE, aidofsEys LTo
BHAMBETIOE 20 ERETOLHENS S, HEEBRBOTRRERREN==25 ) » 7 &
LT.%Eﬁ%%ﬂm#a%ﬁuﬁ,%iﬁﬁ@%*%ﬁ@oht%ﬁimﬁgﬁ%%mﬁLTE
HE €, ZOEMOERMCHMHBARBENBA TS, E SHhBET 3 5ELRATEE S,

3. HHOFERHAWNECET (RIBER

a) SO, BEHRBHOFMic > T
“BMEEEESDETPC LN ENOES TBERBTERICE D A, FOKESTE EE
EORMEOHE TEARERT S LOHLATHS (FHEHI-928), codEdsFEL
TSOARRERREARETIHAG T, ZHENTVE, LhL, 2hEF TONETH, HiHD
HABNPE+NEELAT2EFEREOBBRERS LAFRSHL T TH S, HPO N AWML 6
Lic Lt BB A T 20, SO, F— 2 & W ARIGER & OBEAURICT ~NETHD,
PLEO s EE LT, BP0 RRIEEES & P EIcE S REFHES BRI L CRHEED
-9, 13, 48R), MYOFHRY ARINGEDL, EYMDOLT -7 vy — & LTOMABEELL LIC



BEAMEERENE S, Zhit20T, AXOFIHECHEMICH LSO TWS0T, L TRMEI
RBICEEDIZ,

E=90 T, SO,F—2 (ppm=+d) #51 ~1. 5ppm-d&z 0 & T, EPHREHENEE (SO,
WIGHE) AISO, F — ADHEINE & bicBFERYICHEAT S (FHEEL -9 8M), T0O#M
SEFEGE, 6 X 10 E S0, /dm*EfH ppm -+ d EEHE I N, FIZE, KRB SO RE % 0.05
ppm&FBE, £2 T UDSOBIEEE, 3 % 10 mol $0, /dm*Ef. d &40, 0.1 ppm
S0, T, 6X10%mol SO, /dm?./d L7 5, Ll CORLEEEERL S 5HMIE, 0.05
ppm SO, T220~3080] (1~ 1.5ppm - d < 0.05 ppm =20~30d), 0.1ppm Ti310~15HH
EWH T Eicti B, —H, YOGS 2 PIUER T IED R MEE L FEIMERES L EREE
E-13,15), RAMEERT —DOEETH 2, BIMEYL D ORKRICKT 5 EOREEY
HABEYL 0 OEBRT ABRGEYE (¢ /v) (3EEE, L5, VABECHEERI{ —EOMEE
téoﬁﬂbg.M%w%brL4xm*mmm-mmi 0,: 1.6 X107, SO,: 1.8 x107
ThHote Lo THYO N ZRIGEE (F, mg# 2, dm® #Eifi hr) BRATELEHS,

F=Trxg/w xXC 1

2T T, Tr3EORBEE (mgH, 0 /dm*EHhr/mmHg), CREXDOERN A RE
(ppm) Th 3, HEHOERES, BE, J[E BELECL-» TEET 4, GAMEREESL
TREICL» TERENTVE, £77 ) O SO BIGHEE -~ R TIRKE20~30T, BE60
~B0FDEETCHRHTFLE LTREICL > THESh T/ (FHEBL-9), thwi, L0
AOSE BETRSAHERIELLTHWEWEBbOhE, —F, [AHBESHRT 2 BEDOLE
2503 (AHEBET—13, 14), Lol, SO0 1ppmET, b7 EOHARPHELE A
2 BEEOMIZERRARSE TS RHEBE1-9) 0T, LOEEO#MABETERAMER
BEAEESEL VLD EBADNE, Ltd-T, HENEREOSCRETTRHS—E
OREEHT TR Tr=—FE&ANHE3, Thwi, BHHENELAET L LITLY, £OD
A0 EBETICE Y 3RMOEREE Tr BLU ¢ v TEHIE, EYOEEL TV IRE
AIPDSO,BEAHETEALLILESL D,

LLbicifies o F ik E 3Slic, Bacs » CTEDREMMEBOZREERIE U &ERP5 502K
SERELSHETET S L ThiE, RKOFIEE ENELOTES I, THbE, H5—ED SO,ELER
HMTT $5ETUENEOENHEMIRERBUMAEZ TAEL, TOoMNEEEREHT 5.
L DEEERT SO,BE L OROLFFERRERD 5. KICSOFRT -5 DRELTOAHAT,
EEMEERL, 20EDRERIEEERY, TOMEEGTROLARKTH > T, TOMAD
SO, FUREAHET 5,



b)  NO, BRIREID Fff e 5T

REMNC &5 ZBMEEROBNIIC DV Tid, AEERT - 5iKA SN b L9, KBENO,DES,
RERIRPIC R & 17 NOSEIBEOTE T iR E N2 C L b, I 4 opicABEIcER
Ehd, LT, SORBEESHA L AEPRESHESEMT 5L 51, NOZFEI N T
OEFEERHSEML 5L 0D T LTSIV, 7, BEWESBIRL 72 NO,p2BE R
LTNOBRE L DGR RD B HELGEL SND, HWHPEIL 22 NOE%Ed 5 ikicid,
ERELEM-sicE LB ohT0a L9, dBROEENS S, $Uubb,

1) —EONQ,BECRALNLIO -2+ E4 o PREVERBLIZLEDF v EF » PRO
NO,BEOR/LVES, CHET 2,

0) NOJMEEBINIEYOERSBLMBREYDOINLOEL S TERDENBFREL580),
) HEPICRRENLERD S, NOLUADIRROERE 7 v F—7TETERLTHEEL, 2
EREPOTOBEELE, BOENOEFOERE L THE 89, 116) 5,

=) NO;—NZET7 A v F—7BNTERL T, ChEHEEICREL, Mo SNBESML,
NOHROEFRE LTEHE (92, 117) 3R EOHENS L, B EE T LI TNO, BNE
TRESTABEE A, N, DE2BEATLELRKNETHL, T, FHEMCETS L EE
WD LSS TNOMUTERE R B & &I 305, BUHERDEREEDER THEYBEY D
FEBEENMT B, T, BEIALNOSRMEINTHECRBEE N TEREREE L7 53 A
s s (79), MEOEFEE IR, KIBREEIHHTHL, TRE/ALEE(ORARREEE
DEEE ST B, @A, WERAMIAKANOBELADEREEE— IS T 5 L E0S 5,
hi, FATRIFEETHA D,

Bigic, HEYMEICRER S R NOPRE#E O, BRIILaMPERS NS iEYEH 5. FiZd,
NOBBEN LI 02y DEDPIA /34T, TYE=vE+T I /EOEER (A) LHH
BREE+IHBRED ERR (B) L TR LAESRE, B/ AL NOJEREN Lo EoME%%
BERT BEHEAZ 0TV B (42), FRICABMENEFIRE LI NO, HRIEFEO ML NO, R
FIIC & » TAHRTHAELAEEbNZ,

4 BEOXEREHFHEEFAL LERBEEELOMRE

Ex7 U DSO,BRICLIEHEEI - T, EHEAKNFEIEMT 2, $BBLIEELD
FEARY MDY - v ORBENEBBRTHE L, HEBPTR I oo 7 4 b, OBHETE
hoF /4 FERERFRANZ b A RELIEIEREBEL TV LT EHHAITE A (T4, HRE
WFTOERBESOKLIBERBOX A =X o AAEERROEA L ERNEELCTH I L
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ERBEOLEH L T Ao KIBREOERESTETRAIVALBbNS, YE-—beryy
T L HBREFMEORIESEOEELHRRETH S,

. EYORKFERBRCBEECDONT
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ppm~ ) FHIE LR, NOKML T4 %103, 0, L5 X10°, SO0,: 1.8 X10® &b,
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FLLTERENDA XA ~ZESHOHESFHHEAEROZRICHRT L0V A545THS (HE
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HitBE T 5 &, SOMIERI T S, NO, L0845, O, 1L11{5&, SODEL DT
NbRNELLY, SFIEBHREDED SO FMHNOAFICHE L THIEN~RI S il
WZEERLT VWS, NODEIKDWTIE, b=, THHA, 291, b2k, FoEaavi
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DERAEGEIRLT, TRABEOL SN AEHERICE D AIHIBER L D18 2= 7 L XpHEA
ENH B, YT LABERTZOBIC D> THEBTeFvREEHELTRILA (99), oD
e, WARMOIHREBASH VZABELIEOIAERAR BT 2BELOEL L, BRI
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WL 5 A%, b7 JREESHEHC TR L. B0 2 RIREEE, SiE20~307C, BEE60
~BOBDHEM T TE, FELTRERLL - THFINLG I L7 VEELE- 2 HZBRTHSH
Lot (BEREFI-9BE), 427, c-7 ) AEBOSO,WNEIL> W T E, HEHE
SO, B L OMERERH L CREESER -10218),

BANAMMEEE (B &l 257200, HEE - 70%) THRL A De -7 0%, 2
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mg SO,/ M Tho, fidde =7 Y EERICE S 1 BHYf O HIF 1 m? 270D SO B E (100
mg SO, &L (B 1Im?) OFEE, 100+ 0143=700m&id 5, DT LK,
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HOTENL S 5,

—F., b7 ) Eir k5 NO, OB ATICE~ 2 L H i, SO, BUNEED 1.4,/ 1.8 = 0.8 f£T
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SO, BED A 4 &1 100 % 0.8 = 80mg NO, /mi il d EREL Th LA 5, HGS
FRBEOECE D &, HIRICEDT BAGHNOLBEH0.03 ppmTH S, D NO, # XK
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X 0.26=1500g NO,.7/d /km & 75 %, HE#E A SHEHINANOOKHMAINO ThH 501, ER
PiC RSN d LOCBICBLE M TNOMED A E RO NT WS, £2T, HEhHEH S
SHENODLBENO, LA LT, HHLBET =7 ) BRICRINXE 2 & dnid, 1500+ 48
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LEDHBECHWANO S ROHREEIDENMNHEI LTV A EBhnd, —7F, HBE. S HY
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LBEGEFLEROE Y s b —va vilEEL B LT,
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L7k Db 2 4 LREOKRIC R L, FAFHE N3 bEELONE, CNo0HS
., SO, BEHEOAELE LTHERT 3. '

IC, o iy FEBRARSASE, BERY a5 —BILUTEBE= Y7 o0y —iTk
D#fkEhTwa, Lnl, Thod7 s - OR{bkEREENZ DL TBRIN S AME N
DT, ARE+ v 03y PABTRPCETNEEL OBRERRILKELITL, ZOBEARD
f- (BRHERDT-18), FOHE, ThodD7 4 vy —FREKEREEHBE T EMER S £
toLﬁb,ﬁﬁfﬁ.%%Eﬁﬁ?ﬁ&?él%uykowf%wmmﬁﬁmﬁﬁfﬁb,N%
T L BB NARBEEREIT IESCES R ERIEOERE L TEET ZLBRENE
Eiohl, Lbl, 2F Lo T, BERTZHHEAENORELEDERICL 50T,
SHRETOBEL>OTHRASE =5 - T 2HENH LIS 5,

2. A O VICEI IRBRIEPOERERIZONT

CORBIRRCE T, H-HEEOEEE 7 r A+ t o BRAXETERL, #B L1
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Fig. 1 Changes in absorption spectrum of chlorophyll ¢ in organic selvent by illumination.
Reaction mixture, in 4 ml, contained: glycine buffer (pH 4.1}, 0.02M; NaHSO,,
2x 107 M; ethanol, 76%; chiorophyll @, equivalent to (.3-0.4 of absorbance at 663 nm.
The illumination was carried out using 300W of projector lamp at 50,000 Ix for 1 min,
repeatedly. (A)Control (-NaHS0Q,), (B) + NaHSQ,. The number in figures shows total
illumination times.
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Fig.2  Changes in absorption spectrum of chlorophyllide ¢ in organic solvent by illumination.
Reaction conditions are the same as in Fig. 1 except that chlorophyllide ¢ was added to
the reaction mixture instead of chiorophyll 2. (A) Control (-NaHS0, ), (B) + NaHSO, .
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Changes in absorption spectrum of reconstituted chlorophyll g-protein in agqueous

.medium by illumination. Reaction mixture, in 4 ml, contained: glycine buffer (pH4.1),

0.07M; NaHSO,, 4X 107*M; iliuminated form of chlorophyll g-protein, equivalent to
0.05-0.1 of absorbance at 743 nm. Theillumination was the same as in Fig. 1. (A) Con-
trol (-NaHS§0,), (B) + NaHSOQ, . , illuminated form of chlorophyll ¢-protein;
----- , after 3 min illumination.
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Changes in absorption spectrum of reconstituted chlorophyllide #-protein in aqueous
medium by illumination. Reaction conditions are the same as in Fig. 3 except that

chlorophyllide #-protein was used instead of chlorophyll g-protein. (A) Control
(-N&HSO,), (B) + NaHSO, .
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Inhibition of photoconversion in chlorophyll protein by sulfite. (A) Chlorophyll a-

protein, (B) Chlorophyllide g-protein, Reaction mixtures are the same as in Fig. 3.
, before illumination (dark form);----- , after 2 min illumination.
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Fig. 6  Effect of sulifite concentration on photoconversion of reconstituted chiorophyll pro- '
teins. Reaction was catried out in 0.05 M phosphate buffer, pH 7.2, —o—o0—, chloro-
phyll g-protein {0.18 mg chlorophyllf1); —a—a—, chlorophyllide g-protein (0.57 mg
chlorophyllide/1).
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bition of its photoconversion. Reaction was carried out in 0,05 M phosphate buffer,
pH 7.2. Sulfite concentration: —o—, 7.1X107°M; —a—, 14X 107*M; —o—, 71X 107*M.
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Summary

To clarify the mechanisms and processes of chlorophyll destruction on appearance of visible
symptoms in SO;-injured plants, the model experiments were cartried out by utilizing the peculiar
properties of a water-soluble chlorophyll protein from Chenopodivum aibum,

The acceleration of chlorophyll destruction by sulfite ions under aerobic and iltuminated con-
ditions, reported previously in the organic solvent system, was not observed in the state of pigment-
protein complex, that is the water-soluble chlorophyll protein, in agqueous media even in the 20
times of sulfite concentration, This indicates that pigments are stabilized by combining with pro-
tein molecules.

On the comparison of pigment destruction in the presence of sulfite ions between the recon-
stituted chlorophyll a- and chlorophyllide a- proteins, the former was a little sensitive to sulfite ions.

On the other hand, it was demonstrated that photoconversion of water-soluble chlorophyll
protein was inhibited by the denaturation of protein moiety caused by sulfite ions in the light. In
addition, it was shown that the pigment absorbing the light energy was necessary to connect with
protein moiety for the inhibition of photoconversion.

From these results, the inhibition processes of the photoconversion are inferred that the con-
formational changes of apoprotein molecules were induced by light energy absorbed with pigments
and allowed sulfite ions to attack the apoprotein molecules. The mechanism of the sulfite action
on the apoprotein is the breakdown of disulfide bonds in proteins which are important structure
for the function of photoconvertibility

From the model experiments, it is suggested that the breakdown of disulfide bonds occurred
and induced the damages of chloroplast lamellae or physiological functions in the SOj-injured
plant tissues.

Key words: Chlorophyll protein-Breakdown of disulfide bond—Effect of sulfite—Pigment-protein
complex—Sulfite ions—Water-soluble chlorophyll protein,
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Abscisic acid-dependent changes in transpiration rate with SO, fumigation
and the effects of sulfite and pH on stomatal aperture
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Fig. 1 Changes in transpiration rate of tobacco plants with 50, fumigation. Tobacco (V.
tabacum L. cv. Samsun; ~—e—_ and Samsun NN; —o—, and M. glutinosa; —a—)

plants were preconditioned for about 2 hr in the growth cabinet prior to 2.0 ppm SO,
fumigation. $0, gas was introduced into the cabinet at { time indicated by the arrow.
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Changes in transpiration rate of Gramineae and broad bean with 50, fumigation. S0,
fumigation was performed in the same manner as described in the legend to Fig. 1,

#1
Table 1

H“RAEMOEOABASER

ABA content in leaves of test plants

ABA content®
{ngig fr. wt)

Tobacco
M. pabacum L. Samsun
N. tabacum L. Samsun NN
N. glutinosa L.

Rice

Alday

Wheat

Cormn

Sorghum

Broad bean

283
120
12
530
269
177
3
18
42

ZEEE 3 ERIE S i
a2 WEOTIIE
Each sample was measured three times.

a Average of two samples.
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Fig. 3 Efiects of foliar application of HCl and Na, SO, on the transpiration rate of peanut
(A) and radish (B). 0.04N HCI (o), 0.04M Na, SO (#) and deionized water (o) were
exogenously applied with fingers to leaves at 0 time (A) or at 120 min (B). In the case
of radish, 3xX 10™*M ABA was applied at 0 time (B).
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Fig. 4 Effects of sulfite on the stomatal aperture size in the epidermal strips. Sonicated
epidermal strips peeled from broad bean leaves were placed in 10 ml of 10 mM MES
buffer (pH 6.0) containing 10 mM KCl, 0.1 mM CaCl, and various concentrations of
Na, 30, in the presence (—o—) or absence {(—a&—) of 107"M ABA. After 1.5 to
2.0 hr incubation at 25° C under about 40,000 lux, stomata were photographed and the
aperture size was measured. Vertical bars represent the standard errors.
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Fig. 5 Effects of pH on the stomatal aperture size in the epidermal strips. Sonicated
epidermal strips peeled from broad bean leaves were placed in 10 ml of a tenth strength
of Mcllvaine’s buffer with different pH containing 10 mM KCl and 0.1 mM CaCl, in
the presence (—o——) or absence (—e—) of 107’M ABA. Incubation and measure-
ment of stomatal aperture size were performed as described in the legend to Fig, 4.
Vertical bars represent the standard errors.
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%2 ZREVFOFAHEEICRETTEHROLE
Table 2 Effects of different buffers on the stomatal aperture size in the epidermal strips

Stomatal aperture (,am)b

Buffer® pH -ABA +10"M ABA
Mcllvaine 4.5 9.57 £+ 0.48(52) 599 +£0.37(51)
Mcllvaine 7.0 10.73 £ 0.56(46) . 1168 +0.31(49)
Glycine-NaCl-HC1 4.5 10.02 + 0.39{48) 6.55 £+ 0.25(47)
Tris-maleate 7.0 9.85 £ 0.37(48) 10.63 £ 0.33(45)

a tBEOERRE MRV,

b REICEEIEERL . o CHORTREE L G LOBERT,
% A tenth strength of each buffer used,

b

Each value with standard error. Figures in parentheses representing the number of stomata
measured.
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Fig. 6 . Effects of ABA concentration on the stomatal aperture size in the epidermal strips at
pH 4.5. The pH was adjusted with a tenth strength of Mcllvaine's buffer.
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Summary

Transpiration rate of rice plant which contained exttemely large amount of abscisic acid (ABA)
decreased rapidly with 2.0 ppm SO, fumigation, reached 20% of the initial level after 5 min ex-
posure, then recovered slightly and thereafter remained’ constant. S0, fumigation of alday and
tobacco (Nicotiana tabacum L. Samsun) which have a lower ABA content showed a 50% decrease
in transpiration rate. Similarily, rates for wheat and tobacco (&, tabecum L. Samsun NN) which
contained even smaller amounts of ABA than alday and tobacco {Samsun) decreased by 35 and
45%, respectively, 30 min after the beginning of the fumigation. In the cases of broad bean and
tobacco (N. glutinosa L.) with low ABA contents, the rates slightly increased immediately after
the start of the fumigation and began to decrease gradually 20 and 40 min later, respectively. The
transpiration rates of corn and sorghum, in spite of their extremely low ABA contents, pronouncedly
decreased with SO, fumigation and reached 65 and 50% of the initial levels after 20 and 40 min
exposure, respectively, Foliar application of 0.04 N HCl to peanut leaves remarkably depressed
the transpiration rate, while the application of 0.04 M Na, 8O; decreased the rate only to the same
level as water treatment. Foliar application of either HCl or Na; 803 to radish leaves exerted no
change in the transpiration rate. When 3x 107*M ABA was applied to radish leaves prior to HCI
and Na, SO, treatment, the transpiration rate of radish was decreased by HCl application, but not
by Na,S80;. The stomatal aperture size of sonicated epidermal strips peeled from broad bean
leaves was identical in a pH range of 3.0 to 7.0 in the medium. Addition of 107M ABA to the
medium decreased the aperture size in the acidic region of pH with a minimal value at pH 4.0.
Na, SO; produced a slight increase in the aperture size in the absence of ABA, but showed no ef-
fect in the presence of ABA.

Key words: Abscisic acid —pH—Stomata —Sulfite—Sulfur dioxide—Transpiration
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Table 1  Activity catalyzing cytochrome ¢ reduction caused by suifite.

10724, o /min/mg fr.wt

Exp. 12 Exp. 2V
Pieris japonica D. Don 36.0 67.0
Clethra barbinervis Sieb, et Zucc 1.0
Hydrangea paniculata Sieb. 12.0
Enkiagnthus campanuiatus Nichols. 11.5
Tomato l 1.5 1.0
Broad bean 0.0
Spinach 1.1
Sunflower 1.4
Perilla 0.2
Peanut 1.6
Castor bean 12.0
Kidney bean 15.2

2 WETESEEE, 104M
b F R, 100 #M

a gulfite concentration, 10uM.

b Sulfite concentration, 100uM.
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Fis. 1 Decrease in sulfite exogenously applied to kidney bean extract, The extract from
kidney bean of 0.5 ml was incubated in a test tube containing reaction mixture with a
final volume of 3.0 ml 2t room temperature, After the various durations of time, 1.0 ml
of the incubation mixture was taken into a test tube containing 4.0 ml of buffer with
DTNB, and then absorbance at 412 nm was read in a spectrophotometer.
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Table 2 The comparison between cytochrome c-linked sulfite oxidizing activity and the
ability to decrease exogenous sulfite in the extract from test plants

Cyt ¢ reduced Sulfite decreased

(n moles/min/mg f1.wt)

Tomato 0.11 0.002
Broad bean 0.00 0.014
Spinach 0.00 0.020
Peanut 0.56 0.024
Castor bean 0.88 0.041
Kidney bean 1.16 0.027
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Fig. 2 Gel filtration of the substances with sulfite oxidizing activities, The extract from
castor bean [eaves was applied to 2 Sephadex G-25 column (2.2X 32 cm) and 5 m} frac-
tion each was collected. Cytochrome c-linked sulfite oxidizing activity (—o—) and the
ability to decrease sulfite exogenously applied (—e—) were determined,
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Fig. 3 Determination of heavy metals in the fractions obtained by gel filtration using Sephadex

G-25. The concentrations of Fe (- -e- ) and Mn (—0—) were determined with an atomic
absorption spectrophotometer, Cytochrome c-linked sulfite oxidizing activity (=) was

also determined.
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Fig. 4 pH dependence of cytochrome c-linked sulfite oxidizing activity. The extracts from
two cultivars (Shinedogawa, —o— and Master peace, —e—) of kidney bean, 0.05 ml

each, was added to reaction mixture. The pH was adjusted with 0.1 M potassium phos-
phate (pH 6.0 to 8.0) and with 0.1 M Tris-HC1 (pH 7.5 to 9.0). o
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Table 3  Effect of heat and trypsin treatments on cytochrome c-linked sulfite oxidizing activity

10°2A ¢ 5 o/ min/mg fr.wt
Heat treatment {min) Trypsin treatment (h)
0 10 0 3
Kidney bean
Shinedogawa- 14.4 14.4 8.9 8.3
Master peace 17.4 11.0 - -
Castor bean 9.8 9.3 10.0 8.2
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Fig. 5 Ion exchange column chromatography of cytochrome ¢-lined sulfite oxidizing activity.
Acetone extract from 10 g of castor bean leaves was centrifuged, concentrated to re-
move acetone, loaded onto a column packed with DEAE cellulose, and then eluted by
a gradient of NaCl in 0.05 M potassium phosphate buffer (pH 6.0).

HWMEE R 2 AR L L D IEr vPBHBOESFRIARICENH SN, DEAE®va —2 &M
AFVEWI o7 TF 7 4 — LB T0.8BMONaCI THH SR (®5)e £, CMErD—
ZTRBESHEp o, TOMERTERBEMASC LU LIEHMTOE LLF oL c %8
oL, BFHBEETEEEL: (K6), BHEBCL 2 BLEFRKSICRD L, BHRBOERN




s} I, f
3 Sample ] s03”
< ob
50PF ) .
A5 F -
0=|= L 1 ‘“ I 1 L I
0 S 30 35 40 45
min

Ee EHSEBLIUEEBICEIAF oL o BLOER, Bokkkida DEAE
T —RiC L AESESEED, 10mlicEB L TEEE L, 5041 o

B4 0 min iZKIG# 2. 85mlicMA, 3mMOBEHE lml£31lmin B8 & T
B 39 min kKA 7.

Fig. 6 Time course of cytochrome ¢ reduction induced by the active substance and enhanced

by sulfite. Fractions with cytochrome c-linked sulfite oxidizing activity on DEAE
cellulose column chromatography (Fig. 5) were combined and concentrated to 10 ml.
Fifty ul of the sample was added to 2.85 ml of reaction mixture at 0 time, and 0.1 ml

of 3 mM sulfite added to the mixture at 31 min followed by an another addition of
sulfite at 39 min.
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Gel filtration of the substances able to decrease sulfite. Extract from 5 g of castor

bean leaves was loaded onto a Sephadex G-200 column (1.9X44 ¢m). Five ml fraction
each was collected and assayed.

L] T T
’
— rs
! i ’
120 // 4.3 _
= Y |
£ 4 A
= /
E ! b 2§
1.0 / =
3 / Z
Ry g 4.1
o) /
- ’
T , L\O\
-0 D-O-O-O-*ﬁa—é-O-O——b—J' 0

Fr. No.

WM E RS 2ERYMHOA 4 v By av 757 4 —, 8D No.13
5 18F CORESEED CMEra -2 2R TALES 3 440 THEL
Fo 0.005MDA ) o4 -y VERGHEH (pH6.0) DL b o ABE
ORI EDEHL .

Ion exchange column chromatography of the substances able to decrease sulfite. Frac-
tions of No. 13 to 18 in Fig. 7 were combined and loaded onto a CM cellulose column,

Elution was performed with a linear gradient of NaCl made up in 0.005 M potassium
phosphate buffer (pH 6.0). '
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Table 4 Effect of heat and trypsin treatments on the activity to decrease sulfite,

TI;::;::SN —~10%8A,, ,/minfmg fr. wt
Heat treatment 0 145
20 min 0.00
Trypsin treatment 0 1.93
3h 1.70
A
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Fig. 9.
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{on chromatography of sulfite (A) and the products (C) transformed from sulfite by the
substances able to decrease sulfite. Extract from 10 g of castor bean leaves was lyo-
philized and dialyzed against 0.005 M potassium phosphate buffer (pH 6.0). Dialysate
was made up to 10 ml with same buffer. Three ml of 0.1 M Tris-HCI buffer (pH 8.5)
containing 0.3 mM sodium sulfite and 0.2 ml of sample was incubated at 25° C for 35
min, and then injected into an ion chromatograph. Middle line (B) represents the
chromatogram obtained by the mixtute containing sample but not sulfite.
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Fig. 10 Changes in chlorophyll 2 and b contents caused by SO, fumigation. Spinach plants
were exposed to 2.0 ppm 50,. At 1.5 hr interval, 10 discs were excised from the leaves.
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Table 5 Increase in suifur content and change in chlorophyll a/b ratio in plant leaves exposed
to SO,

S0;conc. Sulfur cont. Increase in  Chla/b ratio % decrease % decrease in ratio

sulfus in ratic ~ sulfarincrease
(ppm) (mgS/gd.w.) (mg8fgd.w)

Tomato 0.0 19.09:047 3.13 £ 0.02 (5)°
' 1.0 20.51+0.88 143  3.05 £0.07 26 1.9 (5
Broadbean 0.0 3.74 £ 0 A7 3.14 £ 0.05 5
1.0 5.38 £ 1.64 1.64  2.68 +0.06 14.4 8.8 (5)
Spinach 0.0 6.11 £ 0,10 3.37 £ 0.04 (6)
1.0 B.45 £ 0.18 234 2.95 x0.04 125 53 (®)
Peanut 0.0 4.26 +0.04 3.70 £ 0.04 6)
1.5 4.98 : 0.02 0.72 3.49+005 5.6 17 (6)
Castor bean 0.0 11.66 + 0.27 3.60 £ 0.06 . ()]
0.5 15.85+0.29 420 3.70:0.07 -2.8 -0.7  (5)
Kidney bean 0.0 3.12 +0.04 340+ 0.02 . %)
1.0 6.22 £ 0.07 3.10 3.07 +0.04 9.6 31 (5

3 g
b 7y 3 WOBRF I EOEERE R,

2 Standard error.

b.. :
Figures in parentheses representing the number of plants used.
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WA LR B AL T 2ICF F 7 0 A c 2 BTE AT EMTE 0, EWEEF b2
D4 cOBTEFNFELE Aot N—FFvF—F, Frrost+rd—FicksHEbRRED
Biticid, The¥h~rHy, BRBF b robLc 2 0B L LA, KoEi L5 BRI,
Wi AMEOCEMbAREE Lish T, L LEKS, CoMBEN S —FF V5 —€HE500EF
P oLt F vy —EESE L OPEIDRSERNT ILENH B,
REAHGMEI L 2BBEOFMEES L ORERIFESLELERVWSRATY B,

D 7onvziEcl AEERONE (3)

2 4A%E, CERSLIVIEFHMLLO7 o7 s v5HERORD (13)




LA LBHS, chodhEicikRerd b, Fl2iE, SOBBICy - TEMSEL -, BEOSE
BEREIUVERERLGEDL L, 200D, CNOSOHETREL 0OBE, FREFEHESNI
s teo OsiC L BMBEERIL I 007 410/ b UHBRLTHE EDMESNTNS (13), KX
BTHLSO,BBick Doy na/ b hoib L, CNODERNS, 7007 1 0a/b
RABET 2 &3, REFRYHEICL MY ESFMT 5 DOFRTFERICID S BT &b
RSN, KGBERYE I &3 HOEERFCHENEORIERIEREL TV S, #-T, K
[ELME T 2RIt SEFENEBAM AT 2B, SEESRKIERNEORIK
BEEOEXE SOV THELSY AN SV, REEMENS.bDIonT v a/ b RD%, 8
PIASIRUL L 72 SOLT3d B IEFIMEDIERE S LTHO . b o T v L 2 SO il L TR W
tERLE, = FOBESERVT, BREBEEDT 2EMERINL 2 SO T 2 HERM SO
CRIFEITEERNS - fo, KABERGEICL S EMEEONMKE L7707 cva, b HOA
B AzuAHELTbN s, CNEBACGHT SCEREH ORHORNELRET LS
Do

WHEABRIGHCEATED, BR, &8, 7ou 7 vEERIELTZ V-5V idE
L, BEEMd s, M2 RS hid ) LTEmEE DT 5EIE, ZhSoRIGoDI
{EH—DiEETNTVAhb LN, HIOBEENINSORIGREIRE W TAU 2 afhEtEN
HHOT, MPOEMHBRLITAE L b ERBOBRBLERTHITVAL LAY, LHLUMS
KFRICE T, BHREEBLT AEEOR b7 27 vhs, BRIRL 7SO0 L Ty iERiiEE =R
Ltz &hs, BMBERLELIEMBOBECCEELSRIZRL LTV L5 cEbh s, F
bromac BraiEd 25 S, EMMARBEOSVRRAICET LTV A EicEEAE
TEh, EHBROBBLKES LTV LHcBbhs, LhLEHs, ZomEOEPNESR
2ELBEIC, ZOVHORENLETSHS I, '

Wiz, R2O0EFBREHDOTAFEMICESOTHET S L, PoIvRLU Y I A0REHER
lgib, 1EENTEAFN2468LU00.842moles DRFBEMLT 2T L0TEB, %70,
FoLD b TwBLOY S ADEEFER 1 g2, 1BMICRRIN SO Bid, £ERL
HEBOLE6 L LTHETEE, TAFNIE58LD 1.42amoles £ B, HE-T, ZOEH
KO THRRE N SO,00 O DESERILT BHNEFTH LB, OEHDHEYAD
TEOBREBO TV EHLEIEEMTEH LM, FrooscBRiclsEEPsan 7 7 bhTOK
GaEEEIEANG L, Z50L5BSOBETE, HHMIRIRLASO,DBEASERLTET L
HTEBLEbNL,
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Summary

Sulfite oxidizing activity in plant leaves was measured by the reduction of cytochrome ¢ in
the presence of sulfite and by the decrease rate of sulfite exogenously applied. Pieris japonica,
Hydrangea paniculata, Enkianthus campanulatus, castor bean and kidney bean showed high activi-
ties of cytochrome c-linked sulfite oxidation, while Clethra Barbinervis, tomato, broad bean,
spinach, sunflower and perilla showed a little. The activity had optimum pH between 8.0 and 8.5.
The active substance was small in molecular size and not affected by either heat or trypsin treat-
ment. The decrease rate of sulfite exogenously applied was large in extract from castor bean, and
less in those from broad bean, spinach, peanut and kidney bean. The activity of tomato was es-
pecially low. On Sephadex G-235 gel filiration, the fractions with the ability to decrease sulfite was
separated from those with cytochrome c-linked sulfite oxidizing activity. The active substances
decreasing sulfite had high molecular weights. Analysis with an ion chromatograph showed that
almost all sulfite was transformed to sulfate by the dialysate of castor bean extract.

The ratio of decrease in chlorophyll /b ratio to sulfur increase in leaves exposed to S0, was
used as an indicator of the sensitivity to SO, absorbed by plants. Castor bean was resistant to
absorbed 80,, but broad bean, spinach and peanut were sensitive.

Key words: Chlorophyll /b ratio — Cytochrome ¢ reduction — SO, resistance — Sulfite oxidation
— Sulfur dioxide
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Role of superoxide dismutase in the defense against SO, toxicity and
induction of superoxide dismutase with SO, -fumigation

Kivoshi TANAKA! and Kiyoshi SUGAHARA!
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WM 3.50, 800N &b~ IIENME, HR——FF 2 F 3
Ho (0) BEREL T AafEEAEN, ZCTO, ¥BETIMETHIR
—i—FF v R LF -+ (0,7+0,+ 2HY—> 0, + 2H;0,) H% SO, F RS
HicME LTV A EEL, BTOEHNET >,

£ 5 (Populus euramericana) TIEMBIK A - —AF v F Jbuy—F
(SO0D) SBAEELLET A, BHIE (EMID v IE (FAE L0, H56
DSOD ATV, £7 7% 2. 0ppm SOBE LK, SODOENER SO,
ORISR LAchs, SOD /D RIS IF A HEE R L,

w9 LYy (Spinacia oleracea L. cv. New Asia) #O SOD 3#O F -+
HFETH B Diethyldithiocarbamate D EFEH, B b ICHEFES, 1005MH%, $80%
DFEH®EME L. ZOFRY LY 9i30.5ppm SO L THELIBHBEE%K > .

F77%0.1ppm SO EHIRBEL 728, FEL SOD O FHUMSHE I N/, F
HX i SOD it cyanide 2D Cu, Zn BMSODTH -7, SODOBEMLLE
7513 2.0ppm SO L Tt EREER LA BltoERIZSO.BHEEELL L
TO, OS5 % RT LFEIC, SODM SO, BEHHEDOERICIE - THWET L% R
LT3,

#
Mo _BLHE (S0,) kit 3 EHR A SERNICBATESO,0REFA LK S0,D
EEL LIS D REERICKET 5, L CTREBIKSOTEHE 3, SO SOA7kici
BUABHcER T AHY, HSO,, S0 44 YEDOdDDEMESE HSO,”, S0 14 v EER,
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RN ERETERT SEERREOERICAT L ENTE S, EEMELG A -4+ ¥ F
Z VAN (O), ~MEatva 39H0 (OHY), —HEEFE (10, BEtkE (H0,)
DRITHY, thoBIFCREKICES, EHMEORT BB Es 2. B, &
B« B3ty Ly 9ESORBLABRO /o0 7 0 WARIRO, itk b, Figflsiiso A8k
0k DS SRC ENDC EEEMAL A (15), DM, HOMANESKEME L THHTE
Hdbdbd (1), COLIEEREOZHEISO,FUAEA S LTHEAMBELVO2DH B,
SEEYOERRIZIIN OOERBREOBHAMET 220, O, kL TEHR -2+ ¥
Fovzas—+ (SOD), Frroafil, OH- L Tid==t -0, v Er—n 5L
OB, 10 LTRA-HDeFY, a—-ba7 20— E, HOux LT/ —4% v
5 -1 & OERER AT 2, B, ERENTERT 3 50 BEOEHBIE I N5 DY
BThESN, BHEEESEGEDEHBELTVS (4), L, BEONSO,ic @BFSNicH,
HERAENOEWEROBENSEL (3), choAMETRREL S NTOROEHEBFRHTE
IRCHR RS O RELEN LB, BEEIEEI T EMBTATRSHE, KPFFICETRIEE
BEODT HRICREGEDE W O DARIYERIE (07 + 07+ 2H — O + 2H,0,) ZRABEL,
B E BB D EHEH - T D SOD SO, BB EBEICFE L T 3 pEpic 2 THRE
L,

BHERE

AR . 75 (Popudus euramericana) & LA S, AFEHHL (~—3+254+,
E—bEx, /=340, fifrE — 121 :1:1) EFREEE1 1 THLHEL T, 26T,
BEN%DHARNETE T, @M 2[E, Hoagland No. 2 {5 " Microelements # M4 72,
ELAELTHho4~THEBHOH 7S (130~180cm) 2RERIMEH L1, vI L vy 7OHER
SOV TRFIAXER (16) 281,

AR SO.BRBUREBR /o -2+, FATEEDBE, BENIFxOEHTIT»
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MDO—EiErna 7 4, v rITAFe FOERIC, B EELSBEICHG, LR EETE,
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OERI Lowry & (14 T, AafiElio B8(tMTH L~ v I 707 e Fid TBA (F23
wey — i) i (1D T -1

N—FF Y F BT TAT I ORI LS 4T00mDBREMTRAE L A7, 14
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PURERS) CHERIZ 1L.0mITH -1, H 0, OWMTRIGERIGL 720
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Contents of 80D, peroxidase, protein, and chlorophyll in poplar leaves of different

ages, The horizontal axis shows the length from the top of stalk, The poplar plant at
30 days after cutting was used. Enzyme activities, protein and chlorophyl! were
determined as described in Materials and methods,
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Relationship between the content of SOD and the resistance to SO, in poplar
leaves at different ages. SOD aciivity has been determined before SQ, - fumigation.
After 2.0 ppm 80O,- fumigation for 22 hr, the formation of malondialdehyde and the

destruc tion of chlotophyll were measured. The poplar plant at 40 days after cutting
was used,
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Fig. 2 Inactivation of SOD in spinach leaves by DDTC. The spinach leaves were sprayed with
2% DDTC in 20 mM potassium phosphate (pH 7.8). The leaves werc collected at indi-
cated times, fully washed with distilled water, then supplied to the determinations of
SOD and chlorophyll.
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Fig. 3 Effect of SO, -fumigation on spinach leaves, in which SOD was inactivated by DDTC.
After the spray of 2% DDTC in 20 mM potassium phosphate, pH 7.8, to spinach leaves,
the leaves were fumigated with 0.5 ppm 8O,. The content of chlorophyll was expressed
as % of the content of chlorophyll in leaves without 50, -fumigation, whether DDTC
was sprayed or not.
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Induction of SQOD by long term fumigation with 0.1 ppm 8O, . The poplar plant at 30
days after cutting was fumigated with 0.1 ppm S0,. SOD activities of leaves in the
fifth to eighth positions from the top were followed (a; control, ¢; SO, -fumigation),

The enzyme activities of leaves in the newly produced fifth to eighth positions at eight
days after 0.1 ppm SO, -fumigation were also followed (b; control, d; SO, -fumigation),




#1 SO,8FicLsCu, ZnBSOD OFH
Table 1 Induction of Cu, Zn-80D in poplar Jeaves by SO,

SQD activity

{unitsfcm?)
(b) ()
* Total 3.6 16.0
CN-sensitive 2.8 14.8
CN-insensitive 0.8 1.3

0.1ppm SO, #EF2W0HHD dEHBbiz 2T, CNMBEILLD, SO,
CEDFEHENKLBROT A v F 1 iz >0 THET L1, d& botiBEkig
EZHohr Lo smM KCN (U »BE#iR, pH 7.8) T304MMAEL 7,

Both crude enzymes of d and b {(d; poplar plant at 20 days after 0.1 ppm 80, -fumiga-

tion, b; control} were incubated for 3¢ min in § mM KCN and 30 mM potassium phos-
phate, pH 7.8, at 25° C, before the assay of SOD was done.
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Fig. 5 Effect of 2.0 ppm S0, -fumigation on poplar plants, in which the content of SOD was

increased by 0.1 ppm SO, . Both poplar leaves of d and b (d; at 20 days after 0.1 ppm
80, -fumigation, b; control} were fumigated with 2.0 ppm SO, .
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Summary

Using higher plants, the role of superoxide dismutase (SOD), catalyzing the disproportionation
of superoxide radicals to hydrogen peroxide (0, + O™ + 20t > 0, + H;0,), in the defense against
SO, toxicity was investigated, Young poplar leaves contained approximately five times higher
content of SOD than old lower ones. The former was more resistant to the toxicity of 2.0 ppm
SO, than the latter. The spray of diethyldithiocarbamate (DDTC) to spinach leaves caused the
remarkable loss of SOD activity in leaves, resulting in the decrease in the resistance to the toxicity
of 0.5 ppm S0,.

The SOD in poplar leaves was increased by long term fumigation with 0.1 ppm 50;. The
induction of SOD by 0.1 ppm SO, wasobserved in young leaves more greatly than in old ones. The
induced SOD was a CN-sensitive Cu, Zn-SOD. The poplar leaves, which acquired the high level of
SOD induced by 0.1 ppm SO,-fumigation, were more resistant to 2.0 ppm SO, than the control
leaves having the usual level of this enzyme,

All of these findings suggested that SO, toxicity might be at least partly due to the toxicity of
superoxide radical, and that SOD participated in the defense against SO, toxicity.

Key words: Induction of superoxide dismutase — Oxygen toxicity — $0, resistance — SO,
toxicity — Superoxide dismutase
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Active oxygen participation in chlorophyll destruction and lipid
peroxidation in SO, -fumigated leaves of spinach

Ken-ichiro SHIMAZAKI! , Takeshi SAKAKT' and Kiyoshi SUGAHARA'

= =

Fo by 7 EHEERT, 2.0 ppm D _RBIERE (S0,) TRET L, BEEE
UHTho2~3BHT, ronsnalinF oA V8 LIIED, Ll
gao7 by, SEUEET TRARLUIIL T, 724 74F ¥ aDERE, S0,
SBICLOTA LS, 2747 F v b E st

2 0ppm SO 2HHERBE L+ Ly B LD O L 8 (¢ =10mm)
KA HTEE, 7ougonalhoad s 4 FESEL, L UREEETE, &
Lo bARLUAM o, BRERAMCLVBIERFICTE L, HEHRTTLOBIEL
(PHE X i, Lo R, SOBBICLANSRAEROAMICI, FRLBEOR
FEWHBTHACEERL TR, 7007 s vaDHRIE,. 7)) — 5 JHnvdsca-
venger TH 5 F 0~ (tiron: 1. 2 -dihydroxybenzene - 3, 5 -disulfonate), &
o/ yBEUT R rBick-THEIN:, LbL, —EHE# ('0,) Oscaven-
ger THH¥ 73 (DABCO: 1, 4 -diazabicyclo- 12, 2, 2) -octane), AF 4
SYBLFERF IV, ERarvs Pha (OH.) Dscavenger Tk 3 HAHRR
BLUFBRRIEHTH -, 2007 ¢ aD4MBIZ, SO,BRTEDFE IR M IC
A==k F O FT7 A4 v I TN (0) ONE{LEIGEMBET IBRR — Y-
FUFF s ALy —€ (SOD) 2#NMAZEELHEINA, 5T, 2EEHOD
2.0ppm SO, BFic L, —EEHBH 0O SODERRIBICET L. 2O
L&, 70074 ADNRBITIREAEES SR, Bk HBEhC LD SR
Atie PLEORE, SORBIcLA 7007 e DOEY, O RERLTHS
TEERLTHE,

X I BRI EDEETEE v vy T AFE F (MDA) OERM, 7o
97 4 VRRESEFTLTED O, MDAOEBIF oYy, EFodky v, 73

1 BRI EGIRA MRS

1. Division of Environmental Biclogy, The National Insistute for Environmental Studies, Tsukuba-
gakuen, Ibaraki 305




THFI NN, HEEE, YEEMHEZL S M-k, MDA DAL 10,05 &%EN
BT BHEAK (D,0) Wk DLz, LLEO#E, G, IFHO BBtz ‘0085
LT3 EBbhd, BERICO, 8LV 'Q0,0ERERIEOVWTERL:,

¥

H#MESOUCRBETEL, 700 YRVRA YOV ANEI LT EFLHONLEETHD (16,
20, 25, 30, 32, 33, 39), B OWEAICLD, SO LB RARBERONENBEINT B,
o BLIAT (35), SO BBICLA7007 4 vDHRERDOWTHN, COBEN 72474 F
ﬁamﬁw¢6®?mm5,imm@(m%mmy-iécawe.7um74wmﬁﬁmmgm
OBALNBERL T s &R L.

CERMRICREAIT B L, F 504 FEEIIC O pERRT B (4, 10), HRR LA O, 13, S5iE
DMDTENERER, ' 0., H, O, BLUOH- ORAEFRELD S 5, TNOOEHBEEIVTFNLEL
RIGHE &6, BAiE, O BT Aane vl (10) rus 4y (2), '0, A FRBANSE (14,
30 LTI/ (7)), OH- @3 A F4+ - (9), H0, 3ACBRBEEROER (1) 2 -
N F U FF 4 RLe—% (8) ERIET 3, LdLIASOGEHEZIMITAD scavenger
f2id quencher i L O iEE SN, MEACEEBERER R, HHLRBLALOL LS HECEREICE
RRT03 (5), Asada & (3) (3, EREDRKEIC LD OF AtEpks 5 &, O, 13 HREEM
BSUSHIICERLL, SORKBOEUBELENRT S E %R Lo, Boll, Ziegler 40) R+ 7L
v 0% SO RER LI, HMBOSERAD R b o v 8GIC 5T, #7234 FRICBUAS
hWeFTOIEERLE, T, SOEBICLN, F7 24 FECIUAEhAHFEREY, LRI
XDE LR O, L TERBUCHIZEES N, FORBBARICER L ERREED, SO0
EMAEAELZ LT, BEEAREIEZRLLTO 08 MH5 (5), _

SEOMETHE, SO.ONEHEHFL L UVIRH e+ 5 EELHE~ LT, EBEoNg+E
Ao ZOFER, 7007 4 0aif 0y KEDDHINE T E, BLUIBEHORBLRIG 10, %
HLTHRI BT EARENI,

Tl

B EHE

M E  BA R Y Ly (Spinacia oleracea L. cv. New Asia) OHHL~G6EBED
DA, EEEHEEEICRLA (31,

SOLER  Fihiif s o — 24+ E3 o FRANRT, 91 ~ 2EMEBREITHH &,
2.0ppm D SO ESALEIEEA Ui, EHTIIOAEEE 25 000~350001x, BEIH20°CE
L7fs

SAREROER  KARERG, RERLLC, HEIOmmOEMRE TS, —CEwHk




LiDDERERDI, Vov bV I 74 —&TIEEE, EBAREN 7 AT ESF 44 —0hT,
T2 vENATHEX 4 XL, MKEEST IR 705 —THRLEDE, Rilo - T
BREEPOSCENTOHNIZFUL —FUBNE L, ZO45HHA10% NaClgiE £#0Z T,
HEZY, Na,SOERMLTANEDE N oh L, e —DEBI a7 bichitt, 3G
microcrystalling @Eva — X7 L/ —F (20%20cm, Avicel SF) #HOWT, ~+# 47T+ ¥
Q0 10, v./v) BIRTERELf, 792 b7 54 hithitahi, 7007 cva, bBELU7
AT Frald, VrFaoxz—FUTHHL, French (12) OBRGEHEHEARAVCTER L, Ho
F /A4 Fit Liaaen- Jersen & Jensen (17) OHF LI -T, 70074 v AL TERL /2,
ESITBIHT b VTt Lc s o0 T s v hoF 2 4 Fid £ hEF R Mackinney (19) & & U
Kirk & Allen (15) @©FETHEEICER L 2o BN A~ boblid, B 556 F f2id HIZ 2004336
FEEE ARV TER L 7.

SO,EBEONES « 2 BHORHBEN, S, HEIOmmOEMRZIVEE, 0mMY) - BRER
W (pH6.0) 24 74wk b bLTREYIIIEESN, BEnGT7Tcm@KEEBRL TR
EiT o F2, BEREIONCBE L 30,000 ~32,0001xTH o to <+ MO EH B IFCHKRFICE D,
B FRER O, HSEET THRBHETIESIE, Erlenmeyer 7 7 2 2O BT, E#EE
WREESY, 757 2 20ERE OEOMIGL, FHe oEEE L, EHERD scaven-
ger ©FOMORIMIREICLTA ¥ 74 v b A + LTEL S, BK (D,0) 199.9%80D
D% YBREFROHHDICHV I,

SR AR LR SO RIE « BeE o @8 LG Heath & Packer (12) OHEHE -~ T, MDADAE
BAEISEL L, ImORRERE R4 ML, 08O L) 7 ouEERICEALIZ0SBDF 47
ey — VERESHEE 5 miMA TISCTINMA & 2 <A b Uiz, S0 LTEDS NI B %532
nmOWEEHS, MBEES 600nmics » TEEL, BN HEHE LT 4emM (532 —600nm)
=155 (13) #HVTERL %,

SOD EHOMIE : SOD kit McCord & Fridovich (21) OHFERECT, +4 ¥ F EBLE
FirkaFrroncBrdEoMEORS &%, 550nmOBRAEOEMD S4HICHIEL T
Kb oo FISREZ 1 mlics0mM ) » 8% ) o LE®ik (pH 7.8), 0.1mM EDTA, 0.1 mM
dgvFy, 0aMF 7o ecBLURDLSETEEFHMDBEEIATY S, KK+
FrBEBERAMA THEEL, ¥ 2808 L2, SOD ORI, LEOEREFEHTTF MY
O 466 DBITASOSMEET A BE P BAIE L TES LI, 7 ¥ 7 HidLowry & (17) OFHHER
- TR

HHDF v F Y BEBER, ERIMROR - =g F Y FF 4 R4y —¥BITT720BOF +
Joncl3r=206058H 0,




= £

R, —EEAMORBEENCHONL, 80F T+ b YK ORINR <2 b whREAT
VWho SORBICEDARMEBICHI T, BEEHSERDT S, HLLE-7OHEY, ©—2
DUBEOBEL i -te 27007 4 b DSoret FRMYT 3 455mm FEDE A -E D LT
%o ZHUE, COREBICBINELDAOF /A4 FH, Y007 vb it BT L0 LPT
WZEERLT A,

1 1 i T
’ 0-6 - =
L]
£ 0.4r 0 ]
-3
= )
E 4
= 6
0.2 24(hp |
0 1 1 1 |
400 500 600 700

Wavelength (nm)

B0l SOBRBRLIZEEHERORENZ <Y F v, XEHERL, —FE
HRE» O80T & b A2 AWTHIBL 2.

Fig. 1 Effect of S0, fumigation on the absorption spectra of photosynthetic pigments,
Pigments were extracted with 80% acetone from the same leaf area of 50, -fumigated
leaves.
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Time coutse of the degradation of photosynthetic pigments by SO, fumigation.

chlorophyll 2 (—o-), chlorophyll b (—2-), pheophytin ¢ (—e-), total carotencids
(—r—). For details, see Materials and methods.
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Light-requirement for the destruction of the photosynthetic pigments. Chlorophylla
in darkness (—o—), chlorophyll g in light (—e—), total carotenoids in darkness (—2—},
total carotenoids in light (—4—), Chlorophyll 2 and carotenoids were determined by
the methods of Mackinney (19) and Kirk and Allen (15), respectively.
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Fig. 4 Oxygen requirement for the destruction of photosynthetic pigments in 50O, -fumigat-

ed leaves. Chiorophyll 2 in nitrogen gas (—o-), chiorophyll ¢ in air (—e»-), total caro-

tenoids in nitrogen gas (—&-), total carotenoids in air (—4—). See footnotes in Fig. 3
HaiFEd LS, 20074 v aDRRE, BRIARCIORERECTEE, EMBIL-T
WTHEL LTSNS, ORI EE o U TEHRES, AABBEROSBICHEELT
WAZ EERLTWAEBbNRE, TLT, BHERO scavenger DRIBEF~ o F 1 IKRT L
Si, yaa7 4 e®RRIZT ) —F SA D scavenger Th B, EFeds v, Frr (23),
Fzare v (10) =i s ElAEENS, L L, '0,0 scavenger THAH Y 72 (26), »F
A=y, EAFIY (1) BLU OH- Dscavenger TH3, LEER (7) BEIUFRIMEHR
ot (F53)e T5IT, 'ODEMEUMNLTED0 @23 &, 7007 s VOSERICEEL




st (R A== F VK3 VR (O) OREERIG S+ 28%, SOD %, &
BEORE A MCIMASE, 7007 00 aDRNELMNZ R (K5), 2L, Fg&n
HMFETLT 2 e SBRE M- 1,

F1 SOBREED/ v 7 nvafficdd, For, TAILEVE, EF
o/, 73, AFFoy, EAFIBELUEBKROYNE
Table 1  Effect of tiron, ascorbate, hydroquinone, DABCO, methionine, histidine and D, 0
on chlorophyll g destruction in SO, -fumigated leaves

Additions Chlorophyll 2 destroyed (%)
Illumination time (h)
3 6
None ’ 100 100
Tiron, 1 mM 27 84
10 mM 2 29
Ascorbate, | mM 73 56
10 mM 27 16
Hydroquinone, 0.1 mM 0 39
I mM -12 10
DABCO, 10 mM 77 105
Methionine, 10 mM 116 - 97
Histidine, 10 mM 114 87
D,0 70 112
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Fig. 5 Effect of SOD on chlorophyll 2 destruction in the homogenate obtained from SO, -

fumigated leaves. No addition (—o—), bovine serum albumin (-4~} and SOD (—e-).
SO, fumigation was performed for 3 hr,
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Fig. 6 Effect of SO, fumigation on the SOD activity and contents of chlorophyll 2 and pro-

- tein, 8O, fumigation ( ZZz2) was performed for 2 hr, After fumnigation, leaf disks were
excised and were illuminated. Assay methods were shown in Materials and methods.
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Table 2 Effect of PMS and MV on chlorophyll 2 destruction in SO, fumigated leaves

Additions

Chlorophyil @ content (%)

Illumination time {h)

0 2 3 4 6
No additions 100 78 54
PMS (0.1 mM) 100 37 77
No additions 100 78 49
MV (1 mM) 100 41 16
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Table 3 Effect of benzoate, formate and tiron on chlorophyll # destruction and MDA forma-
tion in 80, fumigated leaves

Additions Chlorophyll 2 destroyed MDA formation
‘ %) (%)
Illymination time (h)
3 6 3 6
None 100 100 100 . 100
Benzoate, 10 mM 107 148 — 94
Formate, 10mM 117 150 95 91
Tiron, 50 mM -1 —— -15 —_
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Summary

When spinach plants were fumigated with 2.0 ppm sulfur dioxide (80, ) in light, chlorophyll
a and carotenoids began to be destroyed in 2 to 3 hr after initiation of fumigation but chlorophyll
b was not within 8 hr. The content of pheophytin 2, chromatographically determined, was not
changed by 80, fumigation.

When leaf disks (¢ = 10 mm), punched from the leaves fumigated with SO, at 2.0 ppm for
2 hr, were illuminated, chlorophyll 2 and carotenoids were broken down, but they are not destroy-
ed in darkness. The destruction of chlorophyll @ and carotenoids, however, were markedly sup-
pressed under a stream of nitrogen gas. Chlorophyll @ destruction was inhibited by free radical
scavengers, 1,2-dihydroxybenzene-3,5-disulfonate (tiron), hydroquinone and ascorbate, However,
the singlet oxygen scavengers, 1,4-diazabicyclo-[2,2,2]-octane (DABCO), methionine and histi-
dine, and hydroxyl radical scavengers, benzoate and formate were without effect. Chlorophyil 2
destruction was inhibited by the addition of superoxide dismutase to the homogenate of SO;-
fumigated leaves. SO, fumigation for 2 hr reduced the SOD activity to 40%, at that time no signifi-
cant chlorophyll destruction was observed. From these results we concluded that chlorophyll 4
destruction was due to superoxide radicals in SQ, -fumigated leaves,

Moreover, the malondialdehyde (MDA), an indicator of lipid peroxidation, was accumulated
in 8O2-fumigated leaves in light but not in darkness. MDA formation was inhibited by tiron, hy-
droquinone and DABCO but was not by benzoate and formate. MDA formation was increased by
D, 0. From these results it was concluded that 102 had the immediate relation with the cause
of lipid peroxidation in 5O, -fumigated leaves.

Key words: Carotenoid destruction—Chlorophyll destruction—Effect of SO, - Lipid peroxidation—
Oxygen toxicity—Sulfur dioxide ‘
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Effects of SO, fumigation on the rate of O, exchange and the
chlorophyll fluorescence induction in spinach leaves
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Fig. 1 Schematic diagram of the instrument for measuring O, exchange in aqueous phase
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Fig. 7 Effect of SO, fumigation on the chlorophyll fluorescence induction in spinach leaf.
Sample leaf was kept in darkness for 20 min before illumination.
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Fig. 8 Recovery of S0, -inhibited chlorophyll fluorescence induction after fumigation. SO,
fumigation was performed at 2.0 ppm for 30 min. The leaf was kept in darkness except
when the fluorescence induction was measured.
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Summary

80, fumigation suppressed the photosynthetic O, evolution but did not affect the respiratory
O, uptake in spinach leaves. The Q, evolution inhibited by 50, gradually recovered after fumiga-
tion. When spinach was fumigated with 2.0 ppm SO; for 1 hr, the O, evolution was inhibited to
20%, while the SO,-inhibited photosynthesis recovered to 70% of unfumigated sample in 4 hr
after fumigation. However, no more recovery of the photosynthesis was observed, The results indi-
cate that SO, fumigation brought about two kinds of inhibition in photosynthesis of spinach
leaves, i.e. reversible and irreversible inhibitions. The irrevesible effect of SO, fumigation on the
light-photosynthesis curve was investigated using spinach plant which was allowed to stand in the
green house one day after fumigation. SO, fumigation inhibited the photosynthetic O, evolution
both in low and moderate light intensities. Photosynthetic O, evolution was saturated at about
25,000 lux in unfumigated leaves, but was not saturated even at 50,000 lux in fumigated leaves,
The results suggest that the irreversible inhibition of O, evolution might at least partly be due to
the injury of photochemical reactions in electron transport system.

The effect of SO, fumigation on the chlorophyll ¢ fluorescence induction was also studied.
When spinach plant was fumigated with 2.0 ppm 80, for 1 hr, the fluorescence induction was
completely eliminated, while a slight induction phenomena was observed for 30 min-fumigated
leaves. The fluorescence induction once eliminated by SO, fumigation was restored gradually
after fumigation. For 30 min-fumigated leaves, SO;-inhibited fluorescence induction was almost
completely restored in 4 hr after fumigation, The results indicate that the SO, fumigation revers-
ibly altered the activity of photosynthetic electron transport.

Key words: Chlorophyll a—Fluorescence induction—Photosynthetic O, evolution—Respiratory
O, uptake--Sulfur dioxide
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Inhibition site of SO, in electron transport system in chloroplasts
by fumigation of lettuce plants
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WHAHRIETH B, SO L BNLEHMAROIMY, KLV EHONL L LR T TIRREL .
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FERERDORIGHOED bDH, 550 iEEH TIEL SHEES h A5 RGO MO THRE
T3,

il

MBI

WM - L4 X (Lactuca sativa L. var. Romaine) 4% 6 — 8 BB % Hu -, RREEL,
H & EMmEE D SOEGHOBMBI I (12, 13> EEUTH 5.

EARFIGORE - MEEgEIc £ 5 DCIP OfRuoRER, BiliiRLl (13, BERES
FUBERG, 25— 254 7OBREERTAOCTHE L. BRFELEAED 25 ORIGRIK,
& mlgic58mM Tricine - NaOHﬁéﬁ& (pH7.5), 6TmMiElE, 0.5mM7=y>7T+ A FE
T aR 740200 0g HYOBBEREEEA TS, DCMULHEShSVERSET LT
O#R%IE, 1.1mgdy) 2% ) 7 FYEELT T s MODCMU % X5 IMA #- RUSRREHNNT
AFEL f2o HALER D IGKFEEL HBRARRE, RIERERK 6 mlthic, 58mM Tricine -NaOHEE®K
(pH 7.5), 6TmMAERE, 0. 1mMx*FaEto—4y, ImM7H4 F (NaN,), 1504M DCIP,
omMT R 2R, T aM DCMUBLUYZ oo 7 00200 ug IMOBBERELASAT LD
RN,

HoF /4 FHBEOHEET, BIL556 ZHEARNLEHEHCT, 4190 mmoOBEORDE,
WHARE & 540 nmiz & » T E R EEIE 2 ITVRY foo BUGRIKIE 4mldhic67mM )~ Bkl
# (pH 7.0), 1002M CCCPHBLU /7 o7 4 n40 ug HUOERBESAT S, BENX R

—112—




ASEXEBEHHEHLHT,- 7 4409 - {Corning 2403,>620nm) ELUE X TemdDKBE %
Loaffit (Fa~y P OHETHRHEE 2 X10%rgs. om™@. sec” ) ZH0 . 74 b= F 77347
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WTC 5%, 7+ M2 ADHIEICT 420 — (Corning 2030, 650nm) X U FEH7 4 v
& — (BABBEE 683nm, FEEE 10nm) ZWROMITHE LS. 74 bvrh b0y
FEEIEL T, va—4— {Yokogawa Technicorder F Moadel 3052)E it e 7 v P2 ¥ b b
o — % — (Kawasaki Electronica Model TM- 1410) <2k L7z, RUGEKM, 4mldiic 125
mM Tricine -NaQH &@# (pH 7.5), 100mMERE, 5mM NaCls8LU 2 o7 00 10ug
A DERBESA T B0 '

ooz ¢ VOEEEL Mackinney (9) OB EEEROTERL L,

FUGDHEIER, 2000~22°CTIT » 12,

wm R

Fl1iRT L5, KeoSDCIP~OBTFOLIBNIESORBILLOELIIAFEALY, HiL
PR LiEELL, DCIPH, hoMVANOEFLHEERLALBE ALV, TOBEIIRIFER
IOREHRAFESN THECEERL, A7 by Y o E2BGTHEOHBEL—FHLTHE (12,
13)e B4z, WLERMIFEOEFEREROELIREINTV S, SOTET mEGHLMES
nrBERE (SOMEERE) &, MMFERLI~0EFEFMHEHE LTHSAT VS DPC (D),
Mn®* A fohs, Hill IEEEGREALEE LS, -, COERIE, SOir&2HENY, &
D BRIGHOHO T, DCIPRBTLHMKES S TOERIKHEZ 5T LTS,

B-RBTZEERLLTRESATVANMEQ (4) HolEETEITLLLELLNTVS
w27 FVE (SM) EDCMU OFETTC, K SSMAORBFEREH]RE, 7207
+4 F (Fecy) ZBBTEAEFH L LEBA LA LL Y wlEs i (K 2), (SMEREMTHE DCMU
BHIEEEBE LV (3), K1) zoMECERE, DCIP-Hill HEFEEOCHE L2 [GE
LTHote (F—8 RS0 - TS0 i L BT EFRMOMER, Y, 05 QF 5518
KHiEELONDS, '

HEfRAI CCCP R MMA THIBH E1T 5 &, Kb oY, NOATFHEHHEE NS0, HEFER
G DY, DBLEI D ERT % (10), TOBEIickY, Ao F /14 FRU»ESHBRORT]
WIOREARTZ (18), B33, #o7 /1 FLRBHSE~DSQ,RBOEEET RLTVS,
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%1 SO.EHmIrk 3 BFEAERIEOMES, SOMEERBIHT S 97 » =0
H NP F (DPC) R

Table 1 Effects of SO, fumigation on electron transport activities and effect of DPC on SO, -
inhibited DCIP-photorecudtion

Reaction measured 80, fumigation (h)
0 2 3 5
H, 0—~DCIP? : 148 86 45 13

{umoles DCIP reduced/mg chlh)

H, 0—~DCIP® (+DPC)° 166 93 49 15
(umoles DCIP reduced/mg chih)

DCIPH,—MV (+DCMU) 216 206 193 190
(umoles O, uptake/mg chl-h) .

4 SO, BT 2. 0ppm (V. V) OEETIT- 1,

b DPCIH 05 mMOBEIES &5 iRMAL,

2 80, fumigation was performed at 2.0 ppm (v/v).

b -Diphenylcarbazide was added to the reaction mixture at 0.5 mM.

E P00
DEMU My T .
.3
. Pﬁgniu\”:3 ]
sm N
Pﬂ\ _ Fecy
L T )
Hﬁal Tris N
H20_.¢ | | ccep DCIPH2 U
Nlln\*Y!‘ | P700
02 T€\7“ YzmL L
PGS0
DPC
PS T PS 1

PSII: photosystem II, PSI: photosystem I, P680: reaction center of photosystem II, P680*:
excited state of P680, P700: reaction center of photosystem 1, P700*: excited state of P700,
Q: primary ¢lectron acceptor, R: secondary electron acceptor, PQ: plastoquinones, Heat: heat
treatment, Tris: Tris treatment, Y, , Y, : unidentified electron cartiers, DPC: diphenylcarbazide,
CCCP: carbonyl cyanidesn-chlorophenylhydrazone, SM: silicomolybdate, Fecy: ferricyanide
DCIP: 2, 6—dichlorcindophenol, MV: methyl viologen

B ESEYcE o AHFER DL OB FRER OB
Fig. 1 Photosynthetic electron transport pathway in the vicinity of photosystem II in highet
plants (modified from Govindjee and Van Rensen, 1978)
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Fig. 2
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Fig. 3
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Jimoles 0, evalved/ mgchi-hr
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20 {+0DCMWD)
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Fumigation time (hr)

SOMBEREICHTE ) €Y TFVBOR, Fecy TEFIBHRLL
to b & OBFEREEE (O ), BLUVTORIEFRICDCMU & SMEE
LBoBRRBEEE (—0— ), SMizDCMU THES A ERHILE
DU RREETINA, +CRBERORELREL . SO.BBE 2.0ppm (v/v)
DBEETIT -7, )

Effect of SM on the §O,-inhibited Hill reaction, Rate of O, evolution with Fecy as

an electron acceptor (- - © - -}, rate of 0, evolution with SM as an electron acceptor in
the presence of DCMU (- - ® - -). SM was added to the chloroplast suspension after the
addition of PCMU. SO, fumigation was performed at 2.0 ppm,

T T T T
I200— -{2.00
g —
E‘; 150+ -—1,50I
@

E S
™~

- [
8 - N <
5100 1.00 S
P -
e 3
=

o 50 - 0,50
@

=

E

=

0'.-l 1 I 1 lh‘0
0 1 2 3 4

Fumigation time (hr)
SO,88m, CCCPLDFEHRINBHoF /1 FREBEE~DREE, S0,
FRi 2 0ppm (v V) OBETIT %, 100 #M CCCPHFET T 480nm
K 3REELOMEE (—0—), BLUDCIPXETEE (—0 ),
Effect of SO, fumigation on the CCCP-induced carotenoid photobleaching. SO,

fumigation was done at 2.0 ppm. Initial rate of absorbance change at 490 nm in the
presence of 100 pM CCCP (—o-) and the Tate of DCIP photoreduction {—e-).
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DROLEENY (Fi) 2700 TW- (D ERBAHEML, EHIRE (Fs) i0ET 5, ¥4 0

A
) 0 1.75 3.5¢hn
> (3)
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E ﬁ "L) 3
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g T m
[3)
(7]
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E
T I L L
4 ) | i t §
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——15 sec —

B} - ‘
+08Mﬂ
' ' t }

——250msec—|

4 SOFBOHOREEORRBERICE LE+2E, SOREL20ppm T
fTofee ERREFE S OBRRBETA v+ 2 M P LASENREETE,
FERA) FLMALH 726D (1), 10aMODCMUGEN (2), X5

PEOIFAFA P EMAIHEA vdEaa b LbD (3),
FhE s R ABOME TT, 000ergs - cm™- sec” TH B,
#EB) 102MODCMUBMEH T P2 v L3 =¥ — 2P0 T
Lo BOEESeBmE 3B OB T 15,000 ergs - cm % - sec” TH B,
DCIPEETEE L, W, SO885% 1L 75EME LU RENEE0EBaT
ZziEhn, 135 87 L7535 2moles -mg chi™ » hr™' Tk - 1z,

Fig. 4 Effects of 80, fumigation on the fluorescence induction. Fumigation was performed
at 2.0 ppm of SO, . Chloroplasts were incubated in the dark for 5 min before illumina-
tion. In A, no addition (1), in the presence of 10 uM DCMU (2), 10 pM DCMU and a
few grains of sodium dithionite (3), respectively, In B, curve of fluorescence induction
was recorded on a digital transient memory in the presence of 10 uM DCMU. The rates
of DCIP photoreduction were 135, 87 and 35 gmoles-mgehl™ <hr™ for G, 175 and
3.5 hr of SO, fumigation, respectively.
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Licr e déin (Fide o Fs~OB AR 3, BrBQOTRIENT S (4, 1), SO,0E
BEFCHLTEDTHT, dOREEOELBS (Fs-Fi) KHLTHE Lb o1, THbHERs-
Fidk& 2@l U, BERECE T2 00XORE (Fs) BETF L. DCMUBETF TR, SO,
IR A O RINEDEHICER T 55, MRicABLEND» 2. ZoDCMU MK &
LR OBME, WHHEGATRERLALED SN, E-TS0 MAEEREic\ T,
DUMUMSHELLEO TR, REPIZLQD - MABIERITHEEL THAT L ARL TV 3,
SOMEEREL, QEMFMICETT AL LOHKREBRACFAF 4 (5) OFEEFTIH
R4 »Faxq b8 E, SORGORNELEED -, COWNBOREME SOHBIEREIC L0
TELL, SO RIZMEMNQERLD HQEXRB LT ABREBCHE TV LERLTHS LHE
hhd,

SIS SOMAEERAICEN TR, FVRBELSETRECET 2 £ TOHMMEEL 13, (X
4 A), BE L, FORBEDOEMMRSIFIOBWSICEST LM (1Y) $EELLTRHE L
KT TL DK, SO.BHBILD 1 DM LN, —F, DCMUBLE T TR, (%

F2 SO,BZBLDTORFEBPHZD 1 e DE(L, SO,BEE 2.0 ppm TIT-
Fro BhECHETRIE (L, 7.000crgs»cm™ . sec? TH B, DCIPRETLIEE L,
HWH, 1.5BLUIKUESORBOBS, THAFN 178, 104 HLUF38a
moles » mg chl™ « hr TH - #z,

Table 2 Effect of 8O, on the half-rise time of the fluorescence induction in the presence and
absence of DCMU. SO, fumigation was performed at 2.0 ppm. Light intensity
was 7,000 ergs-em™®-sec? at the position of the cuvette, The rates of DCIF photo-
reduction were 178, 104 and 38 pmoles-mgchl™-hr for 0, 1.5 and 3.0 hr SO, fumiga-
tion, respectively.

Addition Half-rise time (t1/2) Intensity of
actinic light
30, fumigation time (hr) {ergsfcm? sec)
0 1.5 30
- DCMUa 0.81 1.3 2.4 (sec) 7,600
+DCMU 52 53 56 (msec) 7,000
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0 2 4
Fumigation time hr)

K5 SORBILLD, S LRITHOBF 7 — V0L, SO, REIE 2.0 ppm
TiTote BF7 —/vOKRE S Murata SO (1Y) TR, HRET
RLTHB., "DCMUTHIELAE T —rOXREX (O ), +DCMUT
MELLT-VOKES (—@—)o B3, DCMUDSH LT LTERIBZR
r—nEROR, BEEERF 2~y FOMNETT, 000 ergs - cm ™ vsec™,

Fig. 5 Effect of SO, on the pool size of electron acceptors on the reducing side of photo-
system II. SO, fumigation was performed at 2.0 ppm. The relative values of pool size
were determined according to the method of Murata et al. (11). Relative pool size
determined in the absence of DCMU (- - © - -} and that determined in the presence of
10 uM DCMU (- e —). Different ordinate scales apply for values of work integral in
the presence and absence of DCMU, Light intensity at the position of the cuvetie was
7,000 ergs:cm™ -sec™.

e AT LED - T,

B5izid, HEFRIDORRCAET 2BTEBFEO 7 —~LOXKE X% Muratad (11) O F
ETAE LAAERAREN TS, ~DCMUTH, SO, BRItk iMEcRr7-1rokE s,
DA S f=d, LUHERD Lice + DCMU TR, HEER I & IoBOBFEHHEES N
ADT, T-nOREFSHEBRINIQOAEIEZRLTWELEZLNEY, 2OQDF -
DRE SR SOBECLDWPO—RE/Eni, TOTERUBBLED SO, F/-id@ldTE
BEREHLEN TN EERLTV S, —H&R2ICHRLLL I IL, SOMERREILE VT,
QDA B L BEE CBBIANKET 45, -7, SO MAFHELKILE VTR, KB LAR
IEhLEREL TR ORIGTLE BEEL, BEIHBORERLE B IER CEETEHL T
2LEbNB,
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LOBEMS 2 VBT EET S 20 7 v— T AEL . 2 SOBEEHIT HillRK SiEHT
ZHCHETSHET, VINSQOMETIEEL S > 1 - T, RIEPLOKILERIGR
BHZLTORBVEELONT S, —4, SOMFERBCEOTRATINIQOENIRALLT
Wh, LOT &, SO HEHITLH, Katoh S50 F ~BES L O & EUITHCIE VL,
FRRREPLEDSDTHAEL EERLTNE,

SO L BRAMEEDHED, SOBEOITERLFLVEHMTE S, SOUC L 3550
FONRE, HEFHICLDETUBDTREC SHWC L3 TTRESELE (14), FZTHRID
KFASSO i W BEE &, CCCPIRM (18) % Tris MEIELA (19) THEINZ LS5,
RSO ER T IRERHT SBENTERSABEh T TS EZL S hi, UL,
CCCPEmMIcLBA0F /4 FORBILVBSO, BB ICLIVMEFSNTEY, BILHOERKGET
HAERMERIEZDLOMBREH LSO T B Eh S, LEDBEERTEEZEH>TH B,

A SO RERT 2L, [RHSRBALESORERNOKRK &, HRPITIIERKE (S04,
HSO;7) X UKEA A (HY) 24U 5, BB, £<OLEME, PlAE sy vy lho
FANT 4 FEEE, BRPoOE ) I VY RBEEBORIEEER > T b, SORENIERT ST
WF e FERIGL « - hydroxysulfonate R EDEY 2L L B (15), L LEGES FHEBRP -
hydroxysulfonate HEE F T4 v & 2 ~A4 b LTH, BEizZRGEAEsSREG (1), —4, H*
BEFEOFELTO2HABOpH A F 2R3 TH 5, pHA4 LS5 TEREE S v 2~
A&, BIORIEPLOAMMEEZEENSD (6, 7)), ADLSERI~OBFHSEET M 2 &
fErEoREME» o, SODOHENEFLEFRNL TS, SORBICLZEREDHEY, &
DEHUYETLUBFREBRC L2 PTATHD, SROBRIEE LRI LN,

5 B X @
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Summary

Effects of SO, on photosynthetic electron transport system were studied by fumigating the

lettuce plants with SO, at 2.0 ppm (v/v). Electron flow from water to 2,6-dichloroindophenol
(DCIP} was inhibited but electron flow from reduced DCIP to methyl viologen was not affected
in chloroplasts isolated from 80;-fumigated leaves, Diphenylcarbazide {DPC) or MnCl,, exoge-
nous electron donors for photosystem II, could not restore the activity of DCIP-photoreduction
of SO,-inhibited chloroplasts. Electron flow, measured as O, evolution, from water to ferricy-
anide or to silicomolybdate in the presence of DCMU was inhibited to the same extent, The initial
rate of carotenoid photobleaching in the presence of carbonyl cyanide-m-chlorophenylhydrazone
(CCCP) was suppressed in paralle]l with the inhibition of DCIP-Hill reaction.
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Effect of SO, on the fluorescence induction was investigated in chloroplasts isolated from
the SO,-fumigated leaves. The extent of variable part of fluorescence induction was much di-
minished in SO;-inhibited chloroplasts. The fluorescence yield of SO,-inhibited chioroplasts
was significantly increased on addition of DCMU and especially when preincubating the sample
with sodium dithionite. However, these yields were never as great as those of non-fumigated
chloroplasts. The time required to reach steady state of fluorescence became longer with increasing
the time of S0, fumigation but the time was not altered in the presence of DCMU. The pool size
of electron acceptors on the reducing side of photosystem Il increased with SO, fumigation when
fumigation time was within 3 hr after then slightly decreased, while the pool size of primary elec-
tron acceptors determined in the presence of DCMU decreased with SO, fumigation, From these
results we concluded that SO, inactivated the primary electron donor or reaction center.

Key words: Chloroplasts—Effect of S0, —Electron transfer—Photosystem II-Photosynthesis—
Sulfur dioxide
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ROLVUY, YSTABLU PIEQDLEDD, RTRVDAICK>TEHEL
ANBEES ATP 7—PLERIETTTHA L VBENY I LI F U OBE

IMERT « EmsEE . HEog

Effects of abscisic acid and Kt ion on Mg-activated, membrane-bound
ATPase of spinach, broad bean and comn leaves

Hamako OBATA-SASAMOTO! , Noriaki KONDO? and Kiyoshi SUGAHARA?

E B

Ry LYy, vIwABLU YT oa y0ERmEMOD 1,500 x g5 10,000
Xg DM OBWEROT, v s BEEI SRROMCE DEAEET 7, ¥ a BT
FlL12& L ADBOBIRE SR Ly ofitHID~ 7% 9 ADERILATP 7 —
HEME, S0mMA Y A4 X vELIUZ L X107 mMT 744 8 (ABA) itk
W{EfEE Nt Bo~—#—BFELLT, Fr7orck{tBR, [IDP7—+, NADPH

—F b7 oL cBuTkERE, NADH - %banf-xc;axﬁiﬁﬁ% ww Ly o
D THNT,

w B

SAOMEAER £ RO TV A TLEMIEAOER I T+ vF -2 HB L L EBMNBIETH O, Al
MEOBEE 7 v Y v VOSIHEBEL TS (12), LUHMROBBEREHNY 9442 VOHA
Dick > THEIENLT VWS, T, ABAMSAHEZEL LI LEMeATHS (12), L
DT, Hiia~oan e sl 4 vOBEIKEH 2 ABAOREEHSMCT 5T &R ALESE
ORTBBEOFABCR TS LOEBONE, 2/ F VI 4, AU I L - TiE e B ERES
ATP 7 — €8, *E&dsvjéﬁ'JﬁAzfzt‘/@-’r#_EB’-]@UBUCEQ%LTL\%C&bf%&‘éﬂflﬂé
5, 1000 B, MICEH DA 4 Y IRILE ABA ST 4 0hcIB T 52 ERBRESAL (D, L
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BLAESRE  SmERE
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Bl, Boesxvo s, H) o sEGHELATP 7 -FicEL T2, SOEELLE (2, T,
BESHC ABA BB AT 2 E L SBEMSIBENTOS (4) 5, Bis LOHD ATP 7 — € G
ABAIE-TEHBEEIhZ LV IHIWERL L, KRARTRAEs B L= 2T 4, A1) T L
KE - THESLEN AMESATP 7 - EEHIEHT % in vitro TO ABADOEBIC DO THE~E,

PR BIUHE

HEPAE v Ly v (Spinacia oleracea L. cv. Newasia), ¥ 7% 2 (Vicia faba L. cv.
Otafuku) BLU 9 En =2 (Zea mays L. cv. Yellow Dent-corn) i3/8%, BEAHELCL
A7 2ETHE L, BRET, BEIB2T, ®20C (Fvrryyodlgdicd 207, 'IST,
BET0%T 4 8MH» 5 8 BEERL 7,

B BRI Kasamo D HiE (6) THEHEB L. 50425 100g OEATHED, YLy
VELUYFTADBEE LV —, b oEE I PolytronZF T, 0.25M ¥ o #, 20mM
D -AnAT by s —o, ImMDEDTABLU20mM O R—1EE (pH 7.6) o 58
B TR L o, Bk 2 BoN - ETHRAL, PRz 1,500 X g THHMEGL L. LE%E
10,000 x g TI0AEELL TH SN LBE 2ml OBERECRE LT, E0EDrRELNT v a B
D FiE0 i, 25mIBlED 54l B a ¥ (BE1.22), 2.5mldD 48 45% (HEE < 1,183,
42.9% CEREE:1.16), 350% (FE:1.14) BLU30.0% GEE: 112) Or 1 BEE%16m!
DHLEBIIERERT, s MORBOTIES >BERRLE, ¥ 2 BERE0mMD § — A v
N Ty -k NmMOL 12— & (pH76) 2 SA TV, #EOETOEM 4 HIIRPS25 —30 —
g —FMAT, 20,800 rpm (K80, 000 % g) TISHMELL 7z, £DH#, v I S5]-1301 BF
B CHOENAERERAV THEBEERA THEMCSEL T, SESOBREELAEL 7.

BERTEMAIE  ATP 7 —¥EHAED - 0D FGERKIE 2.5 mMDOMgCl,, 3mM®ODATP-Na,
LRFEEESL 2mIO20mM N ) A —= L 4 BESHMK (pH 6.5) THh, B&ICED, Thic
50mM @K ClBAWME25X107M D ABA #INZ f0 ITCTHBFIEEEL 7248, 15% TCA % I m]
A% ko, W8 L mly) w2 S58ohE (13 TRAEL .

o< —# 8% (52 0L cBR{EER, NADH-%LUNADPH-F b7 o4 c BTME,
pH O 0L pH 6.5 ATP 7 — &) OEMAIER, EAMNTIE Hodges and Leonard D H:(5)
EELAY, FUR-2REEHRORDVICF VR -7 L4 VEBBETEER VL, T, BREL
) v EEOE (13) T, BEIDP 7 -+ 5 Cik 5 BRMMEFL/ckic, Hendriks (3) &
AEEOHETUEL o

g vy BOER  BEBRBGKCHLTHMCERL, 7 v BEEREFOET 7 2
v A EEME L LT Lowry 604k (1D TERLK,
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BRESUEE

FO LYY OBLUY I A OMBYO Y 2 EFE O RELICLVBONLEBSID ATP 7
- EiEpe it 3 MgClL, B B2 H~, &1 IR Lz, 2E5YCEH 0T MgCl,® 18 # 45 Rasisd
b, MgCLOZHBERBENCL - TRUI - /o, LTOERII2 SmMOBETIT- 12,

1 F9LrvvoBhUy e AMEHO = EEE C HEELK L 58D
ATP 7 —¥iEHe kT4~ 7% v O HE

Table | Effsct of MgCl, on the ATPase activities in the fractions of discontinuous sucrose
density gradient centrifugation of extract obtained from spinach and broad bean

ATPase activity (n moles Pif/min/mg protein)

Spinach Broad bean
Fr, No. MgCl, (mM) MgCl, (mM)

] 1.25 2.5 50 0 1.25 25 5.0

1 16.4 25.0 24,7 21.7 - - - -
2 12.1 17.5 20.1 237 1.7 51 8.2 8.2

3 14.4 28.2 326 36.2 - - - -
4 2.7 89 11.7 10.6 0.5 2.3 3.3 34
5 0.9 4.0 54 5.1 0.2 1.3 2.1 2.1
6 0.7 2.6 4.2 39 0.1 0.7 1.1 1.2
7 0.6 3.6 59 7.6 0.9 34 6.2 6.2
B8 4.8 8.0 9.9 12.3 1.3 44 7.3 8.3
9 35 45 15.7 15.7 21 8.2 121 134
10 6.4 9.8 10.7 10.3 3.2 148 239 30.1
11 - - - - 26 4.1 55 5.0

RO LYVY, YITABLT NI ED A YDy s BEEC SEESHEIKES S ATP 7 — € 7
DOHFEER1IRELE, dobyyody 3w ADWAIE, YaBEE1.124 1. 18it—9D,
TODEY—s RN L, brEr2 0G5, BEELI2OESEOAFERHOL - HEALR
tre FULY VO THEBEMOY -2 OEMKS O, Vi< THEFEANOE — 70OEHBA
Ehat, COEHYERH - YIIROELESNI, BESPOATP 7-EHEMITT 5 KCI
OEBER2ERT, AV VY YDESE & QIKCIO RENRBB O, COBESIIHERE
L1221 VoBRASDESTH S, ¥ 77 A 0BEE, TS 1T 45b5R0EDER DA KCI
DIRELES Hhtz, FoEn a vDESIEE, WTHOESIC S KCIOEREHBRIR Sk
foo Y LYY YESICRONIKCIOREN TS, EEOKE SRERTLICEHL 1A, &b
EBELBExh.

H2itlEow -7 -BEOV, 2pORHERIL YV 0 OBV TRLTHSZ, Frow
A cBCBERIEMIIES 2, 3, 4EC, CASOBEMNIT ba v FYTEABNIEETLT
VWARLDEEDNS (5), NADH-F b 7 0 4 ¢ @urM#EN 3 EEMMEC S5 20T HhEH
BRALTVE, CRREFFEART YF7 523 97 b FFa 760850 EERLTVS,
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KCI RE-THEHELENROSNSE S 8& 91K, NADH-# t 7 o4 c BuRBHELpHS.0
ATP 7 - ¥o/pSESE - 7R o, pHE 5 ATPT—¥& IDP 7 — ¥EHORENASZS
E—2HEL, NADH-F bt roacBulRERr /7720, IDP7—¥izFnrg@ov—5%
—-BRILTAHAVLATVS (5), Kasamoid 9 /53 DERAWT, k244 V27T vHB-—7o

L

20 1
A
10} K ¢ O
/
O-O’O
0 L1 L1l 1Lt 1.1 .1

1234567839101

£ o20f B o]
[=]

B O/ 0
= 0-0 \
& s

= 100 O/ O.
£ o

& o0~

_5.3 o | I N M S T Y O
g 123456789101
=

. Q
0F C /

Q

20} / O 4
/ \
10F o/ lo:
o ,o—‘/
0=C
o L1 11 11 [ | 11

123456789101
fr.No.

[ 1 L i i L ]

120 118 116 114 112103
Density

Bl1 YaBERCIEEMILEATLY Yo (A), vo5=4x (BYB LD v E
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Fig. 1 Fractionation of ATPase activity in spinach (A), broad bean (B) and corn (C) by dis-
- continuous sucrose density gradient centrifugation. Each reaction mixture contained
2.5 mM MgCl,. '
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K2 vaBEECHENEICL - THONLEBESPO ATP 7 —¥ibthic B
TKCl & ABADOEE
Tabie 2 Effects of KC1 and ABA on the ATPase activities in the fractions of discontinuous
sucrose density gradient centrifugation

ATPase activity (n moles Pi/min/mg protein)

Fr. No. Spinach Broad bean Comrn

- KC12 ABAP —  KC1® ABAD - KC12 apab
1 247 213 248 85 104 152 20 20 22
2 20.1 144 177 138 113 114 22 21 22
3 326 258 4l 13.0 126 138 23 24 24
4 117 93 118 36 30 34 40 42 43
5 54 43 41 46 37 47 49 47 57
6 42 45 49 67 53 6.1 74 6% &l
7 - 59 47 56 103 69 93 134 113 121
8 99 123 12.2 128 102 133 184 178 204
9 157 173 167 167 151 176 278 73 212
10 107 107 115 148 126 174 123 120 113
11 - - - 76 7.6 82 720 13 13

4 KCI D@, 50mM

b ABA®®EE, 2.5 x10°M

a Concentration of KCl, 50 mM.

b Concentration of ABA, 2.5 x 1075 M.

LECEAREICE-T, Yo BEFLIZE L 4OBOBERESIREEEENAZVESTHSL
&%%Lt(?.movfivamﬁ;wuwAﬁﬁATP?—ﬁu.ﬁwﬁVéﬁﬁiéﬁ
K EREBO--f-BEELT, LELEAVLNE (2, 3), -7, 59 by YV IED
LELNEESS & 0 IBERAME T VEBAS{BAT S LH KBNS,

£IL, KoLV Y, YT ABLU R0 vOATP 7 —EEHICT S in vitro TD
ABAOEBAT LY, BrOBEMCHVTABA RREHLSVIESVRSEL SN, AV DL
OWMBEF— Lt -1, i, wo LYy oOES3ELTE, ¥ 77 ADES 1 &10ICEEE
RN EAR LR, KCIZ LA RENRORSNI ALYy VDESS &Y 77 4 DES
1KHWTABAK;%ﬁﬁﬁ%ﬁﬁéﬂtc&ﬁ&@?“%?%éﬁoL@bﬂﬁ%.$¢Vv
yv®@ﬁ8mKU&ABA%ﬁﬁmmiT§.%bﬁﬂKMit%Q&ﬁﬁﬁ®%%L@E6ﬂ
fhot, £ ABADOHBR 25X 10*M 25 2.5 X 10"M O BEAEH TR LA LRKRTS -
o .

bL, EPOREMEES, #99 L THEATP 7 —CHEEO A ) 9 444 YRDASEHE
LTWaLE 6, ABAREATP 7 -+ ABAOM O AL EXEL TV AP OLALVL, &
i3, ABASEMEBABLTOA # vOBBEHEL T hb LA, RHERTH, ¥
LEOMmEAE O TV, FLOEEO ATP 7 — e 5 ABA DEBEFN S 120D ITE,
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Fig. 2 Activities of marker enzymes of membrane in the fractions of discontinuous sucrose
density gradient centrifugation of extract obtained from spinach leaves
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Hocking, T. J., J. Clapham and K. I. Cattell. 1978. Abscisic acid binding to subcellular fractions from leaves
of Vicia fabe. Planta 138: 303-304
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Kasamo, K. 1976. The tole of the epidermis in kinetin-induced retardation of chlorophyll degradation in
tobacco leaf discs during senescence. Plant & Cell Physiol. 17: 1297—-1307
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epidermis of tobacco leaves. ibid. 20: 281-292

Kasamo, K. and T. Yamaki. 1973. The stimulative effect of auxin in vitro on Mg++-activated ATPase
activity in crude enzyme extract from mung bean hypocotyls. Sci, Pap. Coll. Gen. Educ. Univ. Tokyo 23:
131-138
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Mg F-activated ATPase from mung bean hypocotyls. Plant & Cell Physiol. 17: 149—184
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Summary

Discontinuous sucrose density gradient centrifugation was cartied out with 1,500xg to

10,000x g pellet of leaf homogenates of spinach, broad bean and corn. Both K*ion (50 mM) and
abscisic acid (2.5 x 10® M) stimulated the Mg++-activated ATPase activity in interphase fractions
between sucrose densities of 1.12 and 1.14 of spinach, but not in those of bread bean and corn.
Activities of several membrane-marker enzymes, i.e., cytochrome ¢ oxidase, [DPase, NADPH
cytochrome ¢ reductase and NADH cytochrome ¢ reductase, were also measured in the fractions
obtained from spinach leaves.

Key words: Abscisic acid — Broad bean — Corn — Mg, K-ATPase — Plasma membrane — Spinach

—129—



B AEHEMAAERSE H108 (R—10—'79

Research Report from the National Institute for Environmental Studies No.10, 1979

LoD CHEIFTEHS0,HmIRESO, F—X &
FiE & - 2B

SO, absorption rate of sunflower leaves in relation to SO, dose

Tsumugu TOTSUKA! and Toshiki NATORI

E =]

D b=7UDSOBIEECRITTE, BE, BE ESOEEBL#HLI. £0
EE - 7 YEOSOMNEER, [E0~30°C, BE0~0B0EET TH, X
FLTBEICL - TSN, BESiCo0T, BEE0~BMERE M
kO FEORICHNET S EicE VT, EDHEEENBAFTERLED LLLS
'J'flo

2) 14ERRE (30klx, 25°C), BET%ED L ETSOBEREAREEA T~
7 EED A 2 RINE AT L 88, SO, F— 2 Lppmeday fHEE TR, T
NOHABETS, SO, F—2 &FABENRE DM, EEE—-OBEBEHRMNZ
fltz, TOTER, HAREHEICENT, FARNEE LS RREEORICER
BT §47 LAEMKT S, LiL, 20oBREE RN 2REBHE,
0.3ppm T 3ERETH A0, 0.1ppmTIOH, 0.05ppm T20HE L -7 &
=9 ) EON ARMHEE, 0.02 ppm DA, 0.048meS dm?/day @9, L
OEILEE A0 BEEEREL > 2 SR E hi.

w B

TRt A St mAD ek s ol hiED O ZE(LERE (S0, REMICED AL £Q,
%< Thomas & (16) D77 » 0T » LLBEBRTHOO T A, Hill (5) 3 BB+ b
AR LA 1 ~2BBEROERT, T > A7 7 BEICLS SO, INEERE BESH SO, HE
0.25ppm 3 THAMICHMT A LABELTWS, 8BS (7)) OERicks L, FVvoET,
Sozﬁﬁaﬁmisozmxiiﬁrg‘z&aaﬁa%m.sppmmrcmﬁﬁ]ﬁ{tvchao B, KH& &k
(10) &, EHOHRBIEE, # # BIEEC B 5 SRS R & SIER O&HE & o

1 EAERRS LRSS
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TR~ THEHBER L, ChAALIRB 0 -4 v 53y PAREELT, —EDK, RE,
HEEHTTSO.RBBNEL - BER TR, SOEI L C0E&Of@IIC >0 Tzl bicEA
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Fig. 1  Changes in SO, absorption rate of sunflower-leaves in relation to light intensity (A),
air temperature (B), relative humidity of ait (C) and leaf age (D). Fumigations with
S0, at 0.3 ppm for 23 hrs.
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(4) ¥k s &4 - gdo BRARANEER TRERL hE N0, 25 34, 0BFHRSO
b= )%, FHEORIZMET HEOLELT, TOMBTTHERL A, U7 & 1) v &35
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Fig.2  Time trends of leaf sulfur content in sunflower plants fumigated at different SO,
concentrations. Numerals in the figures show 8O, concentration. ® ; control plants,

©; fumigated plants. Measuring conditions: 14 hrs light (30 klIx, 25° C) and 10 hrs
dark (20° C) periods and 75% R.H.
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Summary

Effects of light intensity, air temperature, relative humidity and leaf age on SO, absorption
rate of sunflower plants were investigated. The absorption rate was mainly limited by the
light intensity received under conditions of 20 - 30°C in air temperature and 60 - 80% R.H.
There was no distinct change in the absorption rate of leaves in different leaf ages from 20 to
40 days after sowing.

Daily changes of leaf sulfur content of sunflower plants fumigated at different 50, concentra-
tions were examined under conditions of 14 hrs day length (30 klx, 25° C) and 75% R.H,
There was a linear relationship between the increase of leaf sulfur content and SO, dose up to
1 ppm-day, regardless of SO, concentrations. This means a parallel change of the SO,
absorption rate of leaves with SO, concentrations up to about 0.3 ppm. The absorption rate
at 0.02 ppm SO; under the measuring conditions was estimated to be 0.048 mg S/dm?
leaf/day, which remained constant during the fumigation periods of 50 days.

Key words: Sunflower plants, 8O, absorption rate, SO, dose
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O CO,MBEL 400 £10ppmic I L 2o 26D F v A MTEELCBESHRFBLT, 148
A SO.RBNEA, 3 WMBAL L, 1 LBRARE, SEBAEA+ Y%y b T00m® /B,
WRATTEm /B TH - 72,

SRED SOLME L2 000 ppmOBEESOFRAE7RA7 00—V -5 -2 RV THEGER
TREBL. 0.3 +0.03ppmicHIBIL 70 v €A » FAID 2 EATERMICESERL, SO,
P A B 3R SO, 55 (Thermo Electron Corp. 43%) ZHWTHBHEL, oL 1.

RBARTE, MEEHIcES @), M CELER), HTH (R oFHBEICKIIL 2. ER
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Bt (BT AMM - 78D # MV TERMLREL 7, BI3AEATHY8ER L, ALELER
L ELR INTOH Y T VRERICANT, 80-90°CT 3 AREGERS bk, HERTMEL 7.
CTNELRE CETSURE, TI - 2008) THFAL, MEXTL 2 (30t /cm?, Filll8l, M
B TER4cmOMBRICHERL 2%, HESMEG O XREE (BYESR, D-9CcE) %
HWT, 20 SEFREMEL .

HE, e JOFRICEHLAZALELICL 3 SORBEBC OV THHEL f2, BB EE—O
AL RS Ay P&, 28DF 53y MCI0E Y FFOREL, 0.3ppm SO,ic 2 OIS
&L e B 1 BRIAHC 100 - 200mIOBEA By M5 A, RERTER 84085 K
DAL+ 2 ZEH» OBERCOgBE TS, 483 THRNL (BBN0.6cmoBE), Ailo
ViDm& LU R E, SERZAEL, SEARZME LA,

FE 2 £=7 ) EiEEIC L 2 S0,0 I

FERMENIFER L LRI oy Teey 2RO, B L, BT2HEL TBEL,
4@@774Fb97ﬁiﬁﬁﬂbﬁc%ﬁl&ﬁ—*ﬁmﬁﬁﬂﬁbtklﬁﬁfﬂ_z$ve
Fw P 2H, Fy FEIOETTY) (70-90cm) F& 2560 EHRA L, —EME (EH22cm x
25cm) KEELT40MEFTS 4,

%ﬁlt@ﬁw,$+E$wb®léésmﬁﬁﬂﬁméb,M%%ﬁﬁ&L.25@5@%@
REEIT-> 7. BRETHR, LB KEEEHOMART, BEHER»S20m & 24O M
BERGEL, RO TEREEFODRBICES L M24EEEBHL, +» Tk L,

v I AEE T IREERT 2 flica g, BMEIERE L © 20om & I BRIEUE T f,
ZBTELECHG G, ERREAAIELx, HEZ0BRBRAOEERICS T, BIER1
ERBRICME L, eXTOH YUl ER GRS &, EEEEAEL 2%, SAHE
ZRMEL o SO ZEBMENL, 0.1, 0.2, 0.3, 0.4, 0.5ppm®D 5 BETITL, BieHBE
Lize %72, 0.3ppm¥s LTF0. 5ppm SOZFMEDRE, MERAORGHOSO,BEDREL{LE
B THEL 72,

HREEE

AR LZ50,0RBELEMICLE 50,8 OERATILOATEEY

HKER | TALEL%0.3ppm SO BHBMB L/ 28/, ATELETAE- T, 1O
RBEE—E W0—0.6cmDFES) THRIZER SO 200%RE, MOBTH I EBET
Hote, SORBUHEXEMBEXOATELRBOS SHFREH 1ITRT, HLEETIHSO.RRB
EI L - THO AR SSEREHML TV AN, EBIS0.6cm FORETRIFLALEN
BHohiids i, £ T ORGSR MM 00 S0, SHRINEXHET 5 &, 4.73
mgS./dm? il 2 BEES D, BEOESKRNEVER IOLSRRGEOL TR, BLEBC
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Soil depth (cm)
i = (o]
[++] [\ <D
1 1 1

]
F-y

1 1 1 ] J
G 0035 -0.10 0.i5
Sulfer content (% of dry weight)

1 0.3ppm 30, 2 AMBEE N ATR LIS 3 S 2HROBYUE(L, &
FIEMEEI0R y + O OFEE, S tEEEsRd, @ 0.3 ppm
SO, REMEK, O : WK

Fig. 1 Vertical change in sulfur content of culture medium exposed to 0.3 ppm SO, for 2
days. Each dot is the mean of 10 replicates and horizontal bars indicate 2 X standard
deviation of mean. e: $0, exposure plot, ¢: Control plot

ES0 0TI BRICREINAC LW, LALE1LY, BREZNALSC,-SETFEIz
BREAEBHLEVEZELI GRS, '

FTEASO LR HOFEETRE TSI L, RBEE SO L ZEBERTHESN TS, £
M L5 SO,BEE, & L CEEARGETEELTOMEE¥ARETHE T E (1, 200,
fz, THEOHER@mMET P EKERS, SO RFCHEELTHELGA 2L 6B5) HEMNTINTVS,
AEBTRATEL TR, SO0MBILERTRE L THRENTENEINTHAS D, I
B, TOALEESERCESCEKRRBEFLT VA L, SOEHBLTALIBORETS
73 EEbhd (55), Nyborg (35) #iCox (9) OkSEASL &Iz, 0 03ppm SO, 8HHNRE
THEA0. 6 mgS /dm® HIRREWE L 2B LT 5, £/, Payrissat & Beilke (39)
WEAOI -0 N LHT, BE2 IppmD SO ERHBLHRELEHEST 2 L, 50: 0.3
pomHBRE LT, 1.5 -4.5mg $O,~ S /dm? i,/ 2 HRA B HT AT L3 d (L pHe
RGOMMEEI L > TEDRIB), EB 1 TS0, 8HMARTALRE R 4. 73mgS,/ dmHi
WHLTHED, SO, F—2FHAETIE, ChOOHEELTDEVEENS, BBl ORKEE
LUVCNSDREOR R, S, HIBRSO, DER sink THLLEAONS,

LpL, RlkF&hasL o, StRECRESNLS0,-SRBLOFEBNEIREALED
Lisdrots, HERL, 2THWEE, FEFLTWR =7 ) DBE, B8R4 - 5 8B THER
ARy bR TV A, ATERTORALS 1 - 2emOESKIE, BEALEELT
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WA 1cDT, ZRome = 7Y BREEREICRE L1250, ~S%, BRMNICRNT 3¢ Lz R
AEETHA D, 5L, BATHBR T LICL > TV o ATERIMICEEFL/-S0, -5 08, L&
ARz RAEL, BIMOR» BN N A TN R+AEZ 505,
Ev2VHEHICL580,—8 ORNEREOBH EBNENS0,—-5 DR
EB1OARKREWVT, 0.3ppm S0, 2 BMBEAET, t-9 ' EPOFEDERIL T,
LR -T, SO, RBMER L HBROEE ROSSHRLUKT 5L (R 1), BEOD
MicgsBRHE NS ot, LSBT, SO,-SHENE, BELAELTE, zo8HEL
ALBRT2AEETEALELONE,

#1 0.3ppmSO.ic2 HHRZRBE b 27 Y REEDSEFROLEL

Table 1 Change in sulfur content of each plant part of sunflower by the exposure to 0.3 ppm
80, for 2 days . .

sulfur content (x 10-?gS g™ d.w.)

treatment plant part -
conirol 0.3ppmS0, exposure % of control
A leaf removed . oot 0.535 x0.101 0.527 = 0.091 98.5
stem 0.222 + ().045 0.227 + 0.030 102.3
B: pot wrapped . root 0.408 = 0.070 0.504 + 0,083 12442
: stem 0.186 + 0.036 0.207 £+ 0.036 1112
leaf 0.640 + 0.094 1.390 £ 0.149 217.1 ¢
C: non-treaiment root 0474 £ 0.041 0.506 £ 0.062 106.9
© stem 0.152 + 0.035 0.226 + 0.047 1484 €
leaf 0574 + 0073 1.366 +0.136 238.0¢

8 — 17MEHAD P19l + FRERE LR T,
a: I-RETHERES FTHE, ¢ BERFE0.1FTHE,

Mean values of 8-17plants with standard deviations are shown. Significant difference
of t—test: a at p<0.05; c at p<<0.001

KicER 1 OBXECRIREBD =7 UHBTHE, £b554, 0.3ppm SO.2 AEEBICE-
TECIHEEOTRBEENSRE] L f2. CARBRTIHR2OERLEENEN, 774>
BETHRL TV ABOREORI L 24 EARS—HRTSH 55 LBbhs, SOEBLERE
FUNBRORBEOSEALER 1 IRT. B, CARIKEVT, SO.ERMEXOEDSSH
R MBROJBERE LT, HOSHBML T2, £, BRIZBOT, 2% 0 S0,& ATHL
EDEMOFRICOMDOT, E BOSSHES SORBICL-THEML T3, 2Dz & kb,
%, HTAHSOL SN, ATHELTIKLS SO BEDER Gid) »5 sl i, &
+ RIS LSO MEREIKBRRE WD TR, BTERREN: S0, — S HEDH~H
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EhTahEELohS, .

e b % FSOBRLAERT, BBNINtS0,~ *SHEBERTHETHE, BiItRLA
FBHL Tl 0IHENSEDS 22, UL, —7F Thomas s (49) BHEEORY
SO, KEBLT, BUADERETSS BEH ORI E, $HETD ®S HBBRBOKMZEE
K> TR LIS &6, SO, SBEKSNEELTV B, & 5ILEFTE, Garsed Read
o—BEOA (17, 18, 19 %, Jensen& Kozlowski (26) OWET, TizBIRE NS0, ¥S
BRSO ORTIETERIN, TORERINBZIESAREINTVE, INLOERTE, ¥
HEITHIOSHER XN TWVWD, EBR 1T, =7 )V HEHOEHRET, SO,2RMAEK & HBX
DFEED S EREDFER SO,RENBROMYIOEHHELEL TS0, - SHNEE kD, %, B
TORBME L EMLATOEMBOREZEREL LT, COEFSEBLBKCEcER L, #
DFR, 0.3ppm SOEB D 2 HMICHEMIRINE N SO,— S DIFRRESZCIRICER S,

Smﬁﬁ&ﬁﬁ%&ﬂéﬂtsm—smﬁﬁﬁmﬂéémﬁﬁmvhf,tvvuﬂﬁﬁ%ﬁm
RER2 (BB OF -5 2L RHELLERER 2 ICRT, 0.2 ppm SOEFJNBEDEA LK
C &, 0.1-0.5ppm SORBED 2 HEILH 3 SO, — SOERBII-0%TH YD, SOBEH
BRSO T HEERE A 155 EELED Shi,

#2 SOcBBEIN <7 ) EEBHOSHMBEELSBNENLS0,-SD
Table 2 Sulfur increment in sunflower population exposed to SO, and the translocation rate of
50, —§ absorbed by leaves ‘

sulfur increment (mgS dm~2gr.a. d)

SO, concentration ——  translocation rate
(ppm) leaf stem root population (%)
0.1 0.453 0.012 0.125 0.590 - 2321
0.2 1320 0.082 -0.054 1.347 2.07
03 1413 0.312 6.127 1.852 23.70
o4 1.825 0.182 0.030 2.036 1040

0.5 2.405 0.141 0.117 2.663 9.7

EBR1OHESELD, BWicL250,-SORNRE &L TESTITHLNAZ E FHETHSAS
BRSNS & —RICEL DNT WD (46, 5000) FF, BTRINE NS SO,~S O—Hi, %
DRSNS C E BT ERL, |

tvvqmﬁﬁmxés%mmlmﬁi

HER 2icH 1 B SO, BED 2 AMIT, SOMEH0.1, 0.2, 0.3ppmdiBa, MM ass
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BECRBLEA- 1A, 0.4ppmDiFE, EEROBRI bEpLaARESBEEI NI &
72 0. 5ppm T ik FEMOE i EhE TR O RBESRE L /. 4B, 0.3ppm& 0.5ppm 50,
KRB LR, + v Vi FAROKHSAT SO BELRE LR, BEEODREBTLRIESO,
BFMEEHE LTS 10BDETFIEEET DT, RTBELE2 0T IRBBELATLI,

K2 SO, RBMERS L UMBRO w7 ) HkBOSESENS LU ENBE (A), &F
HSEELEOBRNEL (B), & 51 SO, REMEIC LD FBERSHME (48) OBHEAL (C),
BLUEEBO 55 L T 28+ Emke s 0 0S8R S BinRo @ik (D) 0.1 — 0.5
P DEBEINICRE L. SOREMBICL > T =7 ) HAROEEREIIE A LELLLL
5 (K2DA). UL, SESHREIZEECELTHOhITHEAL, HirEis W THEETSH
5t (H2DB), M20C LY, FEROHEILSHMBAAREIVILE, ETHR LEFLDPP
TR CSHEMBOREMEMLON BT &, £20. 2ppmDIEEERL &, Bzt i SHEM
BAHONEC LI ENBEMITE 5, T SOMENBL UK TSHEMBLAE(UL-T
VW3, ¥oKN2oDLh, BATHERSA O TR, SENROKXER LEBFOETHHLNT
WA ENHE SR, LhL, EPBRTOSHNRLEATED L, @0 LD, ThIET
BIRS 172 SO, - S DEROER (F2BH) TH5LEL0N30T, ZBETOEICLS50,—
SOBUNE [(*45) %, ED [(48) i, %, Bo (48) £FELT (1) ATHHL

[*AS)i[dS]lgaf'stpop./zdsleaf (1

KL, (*4S)  AEOEOEEO SO, S WIEE

(49)ar * BEOED SO, — S BME

TS0 * BHBHEHAHTOSO0,— S B

4 S e * EOHRABIRTETO SO, - S MR
THB. LLTH, E BICLDSO,~SRREIRO, FABETRINSNESO,~S D HAHZD
BOTOSHMB AL TE, BrmBEshhLEELTWS (F3),

&T, HMICE 5 SO,MNAE 4 ORBER BN Y, FE- BN 63) 1, KHRLF
Rz, £=7 ) 2AVAERT, [UEH20—30°C, X EE 60— 80% OWHETIE, AYDSO.R
BRI E ALY —ETH 55, BEDLEE SOBIGER A S EHBLRITEC L AR,
37, Hill Q) 00 (32) &RECE(LHIDSO, B BT 5 ¢ L E2HE LTS (X
FLTCOBEREOSIEFICEELSZTVS (32)), 22T, &40 SO, D RRBEMEX
o, ERINNET - - BAHOEEICH 5 EE LR [ &, Bz k5 SO,BIKK (*45)
L ORRER S CRLT. COMEE (2) RTER L.

(#45) = =1 =-E( ! ) (2)

1+af o 1
at!
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S0, conc 01 0.2 0.3 D4 0.5
(ppm)
Ve 1 11 14 1414 (43 iatal o car
[} [«1: ] 1?0 ] 10 a
| =

tal & &ZLH
g e T = = A
o 60 40 1F O 20 40 60 40 20 10 40 €0 40 20 © 20 40 B0 40 20 0 20 40 B3 4G 30 0 20 40

Dry werght (g/mz)

8 .@‘ “ X T T - 1 C —
: ‘E::#‘ #:11 e S R
E e e P P P o
a LY 08 ¢ O Q4 04 1§ 2 08 (14 O+ 08 15 12 08 Q4 04 0B 16 12 04 04 0O Q4 Q8 L6 L2 OB D4 O 09 03

Sulfur content ¢(x 107 7gS/gd.w.)
£ — — —
2 s | ] = i

SERR = =
Z e } t
E I F’"J F-| -c F—"'jc . r-[~c F—I‘_—JC
Y 06 04 2 O 01 068 04 02 Q0 08 04 02 O 0O Q8 06 G4 07 O QI 0B CG& Q4 6T O Of

Sulfur increment (—S] F(mgS:dm?2 Jeaf/day)  ©(x102yS/gdw, day)
'E- 120 r - C — I_[—“_h
| W
1ot = .
;- S
E r—H: E-|-c l == l_JC
o 08 0¢ 062 0 06 04 0.2 0.2 .0 08 06 04 02 0 02 1o Db 05 o4 o.z a 02 10 08 06 N4 02 Q a?
" Tatal increment of subfur (mgSJdm Ora./day}
K2 SOBExnfb~<7yEEicEr s4EREER (A), SEFE (B),
SHME (C, HHEMS O SHME (D) oEM#E . FiRE{LE
B, CRIERMEBEEEFT, KA, BELTHERG SOEENHEROES,
BERENEEOBEETR T, @Ascm\'n/lo 1250, BEEELEXOEKE
MO M BT £RT, .
Fig. 2 Changes in sunflower population of productive structure (A}, vertical distribution of

sulfur content (B), vertical distribution of sulfur increment at unit leaf area and unit
dry weight of stem and root {C) and vertical distribution of total increment of sulfur at
unit ground arca (D) under exposure to different concentrations (0.1-0.5 ppm) of
§0,. F: photosynthetic organ, C: non-photosynthetic organs, NI .. Telative light
intensity in the S0, exposed population. In figures A and B, solid and broken lines in
each layer indicate the values of SO, exposed and control plots, respectively.
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#£3 SOKBBEIhie<7 ) EAKHERICET 28D S0, SBINE : (*45)
D EE '
Table 3 Calculated values of 80, —§ absorption rate : [*4S] by leaves in each layer of sunflower
population exposed to SO, .

height from SO, -S absorption rate : [*4S] (mgS dm leaf d)
soil surface
{cm) SO, concentration (ppm)
0.1 0.2 0.3 04 0.5
100-120 0.04 ; 0.55 0.54 0.79 - 086
80-100 0.08 0.48 0.55 082 0.91
60-80 0.10 0.33 0.37 0.65 045
4060 0.05 0.26 0.32 0.39 0.44
2040 0.04 0.13 0.23 0.25 0.44
0-20 0.01 0.10 0.15 0.19 0.35

1ol SQoconc.=0.4ppm

u 0.5

(*28] (mgS/dm? leaf/day)

0.2 f‘é 0_1 -
' g). T
rf. .
: 004 0 20 30 20

Light Intenasity {1 Kklux)

H3 SOicBEIhfb w7 VEERIKETSEDSO, -~ SORIE : (*48)

C LEMLERE: LM%, @: 0.1, O: 0.2, A:0.3, A 0.4,

B : 0.5ppm SO RBAMR, Bz (2) Ric L 5(¥45) & 1& DBAR
%ﬁiﬁ—c ’

Relationship between SO, —§ absorption rate of leaves: [*4§] and light intensity: J in

the sunflower population exposed to $0,. e: 0.1, 0: 0.2, 4:0.3, 4: 0.4, »: 0.5 ppm
80, exposed plot. Curves in solid lines indicate the relation of [*48] and I derived

from eguation [2].

Fig. 3
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zeTa, BRESO,BEDHBETOFEY (8 Bilo@SE, A/2 i) TH 3,

C(2) ROBHMBRERLELE0T, 77— 7 2RALTEHBRBR LTV, & SORETER «-
fAakHIz, Hb, BEERO SV, AEEO FTEROE»SEONEL, ERBE,LKEL
BENTOWREDOTINEFRA L, TEROEIEEPEATE D, SOMINGEH M IC{ET L
Tictodic, LBOBEBRMEITELNL Eh- b0 E Bhbhd, THIEDSO, WIGEEH ML D
{E\» T &% Craker & Stabbuck (10) MG (23 AHEL TS, H20ODLSHALSMELD
iz, HYEEEH L 5 SO BNEIC O TR FTERORIRLALHFSE LTV ROOT, Chod
AAEROTHERESL RO TS, BAR2EKOSO,BRINBAMET L LT, FEAFEBRINIGE
DEBbh3,

RiC, TTIRO L ABLT L/ a L SO,RE: (S) LOBFRER~L (K4, 5) £&(5)
LOBMFRE (3) XTERL, ERr oEERH: (r=082),

B/ak (§) LoMEE (4) NTHEL, T,
B eLlS)

A=r (5]

Ik (2) RIMRALT (5) HEBl,

a 1+ (S)
(D RARBLT (AR E-T, aL L (S) LT,

(37

e DHAERD I (82324, e==5.41),

(43

8, eDMHELTEHTELDOT

i B | .
0.5} 1.0F ]
o : °
0.4} 0.87 /‘ ]
3 1 ]
0.3 I ® ~ 06
® ]
0.2 1 0.4}
0.1} 02 / o
°
00 6T 03 03 o037 03 000 67 ©2 03 04 05
S0zconc. [S] (ppm) SOzconc. [S] {ppm)
B4 (2)ADLESOBEBELD ®5 (2)RD Ffa £50,BEED
BE % BE %
Fig.4  Relationship between g in equation Fig. 5  Relationship between ffo in equation

[2] and 50, concentration
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S0zconc.=0.5ppm

—
[=]

o
to

0.6

[*2S] (mgS/dm? leaf/day)

Yo 10 20 30 30
Light Intensity . (1 klux)
e SOuRBanf-e-7)AGKBRCEYSEDSO, SINE: (*45) &
EHLIEE: T LoBR (5) AboHB LI

Fig. 6 Relationship between SO, —S absorption rate of leaves: [*45] and light intensity: [ in
: " the sunflower population exposed to SO, , calculated from equation [5].

(S) I
* = -
(*45) T (S ] | {5)

L+~L§-ESJ

3 £

() Rikk-T, [& (*18) OMGERH L ERE, H6 IRy, BonHRERIZ L
HEELTED ORRYH OB,

LA TEABNORE [ ABELIRE : [,, EERIEH (LAD @ F, BBics s Bt
B K (E& L THEOME CBF) OBKELT (6) RTHIN TS (33).

[=Tgexp (KM (6)
WHELELE
16g19(1/13)=—K°log108°F (6)'

L1 B, AERTEEI /T EFOF—5 2587 7718709 v Lic (B 1), B Shiiog,
([/1,) & FRESRRIISZ, ZCTI/1,=0 108, FSL5TH50T, LHLOK
% (8) RIALT, K=0.92%885k, 8T, BREROEEARGTVEREIE (7)) AT
FERTVD (43),
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K 1oexp(—KF)
j= 2702 (1)
1 —m

LTI EORBREET T, ARB TRV =7 I ETHE LEROEHETE, m=
0.097 %137,

100

0 1 2 3 ) 5
LA

B7 by BEBAOENEE | [/ [, & SHEEE : LA & OM&K

Fig. 7 Relationship between relative light intensity: //7, and leaf area index: LAI in sunflower
population,

X7, by | EEESES, BA TS0 18 IiCRIR T3S0, —Sof (Total (*4S1) i3
BEBO (F4S) #EMEEYN - FTEALTERH SHE ((8) K,

Total (*4%) =ft*45) dF (8)
(8) iz (5) AERATEHE
. _ Fooe[8) . I
Total (*4S) j; TG ] - dF-
%Jri}[é‘]

Zhue (7)) RERALT (9) ABFonrs

Klyexp{—KF)

Ttl[*ASJ—fF ¢ (S) L-m dF
o “h 1+ 1 L Kilgexp(—KF)
o d

T @ a -
T e s b=

—151—




__1 ¢ (5) In( e (1-—m) )

__E' 1+8(8) FYrrols] +K]0€XD(*KF)
{1—-m
—m(—i——~l—+xh)} (9)

r+ré(S)

Total [(*48) %, SOBE :(S), EEELBE 7, HioBEs: F, ofks LTEER
LEzOTHEE, 2T (9) RicARRTOIEYH ((8), [,, F) oE3ERALTERLE

F4 SOtFBE Nl =0 ) HEHOBEMN T MIEYS/- 0O 1 Ho, E¥MES
BLBEDOHEME (A) LEBRDS0,—-S BNBDOHTEE (B) LoOLhE
Table 4 Comparison between the measured values of § increment of plants (A) and the

estimated values of 8O, —S absorption rate of foliage canopy (B) per unit ground area
in sunflower population exposed to 8O,

A: Total [#4S) B: Total [*45] AfB

[S] I, F measured * estimated ratio
(ppm} . (kix) (mgSdmgra.d'}) (mgSdm™?gra.d™} (%)
0.1 34.5 3.77 0.590 0.839 704
02 34.0 3.22 1.347 1.355 - 994
03 33.7 3.68 i.852 1.902 974
0.4 36.4 2.86 2.036 2,027 . 1005
0.5 339 3.72 2.663 2.605 102.3

b7 ) @HEICLE50,-SRNEEOHTEELEBOSHENE E 288 £2HELTRIKT
L. HESE(E & ERE 0. 1ppm SO,OEEEBRVTHS THEWERTRL, £2T (9) Kid
b ) HERO SORNEES SEROE(HORET L SXATHYUTHLLEAL,
#3128 T0. 1 ppm SO,MEE D Total (*45) OEAE R, HEHICHERL THED/hS
W, ZREFIESO,—SH BhsiortENERHEINSAHEHEERICANL S
12 THA D, Thomas & Hill (48) 3, SO, EB L -HYOBOEFTEEBED HFEIcH~14
ELDSOF HEATLHEN D, TOARMEIERL TV 5, 7, Fried (14) ABHOTVT
F 7 70,1 ppmBSO, £RBE L T2 Bk, KHhic SSHRIBanZ EEHEL TV S,
% 7 Garsed & Read (17) £ i S KB~ TS0, —SHEH L LE2HELTVE, RLDH
BT b it b SO, — S AL BRI B ¢ & dHAEA SN B, Hi 0.1ppm SO, DBA,
SO, - S OERBLMEOEVCE, IoRELLTRIEINBEREINTVEI LD, 7T
) EEBHC & » TRINE 02 SO, — S Hifthd SO, BEOBS L H~T, BHTE L VR LEDHET
IR L D THS D, '
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(9) XEMAWT (S), F, L2BL2CELEET, Total (*4S) DEALAHBELLERY
W8 Rdo B, THiIcEY RAEBOMBBHLEICE > T, TEBOERDD SO, 1K
P00 1ppm T C LRI 2 TETV D, ZOLHHEEEDSOBETT, MEERD
SO, RIGERZ I, SOBEOMAICHE s THENIZBATELZ EHFMNEDALIHEINE, LD
EERMFEE Hill 21 1, §TRTAT7 s o7 rEBIIAEBTHEL T3, T HEBEESED
SO BIGEEZH, BE : [, ORI THIEEMAT LY, [, =40kxBETHNTEC &
bHEEINS (R8?MB), &5 HEMEERELRNG S50, OFEFERENRKEH  FH43TH
BEEIIHEAT 35, 2hB L THREEIILTLESC & bl hs MBDC), &2 4
TSR K3 L > TRED, 1%, R2AFTRH03-04, bOPEo v TiH0.6EE
ThbH (24, 33, 54)s £LT, £v7 ) EDLHINSO, BNIEDEL L OHEHT, KOEHENR

Y AL ET L, Bl 37 C
T | e L=100kL, T | Lane T |+ s0conc.-0.5ppm
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Fig. 8 Interrelationships among SO, —S absorption rate by sunflower population, SO, con-
centration (A), incident light intensity above the plant canopy (B) and leaf area index
{C), calculated from equation {9].
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Fig. 9 Effect of extinction coefficient: K on the interrelationships among $0, -8 absorption
rate by sunflower population, SO, concentration (A}, incident light intensity above
the plant canopy (B) and leaf area index (C), calculated from equation [9].
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Table § Values of SO, absorption or adsorption rate of plants or other materials, calculated
from data in literatures

sorption material

50, absorption rate

measuring condilion

reference

bariey leaf

alfalfa population
(LAI=8-11)

grass

herbage

grass land
hedge

grass

short grass

forest
(Scots pine)
farmland
(pea, ryegrass)
sunflower
population
{LAI=4,
f,=40klx)

limastone
s0me metals
filter paper

water

soil
european soils

SNOWw

cement
stucco
clay soil
loam soil
asphalt

artificial soil

(mgSO, m™ leaf 14n-')

0.2-13

(mgS0; m=gra. 14h-')
204

12-158

36-50
58-216
245 - 353

19-109

7-148
14

43

100

(mgS0, m™ surface 24h')

4-8
0.2-66
1-38

62-136

100
23-74

7-41

197-308 -
106 - 222
81
80
H

79

glass tube

growth cabinet

field
('S0, , profile method)

fiedd (**S0,)

field (profile method)

field (profile method)

field (eddy correlation
method)

growth cabinet

glass tube

field (*S0,)

contrelled condition
¢closed chamber

field

cylindrical flow reactor

growth cabinet

Spedding (45)

HiI(2D
Garland et al. {15)

Owers and Powell
(38)

Shepherd (44)

Garland et al. (16)
Galbally et al, (14)

present study

Spedding (45)

Cwers and Powell
18

Cox (9)

Payrissat and Beilke
39

Dovland and
Eliassen (12)
Judeikisand Stewant
27)

present study

* 0.05ppm SOE2BOBSCHEL I,

* Values were calculated in the case of 0.05 ppm SO, exposure,
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Summary

The absorption of sulfur dioxide (SO, ) by sunflower plant and its experimental population
was investighted on the basis of sulfur (S) increment in each part of the plant exposed to 50,.
Potted sunflower plants grown for 4 weeks in a phytotron greenhouse were precultured for 4 days
in an artificially-lit growth cabinet under controlled environment and exposed to 0.3 ppm SO, for
2 days. The measurement of S increment of each plant part indicated that the plant absorbed SOZ
mainly through leaf, and that 10—20% of the absorbed SO, —§ was translocated into stem and root
during the exposure period. The surface of artificial soil (water content: 200%) being composed
of vermiculite, peat moss, perlite and fine gravel (2:2:1:1 v/v) in the pot without planting also

* adsorbed SO, but the adsorbed S0, —S mostly remained near the surface layer. Sunflower popu-
lation (planting density: 18 plants/m?*) was established in the growth cabinet and exposed to SO,
for 2 days at different concentrations from 0.1 to 0.5 ppm. Just after the exposure treatments
ended, the exposed plants were harvested by stratified clipping method to determine the S incre-
ment in each plant part. From the obtained data, a semi-empirical model of equation [9] was in-
troduced for estimating S0, absorption rate of the foliage canopy in relation to SO, concentra-
tion, incident light intensity above the canopy, leaf area index (LAI) and light extinction coeffi-
cient of the foliage. By using the equation [9], the followings were predicted: Below 0.1 ppm
§0,, the SO, absorption rate of the foliage canopy of sunflower increases linearly with increasing
80, concentration. The absorption rate increases with increasing incident light intensity until
saturated at about 40 klx. When the LAl increases, the absorption rate increases linearly to some
extent and is almost saturated at above 4 in LAI. The change of light extinction coefficient does
not affect the interrelationships among the SO, absorption rate, 80, concentration and incident
light intensity. However, the value of LAI showing the saturated value of absorption rate increases
with decreasing the light extinction coefficient, where the saturated value of absorption rate also
increases, \

Key words: 80, absorption rate, Sunflower population, Translocation of §0Q,-S
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Remote sensing of the physiological function of plants by infrared
color aerial photography (1). Relations between leaf reflectivity ratio,
bi-band ratio and photosynthetic function of leaves in several woody plants
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AE LIz, CoEENREKIEE LTz,

HFAN 7 —HEORED, 235972870 —Lr ATy Ko 71204 (Kodak
Ektachrome Infared Film, IE135—20) A2HAvw, # 4% ( Nikomat EL; L X ¢ Micro- -
NIKKOR—P, 1: 3.5, f=55mm) & 500nmUTFOERO ERELETLE IS 7 50T~
7 4v% — (Kodak Wratten gelatine filter: No12) %463 L TIT 70 BEEERL LTH&
XHH5CEEHERABCLAZ v 7 (%lﬁ%ﬁ PRFS500W ; 8 5000K) % Av /o, EOHHE
J’iﬂ]‘)‘:bﬁﬁiéﬂﬂb\&j#C)’Etﬁ@ﬁiﬁ’&ﬁf’ﬁlﬁ(?ﬂﬁ/bto Eﬁﬁ%#%ﬁ&‘cgz_fﬁﬂ/L i
BEEL BB EEL S BEE /1 Y FIORBTCAV,
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REHB, PPA-250%) £M\ i, COBRICHI0nmOE@EEL b5, BATLERERICT
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BT 7 «vs k&0, KL T —RIOBHOKENE BKEM S (mV) Akbdi, #
BLEFE7 vy —0FEAPGHER 4170m, 46lnm, 49lnm, 5350m, 583nm, & & O
624nm TH D, TNENDT 4 W7 —BHNFE XD + 58—« TH5 4 = OEELEIEH
fti (mV) #zh%h, P, B, BG, G, O, BXUR&E LK, 7 4 VLDMERE 0.2 mm
x0.2mm & L, EOBERNBI LM T, 74 v L0BQ L4428 L TERLRHNO T
Fahtzo

BRBIUSBE

(1) EDXRAEEMHL 70074 VEREOBR

Rlic7oo7 (1 VERORE - LHBEOHRHERA <7 bvE, 72 FD20TRE, 7007
A ESRALIEOEZEEDOKHEIE 500nm ~ 700nmiFTE {, FHC 550nm ~ 650nm K TEL
AL ZhE, COBRRETORORBNRM S oo 7 1 VERDOEDIKONTELT 31
WTHA D —H, BROLELNS, 7007 4t L BHOREA TV 800nm O i 7 A %
HTORMEE, 7007 1 VEROEBICLEEAS/NEL, BHIK7 007 LERODINVIE
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o7 4 vER (#g-cm™) ERT ‘
Fig.1  Effects of chlorophyll content on reflection spectrum of a leaf. Numerals in the figure
show the chlorophyll content (ug.cm™).
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ToFhricEd Lz, 450mm U FTOFBERETL 700 7 4 VEROZR L ZRFROE i
1<, 7007 4 VERHSBIZCONOETHEDIRFEMEAL 20 B2 KEORHEHE A
ZLTWEEELIOND ERNED 450nm, FEAED 550nm, FERED 630nm, BLTE
FHFEED 800nm TOBRHE (FRFNA B, G, R, BLFINI' £43) ron 7y
LEREOBIEATRY, 16 XU R’ THI oo 7 1 VERBORDREEY, REFAREMET
LEc B A L, — 4, tB” BLU NI" OBE, 0ug-cm 2T 7 ooy 4 VSR
DL Lin BUATHEEBR EALEZD N D 1o, COXHEHEREB MO 6 fic>0Th
ERETH - o
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F K2 EOREREREIvoZ LSREOMFE, B, &, R RBLY NI'E
N & 450nm, 550nm, 630nm & &£ T 800nm e AEO MR AR

Fig. 2 Relation between spectral reflectivity and chlorophyli content, 1B’, 1G’, tR’ and NI’
denote the spectral reflectivity at 450 nm (B, 550 nm (G"), 630 nm (R’) and 800 nm
(NT") respectively.

Ny FAAGEORBFELEERLTVWELEEISNL0T, LiddBRiCEG HEORKHRD
HMEedic L aEARkE 7o 7 A ERBEOMBEF YTV, 7A/F, BLUFF2vFSH
VIOV TEN T, B 3 i BRSO B - LR R (iNV/ TR, eNP/TG, 1B
R, BEUB/1G') 7 un 74 vE3REDBFEERT, 7nu7 s VERERHRLDMN
F (K22H) MEULE INI" & 1B L ZRHEL (INI/1B') BLU R &G EER
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H#EE (rR'/1G°) T, 7007 s vERBERHBREEOHEMIIE,S /2. ULhLEMSE, %
DOOFHER (NI TG, NI"/TR’, B/ tG, LU 1B/ TR’} T, RERLOKAE W
ERLrom 7 (vERIEL, WTADBATL /o r 7 VR OBMREI0.83 LIET
&b, iliE ORI ERNISEENED bh,
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3 HEORHBHEZoo7 AEREOME B, G, rR, BLU NI
ZRFH 4500m (B), 550nm (G), -630nm{R’), LT 800nm (NI')
BT BAEORKEERERT, KO FIEBEGHE(r) 217,
Fig.3  Relation between reflectivity ratio of the leaf and chlorophyll content in Fapanese

viburnum, camphor. tree and oleander. 1B’, 1G’, R’ and NI’ are the same as those in
Fig. 2. Numerals in the figure show correlation coefficient (r}.

BB 2BAORNERE 7007 s VEREOBEONMERETT. HEEK
(1) REBOEHB—BRE boto by IV TRBENCT NS ot B2 ORBEED IS, NI
JT6, BEU NI/ TR TREMEH OGRS, pOERUNBREL, $hrnoT v EROE
Ric £ B RLOETIRIAE oo Fototh, 7007 ¢ VGRENTES HICITR &S5RI
HTHobEEL BN, CROODRMREOES, FARERELLICZ o7 A  VEEEHTTS
BEOHEMEENSG 2.5 agecm 2 ~6.5 g cm ° Th-1, BEUFEOFEHNL I o7 o0
SRAY TV THB0 agecm™?, PR/ FBIUF a7 T2 b THOLg cm™? THo1oD
T, FOWEEEBRZEITNOOWIOBLINICEYT BT Licib, Bk, RAEE (NI TR'T
i, SEEICOVTORMEEAS IR EAE —H LI, [E—OEREHRERC TRE RS 2
oo ASRENETE HAEEHSE V.

REREL, L7007 LVEREPHTTIES, BELLLSTHREAD—E LTHEOFEHE
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Abhb, 22T, EOESAEBNICEAZLDIC, 28 FOEAFES BT Y>VTR
stL7. COEE, 400nm ~ 700nm OFAIFLLR THE, BORBRICIIZEA LELNEL, E
DEDFTYG R <7 b3 EAE—F LT, L LIS T50nm ~ 900nm OEFRABETIIER
B OMMICE > TRELRDEOHA Lo FIAE, +¥ TV BeEnT, 2HEbEEI
EAERLT, 800nm TORSES 2HE b 55,3 ¥ TH B ELELIBE, 800nm TOKE H
265, 3BIAL . COES, BAEBFEBRGOVEED (NI rG’ 116,51 (Jou7 vER: 66.6
agrem2) L6 14 (a7 s8R 60 2ugrom ) ToHh-10 THLOELXTHRL L
NI/t G/ DI 7.59 &1 > 7, [BRIC, NI TR TRIL1 BLU10.6 TH - 128, EEE
A 13 3 A L,

£l 227%F, FavFsby, vV BT AEOREHEBRL 70D T 4
rEREOHOMBBEEY LSHRZEBHELEFEL. ndEXDREE%,
C ) NOEBEEAMBERICL L7 oo 7 L ERBOHMEELRERE (g m?)
%, *HIRESMERTHE EERT,

Table 1 Correlation coefficient of the relation between reflectivity ratio of leaf and chloro-
phyll content in camphor tree, cleander and Japanese viburnum. Symbols are referred

to Fig. 2. n is the sample size. Numerals in parentheses show the standard error of
estimate calculated by the regression line. * shows the high linearity.-

Species Camphor tree Oleander Japanese viburnum
Reflectivity (n=25) =27 (n=29)

ratio
NI/ rG? *0.99 (2.5ug.cm™) *0.98 (2.4pg.cm™?) *0.94 (4.1ug.cm™?)
INL'IR? *.94 (5.6 7 ) *095(3.8 ) *0.83 (6.7 )
B/’ *0.90 (7.5 ) *0.95(3.7 » } 9248 " )
B/fR’ *0.94 (5.7 ™ ) *0I96(3.5 » ) *(0.87(5.8 " )
INI’/1B’ 0.63 (133" ) 0.32( - ) 0.21 (; )
R'/1G’ 043 (- ) 0,09 (- ) 0.56 (- )

Measurements in 1979

R3icRohd4 oy EORKE]E 7007 4 vEREOBEMD, tNIYV TG O 7.5
DY I I2BOI o0 7 LERIN T8 cm™ LHEEE R, S0k, BE2HERTEE
WEELELEEDEBO s oo 7 4 AEHAFER 127#g+cm™® (= 66.68+cm™® + 60.2
pgrem P ) THBEOT, K48eg-cm™? OHEERE (HHMEE 48779 X 100 =61 %) &7
5. INI'/rR DIBETH, ERIC, 8T752g-cm™® SHEES R LD, #HEREE 5228 cm™?
(HMERE : 52775 x 100 =69%) &3, 72/ %, #vTva, BLUP*avF2boicD
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VT, HHEBRECEIARNI LS (05~20), EOEIOESMNYy v ITI/2OBARLRES
St. WIRANCERARIL T 007 c vEBRBRIFE LTSNy TV 208 >0 TE
EEF~E A, BEOFHMILORERRRANLIINETH - .

PlEDHRE S Lit, FREIEPEECHFATEERELT, YIS 0EROREDBEEAD
ANC IR A 2 e WA THE Lo EREICL 27 0o 7  VEROBEERAREE, NI
SIG DBBTHLEE% (=61%x10.1), INI/IR'PBETHETS (=69%x+0.1)&
WE, =T, BB TECBEIORECHE I a0 7 « VEBOMEZER, (NI 16
BLUD INI'V/TR' T, BRT0BLREMEESNRSE, #1 T IV ofiBEEstoED
Badibhbh&, EERAZLEAEh o, CoBPRFEEREOEHRES LDOTHS
EEZ LB,

BEOXRER <7 b WVIBENKGORDICHE > TEAT L BRGSO THS (68), Toif
B, BORMREBIEHBELF L7007 s VERBEFHTFTIBOBREOREIILS EEEAL
LG, ZOREDOTHENIER, 1300um L EOFARETEED KR EERAKRSTORL
1P T OB L Tz AR ~ERALE T & EPKIHEE DS KBO I CHL L &
%,ﬁéﬁﬁfﬁl%,ﬁﬁﬁ%ﬁ?%4%ﬁ%$ﬁﬁkbtoLmbmﬁé.ﬁwmﬁwﬁ@m
B S T~ EFRARR TORMBROBINER IT—FTH - 12720, B (NI RBIU
NI/t T, BEPK S BA20% M L THO LB s b i3 » £ 0 BH S h A REIC 7
2T, SHBLNOBNCEEE oh, 0T, ERKSHKEBICED { HHRE (NUTR & 2 U
INUA TG KX 27 no 7 v EROBEREIBIOEARETEZ L EZ SN S, .

(2) BOXREFHLEFAN 5 —BEOREBRAEORME

Fp k¢, EORFHEETHLRHEL, TN R BXU tNIVTG 6 B EFEIE
BAERT 7007 A VEREPEVBVEETHETE 2 LRSI, #-T, AL 7 -
BHAMERDEORMAT LRI L TORE, Fflh 57— BHh S BEEORD I o7
ANVEBAESVHEETHETEAEELONS, 22T, B 1 RAN 7 - SHOFEOLEMLH~
A 7 Hgﬁ%ﬁfﬁﬂ'éﬁ(?)ﬁﬁﬂﬁiEK’)b1‘69}36101#: L&d& Ui, B2itidosoa 7w
SRIFAN S - RIOBEHOHKBDOMGE, FICHHREE 190 FHOBRERN,

a) A -—EHEORERH

I IHDFRAN T — 7 A DG HEERCLBZEU), AATICT T T 48—l
riEE CTHRELIES, FALIFT— 740D  2o—[Eid, 500nm~600nm%, <¥»45 G
it 500nm~ 700nm %, #BLU ¥ 7 YBid 500nm ~ 900nm i FE L THET S,

X4 i3, EBEEH Inm~ 150m ThHEE 2 OERIOHEEDTH 7+ w9 —£AAFIEEL, A
USRS L TRAN 5~ BEREETC, 35, 7HORANT =7 1 v & DREHIEH
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NpEERA T, ORI TE 7 vy —2@BLT7 s VAELIEORE S, #EEIHE
C R LT NADEBR Y DY -2 ERERT, RERDS L, 500nm~ 530nm D
RERA T —BIZEOLL, 455nm% € —7 & LB (HHE%8 © % 100nm) CRELI. %
o, 600nm~ 680nm DR Ficw € ¥ BITENL, 550nmE & — 7 & Uz fRER CRIEN
D #760nm )i, 690nm~ 900nm DIk v 7 v EIEKL, 620nmE -2 & LB IBICHE
Lo BE-T, b7 7 -BHOBARIT AT ~&HE L LTH, 455nm, 550nm, BLU 620
nmmPBEETHLEEL LR D,
b) ED/oo 74 VERODERLAASL 7 -BHORE

H5icHy 79 0EORRHE R <7 kv & ERICHE LR EOFRAL 7 — £ VEHEBDER
<y b DIRE L RERT, IPOBEREDs oo 7 4 vER (sg-on™ ) 257, ROK
AT — EVBEHBOBBARY P VEORRH R <) b vDIBE P PR > TZOOBAED
Honi, )
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Fig. 4 Relation between wavelength of the light exposed and peak wavelength of the color
development on infrared film. The abscissa shows the wavelength of light incident
upon the film, and the ordinate shows the peak wavelength of the transmission spectrum
of the color development. '
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VMDA T —~BE KUY VS EORMIEE S OMBOUERTEL 6O THEEELD
Nd, i, 670nmP EOFEBR <7 b VABABILEBEDTUL, 7 4 va~—X BRDIHE
M B OCHRTHELEL LN,

HHA 7 — K IFADEBA <Y b VEBRBE L ORBEOREI £ - TR - 1o, B0
BRHOBE, soo7 vERHGE(, dHABOBEORNBHSENBEORETE, 2EREIC
bz THRAA 7 - £ VEHDBARGENEE LTHREBLK. LhL, oo 7 4 v3BIDS
CAEAETEORSEAMALAETH, 350nm~580nm TR 7 « WA BBAENB AL,
B & B EAANBORGHC & » THREBL 1 620nmit k5l 5 7 4 ML OFBRT, BFRAEHOE
DGR & DHIEH L - T -
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Fig. 5 Spectral characteristics of reflection of leaf and its coler development on infrared film,
Numerals in the figure show the chlorophyll content in pg.cm. Data of the upper
and lower figures were obtained with the same leaves. -
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¢) BEORFHEIHE Y13y FiIEE OB

PLEDES I, FHD 5 —HHTH, 74 h A0ROT 5BEE T NERHS &1 ROBRAT
NTaE BLUMSASEHLHELSE, EREDERZ <7 P VOEREEHOED K
A7 P DEEPPRE ST ABED o, LLENS, Eiicil, Eo5ESO0ER
R PIVBEDERHA RS b VEL(RMLTWALHSRBbR, £2C, WtRFEREE
PS4y FHE OBERE A OREI SV TR L.

KaboohirtE-7fkSic, 550nm, 630nm, &0 800nm TOIED KL KL, Far
7—BHTILhZ 4550m, 550nm, B LY 620nmicEBLTHWAOT, BOFKFRL & <

Ay FEEOBBREE<I BE0HAH 7 - BEAOCBHAMITIC T 455nm, 550nm, #BEUF620am
| DBEHSDE Lv. LLENS, TALZOOKE: A—0BEPLEES boTHT « A4 —
EAFTELRL 10T, BRPLEEMSTNOZ>OERICHK S 461nm, 535nm, & XU
B24nm DT 7 1 vy — 2 BA TERABITCHE Lz, ZhooFE7 rvy -2 EEZD7 4
e OBEREBRENEEFNEFNE, G, BLUREL, R/B, R/G, BLUG/BD 1457 Fit
ks, FRLAA Y FHICHIET B EORHMNEHE tNIZ/1G’, NI'TR’, B8X R/1G’
COBEME IR FBETH 3w F 22 PR DNWTHEN (F2)0 SNANVYER G/B EE
UG T B ERL (R/G E TRERSS AT, RAGE oNUAR BRUR/B
& NI/ TG EORIOHBIRE 7R, 72/ 4 TEFREH 0.96 5L 0.91, $avF 7 1o
TEHREN0.88BLTV0.30THH, SVHEAERLI, R/GE rNI'/ G, 5XU R/BE NI
SR EDHBGEN T, CHHGEBSLU R ETG & OHMEBTEES VW LKL EEDEE
Zohb, G/B & rR/TG EOMEBRER - 20, COREIAGWEEACEELD E~RE
KRB 5 7 4 v A DBRBHEGED - LHOFITHE, G/BE rR/ G EOMBHREILK 09 TS
H, PEHEO/ENA l‘onfio Sniz, £2 iRl G/BE rR/1G & O OMBEAREA S 2
JE(r=011) &+avFrby (r=065) THUNRE-TVWEILEEIGDESLE,
G/BRPUDALENEREBATHEEHFZ o, BEHERITO 1 Y FHE L TEAEY
ThdLELONAL,

—4. R/BBLUR/GTH, BAREEMSE TORMERLEOEMAX L OMRLELA
EEODGUP T, T, HFiAH 7 -BREOCEHIBREROED BT L BRI > T B,
A7/ R/BEEU R/GHED Y 007 f VERDINETH 2 MHELE L RBL TV
EEBX B, '

(3) 734 ¥y FELE BEDHAR ML S OB
HMEoERMS, N4V PR R/BBIU R/CHLOHEFEDED Y oo 7 4 vgRBEBRE

THETEA2TEREMNGVEEL NS, FCTEEBIR, N4 v i roo7 W EREME
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CHLOROPHYLL CONTENT (ug-cm?)

DR OEEERICH L0 A

£2 VR FBEOF20F L FORBG B Y FILERHRLE OROHE
RS nidEAOKESERT, B, G 8LUR itEnEN 46lnm,
535nm & & U 624nm BT EHEA S 7 - BEOBRNBRHHERT . il
DSR2 ek 2LELL,

Table 2 Correlation coefficient of the relation between bi-band ratic and reflectivity ratio in
camphor tree and oleandez. B, G and R denote the light intensity of transmission of
the infrared color film at 461 nm, 535 nm and 624 nm bands respectively. # is the
sample size. Other symbols are referred to Fig. 2.

Reﬂec'tivity Camphor tree (n=25) Oleander (n=25)
ratio
Biband INT NP IR IND NP R
ratio R G’ G’ R’ G’ G’
RIG 0.96 0.95 —-0.42 0.88 0.86 -0.12
R/B 0.83 0.91 -0.32 0.82 0.90 0.16
G/B -0.16 0.00 0.11 0.14 032 | 065

Measurements in 1979
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BI-BAND RATIO (& &)
FrIPa (), TR/ F (), BLUFavF s oK ET 5854 54
Ny Rt son 7 vEBEORME, B, G HLUREBENTH 461nm,
535nm B LU 624nmick W AHEAN S -EHEOZBRXRNNERT. K
hOBFEE MR (r) 27,
Relation between bi-band ratio and chlorophyll content in Japanese viburnum, camphor
tree and oleander. B, G, and R denote the light intensity of transmission of the infrared

color positive film at 461 nm, 535 nm and 624 nm bands respectwely Numerals in the
figure show correlation coefficient (r).

HRRIC 5 BT Ed 5. 54 Y FHE SEARAEE O & T~
BG4 NV LT oo 4 vEREOBBOMEZIR/ *, FavF 7 toBLU T
GOV THRGe VX /F0EE, G/BTHRH7oa 7 v8REEHMTH-2H, RBE
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Fig. 7 Relation between bi-band ratio and net photosynthetic rate in poplar (upper) and

camphor tree. The bi-band ratio is composed of B, G and R which are indicated in
Fig. 6.
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YFHE s oo T o VERE XTSRRI L OBIRATRY., RAGTHE, 2BEICH: D EEHRE
20.8~0.9 CHBIHE, RAREOERICE S 4 Y FLOMOEFBIA X, »DOHE
VDB - o,

FAWWE, 727%, *a9F 2 b0 BT YTV iLo0T, 4NV IFELETOR T 4
NERE DA~ ERE TS, 1, EONARBEAHETET 2 EBAICROBL IS Y
FHEBHOhicd b1, Rficid B, G, ROMIC 417om, 491nm & L 583nm ik &3 %
7 4L DEBEEHRS (FREFNP, BG, 8LU0LT5H) OHEAHITL L1 3V FEEETR
ENTWVE, ¥V I V2T, A2OREFBCONT, FREFNSHE>OEOHFAL 7 —BH
BEET 10129, F—BEREC LD ANy FiLE 7 a0 7 vEREDIE (BADAZ X
n=15) OFEBARKICONT, A2ORAOHEBEREOEAE L £ O/ASTEIATV S,

BBk 91z, EHRE R /16 TRr7oo7  vaBEOHEBRE, -2 (El1) . TOR
HEECHYNTZ 1 v FRG/BL 2707 A AEBEOBBEL MO - TEL -1
R/P. R0, OB, BLUO/BG &7 007 4 vaREDHEERKELE 0.0 ATk THBES
=t

LALESES, ThoDOTFNRD A5y FILSEFHENEL, h27or 7 LERDERK
LB Y FHOBEEL/NE L, v0a07 4 VEREFREIRYTHEVEEL N, —7A,
RABEB LI R/G TIHMBIREH 0.80~096 TH O, HERE <, EfEHsLEM-1,
0955, R/GTUHFCEBENRL, 2007 4 VERODERICHED MY FHLOMED
FENEHA E I -Tok, 7007 vEREHEET L4 Flhd LTHROELLEL NI,

3 HEOKREEWICBFAE LY FREs 007  LEBBLURSEES
OEOHMAFRN. TSRFE 2L,

Table 3 Correlation coefficient of the relations between bi-band ratio and chlorophyll content
and net photosynthetic rate in several woody plants. Symbols are referred to Table 2.

Japanese Common Camphor Plane Japanese
Bi-band zeikova Poplar catalpa tree tree viburnum
ratio 1975 1975 1975 1876 1976 1976
n=18) (n=19) n=18) @=17) (=19
Chlorophyll R/B 0.87 0.87 - 0.81 0.79 0.92
content R/B 0.86 0.85 - 0.89 0.85 081
G/B 0.80 027 - 0.68 0.56 0.51
(n=26) m=23) {®@=18) n=20
Net P/B 0.33 0.74 0.84 0.85 - _
photosynthetic R/G 0.85 0.86 0.80 0.89 - _
rate G/B -0.41 —0.68 -0.55 -0.27 - _

Measurements in 1975 ~ 1976
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C YHHER 7 ne 7 4 V5 BOHEEEBREENR (ugeon)dqd, #% H
B, ERNBRTHLLERTT, P, B, BG, G, OBXURIITHEN
417nm, 461nm, 491nm, 535nm, 583nm, FLU624nm it B3
FHAH I - HFEOHZBNBHNETRT, nR3EEORELTRT, TV
2 TREBEEGERICT S 5 BEOEAE (n=5) itk 2 HAFHE D ETHIE
(( AT L+0EHEB LU0 707 s LEBOHEEERDE (GEY
i) &Rl .

Table 4 Correlation coefficient of the relation between bi-band ratio and chlorophyll content,

and the standard error of estimate of chlorophyll content (ug.cm™) obiained by the
bi-band ratio in camphor tree, oleander and Japanese viburnum. P, B, BG,G,Qand R
denote respectively the light intensity of transmission of the infrared color positive
film at 417 nm, 461 nm, 491 nm, 335 nm, 583 nm and 624 nm bands, 7 is the sample
size. In Japanese viburnum, data of the correlation coefficient show mean values
obtained in 5 groups (n: 5 in each group) of leaves. The ranges of the coefficients are
shown in [ ]. * shows the high linearity.

Camphor tree Oleander Yapanese viburnum
Bi-band ratio n=25) (n=25) n=5,57535.75
a 2 *0.94 2
R/P 0.87 (8.4 ug.cm™?) 0.87 (5.9 ug.cm™?) [0.88 - 0.98) (4.3 ug.cm)
" £ * 0-92 "
R/B 0933 )} 089(55 ) [0.79 - 0.98) 4.5 3}
- ” " * 0'96 »”
R/BG *0.96 (4.5 ) *0.92 (4.7 - ) [0.94 - 0.99] (3.7 }
R/G 509648 * ) 09053 7y 08 (50 " )
0 15 R [0.79 - 0.99} :
" " 0.77 .
R/O 0.91(7.2 ) 0B8 (5.8 ) [0.48 - 0.97] (655 )
Na | .
G/B 0.00 ( - ) 026( - ) oar-099 68 )
O/B 0R7(85 ™ } 083(66 ™ ) -
O/BG 093(65 ) 0.87(6.0 » ) -

Measurements in 1979

Bt E DA

s, R/GE R/BOPMEIE 4~y FHTHS R/BGTSH, R7B LREEBEL LICHEMS
@, B bR,
R/BRIIET A NI /TG i, tNU/TR EEEELN EZ 7no 7« vERLEOHEMES,
HEMETChTH (E 1) Fhicb b o RBHER/GCOBE LD bHEMERE LUE
BUHOSTRRE > TWEHFERERAY 57— 7 VADEE - REEHIZHELEEL OGN D,
(F3&, ALsoor s vEROBEZHLTR/G, R/B BIUR/BGC %
DAy PRS2 X I EML . Lmt, COBRAETH, R/G, R/B LU R/BG
T, RACRLACHEBRECEFLVELNZS Slib -1,
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B L - H L - REE= - BWEE. 1978, SHEMICE YD A EERRHR <7 P vORIE. B kY
iz & 3 KRGS RES O & 8% B T 5 EMTTR. RIRISL SOEEETAEG. (B0 5 K B 5
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7. Smith, JH.C. and A. Benitez. 1955. Chlorophylls : Analysis in plant materials. Moderne Methoden der
Pflanzenanalyse 1V, p. 142. Springer, Berlin

8 ERFE - WAL 1973, FAH F-HEBHIC L ZHMErEOEEHE, ARERGAR 8 - 5%

0. KKHH - GALE - M. 1975, FA7 5 —HETEIC L5 MOEOEEER (2). KGR
7 10:320

Summary

(1) The relation between characteristics of the reflection of leaves and chlorophyll content of
leaves was investigated in several woody plants to obtain the basic data for estimating photosyn-
thetic functions by infrared color acrial photograph. It was made clear that chlorophyll content of
a leaf was estimated with the standard error less than 10% of that in the normal leaf by the reflec-
tivity ratios of INI’/TR’ and NI’/rG’ which are the ratios of reflectivity of a leaf at 800 nm (1NI”)
to that at 630 nm (rR*) and 550 nm (rG’).

(2) The characteristics of the color development of the film were examined. The suitable wave-
lengths for the analysis of color development were determined to be 455 nm band (B), 550 nm
band (G} and 620 nm band (R).

(3) The bi-band ratios of R/B and R/G on the film were highly correlated respectively with the
corresponding reflectivity ratios of tNI'/rG’ and tNV'/rR’. It was indicated that R/B and R/G are
applicable as better indices of the chlorophyll content of leaves,

{4) The relations between bi-band ratio and photosynthetic functions of a leaf as expressed by
chlorophyll content and net photosynthetic rate were investigated for various tree species. [t was
shown that the suitable bi-band ratio for estimating the photosynthetic functions of the leaf was
R/G, R/B, and R/BG (BG: 491 nm band), in which R/G was the most suitable ratio.

{5) The chlorophyll content of the leaf was estimated by the bi-band ratio R/G with the standard
error of estimate of about 10% of that in the normal leaf.

Key words: Remote sensing, Bi-band ratio, Chlorophyll content
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Field studies on the dry matter growth of golden rod plant community.
and the physiological acilivily of palnt community as a sink of air pollutant
in air polluted area

Akio FURUKAWA!, Yoshihiro MATSUOKA? and Tsumugu TOTSUKA!
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T L A RGBSR >V TR T hE T B oRENH S (2, 3, 5, 9, 14),
Hill (5) BATLSREMNFAARBENCTL? 7 07 » NTHELED, BRI IBELAORES
HREEORINEEENT O D, & Sir, KEUERRERICHE L 2RMIC L - TR RREASE
TH2LEDHELHE (Do CDLHiC, HPHBEIRTJPLCHFFCEELRIDERLTY
5. L L, KSERELARNGHE, MRThed - CEERZY, SEBESETL, OV
TRHATDERERNEELET T 5. ARBFRE TR, TEHOKAGRMBIETS 51587
Uf%vﬁﬁ%®éﬁ%ﬁﬁﬂmééiﬁ%L,kﬁﬁ%@%@%ﬁﬁ#%&&émﬁﬂ%ﬁ?m
B THGEE ORI RBREP LR DR 4R 4572,

il i

. REMASIURAESE

BIG2EEO TEHTAANDERAEHRES R LD, KRB SO, BENSEEEHD - 1 E/IVNFEDIUE
BICRERARE L (1) 1z, HERSOREAEL & Hb 0 W RS 2R
FL, BHITE DB ET -, MMED LA ¥ AT 7 FFy oBRERKHIHcBEL, BIEITL
IHBIEA R L Tk, L, hERO e 4 s A 775 F Y ORBEIMERBEZ LT 3
&DTH -, BIHEOABHiCAEL T A #2775 Fy vEEREFERK BT
RTFaZaslbleh T,

. © 1:50,000

1 FEhEd 24547757y OBEOBARAERALTIRK
Fig. L Map showing the location of survey sites of golden rod plant community in Chiba City
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AEHFEOFRHRBHEANGE~SNTHADT, TR, HAEHEOEE I >vwTiR~3,
MK OFAEMAR TERANO KREIEFE L D HEK, HHCMET 5R00 100 m, HEY
30mMDEA Y AT THFY OMBEENC0MOAERESREL, AERO—EiciR 2
#HEL, SETARSBICL A ATBEOERNELXTT> 7. Ll, FALEEHERAOE1 S
HT7EFORECERLUCRAERS TN A, BELI0HORESRESELLL, z0&
LB ERAIoEErE - ic b &, BENTICE TREBLEZI LD -, PRt
T A RKEEEORERPYO, Hic & 2 KEH SO BEL Tuh ) ofiiihic L 3 FBEOLHICD
WTIT - (E1), THERFIcVLTH, BEEBYC L CHEEMACEV T, BEXREL
ERE LEERS T (125K, HUREOERRIE, 3~11Bihrd TEIMRK S

#1 FEHRIEEDHIICE T 3 RBREENOES L OHl&E0—5
Table 1  Environmental factors measured at two measuring sites of Samukawa and Nakanishi in
Chiba City :
Mea§uring Measuring Instruments
site factors
Samukawa Atmospheric constituents
CO, Infrared CO, gas analyzer (Shimazu, URA-2S)
S0, Total sulfur analyzer by FPD method (Bendix.
Model 8301)
NO,NO,,NOy Nitrogen oxides analyzer by chemiluminescent
method (Kimoto, model 258)
0, Ozone analyzer by chemiluminescent method
(Kimoto, Model 806)
804 PbO, method
F Alkali filter method
Meteorological factors
solar radiation Golzinski type solarimeter (Nakano Noshi-
densi)
air temp. Thermo-couple of Co - Cu
wind velocity Photo-electric anemometer
(Makino Oyosokki, Model AF7508)
- wind direction Photo-electric vane
(Makino Oyosokki, Model VF016)
Nakanishi Atmosphetic constituents
SOy Pb0, method
F Alkali filter method

* Measurements at Samukawa were done at 50 cm height above the roof of the observation
room settled at the corner of the observation field.
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EOEELUEZER), MIEFEEIURERAVKBEL S 1E0R 1 IKRL,

ME%E¢®%EME@@%%%&%HE§HK$tbtok%ﬁ%ﬁbfﬁmﬁﬁﬁm®W&
LT, BRXTH-/8H230 (1978F) w1 T2 IR LI, THiCLENO,t 2~4 pphm
DEITEBL Tk, C ik LTNOH FHT 0 -5 h ol Ly, THCARSHMICHEDL
2o TOENOAPOHMT BHEAER LI, HESRBICERDY Lite O, RNODOHD &8
LCHmUIE Cs, I5BHTETRESBELLYD, ZO%RRBD L. & OREEHS—EIHEN TH
ST ERBMBEERCR LT ARNOERL S bbb, 7X U ADo AT VE AT TOHIEIIC
BOTHERO/ ¥ - YHERESHTOS (13), 8 HBHD0,BE L ARROBMELR 3 DA
TR Lt BSIRAAT BIBE> TOMIE & LR 4585, BIZIC~HER 1 ~ 2 B0 <
hoZEHohi, SORARNBAND LECHTHOBE I} LR LS, 9pphmicd T L,

£AD LB TFHDNO,, SO, O, DTIMOMBER 4ICRL, BIER RO FEBE R NO,,
2pphm, S50; lpphm, Os 2pphmT& -7 NOKIZES » THMOMETHERDH SH, O,
I35 kY, 8 HE, 10ARIETEN »Ke SOIC 2V TH, HihSkkichs - Tiid Lo,
TREH, R2iclohddsic, —RICERIZEVTEr 1. SO, BEE & CO.ME i3 4808
FUEZHOoNEM-1 (R3@B), Wi Kiz 350 TIT - 72PbO, LT £ 2 B SO, 18 221 | #IX
KEBOTFPDEICE ~ THELLSOBEEK SR L, 6 H~10A % TOPO, EIC L5FHE
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Fig.2 Diumnal measurements of radiation and atmospheric constituents at Samukawa in
Chiba
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" Fig. 3 Relationships between solar radiation and Q, concentration (A) and between 50,
concentration and CO, concentration (B). Data obtained from Fig. 2.
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Fig. 5 Monthly changes in 80, concentrations measured using PbO, and FPD methods.
Data for FPD method were obtained at Samukawa (o) and data for PbO, method
were obtained at Samukawa (#) and Nakanishi ().
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Fig. 6 Relationship between S0, concentration measured by FPD method and PbO, methiod.
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Table 2 Seasonal and vertical changes in the eight edaphic factors at the two sampling sites in
Chiba. The figures described are the averages of three samples.

water content (F/V%)

Troug-P {pgfg dry seil)

soil sampling date soif sampling date
ampling  depth ampling  depth
site {cm) L5 Mar, 22May 24 July 215 Sepl 30 Oct, site . (cm) 15Mar.  22May 24 July 25 Sept. 30 Oct,
sie A} 05 533 50.8 224 263 295 Site A 05 &9 0.1 110.4 90.5 3.0
1015 40.6 386 24.8 3438 373 1015 733 61.6 §2.0 e 705
20-25 30.6 29.3 289 328 372 20-25 547 389 46.7 36.7 40.0
sie8) o5 -} g2 28.1 245 725, Site B 05 - 443 34,1 43.7 362
10-15 - 563 154 XN 74 1015 - (7.3 22.6 0.0 17.4
025 - 550 447 188 46.7 2025 - 1.5 70 1.7 ‘83
bulk density (g/em®) toal C (%)
ol sampling date . soil sampling dare
sampling  depth wmpling  depth
site (cm) 15Mar.  22May 24 July 25 Sept. 300c1. site {em) 15Mar.  22May 24 July 25 Sept. 30 Oct.
Site A -5 Q.90 091 0.79 0.7 069 Site A 05 7.2 6.4 145 6.82 738
10-15 110 1.16 1.06 1.10 1.05 10-15 i3 2.4 430 348 316
20-25 1.36 1.39 1.34 1.21 129 20-25 20 1.1 2.39 2.10 1.8¢
Site B 0.5 - - 0.65 0.53 0.52 Site B 05 - 5.1 3.5 4.52 6.04
1015 - - 095 0.90 0.1 10-15 - . 32 2.84 3152 .7
2025 ., - - 1.05 1.03 13- 20.25 - 31 213 255 319
exchangeable NHI (ug/g fresh soil} total N {%)
wil sarnp]ring date ol wmpling date
sampling  depth sampling  depth
site (em)  15Mar.  22May  24July  23Sepi. 300t site (cm)  1SMar. 22May 24July  25Sept.  300ct
Site A 0-5 4.1 142 15 23 5.7 Site A 03 045 041 044 0.38 044
115 9 123 iz 2.1 iz 1615 0.23 018 0.27 0.23 6.21
20-25 27 1A% iz 22 i3 20-25 015 0.23 Q.19 0.1% 0.12
Site B 0-5 - L B-X a0 19 9 Site B o5 - 039 0.31 0.35 0.44
16-15 - i.30 34 1.7 0 10-15 - 0.26 025 029 0.2%
2025 - 1.28 16 1.7 23 20:2% - 0.19 0.9 0.22 0.24
NO; (ug/g fresh soil) C/N natio -
i sampling date sampling date
soil sofl
sampling  dep sampling ~ depth
site {em) 15Mar. 22 May 24 July 25 Sept, 30Qct. site fem) 15 Mar. 22 May 24 July 25 Sepl. 30 Oct.
Site A 0.5 341 1.25 .75 j.48 341 Site A 0.5 16.0 15.6 16.2 181 15.9
10-15 141 0.54 0.75 [.13 2.58 10-15 142 138 15% 15.1 15}
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Site B 0-5 - 38 56 1.7 13.74 - Site B 05 - 13.2 [3N] 12.8 136
1015 - 1.35 1.2 kN 147 1015 - 38 s 123 128
20-25 - 1.06 %3 i1 567 206-25 - 16.8 1.3 120 13.3
1) site &; . 2) site By i 3)—:not
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Fig. 7 Vertical distribution of photosynthetic {(F) and non-photosynthetic (C) organs of a
golden rod community. (A) ; expressed on plant individual basis (unit: g.d.w./plan?),
(B) ; expressed on ground area basis (unit: g.d.w./m?), ///;; relative light intensity



HTH5.

MATHEO A5 AT 75F Y oBEOMIC, EETMLS S, BATHER Y0 (LITOE
SRR TR L 7SO B 0 BT AT M e 0 DT YY) o, BN 0 oRERS LU
M E LW ERSED Shte KTOAIT A3 BHAOGHSIC 54 TR S h - EEmER %
Tt . MFETOMYEEIRIIETOZAE BRI T, A 2SAVREREETL, HYELKE L,
MELELTLORENERRT» T 5, LU Hiimi & 2 0 OfE RS RN O EMEEE
OFEHhAENOFL NS, ButEEY Lo oRE L L ThERAEE0T, BLALREE
EOWESELT-TOATEMHMALEL (BTDOB), A4 2 ATV F Y OBROEMERER
AEFEAOCBTHET L (H8), 9H T THHM Lt BFEEMNCERBIBALTE
D, TS ECTOTFNOBEIC bR EALERBD NI - T,

RO ST HE SR N D K AT L B ROMTRE N B, £ THRENIER (LA 1)
OEGE(LEFH~: {9), €A 4 AT F O ERE oy F TEELL, 3 HicEDMH
BAEREEZFNCES BOBRMMAEE S, 5 A CREEOLA I @adiciAL, Tokididd—
EDf RS ARL, 9ALSHILTHS (K9), 5 ALBRGEEOERIRSI R L
L HBATHY, HENELEALFTESERL TV 24, TRHESEELTH{HIZLAI
R—Ficfrhk s Bhhd, FLHBFOBREG AT LA L & ERTELEERL (FHI0,

o
.
]
20..
=
t:ﬁ» m
E 1_51—
:u:s ®
=
= 10} e
]
=
E
= 05}
]
0 1 1
14 23 24 3 25 30
Mar, May Jui, Sept. Oct.

X8 %Mﬂﬂ@%ﬂ%ﬂwﬂmmt49ﬁ??ﬁivvﬁﬁwﬁ%Eﬁémﬁ
1t
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Table 3  Sulfur content of foliage at the second, the third and the fourth layer, numbered from
the top layer (depth of each layer was 20 ¢m) of golden red community in each samp-
ling date at Samukawa and Nakanishi. Difference of the values between both sites is
also shown at the right-hand column,

- Leaf sulfur content (10%gS§/cm?)

No. of .
Sampling foliage Samukawa Nakanishi Dif.
date position (A) (B) (A) - (B)
225 2 0.890 0.700 0.190
3 0.780 _ 0511 0.269
4 0.569 0.412 0.157
24/7 - 2 0924 0913 0.011
3 0.898 0.773 - 0.125
4 0.986 0.785 0.201
3177 2 0.898 1000 0102
3 0.885 0.503 0018
4 . 0990 0893 . 0.151
25/9 2 1.72 141 031.
3 161 144 0.17
4 1.60 - 1.38 0.22
30/10 ) " 214 1.64 0.50
3 _ 1.90 157 0.33.
4 1.69 149 0.20
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Summary

The effects of air pollution on & growth of plant community and the function of plant com-
munity as a sink of air pollutant were investigated using the golden rod (Solidago altissima L.)
community grown in the air polluted area of Chiba City near Tokyo. We found two sites with
differani conditions of air pollution, i.e. Samukawa and Nakanishi. The latier siie was used as a
control plot. The investigations were carried out from March to October, 1978, Vertical distribu-
tion of photosynthetic organs of the golden rod community was determined by stratified clipping
method for 6 times at Samukawa and 5 times at Nakaishi. Using the obtained results of dry weight
of plant organs, the growth analyses were made. The function of plant community as a sink of air
pollutants was estimated by measuring the vertical change of sulfur content in the foliage.

The atmospheric concentration of SO, at Samukawa was always higher than at Nakanishi.
The average concentration of SO, measured by PbO, method during June to October was 0.34 mg
SO, /dm?/d at Samukawa and 0.076 mg 50;/dm?/d at Nakanishi. At Samukawa, the average
concentration of SO, during June to October obtained by FPD method was 0.01 ppm. There was
no distinet relationship between the atmospheric SO, concentration and the increase of sulfur
content in foliage at unit ground area of the golden rod community grown at both sites. However,
the sulfur content in leaves was remarkably higher at upper layers of the community at Samukawa.
This phenomenon indicates a higher absorption rate of SO, in leaves situated in upper layers of
the communtiy. Therefore, it can be stressed that the golden rod community played a role as a
sink of sulfur dioxide in the ambient atmosphere. There was no difference in dry matter produc-
tion of the plant community on a ground area basis and in leaf area index between both sites. It
was impossible to detect the air pollution effect on dry weight growth of golden rod community
under low S04 concentrations as observed at Samukawa. This may suggest that the golden rod is a
resistant species to 50;.

Key words: Plant growth, SO; absorption, Golden rod.
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Appended figures 1 - 5
Data of wind direction, radiation, air temperature {A seties; upper figures) and concen-
trations of CO,, $O,,NO, NO, and O, (B series; lower figures) at Samukawa in Chiba
City, obtained during July 24 to August 17, 1978, Shown as houtly mean values.
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Appended figures 6 - 15
Vertical distribution of photosynthetic (leaf) and non-photosynthetic (StemJ organs
of golden rod plant community sampled at three plots at Samukawa and Nakanishi on
May 22, July 24, July 31, September 25 and Qctober 30, 1978.
Dry weight of leaves, stems and roots and leaf area indicates values obtained on the
quadrate of 50 x 50 ¢cm?. Closed circles indicate leaf area and hatched area shows root
weight.
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Analysis of air pollutant sorption by plants
(1) Relation between local SO, sorption and acute visible leaf injury
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2} SO, 82BTIEIIESEELRWERLORR
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.Fig. 1 Time courses of transpiration rate (W) (—o—) and leaf-air temperature difference
(AT) (—e—) during SO, fumigation. Air temperature, 26°C; hum1dlty, 60% RH;
light intensity, 40 kix. .
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Fig. 2 Relation between transpiration rate (W) and leaf-air temperature difference (A7), Data
were obtained from the results shown in Fig. 1.
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bHotee LnlL, K3 THONAEBIE, MEHRCET S SO, BEOSEE((LLREREE DR
DO ER FRASOEEL ATV S, £IT, LHEORELRESTELVICQ, W & PuLol
BELTBRELEL,, He4icroERE25Rd, o i

w = WX (T)— ¢ X:(Ta)) ‘ Gy
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Transpiration rate, W
(x105g-H,0/crifs)

B3 SOREHEEQ LEMEEWDME . SO #EIZA 1.5volppm (a), ¥ 1
volppm (b}, #0.65volppm {c), # LT#H 0.2volppm (1) T3, Hbo

BFIL 2, 3, - ERBHEHORAT R T, B35 -36°C, WEESHRH,
BE20klx .

Relation between SO, sorption rate () and transpiration rate (W) during 80, fumiga-
tion. The SO, concentration is about 1.5 volppm (a), about 1 volppm (b}, about 0.65
volppm (c) and 0.2 volppm (d). The fumigation time (min) is calculated from30ms+15,

where my indicates the number in the figure. Air temperature, 35- 36°C; humidity,
65% RH; light intensity, 20 klx.

Fig. 3
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Fig.4  Relation between SO, concentration (£,;) and the ratic of §O, sorption rate divided
by the water vapor pressure differences between gas-liquid interface in the leaf and the
atmosphere (@/w"). Data were obtainf.d from the results shown in Fig. 3.
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Fig. 5 Influences of air temperature and humidity on @/w’. o denotes data at an air tempera-
ture of 35.5°C and a relative humidity of 65%. # those at an air temperature of 32°C
and a relative humidity of 50%.
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++ ARECE#EOES L2 ELE,

Fig. 6  Time courses of leaf-air temperature difference (A7) during 8O, fumigation and the
degree of local visible leaf injury (—, +, ++) after fumigation under an air temperature
of 26°C, a relative humidity of 60% and a light intensity of 40 kix. The degree of
local visible leaf injury was estimated by measuring the ratio of injured leaf area in a
circular area (10 mm in diameter) where a thermo-couple was set. — denotes the ratio

of injured leaf azea being 0, + the ratio being less than 1/2, ++ the ratio being greater
than 1/2. '
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Fig. 7 Time course of leaf-air temperature difference (AT) with no SO, fumigation. Air
temperature, 26°C; humidity, 60% RH; light intensity, 40 klx.
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Fig.9  Relation between 4/(4+8) ratio, an index of the response of leaf-air temperature
difference, and degree of local visible leaf injury (—, +, ++)
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Summary

In order to investigate the relation between the gaseous pollutant sorption into the leaves and

the power of resistance to the air pollution, the local SO, sorption into the leaf in relation to the
degree of acute visible leaf i.njpry was examined in an environmental control chamber. The results
obtained were as follows. -
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(1) An equation for the relation between 0/w and E,; was obtained as@/wi~1.8x1073? Pas, where
w’ was transpiration rate divided by the water vapor pressure differences between gas-liquid inter-
face in the leaf and the atmosphere, { was SO, sorption rate and Py was atmospheric $0, con-
centration. The result agrees with the equation which is obtained by a model, Q/w'=(ky/kskr)
(Pas-P1s) with PI =0 volppm and k = 1.53, where Pl is SO, concentration at gas-liquid interface
in the leaf, k, is the ratio of 80, d1ffus1ve resistance to water vapor dlfoSIVB resistance, k, is a
constant, 1. 06>< 10% mmHg: cma,v'g, and kgis a constant, 3.95% 10% volppm'em jg

(2) Relation between leaf-air temperature difference and transpiration rate was obtained as a
linear equation during 8O, fumigation in the chamber, in which light in'tensity, air temperature,
humidity, wind velocity and 80, concentration were kept constant, and the regression coefficient
was -5.8x 10° e¢m?+s°C/e.  According to the results, the local transpiration rate which indicates
the stomatal aperture is able to be estimated by measuring leaf temperaturé, and the 80, sorption
rate can be estimated from obtained diffusive resistances. _

(3) The degree of visible injury in a local area of the leaf to SO, fumigation had a correlation with '
the local changes of leaf temperature, that is, the slower the rise of leaf temperature in a local area
was, the greater the degree of injury in the local area was. According to the results of (1} and (2),
the rise of leaf temperature means a decrease of transpiration rate, stomatal ¢losure and a decrease
of 80, sorption rate. Therefore, the major cause of differences in the degree of visible injury
seems to be the differences in 8O, sorption rate at different sites in the leaf.

Key words: S0, sorption, Leaf injury, Leaf temperature
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Fig. 1  Schematic diagram of the material balance of air pollutants in an environmental control

chamber
C; : pas concentration of fresh R :reaction rate which de-

ajr pends on gas concentration
Cg : gas concentration of Toom P : gas sorption rate of plants

and exhaust air U : manipulated variable
F;  : air flow rate of fresh air D disturbance

Fg : air flow rate of exhaust air
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Fig. 2 Block diagram of DDC system

GS  : gas storage SU  : gas sampling unit in growth

ST  : stabilized power supply room

DIT : discharge tube 0GA : 0 gas amalyzer

MFC : mass flow controller NGA : NO, gas analyzer

ACF  : active carbon filter DCS . digital computer system

GC  : gas jet unit in control chamber
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Fig. 3 Schematic representation for the evaluation of measurement ertor, Al denotes changes
of manipulated variable, and —AU is net sorption rate (AP), AP denotes sorption rate

calculated from Eq. (6), (cf. Eq. (11)). In the experiments, AU/ is manipulated as a step
or lamp mode, and reliability of AF'is evaluated by JAE (Eq. (8)).
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Summary

A method for simultaneous measurement of NO, and Oj sorption rates of plants in an en-

vironmental control chamber was examined. Namely, NO, and O3 reactions in the chamber were
identified and an equation for calculation of the sorption rates, which took the reactions of gases
into consideration, was examined. The results obtained were as follows.

(1) NO; reaction rate RN?2. and Oj reaction rate R93 in the chamber were given by
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RNOz _ N0z, CdNOg . édos .
and
RU =iV C 0. C 08

where k™2 ig the rate constant of the NO; reaction, k¥*- is the rate constant of the O; reaction,
CN%  js the NO, concentration and C%. is the O3 concentration. The value of A" was about
17.5 m¢ 'g;l *s1 and k™ was about 9.5 m®-gteg! , and these values were slightly influenced by
the air conditioning system. The results were nearly equal to the rate constants of the reactions
of NO; + 03 = NO3 + 05 and NO; + NO, + H, 0 -+ 2HNOj;.

(2) An equation for the calculation of gas sorption rates in NOy + Q3 was given by

Pi=A-x)tB-x,+C-z,,

where,

‘ P [dﬁh“%] [46‘] [m%—mef]
h=| A . Xp= voE=| A - ,
4P0s Laes ) T Lab s,
—F 0 — kMO L5 Oz L N v/t
Ati: -‘]’ B:[ a f) o 50 J . = / 0 ,
Lo —F —k0 e CfY 0o | 0 -V

4Cq =1 2Te= 1)/ T +1)) 4l + 10 /(2T 1)} - (4Cyy +4C 1),

and

and where 4PY% s the NO, sorption rate, Aﬁh”s is the Q5 sorption rate, ¥ is the ventilation flow -
rate, ¥ is the volume in the chamber, 7is a sampling time, .AC“{‘;’” is the change in NO, concentra-
tion from the initial condition and AC%S is the change in Q3 concentration. The suffix 4 denotes
the values at time h*T and S denotes the values inthe steady-state before plants are placed in the
chamber. The reaction term B-xp, and the differential term €'z inthe equation are correction
terms to obtain the exact sorption rates: The B-xp term corrects the static characteristics, and the
C-zp term corrects the dynamic characteristics. As an example, the effect of B-xj on static char-
acteristics was examined. If B*xp was not considered, errors in the measurements of the sorption
rates would be 20% of AU;";X and 30% of 4U/7: | where dUﬁl‘;; and dUI%uaxare given in Fig. 3.
By considering Brxp, the errors were reduced to 5%. Effects of the C-zy term on dynamic char-
acteristics were also examined, The effect of Cz; depended upon the time constant T, of the
digital filter and noise of the process and the gas analyzer. In the steady-state, the errors were
increased by C+zp. However, increase of T, tended to reduce the noise, because the noise was
smoothed by the filter, In transient conditions, the error was increased by the noise, like steady-
state with small T, and also by the lag time of the filter in the case of large 7. By choosing an
optimal T, however, the error was reduced to within 10% (fAE{AUp,a, ) to changes in AP/ T * Cy,
=0.9x107® g2-g-volppm™. where T,, was given in Fig. 3. In the system, the optimum value of
T, was found to be 1 ~ 2 min.

(3) Rates of transpiration, NO4 sorption and Q5 sorption were measured simultaneously. The
fastest change of gas sorption rate of plants was approximately 1.5x10™® g-52 -volppm™!. There-
fore, the method of measurement and the system described here may have satisfactory dynamic
characteristics, : :

Key words: NO, + Qs |, Plant sorptions, Simultaneous measurement
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Fig. 1  Relation between transpiration rate (W) and leaf-air temperature difference (A7) during

: 0, fumigation. Each point is the mean value of data and vertical bars indicate standard

deviation of each point. Conditions: air temperature, 30°C ; humidity, 60% RH; light
intensity, 40 klx.
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Fig. 2 Relation between NO, sorption rate (QNOz) and transpiration rate (W) during NO,
fumigation. The NO, concentration is about 6 volppm (a), about 4 volppm (b), about
2 volppm (c) and about 0.2 volppm (d). The fumigation time (min) is calculated from
60 mp—20, where myindicates the number in the figure. Conditions: air temperature,
30°C; humidity, s5—60%RH; tight intensity, 40 kix.
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Fig. 3  Relation between O, sorption rate (9©1) and transpiration rate (W) during 0, fumiga-
tion. The O, concentration is about 0.8 volppm (a), about 0.6 volppm (b), about 0.4
volppm {c) and about 0.2 volppm (d). The fumigation time is calculated from the same
equation as explained in Fig. 2. Conditions: air temperature, 30°C; humidity, 60%
RH; light intensity, 40 klx.
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Fig. 4 Relation between NO, sorption rate (QNOz) and transpiration rate (W) during NO, +
0, fumigation. The NO, concentration is about 4 volppm (a), about 2 volppm (b) and
about 1 volppm (c). The Q, concentration is maintained constant (0.2 volppm). The
fumigation time is calculated from the same egquation as explained in Fig. 2. Condi-
tions: air temperature, 30°C; humidity, 55—60%RH ; light intensity, 40 klx.
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Fig. 5 Relation between O, sorption rate (001) and transpiration rate (W) during NO, + 0,
fumigation. The O, concentration is about 0.6 volppm (a), about 0.45 volppm (b) and
about 0.2 volppm (c). The NO, concentration is maintained constant (1.0 volppm).
The fumigation time is calculated from the same equation as explained in Fig. 2. Con-
ditions: air temperature, 30°C; humidity, 55—60%RH ; light intensity, 40 KIx.
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Fig. 6 Relation between NO, concentraton (PaNOz) and the ratio of NO, sorption rate to

transpiration rate divided by the water vapor pressure differences between gas-liquid

interface in the leaf and the atmosphere (QNO1/w"). Data were obtained from the
results shown in Figs. 2 and 4.
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Fig. 7 Relation between O, concentration (Paoaj and the ratio of Q, sorption rate to trans-
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face in the leaf and the atmosphere (Q¥s/w"). Data were obtained from the results
shown in Figs. 3 and 5.
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Summary

In order to investigate NO, and O; sorption by plants during exposure to NO,, O; and
NO, + O; which are the principal gaseous pollutants, sunflower plants were fumigated with the
pollutants in an environmental control chamber. The time courses of sorption rate, transpiration
rate and leaf temperature were measured during fumigation, and the sorption processes were dis-
cussed by the use of a simplified model. The results obtained are as follows.

(1) The stomatal closure and the appearance of visible leaf injury by fumigation with a single gas
(NO, or O3) and a mixed gas (NOs + O3) were observed. The degrees of the appearance of these
phenomena were related to the gas concentration, and the degree of injury increased with increasing
gas concentration. The degree of injury is also related to the kind of pollutant. In the case of
fumigation with NO, or O3, the NO; concentration at which the phenomena began to appear was
about ten times higher than that for O5. In the case of fumigation with NO; + Oa, the phenomena
appeared at the concentrations of NOs and Oj below which the phenomena did not appear
during exposure to a single gas (NO, or Q3). The obtained results may indicate one of the syner-
gistic effects of air pollutants. The degree of injury for NO, and O3 on the stomatal closure and
the appearance of leaf injury, was distinctly in the order of 03>80,>N0;.

(2) ‘The relations between Q/w’ and P, during fumigation with a single (NO, or QOz)ora mlxed
gas (NO, + O3) were expressed by equatlons of QNOs jw'=1.4 x 1072-£ N0 and Q0w =~
15% 1073 Pao , where QNO; and QO are sorption rates of NO, and O3, w' transpiration
rate divided by the water vapor pressure difference between gas-liquid interface in the leaf and
the atmosphere, and P,NO. and p 05 gas concentration of NO; and Oj in the atmosphere.
These relations were independent of the gas components used for fumigation and the appearance
of visible leaf injury. These empirical equations corresponded to those which were derived by
using a simplified model, @/w’ = Ukw kghy) (P, — P;) at Py = 0 volppm, where P; is gas concentra-
tion at gas-liquid interface in the leaf, &y the ratio of gas diffusive resistance to that for water vapor,
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k., a constant; 1,05 x 10° mmHg-cma-g", and Kg a constant; 5,40 x 10% (NOy) or 5.18 x 10®

(O3) volppm-em®-g~!. The calculated values of kw/kgky were coincident with the coefficients of
Q/w' and P;. From the results mentioned above, it was concluded that NO, and O, concetrations
at the gas-liquid interface in the leaf are considered to be zero, and NO, and O3 sorption rates can

be explained by factors such as boundary layer and stomatal resistances, which are related to
gaseous diffusion, ‘

Key words: NO,, O3, Mixed gas, Sorption process
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Fig. 3 Leaf temperature at sites of scanning line of No. 1 — No. 5 at a point in time before

§$0, fumigation. Air temperature, humidity, wind velocity and light mtensnty withini
the chamber were maintained constant.
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Fig.4  Changesin leaf temperature during SO, fumigation at sites of the scanning line of No.3
- in Fig. 3. The visible leaf injury did not appear during SO, fumigation.
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Fig. 5 Time courses of leaf temperature at sites of a-g in Fig. 4
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Fig. 6  Relation between leaf temperature at a point in time 60 minutes after the onset of
fumigation and the local visible leaf injury (—, +)
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Fig. 8 A pattern of the visible leaf injury. The
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onset of fumigation. The area plotted
‘N’ ig the site at which leaf temperature
is under 23.7°C, and the other area is
the site at which leaf temperature is
above 23,7°C.
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Summary

In this paper, we examined some problems in measuring of leaf temperature under fumigation
with an air pollutant in an environmental control chamber using a infrared thermal camera of
scanning type. Furthermore, we measured changes in time of the leaf temperature pattern during
S0, fumigation, and analyzed. The results obtained were as follows.

(1) The emissivities of the sunflower leaves under various conditions wete measured. Though the
values obtained by this experiment were slightly different with individual sample leaves, these
values were above 0.95. The values of the leaf fumigated two hours with SO, was not different
from those of the healthy leaf.

(2) The influence of the infrared radiation from the surroundings was corrected by measuring
previously_this radiation., Therefore, in an environmental control chamber, errors in measurement
of leaf temperature were within 0.2°C.

(3) Changes in time of leaf temperature pattern were measured with this thermal camera during
S0, fumigation in the chamber, and these patterns were compared with the pattern of visible
injury appeared on the same leaf. The leaf temperature pattern was similar to the pattern of
visible injury. As changes in leaf temperature with SO; fumigation are able to be the indicater of
50, sorption rate, the local SO, sorption rate at sites on the leaf surface were able to be estimated
from the changes in the leaf temperature pattermn. As the result, it was realized that there was a

tendency for the injury to appear at the site which the amount of 50, sorption was over a
threshold-value.

Key words, Air pollution, Image processing, Thermal pattern-
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4 1.5 volppm 3 hr, OsDE& 08volppm 2hr DREJ|ME L2k, 3 OMEBHTTEFS #/.
COMBO%, HHEBMICET S5HRTAOERICLIEMERDBERREEITLAL, RE
R BAORESME, @IE 255 0.5°C, B 60 3 BRH, FHEE: 0.22ms, K
B OERTF L3mOGE T+ 5 kix Thofee SO, B LU Oy M OBIERER, ZE@ICH
LT, #£IiC0.5%BLINTH -7,

| AL 13 SO E O KE O E—EOAFEHO b & THEARBEEEB T LOTEH7 1
Wy —EBUTRE L A4 7 4 v s (24X36mm? )T A B 4 B b THM Ui, R,
EOL BN LAEEENESL TR0, YDE -1k, BHRIT-7. BRLEEETHE, *
7 4w D | EELE FEE 256 x 240, WMEMBTL L ~AB256 OF 4« ¥y vEEFICERS R,
HEMBING,

gono7 g vOER-ER (0X20mmH) A0 D, EBICHRHT 7 0 vnitinl ok, 80%
KT+ EMATEBRL, SOARICLD L. T LT, MHEEDRINA -~ b5t
| SRR ABLCHEL, 2 oe 7 4 BT E % Mackinney ORIFERERNOTHELL (6),

REORHHEOLHORES HORE

AIHEE, HMEEOBRBIEDELZT EBMONTED, BRTIEMBRD EE NSO
—misany  nhdd (3,5), FCT, a0 74 vORILE &N TR BEomb 5 Re
foo W1 EGHEE 671 nm, EEEI0om DT 74 vy @ L ThRE LEHEME SO, 55
T O, EECEBATY . COEHOPTEELEME, 7007 0 Mt XEHORSKRE
VWO TEC, AHEERRRME, BONE CREPASZVDOTEHCR SN S, SO, FEECE
HEE 7o — FRTHEAERL, 0, HEBREAER LcHECAHESFRHEL T2 OPHES
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N, TOHFRCIDRESNATMEY, 7 oo 0 MEER &TRINCEDBEZRIZED Dip
% O, DWHEOHEEFlICHEH~ 1, M2 IKBRESNLER (20X20mm®) DR H 7 4 v b DFEE
L 7 vo 7 vEEROBGEERT. BRAROEOEARLRMRE, EHETHLImm T
Hof. M2hs, FHEEOBREYEHREL s/ 007 4 JVéﬁEOJFa‘iKéilﬁmﬁfﬁﬁa%ﬁiiﬂm Hhte
BRESEEEIE, 277 « v O THLHDT, FOMIMNEOE, BRRKKMEREWIEEET,
15k, BRI IMCTTTIT -1, BonBRCEREES ONESh » 1, DIEOFHRLD,
—EONFEHTT, 7007 4 vORIED 7 v s — %8 L CERRE R &ickD,
0o 7 e vORBICHPHAEECMILSERETH B LB0d T,

. -’: Iy
Tem S0, injury Nem Osz injury

B1 SO B O KABAHEED R~ b vl HOH
(F#7 108 — 1 dgge=6710m, 414=100m)

Fig. 1 Examples of spectral image of SO, and O, injured leaf. (Interference filter: —
671 nm, )\%=10 nm).
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Fig. 2 Relation between mean value of gray levels of spectral image (negative film) and total
chiorophyll content
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SO HEXU O ICHBULLHEMICERT SIRNEDOLE

MREOHRAETHHEBL L TREBEAOLONEZ LR AN, T, BHBELTEDS
EXRMNLEZOCHABEMER 77 8 CBREEHEEX IO H1F 5, B3I 6T nm OFE7 £ v
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I FTI0X 5, #0.8 mmé Lice M3 EBWT, ERESLIVO, HEROREHEE 2 ¢
75 LY, BBECEHAHIGECAMEER LIS, O, 3, EFHEChT/NEVEER L
N REAEE b o . M, SO, HEER, TEEOBAMEICEVEEM L~V EELAHE
BIOLOEEH LS vOZO0BKES & 270 COT Eid, O, HEED, WSk i
—ICHRESRRAL, SO, WEHE, EELUBMLARERARLICRLCARSNEILE
ﬁ%ﬁéo®4m1@¢®m%®ﬁm%®ﬁﬁﬁﬁzyﬁéawﬁwéﬁkﬁmﬁEEVNWé%E$
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Fig. 3 Examples of gray level histogram in the image of healthy or injured leaf
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Fig. 4 Mean value of gray levels and gray level in maximum value of the histogram in different
leaf positions
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HHETRT . SO, RBE, O &BITIT, FTHHECTHHEMRBET IS VHEL 7/, LEES
BOR0RBETOBAMMOREM v ~ v EBESESBE, EiH30REBEOERCHIDS
¥, BES Lo, 5, SO, REEKBLT, ARESREALLER FEORK-~0E
KE AR -7oh, ATHERREEL S - L5, BRKEA—DT, BEESMEE, E¥Eozhs
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ROBBBICRHETE LS, 24, TROOHHEE, BEHE 2 b 75 2 M HED S OER
®§&.§E$H@ﬁﬁau74Wﬁﬁﬁwﬁ%¢éc&m%,ﬂ%%@%&mﬁﬂﬁMwéﬂm

TELD.

w U

AN TR, BFHEEBNE LAERREC L AZEEOFHO—FHHC 20Tk~ b
B, BT, AEFEOMEOLSD 7 1 0§ —DEESEBOBRN AT/, TOBE, 2007 4
WRPHEOFH 7 4 vy — (dULEE 671 om, HF@ERICim) %28 L TERRE ST 2 iz
£0, 7007 A nDRRThPHIAHBEOMBATRETH B LMD 7, IRIL, TOWE
HHETRE L1z SO, B LU O, it LATEHORH A2 b V4 5 88 A A B OO/ L,
SO, BX O itk A HEOHFBOBE VK DVTRI Lz, 20OBE, RENEHETH BT
B 2 877 6 EREFEEEACT, SO, HEEL O WEROTREO/HHMOB VATER NI
Kﬁ?%,Cﬂ%@%ﬁ%ﬁﬁﬁmﬁﬁﬁwwﬂmfééc&ﬁ%botoLmt.A%ﬁ%%ﬁ
SUHEORMER, CITh~LDACLIEAEZ SN, 4%, THSOBEREEMICHITL
o BT, AIRECHSHAFLABEL T TETH 3,

&H OB

ARFICH > THRELT 70 F b AR LN B RO B8 F—IRK, HRiCBALT
WARKDWARBRERYMOAGAE=RK, &TEIK, /1, ZBROMHTHES L UMEHYD
BHHCHE D > TV L BN OB EKIC LD 5 OBEE RS B,

58 B X @&
1 MEE D0« KBS - N —, 1080 . [N R A28 F RIS IR MR, ARy - 2
AREPAE BRERe 2. BRI
2. Bressan, R. A,, L, G. Wilson and P. Filner. 1978. Mechanisms of resistance to sulfur dioxide in the cucur-
bitaceae. Plant Physiology 61: 761-767
3. Chester, K. 8. 1959. How sick is the plant? In Plans pathology, Vol I, The diseased plant  (edit. by J. G.
Horsfall and A. E. Dimond), p.100—142. Academic Press, New York
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4, lacobson, 1. S. and A, C. Hill. 1970. Recognition of air pollution injury to vegetation: A pictorial atlas,
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5. Knudson,L.L., T. W. Tibbijtts and G. E. Edwards. 1977. Measurement of ozone injury by determination of
leaf chlorophyll concentration. Plant Physiology 60: 606-608

6. Mackinney, G. 1941. Absorption of light by chlorophyll solutions, Journal of Biological Chemistry 140:
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Summary

Image processing method was applicable to measure the degree and the characteristics on the
symptom of visible injuries on plant leaves by air pollutants. Each healthy and injured leaves by
S0, and O3, were photographed through interference filter and the spectral images obtained were
analyzed by using two simple characteristic indexes. The results obtained were as follows.

(1) By measuring the surface reflection of injured leaves through an interference filter (central
wavelength 671 nm and harf-band width 10 nm) under constant lighting condition, it is possible to
be extracted informations about visible injuries in relation to chlorophyll destruction.

(2) By using the gray level histogram of the spectral imageé and the mean value of gray levels, it is
possible to compare quantitatively characteristics on the symptom of 3O, injury with that of O5
injury, and then to measure quantitatively the degree of visible leaf injuries.

Key words: Air pollution injury, Image processing, Chlorophyll .
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Analysis of low-molecular-weight aliphatic hydrocarbons (C, - C;)
in the plant growth cabinets

Shigeru MATSUMOTO! and Hajime AKIMOTO?

g 5] :

BT EBAATHAT R F ¢+ 5 o PAERHED Co~Cs BLKEOTT 31T 270
AEHI - 110CD# % 2 — v —AEREER L Tenax GC XL TALES 7)Y
FEICHEEL, 7027537 TMF L.

Friy OFBESLEESD T 09 —EBBREORE DO Co~C 8tk
FEDY LR, 7408 R oDE{EKFICT L TEE(LEENBEV T &8
D mEii»ite F v B3Ry P NOR L ORILKEZEDEE L 0.6 ~10ppb DA — 5 —
ThHotro COHRES LIING, O,HARETOPANGEREA TR L AR,
4 E% oy PO PAN OEERBEMS R/ hOBARKTLO,BEO IR
EERESN.

#w B

E AEREFAEYEBRERATES R+ ¢+ 24 v T, SO NO, O BILKEEDHS
F A 2 L 2P EOEREIT > T b, CH DN RDESKETIHEERIGIC LD 6k
EROIDTEES B C LTRSS (5), F ¢ E & v F OFWEGULEETIC GIAZ A OEL
MEARET 7 vy RS T 20 (1), BALKEOREMESHEI QL TON, %
R CH R BME CHYICH L RENERRIGETT CEBMON TS, LOHF+ Y45 b
HORIERFEOABERTETEL L 2T B,

L B AT B
2. EMATHET KEREH

1. Division of Engineering, The Nationai Institute for Environmental Studies, Tsu‘kuba-gakuen, Ibaraki
305 : :

2. Division of Atmospheric Environment, The National Institute for Environmental Studies, Tsukuba-
gakuen, Ibaraki 305
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AR TRFSFESMEBER D 7 « vy —RBMBOEIDOREKR LT LT « 19 —H
Bt Lo, /ot v B3 o PRHORIEKEEST Lo S6IENQ:, O 2IAESKEBIE
HaF+ 3y FAOPANBEARI L.

o ¥k

REANDRKFEOBED ppb L~ THDHER Tenax GC FHBRH &L L, HABESES
M & LRBREBHCLDA R 2 0= b 77 700MTbOTHS (3, 4, 6, 7, 8, 10)
FE 5 EFIC Tenax GC &ML, BHAHE LTHIRVAEE W A 4 7 — 1 — kSR A F
THEERMECLD, Co~CoRIbkFEE A 70275 7T L,

TN rIEEER VKRG LS, o0y FARERCRRT A ENTE R, T

1 #+v7VrrEg@o7Fay sl At BT IE B: A%/ —s—

wEFR  C i fEdt Diz-Fafk EFrTYrIEVT
FiHRAA—%— G ARz RT

Fig. 1 Block diagram of sampling unit.
A: sampling tube B: methanol-lig.N, C: flow meter D: needle valve
E: sampling pump F: gas meter G: bypass pump

PR 3mg, B A00mOD R 7L AEE Ul BB FAAERS
BET 5. BRI Tenax GC 60,780 mesh (BEBIFERR) % 1ntH v 7)) v B TA LK,
I—WF b5 7OBRHAICE —1I0CUTDAY ) — v —BEEHEEER L. ¥AA -4 —i3
1[O1820.56 L DEHN R A —F —FEHA LI #2202t 477 (BREHERGC-6A) 0f
Wb a® LITRT.

BIEEH oA UD IB0COEE TERELRLEPSUER L -7 Ly 7y v Ey v
7Y v BB G EIRO i O U TERPER 100me,/min TR 4 2. SURHEER I 3 ~
5L, #RA—F—TERIA S, ARRIETRESIKY ¥ 77 Y rEE2 LD LT LilKE
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F1 HR7OThST7OMIRY
Table 1  Analytical conditions of gas chromatography

instrument GC—6A (Shimazu)

column squalene 1% on activated alumina 60/80 mesh SUS 3 mm¢ X3 m
detector FID

injection temp. 180°C

column temp. 45°C (3min) - 100°C (4°C/min)

detector temp., 150°C

cartier gas N, 60 ml/min

B G Bo AHREA Y YT v IEAENR o b7 7RI E, 7 Y IEOREM 180T
REELEE: ) 7THZEFRL T T 5.
SRIZEGHOME x DBE ¢4, 02y YT MERE, o BYH OF -/ HRETEE

Cy = kx'ax/v (1)

5B, b BERHOOORETHY, MBBORKE, 7o 7HRIMEHEL THWERYD, 7
FOFIH O UHHERDTE L LEME S, v ¥ 7T J »78EBO 5 o 753 500ppm BT
wofEEr 2 (GTELE) 2FRER Ry vy —F72 /0 Y -8GGU - 1) EERLTN, T
ﬁmmﬂﬁmuﬁﬁz&ﬁz94bvuVV?E&ﬁzauvh797wﬁktt%ﬁmm§&[
BUSHtpob KERLAARESY V) Y IHEB T ~6 LERL A HEONELLE L TKY
Fro FORIE Ty THREBELULTH -t BILBOREFIRED ffic FRL 25 ppb D
CoHg BREH R4 V7 VBB TR TiT»7e CRODERDS R, 3RO BRERH
- ppb I U EBREN 2 440 D3y FICERY, ¥ 7Y Y FEETHRRL ST L TRE U,
$EMA IR T, AT - CaHy £BE5BLANTH e 1 - Coli OEHEHAHI8H
ET oD, BESEOD N SEREShickhEEL GRS,

HBEREIUEE

AENREOF v &4y M IBFEIGIO GEEHTE D 1L.7m(W) x 2.3m (D) x 1.9m (H)J,
Mm% 7.5 ~ 280 @] h T, REFHEEE15~40T, 50~80% RH, BEAOkix (# &7
AF377) THB (1) FMEFUBEBECHBSIA T 2BRAHALGRET 4052741
No7amd—, iER7 sy —, ZELz v o vY —OZBEEL L 2T 5o

FRETESAEEE D 7 4 vy -, 7 vy —BBRTHROZR AR T LlE 2 i L
TRI L B 197846 12 A8 B o 4 BMER L. Bohi 2 o2 b7 5 70HER
24, SHFEEERAEE IR T, CORBRT 408 — it Co~ Cs BRALARIZH L TIELEET DO EEY
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£2 Ny FFERLUEESN RS LGOS R 7 e 77 7OERN
Table 2 Reproducibility of the gas chromatography data of standard gas collected in a bag
species Z {ppb) a {ppb) CV. (%)
C,H, 6.82 0.25 3.7
C,H, 476 2.0 4.2
C,H, 4.74 0.15 3.2
C,H, 9.05 0.29 3.2
C,H, 4.82 0.20 4.1
i-C,H,, 0.85 0.07 8.2
n—C,H,, 3.85 0.13 34
i~C,H, ,+cis -2-C,H, 5.06 0.15 3.0
n—C,H,, 3.91 0.13 3.3
X: mean

g: standard deviation
C.V.: coefficient of variation

An analysis of a sample was repeated eight times.

3 FREERLER 7 vy —BREIROEGRPORIKERE
Table 3  Concentration of aliphatic hydrocarbons in ventilation air with and without filters
without filters (1) with filters (2) difference
species
mean standard deviation mean standard deviation (1)~ (2
{ppb) (ppb) (ppb) (ppb) (ppb)
C,H, 2.1 0.6 30 0.9 -0.9
C,H, 3.6 1.1 4.6 1.6 ~1.0
C,H, 5.0 1.4 5.7 1.4 -0.7
C,H, 3.5 1.2 3.5 14 0.0
C,H, 1.0 0.3 0.9 0.2 0.1
i-C,H,, 1.0 0.4 0.8 0.5 0.2
n—C,H,, 24 0.6 2.1 0.7 0.3
i—Cs Hl 2
+eis-2—C,H, 2.2 0.8 1.6 0.5 0.6
n-C.H, , 1.2 0.4 0.8 0.3 04

Number of samples was five.
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Fig, 2 A typical gas chromatogram of aliphatic hydrocarbons in ambient air
A:CH, B:C,H, C:C,H, D:C,H, E:C;H, F:i-CH,
G: n-C,H,, H:C,H, [I:i-C,H,,+cis-2-C,H, §:n-C.H,,

PRACKEBEOMEBO S NRMAZGROBEREERL TS, v 2 v FHOBALKED
B EI L > TRAEAD0.5~10pph DA — 5T o tzo YT EHEMEERIETC, H, O
PR DL S L D E RS T 6. 6ppb, BT 14.5ppb Th - foe T CaHs i3 ALFERGIC
£ PANRERT 505 (5), RBEBEETL0ppb ThH -7

4 EF oy PNORFRIGERSOT THREIYMEIRIPANTSHY, NO;, O;BERBIK LY

B p iy NNOPANDEEBRERI Uice —MBITHH » O v 2y FNOREE(LE RS
BaeFrTryialb—tT3E

de/dt=F-¢ut Ry F-og (2)

E1B. COTH e r D v Eh oy FNBE ¢y HIANGDRD » OBIE, Re 4 v 5 v
FHORIGS TRES 2\ AT BT, FRBGEH, | RBHTHE. ERRETD +OR
Egm,(2)K%%%=U®%#?%Uﬁ%%ﬂéoWW%E&?%*?E*VFWﬁﬁmﬁ
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Table 4  Concentration of aliphatic hydrocarbons in cabinet air

species maximum . minimum mean standard deviation
(ppb) (ppb) (ppb) (ppb)

C,H, 54 26 3.8 0.6
C,H, . 14.5 3.5 6.6 2.6
C,H, ' 6.2 1.2 3.3 1.4
C,H, 4.0 1.6 2.5 0.6
C,H, 2.6 0.2 0.7 0.6
n-C,H,, L1 0.3 0.5 0.2
n-C,H, , 29 0.6 1.4 0.6
i-C;H,, ’
+eis—2-C, H, 1.5 0.3 0.7 04
n-C,H,, 1.0 0.5 0.7 0.2

Number of samples was fifteen.

{3 C3He BIARIER DO DT, PANOABRBRBRROL IceFbahd (5),

C3Hs + 05— CH,CHO + -+ @
CH, CHO + - OH-* CH, CO - + H, 0 ' @
CH, CO -+ 0,—H+ CH C(0) 0y (5)
| CHsC(0)0, - + NOmE4 CH,C(0) 0, NO, (PAN) o ®

Lol (3) PRERLTHY, FhF v+ €3 » PO PANDRE L CH; CHO DRE 28214
b (2)e HERT S PANOBREARANICRED, PANOBREARE (3) THMT 5 CH,; CHO
BEICEL L EEUT NI PAN OERGER R, 1

R, =d[PAN) “dt=Fk - (CaHg) - (O3] ' {7
LD, EERETOPANDOEEE (7) A% (2) A MAL e =0, 32 &Itk
(PAN) = k- (C3Hs) - (O3) / F (8)

A BEREF A0 18min~! ($910E],/h ¥, C,HBEZI0ppb&d 2L, Kin (3) ©iF
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EEHMN b = 0.018ppm = min-' X H (9),

{PAN) = (03] x 10°° : 4]

£ B, COERPANDEBEIZOBEDIOLTOX —#—-ThadEHiFELINS,
W oFETE CH iz + U v FADEAED CH, BEXRAEL (2) XA LHETE
AH, SRIOMETCIHSCEEORERZBED ol T
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Usban Air Pollution. Environ. Sci. Technol. 8: 229 — 236
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Summary

Low-molecular-weight aliphatic hydrocarbons (C; - C;) contained in the circulated air in the

plant growth cabinets with artificial light, were analyzed by gas chromatography. The air sample
was collected on a porous polymer (Tenax GC) trap immersed in methanol-lig.N; (-1 10°). The
collected sample was thermally desorbed into a gas chromatograph.

The concentrations of individual aliphatic hydrocarbons in the cabinet air were in the range

of 0.5 to 10 ppb. It was found that the filters used for inlet ventilation air of the cabinets were -
unable to remove any of the low-molecular-weight aliphatic hydrocarbons. The concentration of
PAN in the cabinet air was estimated to be less than 10 of that O3, when the concentrations of
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NO, and O; in the cabinet aiir were controlled in a ppm range, and when a ventilation of the
cabinet air was set at 10 times per hours,

Key words: Aliphatic hydrocarben, Gas chromatography, Growth cabinet
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Growth cabinet for air pollutants gas fumigation (II)
Some problems of reaction products in NO, -0, system

Shigeru MATSUMOTO! , Kenji OMASA' and Ichiro AIGA!
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HEBEREROBEGRET INO,ZORY (2) BNOBERHHEH v 4+—-THEFrIvizst
v 2B A NOy SR IERIEFTEBIC S0 TR~ S, $ HRIEERY & RABOBGHICDVTE~S,

ERERBIUER

Finigy Y2 HRNOy A ORIEREEINOE OO R IGTRET 230 EEFHLT
B0, NOLIADNOgENOy/NOa »»i— 5 —TNOWKEBLTHELTVWE, ALEH A+ +
E&w b TNG,, O.HEERLAITHEAENG,, HNG,ZBLONOHRET A0 (2), Z
HEDONODONO/ NO 3 vy — iz 3 B NONDE R4 FHS I~ I,

B ICRLABBICEIONOy KHT B3R T YLV R, E)TFY, A—FErvdE oy -
7 —OEBEFE L RD I, ERTR<A 200 ) v ORI DERODKNORBREFEAL, 2V

1 NO, iid 35US MFeBCHloR/iE+RA~3noEBn 7oy
A:Z4anF—, BiHEv?, Ci=—Funxns, D:HEEH, E:=4
suy) Y, F R¥EE, G AEKE H:e-9—, 1 : 27712z
(SUS), €U 7F ¥ (Mo) $Hidn—+K 2 (C), ] : NODRE,

Fig. 1 Block diagram of the device for examining the effects of 8US, Mo or C as catalyzer
on NO ’
A:ﬁlt;r B: pump C: needle valve D: flow meter E: micro-syringe
F: quartz cylinder G: quartz wool H: heater I:SUS, Mo oz C chip
§: NO anaylzer
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BREAGRRSZEERALTED, BAREL o Wit 232 ETO, 0REXIEHE L ENTE B,
EERIINO,S0ppm./ N BEN A L O, RERBLH - L AREQERSL, oV -5 —TEHEH
ENANOZAEL foo TOERBEFL IV -5 —%HE (F70FTom) LEESIRNO,
REZERG LB L 0,2 BE L LBEONOMRHOIRTRIREL o fo. T HUSRIGERN S
LTNOREBRENAC EERLTHWE, LL7F 7o vEEEC (130cm) L #2B4 E NO,IiC
ZRERELILBBICHNT, 0, %RAELESOHFBNOSRHOIERMETF L. 2hidF
7nvgﬁﬁﬁiﬁ%%ﬂ%ttctm;é%@&ﬁﬁén%ocmﬁm%qu%&ﬁéﬁ@ﬁ

#1 SUS, MoifﬁC%ﬁM&%KN%* Hik D NO~ DR

Table 1  Effects of SUS, Mo or C as catalyzer on the conversion to NO by addition of KNO,
aqueous solution.

conversion ratio (%)

SUS (at 700°C) 100
Mo (at 400°C) 0
C (at 230°C) 0
“ﬂ% A £
teflon tube [
' ¥
T o— C D
NGp/N7 I
! F
B

B2 SUS, MoFidCagickd NO, & 0, DRIGIC L DR T 5 NOyDNO
DRI ETAE 1 DDEED T 0 7, A O, RAEEE, B : K,
C:2Fvix (8US), 77y (Mo) #4388 —H> (C), D:
NO4sMfrét, E : id&gst, F @ B&85.

Fig. 2 Block diagram of the device examining for effects of SUS, Mo or C converter on the
reaction products, NOy, in NO, -0, system

A: ozonator B: water, C: SUS Mo or C as catalyzer D: NO analyzer
E: recorder F: mixer
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de,/df=Fecy +R,~Fre, (1

El D, TLTCGIRIDF v % o MREE, ¢ BRAZESHO x O, R, 3++Exy FA
ODREEETHREZDZVIHET S EE, FBEshbE, 3EETHS. KFs (4) @+ +rEx

v FRIDNO, & Oy DRISEE S )
d [NO,) d(0
[d 2 =9 5 =— 2k [NO,I(0,) k=0.08ppm™+ min? (2)
H dt
TERINDBTLEHELTHD, NOLOEREER, I,
d (NOQ,]
Ry=- dt 2 :zk[NOz][oaj k= 0.08ppm™«min? (3)
1
€
[«
a
5
@
2 o1h
Q
[+ 3
O. .
) -
u
el
0.01 1 1 1 { 1
i 10 100 1000

ventilation {times/h}

B3 NO; O,HEERETONO, &K LR U720, D & o H ok
(NO, : 1ppm, O, : 1ppm, HHE.: 3BT, BEF:608RH)
Fig. 3  Effects of ventilation on disappearance of O, reacted with NO,
(NO,:1ppm, O,: 1 ppm, temp.: 35°C, humid.: 60 %RH)
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W BIP TR B R — 2 - 78, P.193 - 210

2. ITRKRRR. 1975, KEAERHR-RROFFLeFvb-. 2orik, 5

3. KEGRIR. 1979, WMEEOHBRN ANERE -BIROFIT L €7t - HEHBICE 5 REERR
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Summary

When NO, and O; are fumigated simultaneously to vegetation in a environmental control
chamber, NOx's such as NO; are generated in a chamber. This paper was concerned with the ef-
fects of such NOy's on the chemiluminescence NOx analyzer using as concentration control senser
of NO,. And it was examined the possibility of the exhaust of reaction products such NOy's to
outdoor by increase of ventilation times.

As a result of examination on the conversion characteristics of the converter containing stain-
less steel chips, molybdenum chips or fine particles of glassy-carbon, NOy as the reaction products
between NO, and O3 were able to be converted to NO by any kinds of converters, It was known
that the reaction products have a tendency to be absorped inside of teflon tube. An adsorption
characteristic was available to be used the analyzer as control senser by use of long length teflon
tube.

The concentration of NOy generated in the chamber when the NO, and O, simultaneous
fumigation experiments were carried out, were estimated by a simulation model and the result was
agreed with the measured value. '

Key words: Fumigation chamber, NO, , NOy anaiyzer, O,
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Seasonal changes in growth of sunflower in phytotron greenhouse

Yasumi FUIINUMA! | Takashi MACHIDA! , Tsumugu TOTSUKA?
and Ichiro AIGA!
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F 1 REREICE YD ThE oL ERBENE DO R & & HE S

Table 1 Changes in integrated radiation and mean day-length at various growing periods

Growing periods Integrated radiation Day length
{kcal/cm?) ’ (hours}
Weeks after sowing
0-2 2-4 4-6 total

1977,
21, Jan, — 3, Mar. 1.72 1.91 2.01 5.64 10.9
18, Mar. — 28, Apr, 1.94 . 2.60 2.92 7.26 13.0
13, May — 23, JTun. 3.49 2.72 2.16 8.37 145
24, Jun. — 4, Aug. 2.12 2.80 122 8.15 14.3
19, Aug.— 29, Sep. 1.68 260 2.17 6.45 125
30, Sep, — 20, Nov. 1.65 1.77 1.45 4.87 10.9
11. Nov.— 22. Dec. 1.40 138 1.31 4.15 9.8
22, Dec. 18 1, Feb. 1.24 1.35 1.56 4.15 10.0
Artificial light 2.23 243 2.38 7.04 14.0

URBER (G, E, R, TE oEREREANEL (FE EfoEREEOZTHICNAI, |
{247 0 OFE L AEREZEL R 2, di, BEROBTERERE, BRLHRE 1 YLD
0.084 g ThH-ta

REBLUER
S EBBE EHRR
%20, SEOREEHRKICEY 5, BER6 BEOLERRATYT, SEBLRKOMT,
k- 2111 BB EYE, WL, BEHE SN0 EERL, EBics/56 A24
EEER A RAOE BERERL, HEETLSETSE1A IDBARD L ~5 HOERREN -7,
Linl, SBROATIRTHRL: DRI 0RIEN - fo, BRICIENCERS e
o VIRATHRE ke, BHRIERAICE - 18, SBLCHMS Qi bOHEEL, TR
AL B1ED, COREROEDE 6 BEOBIKLEE SEIMPORMTER L ity
BE, ATRTERS AtbOERE, HERHEEAREEOREOEY 5 — 098 LRER
AELT—8L, MELICHEDEOHE (72 = 0.98) AEoht, ¢ ONMEBGRIEEL (1P
0.78), T (77~ 0.90) THE i, LOTEd D, & EOFUMEDSEOLTHE
hOBHROBEIC LS EPBELMCE -1, L L, ADRXOMEEEE DR RER &,
LD TRE IR o £ OIS TR (~ 3000nm) % StHERTH Y, ATHK T R R®
96.6 ISR EHHE P.AR) THEL L0 S, BEFHIR KOS AP A R BiclBE LT, I8E
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#2 =7 OEERTOFEHNEY, =7 ) SERCHSIEE & ATER
Fo—RFy Ry PT2C, 0BRHOFEAT CHEER AT THES
i HEERI0EES D Ol BERET RS (I LBENENE
HEAEDA), () ADERBHEECNT 550 RETRT,

Table 2 Seasonal changes in growth characteristics of sunflower. The plants were grown in
phytotron greenhouse and in artificially-lit growth cabinet for 6 weeks after sowing at

25°C, 70 %R.H.. Each value indicates mean * standard deviation (# = 10 ; standard
deviation is excluded in dry weight each organ). Values in parentheses are percent to

total dry weight.
Growth Sowing date in phytotron greenhouse Growth in
- 1977, artificial
characteristics 20, Jan. 1B.Mar.  13.May  24,Jun. 19, Aug _ 30,Sep. 11, Nov. 22, Dec. light
Plant height  cm 138.7 145.7 1333 161.0 130.6 92.1 919 938 175.7
214 + 6.6 1133 1144 3.8 sid4 t 92 14,0 9.2
No. of leaves 2.2 284 252 6.6 240 227 220 216 s
+ 24 + 38 + 23 £ 3] + 2.0 t 22 t+ 2.5 t 3.0 + 28
Leaf area dm* 176 24.5 229 3.0 236 205 10.0 15.5 421
t L4 t 3.3 t & t 2.0 t 30 + 4.3 + 2.4 + 19 + 35
Dry weight/plant
total [4 18.4 7 382 457 2335 15.2 8.0 121 76.0
+ Lg t 26 t 4.2 + 3.5 t 24 + 24 t 14 + .6 t 84
leaf g 46 7.2 83 .7 6.4 51 16 4.1 148
(%) f37) 23) {21) 21} {28) {33) {32 {34} {20)
stem 4 10.7 19.5 223 285 122 6.7 4.2 5.8 419
%) 58} {60} {58) 62} 32} 44} 52 145) {63}
ropt [ 27 4.0 T4 6.6 32 23 9 1.7 9.0
(%) {15} 13) {19 14} 14} 15} {1 {13 {12}
flower ] 4 14 2 9 L7 11 3 5 43
(%) 3} 4} (3} {2 n 12/ {5 &2 18/

#OBEOBMFELMEPARBLOMBLR2 THREI L. ZORBR, ATAREEHT, M@
W%ﬁ&ﬁﬁRARﬁ&@@m@E@ﬁ%(ﬂzamnﬁ%béntoﬁof.%%ﬁ%%(@
OBERFAREINABIEF TR, e~7 1 0EWEECHS T 2 BERT ISR, £ bHE
BUMAEC RN APARBOATH S EHUHEES NI, 7, Downs and Hellmers (3)
HEEHLTVWAL DK, HERARESHEZETITOh ML E, BcemERTRH>ER
BT, PARDHIEGMETRHICNSEBbh 3,

e, =7 VDEERMS 2 HEEROEEEHEA~<L L, £1ih, BEFEBXIE0FY
BERRE 14 680 (5 A138BERK) »6 9. 86BM (1A NAEER) £ T8 LA, 84
BEEBXTEELCEYD, EEEEHBARTERICED ZHRERLZLESHL L1, -7, &
-7 ) TREKBEOSREER DS EME R ORTEMOEIICILEL SV L BbN 5,
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Fig. 1

Fig. 2

Tolal Dry Wt. /Plant
)
B
S

Integrated Radiation
(kcalfl:mz/ﬁweeks)

T

Jan  Mar May  Jul Sep  Nov ]?an Lighting in

Growth Cabinet

EnTNOEFNEIKB G 5 =7 ) O FHEEGENE (A) F4EFHRD
OHBEZR (B) OFFHMES, <7 ) id25°C, 0% R.HTERK SM I,
(A) PORRETEEOEEREZD 2{EEETT (n=10), ®: FlIEES,
O ALK o -2+ v 53 5 by

Seasonal changes in mean dry weight per plant of sunflower (A), and integrated radia-
tion (B) at various growing periods. The plants were grown at 25°C, 70 %R.H. in

phytotron greenhouse () and in artificially-lit growth cabinet (o). Vertical bars indi-
cate 2 X standard deviation of mean (n = 10).

0
60+ vei4.80x-25.05
t9.90

50

40|
X
20 +

ol R A
20 30 40 S0 &0 70

Total Dry Wi/ Plant (g}

raR. ( kca.I/cmi/Gweeks)

=7 ) ORGHEFEYREBELSREMEHEE (PAR) &OMGR, &
BMIIEHMOEERFED 2EEERT (n=10), @ :HIBRE, O: ATH
Bro—2F e bhy b,

Mean dry weight per plant of sunflower in relation to integrated photosynthetically
active radiation (P.A.R.). Measurements in phytotron greenhouse (e} and in artifi-

cially-lit growth cabinet (o). Vertical bars indicate 2 X standard deviation of mean
(n =10).
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Fig. 3

Fig. 4
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b= ) OBENEHBEORENEE Sy — v (FBD d@moERESDE
BEAOHER (TH) 0FHNE{t. SERIZHEEOLYTOHT 2
EOHEYEOES X 100F TR L. ©v 7 VIEIESEL AN o —
XF pEahw PHTHERERLE,

Seasonal changes in patterns of .dry weight growth of each organ (upper), and dis-
tribution ratio in each organ (lower) in sunflower. The distribution ratio indicates the

ratio of the dry weight increment of each organ to that of total plant dry weight X
100%. Measurements in phytotron greenhouse and in artificially-lit growth cabinet.

60 L 0 -2 weeks 2 « dweeks |
40 r I
. /O— /*°
20F \ . -
.'%. /."'O.
S~ e O -
0 ' L 1 Al _ LiH L 1 i "‘_L e 1
0.2 06 1.0 0.2 0.6 1.0 0.2 0.6 1.0

P.AR. { kealzemrweek ]

FRFNOEEREIIBY 2750 4C/ 4F licxs 3R ABHENNK
HEORE, 4C/ 4F LREMLEE (38) olimexid 2 ERLEE (£
+ IR+ oSOERKE R, @ HIWER, O AR/ o-2%
P EF oy bo ‘ ’

Effects of photosynthetically active radiation (P.A.R.) on AC/4F ratio in each growing
stage of sunflower. AC/4F ratio indicates the ratio of dry weight increment of non-

photosynthetic organ (incl. stems, roots‘and flowers) to that of photosynthetic orgafl
(leaves). Measurements in’ phytotron greenhouse {®) and in artificially-lit growth cabi-

net {o).
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Fig. 5 Relation between relative growth rate {(R.G.R.) and photosynthetically active radia-
tion (P.A R.) in sunflower. Values of R,G.R, indicate means of R.G.R. in three growing
stages (0 - 2, 2 -4 and 4 - 6 weeks after sowing). Measurements in phytotran green-
house (e), and in artificially-lit growth cabinet (c}.

aph 07 2 weeks O 2 - 4 weeks 4 - 6 weeks

— K T . B Y .. - B
= ; /“—’.'—; ©
a
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PSR (PAR) OEE, @ §lliR%, O: ALHB S o— 2+ + 5%
B . )
Fig. 6 Effects of photosynthetically active radiation (P.A.R.) on relative growth rate (R.G.R.)
in each growing stage of sunflower. Mecasurements in phytotron greenhouse (#) and in
artificially-lit growth cabinet (o).
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Summary

Effects of seasonal changes in the sunlight conditions on the dry matter growth of sunflowers
grown in the phytotron greenhouse were examined during January, 1977 to February, 1978. _
As a control, the plants were grown in the artificiaily-lit growth cabinet under conditions of 25°¢C,
70%R.H. and 14 hours light period (40klux) per day.

Flower formations in the reproductive stage of growth were not influenced by the day-length,
but the variations of the dry matter growth corresponded to changes in the integrated radiation
in growing periods. There was a linear correlation between the integrated photosynthetically active
radiation (P.A.R.) of 400—700 nm and the dry matter growth of plants grown in the sunlight and
in the artificial light. At an early stage, 0—2 weeks after sowing, the relative growth rate (R.G.R.)
of plant dry weight and also the ratio of the dry weight increment of leaves to that of whole plant
increased with increase of the integrated P.A.R.. However, at later stages, the R.G.R.s were
roughly constant, regardless of the P.A.R., and the ratic of dry weight increment of non-photo-
synthetic organs (especially stem) to that of whole plant tended to increase with increase of the
integrated P.A.R..

It was concluded that the dry matter growth of sunflowers was dependent on the integrated
P.AR. received at the early stage of the growth; the R.G.R. of total dry weight and the growth of
leaves were accelerated with increase of the integrated P.A.R., which in turn limited the dry matter
growth at later stages.

Key words: Plant growth, Phytotron, Seasonal change in plant growth, Sunflower
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Physiological and biochemical effects of sulfur dioxide on plants
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BT, HEEho S0, I L AMMEES ARG L, WHEPESTHONT & (32 207 S0,
ORMEBIC D0 T, HEITERE SO,/ & B MMEESTROBOIC EAN T, L,
20WARHEIA - T, WRIE TEEHOMAI L0, REGRYE S AR OEERSDICAR
Rl I, BEEESERTHAMBADSEIT LI -, SO KLZRABREOMES,
HOTOBBE SO, 1T & 2 BN EMEED 5, BHROEERETT, Ko >ERE R
BRI L AHMEE~EHICE L TE L,

L 80, (CkBEMOHE

SO T & ZHMBEE T, AIHEE L RaREESRR S h 3 (30), BEOERVHALEOMT
bHE—IHTVWARVEITHAEN, LLTRROLHCRALTEL, ¥4hH, AEEEFCR
HEEEBE (1 ~% ppm SO,) OB CARELIA) B8 TEAMROBHE BRI L1 - TH

I BIAERRT AEYRRER

1. Division of Environmental Biology, The National Institute for Environmental Studies, Tsukuba-
gakuen, Ibaraki 305
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haspEEl, EEFCEDN (1BMES2 03 1 ~BER) BRanh s, EmEcEAR
(7o0v2) ER-THENAEHMEELAS S, TOERKGMYOBEICL -TRLY, [KREH
DAY ESESR | B0) © [RABERCLIBFNEESEROEERR®]) (18) L L5, F
fo, FAIBEETE, A TEREESS SO, HEkORRAL S ORMOEMBEDE F %
bicol, ZOROBEMOAEEPNECERETE52 5, AARETH, MhoENEROET &
H-oTENAGACHHELRRTEE0T, THEE - RaREZOXS MY L SBRTHEL,
Sl bimibte &5 g, WHEAE U TEMIC SO MRS 1, FNHAEEO%GTRER A &
YOBREREA A LT~ THER SN P THEBEELLNTVE (3, S5k, ZhoDA
A BB LEINTEDEROTOMHEE A £ i, RRICERINE 39, BE (1975) i,
VR o EEES LI, MEEEORBBARCOVTROLICEEL TS, ¢H4bL, &
BESO,BB TR, SO, HBVIRHSO, D SO ~OBILRILHTHEER L1 » T, HHERA
4 /iR ERCER SN, ThOAEROMELT| XECT. 4, BRERBR T, RN
17z SO AER IS B L, BHRBEOER IO T TH LY, BRERMAR LK
DI THBEHER T 5, £DADIZSOF — SOF ~OR iEasilbl & h Il B o B —a H %
REAEIHERITOTREVDLEL,
C ARSI RES SO,DEEIC 20T, BEETRAMOREREPEL LT L oh TS
tro L L, WMIABEED L EESEHY AL HE LT SO EHICH LTH L { BEHESF L.
TIUOA, MK, BIEYIOARERM, X5, —MEEICREs ATV 2EEEYR LT, £/, B
SEEL L ToEMEEROREFRRICH LT, SO,OREBLEHTELVWTHES I, SOt
BRYOBBSMATINL T, KQELBETO - DOFHED AL REERED b OGHIE
DRMERER LD, BEEYONRE~OEETE, 5 5KRREORBAMET S LK
ORBERROMME FAUFMT 5 ¢ L&, o ORMER & AETEREDORED fobid Rl R T
HhpEELD, '

2 TREELEMOER

s OEERIc it 2 SO, FEic 50T Hill and Thomas (1933) ® Katz (1949) &3,
TREELE S FHERMADNT & LLEERO 5 BR LR s, BKOEmLEELS D
Listi &g L, &5 Brisley and Jones (1950) A&/ EEIREE, Brisley 5 (1959)
H7 DB DN TR L, SO.RB L EMORBERDS, ARFELZH /- ERDROHIEK
HHld B LEEN, Hill and Thomas (1933) 77, L7 7BET, SORBICL2BE
EHEEROBDANEL, N (y, SBECHd %) LEGOARRESRAY (r, £EG
Bicnd 2 HEEERR”SY) &OBRERATET L
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y=a—tbx

(1)

a L bIFERT, alFiZF100%, 6B COARBBOCSBTHSL FAE, THI 717 >T

ita =995,

=0.30). ZOBAGAMEEDONE (7)) BLTF74 (8) OEREROVRRK

BRENh, akbpBEREINTHND 3D, UE, NETHETBREOERE & bl b DEHNFL
CHEmMLTW3,

BRILOWED—>, Heck and Dunning (1978) D MO EBRTZ - EE»0H
1 #58 B 8k, $7=, Linzon (1978) #SA+4 ¥ U AWM KXY —HIKD = o, 4 2 « SIBIGHTH
FRD A b w—F <y (Pinus strobus L.) ¥T, 1953 tF~ 1963 4 3 TOI0EM DHET IR
BEROBEES 1963 E8 A | ERCRBUCHATHEEELHAB LEELRELTV 3, 20
BHE (1) RchTRH»TAHE L, THERTE & HREREERKE S O AENEGHEIRY

Ui

(%)

H Y @E &=

B1

100

80

60

40

20}

0 1 [l 1 j
0 20 40 60 80

EOTRBEEENR (%)

SO, BB L AEFHO O REMRIEDR

REE L HPEERE (o bo—nic

HThr%) E0MFE, A, @, OR

ENTIREBEHLRIc U 3EH

DEBHEBATT, BB

A1, 2, 4ppmT SO, T 1.5 85
X 2 OB (EFaPIm)

@®: 075 1.5 3.0ppmSO,TL5
Frfdl < 2[ERE EFDD
O 0.8, 1.6ppm SO, T IBFRT x 2

blEeE (EHEERYD
Heck and Dunning (1978)4: DER,

EmTIRBEEE ()

100

2]
o
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1 -

40
hrs )

50:

F — X (ppm -

TH=L (@ £4F32 (O T
Bt 380, F— 2 FEHaHREER
HE OB, Temple (1972) &b
£,



SO, ic & B E A HEMICHET 5iTid, SO,0BE, REHMSEMORIGLEOMEEHR
FHZ BT 5 C E LB TH S, Temple (1972) #HE LTHWEZ, =ORAHEYD SO, BEIC
FETHEREIETAF 445 b &, SO F—2 (BExREERN) SEmURERLoBER
ARWOIER, K2 HEL N, TOMBRIEERICH W SO OB D (2 ~8ppm) ATH
TEBEOTH B, B2 THRINVEDIBE, T0hsRBESTE LI S0, F— 2N EVRE,
Ete, EHEOCSESAKREVERY, BP0 SO BIUESENVENL L, ZOBEEHGEIMT S L,
THEZLOHHAF a v K OREEMNEVEVAL S,

Thomas and Hill (1935} H7A7 707 » T—EQHSOEEAUREREL Lo TORE
5 SO, AR & Z2EEER & OBFREZH~TVE (B 3 28, Co=HoMEMKRATEDbDEN
TWb, CORIE OGara HRFIICERE LIAE —FEFLIZ&DTH 30

1 (C-Co) =8 @

T I REME (R, Cid SO.EE (ppm), Co AMEEHFOTRBE (ppm), §EE
WThD, HAROBTHRERAOES, Co=1.4, F=21&73, I3 xbliz, S0, F—-2
L ER AR & OMEE RS R, K4NE N, COMGEEE 3 ICR L 7 SO, BE DR
THY LS 3, ~EOTRERBCET 550, F— 245, SO,BEHEL L EETRIT LD
i, AIHEEE SO, F— R LOMGEMSRDO 2XOEBTH TNHER MREEEE sk
M) TEHT AL EETT, (20 K EIFINT Guderian & (1960) Asta$ %A%, Zahn (1963)
A (2) RAEEE LABERFIRRLTHAY, (2) AAHM TERCERT 5DIERMaLD

10 - 100
8 [ ~—~
8
~ i
E O "
A ﬂ
o ™ 50
x 4 100 % ha
;e "
w 50 % "
2 -
0%
o ——% 0 5
22/ M (hrs) 80: F— 2 (ppm - hrs )
E3 777 ik sEEEHE B4 R3zblicHBLATNT 707
R (MO, HEEEOHS), iR A S0, F— R & EREmn R
BEME, SO.BELOBRFR G = L OHFK
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iClbnbs, £/, 20 (2) A& (1) AEA2MEET, —EDFRE-REE /5480, F
—2&, FOF-2AkLZBRBURIIHEIARBOEFERETSCEMTEELE0DNE,
B2l 4rmLeERTR, RESFOHEELIAL NG <, SOEE NS, L
»L, EERED TEE ¢ 3 EY R D SO, I REFR] (A EH»A~ 1 ER) BEa
nNTh, TREZOFHRLLVGAISSOBELXH AT &, BREEL LToBEDRL2EE
A3 it TH B,

Aicii~t (2) R, ROKXHERTE 3,

c=%-5+a ' (3)

CoRE, H30HE@EERAWT, HicREIEY () O, 17, M SO, BE (C) %&h
HESETACEEBHRL TV, 2T, MikE: & 2 C, (ppmSO) &, 1.7F =0, $ibb,
FESRIDMRAD & &, —EOAMERBUCLKELS SO, MEATd . B3 TH, EHOTRYE

0FDEE, Co=024, AfREHEOBDLEC, = 1.4 L1515, ¢ DEDHNELAHE~ SHY T
DOTROTHEIE, BERKSTHTRERRL —FOMBICE S 2 5DICLELALT SO, BE %
MBECELHBTED,

FlEker MATOHERE = rvAEREZECE2AF A 5 ANy F~NY —HIRKicHE
BLTOSREIOHARICOWT, EROrHEEEH10%CET 3BT 5 BB & SO, 4%
ERLTVE, ZTNHDF—F% (3) RICHTRHTHLE, | HUEIREDE &0 SO, MERH
(3) RoOEHMAFRLSBTNLH, 20M0 2, 4, 8 REL SO B DlFHE, £ ok
WT (3) REMLT B, ARG KRT. 207, K1, 2LRINLEmCOVLT, 2, 4,
8 Bl BEREE D SO, IBEDEM S (3) RDCo & pERDAER, £1, 2060 27iRL -
AR oht, COEDFE2& %45 L, BIEMTR2IED 5 HO168A50.02 ~ 0. 20 ppmSOQ;D
fEz &b, 5FA0.31~0.35ppm DT LA, BIAECHEE, Cob-EbhS0@EmR G
OEROAZVEIDIONE G SOREZMIEVC 2 EERLTVE, WATIE, 0.16~0.20ppm %
F LIRS A ME AT s '

Licicfe kDT, AIREREIICB LT, MO SO EHM i, MO EIck » TE LW Esd
Bo RO SO IEHE A MAL LTV BHIE 2 522 CHME S ATV (REES 300
28 &8, P0G SO, BEMENIZ LD EN I HINTH L, BYOERICEDT S
SO, ORINICIT, HEHICH T ZETREHIBEE T 5, 7, HRITRIRE N/ SO, I3 HSO,™ $80
AL ERY, KD pHABETE %, pH O T 3MEiEAoE 2 TG BEEL &
59, Lich->THROBEREEC L - T pH DETA2EOBRENH T 20508 E1 5, 24,
(AND SOF 4 4 LidSOF 14 v i -» TERIEER SN S, TDS0F — SO ~ D ERIE
DEEAIRE &785 9, Bt Miller and Xerikos(1979)4 SO, Btk 2 Hic T 2 5 I XOREET, &
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#1 BERMEWCOCTAREE WERIRSLEIROI0%) 267151
RER & SO MELOBUR (42), Xk (3) RO C BTV EHEE

LiztRETT,
o £ BEEEHREE (ppm) Gy b o
1 Bl 205 R8 4 55fd 8 IR f ppm__ ppm=*t
o/ 7% 0.56 0.39 0.26 0.15 009 0.62
& & & F 0.63 0.44 0.24 0.12 0.02 0.85
LRy AT 0.70 0.46 0.27 0.14 0.05 0.84
g 4 a v 0.76 0.54 0.29 0.14 0.02 1,06
r v s 0.63 0.59 0.34 0.17 0.05 1.190
xr v Foow 0.63 0.59 0.34 0.17 0.05 1.10
A 4 0.63 0.59 0.34 017 0.05 1,10
FEy— (RH) 0,66 0.54 0.40 0.21 0.14 0.83
AR A A 7 0.88 0.64 0.42 0.27 0.16 0.97
45D —B 0.46 0.45 0.43 .21 0.20 .57
Fo¥r % 4 1.31 077 0.45 0.23 0.07 1.42
7 7 1.31 0.717 0.45 0.23 0.017 1:42
= v ¥ v 1.08 0.79 0.50 0.25% 0.11 1.40
+ a2 v ) 1.08 0.79 0.50 0.25 0.11 1.40
| 4 A 0.64 0.56 0.43 0.38 0.32 0.49
k - [ 0.64 0.56 0.43 0.38 0.32 0.49
o A4 0w 0.64 0.56 0.43 0.38 0.32 0.49
T yA F I 0.74 0.63 0.53 0.39 0.34 0.61
£ o 1) - 0.87 0.74 0.55 0.29 0.20 1.14
O RNV 1.34 0.91 0.50 0.34 0.14 1.54
F oy N 0.94 0.89 0.70 0.45 0.36 1.11
%2 RI1ILEIL, LEELHKROES U2),
. v B E ¥ H B K G b
18R 265f) 465 86 ppm  ppmet
Fa s & 0 — H& 0.66 0.43 0.37 0.20 0.17 0.56
(Populus grondidentata
Michx)
r ¥ ¥ O — H 0.41 0.38 0.33 0.30 0.28 0.21
Fa /s + o — & 0.42 0.39 0.26 0.13 6.07 0.67
(Populus tremuloides
Michx.)
EA 7 B e 0.52 0.44 0.29 0.20 0.13 0.63
Z b o — F = v . 045 0.35 0.25 0.21 0.16 0.38
N~ v s 20— H 0.46 0.43 0.43 0.21 0.21 0.50
7T R = v ®© — & 0.78 0.69 0.44 0.30 0.18 .03
(Pinus restnosa Ait.)
Fw s %0 — & 0.82 0.65 0.45 0.26 0.16 101
(Pa)ﬁulus balsamifera
L. )
A -2+ N T 7V 0.66 0.45 0.44 0.33 0.33 0.28
T AN H T T 1.14 0.75 0.45 0.23 0.o8 1.36
7T AH v O — B 0.89 0.82 0.61 0.41 0.31 1.06
+ r % A T F 082 065 0.62 0.46 | 0.45  0.45
b © —- E 0 087 079 0.70 050 | 045  0.71

(Picea glauca)
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S0z 8 E (ppm)

1 |

l A
0 02 04 06 08
ERBMOEH (hr')

K5 ZHEFARERRE b o4 SO, BB D FHE & RHMMODKE DBFK. %
1OEHENHER. O v/, @1V kg, X ;%a9l, o beh

Bl SEEE S ER RIS Y, BATORPETELNE LB, BRtoSoRE8iR S RLEE
WREPSFCEEREL TS, 20T LT, ARHD SO, BEARIRIE X i & & icifasic
RSN 5808 - S0 ~DOBLARKRESY ARIGEESERMERE L T2 —20BRicl
HAHBTEERTRLTHA,

O SO R (1Ml & 5 VR SEHOZEREEHD T, FB—ofd o0 @M T 6, Hio
HEBROE BRI L > TE LSBT 5, FlAE, Katz (1949) R AT B 154 T TS0,
RE L, HEHO SO, BIRLIEE L EiTMFRICH D, Lr Al RERBEL SO, BINE L@y
BEENH LT E2RELTWS, SO,ORIICE, SO, BEPRERIEMS T TR, SEHO[ILE
A XAT AREER, FlAE00 GRR, LE), S, B, DERS (EEks, KR 44
B, MERBLERTS (26, 39, 42), Fric, SEE, SEE, JEQTEAMNIEYO
SO BEMEEHEENT (39, HHIEOVTHR, 20MMoBELSASBEETHNE, 18~40TC
OFBETHENORZHEELO W 20, REEH T, Leone and Brennan (1971) @ &+
2L b EESAERT, BECERLFRARIEIN/ENE, ThoOnFELRZsEM
L0 SO, B AE L), EHOBRBLTHRIAELEGE L, KEORBML TEITHEE
S, ' .

HOL BRI X 5 SO BT, e<7)DIES (41), HBNEHOE I 0E
b LT3 SO EM A<, EOLBBICRCEVETRIERESKE b -7 £, FE—HE{
OETHETA &, BREDHROF ViR & SO, REEME N » 1,

PRtk 5, SO e 2O REN 2 A£G T3ERGHEL 5D, REEOTHESRE
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BHELI64 S0, F—= H&B L9 3, Dreisinger and McGovern (1970) it k3 &, A#HBEED
FEAMEIT 2 L5 HBEEEAT T, AREOTRELRAI L0 2~ 38D SO, K —
ZBPHELTE NS,

8 AARELLTOREMOERIETICONT

I OE I RiT T S0, DFEE T, Wislicenus (1901) $ Stoklasa (1923} 13, HEdEikca]
HEEDFHEHEL T, FRBEEEIRLIVFSEFEL TV, Lirl, 19304/ D Thomas
ORI G8) TR, Wi~k i, KD IRREFRRERYS B LTV L, ERET IR
Lo EER L, BIOBE T, Brisley 5 (1959) #57 # T, Davis (1972} #s 4 %
T, AHEORRSE L TRNEIEL LTI EEHE LT3,

Linl, EECEHT 32 » ZORAFRY @) 2 0AHR TR, JHREZORAMSN T
HWBEBLOH DB IZENAEEINT VS, FIZE, Bell and Clough (1973) 38k D~
V=TT AT TR (FY ¥, Lolium perenne L.var. $23)%, SO, HRMBIICHE & 17228
KAEEE T 2 ORE (0.0005ppm S0, , HEKX ETE) &, AGrc 0T TEALAEE
(EBFHRR O SO, BE, 0. 12ppm ) NTIBMEEFSE-EE, SO 2B/ EINEE D
hE & LB LT, FERTA3%, EmM43%, HEEHL6 | TNThEDL, WEEORERNTI.3
FHMMLIE0S, EHORBLDE, FHECRMAIR &N, MAEMEHLALDTHS (2 b
DFERIT Bleasdale (1973) OfRELE—HLTVWS), IoEHSEIFEIOEBLLT, Lo
& SO BEREND SO, BE % 0.067ppm CEEFMRBIOFH4) IETF ST, 197148108 ~1972
FAHDEI6BMH, 7477 A SWBOEREXBH L, TOER, F—OEREE LIZIREL
HEEMEOh, SOEREy TR oMyicl LT, BEiiiksl%, ELHEI%ThEnEIL,
RO ESEBHEM L c L0 H, CORRT, WHAERE L TSO, RBEMICI mo 2
EfAaohizliho, ARETHAAHEEFORKRIMET I LCRENS LV -TD
3, Z5IT, Lockyer & (1976)13, BEARIEEB LA BB ++rehy F(HDPFEELE17.9C,
BER4%) T, WEELHIEL, SEAD5 475 25234779/ SO, B8 LcR, SO.BEAN
200 g /m® (0. 07ppm )T, A F e B ERE Lot —F, 4004 SO, m®
(0.14ppm) TR0 BED Lics, EROEEPF 7 o v A ORFIBEINEh-EV D,
i, A—OWAES V-7 ORIOKER (9) T, SOMEE5zg, M (0.02ppm) &HE{EHRET
87O RIS RE LR, WEEMHIE LMl Th, RARBRS ARSI Uiohs, Mkt kg
HEBEINBREOMZEEEEADHONLE N o, & 5, Cowling and Koziol (1978)12, -~
L=F5 475 AS23TE0ug SO,/ /m® & 400 g SO,/ m* T #1820 B &22 AL R L
foEEE, &SSO, XTRHHAERER LI, HEK « PR CEMEERT, HRX EAZEN
LESO,RTHAIBEXARR UM /o), L, Aschenden and Mansfield (1977) 4+
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B—H8T 0. 11ppm SO, (324450, /m®) T 4B, RFE+ v+ % » » GREE0.116ly/min ,
TIBAR24°C, &®E127C, BUEO. 42m.-5) WTRBME LR, f bR FRNEEOm X
DMBRDLI-END (COFRT, FE+ v Uiy PAQEESED (A0 17m5)E, SO,
BRICLISERBETHIMFIENE L £E2ETNE), LLEDERNOAHLE, RL=TUF4 53
Z823TE, 0.1ppmSO, fHE*1EIx LT, £EMAELRRTIL5TEH 5,

—H, Aschenden (1978) it, ERDEER (1) tE—0ORBEHT, REDA - F v - K73
R (BEHY, Dactylis glomerata L. var. S37) %#0.11ppmSO, T 4:AMMERE L, BT
3%, FERETIZ%, WMPEMEHETFERTRY, VIR OHBEYOHELDED L qEat,
Lors, 2EAMOSBILA 7 0 VaABRRAL TV D, £/, LORBT, SOBRENOLER
EAEy (Hh21°C, ®AEN0CY &, SO AERETHESDUTCEREIALLE VD, ST,
Aschenden (1979) B ERDA —F + = F 52,5 Y7 3+ —FTn—032 (FHTY, Poa
pratensis L. var. Monopoly) %S bEE 2 0BEATEE (10~3H), 0.067ppmSO;,
BEEHS (FATOBR0Y~4E 0B ET) OA, M5 AR (BENRG 103.5 B 4, 208
il dFEaREE Lo, © ORR, WHME &, REORHERITHMEKOM L 028%LL DL, 50D
HotgnsEmBat RO NH S i,

RhEimi~ta koSie, REMEMO > BTH, SO MM TR, 0.05ppmiitkd SO, TH,
BOBR~20BHRORFBC LY, EPERIIHENL K5 TH S, TOHE, ERHETOMRE
ENRERATHIEEER, LhL, RUZTAIA Y5 20U THREETRSMSRS S (A,
5

—7, WFEMGZ>0T, 2, ZOMRMH L, Flild, ~vHsr4a v EHRENERE
(Bep25°C, ®EI20°C, BAEBO%) T 0.05ppm SO; iC 58/ (1 B 8K, 85 HRR) RER%,
FEME LRI HBX &AL - oh, HITHERBOME ML ShEVS Q0), vV )%
ATHBBTESF » 4y b (4RI (35klx, 25°C), 1085FIFSER (20°C), BRETS%) ATH
X, #EE 1BMEAS 5BRlich0, 0.05ppm & 0. 1ppmd SO, BE THERR L5
(80, F—2EFEZNEH 1. 75ppm-d & 3.50ppm-d &783) (31), HM¥MELSH TR0 05ppm SOy
K& 0.1ppm SO, T, LN bHIK & DRIZERAED D - 1o,

PLEITER~ o L5, MOSRICRIZTIERE SO, RBONEE, B 2H T~k L 21 TH
ERRICET SZBHEELFM, HPOBBRCE - THEDRBLEITHE, BHEREELTD
AHEERHOEE L BN A L, BPOERBIEE, ROk, T, Bokd &R, SEmEm
ORI, [EMbeEd &rBE DERL & OEBBIEY, FiEREORRICHS T 5 LED i
MEOFRABEUILER I OAH-TVELLETHB, Lzhi-T, BYOEEILRIETSO,@
HBEBRNT s 0cR, SO,OBERSLOERRIEEE LS 350 5RHATINENS L, T
T, SO, DERADEEREE, SO,OEANRIN L EAMBN TOHERE 14 OER, SOF —
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SO& ~DEALE SOF OFR L T DHAF AN OLERRES L CER EBEEGHEHE D &R
ELTAHED, INOOHBRICEET 2 HIOEENL, SEADEELEELE L SO &AM
EERT LI LITHAD, FIZE, EDSO,BINEEMENC E (FHabb, LGRS EUR
T &), BNtk 2 BRBEBAEENEO T &, BRANO pH EHtEAS 0L, SQIBHsN
THRAHBREMIET Licd 0T &, ERICERS NSO S ENT AP L, BN
MR SO/ hER s e d VT &, HEORMEEAENC &, SO, KRBINTHEORILE
B (D MERShIELO, MRS EROBMI 5H3HAMEELLEE (ELE) oxh
FORECHD, LrbHENERYSHOEHEENNSVE (HF0E) 2ERLISCELED
ﬁﬁﬁ.S@%@Kiéiﬁm%%ﬁﬁﬁ<<T5®Tﬁﬁwﬁ55ﬁm'BE£K.GMHmn
(1967) &, HEEHOWHEERRICET 5 SO, M L BHOERFEICRI T 5 SOl L1352
BAEDSTWE (FOHFELT, T2 707 v BEMERERE CHEBSHLY, E~0E
BTIEREDOFTO IV -—TIRAL LN D),

4 HENOREICHS SO, RBREICDNT
ZIRJHABETEZHSNTVE2S0. BEREETHS 43), ZHoDHMAR, RSB ADR
RARAES L ETOMBINACENEE LVEEETH S, bUAIL, KRPSO.BED N 7
759 Kid dugm? (0.0015ppm) 2, FRLTEVBRATOE (15), ChoOREREETE
B ENT S SOBEAMMADETICED & 5 UHBESA 5%, FRNHEICHES TR L
TH{LENS L, B2EHTHANL S, BYOTERESREORRRE R, HYOBHICE »
TIIENRIS > T3, ¥4 id, Heggestad and Heck (1971} #BEDOHMBREITERE L
BBl A —EE (42) LichoT, 0~8 kML v o MBS ERRORE T, THEENERLD
FOREFTA LN TTRERE GEIRS » THRBEE 5 $1RE) ORABEERLTHS,
CHESO, F—RICHRTH L, SO, GBI AW TIE, SOME O ~ dppm ORFHT, 0.4~4
ppm - h &4 35 URDIZ4 P ABBEEOLEEMA ol c, oMo ERRELETE,
PRSLESREIE 0.003 ~ 0. 03ppm SO, £153 ), thiZE OBZMS & SHM T, 0.2 ~12 ppmSO, D
FPACSO, F—AH 1.6 ~20ppm -hr&# 3, COL>iC, BERECESHARTHEYORITS,
AEERBICHETF - 2RIV &5 5, T, BbOMIUOEL, PRNTRIHE
b OBOUEMNTHENEOSTVEE BT 5 &, AHERTOMERA SO, F— RIS DEMH L,
—%, HHOEE~NODEBRIL ST, ERET %6/ o7 SOBED FRMEEKD 53, SO,
K-zt RELEOBRERNT 5 BEMS 5, SO, F -2 LEWOLEREE(LL OBFEERD S
N3 L SUFFEHEIEFICAL0, CNTTERHESATOIENO S BT, &l (1972) 254
77, BIE (1975) BEBEMES T, Heck and Dunning (1978) T 37, Aschenden (1979)
OWEIOVTHE LABEREL LI, SO, F - A LEREE OMERERN LTS, X6 A
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%3 HEREEI KT 5 SO REEAEE (ppm) (43)

2 1 Bl | AR | FEE £ A 1 ByfE | BSFSME | FERE
~ A £ - 0.06 | A & | 0.1 0.04
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Effect of SO, on photosynthesis in higher plants

Akio FURUKAWA!

WP REGHERE, L0bE SO,ORMICBETERC DO THEE OSSR TE T
5 (4, 16, 18, 24, 25, 26, 35, 36, 37), BEEODOSO, £ MMiIc BT 5 &, KK CERII
HEEARIL, 4200 x0s 00 vRERCT (3), AEMEORREAR, SO, £ /05
TAHROBRESY (5, 32), EEHORESE 07, BETIHoREBLSY: (6, 32 wh-T
KECETINDG, 36K, VOB, > THRHEEFORBESERES (28, 30). ZhE
TOWEE, FE LTI DL UEBE SO MM & 2HHEEORBE T 28~ OO E
AHRTETV S, LL, THEEZOREMEC OV TRAHEDENS L 2, FoLrcl
Tﬂﬁ%%ﬁ%ﬁﬁéwwué<wmLrwawamétgmo@K;%Eﬁ@%@%ﬁﬁémﬁ
Wid, ERESTENK SO N DAL L » THE--RNICHEZT ST (12), AIMEEOR
Rz HHE L TOBRBE A BILE B THBET 1L AT, AOMEOBERIC LG
W 3/, COLIUMARRE, LR, REAFRIC LATENELONE, BEXHCHTIHS
HERNOMGERT D EQTELL, AHEZORATS 2B OMY THEL, KHito%
WS ERRI L CIEAR S L C I RBHEROBILICRETI 45 & LT, ok HiciEiittos
WM REERE O RIEEAME L (12), HBMAER TR LR TELL,

FEEESRIERIC L » TRIRL 72 CO A HBME LTEEL, ThesE - £ - BOSHBECS
Ebféﬁbtw%,%%ﬂﬁﬁﬁsm%ﬂm;oTﬁTféuéw,ﬁ%@i&ﬁ%ﬁén,%
el ORI BT 5, BYMOERICHT 2 SO0, DEBIC VTR, RADHARS » 7K
LoTRENTVEA (1), THhiCREKOBBEHHELEL, SR TEELIETsC L3

L BESLAEREs RS
1. Division of Environmental Biology, The National Institute for Environmental Studies, Tsukuba-
gakuen, Tbaraki 305

—333—-




WETHE, &0, LREEES SO MBEOORESHE (1, 2, 38)PHMOEE (7, 8) K
£ TEBL, ~#iEBOAELAL, MONRMD, DO TRHEBRNEELSFMT5CRE
Hird b, LOLIERBBICHAT, KA 5B B cHBLERESB 5,
TORRENRAT L L L - TAERCHT 2B LA REHET AT LRATHETH L (3D ¢
hb, SO T, AAEREOMIITH T 5 E8LF M 2L hamkicxts s B8 LR
~BDE, EREBEOLVHETS D,

HOORERICH T 5 HBATRIC S5 1251, K HEN~DCO, , H,0, 50, DUt
EATHBC LT B, HIAECOM, RS, OERAERE, SA4ALTENCHDATN, M
I T/ on 77 2 btk TET S (K1), ROfEER, KRE7007 352+ TO
COMEDHR LERBRTOMENORE Stk -TRE S, THbL, BEENLERERE S
A, BERHBTOCOMMOER L LTHA ST LBTE S, —4, HLODKARELETORE

51 #pEofisoEAR, KErO5AMBEE T/ oo s S2 bicES
CO &S0 m, iz, SIED, SARRICHH B K4S (H,0) & H = B
T E Rt FBREHICL-TIravy FI 7T, ~N—FF+ o/ —hbC0,
S n, — PR r7oo 732+ cHBEES N, EACBsNhi,
HER £ B COMHEE I Fa Y FITRBOTITOR T A EShAT
A48, BREKBT BN —FF /bR ENE &I RER
LT&Hh 5,

—334~—



£10%LEL, BNEARLOMORIEDOZ L EMERE, SABAKL-THEENS, &
Bit, SO, DN, SO, oK T HBEMENAE L, [UETOSOBRER 0 LELLNDD
T (29, H,O0o#t & Gk, KSHO SO, RELERNRAE, SABRkL - ThEd, —
2, BEMBEAEESAIBI AV ALHESHET, ENTOVATBGBHETECEEL 60T
V3,

7an73 2 NDCOOMBRARPHLTALELTRALTE/COE, S ba YT
THREEAICE »THE LR CO b RE>THRENTV A, BRERI LA COmfittid, @5, I
LB O TR ONZ VDWW SEFRER & HFRIC LD 6D E e D, TORIC, KEAHEEEV-Th,
ELOoZEMMEALTWEDT, SO, DESKICHTARELRLIICE, ChoOEREHS
PRLEGNIF BN, CORBSBSERANID, £ 7 ) OXESHER T 5 SO, DEHiC
2VT, ThE TRESCOERAMAEQTEOT, £& L TRAVBBLEREDLIC, £
FTHRIIN, AHARHET, 20ER, FMHHBEL 220 T Tieil~ s,

1001

80 -

60

40 -

(R) MEBpERH

20}
—som2 - —l-m @ o
0 % 6 w 1w 10

mmEsM (5D

M2 HMeDSOBECLdewT ) EORABEEOHMEEMBEEEEOLE,
SO B 0 ks L, 0 BIcELELEL, 0AHORIESEHE LT
Wa, SO, OBERBABOBICILTH S, SO MEEHFIF25C, 36kix,
HHHAEETH 5,

Bz, CO0KSDHN 5200732 P ~ADHRADEZIL SO, BREEMEALTH AhizD
WTHRNB, KARHGER SO, 2B 2 LAt PL, SO, DEEIKELLMEL ™ ®2).

—335—




G PR & ARURE & ER L, SABREENERSHELTASZ S, GAERG, 8
A LTS, ERIERSEL{IMAT I EhahE (1) 2% 0, SORKILIIFAHTS
LD EENTORARARBCHEHENCHEL TV L EHEENS, &0, FIREMICHT
68@®%%u.%W&ﬁﬁ%%b(ﬁ%?%mbmbbéf.E@&ﬁﬁmua&&f%@tﬁ
Ve TMDL, SO.0NERHT AEHRREROBESR (19, 20, 41, 42, 43) Y, EFx
EFR (23, 24, 33) Evweic, L CEFETMENREAELTHWE &Liciib, SO,DBENSHL
B, AROREEALNE (H2), XAERRBEEELCERIATVWELEELLNS,
Lipl, SO AP EVERCS 100 $EEH S 5 O Tid 1<, FERNEIcE sh 5864
BUHETIEARLTHS,

#1 BADSO,BEICETD &~ 7 ) EONRSFEE S LU COMBIER

S0, #E P S S Bk * I ERE + SRR EEPEHH B A
ppm % s /cm ‘ s /cm
Fal 805} % PR 90431%
0.0 100 4, 6 4.4 3.8 4.0
0.1 100 4.5 4.2 3.5 4.0
0.5 8 8 4.3 4.4 3.2 4.0
1.0 6 5 4.5 5.3 3.0 6.7
1.5 37 4.4 6.6 3.9 36.56

* BRI B T B0

FNT, REFEESEALLERHC, SO & ANSHEROBDBED L HITILHPITDINT
WRZZEIT B, INE TORRICENTE, HEMDRIP A KL, CO.\, NO;, Oy HIF
LU 2D SO, DX ADHEBIC DO TRNEDOT, ZO/IC>OTERLAV,

FRHARIT & » THERGTH D, HRHFLE L KEZT SO, OXEREELFH~LL, Ko
ME ST THEBSAE NS (R3). CORRFER, BELEROWEICBOSNT
BONAREETAT5HERLY, SO LAEENRIVTLERERLTVWS, D%, HELH
BLTOAEDRESEN SO T L - TR L, MUBREOHESREI LY, LT &K,
155, BATEOES, LAREEMES, BESKCHTBFSHRNE C, EKD TR
L pER, FRERONRAREE & (10, 31), &5, SO LARES, HiOmRE
PEBLY HZFPT (15), TRFEMASO,DMEBEZH o4, KEAREFOEFHEFLLT
b, EYELEOEEIREALEEEBINLTVESD », HYBEENOTEBRMNTHELEHL,
NG SO DFERICHT ZHEEAL/NSVEEZISNE, KRFDOHFREERN~RDALAD

—336—



Th 5 QAOME RSB ORERS ¢, 2NIFREHCEN SO, 2D iAS, HABEEEE
Tag20EIDCERES, LrL, SO0OEBLEHLLHBICERLLS LTEDIE, pA
=T, HPOEREFRLSHHET TAOEIC IV, BER o, MNOER I oS
Ly bitick > T—FRE(ELENBDHOTHS (9, 22), ‘

KGho SO EER, 8L T, TEM ey TR, *OBEME, Amsmes LTHERALT
VB, AIMTICRAE L TOSMBAIS0, & - TN S NS LN TH 5, TOMBECL T,

- o
e 20r  —o- pelse
g e
-
Qm}
L4
m

10+

5}

0 i i

0 10 20 30 40

Kiux

3 SO LdEe~7)EWOREGRIBEE KOs & OlfR, SOtk AR
HE O B2 ER2ZIERLTHE) 2Ry 7 e 7oy b §
HE, 2HEOBEBKE - TEMEIND (15), ZOHBOT HSEALREHE
FEEE L, BYOBEBOCHSESB - 1st, _HEBHOHEGEDOZ HB %
B-2ndtL T, SO MBPpOXOms & OBFREMIZRL TH 5,

SOZL?L‘VJW)‘C"‘fJ(COZ%%EK?(%;‘PK%&HEH%O HE, L, HROKLI L EBREOREC
Lo THELKCOBMIR LD COREESFIC LREETVAS (1), £hTE, K&hD COE

JEEREZ B LSO DHARICHNT ERENLEDL BT ohERD L LICT S,

SO L B HEHEE DK T, COBEMERTACH>NTETSS (H4), CO@EsL
RILEGAPHEED B4, SO OWRIHE R COMM L - T, BEASEELIIF, CO,
BIEASEG OB SO MEBERICADIC (A RD T, B A4 v (S0°7 ) ZREEA A
¥ (COT) BABRICHENWT, COEBTT2BHRTHSY 7o —21,5-2) ¥ (RuDP) 1
T 5 —EEHICH L TE - HMicfEM T2 W, 2%, COBEHNHV & SO, D RuDP
HNRF V7 —Find SEAAGED, £OHRE L TESEEEDETAMEIY 5L Lt 5,

—337—




08t /Q/%

00r 4
1 1 1

0 100 200 300 400 500
ppm 0,

K4 ELADCOEBERBHLER7IEDAHEFICHT S 80D, 0.8ppm
SO, (0), 1.6ppm S0, (@) 8L D CO,BEICEWTRI S ECREL,
HABCEE T B EEA TR TA(13),

100f 80,
[ ]
;.; sok 80, + NO;
*
é 60 80, + O
g 80, + N0, + 0,
B 1
%
a0 1
80;=0.2ppm
NOy= 1. dppm
0;+*0.2ypm
o L 1L 'y ]

0 %0 60 90 1z
RERHB (5)

5 =7 )EORASSMEEHT SHEKNAERIADOEE, 0.2ppm SO &
0.2ppm Os, 1.0ppm NO, E#3£LE L ARICHRESHRERE S EO L 5 5B
A2 B EFHNTH D L.0ppm NO;, 0.2ppm Os, 0.2ppm SO, B
MAETHESREFIREALEESNTWY, 2EHELOYRERS
BT 5 LMFUASHKIEESEC S,

—338—




WM & - T COME, HABERKBIAEETH T, CORENFTVREERERELS N,
CO,DBEHSTFHIESOOBE LT AhU T, —HBlBORIBEbh 20, CONEIIOER
bH D, COBEHSETRELNEFVDLL, CORRIBANORBES Y B REDRERT
Licth, COMEMGEN FRALTF2E, MBRAERHMRBICIS (11,

KEGEREIE, [T SO Mo & TEL, NOy OxRES BAERBVTS, MO
ECHEETS (1), %0, SOMARABREE L THRTEET S L HVLE-Th
BETHIE D, BANCEEL TV BHEE, AKD/AMID NOx % Ox © & 5 KO K K5 RE &
SO, MIBELABHAFREBEBEIN TV S, Th T, hoXSHEREN SO, ESRECR
-, EEREEREDCL I NEERZH S50 DOOTHENDLEILT S,

HANRTERIRETOLRSROBEI >V TH, BEALTRALENATHHOONRIRTS 5,
HEMIT White & (39), HEE L THBiICd 00, BLpfl~k S0 ENO,b L0, &N
SEE. S5 hs 3 EOBAEEIL ENONTFEV-TE, ORI, LR ICH
CETEIC, SOENOS L B0 RT3, HITHE L ABIRIL BEISRESN
OB THARAERFECRES NS {5), CORTHRBRE, NO, & O, DEAFRC
BOTHHEEHAT S,

KEFREGESIRECLS &, BEBAERMCMATIEVICEE, IR EELHESS
AT B, D1 & b, BEAEEEELHTHENS 6 LAV DLTHL, B—OKIER
ik » TR EBAHEC Th, bTDHThbOKAERESRET NEF LV EESREAT S,
Hiz, LETEBICIT B NOE O,OHARE TR, NO,OBEHS0.2ppm TS 1.0 ppm THH
SHOETEECEL TH -1

EAEROBBI LT, BIESEEOUAEMDT, Chb oOBFICR QI SH0,
31, BAERNBEORK LTRRY 20020 TOBELEC ARTH S, £NWL, SHD
REFROMM BB T P90, WOHRICEARE » TIT BEHB 5,

5 OB X ®

1. Ashenden, T.W, 1978. Growth reductions in cocksfoot (Dactylis glomerata L.) as a result of 50, pollution.
Environ. Pollut. 15: 161-166 .

2. Ashenden, T.W. and T.A. Mansfield. 1977. Influence of wind speed on the sensitivity of ryegrass to 50, .
1. Exp. Bot. 28: 729735 *

3. Barrett, T.W. and H.M. Benedict. 1970. Sulfur dioxide. In Recognition of Air Pollution Injury to Vegeta-
tion: A Pictorial Atlgs (edit. by 1.S. Jacobson and A.C. Hill), p. CI-C17 Air Pollution Control Association,
Pittsburg ,

4. Bell, JN.B. and C.H, Mudd. 1976. Sulfur dioxide resistance in plants: A case study of Lolium pereme, In
Effects of Air pollutants on Plants (edit. by T.A. Mansfield), p. 87—104 Cambridge University Press, London

5. Biennan, E. and LA, Leone, 1968, The response of plants to sulfur dioxide or ozone-polluted air supplied
at varying flow rates. Phytopathol. 58: 1661 -1664

—339-




10.

11.
12

13.

14.

15.

16.

17.
18.
19.
20.

21

22.
23.

24.

25.

26.

27.

28.

Cotrufo, C. and C.R. Berry. 1970, Some effects of a soluble NPK fertilizer on sensitivity of eastern white
ping to injury from 5O, air pollution. Forest Sci. 16: 72-73

Cowling, D.W. and D.R. Lockyer. 1976. Growth of perrenial ryegrass (Lofium perenne L.) exposed to a
low concentration of sulphur dioxide, I, Exp. Bot. 27: 411-417

Fetguson, P., J.A. Lee and I.N.B. Bell. 1978. Effects of sulphur pollutants on the growth of Sphagnum
species. Environ, Pollut. 16: 151—162

REIREDE « BIHF - P - 08— 1979 HEHERiB 4 £ = 7)) OARORHNEHICONT,
A BaRaaEEd. R-10-79. p 289 -297

Furukawa, A. 1973. Photosynthesis and respiration in poplar plant in relation to leaf development. J.
Jap. For. Soc. 55: 119-123

w1978 KR LMY [REANY) (DNEREE p 88-120. BARE

Furukawa, A., O. Isoda, H.Iwaki and T. Totsuka. 1980. Interspecific difference in resistance to sulfur
dioxide. Res. Rep. from the Nat. Inst. for Environ, Studies, No. 11 (in press)

Furukawa, A., a. Koike, K. Hozumi and T. Totsuka. 1979. The effect of SO, on photosynthesis in poplar
leaves at various CO, concentrations. J. Jap. For, Soc. 61: 351-356

o FE A - FARE R, - FUEEE. 1970, AR iIcE 2 v 1 s AT 75 Fy o REBEOEMER LSS
{bkieic B4 2 HARE, EVABgRldseRERE R-10-79. p177-210

dllIEHE » FigiR. 1978, = 7 YIEOFRSM. [ILBREC S L33 ok 4 4 > OE8 T PRt X
BARGHREFOMNME GE MY 2 E N W51, /52FFHITaYs. B~ E roeaish s soak
HBH#E. R-2-78. p. 57-66

BHEE. 1975 EBEE LA 4 vic LAENOEERE L OBECES S8R, BhRREMNSH
% No. 74001 p.1-87

Heck, W.W. and J.A. Dunning. 1978. Response of oats to sulfur dioxide: Interactions of growth tempera-
ture with exposure temperature or humidity. J.Air Poll. Cont. Assoc. 28: 241-246

Heggestad, H.E, and W.W, Heck. 1971, Nature, extent, and variation of plant response to air pollutants.
Advan. Agron. 23: 111-145

Horsman, D.C, and A.R. Wellburn. 1977. Effect of 80, poiluted air upon enzyme activity in plants origi-
nating from areas with different annual mean atmospheric 0, concentrations. Envrion. Pollut. 13; 33-39
Jager, H. — j. and H. Klein, 1977. Biochemical and physiological detection of sulfur dioxide injury to pea
plants (Pisum sativum). J. Air Poll. Cont, Assoc, 27: 464—466

Kisaki, T., S. Hirabayashi and N. Yano. 1973. Effect of the age of tobaca leaves on photosynthesis and
photorespiration. Plant & Cell Physiol, 14: 505-514
Leopold, A. C. and P. E. Kriedemann. 1975, Ptant Growth and Development. p. 545 McGrow Hill, New
York

Mathotra, §.5. 1976. Effects of sulphur dioxide on biochemical activity and ultrastructual organization of
pine needle chloroplasts. New Phytol. 76: 239-245

Mathotra, §.8. and D. Hocking. 1976. Biochemical-and cytological effects of sulphur dioxide on plant
metabolism. ibid. 76: 227-237

Mudd, I.B. 1973. Biochemical effects of some air pollutants on plants. In Air Pollution Damage t¢ Vegeta-
tion (edit. by Y.A. Naegele), p. 31-47. American Chemical Society

Mudd, J.B. 1975. Sulfur dioxide. In Responses of Flants to Air Pollution (edit. by J.B. Mudd and T.T.
Kozlowski), p. 922 Academic Press, New York.

Furukawa, A., T. Nateri and T. Totsuka. 1980. The effects of S0, on net photosynthesis in sunflower leaf.
Res. Rep. from the Nat. Inst. for Environ. Studies, No, 11 (in press} !
O’Connor, 1.A., D.G. Parbery and W. Strauss, 1974. The effects of phytotoxic gases on Australjan native
plant species. Part 1. Acute effects of sulphur dioxide. Environ. Pollut. 7: 7-23

—340-



29.

30.

31

32,

33.

34,

35.

37

39.

40,

41.

42,

REGRIK - LFEXE, 1978, M@Wc X 2 AGEEE oI M T 28 (1), SO,0EFIRGE & o Hks
FHEEOMR REKE 315158

Ranft, Von H. and Dassler, H.—G. 1970. Rauchhartetest an Geholzen in SO,-Kabinenversuch, Flora
159: 573588

Salin, M.L. and P.H. Hormann. 1971. Changes of photorespiratory activity with leaf age. Plant Physiol.
48:193-196

Setterstrom, C. and P. W. Zimmerman. 1939, Factors influencing susceptibility of palnts to sulphur dioxide
injury. I. Cont. Boyce Thompson Inst. 10: 155-181

Shimazaki, S. and K. Sugahara. 1979. Specific inhibition of photosystem II activity in chloroplasts by
fumigation of spinach leaves with SO, . Plant & Cell Physiol. 20: 26-35

Thomas, M.D. 1951, Gas damage to plants. Ann. Rev, Plant Physiol. 2: 293-322

Thomas, M.D. 1961. Effectsof air pollution on plants. In Air Pollution, WHO, monog. No. 46. p. 233—378
Thomas, M.D. and R.H. Hendricks. 1956. Effect of air pollution on plants. In Air Pollution Handbook
(edit. by P.L. Magill, F.R. Holden, C. Ackly and ¥.G. Sawyer), Sec. 9: 1-44

Thomas, M.D., R.H., Hendricks, T.R. Collier and G.R. Hill. 1943, Utilizatibn of sulphate and sulphur
dioxide for the sulphur nutrition of alfalfa. Plant Physiol. 18: 345-371

White, K.K., A.C. Hitl and J.H. Bennett. 1974. Synergistic inhibition of apparent photosynthesis rate of
alfalfa by combinations of sulfur dioxide and nitrogen dioxide. Environ, Sci. Technol. §: 574—576

Ziegler, 1. 1972. The effect of SO; on the activity of ribulose—1, 5—diphosphate carboxylase in isolated
spinach chloroplasts. Planta 103: 155-163

Ziegler, I, 1973. Effect of sulphite on phosphoenolypyrtuvate carboxylase and malate formation in extracts
of Zea mays. Phytochem. 12: 10271030

Ziegler, 1. 1974, Action of sulphite on plant malate dehydrogenase. ibid. 13: 2411-2416

—-341-




B AHFERFERSE $108 (R—10—79)
Research Report from the National Institute for Environmental Studies No. 10, 1979

BEEMICEZAAMIEER (NO,) ORINERS
KB

- Absorption and metabolism of atmosperic NO, in higher plants

Tadakatsu YONEYAMA!

L KRFERENO, Lt

KREBEHE L TOEZRB Y ici—B{LEE (NO) & TBLEFE (NO) HdsH, —iic
NO, O L DMl Eh, BB EELONTVS (25). ZhoOBERBR{ILYORE
fidam QRIEEOBRELEZONTV LY, LELOCOREEFTRRT L7 -4 (18) bbb,
7Y =G ZOBT, REFZEEOIHD T 08 v ILEOREEN, EMMosESAET 3I13E
CHERONO, NO, MEAEHTOBEVSHE (5, 6, 1) bbb

ARRICHB Sz NO, NO, i3, KEATORIETHE, BMBECcL o0 (13), HiEck3
Wl (1), FHicE 2RI EDERESE 2D, REOEHATONO, BE © D8 mo 6
B H D,

B, #iTAKD NO, #E (FE¥H) £ 0.03 ~0.05ppm FEE TH 5. CORELT THEI~
DEMERIREISO LAY, CORELLE 0. 5ppm (50pphm) EIT T, HE91OE A
fECERICIHENLEENH B LT HENHBZ, B 1 ITE2OBMERLE Eni. I OBIIEGHEI,
WHBIIZEA LB NIV, BMEOKRSEER ST ESHES M), ENRORRICE -
THEMSMEH SN D5, wbd IEHEEE ST 3RERE A L5,

—%, NO; B TRHEEARBENED SN, Bicd EH0EETH, ioREBRETA
HULET B L, HIMBH LV IEE R OB EEND LB 8, KERMLhIZILD DD
5 (4, 9, 36),

A ENRY AN 5 T e o

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

—343—




# 1 50pphm PIT® NO, B8 O ~ O E S O bl

NO, & &
oo - - ¥ = XHR
BEE(pphm) | MM (H)
208D 1BHER E LT
B b0, 25, 50 | 208 | StASUEMER( 10pphm— 9%, Bppm—31%.) & 6
50pphm—32%
N 10-22 A ERE 33
_ ) BREROET, 7007 LN, EDTH
Foow o b 15-26 10-22 Ny 32
Foo=  »| 50 19 IR, RERORED 7
R N SAEEERT |22 % OITERE 30
B 6.8
s |(AEABS
Tret || emeeT || s6-1a0 | mmEw, wmEmoRs 2
lipphm @ | |C8103.585H])
R
E e 7 o0 |10 24 IR D 39
# — F o} 25 a5 EROBN, FHOMLD 35

2. EMCLB NO, BIX

KGO NO, DEMNCRIN S N2 BB & LT, MMOEERL - OHBNRINE, THEARNEN
F NO, BHHIC EDRINE NBE WS Zohih B (4)), HIE CREBHOXRBICAET 5 51LET
L CHEMIANEIDAE N 5o BETREBICRIS N NO, HillEE, BRRRE/ASY (45), %4
LAMRAEE LTINS NG @D, GEEEORNTH, FESEBRTECHS (U5 2, %EOD
BN, KEHIE NO, 2875 {15 » 1230 b BICEE ShTui: NO, EHOSHMmICR N Sh b
CEREBDT, HYONO, EROBINA R & L TIREE MR A0S 5 0 Ll &0
WL - TRT S (48),

EYITRIT S Rz NO, BB R ikicid, (1) ~ED NO, BEIR A% v U3 v i,
WY (2R, $1-3658E) 2ANLED, THAONO, BEORIR, LIHEA3,29), (@)
NO, KRB S NP OELSROMMEL HIEE (I3, 38), (V) MRS W B%D
5%, NO; DAORBOBERETAY b~ 7ETERL THEL, 2EER»0Z0REDS, 1
HAENO, BEOEHELTHE @1, 46), (=) NO; ON2T7T4A v +b—7 ("N} TEHRLT
C WA RYIICRBR L, Wb SN EE ST LT (44), NO #Isk& LTEHE (6, 40 ¥ 5%
FoHENSE S Matsumaru & (213 @ () OFHI L BHEEI L, 0.3ppm DNO, £
BT, Atz b=eh, b2 ) 1THHELD26mg g 8, toEraydlim g
EEDNO, #RNT BCENH % B0 FHICSNIAEMT S, B RIREHKD SR T H(46),

—344-




B L AREESAENL TThh207T, toRNERIE, BEECEELEVvEHIHE
Pedidkn (13, 15, 43), SAZRDONO, ORI AT 2 BREIH D (15, 20), EREONO, iT
BHABRTE, BEHhoEREE (%) dRNEBCMELLCWEITSHS (28), #EHEicLD,
g1, BESHEIc LD BAERRLS. » OSARBEI RTS8, Wi k3 N0, O B ¥ & i3 28
ftd 2. LOLERS Q4 Kihid, #hfhoBEcond, Byt n 0B dd 2
NO, BRRBRAHE L & 5, fithH, BRERM, NO, BEBML (—EMf1.2~1.4x 107%g
NO;-gH,0"' mmHg™ NO; ppm™ &85, REOD NO, BE, ¥R, ZHENSHE TE hid,
CDEREF - T, BBt d NO, RINEOHENTE 5,

WD NO, RINREICHE - T, f5R20L 5y V-0 ti%ks. B, REAIRED
B, SOHEREGEVIS 34, COEER OB, NO, BINGER & LT O
AKTHhhE, KEPONO, ZBILL T, TDOMEEA T 27 402 —ENLDHEEES. —F, &
FHEDIHE <, NO, icHRINCTE O A Db, FHIIAKO NO, BEOEREES R HE
HYEILA I

#2 WD NO, BINDLH

Wt | [EMERIE S | S fl H W 1 B
SRR i G ST
= & & Nogﬁﬁﬁﬁfgwmf, KENO

CHYIEE LA
i3 =] = rEDOY
7 J 1%

3 EMICHIT B NO, DE

(1) NO, D ShEE

NO, I RF SN TE, BESHTOEY L AT, HBaREMEMLIZY (39, 47, 500,
HREAER LD (17, 42, 43, 44), 5 2 <7 BERSEHSEMLAED D, RERSRH
WL (27, 37, 39) F 5. £HEBELRE (23), Matsumaru 5> (21) OERE, BINSH
72 NO, (TR TEME TERIN S C LR, EehlBRERERSMADICLER
BLTH5, —F, NO, BB FOMMTH, MEMTMEEE (50), THREBTMREE (D
MK B & DHEXNTH B,

Yoneyama & (16, 42) i N @30 NO, 2160, i o Wi RE L BOERD SNOAME
D5, B 1ICTRT &S HEST NO, DEESRBENAE L E2HBL I,

—345—




&g oHg

t
Eﬁ* 4 T i/ m;};ﬁ;
NOy————» N 4 .
Oz P Oz = TR =TTy §
. (7 1K)

&AL

ik

K1 HEPEMIETO NO, OB

F[IPORBA LI NO, i, HIRREPTHREL, Ml L BWRICLD, ChoIMBETE,
FBHEBECBRECLOT 2T END, TOBFREII VS I/ EREER, Tvy 3 VBEARBER
T, S Iv, s I vBRRESH, S6kT I/ EEBBRTREOT I BIcEENBEE
T Do COEIEBHREINALT I /BREBY ¥ HIZRDATR, THhHOBRT 1 /BEH54D.
BRUCREADEELS/NS CHD, 2REBEDRENE, T, ASFELLVOT, HEEL
B, HMERICEER, vy I YBOREBREHOESH O ORTH OB (1, |
SEESRBE S, WHEE, T, Sy L TEETANBHIASHET LY LRELEEU6),

AR SHMEI BN E NSO C 20 TEHEN TV S, B8 #EBO S0, %, FicRBR
LT, 20OEAESBH SN/, Thomas & (34) OERICEINE, WERZONE, KET
13380, TP FREOHEILSMEL S, At otRiifitE8E i ot
2 VT P80, HE{ERED S0, OB TEEE AL 977, Matsumaru 5 Q1) [FEEHIOE
# (NOy) ORESRHEEAT NO, 2RBLTVAH, WTFhOBERETIBV TS, RIS
tw:Mnm¢d¢<ﬁménﬁ&%muéaﬁgbtméoﬁﬁ@”&h%@otiﬁ(n)ﬁ
REHH2 L3, BEETTOABREBCRBEINIILTHDS. BRETTOREBLIE NO, it B4
LTHEC »1 (16) 45, OARBBROEBMBTICBL TR, RBNI EHBE . KOBEGL
BORTOINE, BEMBROERIEALIRTHE @) ofhs, BRTTH, i, Nk, &
A LEiEE, BHEBSRBLIAIEHEN VAT ANEETALEELTESML S HL,

(2) NO,EiCgLdR, JICL3E?
NO, I BET, MMOEEEREHEL, £E2MHT 20, SEZ ShrHEHTH
it L. BMMATHEEE K- TOA LI NMOENNEL b BES (22) OHE-FHIlk

—346—




EEEI, NO; DREBICL-T, JHEEMSLZOHEVIICS, ERED I £ 7 OEHSREEEATY
AL EERLTVWA, IKIZE T NOy i3, BRI L 755 NO, CRE & Wi M TORHERD
TS, GHERRLGEL TS (17, 43). $REHBSEAREHEHESCEBMONT
w3 (12), Lipl, EFOLH A RERFREILRBAETH D, v a7 { 7Lk &0, K
Behiy v BDT I ) BEELXE DG, ARERICMSHOERHE L THE0r AN
o BHEE TEERAENE, BMEL TRl Tl Ad, —BNzR IO ERRES
AEEEXALIENTES 43),

Bt
NOz ____.... - EOARINIETROMR
NGy NO; ... - S UNITHEOEN (T BEORE)
1 KA, RREEOHH
kBm TYEST
EY —_—
(REE) 7 1/ W KEWEDE, T1/8, 700200
} cooee HECEEICENT B0, BROER
DL B,
F oy

B2 #Micsd b NO, SHRILARE

St XS0, BEREESTAES L, NO, @ T3/ B3y o BOERELELD
Bh, 2O EEEMCERPARBEL TV AT, NO WENUERF LU0, LEERESHE
LEEEMA R LT\ 05, Faller (8) RERRZOEMICNO, 2RFFEL, TOTEEFEELI. L
mL, BEOEBEHTTE, NO, DERRZENOLERHRO | ~3BHE (0.03ppmNO, T)
R TICTENY 46), NO, MOy v I BOBERFENBE2C L TH, THIMET SR
#id, RARSIGK & > THEBLITARESEV. NO, BRICI>TESNORENEL 67,
NO, 2#ERF LT 59 vV BABRERAIIEL D, Z20bREMEbNS &, Wil 2R
AMORHDIELID 39), TOLHEERMSHEEIhLZCLRNSE, FES 37 i3, NO: Z%
Mezo, AV OEREBEEOREEBECE S EERHEL TV S,

(3) NO,ZEZROBR

RMICRIR & R KSR E OEd, RS Nifis SO B ~OBEiic oW T, HiF
Pl LIE A, RBKFELL EIICSO, @ S & NO: D NBEGRTAHAEELSNS, BRHIOKW
REBRELLBNE BIURE~THZ, 50,0 S ik 80, ORETHEHTLLOREGL
Dids B8, NO, ® N~ L 37 2 /il LT, SLAREN LOR, BEEBET

—347 -




LEEZONE, SR, EOBEMBICEET S Lic20To#EEG (19, 20, 26, 310D,
FTOEBLUVERICOVTIE, SEOMACT LR OH O,

10.

11

12

13,

#£3 BRESNIRKERETE CHD) OMIIENTORE

ARUGH A = 1 ) F o i B OB AR

FNTFNT o, A—Fr—F "

H*F faz,7ﬁyyw,*a¥9+.§ig%2 REACEEHYS | 3
BRI YUY LaR

*30, X g : HEDEL LMOE~ | BB 2 10

*30, 4 FEOHAK 1 k&R SR HYUEHET 2 14

* BRI S

NG, b=y EER S 0 R~ B#Hy 3 16

5 B X W

Abeles, F. B, L. E. Craker, L. E. Forrence and G. R. Leather. 1971. Fate of air pollutants: removal of
ethylene, sulfur dioxide, and nitrogen dioxide by soil. Science 173: 914-916

Ashenden, T. W. 1979. The effects of long-term exposures to SO, and NO, polluticn on the growth of
Dacz"ylis glomerara L. and Poa pratensis L. Eaviron. Pollut. 18: 249-258

Benedict, H. M., J. M. Ross and R, W. Wade. 1964, The deposition of atmospheric fluorides by Vegetation,
Int, J, Air Wat. Poll, 8: 279289

Bull, J. N, and T. A. Mansfield. 1974. Photosynthesis in leaves exposed to 50O, and NO,. Nature 250:
443-444

Capron, T. M., and T. A. Mansfield. 1975. Generation of nitrogen oxide pollutions during CO, enrichment
of glasshouse atmospheres. F. Hor. Sci. 50: 233-238

Capron, T. M. and T. A. Mansfield. 1976. Inhibition of net photosynthesis in tomato in air polluted with
NO and NO,. J. Exptl. Bot. 27: 1181-1186

Capron, T. M. and T. A. Mansfield. 1977. Inhibition of growth in tomato by air polluted with nitrogen
oxides. I. ibid. 28: 112-116

Faller, N. 1972. Schwefeldioxid, Schwefelwasserstoff, Nitrose Gase und Ammeoniak als ausschliegliche §—
bzw. N—Quellen der héheren Pflanze. Z. Pflanzenern. Bodenk. 131: 120-130

HHIMERE » SRR « FIE #1979, b=7 UEORARERZEIZT S0, - NO,» 0, OHARE
- A . AREEESALBHEESE p. 2%

Garsed, S. G, and D. J. Read, 1974. The uptake and translocation of 2480, in soybean Glycine max var.
Biloxi. New Phytol. 73: 299-307

Garsed. S. G. and D. }. Read, 1977. Sulphur dioxide metabolism in soybean Glycine max var. Biloxi, I1.
Biochemical distribution of *580, products. ibid. 79: 583-592

Grant, B. R. and D. T. Canvin. 1970. The effect of nitrate and nitrite on oxygen evolution and carbon-
dioxide assimilation and reduction of nitrate and nitrite by intact chloroplast. Planta 95: 227-246

Hill, A. C. 1971. Vegetation: A sink for atmospheric pollutants. I, Air Pollut. Contr. Ass. 21: 341-346

—348—



14,

15.

16.

17,

18.

19.
20.

21.

22,

23.

24.

25.

26.
27.

28.

29.

30.

31

32,

33

34,

35.

36.

Jensen, K. F. and T. T. Kozlowski. 1975. Absorption and translocation of sulphur dioxide by seedlings of
four forest tree species. J. Environ. Quai. 4: 379-382

Kaji, M. and T. Yoneyama, 1979 (Unpublished data)

Kaji, M., T. Yoneyama, T. Totsuka and H. Iwaki, 1980. Absorption of atmOSpheri;: NO, by plants and
soils. (VI) Transformation of NO, abgsorbed in the plant leaves and translocation of NO, -nitrogen in plants,
Res. Rep. from the Nat. Inst. for Environ. Studies, No. 11 (in press)

PR « B B85 - MEEAKE. 1974 . BE T 3FES 2L AEoRE I 255, 1.
TR 2 & BTEMDBEET OB D0 T EYEEETEET. 12 0 103- 107

Kim, C. M. 1973. Influence of vegetation types on the intensity of ammonia and nitrogen dioxide liberation
from soil. Soil Biol. Biochem, 5: 163--166

4 HibE. 1978 . BEMBEAGC S ABRDEROBEIC VT, BERIEER M. 49 11356137
Maytin, P. 1976. Verteilung von Stickstoff auf Spro and Wurzel bei jungen Bohnenpflanzen nach der
Aufnahme von NO, and NH?. Z. Pflanzenern. Bodenk. Heft 2:181-193

Matsumaru, T., T. Yoneyama, T. Totsuka, and K. Shiratori. 1979. Absorption of atmospheric NO, by
plants and soils. (1) Quantitative estimation of absorbed NO, in plants by '*N method. Soil Sci, Plant.
Nutr. 25: 255-265 ‘
RBTRG. 1977. £/, ZRB{LEE, “BHE,. cF L itk 3y v R ORMESEIRE Y 5
B E. ASSBREIZL. 11 | 360 - 369

et FEXE. 1979 . FEMIC & 5 REE R R ORI £ RNEBIC o0 T, BATRIPERES
80 116-122

BERGR o REGRI - RIEXE FH M. 1979 . HREREF v A RBUTEEOREE C 0T
I. #EMWICET 2 NO; BRINOFRIC 20T KSERELBHEESE. p. 391

Ormrod, D. P. 1978. Pollution in Horticulture, p.260, Elsevier, New York

Pate, J. §. 1973. Uptake, assimilation and transport of nitrogen by plants. Soil Biol. Biochem. 5: 109-119
Prasad, B. I. and D. N. Rao. 1978, Bioassay techniques to diagnose NO, pollution. J. IPHA, India 1(3):
10-14

Rogers, H. H. 1975, Uptake of nitrogen dioxide by selected plant species. Doctoral thesis, University of
North Carolina

Rogers, H. H,, H. E. Jeffries, E. P. Stahel, W. W, Heck, L. A. Ripperton and A. M. Witherspoon. 1977.
Measuring air pollutant uptake by plants: a direct kinetic technique, J. Air pollut. Contr. Ass, 27: 1192-
1197

Spierings, F. H. F. G, 1971. Influence of fumigations with NO, on growth and yield of tomato plants.
Neth. J. Plant Pathol. 77: 194-200

R OAR - FIEANL. 1979 . KRIOEICS A IN- BROBE~OER. AEfEMFES8HS

48 | 165 - 166

Taylor, 0. C. and Eaton, F. M. 1966. Suppressicn of plant growth by NO, . Plant Physiol. 41: 132-135
Taylor, O. C. and D. C. Maclean. 1970. Nitrogen oxides and the peroxyacyl nitrates, in Recognition of Air
Pollution Injury to Vegetation, A Pictoriel Atlas, (edit, by I. S. Jacobson and A. C. Hil p.Ei—-E14, Air
Pollution Contro, Assoc. Pittsburgh

Thomas, M. D., R. H. Hendricks, L. C. Bryner, and G, R. Hill. 1944. A study of sulphur Metabolism of
wheat, barley and corn using radioactive sulphur, Plant Physiol, 19; 227-244

Thompson; C. R., E. G. Hensel, G. Kats, and O. C. Taylor. 1970, Effects of continuous exposure navel
oranges to NO, . Atmos. Environ. 4: 349355

Tingey, D. T., R. A. Reiner, . A. Dunning and W, W. Heck. 1971, Vegetation injury from the interaction
of nitrogen dioxide and sulfur dioxide. Phytopathology 61: 1506--1511

—349—




EY N

38.

3%

40,

41.

42,

43.

44,

45.

46.

47.

48.

49,
50,

P E - R RIER c FBEE . 1978 . BSEYOoLERicE JET TREEROER (2)
by bd vy v inEMtRICELIET NO; REOEE. B EMICL ZAEREONRELS K&
B 2HEMTA. 51 52T El . By ARTARSIHRRERER-2 -8, p, 7787
FE #RkLEs - SR - BmEE. 1978, ASEmosEs LET 2 BEEROEE (3)
NO, 2Bt A BXHYORSHE L UEMAERARLLOBNER. BEEMK L IR[ERE
B0 F & B B ARG 51 GZIEMTINES . MU AERAAEBIFEERHESE R-2-78.
p. 89-94

P & RibEn « SIS « MAEiE. 1978 . SR otRkicB 3T RILEZOEE (1)
BRB/ICEB w7 ) DESEETLE NO, BRIV DT, BELEYIC & A RSIFEREHEDFEH BB
BT 2 BB, 5102 HE. EUATHANSINSEES R-2-78. p. 67-76
Yoneyama, T., A. Hashithoto and T. Totsuka. 1979. Absorption of atmospheric NO, by plants and soils.
(IV) Two routes of nitrogen uptake by plants from atmospheric NO,: Direct incorporation into aerial
plant parts and uptake by roots after absorption into soil. Soil Sci. Plant Nutr. (in press)

Yoneyama, T., E. Iwata and J. Yazaki. 1979. Nitrite utilization in the roots of higher plants. ibid (in press)
Yoneyama, T,, and H, Sasakawa, 1979. Transormation of atmospheric NO, absorbed in spinach leaves.

'Plant & Cell Physiol. 20; 263—266

Yoneyama, T., H. Sasakawa, S. Ishizuka and T. Totsuka. 1979. Absorption of atmospheric NO, by plants
and Soils. (II) Nitrite accumulation, nitrite reductase activity and diurnal change of NO, absorption in
leaves. Soil Sci. Plant Nutr. 25: 267-275 .

RGBT « IR « P M+ ILEFER. 1918 . BFEHOERICEIETTMEEEORE (5)
BRI L 3 PNO, ORI, BIHEOEN . BHBETEREE0L L. B HET L 5 RKSE R
BT & S B4 B BRI . 51 /B2EEREERNENS . E ABRTET B RME R- 278,
p. 103 - 111 ’

Yoneyama, T., T. Totsuka, S. Hashimoto, and J. Yazaki. 1979. Absorption of atmospheric NO, by plants
and soils. (I} Changes in the concentration of inorganic nitrogen in the soils fumigated with NO, : effect
of water conditions. Soil Sci. Plant Nutr. 25: 337-348

Yoneyama, T., T. Totsuka, N. Hayakawa and J. Yazaki. 1980. Absorption of atmospheric NO, by plants
and soils. (V) Day and night NO, -fumigation effect on the plant growith and estimation of the amount of
NO, -nitrogen absorbed by plants. Res. Rep. from the Nat. Init. for Environ. Studies, No. 11 (in press)
RLER «FE 8- aRkE - BEHE « RBCH. 1978, SSRN0ERICBIET ELE XD
B8 (4) SEAAEYCLERBICEDERNERARICENIT NO, BROXE. REEPBICEISK
A RBEROME - ECET 2EENE | 51 /02ERMERYS . B O  RERE S
R-2-78. p. 95-102

Yoneyama, T. and T. Yasuda, J. Yazaki and T. Totsuka. 1980. Absorption of atmospheric NO, by plants
and soils. (VII) NO, absorption by plants: re-evaluation of the air-soil-root route, Res. Rep, from the Nat.
Inst. for Enviton. Studies, No. 11 (in press)

Zeevaart, A. 1. 1974, Induction of nitrate reductase by NO, . Acta Bot. Neerl. 23: 345-346

Zeevaart, A. I. 1976. Some effects of fumigating on plants for short periods with NO,. Environ, Poifut.
11: 97-108

—350—-



By AEFERIAEES HW05 (R—10-"79)

Research Report from the National Institute for Environmental Studies No. 10, 1979

Y — TERNOBERORECONWT
FIbEE - BB &

Effects of acid precipitation on plants and soils

Kunip ARAI' and Tsumugu TOTSUKA'

BAEAHMIC M 2EOBHAERIE, KKEROEF L Wi TE 1960 ERTIAL Do, LY,
WEG pHAOBTORME s LA TATHK J 1), ZOXHEBHROE - T 2
BBAKETEEINEH DR, KENEROL & Thb. 1970 FER IR EFRo™ATH
T, BoEDORKL 27T HHAEFOREREVBERS N (13, 59) TEHTORBEL T
Wh, £LTI1973F3fpR « LAWRT, F£7, 1974 F 8L 1970 ECBIRMA—H# T,
BichlgttOfs % 52 2BEOHROERLKED, BER (EHAKFER &L TR A8
ot ENRLE, SMORBRPRABEIC BV TASHERERR, S8EN, FAKRSBEILH
Ak, BEFAREBBORAIEL SRTVS (19, 21, 22, 26, 27, 28, 33, 54),

oh B & * ®
.':__._‘ '. * . pH
G60Fe e 3%se._ * -
AL LI 7 ke -
. P b :'_ ‘oe a e AT
» .' LRI '."i--_o‘_:. . 6 T e
40} ) TR -
a
A i ' A ' i 1 3 i Il A L 1 A i 1 A
1961 '63 '65 67 1963 'G5 '67 ‘69 ral

Bl wadh (R8s HOF) BLURAT (&f5~ THhHOEY) ik
IT BFEIKD pHOHERE (59, 38)

I BAEHET EHBER

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

gakuen, [baraki 305
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—H, Z2—-Fv, Sy —, AF)REEEI -0, 2gF 0T A ) AR TR, Ll
W HRIEROMESF &IT LK LBESED Sh T ke TN OB SRS
DpH i 1950 FEARIC I 6ATRTH - /-0, ETEEFLTI9T0E T AiKidpHS H 5 i
ZNLTE L T d, LT, COEH IS ORNE, SEEERICHEAOBERBELE525T
HAHHIEFHEATHS (18, 30, 31, 40, 41D AAYIHETERTH, TTREMEROKRE
WREDEDEE > THY, BE2FEMCHREREZRELDL (6), 47 « = 2B EOREHSES
I SBER L U8, 21). EWMER © TEOEFNNE S 5 3RERERIC T 5 Bk
FROEEORFLCNOEFRATHELLBEINTE Y, BERBECET 2EB Y v £ Vo L bF
ML TH S GEo

S, REkBCTHBRERMER BEEZOMEIP D TE(, FBRICHT SRBICOVTS,
HAREORSOTEL SIBICHEEMAHL T BEEL0NE (25, 42), £ T T, BES
TIEAATITh T BERARotd T, Y — TBRCHEGT S b0 &bty L,
J‘Y%‘fﬁ%@*{ﬁﬂﬁ'ﬂé.&@ﬁﬁﬁ%bi. RS LURFRICO L) BRELECEERIC L ORED
EEAEX Z0Mh%5E » FAIL, SHROMEDOBE L LI,

tE) « The first international symposium on acid precipitation and the forest ecosys-

tem. Columbus. Ohio, USA, May 12 -15, 1975.
» The international conference on the effects of acid precipitation. Telemark,

Norway, June 14 - 19, 1976.

L KKiHHREERMER

(1) AKHADFEHEOMIAL

LB OBREES T L b AR PICEH s 0o MERY CERB(EMIE, rainout ( HOEER
BRETORNAAR) © washout (B T3 5HEICLBRDALRYOAEEETHICNOAL N,
WTICHETE 5 (35 42), |

BRI L 0 KRB EMELSHBTICHD AT T RFRIRZ 062002 5, BDIEHD
WAPDSO, "2, NOy™, COHEDRAA vBEBSLUTRS 4 YBEOHEERETHIHEREISL
AT 8, BRI TICHE > TRATOERME st - BEINTY ), KEORAL
& HICHAkTOAREA X VEERETLTW (42, 54), —#%icid washout i X 2 HLH ASHE
VWEEZZLNTWVAL, HEMEHEE T FZE T ainout 8L > TR DINATN TN 5(27),

(2) MkhDAH /N5 ZLDH

R RIR TOREANO BILRE & OLEIRFC L DT, 1 5FEOEE T TiipHs.65 &5
Bt aRd (44). MAPICEDRATFNI SO, 9 NO I, BaOf{LERIGE Y THHE, bRk,
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it S b L, fikrs Bt s (30, 41D, L, Az EBECR 1 4+ » LA
JCNH,", Na*, Ca** R LofiEHB A Y E(EEL, chodToA 4 »O{EENE 7

- T — f
N Lt
® '
* ! :
v ow 15052 ! H*
o pH & 80,72 & 4 iNow
50f ~100r o gmE 4 NOZ- 10~ C1 ENO:;
3 A\ c o E o ] .
48+ aol B = :
& i = A [Tt - ¥ 33
z 46F > 6ot 6 % ' | e e
a Ad # N b Tl : :' Mg+2 K
PRSI - 14 1 -2
- 5 [l
42L& 201 . 2 & " cr Na*
—_ - a
S S S R S -
B W a
B2 B mC e ORPKIRSMEDSE RIS EEA A Y ORKSTORRRS
% (54) _ o I O Pl 1 O

DBOEEpHO BN E & EiEo
HEATT (3),

VAL DHEAOpHRIRES NS (3, 16, 32, 35), KD ICEFTLE A A »O—IFid K
ICH® S 305, Thid Nat 2ERETIEA 4 vick-Thfiashd, EhLIADE A & -~ (excess
ions) O—#id, NH S &OBA 4 vicxvhfnah, B-/ 50,72 NOy~, C47 LWL ofq
AV H EEEFOE, WKOKES 4 Y REEGHE (K3),

(3) FKFS O NES

BHTITORERIKOMHERICE S L, SO, %, NO,~, Ce L EDKA A+ v EpH O
ik, M 5B S NB D, —RIC BRI O BB O, PAE, TEBTHEROE LU
R & T HBHT A A T 15 S EHX £ W B & KT 4 A B ©UER G IR0 T
5o, pHIE i 2B MK TG, £ LT, Bk OB A 4 80 & pHIf oo i o 1t BB R1
ZEMK TRV, MO TRIEEAEED oy (26, 2, $1, §0, %, NO,~, Cé~
D 3 BEE A 4 BT 40 B HE U pHIB & ERpHAEE B BT 38, AREROE LOHISRTIZ 20
EAKE C, KEBTSIERBTRIGHILEN—HT 3 G4, ¢ h oD AEHER, T TICHN
ok, HAOpHEARET A ERA SO, 7%, NO,~, Cé7, HCO,” BEDfRA 4 VRS
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FTRIWC & FTA TS, WE L OBRED S E X 3 HHRMELHH S h 3 BT,
MO A 4 YU NIL, B4 A V1 EQHEBIERA A ¥ b2 CHEEL, MAQKETHESE
e B fb pHIE I 7 hid FIETF LAV, KAASHER T iE < ), RAROBIELEEI
T AHRICE  EEEMESHEM I LRSI, A - TpHEMHEBT $3LEL00THS
(27, 33, 54),

(4) WhEEEOEENE

MK OBRRETE LT, IS0, 72, NO,™, C4MFEALONS, T2 AdLBBof)
T 1973 EOBRBTHARKDOpHE4.05 TH D, TOEMAL~DEIE(E SO, 7% 65%. NO,~
30%, C& 5FEMEINTOEH, EFENO,” © CL7 OLEHATEMBEMLTVE(3,32),
BKETHEREOHEEICHE Qo AH Y IFETHETR SO, IMFELBUCME TH S0
(41), ZOREFEA ) 2O THEME THS C MRS THDS (18), KEhicil&hsE
WiBg A A D—E YT E KIG L, L > THEREER BT a0 D), AR LR
s E TREL, KVEHRicO - TBtol AR SE 5 (18, 4D, Lok HEEEG
RHBEREEO—o DM TH 5,

KEcH VT, Hiexd 2@EEE T+ 44 ERoROL L L5122 LRIRORRYE
ELT, LR 4 /Ofuc, Tao7e FE (29 ORZBEEY b oREMIEU T
7oK TRMAE U ERARE (~vd £ B4 THiE0HMELRN5,

2. AIEEROBEMNOFE . ,

HIZIC B AR, EH, VLA, HEEENEVAOAKANETNTLEH, T0
DTN T HREEHR bREVOE, SO,7%, NO,~, CREDRA A » O & 5K
DpHIEDETTHLLELGNS, BUNOMDEELERCRN L £ OHATR, &
LB Lo S pHiE %% L ATBERSAC shTh 5,

(1) EETEEHEMbHEO pK
A5, (B6), »rohxF (BT), 4 »45 »v=3 (8, 10, 17, 57), t'?.'7 Iy (8), =
G8), A% (62) HEE L OMMICILIL T, HARED pHA3, 0 BITiC 3 & 1 XTI
SpstE B, EETEIC L AR TRHHOBEHEE (trichome) © S OMBIBAEL T
B0, AR B R &7 o POBIGHS 5 EBbOSD (8), 3 ¥ DN 57 L
FTEpH 2.0 THTHBESTD SARmG (52) L0 SANLS B4, ABHOMMTAEEE
S ORFAEAPH 3 0FBEEL LTV A L, MOBCBBEROERLY, ¢ LA M
HiO pHA T REERRICERENNBERTH I LEERLTV S (17),
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HEBAHOPHRE L T4 01 TH D, EMARFLIIEETTIIEIE > TV, M
BT A BUEROEBNINE THE VEEISh D LD, COZEL—RHTHAI.
BRI X ARMEE LT, TH A+ RFORBREEHSRESN TS (13, 46, 59, 0
B E L CERGRBIC LS EAERAPEpHIC L 3T Y b 7T YOERRIENEZSNEH (46),
0.3 ppmd % Wi 7 MBI T OB EESEEE O SO, 5K PICETAATHpHII S REETHT,
FHAATEROBBEG RIS EOBELH S (14), £/, BECH-LWKTT 4+
7 HEBFTHESEERESEI 30, cEpHOBSAZCuY? SLOESRK A /O
BREFEALEL STV AE T

RERFRMCENT, Hick T+ AAEFROREBREIME &V €7 v { ORIERENH, 2
0T yRTAUF I OEEHEAHSEC-KLTVS @W8) 07T, THAAIEHFOHBREE
ASTERPEBEROMEEE LTHATESTHAS D,

(2) ke - FEANOEE )

pH2 5 UTORERGLI A VY= 20RO/ no 7 4+ vERE, a, bLELFLIKTTS
ao, 17, /2, vy FOREBRIKR UL, ZToBOERMEO pH 3 4 0BT L2500,
HMBFE I RGN L, MR DE L, BREND T Y7 R/ E {5 D),
7, ERAOHEBEORRRSMROREESbBESATH S 0T,

SO, M EDFHRFARERBF OO EO AN EELBETIHAILPBMNT W HM, ALK
RO L 3 NEREEOE{Lic DWW TR T AEBEFHEIN TV S,

o- H:80, 3z 2 ¢

K1 A 25w AOEOTRE KOHAR - T Y=0.85 X+ 4.7
R R 4 IR OKE (10) = 1o} S
b P
-:E10F 8/
" 8 x & @ E 8 ? :r'
rAE O, BREE 0, RER 3 8 -
{af-FFW ™ oy (wfrmronzoaT one ™) 8 ?/8/0,’
Gontral 445 130 ; 6k O 4 ,’,A A
e P
eH 3.5 438 161 g " -7
C ‘ 4[1 4"01// A a— HyS0; 22
i 3.0 485 . o544 -é’ ol . Y=13x+172
M 2.5 598 576 o 2
3
0 M 1 ' 1 1 |
P 2.0 529 860 1 ) 3 a 5 6 7
Significance B E 1 0.1% . EE&IS & Uima SAMD DH

B4 IKFDAEBRE B3 T S &
UERERAE L 2 P DR (6B2)

—355—




Respirometer % B CTO, BILRTHI A ¥ 4 v 2 2 DIED A O RERE I Ao pH
PETETIEE-TEHEY, pH 20 THHHEE O3 T15E735 (K1), RS pH OB FichE
5T, HDEFLFOMT ZHEIEH 5o VFRIC T HRAREE GBI RES NI bbb S
T, RKICAE RO A & v 2 LB L - TR T 3, FerensaucH (1) X 2 DHEE %,
BRI O pH o Fick 9k vEER G EE L Ln/ohThHH E#EZ Thd, Goroon (15)
b EER AT OB R AR A O SERS R R N S C AR L T 5,

=%, COBIRTMEL 1o 4 #BHEMOSED NS, BHROpH A 4.0 LLF TH o
Exh, MEOBEMHE 2 P LB 2 POAHBELY ({4), w7, BRI 3
FHEH O, NFHLFPLILFTEL T 2 IAARMEEZIPTY B2, I XITHE
THIRBEEEOBENSE AL, HMACO; pod “CO, D ALLBLTS (11,

FerenBaucH (10) & 7001« ZFlE (52) AOEORUEEOZE( LI L TRABRIEIMER L Tva,
Tofuc 1 v 4 7 ESHERMEE - T, BEHEEGREEDOEEDIELAHEIRS /60
Vo #E-T, TOERSAEKAEFEDZERICLBDL — HERRKIGIE DT 5 CO, B E 0, #
S d L SIET L TR0 Dk — 5 503 EA Lol oz ko SR L 5, &3
BOSEHORITRETHD,

(3) BhoDhFA+ ORER

B DB OIAKDOBICHEY OEPEL IS SR BOWMEANGER T 5 LMo TN S (23,
53), MEMERIIZ C QN ES SRS B, A vF v ARH 0 A TFOEMLDCa™, K7,
Mg*? DFR A RO pHHHE T4 5 >0 THIKT 3 (M5). pH 3.0 L0 T Tid, REARK
O A F 4 v OEREICEAFLTHALBbN s, HEMEHLNLECpH I 3L ETE A T
A VEBROBECHIEENNE SONE, COWROBELE LT EDsF 238 bhFtrd
AT O A 4 ¥ EOZBRICHEZL o T & (BT,

ks S DA F A v ORREGE A F 4 O, EoMiE, Aqﬂ5¢or£morméo
Na*, Mn*, Ca™®, Mg W S HEHLE LT, LHOECHEATHRBEI S F 4 OF
BEAtE s nodi (53, 7 aQETEHMEOPH QK TicL Y Ca*”? OERIBHEmMI 54,
Mg DL ~nidh D EET KT OBRENL » TRILT S (9). BEONIKETEE A
@;z}m@m;@,4/7/7%@%?@C5HMQQuﬂmN¢P®§ﬁ%%6mwmwu
SdEcEime 5 (17,

Faiiic & A, o OMEOERBEEMN & & bR L, BEIR oM U/ BRI M8
TR A LT RO BUS A R S B 5 Vb T A, 20X EBAIRRL D ORILPE
HAEREN, FABRLAEAF A Y OBRINOEC S (23, 53). UMK L2RMENL LD
F 4 vOBRBOBKTEECHENSS S L Ebic, FHREERNTOMERRICORERELE
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A5 (1)

(4) EEEYL &K - NE~NDOEE

HN FTEPH 30U EOREE Y 2 L BHEEAOESIEN SN, pH 3 08FTR
EDOOL o PHWESBE SN TV D, FATERIEALESE 4~ 5 BB LD R
BAELC, agell LDBZHICENKH OGNS (56), FERENBAUGH (10) (EpH 2 5 DEREE I X FIC
;b4yfy7;®%®wtw<,xﬁ%®%$,ME%@&%H&ﬁ%éﬁcénac&%ﬁ%
LTWwd, Z LTEORERMBETO(REF —+ v v EOHAADERTHY, A-+> v
AAROBBCFLET S, BORSZEMOFEOPREEY QLR P BRI, HtoBitiic X
DIBEENZFDTHSHH EEZTO B FILA V5 v v A llio - RRT, Bl 2 FOpH ©
BT S HBBE (D) LEMBE EP) OEMEOEHBFA~LNATHE 1T, EHE L
bpH4. 0 THHF10%, pH2 5 T L LoEmEOETAED ohfch, sPHRERKES
IR ot Bl - A (B2) RO A 2T, pHAOLITTOMME SV dHETER I =
bEET LB SRIREOBTHECA I EARE LTV S, ZHIIFREHIERTCEA O, XS
OGN L2 8RBADBETERLTh 3,

4 2 DSAAHEEOREIPH 3.0 £ TTHAH, pH4 0 THXRAEMEEPEEOETEHS
hTHAH, EBEESEA v Yo ATHEHORT A (17), ZDZLIREHFRTAEILY
T, BERC L ~THOATRBEHTOREMNFHVBITEERLTOS (B2),

08
i
=]
A
(=]
%07
w1 81 mesen
(-4
] 02 cat? _. 061 \\\\}_} __,}
~ o
m C ‘ \{
Q B 041 § R om
: or 8 os] H—]
ﬁg \‘—\’__——4 |
2z . . .
Migsﬁgbﬂﬁ:::i_ 9036 d0 40 50 60
%% a0 a0 50 m o el
TR bMD pH
K5 #FoazFOEMSOAFAYD K6 = vismosEICRITTEEIER
B ERIET 3 X~ otE oRE (SO, 2 NO; -Cé =66:24"
(57) 10) OEE (58)
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Woop and BorRMANN (58) (37 A ) ASLHIERICME A FICHE L4 FARR (SO, NOy~ [ Cé =
66.24°10) DALBURE T v HIRNOEE~OEELHEANTH S, Thick s LHENOLR
HENOPpH DK TiIKoNT, A ->TletEand (B16), HicpH 2. 3 TR ER A HEE SR
N, EREET AL LEh LS ROFHERAERT 2icb b 5T, 2MEXPRED
EEBERLU, CpHOE T i ATEERDONO,” Basgsucmi iy, E2XE
MR A RECINT, ML A4 FADHRAITEHE LB REEREh T 5,

PllokHic, mifdEds UicpH 3.0 ~ 4.0 BEOA LR F I R 16 U TR S 3
CEEDHOD, RARMBEOE, HLODHF4 v 0w, HETOENEEOREESEEL
THYIOEEI 24 F ADOEBAE5L 2L 02 5, pHA 0FIERORERECERL TBL v,
L OREOBMERSENONBAET S E5 &0 S HEBRESE, B¥EEREE > THERAUMMEL
D9 5T EEFHLT YA, —F, Woop and Bormann (58) OEEMTRT Lk, L OMHY
AEUHEOWRBEeHIC L 524 FZAOEHE L bIE, NPSHLEORBERE RMNE 2 TH
YIOLRI 77 AT 288 655, RRIBRIBUERNOEELEL SR SMATMAY
BHRETHA D,

I HECHTIBERORE

(1) H80BME HEOBMEE

RED L > CRHREOECBH T, HEERATIAD FBZELZI TV 5, Ao CO,
OIERRIC E DSBS T - T BWAKIE, 14 38U kv B Fro s shTtnaCa?, Mg™s,
KE LOERERAICHER L, bICH 2ES 5, TO/T, HEEL FOEETS S
SRR ET L, FHEBIELL TP <, IR E Tt ORIGERET 3THS S
&L, 2L OWEBICEHINTEY U8, 30, 39, 41, 48), FLEBRAICGILEINTV S,
FA LA —F —F ey F B ERTHE, pH 3 ~4 OBHic L5 1A 5D Ca 23 L dd
BEHOER (N7), HEEHLEOET, +EoOBEL SHKORELLLORRARD S
TW3 (34, 43, 58), THEIMOBRAEA bHFOBMEI X DAT B, pH 4.0 BUF TH
O R RSEEOE T O RLIC & 2 068% 102 ROBRO 20, BN OB O RITR
bF B (58). HEMREOETFQBICENOENSE AHT 5 HEORFRTEHEL L (1, 360
HRND T = A4 VIR § 3 B Lo BB SR HR OB B EMATH AV, REMITEN
PPERAN CRE LY, BUHSHATE LOBECE LS EL0TE (2), ¥ RO
{bid Ad, Cu W EOHBDEFICHEELSERBA 4 Y OBEREERET S (2, 39),

(2) tHOMHECLIEZHEDEN
Overrein (43) 13EEHERIIC & B THEBRM (LI RT A ERE LT, B OBREE, TR
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mopH ' EEAETHOTHO pH

K7 0@ OBERARII L S8, S B8 - TImIFREE \REERRICRIETY
- DIFHEOEL (58) mEEmOEE (48)

FEL T TKROR, HEOBH I LABHOES, tBOR>BHERLELHFTVS, — K
wiEREBAER (CEC) A&, HAERDEOS Vi pH O Z(bicH L TEWERGEE &
ST By B THAR T OB S E 1S+ B Iz o TR O B PRI L T
Hhid 5 (34)e Tamm (40) FEBMERIC T 2BEHFBLETOEBEBREOTETHL D L
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KEDFELHOLNTV S, KEARICHRFEVEHETH, K2R T LI REESFREZTTH, C
OHRAXET IHRARKRATHL NS,

d(Kuy dU dz)/dz=Cy-Fy-U?/2 {10

LT T, CyldiBiino BATRY - 0 OIERER, F ABEMEHAOERMAET. Inoue (24) 1,
RAEMBRICE S BHEANTERSE ST 3 ELIBEORIF LTV, RAER /I £ [ = /HD
=—3E, Cy- Fo= —EDOREDSL Eic, R (10) 2HOTERREB T2,

—exp{—a(l—z/H)} (z<H) an

#2721, ‘g =H-{Cuy Fy  al(H)?)V? a2

a i3, Bk 2 BBRBENCRIFRT 2RBHHRHT, 1 A EYORERNTIL2.5~3.6, —fRiT,
2~43EFOEFRSIATHS (2, 71, UL, BEFHle 3, BEBSICIOELL,
FEicoAERDH SRR L}, R (D OEHEFBEREDEVWEE bH D (63), +HUER
PHONTOWAEFOA LN,

i EELBER
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WA, FEATEICEITO B C &b o FAUER G R HHEE & 15 B, SEAUCEH Y B L,
R & A B & h B, ERKFE, BEE CERESESAE VISAI, BRAOEES
REDEL D, QRROMITHECETS R v 2 V&R Nu (=hy /D =1/ (D 1)) H, &K
L SR TS Z o605,

Nu=f (Gr, Sc) (13)

CTT, Gr, Sc, hy, . L, DiZ, FOEFR, FIRETH, a2 iy M, 8 b BOEE,
LD, SoitRE, STEHERER T, Hhi, EREOREIR LR M, BEED
BAT, BELFGr-Sc <10° THEHE, Gr-Sc>10° THRTH S, Gates (18) ¢, £ DEHE

1 AfEEOR vw b Q82

ik e Ry B MNu

B bEmE Nu =071 (Gr- A"
BoERZ" Nu = 0.35 (Gr - AYV*
ELoo B &R Nu = 0.17 (Gr- A)'®
T & AR Nu =008 (Gr- A7
T B K Nu = 0.13(Gr- A7

B A, Pr (737 b0 7413 Sc(vra i bED

HOERFEDR » £ M OHBEREZ X 1 OITE LD TV A, i, BAt s &b
5, AL HOMBE A — B PROWYHER v eV b B Ng i, RATELGN 5,

N = 0.664 (Sc)V?  (Re)V? (B RIE) (14)

N o= 0.036 (Se)'? - (Re)*® (ELA IR E) (15)

T, ReWMFEROES [ #HEE Lt A/ vARERT, FREABICEVT, Hifisoill
HICBBTIERLI / VA, BBLEH X 10° THhz, NE (69) &, ;X (14), (15) &%
COWEE I L AEME B ZHABRES L —HTLLHAEL TS, ODell etal. (42) &
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ERRIIERAEB TV S, 4RI, EREIEIES G, S s AR RRETRITOaR THD,
BUENTEBA I, BRI LB EEAERTE G (19, 37, '

BEREHT T, [HoBE - BEsE L AN, Bl fn s BB NG, £/, Wi,
FkH T, BEOLAE—THE, TOwWZ, FHOEFALE220EEHRENT CORBICHE
B3 &iRTEAL, AE, FELARRAPHMACE VT, ThoORBESICE L TE L OB AT
DRSBTS o7 (22, 45, 46, 47, Bl, 56, 68, T7). EB#E (223 > Parlange ef af. (46) i3,
W0emBEOREHPELHOAEBRIZLD, BEMN0.5 ~bmsTEVT, Gl0Ilhvinod
FENCH T AEOHAEEChhh 6d, BRLEEE b, (= 1/7) A0 LIRS 0.5 Fick
BlL, EROBFRIERBIC T 2 ERGEERIE AR &, fSRDEOskE (ihoFBlUCH ¢
LHEDHEHKEVIEREVWEREL TV, T ORNSHOELNK L SIEEEAMERIR, ns
KELIEEHHNNMEICET 2. BREH (22) 3, COMAM%E == 1.6~1.7, Parlange et al.
46 i, f=25&LL T3 (K3), fth, Kii®LH AL LONLMEVIEDERTHE, K
WOELNIC L DELFERMES S D 27, 67, T RIS (770 4, KK E % NOIEmLHH
BEAIRe =3 X 103 H VT & FHRUED.0. 8 TicH#l+ 5 L& L TWA, F7:, Uchijima (67)
i, £2dAC LEENICE ) 2 Bl BuEE SERER R, o RS R BBl 5 C
EARLTO S, Schuepp (56) (&, WOUf & H, ERBRIBOILIES SR 5T CH
WTTRMEL TG,
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hp=1X107% - K (18)
DOBMRE, FANBS B8) B, tuTua vOBERT

hb::0.56Ak1.25><10—3-fﬁf : ' an
DEFREBRTWS, LbL, BEANTOEREBEEICMT 2HRE, KB L~AaThzhick

B LTHERCDE{RTDITH S,

4 SRILEHERBER

Brown and Escombe (6) (%, | Stefan®O@ShO#ERER X ILIcE T 2 kERELUCO,
OEECIER LAFLIEROEa 28 A Lo, F01%, Bange (2), Meider and Mansfield (34) ,
O'Dell ef af. (42) 543, 74 v 7 DEANCE TS GAMALEM Lo R €T A2 REL TV S,
Wo kg, SRR, FRBIEOE (FRE SBT3 BIE (G & LTRSHETS 3,
ORI v AT AICBE B A AR, Bird of ol (5) KEDBASNTHE (K4,
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12, (w) = (s —wpn )/ In(ws /w5 ) 19y

#H 20N (A+B)
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FABOHBRDNRERET, &, ROAEKER, COH2VIFERFRLL, RBBEELETH
i3, a1, 02 BEFITNSL, (ws) =1 Thd, €A, L (18 @At hTiiiLn
B

gs =D-(C;—C;) /L. (20)

LT, g d—0RAKCBFE 275w IR, Lz, —2 OFHME, C,, C;lthThi&f
OHOLEAERBTOANABEE2E T, & Q0 cihild, H—oGTlicBy 3[5LER ry &
A TEREN B,

¥s1 =Lg/D (21)

WEos T, SAPEMCHRELTVWA0T, L LTORLIER », 2RkH 510,
HRRICH I > TEGILT L LENS S, 4, JLOKEHEE A, BUEBESL 0 0Zflois
Nt AL, BLLTOSAER r BikETHEZ 005,

ve =L/ (As - Ne- D) , T

O'Dell et af. {(42) {3, JAOFREORRERA (B ; ., H8h; o) LREL, JfEHRE
Fabic,

re=ks/ (b-D) | ' (23)

Ffil, ke=4L./(na - N;) : (24)

COEFMCHEVTAAOHEE, Sib OB TRAN, X (24 TRANG R, BcED
LANLOBH AR TERTH B, 1, HHELJL, Brown and Escombe (6) i€ XUtk T
5% M,

Le=L:+1/8 z{a-b)"? (25)

LT, LA DESE&RY,

SAOEER Wil T, FROBEEEL e TV TRIUERAERMNEHETE L LE DD
RN LT, X (22) THAShLEERy LA THRERD & OMFR—IcEFANnc L
Jo @“.f;:bt%, KHESR, COp, FRAZFORAEINE, Fhbhb—2DH AL >V TOEBHY -
Tvhid, o7 Fo V-t ESWTHETATEMNTE S (37, 44) .
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F2  RAoHMOKESICET 2R/DEAIEN S EEIER 65)
mom & ry re
=X ik s s-cm !
EyFTUIITAA 0.75 75 ‘Williams and Amer (1957)
2L 0.25 ‘ 17 Milthorpe {1961}
Ay AT 0.33 16 Shepherd (1964)
75 0.9 -13 32 Slatyer and Bierhuizen (1964)
FvHA 1.6 1.7 35-40 Gaastra (1959, 1963)
8 BEOIEN 0.7-2.3 El-Sharkawy and Hesketh (1965)
A vz A 0.5-1.5 Kanemasu and Tanner (1969)
VS RA 0.5—-20 Kassam {1973)
Ci luteti
('i’;‘i‘;’vuyf;‘}é") 9.2—16.1 41—140 Holmgren et al. (1965)
Lamium galeobdolon :
(4 173y om 7.6—11.3 17 —40 Holmgren et al. (1965)
AFHED
Betula verrucosa
(5_} PRV 0.9-1.4 56— 83 Holmgren er al. (1965)
-y et Ty 2.3 Holmgren et al. (1965)
SNF e —RTTF 4.7-13.% 85—140 Holmegren et al. (1965}
-0y 7 6.7-14.6 150—460 Holmgren et al. (1965)
A—ayNTh=zw 2.0 Rutter {1967)
ALy 1.0 -3.0 Kriedemann (1971)
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(/1\’3 gl 4.0 Parkhurst and Gates (1966}
®IVATO
ESE
4.0-6.0 Knoerr (1967)
gAY ET .
Quercus velutina
(2 +7/&)
f‘lf"g ;‘%’;"’”S" 3.0-8.0 Ludiow and Jarvis (1971)
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(=&
young leaves 2.7—4.0 Waggoner and Turner (1971)
1-year-old leaves 7.0-9.0 Waggoner and Turner (197])
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TilEflEh s (14, 31, 74),

rs ={U+I)/TY 75, min (26)

CCT, THXEE, ry, m. BTJALLEOLEOGRIUER, [ 3, BEHOEE, £TRE, R
BEGSKLORNLIERTH S, Uk, BRAEHTOMRENTORMEI, Monsi und Saeki
(36) ickiud, AR TEZ S0 3,

I/, =exp(—F-A) . 2N

2eT, I, b, F, ARk, #00Th, BEPUKERE, BELICET 3 KTRE, MRETBH
L0 LEBOERRISR, HAEESLEM TS B, BERLER AL, FHOEE, EOBRREI
IR, REMNORETOT~ 1.0, 14BOBEET03 ~05BENEAEEINT B,
BRARN T ORBENTORE LT, SORS KA TORIIERCERE (=1.7,) OREHL, HHE
FESICH L THEBHERNICHE S, Uchijima (67) &, Z0Bhé L CREEOREIC L5 HLOM
Moz, BSPBTICoONTREORAEROERE b OELEORMICbE 5 EBE LT 5,
RISy, 1, SAAHULRETOAR7 75 7 AR SNBH, £ 2ickiid, KES
DEEEGIL —BOREM AR TERIEHOI0BILLETH B, BRARIC0TH, SO, THAIE
FiD 58 ELE (30~200s-em™) OBAWMESNTED (58), REERE, SEMBLTS L
DARBNEEZ OO S, BN A OHHEE~ORE b Spedding (58) KBS (43, 44) o4&
DORET LI, RROEPEHCRASEELTOIES U3 2R, SA» 00N AR
HATHETE 58 THS.

5. [RAEBEFETOHRARE

WO HEG T A EE OMER S 5 O RAIERH A RKAD SHMRE I E 5 2K & LT
BELABEEIRECHLNE (10, 17, 23, 54, 58, T6), LirlL, KShoHEPIOKILECE
AULEGER i, AR LIt OB PREDE VL DB FHEETH 5. T, TORIK
LTH ORI, iR coBiy anfBr8HSoeRAs a8t Tv 5, Thw
Z, TNDOOREETO FIREORSBSICER L, MO0 UEEEEHET 5 2 LR
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HABIRI 45 0 B SIS H ONEYT & FIES I RPIAR T A 2 OB OB BB R 5 SILER
i TD 1 2 B OB AR B BT 5o |
KED (43, 44), RS (1) @, =7 Y OHESTANE EE & SHTOIBEROEEL
LCOEMEEARRFICHE L, EBRERIRTH550:, NO;, 05, NOOKAERTTD
HABEAWE L, TOHR, 50,, NO, 5LU0; KL TR, BkEPLLENFOHES
FET 2T, FIERBMTOAZRBEC; 15, C;/C, = 0LHEETE, £, NORPLTH,
Ci/Co>0 9 LHMFETEBELHEL TS, LLT, CBERFERABOAMITOANRBREEHET,
ZHLS (A1) 3, EIIHETE A DEYO NO, KT 2 [ILERE TO H R BE AHE LREIHRY
FEEABTHS, MEOERIE, S0, NOBLUOMELTE, HERRCELLT, HYE
WTORM, BEZOEBBHEM-ToRS(, FANSEEED, SABAEEDSHETOLHED
HICERENLT EERLTWS, fiif, NOIRBLTH, MMAARTO FROEBBENT2T
1<, #ANEEER, SHTOLEBCMAT, AYOEERIECLEEIh S, iOERTZAD
SAERGTON RABECBTARSFRY L S5E0A, Hill @3) @, 77707 7 BECL
ZEBEENL, NEEENAZVWERAFZELT, HF, S0, Cl,, NO; B LT O; 261,
PANI FROHAD 1/ 28208, CO,it 1L/ 10BEZ LTNOBLUICOE 1710 T oI EEE
THAHELTA, Carland and Penkett (17) b E D PAN & O, 0% #F % H# L EIRR TSR
£18TV 3, ChoOERERA, SAERESUTHETOLRBEOWE S BT 5 BRI
WTORNBATDTHY, FLAEREZSOTHHAEREABEENTHREVDT, E42D7
— 45 —AFICHBTH L ERTEL VY, SABERETOBELEONAREETMEAEKICE 5.

#3 SAERTTONRRED JUERIER

# 2 O Ci/ Cs m
50, 0 0 s-cm™
NO, 0 0
0, 0 0
HF { 0
Cl, ] 0
PAN 0o 0
NO 0.9 Bk 0Lk
co 0.9 L 308k
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ZI3P LOREH SR TFHBHRROBVEEF LT, HEINIBL2OFRN 2 OZILEATT
DHAMEERT, B8, R3ICE, EOHBTORGEN 2 DEEC, % Ovolppm &RELTHE
SN SERBER raDEHLLZOMEMNR L, CALOKABERE TOARIRES 5 T ERIED
B, WHEROERIREZ L DEBShLI0T, SHLOFHSBRHSAETHS 5,

6. HEMBFERICXDFTEHANEROTFAETIL

B, AR LRG0 GIERELZ I TORBRE T VvOMEBAFIALT, HEHLSHEL~L
TC, BAroElsAlNge T biBREEns L 0iTi -7 (1, 3, 4, 40, 42, 57, 73, 75},
Uinl, EBRcH4DRGE T TOMYRECLZFERAAONE T IREEMT L-RRLY
(1, 40, 57). Murphy et af. (40}, Shreffler (67) X SO, DBGIT, KEHFEIT-HALORE
BAEBEL, [ILHE, HAEOHESTOBRSZDNE~DEBZ O VTRI LTS, Lirl,
ChoOW|ER, MOMBEEORTHEEELBIEE TG L, 74+ 2 4 v MCRIH LS 240k s
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BN s LU ETF by AR ET - T35, T L CESNAETORRIISVWTH~S,
KEARCARECBRELREL, SIFEOERIEGEEZLE, X (4) OREHOERKIC
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8C 0t =08 (K0C/ 82) 70z —Q (28>
MEAOHREEQ R, RATOHARDH LV EKETHHRRTSA 0N,

Q=0 BHEE (2> HD) (29)

Q=Fy ke (Co—Ci )./ (rst7s) BEAN (2= {300

227, X 30 OQUBNERN:VOEMICLE N ANEEETH S, 212, bR EHOES
LRALDOHFICBFRTAERTH 20, SLPAMHICHE— ST EREL CL=2 ¢4 5, §
ERAOBIICH LTHI TN, BELEO 7 REEN Qrorw 851 5,

Qrotar — foHde ’ (31)
4, hUROBSEEEL, ERSHEE
Clemz, = Ca it i ih = 2
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8C /082|720 =10 MFEHEER RS (a3)

ac /ot =10 _ {34)

ELT, L (7)), (8), (9), (A1), D, @6), 27 HXAWT, NO, 2FliciiEEoR
B A AERESI R Lce CCT, BRONT A — 513, HEROHLTHE =T 3TN
A, BEBICIE, R(8), (9)Td=100cm, zo=20cm, & (1) Ta=3, & (26) T
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Outline of the culture method of plant materials in the N.LE.S. phytotron

Yasumi FUTINUMA?, Takashi MACHIDA! and Ichiro AIGA!
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OEMIERTEDRN, #EENOEEHFEORHESE L (BN TVS (2). #-T, 774+
bo Y TITON D EREEROEEME, WML A S0 EBEEREE A SMESIc £ > TEL
(HEBS QD X, OEBRMEEMOERE, ERABESCOVLTOENG, 3L A SEL
(7, 9, BEEEFTEGNES 5D A2HEORN T, RISEHNE L TOBMSHARIATH
BIRETEN V. HAEYT 7 4 b o VICHS L EBRMEBYOER, HELEELT, KO3
RIZDOTHE L T0A, | MY0BEEHOMEl 2. FhEFhoRmss T cofo
EEHEORT 3. BHHM & OURSEOMIL. £ LT, MOLSIC, 774+ hayT
DR E RS ORI ICL SO T, RITHEMCHIERSEERT L Talk, BETH,
L2y, kD Ly TGS & L THBHOMOEESTLR, Y7274 F bo vHEOE
BB OE IR ARSI L 205 5,

COWETHE, BIE, Y774 b o rTiTONTO 2 ERM RSO B 5 SN 4
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L HIEEHORR, BF
R, B7 74 0 b0 TR IERNZK 2 HEOEBRMERDEERL T34, 0BT
B EBRMEEYOERO 20, YMEREEOREEM4MREL, BELTWS,

(1) AIHEL, BIEAEOEBE (H2-A,B)

MM OBE - OERMEMR BRI $72D, RAROLIE TR, 9E THMIEEN ISR
T&3bDOHERIPRETH L. 2oidic, ATHICHE SN BEEMSEBICHR T 5K
%EH@%,%@AI&i&@%LtQ%LT,%ﬂé@ﬁﬁ@ﬂﬁ%ﬁif,éi@iﬂkl%
LML, €70 ) OERICHE B BAEASL (K 1. ZOHR, =7 ORMEE, ©
, BEEEOGHEOURMNSG, FFO -3+ 54 PHEMHK (B) EE—FEX+¥—3F 4
FES (101 K (E) 84T (]) 94 ORSKSHENKE EMEES Lz LTRIED
PERRUEZRLEALD, RTRE UMY E L TORE (10) *HBENEETIOTH -1,
ti, (B)(E) oo ALBL T, MWSERT 3 LHOBLIEL, REEICHLDT,
(1) Tk, ATEFORELED S HI/NPREMA, BEEFEML A, A, RAGHL
TOBALELE (J) OMRERSE LT, EFORBEMATO S,

Wi, ATHALOBIRERICDNTHRE Lice #10 (]) OMEROALLE e tBe LT, 8
e L L CHESE THENRBCHL SR T3 Magamp-K (N P,O;: K= 6 140 :
5) & pH #EH LT, HLAKEEEL, (6), fhooilEs: <7 ogmEREIY
THRE,rORELL R1). TOHMA, Magamp- KOWBIEMHRE 1k (1.8 0) Hib5g

— 388~



Tev 7 YOEMERRIBABERLI, . STTKOBARE 154 D15g TRADE I E
BAERLI, #-T, ALEBELCBEATBEMEE LT, AL 1.8 4%, Magamp-Kb5g,
ELTKI5g AT &ic Lz, LipL, REDRIEHETHE, e o BHRELRLLE
fo¥h, EHRIKOBIESRE pH 6.4 KB T 20RMABENEE LT3, Cofluc, £HERKMII
BHAEBEET>TED, TOMTHEK 2ERERE, ML L T0.1% Hyponex (N - 1] PO,
K=6.5"!6 :19 &z Hoagland NO.2 solution OMEERK (8) ZEERMA k%
FRAICHEHL TV 4,

#1 b=y lofErwd AELHAROEE, £ =7 )I325C, T0%R HOHHE
BETERL, BEE0AM, 1/ 1 a7 3R2F w08y b THRE LK.
ZhEFhofEt (1.8 0 /8) il 18647: 0 Magamp - K 5 g& #F L A
Ik15g =MA 1.
b=y 0 DEESRTHER S BEEOHEOEEEA T .

Table 1  Effects of the composition of soil mixtures on the growth of sunflower. The plants
were grown in the phytotron greenhouse at 25°C, 70%R.H., and were cultured with
1/10000a plastic pots for 30 days after sowing. Magamp-K S5g/pot and magnesian
lime 15g/pot were added to each soil mixture. Values of the growth characteristics
indicate means of 5 plants.

Composition of soil mixture pH (H,0) Growth of sunflower
&% Vivy Total dry wt.  Plant  Top/Root
Peat- Vermi- Per- Fine Preuse Used per plant height ratio
moss ° culite °lite ° gravel (= (cm) &/
A 100 - - - 6.0 58 11.7 715 490
B: - 100 - - 7.1 7.0 14.7 72.8 3.0
C: - - 100 - 7.1 7.4 14.9 88.1 32
D: 50 50 - - 6.6 6.2 15.8 96.3 4.6
E: 50 - 50 - 6.6 6.2 14.1 76.8 3.2
F: — 50 50 - 1.5 7.4 11.9 85.0 46
G: 50 25 25 - 6.5 6.1 154 96 8 4.6
H: 25 50 25 — 7.1 6.6 134 94.0 5.7
I: 25 25 50 - 7.1 6.5 147 925 4.0
I: 35 "33 20 10 - 7.2 6.6 143 814 26

(2) HERBOBRE (F2-C)

B ORIEEREIROEHEZREEL L CHELL. SCHBLE DRV AEBELI L, B
FROTHETH D, Kk, HEREPESTTABLLE, ABHICLE L TESREMBRKE WL
&, FRERNLOAB~NOROFZBABECT Eo 2OHE, QRORF L YBIEROT 7 2 F 5 7
Aoy b EBE Utze $i, RIBRREOERSKIM LD O EH~OWEH L O, skOMiz/)
LT, ZROBEREEF . £L T, $OXERN 1 Ha (100cad) &1/ 5Fa (200
cf) O 2BROSKEERL, | /1 Ha#y b@EELLT, —BEXMMA, 1.75T e dHK
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AREREYAE L, 732F 2 78y FRBE»SOBER, KOERBERLOOT, £y POE
IEBRDEARSE X, 2NEH-TWE, COMI, BEROFRE-HFTLEL b (1.7
Fa, BRRAFo-A8) g, MEEEXEMAKERLTH3

§.0 |~ Hagamp - K - Magnesian lime

TOATL DRY WT./ PLANT ( g }

. ] . R
6.5 o 8

-2 1 1 " 1 i 1
0 2.5 5.0 10.0 o3 7.5 15.0 3c.0

ARUNTS OF MAGRIP-EK { g/pat ) AHOUNTS OF MAGNESIAN LIME ( g/nat )

PH (H0)

PR

w
O——>®

O+@

M1 b=7)o¥gEmE( LR &L UELOpH(FRICHY S Magamp -K
(LB LFLRK CERD, o8, v<wv ) idHHEE (25T, 70%RH)
THEHAMBR U . BrildRzio () tRCTHD. LRicH
W, Magamp - KEBREIKEEHOK g /$%, £/, HTLAKARK
T4 Magamp-K 5g /#%54k. TRIZBWT, Q) FEMAAOLEL
@ pH, (@) FEABROELTO pHETT, £27 Y OMBIEEHNEOMIZS
R DEEHEE TS o

Fig. 1 Effect of Magamp-K (left) and magnesian lime (right) on total dry weight per plant
of sunflower (upper), and pH(H, Q) in soil mixture (lower). The plants were grown in
the phytotron greenhouse at 25°C, 70%R.H. for 30 days after sowing. The composi-
_tion of the soil mixture was the same as (J) in Table 1. In upper part in the figure, to
s0il mixtures treated with Magamp-K, magnesian lime were added for 15g/pot, and to
s0il mixtures treated with magnesian lime, Magamp-K were added for 5g/pot. In lower
part in the figure, (o) plots indicate pH(H,O) in the virgin soil mixtures, (e) plots in
the used soil mixtures, Values of total. dry weight per plant indicate means of 5 plants.

2 EBRHEHEMOBERAEOEI (%2 -D)

HE, 4774 0o TR, MOEDHEYEERL T, ERRERCHEATE B IELTH
4. Livl, THooBRAEE, REREOmE,. BIgHEESD, (FEXHEz s - 20H58BHO
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RICE T, EIEHT L R R R O SR RN 3

(1) EBRHRHEY OBHEEED

M7y A b bovicik 6 EOWBEE (1240m) HH0, HHKKOZCHHEROREME
T, BRENOICEESH, SETRBEOMEMPEREINTH S, UL, REHHOHMR
kb, £2 -DiKRT ko, FOREHBIBEINTO S, ThoDPLIS K, HEITE
UT#iElTts o, EHEEBTOMMBEERZH0E 150 R8I a, £, AR Gl
BB LUE77) BSHEROERIZBOBETHIIL, AT 24BEEL TV 5. B0
S3EERE O TERMEHEY O A TR IR TSR T 20, 8108KIGEL 2D T =7 1) (11,53085), &
Gy (35508K) MSAER GBI, LD w7 ) IEHEMSIERELOMBRBREIC L DB 4
(Fd) £Ti8oh, REMEOH—LEBRMEMBIMEALE I TS,

(2) Fismig

6 EOREELIBBY 7 ABETENEICE, BEIHBTE 2RF IFEEBHEL 7 AMED
FIEIERE 3 FiIc N, BT TIRBENE~OEGRROSABOMY, BE TEROIBITHDT
3(5)0 T, BAEHTTHEBOBR O E -7 ) FEEOHEEE T25C, 70%RH TilFHkss
LT05s, CORBEREREADIT-AERER (3 )DOSHmELL, T, ALYy oPLF
Y e BRI SH T TABNEL, TOEEHELBEVOT, HEOHNEBEZ CBM (5: 00
~19:00) 20°C, HAIISC, 70% R HTHEE LTV 3o MOHEBRIERSIIRIESHOMET, 25
C, OHRHT—ERELTV 3,

(3) HIEER (™M2) '

EEE (2C) KFEINTOWSETEEZLHR, HSEKCEHL ThollEd 405, KR
D AROBFE 7 I =OBET 2B, EBRIECUNT 2 80CEE, #3700 OREEREOR
EREL, TRLTH3. fifo~w A BE by T2, BESRELVEDT, 7I3AF v I3y
MCEEL, 20T, FRREOEEE L TOLHEEECERT S, T/, BH3 &2 - AD
(J) AIBst 2Bl L 445, 4 # TRAFOBHEANRELZHEHLTO S, £/, D42
FHESH T, St o —AX@E43 1 IKEAL TV, BEROHRERERIK 2 ITRT
bOEHAEL LTV, KhORIELST, dK, SAORERL, MYHE L OIS IFERT
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Table 2

a7 2N E BT A SEBR 8 1T 35 v) S SEERAT M) D ERHE G RO

The standard methods for the cultivation of plant materials in the N.LE.S. phytotron

A Thestandard soil mixture.
1. Composition of soil mixture.
Peatmoss : Vermiculite : Perlite : Fine gravel=2:2: 1: L ¥/V
2. Basic fertilization.
Magamp-K (N : P,0; : K =6 : 40 : 5) 5g/1 & soil mixture
3. The adjustment of pH.
adjustment with maghesian lime to 6.4 pH (H, 0}
B The culture sotution as top dressing.
1. Composition of culture sclution.
Hyponex (N :P,0, : K =65:6:19)0.1% wi.
Micre element solution of Hoagland No. 2 solutien  nermal rate
2. lnmtervals of dressing,
twice 3 week with about 130-200 ml per pot

€. Pots for cultivation.

Size Available soit
Pot (pot area X height) capacity Material
(em*)  {em) )]
1/10000 a plastic pot 100 x 20 18 whise styrene
1/10000 a dispesable pot 100 x 7 a5 white sryroform
1/5000 a plastic pot 200 x 25 4.6 white styrene

D Plant materials and ¢utlines of culture method .

Capaaity of  Cufture condition  **Soil Growing
Plant materials supplies Temp, Humid.  mixture periods
(pots/week) Q) (ZR.H)  andpot  (weeks)

Sunflower 80 15 70 1 L3
Helianehus annuus L.
ov. Russian Mammoth

Spinach 50 *20(15) 70 I 7

Spinaciz oleraceq L,
cv. New Asia

Cos-tettuce 30
Lacruea sariva L.
cv. White Paris

Temato 10 25 0 I [
Lycoperisicum esculenta MILL,
cv. Fukuju No, 2

Tapanese radish 10 5 70 I 7
Raphanus sativus L.
ov, Minowasc

*20(15)

Corn 10 5 70 i 6
Zea mays L,
cv. Yellow dent-corn

Kidney bean 15 2% 70 m 6

Phaseolus vulgaris L,
cv. Shin-edogawa
Peanut 15 15 0 m 10
Arachis hypogara ..
cv. Chiba-handachi

Broad bean 15 5 T0 it 10
Vicia faba L.
ov. Otafuku

Caster bean [ 25 70 w 8

Ricimus communis L.
{a local breed in Japan)

*: day (night), day period; 5:00-19:00,
** |, 1/10000 a plastic pot filled with N.LLE.S. standard soil mixture.
11. 1/10000 a piastic pot filted with N.L.E S. standard soil and loam soil (3 : 1).
[1I, sowing in vat filled with vermiculite and trans-planting te 1/1000G a plastic
pot filled with N.|.E.S. standard soil mixture.
1V, sawing in vat filled with vermiculite and trans-planting to 1/5000 a plastic
fille¢ with N.LE.S. standard soil mixture.
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PLANTS vi2idals]efrf2]3]atsi62]rlz)a(a]sls]? JlalSleEir |1 |2]3]4 Tl A5 (A 4 4 7
I R R T AL R
SUNFLOWER P42 e
NOx& 24x6 1528 8x10
& A Wi 1o] Tef TEECERCERD o W e e
SPINACH bip e ] |
pos2 20x3 | 15a1 [
I Wil o e 1] o [o[X o @ o
COS-LETTUCE o2 e - :
=] % ] ol e O ek [8] W) [ |
TOMATO sip ifp %] |
I S5 I W —r—s
JPHIERSE [ i A — }.I j_L-!
RADISH tox1/3 10x1 5x2 [
- 1A WO W ol em (e W] e @ i
DENT-CORN 3/p 1/p [
10¢ 173 o 10 o 52 o i
KIDNEY BEAN &v Ewy _ {
Y owat ) %
[ O 14 |0 W[ W[ o & 8 el
PEANUT 50/ ifp {until1 10 weeks
T ovat 15x 1 .
ol o em e W e e e
BROAD BEAN i 7 LetiT7 10 meexs
1 vat 15x1
o T4 1d ek o o o[ (e[ [o[___le[ e
CASTER BEAN Doz [ KT } 1
1 vat 1521 £x!

M2 EAERREERBRICE T 2EREHEN O EE- Ry YV a—
R # B sheimE B < b iR ld skicsEhh
B sHvEme B GkxHdcssiz @ 4XHTSSL3
B (3/py: 3fEk/skicE < X (16X 2) 5 168kx 2&BICHT S

CI: Tyt B wmemm wmEcstc B B 2
Fig.2  Typical schedules for the cultivation of plani materials in the N.L.E 8. phytotron
appendix ‘
£] : sowing in pot ; sowing in vat {4 ;planting in pot

[/t ; uncovering of shade = ; supporting with wire = ; supporting with pole

E} (3/p); thinning to 3 plants/pot @ {16x2); spacing to 16 potsx2 carts
[@] ; fertilizing [0 ; fertilizing . ; disused
(if occasion)
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Summary

The culture methods of plant materials in the N.LLE.S. phytotron were established as follows.
The soil mixture was composed of peatmoss : vermiculite : perlite : fine gravel (2 ;2 ;1 ;1
V/V. Magamp-K 5g/1.8! was added as fertilizer and magnesian lime 15g/1.8! was added as
adjuster of pH (to 6.4) into the soil mixture,

To remove interference of upperblow-wind in the greenhouse to plant materials, special type '
of white styrene pots were develaped. Cross-sectioned area and available soil capacity of each
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pot were 1/10000 a ; 1.87 and 1/5000 a ; 4.0 respectively.

3. In about ten species of main plant materials, the processes of cultural management, as shown
in Table 2 Fig. 2, were established, and each plant material was constantly supplied every
week. '

Key words: Culture method, Phytotron, Soil mixture, Sunflower
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